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Fluke. First Family of DMMs. 

ELMEASCO 
Instruments Pty. Ltd. 

N.S.W. 15 McDonald St, Mortlake. Tel: (02) 736 2888 
V/C. 12 Maroondah Hwy, Ringwood. Tel (03) 879 2322 
OLD. 243 Milton Rd. Milton. Tel (07) 369 8688 
S.A. 241 Churchill Rd, Prospect. Tel (08) 344 9000 
W.A. 46-48 Kings Pk Rd. West Perth. Tel: ( 09) 481 1500 

When accuracy, performance and value 
are important, professionals the world over 
look to Fluke — the first family of DMMs. 

Reliable Fluke-quality 31/2 - or 41/2-digit 
DMMs fit every need — from design en-
gineering to industrial troubleshooting. 

There's the low-cost 70 Series — the 
most DMM you can get for the money. The 
tough 20 Series — totally sealed and built 
to survive the dirtiest, grimiest, roughest 
jobs. The reliable 8020B Series — made 
to withstand the rigors of the field service 
environment. The precise 8060A Series — 
the most powerful and complete test and 
measurement system available in a hand-
held package. And, of course, the versatile 
Bench/Portables that carry on the Fluke 
tradition for precision and durability in 
lab-quality bench instruments. 

Fluke comes in first again with the 
world's largest selection of quality ac-
cessories to help extend the capabilities of 
your DMM even further. 

There's no need to look anywhere else. 
Uncompromising Fluke design and lead-
ing edge technology are the reasons why 
attempts at imitation will never fool the 
millions of professionals that accept noth-
ing less than a Fluke. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

Br- min 

FLUKE 
8 

Talk to your local distributor about Fluke 

• ACT. Actiec Pty Ltd (062) 80 6576 • George Brown 80 4355 • NS. W. Ames Agency 699 4524 • George Brown 
(02) 519 5855 Newcastle 69 6399 • Bryan Catt Industries 526 2222 • Collier Tools 763 1888 • D G E Systems 
(049) 69 1625 • Davred Electronics 267 1385 • W F Dixon ( 049) 61 5628 • Macelec ( 0421 29 1455 Ebson 707 2111 
• Selectro Parts 708 3244 • Geoff Woods 810 6845 • N. TERRITORY Thew & McCann (089) 84 4999 
• QUEENSLAND L E Boughen 369 1277 • Colourview Wholesale 275 3188 • Fred Hoe 8, Sons 277 4311 • Nortek 
(077) 79 8600 • St Lucia Electronics 52 7466 • Selectro Parts ( Old) 394 2422 • S. AUSTRALIA Protromcs 212 3111 
• Trio Electrix 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 Telesoares 
328 3371 • Browntronics 419 3986 • R KB Agency 82 7704 • A J Ferguson 347 6688 • SIRS Sales 0521 78 1251 
• Mektronics 690 4593 • W. AUSTRALIA Atkins Carlisle 321 0101 • Dobbie Instruments 276 8888 • Cairns 
Instrument Services 325 3144 • Willis Trading 470 1118 



WELL, WHAT DO YOU KNOW? It's our first birthday! To celebrate, we're giving away the presents! 
Inside the magazine you'll find a series of contests with some fabulous prizes to win, donated by 
some of the 'big names' on the electronics scene. Like Philips, Racal, Dick Smith Electronics and 
Emtronics. And they're no dinky 'toy' prizes, either. No matter what you're interest — be it com-
puters, communications, electronics experimentation (R&D if you like!), or relaxing in front of the 
TV! — there's a prize that should take your fancy. You may enter as many or as few of the contests 
as you wish, as many or as few times as you wish. Everyone gets a chance at every prize! 
Our first issue featured a project from well-known author/designer extraordinaire, Tom Moffat 

— the Listening Post, which has become a legend in our short lifetime. To kick off Volume 2, we 
thought it timely to publish another of Tom's efforts — a Satellite FAX Decoder. It's a sort-of-Listening 
Post for weather satellites that allows you to decode and print the pictures continuously transmit-
ted by the series of polar-orbiting weather satellites on the 136-138 MHz band. 
Also in our first issue, we featured a 'universal' 60/100 watt MOSFET audio power amp module 

by David Tilbrook. It has become something of a 'benchmark' project, used in a wide variety of 
applications ranging from homebuilt hi-fi amps to PA systems. This issue, we present construction 
details of David's latest MOSFET power amp module which will shortly be employed in our 'ultra-
fidelity' stereo power amp, companion to the ultra-fidelity preamp published late last year and now 
well-established as the 'new standard' project audio preamp. 
For the cherry on top of the birthday cake's icing, we present our first annudindex, painstakingly 

compiled by my wife, Val. If you didn't get every issue, now you can see what you missed out on! 
Our first year has certainly been an eventful one. I'd like to take this opportunity to sincerely 

thank all those who've given their support, assistance, co-operation and encouragement. Especial-
ly readers — a happy birthday to you all! 

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 capacitor clan! Photo 
courtesy IRH Components. 
Design and production, 
Angelika Koop. 

PROJECTS 
TO BUILD 

FORWARD WIN 
SATEL1111 MOTOR 

AEM3503 Satellite 
FAX Picture Decoder 
  68 

A little hardware, a little 
software and you can 
decode and print the 
picture transmissions from 
the polar-orbiting weather 
satellites. 

AEM6000 ' Ultra-fidelity' 
MOSFET Power Amp 
Module, Part 2. 
  56 

Construction of the 
module is detailed this 
month. 

AEM4505 'Code-to-
Speech' Synthesiser, 
Part 2. 
  49 

Using it with the IBM PC, 
plus the operational 
overview. 

AEM4610 Super Modem 
— Part 4. 
  40 

This month, Roy Hill 
wraps-up with an 
operational flow chart. 

STAR PROJECT 
Build this 1 GHz, 8-digit 
Frequency Counter 
  82 

A frequency counter is 
pretty well a 'must' in the 
test equipment inventory 
of anyone involved in 
electronics these days. 

CIRCUITS & 
TECHNICAL 

Soldering in the 
Electronics Industry 

23 

Almost everybody 
involved in electronics 
takes soldering for 
granted — and that's a 
problem! This article 
explores the principles 
and practices of soldering 
in today's electronics 
industry, from hand 
soldering to automatic 
soldering machines. 

Practicalities 

Simple antennas for 
weather satellite 
reception. 

Benchbook 

Practical circuit and 
workshop ideas from 
readers. 

78 

PRACTICAL 
COMPUTING 

Commodore Codex 
38 

Interfacing the AEM4504 
Low Cost Speech 
Synthesiser to the 
Commodore 64, plus 
programming hints. 

SPECIAL OFFERS: 

AEM4610 Super 
Modem kit 

Hurry to order your 
modem kit before the 
offer ,expires! 

44 

Microbee Modem Games 
  45 

Add a new dimension to 
your computer. 

Microbee Viatel 
Conversion 

Get your old 'Bee onto 
94 ViateL 

65 
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Simple Antennas for 
Weather Satellite 
Reception 

78 

Here's how to build 
simple, yet effective, 
antennas for receiving the 
polar-orbiting weather 
satellites transmitting in 
the 136-138 MHz band. 

FEATURE 
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CONSUMER 
ELECTRONICS 

Perth Show Preview 

What tracks and trends 
will emerge from this 
year's show? 

17 

Modern Fixed 
Capacitors — Part 1  
  11 

Commencing this issue, 
we take a thorough look 
at the varieties of fixed 
capacitors available, their 
characteristics, uses and 
abuses — everything the 
textbooks never told you! 

NEWS & 
GENERAL 

News Review 
9 

Ariane crash delays 
AUSSAT 2. 
Consumer Electronics 
  15 

Sony releases CD 
'Walkman'. 

Professional Products 
  19 

Philips' radical new CRO. 

Bytewide 
36 

Microbee plug their ' 16-bit 
product hole'. 

Weller Crossword 

Project Buyers Guide 

Retail Roundup 

The eager Eagle. 

Spectrum 

54 

55 

55 

67 

Low-cost local radio FAX. 

Printed Circuit Service 
  93 

Letters 

Admarket 

96 

97 

The Last Laugh 
  98 

BIRTHDAY 
CONTESTS 

Win some great prizes 

The Rules 
6 

#1 — Philips' Stereo TV 
  7 

#2 — Philips' New 
50 MHz CRO 

21 

#3 — OSE Multitech 
plus a Racal 1200/1200 
Modem 

36 

#4 — Ersa Soldering 
Station 
  60 

#5 — Regency Scanner 
  66 

NEXT 
MONTH! 

A DC PROTECTOR FOR 
AMPS & SPEAKERS 

Designed to team with the 
6000 MOSFET amp module, 
but usable with any power 
amp, this project prevents de 
fault conditions or excessive 
clipping from exterminating 
amps and speakers alike. 

RELAYS — THE RUNDOWN 

Wide application and new tech-
nology keep these versatile 
components going. This major 
feature takes a look at relay 
technology, discusses the var-
ious types and examines the 
practices and pitfalls involved 
in their application. Bound to 
become a ' reference' 

C64/VIC MODEM COUPLER 
— SIMPLE SERIAL CARD 

Here's a cheap, simple serial 
interface for Commodore 
VIC-20 and ' 64 owners — just 
the thing for driving modems, 
etc! It plugs into the user port 
and derives power from the 
computer — no external sup-
ply needed. Build it in a jiffy! 

THE LISTENING POST ON 
THE BBC-B COMPUTER 

Andrew Boon VK7AW Shows 
how to interface our most 
popular project to the BBC-B 
computer to decode and print 
Morse, radioteletype (RTTY) 
and radio facsimile (FAX) 
pictures. 

While these articles are currently 
being prepared for publication, 
unforseen circumstances may 
affect the final contents of the 
Issue. 
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Great prizes to win in our 

1ST BIRTHDAY 
CONTESTS! 
It's our birthday and 
we're giving away the presents! 
Enter any or all of our 
five Birthday Contests offering 
these fabulous prizes: 

Philips 54 cm Stereo Colour TV! 

Philips new 50 MHz CRO, Model PM3050! 

DSE Multitech PC System 1 plus Racal 1200/1200 Modem! 

Regency HX1000 VHF/UHF Handheld Scanner, from Emtronics. 
Ersa MS1500 Temperature-Controlled Soldering Station, from Meltec. 

RULES 

You may enter each of the five contests as many times as you wish, but you 
must use a separate entry form for each entry and include a month and page 
number cut from the bottom of the relevant contest page. You must put your 
name and address on each entry form and sign it where indicated. That is, 
photocopies are acceptable but an original month/page number from a copy 
of this month's magazine must accompany each entry form. 
The contest is open to all persons normally resident in Australia or New 

Zealand, with the exception of members and families of the staff of Australian 
Electronics Monthly, the printers, Offset Alpine, and/or associated companies. 

Contestants must enter their names and addresses where indicated on each 
form. Photostats or clearly written copies will be accepted, but if sending 
copies you must cut out and include with each entry an original page number 

and month cut from the bottom of the page of the contest. This contest series 
is invalid in states where local laws prohibit entries. Entrants must sign the 
declaration, accompanying each contest, that they have read the above rules 
and agree to abide by their conditions. 

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. 
Send your entries to AEM 1st Birthday Contests 

PO Box 289 
Wahroonga 2076 NSW 

6 — Australian Electronics Monthly — July 1986 Entry coupons with each contest 



1ST BIRTHDAY CONTEST No. 1. 

Win this fabulous 
Philips 54 cm 

colour stereo TV 
model CH285. 

This TV receiver offers VHF and UHF reception incorporating a 
'search' feature that finds the TV Signals for you, which can then 
be stored withthe press of a button. It comes with a full-function 
remote control and includes a ' Teletext Option' permitting the fit-
ting of a Teletext decoder when required. The picture tube is a 90 
degree deflection type with black matrix and pigmented phosphor, 
featuring quick-start in- line guns. Circuitry features automatic 
degaussing, automatic vertical and horizontal hold and automatic 
fine tuning plus interference suppression from cars and other elec-

trical sources. Sound output is 2 x 10 watts RMS driving two 
203 x 76 mm speakers. The set has been designed to complement 
the natural style decor of the Australian home, with attractive wood-
grain vinyl and screw-in timber legs and rail. Philips offer a 12 mth 
free parts and labour warranty and 24 mths free picture tube 
warranty. 

Prize kindly donated by Philips Consumer Products, a division 
of Philips Industries Ltd. 

All you have to do is answer the following questions 
and then tell us in 30 words or less what you think 
are the most attractive features of the prize. 

1ST BIRTHDAY CONTEST No.1. 

01: Three men were instrumental in the development of television 
with stereo sound. An Englishman devised the electronic line-
scanned, 25 frames/second system of ' electric vision' using cathode 
ray tubes, which he published in 1908. A Russian-born US citizen 
patented the ' iconoscope' TV camera in 1923. Another English-
man, instrumental in putting to air the first public TV Broadcasts 
from London's Alexandra Palace, patented circuitry fundamental 
to the development of both television transmission and reception 
as well as stereo sound. What are their names? 

02: The first stereo/dual-sound channel TV set was designed and 
manufactured in Australia by Philips and launched on the market 
soon after the Minister for Communications announced the introduc-
tion of dual-sound channel television bradcasting. Name the month 
and year of that announcement. 

03: name the model number of that Philips TV. 

04: Philips' promotional theme for their stereo TVs revolves around 
one word. Use your head now! What is it? 

Now tell us, on a separate piece of paper, what you think are the 
most attractive features of the prize. 

Name   

Address   

 Postcode   

I have read the rules of the contest and agree to abide by 
their conditions. 

Signed   
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at the 
leading 

edge 

PORTABLE 80MBYTE BACKUP The Megaille Q-60-h has been designed by Daneva to overcome the 
need for individual tape drives for each hard disk equipped IBM-
PCIXT". The Q-60 stores up to 60Mb on an industry standard 600ft 
quarter inch tape cartridge. The Megalmile Q-80 k is powered by its own 
internal supply eliminating any extra burden on the host computer. The 
Q-60 will be an essential item where there is no room inside the 
PC. 

Go ANYWHERE aomByTE HARD Portalmile 20" from Western Digital is a hard disk expansion system 
DISK for IBM-PCs or XTs. A protective housing and fold-away handle make 

the shock mounted disk drive perfect for professionals who need to 
carry huge amounts of data to clients. The PortaPile aox is also 
intended for offices that require security for company data. 
Portafile 20" can be locked away in a safe at night. 

APPLICATIONS AGILE SINGLE The TJBY010 has been designed by Daneva to fulfill a wide variety of 
applications. Occupying just 12cm by 10cm, the computer gives 2 
serial (B8232 or TTL) ports, lit fully handshaking parallel ports, 
dip switches, keyboard and LED status indicators. Up to 8ICRAM AND 
8ICROM using 24 and 28 pin devices can be housed on the board 
working with a 380A or B. A single 5 volt rail powers the computer. 
Daneva can custom write software for the TJBT010 if required. Tax 
out, the computer will sell for under $475. 

BOARD CMOS COMPUTER 

UNIFIL "FILTER IC RAMPING UnifiP is a single 5V supply CMOS device using switched capacitor 
UP techniques. Features include simplified setting up, an inbuilt PLI. 

clock generator and a 2rd order multiple filter with notch, lowpass, 
bandpass and highpass frequency responses. The Q is programmable 
to eight values between 0.54 and 8.0. Applications include 
Programmable Filters, Voltage controlled Filters, Sinewave Oscillators, 
Tracking Filters, Tracking Oscillators PSK and FSK modems, Square to 
Sine and Pulse to Sine converters. 

daneva 
.1r4 daneva australia pty ltd 66 Bay Rd, Sandringham, Vic. 3191 

P.O. Box 114, Sandringham. Vic 3191 
Telephone: 598-5622. Telex: AA34439 
47 Falcon Street Distributors 
Crows Nest. NSW 2065 Adelaide: DC Electronics (08) 223-6946 
Telephone: 957-2464. Telex: AA20801 Brisbane: Baltec (07) 369-5900 

GSG 003 
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NEWS REVIEW 

Second AUSSAT delayed by 
Ariane rocket crash 
The launch of Australia's second AUSSAT satellite, which 

was due on August 12, will be delayed by as long as two 
months owing to the crash of a European Space Agency's 

Araine-2 rocket on May 31 last. 
The Araine-2 in question was 

carrying a telecommunications 
satellite. Some 4.5 minutes after 
blast-off, the third stage com-
pletely failed to ignite, plunging 
the rocket into the Atlantic from 
an altitude of nearly 200 km. 
The European Space Agency 

(ESA) launch centre is located 
at Kourou in French Guiana, on 
the north-east coast of South 
America. 
This latest crash is the fourth 

in a series of some 18 launches. 
Last September, Arianespace 
suffered a major disaster when 
technicians had to blow up an 
Ariane-3, which was carrying 
two satellites at the time, follow-
ing a problem with its stage 
three motor. The disaster was 

Graziers grab GBs 
irr he George Brown Group, 

comprising George Brown 
Sydney, Melbourne, Canberra, 
Newcastle and Protronics 
Adelaide and Perth, has been 
purchased by the G.B.S. 
Falkiner Group. The Falkiner 
group, with an asset backing in 
excess of $20 million, includes 
the famous Haddon Rig Merino 
Stud Property, an outstanding 
performer in the Australian 
Wool Industry since 1882. 
The success of Falkiners is at-

tributed to diversification, adap-
tion of innovative management 
and agressive marketing. These 
practices will be employed in 
The George Brown Group to 
maintain its leading position wi-
thin the electronic and electri-
cal component distribution 
industry in Australia, Falkiners 
say. 
Chairman, Mr. George 

Falkiner said, "This diversifica-
tion allows access to an indus-
try which is countercyclic to the 
agricultural business, has some 
exposure to hi-tech industries, 
has exceptional growth poten-
tial and has a strong customer 
base. 
The new George Brown 

Board of Directors consists of: 
Mr. George Falkiner (Chairman 
Falkiner Group), Mr. Peter 

witnessed by French President 
Miterrard. 
Such problems have 'rocket-

ed' insurance charges for satel-
lites in recent years, causing 
some companies to back away 
from covering the risky periods 
of launch sequences. Over 
US$200 million was lost on four 
separate US satellite launch 
failures last year, and the cost 
of the January 29 Shuttle dis-
aster this year has yet to be 
counted. Some US$168 million 
was paid out by insurers on the 
Ariane launch failure alone last 
September. 

If the Russians can do better, 
then they look well-placed to 
pick up some 'commercial' 
satellite business from the west. 

McLachlan (Director Falkiner 
Group), Mr. Bob Hardy (George 
Brown Group Chairman), Mr. 
Bob Ford (George Brown Elec-
trical Sales Director), Mr. Ron 
Whyte (George Brown Electron-
ics Sales Director), and Mr. Bob 
Crabbe (Protronics Managing 
Director). 

Telescope to 
probe sex life of 
the stars 

A new radio telescope being 
constructed in Hawaii will 

allow scientists to probe the 
dense regions of interstellar gas 
which are the 'breeding ground' 
of stars. It is to be named the 
James Clerk Maxwell Telescope 
(JCMT) in honour of the Scot-
tish scientist's contribution to 
physics. 
Maxwell was born in Edin-

burg in 1831 and educated at the 
city's university. He later be-
came the first Cavendish Profes-
sor of Physics at Cambridge 
University. 
His contributions to physics 

spanned the whole of the dis-
cipline but his key contributions 
involved the theory of elec-
tromagnetism and the kenetic 
theory of gases. In the latter 
field, he discovered the veloci-
ty distribution of atoms and 

molecules in gas, known as the 
Maxwell Velocity Distribution. 
Of greater relevance to as-

tronomy, he discovered the laws 
of electromagnetism through a 
brilliant piece of mathematical 
physics. In making these discov-
eries, he showed that light is a 
form of electromagnetic 
radiation. 
The new telescope being built 

at the Mauna Kea observatory 
in Hawaii under an arrange-
ment with the University of 
Hawaii will, when fully com-
missioned in 1987, open up the 
last of the wavebands still to be 
explored by ground-based tele-
scopes — the millimetre and 
submillimetre wavebands. 

The facility will be the world's 
largest submillimetre wave tel-
escope. The project is being 
jointly funded by the British 
Science and Engineering 
Research Council (SERC) and 
the Netherlands Organisation 
for the Advancement of Pure 
Research (ZWO). 

These wavebands are expect-
ed to give ground-based as-
tronomers an insight into the 
processes going on inside the 
dense regions of interstellar gas, 
the breeding ground of stars. 
These areas are opaque to opti-
cal radiation but transparent at 
infrared and millimetre 

wavelength. By probing them 
with the ¡GMT, astronomers 
hope to gain a better under-
standing of the ways stars form. 

Arlec founder 
retires 
▪ ndustry identity David K. 
▪ Anderson, the founder of 
Arlec Pty Ltd, retired on 18 
April last after leading the com-
pany for some 40 years since he 
founded it as a one-man opera-
tion in suburban Melbourne. 
Since that time, the company 

has grown to an international 
group with around 500 em-
ployees engaged in the 
manufacture and marketing of 
a wide range of electrical 
products sold to industry and 
via retail throughout Australia 
and in twenty other countries. 

In 1963, an associated compa-
ny, Soanar Electronics Pty Ltd, 
was established as a distributor 
of electronic components 
which, today, is a major force in 
its field. 
Arlec has its head office and 

factories in Melbourne and 
'substantial' offices and ware-
houses throughout Australia 
plus factories in Hong Kong. 
Mr Anderson, who was chair-

man of both Arlec and Soanar, 
has been succeeded by Mr 
George Soanes, the founder of 
Soanar Electronics. Mr Graeme 
Nicholson and Mr Joe Telfer re-
main as Managing Directors of 
Arlec and Soanar respectively. 
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ADELAIDE'S 
LEADING SHOP 

FOR KITS! 
HASH HARRIER 
SHORT FORM KITS $6950 
Circuit Board 
& All Components 

*WE ARE SOLE STOCKISTS 
OF THESE TWO KITS! 

COMPLETE 
HARDWARE KIT  
Includes Case, 
GPO's, etc. $4450 
ELECTROMYOGRAM KIT $71" 
THE 600 SERIES 

MOSFET POWER 

AMP MODULE 

Refer June and July 
"A.E.M''. 

109 ,.-- 
ASCII to SPEECH 

• 

.,-e .,, 

-. - ,,,..._ . .... .. . .„ 
SYNTHESIZER 
Refer June "A.E.M" . -- -----

--.. t 

SPO-256A $ 41 A10 .6 
Speech Chip ii., 

ASCII ROM $2795 
1.1 

Also PCB's, Complete '= 7 • I' re----------',. 4. 
Kits and Built-in 
& Tested Units. - 1%-z-
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ETI DIGITAL DELAY:: 
Full Kit, 1.'011 %-•47,'1 

Amazing Value! 9 1 9 _Now 

refee , 

refer M ime- re g ORDERSw  7v77_73747. 
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tie 

I Eagle Electronics Pty. Ltd. 
I 54 Unley Road, Unley, S.A. 5061 

II TELEPHONE: 

v.14e.•:, 

I (08) 271 2885 enDi°ERFRSEIGHT  
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CAPACITORS SPECIAL Electrolytic 

0.1uf to 0.47uf/50V $1.00 for 10 pcs 
1uf to 22uf/16V, 25V. 50V  $1.00 for 10 pcs 
33uf to 100uf/25V $1.50 for 10 pcs 
220uf to 470uf/25V $2.50 for 10 pcs 
220uf to 470uf/50V $4.00 for 10 pcs 
1000uf/25V   $4.00 for 10 pcs 
2200uf/16V   

1000uf/50V   $12.50 for 10 pcs 
3300uf/25V   $13.50 for 10 pcs 
4700uf/16V   

3300uf/50V   $2.50 each 
4700uf/50V   

l 
ALL 1/4 W 5% Carbon Film Resistors $1.20 per loo i 
Creencaps. ceramic & MKT type available 
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AEM 6000 MOSFET POWER AMP KITS 

Ring for Kit Price! 
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Japanese made top quality PCBs for 

reliability and trouble free! 

• 256K RAM main board with 8 slots all for 
• Diskdrive Controller Card (handles 4 drives) $555 
• Colour Graphic Card 

COMPLETE SYSTEM FOR 256K, 

• 1 Drive and keyboard 
• TTL Monitor plus 1 box of diskettes $1590 
640K COLOUR GRAPHIC & 2 DRIVES 

with 

• TVM 14" Colour Monitor $2570 
• Parallel/serial/games port/clock and 
• 2 boxes of diskettes plus 
• storage box 

TVM 14" COLOUR ' 

• 16 Colour MS 
MONITOR 1 
TVM 14" COLOURjT• 640 x 400 (interlaced) -A I . 

, $78 „ 
All parts available separately 

SUPER 5 PRINTERS 

from $499 
,e• 

HI-COM 
7 PRESIDENT LANE 

UNITRONICS CARINGBAH, N.S.W. 2229 

INT. piL PHONE: (02) 524 7878 
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Modern 
fixed 
capacitors 

what the textbooks 
never told you. 

Part 1 

Les Ferdinand 

It is very easy to take capacitors for granted. Being passive 
components, you rarely need to study any sort of data book to 
check characteristics - after all, they're printed on the body, aren't 
they? But, the situation is not as simple as it first appears. Here's a 
comprehensive look at modern fixed capacitors, covering all the 
major types, with details on their characteristics, advantages, 
disadvantages and applications. 

THERE IS A LOT more to a capacitor than first meets the 
eye. Unfortunately, one often finds this out in unexpected 
and sometimes unpleasant ways. One source of major 
problems is the confusion that arises from the profusion of 
capacitor types available. The reason so many capacitor types 
exist is basically quite simple — no one type can fulfill all 
the requirements of a 'perfect' capacitor. 
A perfect capacitor will have an infinite resistance to dc, 

it will have no high frequency losses and will not alter its 
capacitance with temperature variation. In effect, none of 
its characteristics will alter when it's subjected to variations 
in environmental factors or applied electrical conditions. A 
few modern capacitors will meet some of these requirements; 
unfortunately, none are perfect. 

Fundamental characteristics 
We shall now deal with characteristics that are applicable 
to all capacitors. The various characteristics can be more or 
less important at given times and under differing circum-
stances. 

The main characteristic of a capacitor is its ability to store 
charge. The amount of charge that a capacitor will hold is 
proportional to the applied voltage and the capacitance. The 
charge built up in a capacitor is an electrostatic charge. This 
can be put in the form of an equation: 

Q = C.V 

where, Q = the quantity of electricity (the charge) in 
Coulombs, 

C = capacitance in Farads, and 

V = the applied voltage. 

The energy stored in placing a charge on a capacitor is 
given by: 

W = 1/2 (Q.E) 

= 1h (C.V2) 

= Q2/2C 
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All capacitors exhibit 'faults' owing to their construction 
and the materials employed. These may be summarised as 
follows: 
Leakage (L) 
Effective Series Resistance (ESR) 
Effective Series Inductance (ESL) 
Dielectric Absorption (DA) 
Dielectric Constant (Er) 
Dielectric Loss (DL) 
Dissipation Factor or Tangent of Loss Angle (tan (5) 
Temperature Coefficient; Tempco (TC) 

"Equivalent circuit" or " model" of a ' real' capacitor. 

LEAKAGE 

DIELECTRIC ABSORPTION 

Leakage is the direct current that flows through a capacitor 
when its rated dc voltage is applied. Leakage is a good method 
of rating the quality of a capacitor. It is usually measured 
at 20 degrees Celsius for most capacitor types. 

Effective Series Resistance is the total resistance within 
a capacitor which comumes some power. ESR includes the 
leads, plates and in electrolytic capacitors, the electrolyte. 
ESR contributes to the self-heating within a capacitor and 
varies with frequency and temperature. A capacitor's ESR 
can be calculated from: 

ESR =  tan 6 
w . C 

or ESR =  tan 6  (Ohms) f in Hz 
2.r.f.0 C in Farad 

Effective Series Inductance is the inherent inductance in 
a capacitor, including the leads. The construction of a capa-
citor affects its ESL. Mica, ceramic and some electrolytic 
capacitors for example, have a lower ESL than plastic 
film/foil types. ESR and ESL are significant factors in the 
high frequency performance of capacitors. Capacitors used 
in microwave applications have no leads at all, simply a 
tinned 'termination band' at each end to reduce the ESL. 
They are generally known as'chip' capacitors. 

Dielectric Absorption is a characteristic of dielectrics 
which determines the length of time a capacitor takes to 
deliver the total amount of its stored energy. DA is also 
known as Dielectric Hysteresis. It can be determined by 
measuring the voltage across an already-charged capacitor 
after it has been shorted for an interval of between two and 
10 seconds. DA can be represented, or 'modelled', as an RC 
network (where R is a very high resistance) in parallel with 
the main capacitor. The DA of a capacitor can have an ef-
fect on low frequency signals passed through it. DA is meas-
ured by charging a capacitor with a set voltage for a specific 
period of time (greater than one minute), shorting it for a peri-
od of one to 10 seconds, then allowing it to recover for a fixed 
period of time (one min. to 10 mins). The ratio of the final-
to-initial voltage gives the value of dielectric absorption. 

Dielectric Constant is defined as the ratio of the capacitance 
of a capacitor with the given dielectric to that of the same 
capacitor with air for its dielectric. It's also known as Per-
mittivity. The value varies with frequency, some dielectrics 
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showing greater variation than others, effectively reducing 
the capacitance at increasing frequencies. 

Dielectric loss is a hysteresis effect within the dielectric. 
Power is dissipated by the dielectric as the friction of its 
molecules opposes the molecular motion produced by an ap-
plied ac field. It is the cause of most of the loss in plastic film 
capacitors at high frequencies as dielectrics do not change 
polarity without losses. 
Dissipation Factor can be defined as the ratio of energy 

lost in a capacitor's dielectric to the energy stored per cy-
cle. It's a measure of the deviation of the capacitor from an 
ideal capacitor. Dissipation factor can also be expressed as 
the ratio of the permittivity of the dielectric to its conduc-
tivity. It is a parameter which depends on temperature and 
frequency, usually increasing with increasing frequency or 
increased capacitance. 

D = energy in — energy out 

energy out 

Dissipation factor is usually given as a percentage e.g: 0.05 
DF = 5%. 
Temperature Coefficient is the average rate of capacitance 

change with respect to temperature, over a specified temper-
ature range, and is normally expressed in parts per million 
per Kelvin (absolute scale) degree or per Celsius degree. Nor-
mally it is referred to a reference value of capacitance at 25 
+/- 10 degrees C 
The above is a brief description on capacitor faults. In real-

ity they are far more complex than this summary indicates 
and warrant an article all their own. 

Categories 
Capacitors are characterised and recognised by the category 
of the dielectric employed. There are some ten identifiable 
categories; here they are, listed alphabetically: 
Air 
Ceramic (porcelain) 
Electrolytic 
Glass 
Mica 
Paper 
Plastic 
Polymer 
Tantalum 
Vacuum 

Of this list, the most widely used capacitors in electronics 
fall into just five of the categories: ceramic, electrolytic, 
paper, plastic and tantalum. 
Air and vacuum dielectric fixed capacitors are quite specia-

lised, often used in high voltage applications. Mica capaci-
tors, once widely used, have been largely supplanted by 
plastic and ceramic types, while glass capacitors are now 
quite rare for much the same reason. Polymer capacitors are 
very new, but look like supplanting tantalums in some ap-
plications in the future, but their current high cost does not 
justify their widespread use as yet. 

I'll deal with electrolytics and tantalums firstly, for that 
seems a good place to start. 

The electrolytic 

The electrolytic capacitor has gained an exceptional position 
among the numerous types of capacitor types due to their 
low price and high capacitance values in a component of 
small physical volume. 

Electrolytic capacitors depend on a convenient property 
of the oxides of certain metals and that is they act as a non-
conductor in one direction only. This property can be ex- > 



AEM KIT CONSTRUCTION 
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Monitor Mode 
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AIM 6010 Ultro.hdelity Preornpidler 

You'd like to have the AEM6000 audio system but feel you haven't the expertise to build 
it or simply don't have the time? 

Let us build it 
for you! 

Under the supervision of the designer, David Tilbrook, your kit can be built, tested and a comprehensive 
set of measured specifications supplied. What you will get is a custom-built, top-line audio system, 

professionally handmade and ready to use. 

Simply purchase a kit from your favourite retailer and deliver it to us unopened, to ensure we receive the 
kit intact. (Check with your retailer that the packaging is suitable for freighting.) 

We offer this service for the following project kits at the prices indicated: 

AEM6010 'Ultra-fidelity' preamp $255 
AEM6000 'Ultra-fidelity' power amp (when available) $275 
AEM6102 Digital era 2-way loudspeakers $240 
AEM6103 Digital era 3-way loudspeakers $275 

Add $20.00 to cover packing and delivery by road express to anywhere in Australia. 

Send to: AEM KIT CONSTRUCTION SERVICES 
PO Box 289, WAHROONGA 2076 NSW 

Phone us first before sending, on 487 1483. 



ploited to form a dielectric on a metal film or plate. Alumini-
um and tantalum are the two metals primarily employed. A 
thin film of oxide is electrolytically deposited on a thin foil 
of the metal. The thinness of the oxide film and its high die-
lectric constant results in a high capacitance per unit volume. 
The electrolytic capacitor consists of two electrically con-

ducting layers with a dielectric in between. The main differ-
ence between electrolytic capacitors and other types is the 
conductive liquid forming one electrode, instead of the nor-
mally used metal layer. 

Aluminium electrolytic capacitors are manufactured by the 
foil winding method. The first step is the forming of a layer 
of aluminium dioxide by electro chemical processing. The 
thickness of this layer is proportional to the forming voltage. 
This process is called anodic oxidation. 
For safety reasons the forming voltage is higher than the 

peak voltage of the capacitor. The thickness of the dioxide 
layer is approximately 1.2 NM/volt 
The foil used in the manufacture of aluminium is usually 

etched, this process increases the effective surface area by 

ANODE 

ELECTROLYTE 

(CATHODE) DIELECTRIC 

(ALUMINIUM 

OXIDE FILM) 

C-ATHODIC 

CONNECTION 

CATHODIC 
CONNECTION 

ANODE 

POROUS 
PAPER IMPREGNATED 

VATH CATHODE ELECTROLYTE 

General principle of the electrolytic capacitor and typical 
construction. 

15 to 300 times giving a resultant increase in capacitance for 
a given case size. 

The negative electrode is a liquid eloctrolyte impregnated 
in paper. This paper also acts as a spacer between the posi-
tive foil carry the dielectric layer and the negative foil. 
This "sandwich" is ruled into a winding impregnated with 

electrolyte (the positive lead welded on, the negative lead is 
usually connected to the case) encapsulated in an alumini-
um case and sealed. -11t._ 

Owing to a let-down on delivery of the manuscript for 
this feature, we have had to hold over the bulk of the 

article until next issue. 
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CONSUMER ELECTRONICS NEWS 

Sony release a 
CD 'Walkman' 
V  rom the company that brought you the 'Walkman' 

portable cassette player, and the innovators that 

produced the world's smallest portable compact disc play-
er, comes the Sony D50-MKII, an even further miniaturized 
CD player incorporating newly-designed anti-rolling mechan-
ism and penlight battery operation that can be used virtual-
ly anywhere, like the Walkman. 
Dubbed the ` Discman', it has connect to any home sound sys-

all the features of the original tern, from a component hi-fi to 
D50 unit with automatic music a radio/cassette recorder. 
sensor, two-speed search func- Other features include a safe-
tion and versatile music repeat, ty function which automatical-
plus added features. You can ly shuts off the power when the 
now hear up to 16 selections in lid is open or when there is no 
any order you like with the ' ran- disc inside the player, feather-
dom music sensor', or if you are touch operation controls, head-
tired of your tunes in the same phone volume control and auto 
order, you can use the new power-off function to prevent 
'shuffle play' feature. unnecessary battery wear. 
The Discman is 40% smaller Further information from 

and 15% lighter than the previ- Garry Beauchamp Sony, Aus-
ous model and measures 125.9 tralia) Pty Ltd, 33-39 Talavera 
mm square and a slim 27 mm in Road, North Ryde 2113 NSW. 
thickness. (02) 887 6666. 
The unit comes equipped with 

a super-thin rechargeable bat-
tery pack that snaps securely to 
.the player, giving 41/2 hours 
playback on a single charge, 
Sony says. An ac charger pack 
is supplied. 
An optional battery unit can 

be obtained which replaces the 
rechargeable battery pack and 
takes eight AA penlight batter-
ies — for those extended periods 
away from a suitable power 
source, e.g: camping, picnics, 
etc. 
An ac adaptor and connection 

cord are supplied to instantly 

Sharp car audio 
from Dick Smith 

Sharp has granted Dick 
Smith Electronics nation-

wide exclusive distribution 
rights to the company's new 
line of car audio components 
and DSE aim to take on the cur-
rent market leaders. 
Each of the new Sharp range 

of components is competitively 
priced, according to DSE, start-
ing with the $349 RG-375G(BK) 
radio/cassette which offers 

Tannoy speakers now here 

A selected range of speakers from the British company 
Tannoy, led by two models which are making their world-

wide debut, are now available in Australia. 
Australian distributor Regent Audio, the Consumer Products Di-

vision of Broadcast & Communications Ltd (BCL), announced that 
this range represents Tannoy speakers which are well known in 
the professional recording world for their high quality sound 
reproduction. 
The six models being launched range from $399 for their ' Titan', 

to $1199 for both the Venus Mk II and the newly introduced D-200. 
Other models, ranging up to $11 000 can be ordered upon request. 
The DC-200 is making its debut along with Model DC-100, and 

Australia is one of the first countries where these dual-concentric 
speakers are being launched. 
Tannoy is well known as the developer as many new technolo-

gies, including dual-concentric loudspeakers. This involves the 
unique concept of mounting the tweeter and woofer-midrange drive 
units on the same axis, one cone behind the centre of the other. 
Tannoy's dual-concentric speakers employ circuitry that aligns 

the apparent HF and LF sources at one point along their common 
axis. The result, Tannoy claim, is a single point source loudspeak-
er that eliminates unnatural time delays and provides the smooth, 
consistent intensity of sound necessary to create a precise stereo 
image. 
For further information contact Margot Pickering, Regent Au-

dio, 16 Suakin St, Pymble 2073 NSW. (02) 449 5666. 

three-band reception, Dolby-B 
noise reduction and a five-band 
graphic equaliser. 
Next in the line-up is the 

RG-700AM stereo AM/FM-
cassette deck with Dolby-B 
noise reduction and digital dis-
play for just $399. 
The top of the line is Sharp's 

RG-675G which combines 

AM/FM tuner, five-band graph-
ic, digital dial and an infra-red 
remote control wlaich gives to-
tal deck operation, even from 
the back seat — all for $599. 
A range of car speaker units 

is also offered. Full details from 
your nearest DSE store or from 
PO Box 321, North Ryde 2113 
NSW. (02) 888 3200. 
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PERTH 

111E5 

Make your plans 
to attend 

P.E.S.. the most complete Consumer Electronics Show in 
Australia. You'll be able to view and preview the latest in home 
and car audio, home and portable video, personal computer 
hardware and software, personal electronics, photographic. 

It's the most important Electrical and Electronic Event in 1986. 
satellite earth stations, home and kitchen appliances, white 
goods, brown goods and much, much more. 
With over 200 companies represented, it's an ideal time to plan 
your Christmas buying! 

SPECIAL AIRFARE & 
ACCOMMODATION ARRANGEMENTS 

7 night package including Ansett airfares. 
And staying at the Parmelia Hilton Hotel. 

Per Person 
Twin Room 

Ex Brisbane $906 
Sydney $868 
Melbourne $798 

Adelaide $722 
Launceston $856 
Hobart $872 
Townsville $886 
Mackay $1,012 
Extra Night Per Person $35 

night package also available. 

All bookings and enquiries must be made through the 
offices of Jebsens Travel P/L. 
4th Floor, 231 Miller Street. 
North Sydney, NSW 2060 
Telex 70284 JEBRED. Telephone (02) 922 4300 

Exclusive Trade and Media Only Day 
Wednesday, July, 30th 
• Opening Ceremony and luncheon 11.30am to 1.15pm. 
• Trade admitted from 1.30pm until 8pm. By invitation or by 
suitable identification. Free admission to bona fide members of 
the industry and media, aged 18 years and over. 

PUBLIC ENTRY. Thursday, July 31st — 
Sunday, August 3rd. 

TRADE CONFERENCES AND SEMINARS 
MEETING ROOMS. 
This year's seminars will cover a wider range of topics — full 
programme to be published later. 
Separate meeting and conference areas are also available on 
request. 

LOCAL RETAILER INVOLVEMENT 
W.A. retailers will be encouraged to mount electronic show 
window displays. Starter kits will be issued, free of charge, upon 
request from exhibitors, who can then distribute to their 
retailers. 

For further information on the Perth Electronic Show 
contact The Manager, Chris Gulland. 
Perth Electronic Show 
PO Box 745 
West Perth 6005 
Telex 92952. Telephone (09) 382 3122 



Perth Show — the industry 
girds its loins for battle 

Following a severe slump in sales this past year in virtually 
I: all sectors of the consumer electronics market, it seems 
the industry is preparing the way to battle back the ground 

lost. 
Some industry observers say 

consumers have been unsettled 
by the series of price hikes made 
necessary by the fall of our dol-
lar with respect to most curren-
cies, particularly against the 
Yen. 
Despite something of a 

shakeout in the video market 
over the year, the Consumer 
Electronics Suppliers Associa-
tion report strong, though un-
spectacular growth, forecasting 
a market penetration of 56% by 
the end of 1986. Over half a mil-
lion VCRs, valued at $445 mil-
lion, were sold in Australia over 
1985-86. 
CESA's Television and Video 

Products Group Chairman, 
Mike O'Neill (from AWA-
Mitsubishi) said, "The steady in-
crease in the popularity and 
sales of VCRs is paralleled by a 
growing stability in annual tel-
evision sales." 

In an interview, he told us 
that camcorders and the new 
hi-fi video machines have stimu-
lated extra sales. The growth in 
hi-fi video machines is expect-
ed to contribute some 85,000 
unit sales this coming year, he 
said. Such machines are sold 
primarily to consumers updat-
ing from a much older machine 
and to audio enthusiasts to 
whom the video function is 
secondary. O'Neill thinks this 
will create spin-off sales of au-
dio systems. 
At this year's Perth Show, 

though, it seems the real battle 
will be between the 8 mm and 
VHS-C formats. Sony is set to 
launch at least one new model, 
while (VC fires salvos from an 
ever-strengthening position. We 
expect them to make great play 
of the 'why change format' ar-
gument to win points. Could be 
interesting. 
On the audio side, CD re-

mains the darling of the market-
place, with continued growth 
and a steady release of new 
models from existing makers as 
well as the odd new name. Sony 
made much of their D-50 porta-
ble at last year's show, also in-
troducing a CD 'ghettoblaster'. 
Philips joined battle with them, 
also releasing a portable and 
ghettoblaster. A flurry of new 
CD equipment releases is ex-
pected this year, aimed at new 
niches in the market — if any 
can be found. 
The aftermarket CD accesso-

ries are beginning to appear in 

quantity, riding on the back of 
the CD boom, providing a little 
cream for retailers where com-
petition is tough and margins 
slim. 
With the demands of the dig-

ital sound era, we can expect to 
see great activity among the 
loudspeaker purveyors this 
year. Never a firm to stand still 
for long, if at all, B&W has de-
veloped a new means of con-
trolling loudspeaker enclosures 
using an internal matrix of high 
density particle board. 
The matrix 'cells' are filled 

with acoustic foam and the bass 
driver virtually 'sees' an almost 
truly anechoic chamber, B&W 
claim. Appropriately, they've 
dubbed their new digital moni-
tors ' Matrix'. 
Geoff Mathews of Convoy, 

who distribute B&W here, told 
us they hoped to demonstrate 
B&W's new Matrix speakers at 
the show. 
Scan Audio, who've been suc-

cessfully marketing the 
AEM6000-series speakers this 
past year, will have new Scan-
Speak and Dynaudio products 
to show, along with the AEM 
speakers. 

Satellite TV made a strong 
showing at last year's show, 
with AUSSAT TVRO gear heav-
ily promoted — AWA-Thorn 
leading the field. But this year, 
the TV set might get the gong as 
a rash of digital TVs with all 
sorts of `high-tech' features have 
been released overseas and we 
should expect to see some 
preview product here. 
According to the organisers, 

bookings for this year's show 
are up once again, for the eighth 
year in succession. Last year 
they introduced a series of trade 
seminars, which had great im-
pact. This year, seminars on CD 
will be delivered by Ian Withers 
from Philips Australia and 
Hideki Ishii from Kenwood, 
Japan, while Sony's Michael 
Hart will talk on 8 mm video. 

ee? 

.ty-Igt1 

ee; 

ree:dee. 

zeesJ 

V•••*¡ 

7;i15 
' eeAl 

sivie 

:egg 

-re.41 

'reel 

e„ke 
ze;-ses 
•tee:::; e,04 
e d4 

't•ee 

ree re, 

fr‘e 

eg0 

'eat 

They compete with $2,500 Reference Monitors — 
but can be built for a third of the price! 
We're talking about the VIFA 3-way Reference 
Monitor designed by David Tilbrook — following 
the incredible success of David's 2-way AEM-6102 
VIFA based design published in August. The 
2-way kit has been sold in staggering quantities 
by hi-fi stores and electronic shops throughout 
Australia, where they can be heard outperforming 
well known' imported brand names costing two to 
three times as much! 
Now David Tilbrook has done it again, this time 
with the 3-way VIFA design AEM-6103. Never 
before has it been possible to get such great value 
in kit speakers; the reasons being that there is no 
25% import duty, no 30-35% freight into Australia, 
no high freight costs within this country itself, no 
30% sales tax and no profit margins added to all 
these links of the chain which are involved in 
importing fully assembled speakers. 
The 3-way AEM-6103 sounds like two to three 
times what you'd pay for in a recognised brand 
name (which may even be using VIFA drivers), 
and these might well be using inferior cross-overs 
and cabinets to save cost. 

The price for the drivers are: 

2 pcs VIFA D19DT Tweeters $38 each 
2 pcs VIFA D75MX Midranges $89 each 
2 pcs VIFA P25W0 Woofers $149 each 
2 pcs Factory Built X-avers $119 each 

or you can buy the pre-cut, black woodgrained 
veneered cabinets in a flat-pack form ready to 
assemble with all drivers, x-overs and accessory 
parts for a total price of: 

$1050.00 

See and audition both the 2-way and 3-way 
speakers at your nearest dealer. 

For full details about these projects and other 
loudspeaker kits, please contact the Sole Australian 
Distributor: 

Scan Audio Pty. Ltd. 
52 Crown St. Richmond 3121 

Telephone: (03) 429 2199 
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INTRODUCING THE TIME-SAVER/MONEY-SAVER 
CIRCUIT-BOARD-ARTWORK SOFTWARE 

For only $ 1,250 smARTWORK— lets the 
design engineer create and revise printed-
circuit-board artwork on Me IBM Personal 
Computer (or equivalent). 

Forget Me tedium of taping it yourself or 
waiting for the technician, draftsperson, or 
the CAD department to get to your project. 

sruARTWORK— (Version 1.20) is the only 
low-cost printed circuit-board-artwork editor 
with all these advantages: 

D Conductor spacing always correct. 
D Lines don't become too narrow. 
D Connecting lines do not intersect other 

conductors. 
El Automatically seeks and draws shortest 

route between conductors. 
0 Quick correction and revision. 
El Production — quality 2X artwork from a 

pen-and-ink plotter. 
D Prototype — quality 2X artwork from a 

dot-matrix printer. 
D Easy to learn and operate. 
D Single-sided and double-sided printed 

circuit boards up to 10 x 16 inches. 
Multicolour or black-and-white display. 

D Library storage and retrieval of your own 
commonly used loyouts and pinouts. 

El Block movement and rotation for on-
screen cut and paste editing. 

0 Place text on either board layer. 
El Separate silk screen layer. 

System Requirements (srnARTWORK-
Version 1.20) 
CI IBM PC, XT or close compatible with 
384K RAM, 2 disk drives. 

IBM Colour/Graphics Adaptor with RGB 
colour or B & W monitor. 

El Epson MX/FX80/100 dot matrix printer. 

C Pen-and-ink plotters: 
Houston Instrument DMP42, 52 
Hewlett Packard HPGL 7470, 75, 7580, 
5, 6. 

C7 Microsoft Mouse (optional), and other 
compatibles. 

This revolutionary software package 
originates from the U.S.A. where it has a 
proven record for reliability. 
Entertainment Audio of Adelaide are 
actually manufacturing the product locally, 
which has obvious benefits: 
El Quicker availability of new releases and 

upgrades. 
D Experienced engineers available to help or 

answer enquiries. 
CIFor a FREE TRIAL of smARTWORe and 

further information, ring (008)888414. 

CM WINTEK 

Entertainment Audio Pit 
A VILLAGE ROADSHOW COMPANY 

59 KING WILLIAM STREET, 
KENT TOWN, SA 5067 
Phone (08) 363 0454 

Representing W1NTEK Corporation (USA) 
In Australia 

ANNOUNCEMENT 
Shortly, we will be making major changes to Australian 

Electronics Monthly. 

In the past, electronics magazines in Australia have promised `bigger/brighter/better' 

things to come, but have never quite matched the performance with the promise. 

But not us. 

For starters, we are going to significantly expand our project content — like double, 
would you believe? 

Interested? Like to find out more? 

STAY TUNED. SAME TIME, THIS MAGAZINE, NEXT MONTH 
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PROFESSIONAL PRODUCTS NEWS 

Philips take radical steps 
in new 50 MHz CRO range 

philips' new family of 50 MHz oscilloscopes use the latest 
instrument technology to combine a big step forward in 

features and ease of operation with a dramatically reduced 
price level, the company claims. 

Most striking external feature 
of the PM 3050 family oscillo-
scopes is the all-new front panel 
concept. Designed to simplify 
and rationalize operation, this 
panel design incorporates a li-
quid crystal display to indicate 
menus, insturment status and 
settings, up/down rocker con-
trols instead of traditional 
rotary switches, and multi-
function softkeys to reduce the 

overall number of controls on 
the front panel. 
The front panel operates in 

the same sequence as reading a 
book: from left to right, and 
from top to bottom. All control 
operations take place under 
microprocessor control. 
An 'autoser key, already an 

established feature of Philips' 
high-frequency oscilloscopes, is 
also incorporated. This auto-

matically optimizes oscillo-
scope settings for amplitude, 
timebase and triggering to bring 
any connected signal in range. 
The signal then appears on the 
display without the need for the 
normal time-consuming manual 
settings. 
The 8 x 10 cm CRT features 

a parrallax-free graticule with 
variable illumination. Vertical 
sensitivity is variable between 2 
mV/div. to 10 Vidiv. With worst-
case rise time of >10 ns/div. 
Timebase speeds range from 50 
ns to 0.5 s. 

Philips has adopted a com-
pletely new manufacturing ap-
proach for the new range. The 
chassis is a single injection 
moulding made of an engineer-
ing-grade plastic material, and 
incorporating all the required 
provisions for mounting inter-
nal units and options. This tech-
nique saves assembly time and 
costs, and provides a very stur-
dy and rigid unit, Philips claim. 
All major components of the os-
cilloscopes are modular, to al-
low fast field service and 
replacement. 

The basic PM 3050 is the 
starting point for a complete 
family of oscilloscopes, com-
prising a wide selection of var-
iants and options to meet a very 
broad range of user require-
ments. 
The oscilloscope itself is avail-

able with single- and dual-
timebases, and in regular and 
rack-mounting versions. A spe-
cial transportable model for 
field use will be added to the 
range later. 
A significant option is a 

separate, external IEEE inter-
face box which can be connect-
ed whenever required. As well 
as enabling operation in auto-
mated system environments, 
this option allows for automat-
ic calibration using an external 
computerised system. 
A built-in automatic checking 

routine provides a sequence of 
tests to exercise all major scope 
functions, with standard on-
screen displays to indicate cor-
rect performance. 
With this new family of 50 

MHz CROs, Philips aim to win 
a big share of the 50 MHz 
scopes market. 

Fairchild extends 
FAST line with 
15 ns PLAs 

Fairchild Semiconductor 
has added Programmable 

Logic Arrays to its FAST (Fair-
child Advanced Schottky TTL) 
logic family with a series of ver-
tical fuse devices featuring 
propagation delay times as fast 
as 15 nanoseconds and 50 MHz 
clock frequency. 
Called FASTPLA, the series is 

designed to extend the popular 
FAST standard logic family and 
is fully compatible with indus-
try standard medium 20-pin 
PAL(R) devices, according to 
Art Swift, Product Planning 
Manager. 
Four device types are immedi-

ately available, with 13 addition-
al devices planned for 
introduction by the end of 1986. 
"These devices are the first of 
an extended family of program-
mable products that eventually > 
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PROFESSIONAL PRODUCTS NEWS 
will include new architecture 
and alternative technologies 
such as ECL," Swift said. 
The series includes program-

mable output polarity so designs 
can be configured for active 
high or active low output ver-
sions. Power-up reset and tri. 
state devices are also featured. 
At power-on, outputs remain in 
the high impedance state until 
dc power supply conditions are 
met. Maximum supply current 
for the new devices is 180 mil-
liamps. 

Using a combination of FAST 
Standard Logic and FASTPLA, 
instead of Low-Power Schottky 
TTL, can reduce circuit com-
plexity, signals required and 
parts count, and can eliminate 
a wait state in microprocessor-
based systems, according to 
Swift. 

For more information, con-
tact Fairchild Australia Pty 
Ltd, 366 Whitehorse Road, 
Nunawading, 3131 Vic. (03) 
877 5444. 

Surface-mount HP 
Schottky diodes 

A new series of Schottky 
diodes from Hewlett-

Packard, HSMS-2800/2810/ 
2820, is designed for analogue 
and digital application requir-
ing devices in the SOT-23 
surface-mount package. 
These new components come 

in two single- and three dual-
diode pin configurations, 
designed expressly to be electri-

cally equivalent to HP's existing 
family of glass-packaged 
Schottkys diodes, 5082-2800/10/ 
35. This will aid current users 
of HP devices to convert to 
surface-mount manufacturing 
technology. 
Typical applications of these 

diodes include mixing, detect-
ing, switching, gating, sampling 
and wave shaping. For further 
information, contact VSI 
Electronics (Aust) Pty Ltd, 16 
Dickson Avenue, Artarmon 
2064 NSW. (02) 439 8622. 

After Chernobyl, you need this ... 
D hilips' PW4514 Pocket Radiation Monitor is a compact, battery-

operated unit for personal use that detects gamma and x-ray 
radiation, computing exposure rates ranging from 0.1 to 999 milli-
Rontgens/hour and accumulated dosages ranging from 0.1 to 999.9 
mrad. 

It incorporates a 4-digit liquid crystal display with 4.8 mm high 
characters viewed through a recessed 'window' in the end of the 
case. An audible alarm is incorporated to warn of the radiation ex-
posure in excess of a preset level. 
The PW4514 employs an end-window Geiger-Muller tube, mounted 

in the end opposite the display, and is powered from four pen-light 
or equivalent rechargeable cells. It measures 153 x 78 x 28 mm and 
weighs 235 grams without the batteries. 
Looks like just the thing to take on your next European business 

trip or South Pacific holiday (while the Russians are in trouble, we 
needn't let the French off, either!) 

Full details are available from Philips Scientific, 25-27 Paul St, 
North Ryde NSW 2138 NSW. (02) 888 8222. 

Trade tee  

National 
RG RELAY 

• RF TX AND RX APPLICATIONS 
• EXCELLENT HIGH FREQUENCY 

CHARACTERISTICS 
• ISOLATION: 65dB MIN AT 900 MHZ 
• CHARACTERISTIC IMPEDANCE 500 
AND 7512 TYPES 

• INSERTION LOSS: MAX 1dB AT 900 
MHZ 

• 1 AMP 24 VOLT DC SWITCHING 
CAPACITY 

• SINGLE SIDE STABLE, 1 COIL 
LATCHING AND 2 COIL LATCHING 

• SEALED CONSTRUCTION FOR 
AUTOMATIC CLEANING 

• SINGLE THROW DOUBLE POLE (1FC) 
• DOUBLE THROW DOUBLE POLE 

(2FC) 

Components for advanced technology 
HD RELAY 

• ULTRA MINIATURE SPDT (1FC) 
• 7.8MM HEIGHT x 12MM LENGTH x 

7.4MM WIDTH 
• HIGH SENSITIVITY: 280 mW NOMINAL 
POWER 

• GOLD CLAD SILVER BIFURCATED 
CONTACTS FOR HIGH RELIABILITY 

Schemattc 
(Bottom yew) 

NC 

PC board pattern 

(Copper-stde wow) 6-08 DU 
6 (Dj Du 

06.7; '2.56  7.62 

02e 10,3 300 

DF RELAY 
• MINIATURE DOUBLE THROW 
DOUBLE POLE (2FC) 

• DIP-MATCHING 14 PIN IC SOCKET 
• 7MM HEIGHT x 16MM LENGTH x 

9.9MM WIDTH: 
• GOLD CLAD SILVER CONTACTS 
• HIGH SENSITIVITY; 100mW NOMINAL 
POWER FOR 1 COIL LATCHING 
TYPES: 

• SINGLE SIDE STABLE, 1 COIL 
LATCHING & 2 COIL LATCHING: 

• UL/CSA RATING 

NEW RELEASES FROM:— 

B PRODUCTS PTY LTD. 

MELBOURNE OFFICE 
56 REGENT ST 
OAKLEIGH 3166 VIC 
PH: (03) 568 3588 
FAX: (03) 569 8188 
TELEX: AA30217 

SYDNEY OFFICE 
UNIT 14 37/43 ALEXANDER ST 
CROWS NEST 2065 NSW 
PH: (02) 436 2644 
FAX: (02) 439 1653 
TELEX: AA30217 

DISTRIBUTORS 
SYD: (02) 419 6256 
OLD: (07) 369 5900 
SA: (08) 223 6946 
WA: (09) 275 5522 
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1ST BIRTHDAY CONTEST No. 2. 
Win this new generation Philips microprocessor-controlled 50 MHz dual-trace CRO, 

model PM3050. 

Here's a fabulous opportunity to own one of the world's 
most sophisticated 50 MHz dual-trace CROs featuring an 
all-new concept in front panel design. It incorporates a 
liquid crystal display to indicate instrument status and 
settings, up/down rocker controls instead of the traditional 
rotary switches, and multi-function softkeys' to reduce the 
overall number of controls. And you operate it as you 
would read a book: from left to right, and from top to 
bottom. An ' autoset' key automatically optimises settings 
for trace amplitude, plus timebase speed and triggering, to 
bring any connected signal in range and provide a usable 

display without the usual time-consuming manual settings. 
The 8 x 10 cm CRT features a parallax-free graticule 

with variable illumination. Vertical sensitivity is variable 
betwen 2 mV/div. to 10 V/div. Timebase speeds range from 
a fast 50 ns to a slow 0.5 s. The chassis comprises a 
single injection moulding of engineering-grade plastic 
material, providing a very sturdy instrument. All major 
component assemblies are modular to allow fast field 
service or replacement. 

Prize kindly donated by Philips Scientific & Industrial, PO Box 119, North 
Ryde 2113 NSW. 

1ST BIRTHDAY 
CONTEST No. 2. 

01: Who first described" . a method for the demonstration and 
study of currents varying with time", and in what year? 

02: The earliest attempt at constructing a linear sawtooth time-
base is attributed to R. St. G. Anson in 1924 who employed a neon 
tube, but it suffered from slow sweep times and poor linearity. The 
development of the hard valve' timebase six years later paved the 
way for rapid development of the modern oscilloscope. Who de-
veloped it? 

03: In the PM3050 specifications, what is the worst-case rise time 
of the vertical amplifiers? 

04: The addition of a ' significant option' to the PM3050 permits 
operation in an automated system, including automated calibra-
tion. What is this option? 

Now tell us, in 30 words or less, on a separate sheet of paper, what 
features of the PM3050 most attract you (and we haven't listed them 
all here!). 

Name   

Address   

  Postcode  

I have read the rules of the contest and agree to abide by their 
conditions. 

Signed*  

The Contest Rules are set out on page 6 of this issue. 
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50W SOLDERING 
SYSTEM 

Burnproof & 
flexible lead! 

Floating earth 
model available 
with plug-in 
lead and clip. 

MODEL: ETC6OLFE 

SCCIPE 
Illuminated Temp. readout monitors 
actual tip temperature. 

Select the tip 
temp. required 

Zero Voltage switching for 
maximum component safety. 

Ceramic encapsulated element 
for lowest earth leakage 

60 Watts of back-up power 
-30W Pencil optional. 

INF1NffELY ADJUSTABLE 200*-470°C 
with zero voltage protection 

Screw type connector prevents 
accidental plug removal. 

30 Watt Soldering Pendl is an 
optional tool to replace 60W 
standard tool. Special miniature 
tips are available. 

Anti Seize tip retention design 
TIPS FOR 60 WATT IRONS 

- reduced risk of thread seizure 
by removing locking nut to 
cooler end of barrel. 

Damaging Spikes and induced 
tip voltages likely to damage 
MOS devices are virtually 
eliminated by Z.V.S.* circuitry. 
* ZERO VOLTAGE SWITCHING OF HEATER 

REPLACEMENT TIPS 
* FITTED AS STANDARD TIPS FOR 30 WATT PENCIL 

0 8mm 0 8mm 0 4mm 1 6mm 3 2mm 1 2mm 1 2mm 0 Arnm 1 6mm 2 Omm 0 8mm 
Face 
adtil 

; 
* 

, 
- , 

1 
1 

:1 
1 

Code SF 0 8/21 OF 0 /22 LW 0 4/23 DF 6/24 DF 3 2,25 DF 1 2/26 SF 12/27 ZF 0 4/51 SF 6/56 SF 2 0/57 ZF 0 8/59 

WANT MORE INFORMATION THEN CONTACT 
VICTORIA: (03) 338 1566 NEW SOUTH WALES: (02) 546 6144 
QUEENSLAND: BRISBANE: (07) 52 5231 TOWNSVILLE: (077) 79 3855 
SOUTH AUSTRALIA: (08) 352 1166 WESTERN AUSTRALIA: (09) 362 5011 
TASMANIA: LAUNCESTON: (003) 31 5545 HOBART: (002) 34 2811 

ffl/fM/0 
SCOPE 
BOX 63 NIDDRIE. 
VIC. 3042 
TEL 1031 338 1566 
TLX AA38318 

JMS197 



Soldering is fundamental to electronics, be it 'on the kitchen table', 
on the R&D lab, bench or in the factory production line. Methods 
employed in the industry range from the familiar hand soldering 
through automated or semi-automated processes. Here's an 
overview of the technology and techniques employed within the 
electronics industry today. 

SOLDER PROVIDES a means of making inter-metallic con-
tact and a mechanical bond between component connections 
and circuit wiring in electronic equipment. Soldered joints 
have been employed in electronic assembly since the 1920s. 
Almost everybody involved in electronics takes solder and 
soldering pretty well `for granted'. It was the rise of the broad-
cast industry between the two world wars that gave the impe-
tus to manufacturing of electronic (then 'radio') equipment 
on a large scale. The development of the electrically-heated 
soldering iron, claimed by the West German firm Ersa who 
first applied for a patent in 1921, fuelled the tremendous 
growth of electronic manufacturing and hand soldering irons 
became the tool that introduced a mini industrial revolution 
within the then-declining industrial revolution. 
The development of printed circuit (or 'printed wiring') 

boards by Eisler in the U.K. in 1943 brought a measure of 
automation to electronic equipment assembly as they did 
away with the linking of components by point-to-point wir-
ing, producing the interconnections in their final form with 
a single fabrication step. 

In 1949, Danko and Abramson of the US Army Signal 
Corps developed 'dip soldering', which permitted automat-
ed soldering of componentry on printed circuit boards. These 
two developments paved the way for a second revolution in 
electronics manufacture, laying the foundations of today's 
industry which now influences almost every facet of our life 
and work. 
Hand soldering, however, still occupies an important niche 

in the electronics industry, alongside the automated methods 
now widely employed, so let us examine ' first things first'. 

Hand soldering 
Soldering components and/or wiring by hand is still very 
much a necessary operation in a wide variety of circum-
stances. Electrically-heated irons predominate, though some 

gas-heated irons are employed in certain situations. Exam-
ples include use with sensitive circuitry in-situ where charge 
leakage from the iron's power supply may cause damage 
(battey-operated irons are also used for this) or the joining 
or repair of cables and connectors in the field where a cur-
rent supply is not available and prolonged use precludes em-
ploying a battery powered iron. 
Hand soldering is widely used in developmental work, 

limited-run production assembly, production testing and fault 
repair ('re-working'), servicing and maintenance. Continuous-
heat and 'quick-heat' irons once predominated, but 
temperature-controlled irons are making rapid inroads in all 
areas. 
Temperature-controlled irons offer significant advantages, 

providing rapid initial heat-up, better heat transfer to the 
joint, markedly decreased possibility of damage to fragile 
components and improved tip life. A wide variety are made 
and marketed, ranging from relatively simple mains-powered 
fixed temperature types to microprocessor controlled, tem-
perature variable types featuring digital tip temperature dis-
play. Many have interchangeable tips to suit varying 
applications. 
When the iron tip is first applied to a joint, heat is conduct-

ed away by the parts of the joint and the tip temperature tends 
to drop. In irons without tip temperature control, the tip is 
normally run at such a temperature that this drop does not 
allow the tip temperature to fall nearthe solder's plastic tem-
perature range below 190 degrees C with the range of joint 
heat capacities normally encountered. 
But this often means the tip temperature is too high for fine 

joints, with the constant risk of overheating and damaging 
components. Too much heat capacity, or too high a tip tem-
perature, may result in damage to the components being 
joined. It will almost certainly render fluxing from flux-cored 
solder ineffective as the flux will be largely vaporised before > 
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WTCPN 
Soldering Station. 

Marksman 
Soldering Irons. 

Weller 
The Weller WTCPN soldering station is temperature controlled 

and combines high volume capability with precision 
performance. The low voltage TC201 soldering pencil employs 

the exclusive "closed" loop method to control maximum 
temperature and protect sensitive components. 

Weller Marksman non-temperature controlled line voltage soldering 
irons are the choice of the electronics hobbyist. The low 

wattage SP15D ( 15 Watts), SP25D (25 Watts) and 
SP4OD (40 Watts) are ideal for kit building and continuous 

soldering. Complete with plated, pre-tinned tips, the Marksman 
range are lightweight and ready to use. 

A complimentary copy 01 the Weller Soldering Guide is evadable on reauest from 

Cooper Tools Pty Limitect P 0 Box 366 519 Nungong Street. Albury NSW 2640, Australia. 

eooperTooW 
CRESCENT LUFKIN NICHOLSON PLUMS TURNER WELLER WIRE-WRAP WISS XCELITE 

it gets a chance to do its job of boiling-off oxides from the 
joint materials. 
Conversely, with uncontrolled irons the tip may have in-

sufficient heat capacity for some joints and will be unable 
to raise the joint's temperature sufficiently for soldering, thus 
possibly creating an unreliable ' cold' joint. These problems 
are readily solved through the use of a temperature-controlled 
iron. 
Several techniques are employed to control the tip temper-

ature. One of the simplest adopted, and widely used in Weller 
irons made by the Cooper Tools Group, exploits the ' Curie 
point temperature' of a magnet to turn the power on and off 
to the heating element. Figure 1 shows the general arrange-
ment. The permanent magnet is attracted to the rear of the 
tip, closing the switch. Power is applied to the element which 
heats the tip. When the tip temperature reaches the Curie 
point of the magnet, the magnet loses its magnetism and the 
spring opens the switch. The tip then cools and, when the 
temperature drops below the Curie point, the cycle is 
repeated. 

HEATING ELEMEN T 
SNITCH 

TEMPERA TURE 
SENSNG ELELIEN T 

1=1 

PERMANENT 
MAGNET 

SPRING 

 t)-r— 

TO PORIER SUPPLY 

Figure 1. The ' Curie point temperature' iron tip 

temperature control system, widely employed in Weller 
temperature-controlled irons. 

Tips are made to operate at different Curie temperatures 
and replaceable tips permit simple selection of the required 
tip temperature. 

Naturally, there is some hysteresis in this system and the 
tip temperature 'cycles' over a small temperature range. Some 
applications require closer control of the tip temperature and 
electronic techniques are employed to sense tip temperature 
and control current to the iron heating element. 

'Zero-crossing' power control is now widely employed to 
control heating element current. 

SOLDER AND FLUXES IN ELECTRONICS 11M117---P 
Is Solder is an alloy of tin and lead that melts at a temperature well 
below the melting point of either metal alone. A continuous inti-à 
mate contact between the parts of a joint is created by the mechan.'9 
ical interlocking of the solder with the irregular texture of the metallic 
surfaces being joined. 

Solder commonly employed in electronics comprises 60% tin and 
40% lead and is known therefore as " 60/40" solder. It melts at 
188 degrees Celsius and is ' plastic' down to about 183 degrees 
C. As copper is absorbed by solder during the soldering process, 
from the metals being joined and especially from the iron tip, a 
widely-used solder alloy comprises 60% tin, 38% lead and 2% cop-
per. Some solders contain a small percentage of silver, for use with 
plated conductors. A typical formulation comprises 62% tin, 36% 
lead and 2% silver. Low-temperature solders, specially formulat-
ed for servicing or re-work applications, are made with a melting 
point as low as 145 degrees C. Typically, such solder will comprise 
50% tin, 33% lead and 17% cadmium. 

Solder for automatic soldering machines is generally straight 
60/40 solder or 60/38 with 2% copper. 

Oxidation on the parts being joined, which prevents contact by 
the solder, is first removed with a ' flux'. This is usually composed 
of organic resin, made from the sap of pine trees, plus added ' ac-
tivators' which decompose at soldering temperatures, releasing an 
acid that dissolves the oxides. Solder for hand soldering usually 
comes in ' wire' form, containing one or more 'cores' of flux. When 
applied to a heated joint, the flux melts ahead of the solder to do 
its preparation job on the joint parts. At soldering temperatures, 
the flux ' de-activates', preventing corrosion from residues. 

In automated soldering, liquid flux is usually applied to the pc 
board being worked immediately before the soldering operation 
by means of a spray, a wave or by foaming. 
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AC INPUT 

TEMP. SENSOR 

Figure 2. The zero-crossing' power control method 

employed to provide infinitely variable control of iron tip 

temperature without the spikes generated by other switch 

systems. 

Figure 2 illustrates a commonly used technique. The tip 
temperature sensor, usually a thermistor or thermocouple, 
is coupled to a feedback circuit which provides a signal to 
the power control circuit. This will switch the power on for 
a given number of cycles and off for a given number of cy-
cles to provide the required power to the iron's heater to 
maintain the tip at temperature. The control circuit only 
switches power on or off to the heater where the ac cycle 
passes through zero. 
This technique provides close control of tip temperature 

and has the advantage that it does not generate any switch-
ing transients. Such transients, which are produced by 
switch-type temperature control techniques which can turn 
on or off at any part of the mains cycle, can be coupled by 
the iron into components being worked on. Some sensitive 
semiconductor devices employing MOS or FET construction 

technologies may be damaged by such transients under some 
circumstances. 
Electronic temperature control of the tip will better main-

tain the tip within the required solder wetting temperature 
range, between 245 and 270 degrees C, during use. When the 
tip is applied to a joint of substantial heat capacity, the tip 
temperature will naturally drop, but the immediate and meas-
ured response of an electronic control system speeds tip tem-
perature recovery time. This makes for more consistent 
joints, with repeatable results. In addition, the 'idling' tem-
perature of the tip, typically as high as 500 degrees C for 
constant-power irons and around 380-420 degrees C for 'fixed 
temperature' irons, can be maintained much lower than in 
non-electronic control methods, as much as 50 degrees low-
er according to Royel. This reduces tip oxidation and wear, 
even with plated tips, reducing the frequency of replacement. 
Figure 3 shows the construction of one type of tempera-

ture controlled iron, made by Royel. To maximise the rate 
of heat replacement into the tip, the thermal gradient between 
the heating element and the tip must be minimised. Royel 
employ a nickel ferrule to ensure metal-to-metal contact the 
length of the tip's shank. 

Circuitry protection 
As briefly mentioned earlier, there is a requirement to heed 
precautions necessary with semiconductors sensitive to 
damage by voltage or current transients. Voltage 'spikes' of 
quite low energy and voltage, induced via the iron tip ap-
plied to a joint in a circuit, even though the equipment is not 
powered-up, can destroy delicate MOS or FET input gates. 

Likewise, 'leakage' of current from the iron's heater pow-
er supply, be it low voltage or the mains, can cause damage 
to sensitive semiconductors. Isolation of the iron's heater sup-
ply — by means of a well-insulated transformer secondary 

HOT STUFF GEORGE BROWN! 
Weller temperature controlled 

W6OD line voltage soldering irons, 
with iron plated tips, stainless steel 
barrels. Lightweight with impact and 
heat resistant handles. Suitable tips are 
the Weller CTS series with temperature 
ranges of 315 C, 370 C and 430 C. 

The low voltage Weller WTCPN 
Soldering Station employs the exclusive 
"Closed" loop method to control 
maximum temperature and protects 
sensitive components. Weller PT series 
iron plated tips in a range of tip faces 
are available for 315 C, 370 C and 
430 C soldering. 

Xcelite technicians hand tools - the 
ultimate in tool cases. The TC1OOST 
Tool Kit contains 53 individual tools 
plus 31 interchangeable screwdriver/ 
nutdriver blades and handles. 
Check with your nearest George 
Brown outlet listed below. 

41 

GEORGE BROWN 6. CO. PTY. LTD. GEORGE BROWN R. CO. PTY. LTD. GEORGE BROWN 6. CO PTV LTD. 

SYDNEY 
PH: 519 5855 

CANBERRA 
PH: 80 4355 

MELBOURNE 
PH: 419 3355 

GEORGE 
BROWI-1 
GROUP 

FOR AUSTRALIA WIDE ELELINUNIŒ DISTRIBUTION 

GEORGE BROWN 6. CO. INZSTI.EI PTY. LTD. PROTRONICS PTY. LTD. PROTRONJCS PTY LTD 

NEWCASTLE 
PH: 69 6399 

ADELAIDE PERTH 
PH: 212 3111 PH: 362 1044 
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Scope recently released two closely- related versions of this 
locally-designed 60 W soldering station, one with floating 
earth. Both allow tip temperature selection from 200-470 
degrees C, employing zero-crossing heater control. 

— reduces the problem, but introduces another. With the iron 
tip and barrel effectively isolated, and with the use of plas-
tic handles and cable sheaths, static charges can be readily 
built-up or transferred to the iron. An operator carrying a 
static charge will transfer charge to the iron which can then 
be conducted to the circuitry being worked on via the iron 
barrel and tip. Zappo! Write off a few semiconductors. 
A number of measures are employed to eliminate this 

problem. The iron barrel and tip may be earthed 'remotely' 
via the supply and the mains — but that's not wholly relia-
ble as it's totally dependent on effective mains wiring in the 
workplace. Some manufacturers provide a means of connect-
ing a 'leakage resistance' between the tool and the operator 
via a high resistance bonding strap that attaches around the 
operator's wrist and connects to the iron barrel. This ensures 
any static charges are equalised and dissipated before any 
damage can be done. 
Currents induced in the mains earth can create problems, 

too. Earthing the iron barrel and tip via a 'local' earth strap 
to the comon line of the circuit being worked on can obviate 
this problem, as well as the static discharge problem. Many 
manufacturers make provision for this in their soldering 
stations. 

'En-masse' soldering 
The soldering of hundreds of joints en-masse in a single oper-
ation has obvious manufacturing advantages. En-masse sol-
dering of components mounted ('stuffed' is the industry 
terminology) on printed circuit boards was devised by Danko 
and Abramson of the US Army Signal Corpos in 1949 with 
their 'dip' soldering technique. The name is apt. The boards 
were literally dipped in a 'pot' of molten solder after being 
fluxed on the track side. Later, a conveyor system was de-
vised to drag the track side of the boards across the top of 
a solder pot, providing more automation of the procedure. 
Hence the term, drag soldering. 

In 1956, Strauss and Barnes of Fry's Metal Foundries in 
the UK developed the "flowsoldering" technique in which 
loaded pc boards are passed across a stationary 'wave' of 
molten solder, created by pumping it through a rectangular 
nozzle. It is now more widely known as wave soldering. 
More recently, a variety of techniques have been devised 

to meet special needs, particularly with the introduction of 
surface-mounted devices (SMD). 'Re-flow' soldering is a tech-
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Figure 3. Cutaway view of the construction of a soldering 
tip which is employed in an electronic temperature control 
system. The sensor may be nickel or platinum. (Courtesy 
of Royel International Ltd). 
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HEATER ELEMENT 
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Figure 4. The drag soldering system. 

nique becoming widely used. Solder is applied as a paste to 
the required areas, the components placed in position and 
the whole assembly heated in a chamber by means of gas 
flames, infrared radiant heat or a hot vapour. 

Drag soldering 
Modern drag soldering machines employ a three-stage 
process. Figure 4 illustrates. The stuffed boards are loaded 
on a carrier which passes them over a fluxing unit. This may I> 

Ersa's MS8000 soldering station, distributed by Meltec, 
features zero-crossing heater control, continuously variable 
temperature selection (with LCD readout) from 150 to 400 
degrees C and easily exchanged bits. ' Potential 
equalisation' protection is provided. 
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You've tried the rest! 
Now try the best! 
The worlds largest range by the inventors of 

electric soldering... 

11:1Sjk. 

MS 8000 
• Worlds most advanced temperature controlled 

soldering and desoldering irons; 5w, 60w and 
80w, temps from 150 ° to 450 ° 

• Irons ranging from 5w to 750w 
• Transformers double insulated 
• Integrated zero voltage switching with full 
wave logic and triac 

• Solder all sensitive components, MOS, CMOS, 
FET etc soldered without any risk 

• Level potentional socket (high resistance 
connected to soldering bit) 

• Available with digital temp. read out 
• Ersa's unique P.T.C. high power elements 

ELS 8000 
• The most powerful desoldering iron available 

(80w) 
• Shortest straight line distance between tip and 

waste solder holder. 
• Longest life iron- clad never-seize bits ( 17 tip 

designs!) 
• Minimal heat-up time 

Dealers/distributors 
enquiries welcome 

SUPPLIERS OF HIGH TECHNOLOGY EQUIPMENT TO THE ELECTRONICS INDUSTRY 

Meltec Pty. Ltd. 
PO Box 20, Greenacre, N.S.W. 2190. Australia. Telephone: (02) 708 4300 Telex: AA26127 
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This Zevatron bench-mounted unit is 
typical of small drag-soldering 
machines. Zevatron machines are 
distributed here by Alfatron. 

apply the flux by means of a spray, by foaming or a continu-
ous wave, all maintained by a continuous pump. It seems the 
favoured method these days is foam fluxing as it allows fine 
regulation of the flux deposit by controlling the amount of 
air in the foam. The conveyor then passes the boards over 
a pre-drying unit which heats the board to around 80 degrees 
C or so. This generally comprises an infra-red heater which 
evaporates the alcohol flux solvent and pre-heats the board, 
reducing thremal shock when it comes to soldering. The 
boards then pass through the solder bath, spending some two 
to four seconds in the bath depending on individual re-
quirements. 

As you would expect, the solder surface will oxidise and 
a 'dross' will form. This has to be swept away prior to pass-
ing a board through the bath and this is usually performed 
with a 'paddle' dragged periodically across the surface or im-
mediately ahead of each board as it passes through. 
Soldering time can be determined by varying the conveyor 

speed or the length of the drag through the bath. The solder 
in the bath is generally maintained at a temperature of around 
240-250 degrees C. The angle at which the boards enter and 
leave the bath controls the formation of solder bridges be-
tween closely-spaced pads, as well as ' icicles' (pointed solder 
projections) on the soldered joints. 
Drag soldering machines used in the industry range from 

bench mounted units costing several thousands of dollars, 
up to complete plants with microprocessor controlled oper-
ation and costing hundreds of thousands of dollars. The 
smaller machines are well within the financial reach of small 
electronics businesses and are even found in part-time 'side-
line' businesses operated by one or two people. 
They are largely used with boards employing leaded com-

ponents where soldering is required on only one side. 

Wave soldering 
Wave soldering employs, fundamentally, a two-stage process, 
as can be seen in Figure 5. The stuffed printed circuit board 
is conveyed along a, usually inclined, linear track. It first 

TRACK 

PC 
BOARD 

FLUXER SOLDER POT 

IMPELLER 
Figure 5. The wave soldering process. 

NEW FROM SWITZERLAND! 

clean-o-point -perfect, clean solder iron tips 
NOW — IF YOUR INVOLVED IN MASS 
PRODUCTION OR WORKSHOP 
SOLDERING YOU'LL GET THE 
SATISFACTION OF — 
• Improved solder joints no bridging 

contacts. 
• Helps to eliminate costly production short 

circuits. 
• Saves time and tips cleans tips in less 

than 1 second. 
• Electrically powered, self cleaning rollers. 
• Fully automatic no visual check 

necessary. 
• Saves solder for recycling (several Kg per 

unit per annum). 
• An 0.E.M. MUST for the production 

line the latest soldering development 
in mass production technology. 

PHONE US 
IMMEDIATELY 
FOR FULL 
DETAILS AND 
TECHNICAL 
LITERATURE! COMPONENTS 

C & K Electronics (Aust.) Pty Limited 
15 Cowper Street. Parramatta. NSW 2150 
PO Box 229 Parramatta. NSW 2150 
Telephone (02) 635 0799 Telex AA23404 

Agents Mein 598 2333,Adel 277 3288illins 369 1277 
Perth 275 5522+1c/ban 34 2233 ,Launceston 31 6533 
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SOLDERING AND DESOLDERING PROBLEMS CURED 
NATURALLY BY HAKKO 

* SO COMPACT YET SO EFFICIENT THE PERFECT WAY* 
TO RAISE WORK EFFICIENCY 

• SUPER QUICK HEAT UP 
• SUPER ACCURATE CONTROL OVER ENTIRE 
TEMPERATURE RANGE . BETWEEN 160°C & 
420° C 

• HIGH PRODUCTIVITY FOR THE 
PROFESSIONAL USER 

• CLEAN SIMPLE DESIGN 
• THE IDEAL SOLDERING TOOL FOR ALL 
PROFESSIONAL APPLICATIONS 

• UNIQUE SENSORLESS ZERO-
CROSS , ON/OFF SWITCHING TEMPERATURE 
CONTROL 

• ARE YOU STILL WORKING WITH 
HANDTOOLS? 

• LIFTING TRACKS AND DAMAGING BOARDS 
COMPONANTS? 

3-HAKKO MODELS AVAILABLE 
• 926 = 240 VAC INPUT 24 VAC OUTPUT 30W . 
• 926/32 = 32 VAC INPUT 24 VAC OUTPUT 50W . 
• 926/50 = 240 VAC INPUT 24 VAC OUTPUT 50W . 

• PERHAPS YOU HAVE VACUUM POWER 
EQUIPMENT BUT SUFFER FROM CLOGGING 
EXPENSIVE OR UNOBTAINABLE SPARE 
PARTS & SHORT TIP LIFE 

• GAIN PRODUCTIVITY AND PEACE OF MIND 
• UNSURPASSED RELIABILITY AND 

DURABILITY OF COURSE 
• EXTENDED TIP LIFE 
• ECONOMICAL AND SIMPLE MAINTENANCE 
• SPARE PARTS ALWAYS AVAILABLE 
EX STOCK 

• HAKKO'S UNIQUE STRAIGHT LINE SYSTEMS 
PREVENT SOLDER CLOGGING 

• COMBINE ALL THIS WITH SUPER RELIABLE 
HEAT CONTROL AND TEMPERATURE 
ADJUSTMENT 

2-HAKKO MODELS AVAILABLE 
• 481 = 240 VAC INPUT 240 VAC OUTPUT 30W . 
• 483 = 240 VAC INPUT 24 VAC OUTPUT 40W . 

PLUS HEAT ADJUSTMENT 

* CAN YOU AFFORD NOT TO HAVE THE BEST? * 
PHONE 938 1566 NOW FOR A DEMONSTRATION IN 

YOUR WORKSHOP 

DEALER ENQUIRIES WELCOME 

Heyden -Spike Co. Pty. Ltd. 
Innovators in Electronics Inc. in N.S.W. 

UNIT 1, 91-93 OLD PITTWATER RD 
BROOKVALE , NSW 2100, AUSTRALIA 
TEL : 938-1566 TELEX AA74709 

VICTORIA:- MEKTRONICS P/L 
PH : 690-4593 

W.A.:- ATKINS CARLYLE 
PH : 321-0101 
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passes over a fluxer which, as in the drag soldering system, 
may apply the flux by a spray, foaming or a wave. From there 
it passes through the wave of molten solder, only the track 
side making contact with the solder. A pre-drying stage may 
be included, between the fluxer and solder pot, making it a 
three-stage process. 
The wave of molten solder is created by pumping it up 

through a nozzle by means of an impeller immersed in the 
solder bath. The wave can take a variety of forms, as Figure 
6 illustrates. This shows both single- and double-wave sys-
tems. With single-wave systems, the wave flow opposes the 
direction of movement of the pc board. With double-wave 
systems, waves flow in both directions. Each has its own ad-
vantages in particular circumstances, which I shall discuss 
shortly. 

Inside view of a wave soldering machine. This is a double-
wave unit. The pre- heat section may be seen on the left, 
followed in the centre by the first wave, with the larger 
second wave to the right. (Ersa photograph, courtesy of 
Meltec). 

Figure 6. Showing various solder wave formations 
employed in wave soldering machines. 

Wave soldering is particularly suited to soldering of double-
sided, through-hole plated boards and boards incorporating 
surface-mount devices. The track which the board follows 
is tilted to allow the venting of gases produces during the 
soldering process, particularly from the flux employed. 

In wave-soldering SMD boards, the SM devices are first 
glued in position, on the track side of the board. The board 
is passed through the wave, component side down. Where 
components may 'shadow' one another from the solder flow, 
and in densely-populated boards, double-wave systems en-
sure proper soldering of SM devices. 
To reduce or eliminate solder icicles and bridging between 

closely-spaced SM component terminals or track pads, some 
manufacturers employ a double-wave system with the first 
wave contacted being a deep, turbulent wave claimed to en-
sure good wetting, and the following one a smooth, gently 
flowing laminar wave which removes excess solder and en-
sures proper joint formation. 
Where pre-drying (or pre-heating) is employed, the board 

temperature is raised to about 70-90 degrees C before pass-
ing to the solder wave. Apart from aiding the flux action, this 
pre-heats the board, reducing thremal shock during the sol-
dering process which may cause minute cracks in fine joints. 
The pre-dry/heat process may be done with fan-blown hot 

OUTSTANDING PERFORMANCE 
at safer temperatures! 

Choose an approved soldering iron that best suits 
your needs. 
D Adcola 'Standard': for hobbyists and general 

soldering. 
Royel Duotemp': push-button temperature 
control. 

E Royel `Thermatic': electronic feedback 
temperature control. 
• Light weight, cool handles. 
• No transformer required, plug in to 240V. 

• Correct heat for Printed Wiring Boards. 
• Many tip profiles available for all models. 

ROY Et. 
5.9W • Va .c 

V 
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ROYEL 
provides protection against thermal 
damage to modern circuitry. 

ASK YOUR NEAREST 
ELECTRONICS PARTS 
SUPPLIER! 
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MHL 3035R 

VIC: (03) 543 5122 3 N.S.W: (02) 709 5293 3 OLD: (07) 277 4311 U SA: (08) 212 5999 3 W.A: (09) 381 5500 U TAS: (002) 34 2233 
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GUARANTEED PERFECT SMD SOLDERING TECHNIQUE 
(Surface Mounting Device) 

epm 
Special Solder — 
Wave System 

In the pre-solder 
section a uni-
directional hollow-
wave (turbulent), 
flowing with the 
PCB, guarantees 
solder flow also in 
shadow areas as well 
as optimum Flux 
degassing and 
minimal thermal 
stress on 
components. 

A semi-supported full 
wave, extremely 
smooth, assures 
soldering free of 
icicles and bridges in 
the final Solder 
section. 

Both waves are 
individually 
electronically 
regulated and their 
separate pumps are 
located in the same 
Solder pot, thus 
assuring uniform 
Solder temperature. 

The pre-solder wave 

Soldering Machines 

CDD 300 E 
CDD 400 E 
CDD 320 EF 

From the epm 
production range. 
Ultra modern 
soldering technology 
for economical, high 
quality soldering of 
SMD components, 
like Chip Carriers, 
Flatpacks, MELF-
COMPONENTS etc. 

may be switched off 
for production of 
PCBs populated with 
conventional 
components. 

The epm Success 
Concept 
Highest Soldering VEMA AUSTRALIA PTY. LTD. 
quality optimum Telephone (02) 331 7907 
operating comfort, Melb. (03) 819 4166 

Also available with Optional Reflow Section 

easy serviceability and 
maintenance, utmost 
economy. 



Penn Central (Australia) Pty. Ltd. 

ttetYOU GOTTA HAVE HART.ti' 

HART200 Series 

Nu-Concept Systems, Inc. is the dominate supplier of equipment to the industry for surface mount removal and 
reattachment. Nu-Concept's principal product is the HART system (Hot Air Repair Terminal) which enables 
users to remove and reattach components to circuit boards. Temperature indicators assure the circuit board and 
components remain under 400°F during rework. The "HART" system works equally well on Dual- In- Line, Gate 
Array Technology and Surface Mount Prototyping. 

HART200A (Hot Air Repair Terminal) is one of a family of quality products made by Nu-Concept Systems, Inc. 
which include... 

Pak-X-Trac• 

Hand tools of all 
sizes available 

for removal of Chip 
Carriers, Dual-In- Line, 
Chip Capacitors, etc.. 
from circuit boards. 

"Static Watch" 

The ultimate in Static 
discharge wrist bands. 

It controls static 
electricity, prevents 
personal injury and 
damage to electronic 

components. 

Mr • 
• 

lerug1111101erillIlit 
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Penn Central (Australia) Pty. Ltd. 
(Incorporated in N.S.W.) 
56 SILVERWATER ROAD, 
AUBURN N.S.W. 2144 

Gate Array Extractors 

A simple solution to 
safe, damage free 

removal or insertion of 
gate arrays into 
sockets and is an 

excellent complement 
to the HART machine. 

P.O. BOX 234, RYDALMERE, 
N.S.W. 2116 AUSTRALIA 
PHONE: 648 1661 
TELEX: AA72906 
FAX: 647 2260 

11 RUSHDALE STREET, 
KNOXFIELD, VIC. 3180 
TELEPHONE 763 8333 



Screen print solder paste Place component Reflow ,,oider 

air, electrically heated radiation plates, direct infrared radi-
ation or a combination. 
As mentioned earlier, foam, spray and wave fluxers may 

be employed. Each method has its advantages and disadvan-
tages. The foam fluxer is non-critical to setup and operate 
and is widely used. It ensures good flux wetting in through-
hole plated boards, but cannot be used with all types of flux. 
In continuous use applications, where the board-holding 
frames become warm, contact with the frame causes the foam 
wave to collapse, rendering the fluxing process ineffective. 
Spray fluxing is suited to most fluxes and confines the flux 

to the underside of the board. The amount of flux applied 
can be apportioned much better than with the other methods. 
It is not suited to through-hole plated boards. 
Wave fluxing can be used with any flux type and is un-

affected by warm soldering frames. It provides good wetting 
with through-hole plated boards but applies rather more flux 
than the other methods. 
Wave soldering machines, like drag soldering machines, 

range from small bench-mounted units costing several thou-
sands of dollars, up to automated plants sold for hundreds 
of thousands of dollars. The smaller units are often seen in 
many small to medium sized electronics manufacturing bus-
inesses these days. 

Infra-red re-flow soldering 
'Re-flow' soldering is a technique specifically employed on 
boards using SM devices. A solder paste is screen-printed, 
stencilled or injected onto the board component pads. The 
components are then placed in position and held by the sticky 
solder paste. The assembled board is then heated to solder-
ing temperature, 're-flowing' the solder which bonds the com-
ponent terminals to the copper track pads. 
The board is then passed through either a vertical or 

horizontal 'oven' in which large area, low intensity radiation 
panels generate a gentle, uniform heat. Heat absorption is 
not sensitive to the colour of the components and 'shadow-
ing' by larged components is not a problem. 

It is usual to pre-heat the boards for about one minute at 
around 90 degrees C, then raise the temperature over the fol-
lowing minute to soldering heat, followed by rapid cooling. 
peak temperatures during the soldering phase may be as high 
as 350-400 degrees C. 

Infra-red re-flow soldering machines are generally very 
compact and can be fitted as a module in an automated as-
sembly line. 

Vapour phase soldering 
This technique was developed in the USA and UK during 
the early '70s. It is particularly suited to soldering all-SMD 
boards, particularly where both sides of a multilayer board 
may be populated with components as the whole board may 
be soldered in single operation. 

Re-flow soldering is employed in this technique, too. The 
solder paste is applied to the component terminal pads on 
the board first, then the components placed in position, held 
by the paste. The assembled board is then lowered into a tank 
constructed as shown in Figure 8. 

Figure 7. The re-flow soldering process. (Courtesy 
Siemens). 
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Figure 8. The vapour phase soldering process. 

In the bottom of this tank is a liquid that boils at a temper-
ature of around 210-220 degrees C. This liquid, the 'primary 
fluid', is a perfluoropolyether (PFPE) which exhibits such use-
ful properties as: non-flammable, chemically inert, low vola-
tility, low surface tension, oxidation resistance and good 
viscosity. PFPEs are available from several chemical com-
panies under proprietary names such as 'Galden' (from the 
Moltedison Co.) and FC70 or FC71 (from 3M). 
Two condensor helixes are mounted in the tank, one above 

the other, through which is passed a cooling liquid. The 
primary fluid is heated to produce a saturated vapour, the 
'primary vapour'. This rises, and is cooled when it passes 
the primary condensor, some of the fluid condensing on the 
helix, to be passed back to the heated pool at the bottom of 
the tank. The secondary condensor cools the remaining 

A typical bench-mounted wave soldering machine. ( Ersa. 
courtesy of meltec). 

- 
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Showing a pc board passing over a turbulent wave in a 
wave soldering machine. Turbulent waves are said to 
improve solder wetting. A smooth wave follows, to 
complete the soldering process. (Zevatron picture. 
courtesy of Alfatron). 

vapour, the 'secondary vapour' which is now at a much lower 
temperature, condensing the fluid which is passed back to 
the tank bottom also. 
The assembled pc board is lowered on a basket, first into 

the secondary vapour zone where it is preheated, and then 
into the primary vapour zone which is at a temperature of 
around 220 degrees C. The hot vapour condenses onto the 
board, heat flowing from the fluid to the solder paste and 
component terminals, 're-flowing' the solder. The hot vapour 
is able to penetrate throughout the board and components, 
in even the most inaccessible places. This ensures uniform 
results, regardless of component density or layout. There is 
no excessive solder to cause bridging and the re-flowed solder 
bonds over the entire contact area. 
The cooler secondary vapour confines the hot primary 

vapour, preventing it from boiling away too rapidly (PFPE 
is expensive!) and serving as a pre-heat zone. 
As the boiling point of PFPEs can be readily defined and 

controlled, actual soldering temperatures can be acurately 
determined, virtually eliminating the chances of overheating. 
Vapour phase re-flow soldering is a more expensive tech-

nique than drag, wave or infra-red re-flow soldering but 
comes into its own where the other methods fail, particular-
ly where high component density SM boards are employed. 
The processing temperature can be held lower than that for 
infra-red because potential energy is stored in the latent heat 
of vapourization; the maximum temperature is that of the 
primary fluid. This can be very important when dealing with 
heat sensitive materials. Within the system there is an oxygen-
free inert atmosphere which virtually eliminates oxidation 
during the soldering process. Thus, only small amounts of 
mild resin flux are required, greatly simplifying post-
soldering cleaning of flux residues. 11._ 

MANUFACTURERS 8. DISTRIBUTORS 
Join us in our two day Exhibitions 

The What's New in Electronics 

ELECTRONIC- PRODUCT SHOWS 

Designed for the electronic professional 

Components, Cables & Connectors — October 8, 9 1986 

Electronics in Process Control — April 14, 15 1987 

Venue: The State Sports Centre, Homebush N.S.W. 

Details from Graham Maughan (02) 487 2700 

The Shows designed kr setters to meet buyers. 
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COLTRONICS 

Semi-automatic & 
Automatic Insertion 
Machines from 

AMISTAR. 

C1-3000 Automatic 
Dip Inserter . 300, 
.400, . 600 
Dips and 
Sockets, 
8-40 leads 
and 2 pin 

components t. 
with turret selection 
of 6 individual heads. 

ELECTROVERT 
Wave Soldering Systems. 
Introducing the NEW OMEGA wave for 
surface mount wavesoldering. 

A1-500 Semi-
automatic Axial lead 
Inserter with reels 
and cartridges. 

A1-6448 Automatic Axial 
Component Inserter. 
High-speed, flexible VCD 
inserter utilises 48 cartridges 
and 64 reels. Optional 

rotary table. 

C1-750 Semi-
automatic DIP/ 
Socket Inserter. 
12-24 tube selection 
stations. 

• 
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Soldering 
System 

NEW FROM COLTRONICS 
• Featuring 200°C — 425°C Feedback Temperature 

Control. 
• High Thermal Mass Soldering for Multi-layer Boards. 
• Solid State ZPS Control for complete Electro-Static 

protection. 

Axial Component Cutter and Former 

The entire modular system of 
axial component forming is 
based on the F-1. As a stand-
alone, it is one of the most 
versatile, functional, and 
durable automatic formers 
available. 

Desoldering 
System 

MBT-200 
Desoldering/Soldering System 
for production/service work is 
self-contained and includes hot 
jet for planar joint removal, 
shrink tubing and more. 

COLTRONICS TRADING COMPANY 
NEW SOUTH WALES 6 Stanley St., Silverwater, 

N.S.W. 2141 
Tel: (02) 647 1566 
Facsimile: (02) 647 1603 
Telex AA26279 

VICTORIA 13/22 Bridge St., Eltham, 
Victoria 3095 

Tel: (03) 439 1411 
Facsimile: (03) 439 2229 

Telex AA26279 



1ST BIRTHDAY CONTEST 
No. 3. Win a Multitech 'Popular 500' System 1 from Dick Smith 

Electronics and a Racal-Vadic Maxwell Modem Model 1200V, 
full duplex 1200 baud modem. 

Here's a fantastic opportunity to win a top-flight PC-compatible 
computer system from Australia's best-known electronics 
retailer, together with a high speed data communications mo-

dem from one of the world's leaders in data communications. 
Just answer these intriguing questions and write us a short 
essay on what you find most attractive about the prize package. 

Routéisi%It 

TN! MAXWILL 1100Y • 

41111111.1111111111111111111r=t7Z 

The Multitech System 1 prize kindly donated by Dick Smith 
Electronics, PO Box 321, North Ryde 2113 NSW. The Racal-
Vadic Maxwell 1200V modem prize kindly supplied by Racal 
Electronics, Talavera Rd, North Ryde 2113 NSW. 

The Multitech System 1 from DSE features a single 5.25" 360K disk drive, 256K RAM, 
multifunction card and colour video card with RGB output and 640 x 200 (mono) and 

320 x 200 (four colour) pixel graphics resolution (rmanitor not included). The 84-key 
QWERTY keyboard features 10 function keys and a numeric keypad. 

The Racal-Vadic Maxwell 1200V modem is a Hayes-compatible fully professional 
modem offering reliable high speed full duplex communications at 1200 baud over 
the switched telephone network. It's housed in a convenient small package that fits 
neatly under your ' phone. 

1ST BIRTHDAY 
CONTEST No. 3. 
01: A famous 19th century poet and the " princess of parallello-
grams" were closely associated. What were their names? 

05: Racal modems intended for use on the public switched tele-
phone network conform to a communications standard set down 
an international committee in which they are an active participant. 
Give the full title of that body. 

Now, on a separate sheet of paper, tell us in 30 words or less 
what you find most attractive about the prize package. 

02: What on earth has 01 got to do with computing? Name   

Address   

03: The word ' modem' is a contraction of two other words. Name   Postcode 
them. 

04: Which disk operating system, and which version, is supplied 
with the System 1 Multitech? 

I have read the rules of the contest and agree to abide by their 
conditions. 

Signed .  

*The Contest Rules are set out on page 6 of this issue. 
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Microbee plug their 
'16-bit product hold 

M icrobee Systems has released its first 16-bit personal 
computer, ' filling the hole' in their product line-up 

between the 8-bit Z80-based Premium Series and the up-

coming 32-bit 68000-based Gamma. It's an IBM-compatible 
portable, made by Mitac, one of Taiwan's largest computer 
equipment manufacturers. 
The launch came as a sur- mainstream which has a 16-bit 

prise, as it is radical in terms of IBM-based machine architec-
Microbee's established 'Aus- ture running PC/MS-DOS as its 
tralian-made' policy, for one, foundation. This strategy, he 
and moves them into a much says, is entirely in keeping with 
larger, and hotly contested, their earlier decision to license 
market niche than that which and supply CP/M from Digital 
they already occupy with their Research with disk-based 
existing products. Microbees. 
Microbee System's Chairman, The Microbee/Mitac is a little 

Owen Hill, explained that the unusual as IBM compatibles go. 
move was a strategic one, aimed For one, it sports a high degree 
at establishing links with the of IBM compatibility using a 
personal computer industry BIOS licensed from the US-

based Phoenix Software Associ-
ates, claimed to provide the 
closest software compatibility 
with the real thing. Secondly, 
it's a compact, portable design 
measuring a mere 340 x 420 x 
70 mm, and weighing just 4.9 
kg. You can choose to use either 
a standard monitor or an op-
tional 80 x 25 liquid crystal dis-
play (to be released later this 
year). 
The processor is an 80088, 

the CMOS version of the 8088, 
running at 4.77 MHz. It comes 
with 256K of RAM as standard, 
expandable to 640K on-board. 
Other features include a 5.25 

inch disk drive in the side of the 

unit, a carrying handle, and a 
compact, 'IBM-type' keyboard. 
Input/output ports are IBM 
standard, both in how they are 
accessed by DOS and their 
gender. Two serial ports pro-
vide standard RS-232 I/O, it has 
a standard Centronics printer 
port and a mouse or joystick 
port. A battery-backed real-time 
clock and calendar is included. 
The hardware also includes 

what is, effectively, an IBM En-
hanced Graphics Card giving 
RGB colour video output. An 
expansion box will be available 
later this year, providing three 
full-length, IBM-compatible ex-
pansion slots. This box plugs 
into the side of the unit and has 
room for a further full-height 
hard disk or two half-height 
drives, or a half-height drive and 
a streaming-tape drive for back-
up purposes. 
Sales and service for the 

Microbee/Mitac will be through 
Microbee Technology Centres, 
in each state, except Tasmania, 
who will be stocking a range of 
standard MS-DOS software 
packages for it. These will be 
offered at competitive prices as 
has always been the company's 
policy, Microbee claim. Further 
details from your local Micro-
bee Technology Centre. 

— Jamye Harrison 

CAD software 
advance 
announced 

The development of a com-
l. plete set of software tools 
for the computer aided design 
of electronic sub-systems from 
printed circuit board to custom 
Very Large Scale Integrated 
(VLSI) circuits potentially en-
ables the Australian electronics 
industry to be at the forefront of 
the custom silicon chip revolu-
tion, according to the Minister 
for Industry, Technology & 
Commerce, Senator Button. 
The development has been the 

result of a Government-funded 
Public Interest Project, involv-
ing the Department of Industry, 
Technology and Commerce in 
co-operation with the Joint 
Microelectronics Research 
Centre and Technisearch Ltd. 
The software is substantially 

technology independent and 
targeted at companies requiring 
the capacity to design electron-
ic sub-systems in printed circuit 
boards, hybrid, gate array, stan-
dard cell, or full custom chips. 
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Commodore Codex 

Driving the AEM4504 low-cost 
speech synthesiser with 
your Commodore 64 
Here's the hardware hookup and some 
simple software details to get this project 
'talking' with your Commodore 64. 

WITH SUCH A LOW PRICE advertised on kits for this 
project, published in the February '86 issue, it's at last eco-
nomical for ' do-it-yourselfers' to explore speech synthesis 
with a Commodore 64. Interfacing it to the computer is sim-
plicity itself, as the accompanying hookup diagram shows 
(also see Table 1, page 44, Feb. '86 issue). You can use a ' DIP-
header' at the speech synth end, running light hookup wires 
between it and a 24-pin edge connector which plugs into the 
C64's User Port. Suitable edge connectors can be hard to 
come by, but Geoff Wood Electronics in Sydney can help out 
hard up hackers here. 
The ALD input of the SP0256A-AL2 speech chip can be 

driven directly from the C64's interface, thus rendering IC3, 
R5 and C11 unnecessary. Note that the cable running be-
tween the User Port and the speech synth may be one or two 
metres long. Anything longer than that is asking for problems. 
The project may be powered separately, or perhaps from 

pin 2 of the C64 User Port, where you'll find a ready source 
of + 5 Vdc. 
Plug the project into the User Port, with the computer 

turned off. Power-up and then try loading and running the 
accompanying BASIC program, "Sound Off" (NOTE: P here 
equals 56577). 

10 
20 
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40 

50 

60 

70 
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110 

"SOUND OFF" 

POKE P,255 

POKE P+2127:"BIT7 IN,OTHERS OUT" 

FOR X=07063 

WAIT 

POKE 

POKE 

NEXT 

WAIT 
POKE 

POKE 

END 

P,128,128 

P,X 

P, X+64 

X 

P,128,128 
P.O 

P,64 

This program will exercise the synthesiser's vocals. 
You have a number of software options for driving the unit. 

Without a printer interface attached to the C64 User Port, 
you can direct an LPRINT statement to the User Port with 
a program along the lines detailed in this column in the 
February '86 issue (p. 71). The initialise routine should set 
up the C64's PIA at DD01 (56577) and the ASCII-to-Baudot 
conversion routine would be replaced with a machine lan-
guage version of lines 40 to 60 in the Sound Off program. 
The same channel could provide a serial output to the '4505 
text-to-speech project using a variation of the routine now 
used to output Baudot through pin C of the User Port. 
Driving the '4504 with the interface shown here simply 

requires the use of POKEs. The POKE address ( P) is 56577. 
Handshaking between the C64 and the '4504 is via the ALD 
and LRQ lines which are hooked up to the C64's bit 6 ( PB6', 

COMMODORE 84 
USER PORT 

PB6 

PB7 

PBO 

PB1 

PB2 

PB3 

PB4 

PBS 

ONO 

Frank Rees 
27 King St, Boort, Vic. 3537 

o 
9 

LRQ 

AEM 4504 

o 
20 

ALD 

and bit 7 (PB7), respectively. The first two lines of the Sound 
Off program initializes the SP0256A-AL2. Once that's accom-
plished, you just POKE numbers to the port by using a " POKE 
P, n", where ' n' is the required allophone address as per Table 
6, the Allophone Address Table, in the SP0256A-AL2 data 
sheet on p. 95 of the February '86 issue. Here are a few rele-
vant examples: 

POKE P, 255 
POKE P+ 2, 127 

This sets up LRQ for IN, readies speech data for output and 
sets the ALD line for output. 

POKE P, 5 — speaks "OY", sets ALD low. 
POKE P, 69 — sets ALD high 

This is your first allophone — "OY", as in "boy". You can 
insert a pause of the required length with the following: 

POKE P, 
POKE P, 64 

This gives a 10 ms pause and sets ALD high. 
I'm writing a phrase dictionary along the lines of Mark 

Bishop's, 'cleaning up' a few of the pronounciations along 
the way. I'll submit it for publication in due course. Mean-
while, this'll get your '64 talking, cheap. (Note: interface con-
nections to the Commodore VIC-20 User Port are identical, 
as can be seen from Table 1, p. 44 Feb. issue. However, the 
POKE address given here may well be different for the 
VIC-20, but it's worth trying. — Ed.) _It_ 
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$1 495 

The dollar's slipped (on a banana 
skin?). So prices are skyrocketing 
all over the place. Except at DSE: 
we put value back into your shaky 
dollar. But hurry: even we cannot 
hold out too long! Don't miss out. 

38 piece Deluxe 
Repair Kit 
Just what the doctor ordered! Ideal for 
the car electrics doctor, the project 
doctor, the wiring doctor... multimeter, 
crimp tool with crimp lugs, screwdrivers 
pliers.., the lot in a handy carry case. 
Cat T-4832 

$3495 

MORE DOLLAR BEATERS 
ON EVERY PAGE 

Die Set Transistor Equivalents The Ion Controversy 
6 piece metric die set: 2, 3, 4, & 5mm dies 
with stock. Rethread screws, make 
terminal posts, etc etc. Cat T-4905 
BONUS! TAP SET 
Matches above. Value $17.95 

Looking for that elusive transistor match? 
You'll find it here! 9500 types. Cat B-4507 

$795 

Electronic Notebooks 
Choose from Vols 1, 2 & 3. Easy to follow 
style, ideal for beginners too. 

„in Vol. 1: B-3630 $2.40 $290u Vol. 2: B-3631 $2.80 
Vol. 3: B-3634 $2.80 

We've gone bananas! 
Yaesu... 'The Best Transceiver'! 

Yes! That's how Amateur Radio Action 
magazine described the superb FT57GX. 
And no wonder. 
• All mode AND all WARC HF bands 
built-in (nothing extra to buy) • 100 watts 
continuous output power (SSB/CW/FM) 
• Twin VFO's, 8 memories, with complete 
control • Triple conversion receiver 
covering full 0.5 to 30MHz • 0.25uV 
sensitivity (SSB) • Yaesu's famous IF 
shift/width passband control system • 
Duct flow forced air cooling • 4-bit 
microprocessor built-in • IAMBIC 
electronic keyer circuit built-in. 
Cat D-2940 

Not just a 
multimeter! 
It's a superb 100k/v multimeter... but it's 
more. Transistor Hfe and Ico (good for 
diodes too). Capacitance in two ranges t 
50uF... everything you could want and use only — 
them some. Cat Q-1140 licence must be Arlec Supertool 

produced. 
Cat D-2547 The mini work centre for the hobbyist or "  

workshop. Contoured handpiece for 
comfort. Performs drilling, grinding, 
milling, sanding, polishing erasing... and 
more. 

HF Power House! 
100 watts out from 4 watts in over the 
entire HF band (2-30MHz)? You've got it. 
Famous Tokyo Hy-Power brand linear is 
perfect for getting that extra oomph from 

o low power transceivers. Note: amateur 

Magazine File 
Mags aren't cheap any more! Protect 
them with our magazine file: takes 12 or 
more standard ( EA/ETI/AEM etc.) size 
mags. Cat B-4045 $Á 95 

Desoldering Tool 
Value plus for the hobbyist or 
serviceman, lab, workshop, etc. Quality 
desoldering tool $$$ less than they've 
been before. 240V operated, instant 
suction solder removal. Saves cooking 
expensive components. Cat T-1340 

DICK. SMITH 
ELECTRONICS 

PTY LTD 

Are Neg Ions all they're cracked up to be? 
You'll find the answers in this objective 
book. Cat B-9000 

Starling in TTL 
TTL is still alive and well — and every 
hobbyist should know the how/when/ 
where/why/what of TTL. B-3629 $450 

333 Science Tricks 
Amaze your friends with these physics/ 
chemistry tricks. A beauty! Cat B-1730 

$595 

Mini 15W 
Soldering Iron 
You don't use a blow torch on sensitive 
components! This finely balanced 15W 
iron is perfect for delicate assembly work, 
just right for IC's. 240V operated. 
Cat T-1333 

$ 5 New Model includes carry case. Cat T-4754 

THE ULTIMATE SCANNER 
Yaesu's superb FRG-9600: everything 
from 60 to 905MHz with more functions, 
more features, more... All mode, (even 
FM wide to listen in to FM Music!) with 
microprocessor control and CAT 
interface. Call in for a test drive. 
Cat D-2825 949 
Beware of imitations 

See address details on p. 48 
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aem project 4610 

A software-driven 
super modem project 

Chris and Dan Darling - design 
Roy Hill - articles 

This article concludes the description of 
the project with a discussion of its overall 
operation. 

THE FOLLOWING DISCUSSION of the operation of the 
Super Modem is not intended to be an in-depth analysis of 
the circuit's operation. It is intended to provide an overview 
of the manner in which the unit communicates with the host 
and remote terminals/computers and which particular ICs 
are responsible for any action taken. You should keep the 
block diagram (Part 1, p.72 April issue) and (Part 2, May is-
sue, pp.48-49) on hand while reading this. A complete over-
view of the manner in which the Super Modem powers-up, 
selects its default settings and commences a communications 
session is shown in the Flowchart of Figure 1. 
When the Super Modem first fires up after the power is 

applied, the reset vector stored in eprom directs the proces-
sor to a set of routines which initialise the PIAs and ACIAs, 
check on the RAM buffer pointer (to allow for battery back-
up), initialise the modem chip and then examine the DTR 
line from the host computer. If this line is not asserted, the 
Super Modem defaults to the ANSWER MODE and waits for 
a remote terminal/computer's carrier to arrive (See Figure 1). 

If the DTR line is asserted by the host computer, the Su-
per Modem defaults to the COMMAND MODE and sits wait-
ing for serial data to appear on Pin 17 of IC9 (the 6821 PIA 
— this device is essentially used for control of ICs other than 
the modem chip). This pin (17) is directly coupled to a serial 
input (Pin 3 of IC17 — the 1489 line receiver) as well as Pin 
2 of IC12 (the host ACIA). When the CPU (IC10) detects a 
serial data stream on this pin, it checks the bit pattern against 
a mask stored in the EPROM. The first character checked 
should have a bit pattern corresponding to the capital letter 
'A'. If the CPU matches this bit pattern (an error tolerance 
is built into the testing routine), the CPU uses the letter to 
determine the sending baud rate of the Host terminal/com-
puter. The CPU then waits for the second letter and matches 
this against the bit mask for the capital letter 'T'. If the pat-
tern matches, the CPU confirms the host baud rate and then 
determines the number of stop bits and data bits and the na-
ture of the parity (if any). If a further command follows the 
letters 'AT', the CPU then by-passes the PIA and switches 
in IC12 (the host ACIA) to parse (separate into its compo-
nent parts) the remainder of the command line to the CPU. 
The reason that the CPU switches from the PIA to the ACIA 

for handling the remaining command string is to allow the 
modem to receive simultaneous data from both host and re-
mote terminals/computers, both possibly at different baud 
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SUPERMODEM 

by /1116 

Part 4 

rates. This reception can be carried out semi-automatically 
by the ACIAs and this frees the CPU to oversee other import-
ant tasks. The CPU stores the incoming command line in the 
RAM buffer, until it either detects a <CR>, or until the RAM 
space allocated to the input buffer is exhausted. If at any stage 
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during the input of the command line the CPU detects an 
'O' command or an A' command, then the appropriate ac-
tion will be taken immediately (refer to the Command Set 
Summary, Table 1, Part 3, pp. 94-95, June issue). 

Setting the ACIA clock speeds 
Each of the two ACIAs (ICs 11 and 12) require two separate 
clocks. These allow each ACIA to handle different transmit 
and receive baud rates. This is the main reason for the choice 
of the 6850 ACIA over other similar chips which do not al-
low for separate clocks. The primary frequency is provided 
by the 4.9152 MHz crystal and the output from this oscilla-
tor is buffered (and inverted) by IC7 (a 74LS04). The buffered 
clock is then fed into a two-stage flip-flop ( IC8, a 74LS74) and 
from there to the CMOS divider chip ( IC6, a 4060 divider). 
The output pins of the 4060 are again inverted/buffered 
(CMOS devices are not known for their ability to drive large 
numbers of gates) and the buffered outputs are fed directly 
to the input pins 1, 2, 3, 4, 14 and 15) of the four multiplex-
ers ( ICs 1-4, all 74LS151s). Two multiplexers are required for 
each of the two ACIAs; ICs 1 and 3 ( respectively) are used 
to control the transmit/receive of the remote ACIA, and ICs 
2 and 4 (respectively) are used to control the transmit/receive 
of the host ACIA. The required baud rate is selected by one 
of the ports on IC9 (the PIA) and the selected baud rate is 
applied to the appropriate pin on the ACIA. Note that the 

0E, A 
C.ARACTER k 
S,CRE IN UNE 
OPUS BUFFER 

Tare su IT 
CHARACIER TO 
nuon-Eao 

TO NOS, 

multiplexers are always selected and generating all possible 
baud rates. This does not present any conflict because the 
output of the multiplexers is only present on a single pin of 
the ACIAs and the appropriate ACIA selection is controlled 
by the output port of the 6821 ( IC9). For example, pins 2, 3 
and 4 of IC9 select the receive clock on the host ACIA by 
enabling pins 9, 10 and 11 of IC4. This selects the required 
clock speed to give the selected baud rate. 

Pins 6, 7 and 8 of IC9 select the receive rate from the re-
mote ACIA by way of IC3, pins 10, 11 and 12 select the trans-
mit rate to the host by way of IC2, and pins 14, 15 and 16 
select the transmit rate to the remote by way of ICI. There 
is no other destination for any of the clocks. 

Control of the modem chip 
The remaining PIA (IC13) is used almost exclusively for mod-
em control functions. Port A of this device is used to select 
the Mode Control pins of the 7910/7911, according to the fol-
lowing table: Continued p. 45 > 

PIA PIN NUMBER/SETTING 
6 5 4 3 2 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
1 
1 
1 
1 
1 
1 
1 
1 

o 
o 
o 
o 
1 
1 
1 
1 
o 
o 
o 
o 
-1 
-1 
1 
-1 

o 
o 
-1 
1 
o 
o 
-1 
1 
o 
o 
-1 
-1 
o 
o 
-1 
1 

o 
1 
o 
-1 
o 
1 
o 
1 
o 
1 
o 
1 
o 
1 
o 
-1 

1 0 0 0 0 
1 0 0 0 1 
1 0 0 1 0 
1 0 0 1 1 
1 0 1 0 0 
1 0 1 0 1 
1 0 1 1 0 
1 0 1 1 1 
1 1 0 0 0 
1 1 0 0 1 
1 1 0 1 0 
1 1 0 1 1 
1 1 1 0 0 
1 1 1 0 1 
1 1 1 1 0 
1 1 1 1 1 

21 20 19 18 17 

MODEM PIN NUMBER 

PROTOCOL 

Bell 103 Originate 300 bps full duplex 
Bell 103 Answer 300 bps full duplex 
Bell 202 1200 bps full duplex 
Bell 202 with equaliser 1200 bps half duplex 
CCITT V.21 Originate 300 bps full duplex 
CCITT V.21 Answer 300 bps full duplex 
CCITT V.23 Mode 2 1200 bps half duplex 
CCITT V.23 Mode 2 equaliser 1200 bps half duplex 
CCITT V.23 Mode 1 600 bps half duplex 

Reservad 

Bell 103 Originate loopback 
Bell 103 Answer loopback 
Bell 202 main loopback 
Bell 202 with equaliser loopback 
CCITT V.21 Originate loopback 
CCITT V.21 Answer loopback 
CCITT V.23 Mode 2 main loopback 
CCITT V.23 Mode 2 with equaliser loopback 
CCITT V.23 Mode 1 main loopback 
CCITT V.23 BACK loopback 

Reserved 

TABLE 1 
A complete summary of the functions of each of these modem pins, together 

with a complete description of the 7910 chip, can be found in the November 

1985 issue of this magazine. 
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AT DICK SMITH ELECTRONICS YOU MAY BE EXCUSED FOR 
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AMATEUR 

2 m 

TRANSCEIVER 

Popular kit that matches most commercial 
units feature-for-feature — but costs a 
fraction of the price! Covers the full 144-
148M Hz band in 10kHz steps ( 5kHz offset). 
Features built-in repeater capability (+/-
600kHz), mic and mobile bracket. Impressive 
10-15W power output, 0.5uV or better 
sensitivity and selectivity rated at better than 
60dB at +/-25kHz. No 
wonder over 1500 have 
been sold! Cat K-6308 sl 99 
VIDEO ENHANCER 

If you've been chasing that elusive perfect 
video picture here's the way to do it! This 
affordable kit enhances picture quality by 
cutting or boosting colour and imagery for 
'perfect' results. Ideal for dubbing 'home 
video' recordings of the family holiday, etc. 
• As described in EA. 
Cat K-3463 

$ 31A50 $ 29"  

SAVE $5 

INFRARED REMOTE 
CONTROL REPEATER 
Control applicances — VCR, TV, Hi-Fi, etc — 

from any room with this handy remote 
control. It may seem a luxury, but 

it's very practical. Imagine viewing 

videos on a second iv while 
leaving the VCR in the living 
room... our R/C offers total 

control. Uses existing 
75 ohm cable on your 

antenna system. 
Cat K-3426 

$2995 
GREAT SAVINGS 

Save even more... 
BUILD A POWER SUPPLY! 
Complete your home brew UHF or VHF 
station with our economy power source. Easy 
to build, it supplies 13.8 volts regulated at 2 
amps continuous. Cat K-6310 

'4995 
UHF PREAIVIP KIT 
What a bargain! And what an improvement to 
your transceiver! Designed around the 
BFR91, our preamp ' soups-up' that soggy 
front end by achieving a noise figure of 2dB 
or better between 400-500MHz with a high 
margin of stability. Excellent dynamic range 
coupled with input and output 
impedance close to 50 ohms when 
biased for best noise figure. 

HEAR AM-STEREO ON 
YOUR OLD TUNER 
AM-STEREO DECODER 

It's a marvel! Affordable decoder kit 
transforms flat AM into sensational AM-
Stereo sound by taking 
AM IF output, decoding 
the C-QUAM signal and 
providing left/right 
channel audio outputs. 
Cat K-3415 $2950 

VALUE  

TV MASTHEAD AMP 
FOR A BETTER PICTURE 
Just the thing for poor TV reception areas. 
Our Masthead Amp (Mk 2) dramatically 
improves image by reducing, and in many 
cases eliminating, snow and annoying 
ghosting. Covers UHF/VHF bands plus FM 
for superior Hi-Fi reception. Super low price 
includes 240V supply. 
• As described in EA 
Cat K-3232 

ONLY 

$3495 

One you can afford... 
A 70cm TRANSCEIVER 
Why pay double, even triple, when our 
feature-packed UHF Explorer delivers the 
action.., backed by impressive specs. 
Provides access to 40 channels covering 
438.025-439MHz freq. range ( in 25kHz 
steps). Typical 5W power output. Selectivity 
6dB at 7.5kHz and -60dB at 15kHz. 
Sensitivity: 0.4uV for 20dB quieting. 

Bonus: includes Repeater Upgrade Kit 
worth $24.50 — FREE! Cat K-6300 

ke2) 

Ulf IXPLORIM  

SAVE $20 ee $1 79 

Cat K-6306 BARGAIN $1 9 95 

TELETEXT TURNS TVs 
INTO INFO CENTRES 
TELETEXT DECODER 

At the touch of a button your TV displays 
latest news, sporting results, stock exchange 
figures and even program subtitles for the 
deaf.., thanks to our Teletext Decoder kit! 
Saves the cost of buying a Teletext 
compatible TV. And because the kit operates 
through your VCR, 
costs are kept way 
down. 

As described in EA. 

$239 
Cat K-6315 

ADD 'STEREO' TO YOUR 
OLD TELLY AND SAVE! 
STEREO TV DECODER 

There's no need to buy an expensive new TV 
to enjoy thrilling stereo. Our Stereo Decoder 
kit does the job on your old set. Use either 
its own amps or feed the out ut into , your Hi-Fi. Whichever 0  
way you'll hear true - l) ee 
stereo for a fraction e. 
of the cost of a new -e 
set. re 
Cat K-6325 $i 79 

<*,‘ 

e 
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THINKING WE'VE BEEN TOUCHED BY TOO MUCH SUN! WE'VE GONE BANANAS! 
BARGAIN PRICED 
DELUXE ALARM 
Total protection with 9 of the 10 
features recommended by 
NRMA's Open Road magazine: 
multiple alarm inputs • delayed 
entry/exit times • siren output ( in 
case horn alarm disabled) • 
flashing dash lamp • internal key 

operated on/off.Add our 
ignition killer for 

10 out of 10 
protection. 

Cat K-3252 

50 

IGNITION KILLER... 
IT'S SELF DEFENCE! 
Wow! One of the most affordable 
defences against car theft. Simple 
circuit, based on a 555 timer, 
automatically cuts the ignition 
making the thief think something's 
wrong so he'll 
give up on your 
car. Cat K-3255 

'195° 
MOISTURE REMOVER 
CRC 2-26 Spray — an effective 
cleaner that leaves a protective 
film. Ideal for pots, switches and 
contacts... use it to loosen bolts... 
protects your car from damaging 
salt air and treats the ignition for 
easy wet weather 
starts. Cat N-1060 

SPRAY FREEZE 
Hey, that's cool! Just spray to 
lower component temperature 
down to — 50 degrees Celsius — 
ideal for service work shrinking 
shafts and bushes or while 
soldering. 350g can with long 
reach tube. 
Cat N-1056 

$595 

FLUX REMOVER 
Brilliant! Easy spray can of flux 
remover makes servicing so 
much easier and it's a ' neat' trick 
for handling messy soldering 
jobs. 400g spray can that's worth 
its weight in gold. $995 
Cat N-1055  

CLEANING SOLVENT 
Non-corrosive solvent for 
thorough electronic cleaning... 
brings a new lease of life to 
tuners, switches, plugs, relays 
and so on! 300g spray can with 
long reach tube. 

Cat N-1040 
$625 

ECONOMY ALARM 
FOR TIGHT BUDGETS! 
Budget tight? Then you can't 
afford to have your car pinched! 
You need our super economy 
alarm: senses voltage drop in 
your car, triggers the alarm and 
scares off thieves. Ideal for 
second family cars too! And you 
save even more by building it 
yourself. 

'14" 

Cat K-3250 

MOVEMENT 
DETECTOR 

Add our Ultrasonic movement 
detector to your car's existing 
alarm system for added 
protection. Prevents thieves doing 
a 'smash ' n grab' on valuables left 
in your car. Any movement in the 
cabin instantly triggers the main 
alarm system. Intended for use 
with our Deluxe Car Alarm ( K-
3252), it should adapt to most 
wired car alarm ,2450 
systems. Cat K-3251 

EFFECTIVE HOME SECURITY YOU CAN AFFORD 

DRIVE THIEVES 
BANANAS! 
MK2 car alarm costs even less 
and still provides above average 
protection. Reliable triggering 
system senses voltage drop... 
opening the door, applying 
jumper leads, etc. Features visual 
alarm 'on' warning and comes in 

a die-cast 
case with 
a terminal 

block. 

Cat K-3253 

$32 

4 SECTOR ALARM 
Our simple, affordable yet very 
effective alarm module is the 
foundation of a full security 
system. Connect reed and 
magnetic switches, etc. 
Depending on the type and 
number of sensors used, you 
can secure an average home for 
well under $ 100! Cat K-3254 

50 

CIRCUIT LACQUER 
Specially formulated spray puts a 
protective coating on valuable 
PCBs. And it's 'solder through' so 
you can assemble or re-solder. 
Handy 350g spray can. $ 50 
Cat N-1045 7 

IS YOUR MICROWAVE BUILD IT YOURSELF 
OVEN SAFE? AND SAVE A FORTUNE 
LEAKAGE DETECTOR SECURITY CENTRE 
You'll never know until you built Professional featured sIIr,• 
this handy microwave detector! 
Checks oven door seams and 
instantly warns you of any leak... 
and remember escaping 
microwaves can be dangerous! 
Cat K-3095 

12 9 5 WAS $ 14.95 

SPRAY CLEANER 
Degreases while it cleans. Use it 
on delicate electronic components, 
plastic and jewellery. Completely 
safe, doesn't leave a $375 
residue. 250g can. 
Cat N-1051 

DICK SRI 

SPRAY 
CLEANER 

DSE PVC TAPE 
High quality tape for a 
hundred-and-one 
hobbyist uses in the 
home and workshop. 
18m long x 19mm 
wide x 0.2mm thick. 
Cat N-1362 

$1 

centre priced so low it's a 'steall 
Versatile control provides 2 
instant and 6 delay sectors. Just 
add the sensors and alarm 
devices you want — full 
instructions supplied. 
Tamper protected 
heavy metal casing 
and security key 
operation 
maintains 
sure protection. 
Cat K-3424 WAS $129 

SILASTIC 
No mess, no fuss! Handy one 
part silicon adhesive/sealant 
for a whole range of repairs. 
Mend leaks in fish tanks, 
patch roof tiles.., works on 
metals, glass, ceramic 
and most plastics. 
Cat N-1225 

HEATSINK 
COMPOUND 
Versatile heat transfer compound 
to ensure semiconductors don't 
get too hot under the collar. 
Even use it as an effective 
thermal coupler to cool / 
heatsinks: heatsink to 
chassis application for 
example. 10g tube. 
Cat N-1205 

s295 
See Address details on p. 48 
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FANTASTIC READER OFFER! 

AEM4610 
SUPERMODEM KIT 

designed by Chris 8( Dan Darling, as described in 
Australian Electronics Monthly 

By special arrangment with the designers, Australian Electronics Monthly is able to make this offer 
available, exclusive to ourreaders. 

Don't miss this fantastic opportunity to own a truly smart modem and to enjoy the pride and 

satisfaction that comes from building it yourself! 

Here it is at last! The modem kit that Australia has been waiting for. No need to buy expensive overseas 
modems when a kit is available to cover your current and future communications requirements. This kit has 
been fully designed, built and tested in Australia, so that local support is readily available. Furthermore, the 

kit is easily constructed by anyone with average soldering ability. To ensure a minimum of construction 
problems, all ICs are socketed and there are very few external passive components. All materials used in the 
kit are prime quality and there is even a " Sorry Dan, it doesn't work" offer available to all constructors. Even 
if you receive the kit and then decide that you aren't able to proceed, or if you can't get the completed kit to 

work, you can send $100 together with the kit to Maestro Distributors and it will be built (or fixed) and 
returned to you in fully working order. 

The kit is supplied by Maestro and includes all components, pc board, EPROM (containing the required on-board 
software) and instructions. 

Special Offer Price: 

$ 9 95 we e t 

(inc. tax) 

• %%%%%% %%%%% • 
• , Door-to-door delivery, anywhere in Australia: $6.60. • 

• 
. The expected retail price of the kit 
, • would normally be around $400. • 

• 
\\•••••.\%% %%%%%% \%%\%%%%\•\\ N %%%%%%% ••••%%%%.•,• 

If you plan on using the modem with your IBM PC or APPLE II, Maestro are able to supply Viatel software 
on 5.25" disk for a cost of $39.50. 

* An optional 16 Vac/1.5A plug pack power supply is available for an additional cost of $ 17.00. 

This offer is made by Maestro and the magazine is acting as a clearing house for orders. 

THIS AEM4610 MODEM KIT OFFER CLOSES LAST MAIL 30 JULY 1986 

DON'T DELAY, COMPLETE THE COUPON NOW AND SEND IT, TOGETHER WITH YOUR CHEQUE, 
MONEY ORDER OR CREDIT CARD DETAILS, TO: 

AEM4610 SUPERMODEM OFFER 
Australian Electronics Monthly 

PO Box 289, WAHROONGA 2076 NSW 

If you do not require a full kit, you can obtain the pc board and EPROM (containing the necessary operating 
software) through the AEM PC Board Service for $ 139.00, inc. postage. 

(Please allow up to four weeks for deliver to cover normal mail and cheque clearance and any unforseen delays) 

RUSH ME mv AEM4610 Supermodem kit for $295 (inc. tax) Card No   
plus $6.60 delivery. 

Please include (tick box if required): 
E IBM Viatel software @ $39.50 
CJ Apple II Viatel software @ $39.50 

I enclose $  total, payment by 

Cheque/money order* El Bankcard E Visa O 

Mastercard 111 American Express D 

Expiration date: . .../..../.... 

Signature   
(note: unsigned credit card orders cannot be accepted) 

Name  

Address  

  Postcode   
(Make cheques or money orders payable to Australian Electronics Monthly) 



aem project 4610 
From p. 41 

Secondary Modem Control pins 
The remaining control pins of the modem, together with a 
brief description of their function are included in Table 2 
here: 

PIA PIN MODEM 
NUMBER PIN 
(IC13) NUMBER 

FUNCTION 

7 
8 
9 

28 Transmit data on the back channel 

12 RTS Request to Send 

11 BRTS Back Request to Send 

13 CTS — enables the Data Send from the Host ( if supported 
by the Host package/computer) 

14 16 DTR to Remote — Used to switch modem to voice mode — 
Disables 7910 

15 IBM Ring on RS232 (via Pin 13 on 1488 line driver 

16 Speaker On/Off — toggles the base of 01 — low base = On. 
high base = Off. 

17 Pulse Dial Control — This pin controls the Telecom type Pulse 
Dial via 04 and the relay 
DTR TO Host — This is used to sense if the Host is alive and 
well — if not, the SUPER MODEM defaults to the ANSWER 
mode. 
NOTE: These two control lines are vital for the Back 
Channel modes of operation 

IC9 Pin 13 IC17 Pin 6 

TABLE 2 

System reset 
The reset for the system is provided by the ubiquitous 555 
timer chip operating in the one-shot mode. The required time 
delay is generated by the combination of R6 and C25 which 
produce a pulse duration of approximately 1.5 seconds. The 
output pulse is inverted by one gate on IC7 (a 74LS04) and 
the resulting low pulse is applied to pin 37 of IC10 (the 6809), 
pin 34 of ICs 9 and 13 (the 6821s) and to pin 3 of IC21 (the 
modem chip). The latter line is not really required, due to 
the fact that the entire set of modem, registers and control 
lines is set by the software routines stored in EPROM. This 
generates a complete Reset of ALL control lines and registers, 
with the sole exception of the pointer to the RAM buffer (we 
really don't want to destroy the data in the buffer, do we?) 
Well, that wraps it up. Have fun on line with your Super 

Modem. 

STOP PRESS 
Owing to numerous requests received, two alterations have been 
made to the software supplied with the AEM 4610 Super Modem. 

1. The default to auto-answer section of the software has been 
deferred to the next software/hardware update. This partic-
ular feature of the modem would have found most use in 
one-way bulletin boards and those persons operating bulletin 
boards have asked for: 

2. The software now contains incoming baud rate sense. This 
is used to allow the Super Modem to determine the incom-
ing baud rate of a calling terminal/modem. Up till this time, 
PAMS operators have either had to dedicate multiple ports 
for their bulletin board (one for each possible input baud 
rate), or depend upon their communnications software to 
perform a search of the incoming baud rate. The Super Mod-
em auto baud rate sense now eliminates both of these re-
quirements. 

Microbee Owners! 
Get into these 
MODEM GAMES 
Challenge your friends to a 
person-to-person computer game! 

These games, from P&A Software, Sydney, provide " 
a whole new dimension of amusement." Link two Micro-
bees with modems via the phone lines, or via the serial I/O 
ports, and play these challenging games of skill and strategy 
with friends. 

THREE GAMES TO CHOOSE FROM 
• Warships. Warships is the newest game. It follows the lines of the old 
favourite pen and paper game battleships, where each person places five bat-
tleships on a matrix. Each player takes turns at guessing the co-ordinates of 
their opponent's ships, thus trying to hit, or sink it. Two grids are drawn up 
on the screen, one shows the positioning of your ships and where your oppo-
nent has hit, the other shows only the co-ordinates you have hit or missed in. 

• Concentration. Concentration, a memory and pattern recognition game, 
consists of 50 numbered cards being presented to both players. Each player 
then takes turns in selecting two cards to view their flip-side (a small picture). . 
These are displayed for a few seconds then the other player chooses two. The 
object is to remember, and select, as many pairs of cards as possible. 

• Four-in-a-Row. Most of you will be familiar with the strategy game Four-
in-a-Row, being a follow-on from noughts and crosses, only you need to get 
four, rather than three, markers in a row to win. 

ALL WITH ON-SCREEN GRAPHICS & SOUND 

Now with Hayes-compatible communications! 
• As reviewed in AEM, June '86, p. 99. * 

You need a disk-based Microbee, using either 3.5" or 5.25" 
drives (single or dual drive systems). 

Offer closes 30th September 1986 

PACK 1 PACK 2 PACK 3 
One game — your 
choice of the three. 1 

e 

Two games — your 
choice, any two. 

$29 $49 

All three 
games' 

$69 

Post & handling $3.50, sent certified post. 

Each pack is supplied on a single disk with a documentation sheet. A HELP 

FILE is included with each game. P&A Software offer a 12 month warranty on 
all software. 

These games normally retail for $34.50 on 5. 25" disk. $39.50 on 3.5" disk 

- 
SEND COUPON TO: AEM Modem Games Offer 

PO Box 289, Wahroonga 2076 NSW 

PLEASE RUSH ME: 
Pack 1 Pack 2 Pack 3 

I enclose payment by: Cheque Money Order' 

Credit Card .  
Card No .  

Expiry date  

Cheque or Money Order No .   

*Please make cheques or Money Orders 
payable to 'Australian Electronics Monthly' 

Name .  

Address  
 Postcode 

Phone No:  

Signature .  
(Unsigned credit card orders cannot be accepted) 

Please allow up to 20 working days for normal mail turnaround and cheque/credit card 

clearance delays 
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Need to solder? 
We've got just what you need... 
more solder types for every job! 

Corrosion-tree, multicore 
solder — premium grade alloy 
prevents damaging oxidization. 
Two sizes: 1.25mm ( 19g) 200g. 
Cat N-1619 0.75mm (22g) 
200g. Cat N-1623 $750 

each 
ALU-SOL solder — when you 
need to solder dissimilar 
metals; perfect for aluminium 
and steel, etc. Value 1.6mm 
100g roll. 
Cat N-1625 

s1 C195 
Hobby pack solder — real 
value-for-money with a liberal 
amount of solder for all project 
needs. 
1.25mm (18g) pack. Cat N-1638 
0.71mm (22g) pack. Cat N-1636 

$41 95 each 

Big savings on power 
packs... 10% and more! 
Panther Pack 
13.8V/4A Peak 
Real versatility! Adapt CB's, car equipment. 
etc. to mains power... use it as a bench 
supply too! Housed in a ventilated 
plastic case with colour coded banana 
terminals and 2m mains cable. 
Cat M-9545 

Was $59.55 $5395 
Perfect for home... 
3/6/9/12V DC @ 1 Amp STOCKS DUE 
The type of power pack AUGUST 
that hobbyists can 
always use for any 
number of applications. 
Just plug into 240V 
power socket and 
you're in business: DC 
screw terminal 
connections are at front 
of the unit. Cat M-9530 

Multimeter with 
audible 
continuity 
Superb 20,000 ohms per volt meter 
with added benefits. Like a built-in 
buzzer for continuity checking, 10A 
DC range ( not normally found in low 
cost meters), mirrored scale, and 
large banana plugs for sure contact. 
Cat 0-1022 

$22 
4.50 

... Here's one with 
a logic tester! 
Excellent value because it's like 
having two instruments in one! Logic 
tester's LEDs give HIGH, LOW and 
PULSE states of logic. 18 range 
multimeter measures current and 
resistance ranges with 20K ohm/V 
sensitivity DC and 8K ohm/V AC. Cat 
Q-1026 ,,,,,,, . 

SuPerMorket of 
Electronics 

$3050 
Plus many more available! 

Bargain 6.5MHz CRO 
Superb oscilloscope for hobbyists or 
professionals. Retrace blanking, 10mV 
per division vertical sensitivity with 
500mV per division horizontal sensitivity, 
10-100KHz timebase ( in 4 ranges) and 
many other impressive features. Usable 
response to 6.5MHz. $2 29 
Cat Q-1280 

k.ac 

«,* 

e 
, e 
1.0 

DIC ITH 
ELECTliON 

3/6/9V DC200 mA. One of our 
most popular packs because it has 
3 output voltages used by a variety 
of items in everyday life: 3, 6 and 
9V DC. Cat M-9525 

Was $14.50 
3/4.5/6/7.5/9/12V @ 300 mA. 
Truly versatile pack with switchable 
output for 6 different voltages and 
5-way connector that will suit 
virtually all common power sockets 
— including 9V battery connectors. 
Cat M-9526 

Was $17.95 
9V DC @ 200 mA The 
economical alternative for 
powering equipment, especially 
hobby models, requiring 9V 
battery types. Cat M-9514 $875 

Was $9.75 

'13 

$16 

250MA Cat S-4300 
315mA Cat S-4305 
500mA Cat S-4310 
1 amp Cat S-4315 
2 amp Cat S-4320 

New for 86 

Slow blow fuses 
Inexpensive M-205 Type. All 

75c 
each! 

Buy more than 10 
all just .65c each! 

Self retracting 
coiled test leads 
Coiled leads prevent tangles! Red 
and black pair with 1.5mm plugs. 
Cat W-4520 

IC test clip leads 
Ideal for IC work. Insulated clip on 
one end, 4mm banana plug on the 
other. Cat W-4509 

$395 

Knobs 
Coloured: 16mm dia., metric fluted 
shaft. 

Red Cat H-3800 

$1 35 Orange Cat H-3802 
Blue Cat H-3804 
Green Cat H-3806 each! 

Metric 
Satin finish aluminium knurled body; 
25mm dia., 17mm deep. Cat H-3843 

$1 1°—  
Small knob with integral pointer across 
the top; 11mm body, 15mm skirt and 
15mm overall. Cat H-3850704 
STOCKS DUE AUGUST 

Large knob, ideal as a main control; 
20mm wide with 25mm skirt, 16mm 
deep. Cat H-3860 

Imperial 
Ideal instrument knob; wide skirt, 1-10 
calibration; 37mm dia., 15mm deep. 
Cat H-3770 

$1" 44/ 

$110 111111111 
Popular choice; pointer running through 
from the top to skirt's edge; 24mm dia., 
14mm deep. Cat H-3772 8 oc 
Small knob and skirt with fluted sides 
and dot pointer; 19mm dia., 13mm deep. 
Cat H-3762 

Save money & valuable time... DSE 
component packs have what you want! 

75* 

E24 resistors. Metal film 
types designed for close tolerance 
work. Excellent value: worth well 
over $21! Pack of 300. 

Cat R-7020$17.95 

Electrolytic pack. 55 Single 
ended beauties... mixed values: 
from 2.2-470uF; voltage rating 
from 10-25V. Over $ 18 worth! 

Cat R-7030$7.95 

5mm LED mounting bezels. 
Value pack of 15...works out to less 
than 9c each! 

Cat H-1910$1.20 

/41N CF E12 resistor pack. 300 
pieces, all popular values at a 
bargain price. 

Cat R-7015 $1 595 

Polyester green caps. 60 in all 
with mixed values: 100V from 
.001uF — 0.22uF. You'd expect to 
Pay $ 15, packs now... 

Cat R-7040$11.45 

Assorted spade lug pack. 
Approx. 100 plated finished lugs; 
various sizes. Normally $5.50 
Cat H-1994$4 

eze 
en' 



ONE STOP 
coMPUTER SHOP 
A COMPLETE RANGE OF PERIPHERALS FROM DICK SMITH ELECTRONICS 

DATAPHONE 300 
Super economy 300 baud, full duplex 
modem that comes with its own push button 
phone.Complete 
with leads. 

Cat X-3301 

Telecom 
Authorisation 
No: 
C85/37/1373 

BLUE BOX VALUE 
INTELLIGENT RS-232 SWITCH BOX 
Serial interface with logic circuitry which 
automatically reconciles 
RS-232 data and 
hand shake lines. Cat X-3561 

RS-232 INTERFACE ADAPTOR 
Make custom RS-232 connections. Also acts 
as a quick connect RS-232 interface test set, 
status activity monitor and $ 
configuration device. Cat X-3560 i 99 

si 49 

DATASETTE RECORDER 
A cassette recorder specially designed for 
saving and loading computer programs and 
data! Fixed recording level for optimum 
recording, adjustable play level to let you 
load from cassettes recorded at different 

levels. Cat X-7206 '495° 

Aval 
August 

DATA CASSETTE 
Verified computer $249 
cassette tape Cat X-3502 

XIDEX 
DISKS 

A August 

Single sided — double 
density st 95 
Cat X-3510.. EACH 

Box of 10 $4/150 
Cat X-3512  
Double sided — 
double density 

Box of 10 54995 
Cat X-3514  

PRINTER PAPER 
8" x 81/2 " — 2000 sheets 
(Suits GP-80) Cat X-3254  

91/2 " X 11" —  2500 sheets Cat X-1189 $4759 

$6495 

FANFOLD TYPE 

15" x 11" — 2500 sheets Cat X-1188 

$42" 

MONITORS- GREEN/AMBER 

Ueen Screen Amber Screen 
Cat X-1222 Cat X-1227 

For fatigue-free viewing 
over long periods you 
need a green or amber 
hi-res monitor. Suits 
99% of computers. 

'349 

MAINTENANCE KITS 
Anti-Static Spray Cat X-3562 $4 95 

$750 Lint-Free Wipes Cat X-3563 

Disk Drive Head Cleaning Kits 

31/2 " Drive Cat X-3553 $44" 
51/2 " Drive Cat X-3554 $4950 

DISK STORAGE BOXES 
Protect those valuable disks from loss or 
damage! While it's not being used keep it 
safe and clean in one of our fantastic 
storage files. Both constructed of firm 
shock resistant plastic and designed for 
easy access. A must for any disk user! 

1
 Holds 40 disks for easy access and recognition. 
Cat X-3530 '34" 

Room for 30 disks in 
sturdy box for easy filing 9 3" 
Cat X-3528 

Plastic case and lid holds 
10 disks. :695 
Cat X-3515   

PC TUTORIAL — A WINNER 
Whether you're an experienced 
programmer or a beginner who wants to be 
a hacker, the PC Tutorial Program trains 
you in every aspect of computer hardware 
and software. The two disk pack teaches 
beginners all the basics; 
Cat X-8752 '6995 

TOP QUALITY PRINTER 
When you need quality — look no further! 
Here's the top of our dot matrix range. The 
Dataproducts 8012 gives you the choice of 
Draft, Type or Letter quality. With up to 
180CPS, 6 print ptiches, inbuilt tractor feed, 
10 inch carriage, and variable line feed, you'll 
never need any more. 
Cat X-3200 

'995 azizima. 

DSE's OWN DISKS 
Huge savings on DSE Floppy 
Disks! You know how much 
you pay for the others so 
look at DSE disks for th 
quality, reliability and 
incredible savings. 
Made for DSE by Xidex! 
Single sided — double 
density 
Box of 10 Cat X-3500 '27" 
Double sided — double density $2950 
Box of 10 Cat X-3501 

DATAPHONE 1200 
MODEM 

'349 
coming so." 

Easy data transference without the high cost! 
Features its own RS-232 serial interface, 
push button phone with 12 number memory 
and last number redial. 300/600/1200 full or 
half duplex modes. And it's Telecom 
authorised. Cat X-3300 
Telecom Authorisation No: C85/37/1353 

CAT TOUCH TABLET 
Plug it in and draw — the 
image will appear on the 
screen! Play games, draw 
pictures and graphics. 

Cat C-7580 
ONLY $79 

BITS lk PIECES 
Monitor swivel base Cat X-1193 $37.50 

Male gender changer Cat X-3565 $14.19 

Female gender changer Cat X-3566 $14.95 

Female/Male 25 pin serial cable 

Cat X-3564  

Mains filter Cat M-9850 $125 
RCA-Belling Lee lead Cat W-1286  $6.95 

A SMALL SELECTION OF OUR INCREDIBLE RANGE OF COMPUTER PERIPHERALS! 
rWant to know more? Send for your FREE information pack,  It's obligation free. 

O DSE MultItech 
Olivetti M-24 El TOSHIBA T1100 

Name:   

DICK  SMITH 
ELECTRONICS Address: 

Postcode: Postcode:   Phone:   

Drop into any OSE store or send to OSXpress, 
0 Box 321, North Ryde, NSW, 2113. Phone (02)888 3200 
 .1 
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Another popular RSGB reference. For the 
""Z" or full call who likes working upstairs. 
Cat B-2054 

$3450 

Confidential Frequency 
List 
All those hard-to-get frequencies of HF 
stations you can listen in to with a good 
general coverage receiver. Cat B-9602 

1 9 95 

BOOKS BOOKS BOOKS (Value too big to mention) 
Radio Communications Understanding Amateur 
Handbook Radio 

The perfect book for the newcomer to 
amateur radio. Great for novice licence 

candidates. Cat B-2232 

'345° 1 4 95 
UHF/VHF Manual Satellite Experimenter's 

Handbook 
From the ARRL. Covers amateur, 
broadcast and weather satellites 
Cat B-2235 

Highly recommended for all AOCP 
students, a must in the amateur's library. 
From the RSGB. Cat B-2033 

$2650 

Complete Guide to 
Satellite TV 
Everything you need to know about 
commercial satellite reception. Superb! 
Cat B-1841 

$2095 
World Radio TV 
Handbook ARRL Antenna Book 
The definitive reference for all world 

Theory and practice. Everything from DC 
radio to light ( almost!) with dozens of different 

and television stations. Cat B-2086 antenna types. Cat B-2207 

$325° $2495 

;•,••••%—"`va 
ici fr 

SATELLITE TV 

eoeve 

we** 

Design of PLI. Circuits 

With experiments. Theory, design and 
practical applications of PLL's. 250 pages 
Cat B-1249 

$2095 

Active Filter Cookbook 
One of the famous Lancaster Cook Book 
series. 240 pages of data, how-to, types, 
etc. Cat B-1250 

$2295 
Design of OP-AMP 
Circuits 
All about the ubiquitous op-amp. With 

experiments to help you learn as you go. 
Cat B-1251 

$2095 
Transistor Spec. Manual 
Not Just the specs of transistors — it also 
shows you how to properly interpret the 
data and choose the correct type. 
Cat B-4508 

'1 45° 

NSW 
Swift & Young Sts 
T55 Terrace Level 
Shop 1, 65-75 Main St 
613 Princess Hwy 
Oxford & Adelaide Sts 
531 Pitlwater Rd 

Albury 
Bankstown Sq 
Black-town 
Blakehurst 
Bondi Junction 
Broolcvaie 

Campbelltown Mall Queen St Carnpbelltovm 
Shop 235, Archer St Entrance Chatswood Chase 
147 Hume Hwy Chullora 
164 Pacific Hwy Gore Hill 
315 Mann St Goatord 
4 Florence St Hornsby 
Elizabeth Dr & Bathurst St Liverpool 
450 High Street Maitland 
621-627 The Kingsway Miranda 
173 Maitland Rd. Tighes Hill Newcastle 
Lane Cove & Waterloo Rds North Ryde 
George & Smith Sts Parramatta 
The Gateway High & Henry Sts Penrith 
818 George St Railway Square 
125 York St Sydney City 
Treloar's Bldg. Brisbane St Tamworth 
263 Keira St Wollongong 

STORE LOCATIONS 
ACT 

21 8399 96 Gladstone St Fyshwick 80 4944 
707 4888 VIC 
671 7722 Creswick Rd & Webster St Ballarat 31 5433 
548 7744 145 McCrae St Bendigo 43 0388 
387 1444 Shop 46.Box Hill Central.Main St Box Hill 890 0699 
93 0441 Hawthorn Rd & Nepean Hwy East Brighton 592 2368 
27 2199 260 Sydney Rd Coburg 383 4455 

411 1955 1150 Mt Alexander Rd Essendon 379 7444 
642 8922 Nepean Hwy & Ross Smith Ave Frankston 783 9144 
439 5311 Shop 9 110, High St Geelong 43 8522 
25 0235 291-293 Elizabeth St Melbourne City 67 9834 

477 6833 Bridge Rd & The Boulevarde Richmond 428 1614 
600 9888 Springvale & Dandenong Rcls Springvale 547 0522 
33 7866 OLD 

TBA 157-159 Elizabeth St Brisbane City 229 9377 
61 1896 166 Logan Rd Buranda 391 8233 
88 3855 Gympe & Hamilton Ads Chennside 359 8255 

689 2188 2nd Level Western Entrance Redbank 288 5599 
32 3400 Redbank Shopping Plaza 

211 3777 Queen Elizabeth Dr 8. Bernard St 
287 9111 Gold Coast Hwy & Welch St 
66 1711 Bowen & Ruthven Sts 
28 3800 Kings Rd & Woolcock St 

Cnr Pacific Hwy & Kingston Rd 

Rockhampton 
Southport 
Toowoomba 
Townsville 
Underwood 

27 9844 
32 9863 
38 4300 
72 5722 

341 0844 

SA 
‘.',/right & Market Sts Adelaide 212 1962 
Main South & Flagstaff Ads Darlington 298 8977 
Main North Rd & Darlington Ertfiekl 280 8088 
24 Park Terrace Salisbury 281 1593 
WA 
Wharf St & Albany Hwy Cannington 451 8868 
66 Adelaide St Fremantle 335 9733 
William St & Robinson Ave North Perth 328 8944 
Raine Square, 125 William S Perth City 481 3261 
TAS 
Shop 40A. Lower Level Hobart 31 0800 
Cat & Fiddle Arcade 
NT 
17 Stuart Hwy Stuart Park 81 1977 

Dear Customers, 

!Dude 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 thetime the advert appears. And very occasionally, an error might slip through our checksand appear in the advert (after all, we're human too!) Pleasedon't blamethe store 
manager or staff: they cannot solvea dock strikeon theother sideof theworld, nor fix an error that'sappeared in print. If you'reabout to driveacrosstown to pick upan advertised line. 
why not play it safe and give them a call first ... lust in casel Thanks. Dick Smith Electronics. 

MAJOR DICK SMITH ELECTRONICS AUTHORISED RESELLERS 

NSW: • Bailin.: A Cummings 8 Co 91-93 River St 86 2284 • Ulladulla: Pouls Electronics, 10 Wason Street. 55 3989 • Bowral:FRH Electrical. 28 Station Sr 61 1861 • Broken Hill:Hobbies d Electronics, 31 Oxide St 
88 4098 • Charlestown: Neyetronics 131 Pacific Hwy 43 9600 • Calf, Harbour Colts Harbour Electronics. 3 Coils Plaza. Park Aye 56 5684 • DenillquIn: Dent Electronics. 220 Cressy St. 81 3672 • ()osier* Tomorrows 
Electronics s IMF, 68 Wilioern Si. 24 7246 • Limner's: Decro 3.416-18 Carrington St. 21 4137* Port Macquarie: Hall of Electrones. Horton Centro. Horton St. 83 7440 • Orange: Fyle Electronics 173 Summer St. 62 6491 • 
Spdngwood: Wellington's Electrical Discounts 115 Macquar to R0.51 4888•TeremBrads Electronics Shop 6. Civic Cinema Centre Pulteney St. 52 6603 •Turnut:Tumut electronics Wynyard St. 47 1631* Tweed Heads: 
Stuart Street Electronic Sales, Stuart St. 367 5744* Wage: Phillips Electrones 60 Forsyth St. 21 6558 • Windsor: MS E Electronics. Sh 7, Mc Ewans Arcar de. 206 George St. 77 5935 «amp: Keith Domes Electronics 
186 Boorowa St 82 1279 VIC: • Hamilton: John Thompson O Co. 138-148 Gray St. 72 2000 • Edw..: Webster Electronics, 220 Packeharn St 82 2956 • MIldura: McWilliams Electronics 110A Langtree Aye. 23 6410 
Memel: Morwell ElectreniCS. 95 Geroge St, 34 6133 • Shepparlon:GV Electronics Centre tsOHigh St, 21 8866 OLD- Bundaberg: Bob Elkin Electronics, 81 Sour bong St. 72 1785 • Cairns: Electronic worio S hop 27 K. 
mart Westcourt Plaza. 51 8555 • Oladetone: Purely Electronics Shop Cnr Herbert 8. Auckland Sts 72 4321 • Mackay, Stevens Electronics. 42 Victoria St, 51 1723 • Maryborough: Keller Electronics. 218 Adelaide St. 
21 4559 • Mt lea:Outback Electronics Shop 71 Barkley Hwy 43 3331 Nambour Nambour Electronics Shop 4. Lowan House, Ann Sr. 41 1604 • Rockhampton: Purely Electronics. 15 East St. 21 05885, • Mt Gambier: 
Hutchessons Communications. 5 Elizabeth Sr. 25 0400 • Whyaga: Eyre Electronics Shop 2 Forsythe St. 45 4764 WA: • Albany: Micro Electronics 133 Lockyer Ave 41 3432 TAS: • Launceston: Wills Electronics 5A The 
Quadrant, 31 5688 

= CRESS ORDER SERVICE 
Use your Bankcard. Mastercard or Visacard. 

Just Phone 008 228610 (toll free) for. despatch of 

your orders. Enquiries: By mail or phone (02) 888 2105 

Fax ( 02) 888 3631 Telex AA20036 

POST & Order Value Charge Order Value Charge 

PACKING $5.00 - $9.99 $2.00 $50.00 - $75.00 $6.50 

CHARGES $10.00 - $24.99 $3.50 $75.00 or more N.A. 

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

SA Customers: Credit facilities available through 12G13 

Adelaide: 10 Pulteney St Adelaide 

°Riper., 
FRE,^s oyes 

D ELIV s75 Epy 

VISA 

Illo•terCont) 

• 

welcome riere 

PTY LTD 

P.O. Box 321, North Ryde N.S.W. 2113. Tel: 888 3200 

Offer concludes on 31/7/86 or until stocks last. Prices can be increased without notice due to fluctuations in currency, high interest rates, government 
taxes and imports. 
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aem project 4505 

Experimental code-to-speech' 
synthesiser 

Part2 
Rowan Deppeler - design 
Roger Harrison - article 

This article concludes the description of 
the project and gives details on using 
the unit within an IBM PC or PC-
compatible computer, along with a small 
'demo' program. 

THE PC BOARD edge connector enables the unit to plug 
directly into a vacant 'I/O channel' slot in your IBM PC or 
PC-compatible. The unit derives power from the PC's + 5 V 
supply available on the I/O channel pins. Note that C27, a 
10µ tantalum, provides a bypass for the incoming supply 
close to the edge connector. If you plan to use the project 
exclusively with your PC, the four rectifier diodes (D2-D5), 
the three-terminal regulator, IC14 (and its heatsink), and capa-
citors C21 and C22 may be omitted. You won't need the pc-
mount screw terminal blocks either. You will need to solder 
in place ICs 1, 2 and 3 if you haven't already done so. Sock-
ets may be used if you wish. 

The I/O SELECT link must be set to the IBM position, link-
ing pin 11 of IC5 to pin 3 of IC3 and pin 9 of IC11. Set the 
u-v-w jumpers for IC4 for parallel input. Set the z jumper to 
whichever delimiter option you wish. The loudspeaker may 
be mounted in any convenient position in your computer's 
system box, or even externally. Alternatively, a 50 mm di-
ameter speaker could be mounted to the rear (non-
component) side of the pc board with a generous glob of Silas-
tic or similar silicone compound, making -sure the speaker 
frame does not come in contact with the tracks. 
The accompanying demonstration program illustrates how 

to use the project. The board 'resides' at address 208 (hex). 
Its RESET address is 209H. Resetting, or initialisation, is best 
effected by sending ten pulses to the board. The CTS256A-
AL2 signals its BUSY status via bit 7 of the PC I/O channel 
data bus (D7 — pin A2). 
Table 2 details all the IBM slot pin assignments employed 

here, while Figure 3 shows the edge connector arrangement 
on the pc board. 
Enter and check the program, debugging any errors. Save 

a working copy. With the 4505 board plugged in, run the 
program. The program will initialise the board, which utters 
"OK." Now, type in a short sentence after the prompt "Please 
enter string:" appears. Your project should then articulate 
what you typed in. If the project doesn't behave as expect-
ed, look for unsoldered pins or dry joints around ICs 1, 2 and 
3 Continued p. 52 

rt, narskic-res A -rink' nonnon 
lom vElviviw nm R.on ns-emnr. 1.1 

10 ' Initialise 

20 FOR I = 1 TO 

30 ' Buzz off to 

40 SOTO 140 

50 ' Output routine for address &1-1208 

60 IF INP(520) = 255 THEN 60 ' Busy status bit 7 high 

70 OUT 520,CX:RETURN ' Output character to board 

80 ' Output a string c$ to the speech board 

90 FOR I = 1 TO LEN(C -X) 

100 CX = ASC(MIDS(C -X,I,I+1)) 

110 GOSUB 50 

120 NEXT 

130 RETURN 

140 ' Main input routine 

150 PRINT"Please enter string : 

160 C$="" INPUT C$ 

170 IF C$="" THEN END 

180 CS=C4:+" ": GOSUB 80 

190 SOTO 140 

speech board 

10: OUT 521,0: NEXT 

main routine 

Output data not required 

'Split string into characters 

'Add < space> as a delimiter 
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TOLLFREE TELEMAIL 008 022 888 FOR COST OF A LOCAL CALL 
BASIC ALGERNON KIT 

KJ6100 $189.00 
ALGERNON MANUAL 

818100 $25.00 
MOTOR CONTROL BOARD 
at KJ6110 $39.95 

INTERFACE CARD 
KJ6120 $ 69.95 

SOFTWARE 
XS 7010 $29.95 

e>e" 

"ALGERNON" D.I.Y. 
5 AXIS ROBOT KIT 

UPGRADED DIGITAL 
CAPACITANCE METER 

FUNCTION GENERATOR 
WITH DIGITAL READOUT 

Fief LA Apt,) 198, 

at KA 1428 

50/500MHz DIGITAL 
FREQUENCY COUNTER 

Het EA Des 81 Feb 82 

at KA 1390 $149.50 
SCALER- A 500MHz prescaler kit i h fits 

raight on to the main circuit board) is available 

at KA 1392 $35.00 

"PEST OFF" ULTRASONIC 
PEST REPELLER 

Ref FA November 1985 

ir KA 1620 $44.50 

TOUCH LAMP DIMMER 
To switch the light on and off all you need do is touch 
the plate anywhere To dim the light you lust hold 
your finger on the plate the light will stay at whatever 
brightness it was when you remove your finger 

Cat KA 1508 $27.95 

- I t 

VIDEO FADER FOR 
HOME MOVIE BUFFS 

Ref EA January 1986 
Add a touch of professionalism to your video movian, 
with this simple video fader circuit It enables you te. 
fade a scene to black and back again urn', ' • 
sync or COIOUf 

a' KA 1626 $ 1 9.95 

IN-CIRCUIT TRANSISTOR 
TESTER 

Ref EA Sept 1983 

J'at KA1119 $19.95 

UHF CONVERTER FOR 
CHANNEL 28 

Ref EA A; - 

Cat KA 1650 $ 59.50 

Without Commodore edge connector 

Cat KE 4722 $14.95 

CIRCUIT PROTECTOR for 
AEM SERIES 6000 POWER 

AMPLIFIERS 
Cat KM 3045 s P.O.A. 

300 WATT INVERTER 
Ref EA September 1985 
BRAND NEW MODEL' 

Pun compact and brand new design lea,pres 
(oroidal transformer and automatic regulation 
.current limiting and thermal overload protection 7he 
laycar kit is absolutely complete including - 
panel This kit is also available completely assen.-
...nth 90 day warranty (Cat MI 500(J ‘.» 528. 

at KA 1610 KIT VERSION $ 229.00 

1 

30 VOLT - 1 AMP 
BENCHTOP POWER 

SUPPLY 
Re, LA, 

Cat KA 1574 $74.50 

• 

ETI 4600 DUAL SPEED 
MODEM 

her 1985 

$169.00 

SPEECH SYNTHESISER 
LOW COST FOR YOUR COMPUTER 

Ref AEM Feb 196, 

KM 3042 $39.95 

ETI 675 RS-232 TO 
CENTRONICS ADAPTOR 

Ref ED January 1984 
This small protect enables you to interface a printer to 
the RS 232 serial port on your computer The kit 
consists of PCB and parts ( including a special right 
angle Cannon 0825 plug) but not the Centronics 
plug or DIP switches which are optional anyway 

at KE.4666 $29.95 

THE 'LISTENING POST' 
Ref AEM July 198' 

Cat KM 3015 $37.50 

CONCORD "SHOWROOM" 
HAS BEEN EXPANDED 
FOR YOUR COMFORT - 

DUAL TRACKING ±22V 
POWER SUPPLY 

Re , FA March 198,. 

C,t KA 1410 $ 1 19.50 

40 WATT 12/230V 
IN 
Ref EA August 198` 

Cat KA 1598 $ 89.95 

_ a ter. 1' 
,44z-le- ne 

PULSE-POWER TRAIN 
CONTROLLER 

•.. ' A Sept 1984 
This is d ' ••. t art train controller offering 
tremendous leatures • Variable simulated inertia 
• Full short circuit protection including audible and 
-./sual Indicators • Power and track monitor indicators 
• Adequate power for double and triple heading 

• Fixed 12V DC and 15VAC pc., for lighting 
,,,.1 accessories • Optional wa'k ,.( n 1 • J-.•. ,,,e 

Cat KA 1560 $99.95 
OPTIONAL WALK-AROUND THROTTLE 

Cat KA 1559 $11.95 

DIESEL SOUND SIMULATOR 
Re, FA November 1984 

Cat KA 1561 $22.50 
STEAM SOUND SIMULATOR 

Ref EA December 1984 

Cat KA 1562 $22.50 

8 SECTOR BURGLAR 
ALARM 

Ref EA Jan/Feb 1985 

o KA 1582 $119.50 

ETI 342 PULSE-SHAPED CD, 
Ref FT' / 

Cat KE 4690 $79.50 

HIGH POWER CAR 
STEREO BOOSTER AMP 

SOW RMS PER CHANNEL 

Cat KA 16f $189.50 

See EA December 1983 
• Hail Effect Trigger/lead • Magnetic rotors for both 
4 8 6 cylinder cars • Over 6 cam lobe adaptors • 
Over 12 different adaptor plates for your particular 
distributor • Other hardware I. e screws. etc) • 
You can remove this system and re equip your car 
with the original breaker points when you sell t h., car' 
• As easy to instal as a set of points • Instructions 
(simple to follow) included 

Cat KJ 6655 

••••• 

tweed 

••••••• 

.•••••••,,•• 

T.A.I. HALL EFFECT 
'BREAKERLESS" VERSION 

Het EA De,ember 198.3 
This kit is virtually identical to the KA 1506 except 
that it contains the interface electronic, for 'be Cl 
6655 Hall Effect Triggerhead 

Cat KA 1505 $43.50 

DON'T HAVE A 1986 
JAYCAR 

ENGINEERING 
CATALOGUE YET? 
SEND $ 1 AND WE 
WILL POST YOU ONE 



STORES LOCATED AT GORE HILL, SYDNEY, CARLINGFORD, HURSTVILLE, CONCORD, BRISBANE 

DIE CAST HEATSINKS 
Jaycar n proud to announce a range of Made in 
Australia die cast heatsinks They are gravity cast in 
AJurninrurn. have the area where semiconductors 
mount milled flat and are fu ay fi rushed in powdercoat 
black They are low cost for the performance offered 
Size 134 x 65mm (high) x length ( see below) 

OFNII RI 
Cat HH-8540 (50mm long) $3.95 

10 or more $3.75 each 
Cat HH-8541 (75mm long) $5.95 

10 or more $5.50 each 
Cat HH 8542 ( 100mm long) $7.95 

10 or more $ 7.50 each 
Cat 1-1H-8543 ( 150mm long) $9.95 

10 or more $9.50 each 

MF10 - 75 
74(H) x 144i! x 46,W1mrn (b. ket 34nrn 
Cat HH 8548 $7.50 

10 or more $6.95 each 

e l*  

e KEYLESS ALARM 
CONTROL PANEL 

Key, •. • .• :ant with this panel 
offer.• . suntchtng 
FEATURES AND SPECIFICATIONS 

* Emergency 1 x 24 hour 
NC 1,.., .r x 24 hour NO circuit * 
Burglary I uNC instant circuit. 1 uNC delay circuit. 
I x NO delay circuit * Intelligent siren duvet 
changes alarm tone for different events * Adjustable 
entry delay and siren duration timer * Separate 
siren timers for burglary and emergency circuits * 
Two independent NO relay output contacts * 
Auxiliary 12V/500mA DC output * 6 LED lamps on 
panel indicating alarm status * 24 hour panic 
button mounted on panel * Alarm on/off digital 
access key * Complete tamper proof system * 
Heavy duty steel cabinet baked on paint finish * 
Dimension 230011 x 1701110 x 70(D)mm * Net 
weight I 9kgs 
Power pack to suit 1tV AC Cat MP 302! $27 50 
Cat LA 5168 

$09 

ULTRASONIC INSECT & 
PEST REPELLER 

PRE BUILT MODULES 
6 WATT "MICRO" 
AMPLIFIER • MONO 

Amplify your Walkman * 6 watts RMS into 4 ohms 
* high or low inputs * volume control * operates 4 
16 volts 

Cat M 0340 

Ote-1 

513.9 

MINI PHONO & MIC 
PREAMP 

This module .1: • • .: ip a magnetic phono cartridge 
dynamic m, to line level with very low 

distortion 
Cat AA 0324 

osei 
06.95 

LIGHT OPERATED 
SWITCH 

This controller detects an ambient light level, when 
the light level reaches a certain value (which is 
adjustable) the relay switches on IN 0 or NC 
outputs) Ideal use an an event counter 
Cat M-0344 

ote:i 
58.95 

SOUND OPERATED 
SWITCH 

This compact switch will detect a sharp sound and 
latch a relay with N 0 and NC output It rum from 9 
12 volts and has adjustable sound level sensitnnty 
Cat M-0342 

°eel 
si6.95 
CHECK OUR CATALOGUE FOR 

ALL OTHER PRE BUILT 
AMPLIFIERS, PUA MPS ETC. 

I 2 

25 WAY D MALE TO MALE 
( at Pl. 0855 $28.95 
25 WAY D MALE TO FEMALE 
Cat PL 0856 $28.95 
5 WAY D MALE TO CENTRONICS 

PESTREPELLER is effectrve in controlling mice rats 
roaches ants flees crickets, silverfish, waterbugs 
moths and most other common pests 
Complete wi.h 240V power adaptor 

ONLY 

$55.00 

C20 COMPUTER 
CASSETTES 

Good quality blank cassettes in plastic case 
Cat XC-4715 

$1.20 

SPECIAL PRICE 
FOR 10 OR MORE 

$1.00 each 

COMPUTER LEADS 

PLUG 
Cat PL 0854 $28.95 

COMPUTER ACCESSORIES 
RS232 MINI PATCH BOX 
Cat PA 0880 125.95 

MAGGY 
LAMP 

DESK MOUNTED 

.AMP/MAGNIFIE 

MALE/MALE GENDER CHANGER 
Cat PA 0882 $19.95 

FEMALE/FEMALE GENDER 
CHANGER 
Cat PA 0884 t $ 19.95 

FM WIRELESS MIC 
ELECTRET CONDENSER 

If yo.. in FM mic to experrn. - • Anth or use in a 
sma: address system • lie one Only 
100 i Transmitting frequency range 881MHz 
to l'• Omnidirectional Field strength is less 
thi-' --tat 50 feet Supplied with windscreen. 

, Foster. Lavalier and battery 

NORMALLY SELLS FOR $27.95 

1/2  PRICE SAVE $ 14 
ONLY S13.45 

FM WIRELESS MIC 
ELECTRET CONDENSER CARDIOID 
rh, , quality FM rnic Frequency transmitting 
tan:, ". 1.. 106MHz Unidirectional 

NORMALLY SELLS FOR S38.50 
LESS THAN 1/2  PRICE 

SAVE $20.00 

ONLY $ 18.50 

JAYCAR - LEADER OF 
THE PACKS. . . 

LED PACKS 
100 5mm RED LEDs 

Cat ZD-1690 $15.50 
100 3mrn RED LEDs 

Cat Z13- 1692 $19.50 
100 assorted LEDs consisting of 20 x 5rrirn RED, 2 
x 5mm MIXED COLOURS. 40 x 3mm RED, 20 x 3mm 
MIXED COLOURS BONUS: 10 x 5mm mounting 
hardware 
Cat ZD ' $19.50 

5mm LED MOUNT CLIPS 
Those ever popular 2 piece black mount for 5mm 

• LEDs PKT of 20 

Cat HP 1102 $ 1.50 
PKT OF 100 
Cal HP 1103 $5.00 

CLIPS ARE HEWLETT 
PACKARD BRAND 
TRANSISTOR PACK 

100 muted BC senes transistors More of the common 
ones 15 x BC547. 20 x BC548, 20 x BC549, 15 
BC557. 15 x BC558. 15 x BC559 
Cat ZT-2170 $11.95 

IC SOCKETS 
The economical way to purchase quality tinned IC 
sockets 
100 x 8 pin Cat P1-6478 $15.50 
100 x 14 pin Cat PI-6480 $16.95 
100 x 16 pin Cat PI-6482   $19.95 

  100 x 18 pin Cat P1-6484   $23.95 
MIXED PACK IC SOCKETS 

OMNIDIRECTIONAL DYNAMIC 
With I55mm gooseneck on heavy base with on/off 
switch Frequency response 50-13.000Hz 
Impedance 400 ohms Sensitwitv -78dB 4 metres 
o( cable with plug 
Cat AM 4077 

4t• USUALLY 

SELLS 

FOR S34.50 

SAVE 
$19.50 

NOW 
ONLY 

$15.00 
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UNI-DIRECTIONAL 

ELECTRET CONDENSER 
MICROPHONE 

High ,y dual impedance I k and 10k Frequency 
response 40 18.000Hz Complete with cable 8 plug 
Cat AM-4082 

NORMALLY $45.00 
SAVE $ 17.50 

NOW ONLY S27.50 

r NEW PRODUCTS FROM 
ELECTROLURE 

POSITIVE PHOTORESIST 
AEROSOL 
• t asi dryng for one to one production of circuit. 
e. an metals from transparent positive masters • 
Easy to use aerosol • Up to 50% cost saving aye, 
pre coated boards • Covers approximately 2 2 sq 
metres 

Cat HG-9976 $7.25 

PHOTORESIST DEVELOPER 
• Use this to achieve best results with postuve 
photoresist aerosol 

Cat HG-9978 $ 7.95 

NICKEL SCREENING 
COMPOUND 
By simply spraying any plastic box or enclosure you 
will malte it effectively shielded against REI and EMI 
It s expenswe, but so are die cast boxes It will do 
dozens of average boxes 
SPRAY CAN 

Cat NA 1014 $26.95 

Consists of 15 x 8 pin: 20x 14 pin; 20 x 16ptn, 10 x 
18 pin, 5 x 20pin. 10x 22 pin, 5 x24 pin; 5x 28 pin; 
10 x 40 pin MORE OF THE COMMON TYPES 
PACK OF 100 Cat PI-6490 

NORMALLY 137 VALUE 

ONLY $ 24.95 

CAPACITORS 
ELECTROLYTIC PACK 

55 qualrty RB type 
PACK OF 55 Cat RF 

ONLY $6.50 
GREENCAP PACK 
60 greencaps supplied 
PACK OF 60 - Cat 8G-5199 
ONLY $6.75 

CERAMIC PACK 
60 ceramic capacitors supplied 
PACK OF 60 Cat RC 5399 

1/2  PRICE - $4.95 

RESISTORS 
METAL FILM PACK 
150 quality I% VIW 5Oppm resistors 
PACK OF 150 Cat RR-0650 

ONLY $5.95 

RESISTOR PACK • 
Over 300 l7.iW 5% • at less than 24 each' 
Cat RR 1680 

$5 .90 - ½ PRICEI 
RESISTOR NETWORKS 

50 assorted types Works out at 204 per network' 
50 IN PACK Cat RR-3380 

ONLY $ 10.00 
PLESSEY POT PACK 
BRAND NEW STOCK 

50 assorted potentiometers ( mostly English made 
by Plessey) in a pack weighing just under Yr kilo, 
50 IN PACK - Cat RP-3900 

ONLY $ 5.95 

MONOLITHIC CHIP CAPACITORS 
0.01uF PKT OF 100 

Cat RC 5495 $12.50 
0.1uF PICT OF 100 

Cat RC 5496 $16.50 

ALARM STICKERS 
LARGE 125mm x 75mm 
Suitable for house, factories. caravans etc Will stick 
on the outside i e sticky on the back 
Cat LA-5102 

ONLY $ 1.95 each 

SPECIAL 5 for $ 7.50 
SAVE $2.25 

1WARNING-

nusawsARE 
1,CM,, WY AN 
0.10C ALM. 

SYSTEM 

SMALL 73mm x 33mm 
Specifically designed for cars Sticky on the front so 
you can stick them on the inside glass Thieves will 
not know whether you have an alarm or not 
Cat LA 5100 

ONLY 95C each 
SPECIAL 5 for $3.50 
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From p. 49 

TABLE 2. 
COMPONENT SIDE 

(SIDE A) 

EDGE 
CONNECTOR 

A31 —] 

1 
B31 — 1 

 III 
NON-COMPONENT SIDE 

(SIDE B) 

REAR OF 
IBM PC 
CABINET 

r...I  

L_ Al 

Figure 3. The pc board's edge connector pinout. This suits 
the IBM bus, enabling the project to plug into an available 
slot on the motherboard. 

mrri-it..M I IVIN OUUUCJ I IVINJ 

SERIAL I/O 

III  

AEM 450511 

SERIAL 1/0 

ASCII-ENCODED SERIAL 
KEYBOARD OR 
SERIAL TERMINAL 

(TTL LEVEL SIGNALS) 

1300000000000 
.0000000000=10 

I 1 

Ev 4505 

PARALLEL 

PORT 

REM 4505 

(13) TO SERIAL PRINTER PORT 

(VIA RS232 LEVEL CONVERTER 

IF NECESSARY) 

(A) PARALLEL 
PRINTER PORT 

00000001300000 
Cociopoocloom000 
dol  

I/O CHANNEL 

SLOTS 

EM 4505 

(A) SERIAL 

LEVEL) 

OR 

(B) PARALLEL 

COMAL TER 

SLOT PIN ASSIGNMENT SLOT PIN ASSIGNMENT 
Al B1 
A2 D7 62 
A3 D6 B3 + 5 V 
A4 D5 B4-B9-  
A5 D4 B10 0 V 
A6 D3 B11 
A7 D2 B12 
A8 D1 B13 IOW 
A9 DO B14 IOR 
Al 0 B15-628 
Al 1 AEN B29 + 5 V 

Al2-A21 B30-  
A22 A9 B31 0 V 
A23 A8 
A24 A7 
A25 A6 
A26 A5 
A27 A4 
A28 A3 
A29 A2 
A30 Al 
A31 AO 

Operational overview 
This description covers the operation of the CTS256A-AL2 
in general, and with reference to its implementation in this 
project. 
Upon power-up or following a RESET, the CTS256A-AL2 

first determines the configuration of the system with regard 
to the following five options: 

1) RAM selection. 
Internal RAM mode has an input buffer which accommo-
dates words or phrases that are no greater than 19 charac-
ters in length followed by a delimiter; and an output buffer 
that accommodates an allophone translation of that word 
or phrase that is no greater than 26 allophone addresses. 
Since the translation more often than not results in the out-
put buffer contents being twice that of the input buffer, 
words no longer than 13 characters in length and number 
sequences of four numerals or less should be used as a rule 
of thumb. If the output buffer overflows, you may lose the 
words not yet spoken and the BUSY line (pin 3) won't 
necessarily signal that the input buffer's empty, even 
though it might be. If you overflow the output buffer dur-
ing a translation, a RESET may be required to clear the 
system. 
External RAM mode can be used to extend the input and 

output buffers. If no exception-word or user EPROMs are 
present the default start address is 3000H. The mask-
programmed algorithm in the CTS chip searches for the 
end address by looking for the first non-RAM location at 
256-byte intervals, but will not continue beyond 2K. If an 
EPROM is present, the start and end addresses are re-
definable there. The start address must begin on a bound-
ary where the least significant byte of the address is 00; 
the minimum start address is 200H, and the maximum valid 
start address is EE0OH. The 4505's on-board RAM resides 
at 3000H. Note RAMs with 250 ns or less access time must 
be used. 

DEDICATED SYSTEM 
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aem project 4505 
2) EPROM selection. 
EPROMs may reside anywhere within the decodeable ad-
dress space of the CTS chip, from 1000H to E000H, provid-
ing the start address falls on a 4K boundary. The CTS chip 
will search from 1000H to E000H in 4K increments for the 
five-byte sequence — 80, 48, 28, 58, 85 (hex values), which 
uniquely identifies the presence of an exception-word or 
user EPROM. If neither are present, the CTS chip reverts 
to the algorithm default or pin-selectable system options. 
If only a user EPROM is present, the system options may 
be re-defined there. If both user and exception-word 
EPROM programs are present, the system options may be 
re-defined from the user EPROM. The EPROM location on 
the 4505 board resides at 4000H. Note EPROMs used here 
must have an access time of 300 nanoseconds or less. 

If a user EPROM is accompanied by an exception-word 
EPROM, it may reside anywhere. If no exception-word 
EPROM is present, the user EPROM may reside anywhere 
from 1000H to E000H, providing uts start address falls on 
a 4K boundary; and it must then begin with the five-byte 
sequence given above. A user program may reside in an 
unused portion of the exception-word EPROM. Exception-
word and user EPROM memory maps are given in Gener-
al Instrument's Application Note AN-0505, along with 
programming techniques. 

3) Serial/parallel input interface selection. 
In the parallel input mode (parallel port or IBM PC I/O 
channel), incoming ASCII data is latched by the 74LS374, 
IC5, upon receipt of an active-low 'data valid' strobe. This 
strobe also pulses the CTS chip's INT3 line (pin 12), tell-
ing its internal algorithm to accept the data. This latch's 
on-board address is 200H. The parallel port timing require-
ments are given in Table 3. 
In the serial mode, ASCII data is accepted via the CTS 

chip's SERIAL INPUT, pin 16. This goes to an internal 
UART that requires TTL-level signals. Input signal baud 
rate is selectable from 50 to 9600 baud (refer to Table 1, 
Part 1). The other UART data input parameters are set to 
internal algorithm default values (asynch., 7 bits/charac-
ter, 2 stop bits, no parity) or may be hardware selectable 
via the CTS chip's data bus. The UART baud rate and other 
data input parameters are re-definable from any on-board 
exception-word or user EPROM (see [4], below). 

In both serial and parallel mode, the input buffer is pro-
tected from overflow by a hysteresis subroutine which sig-
nals the host when the buffer is full, and when it's ready 
for more input. The CTS chip's BUSY line (pin 3) provides 
a handshaking signal to signify the status of the input 
buffer. This line is active-low. During input, it sits high, 
toggling low when the input buffer becomes 87.5% full. The 
host system driving the board may use its discretion to com-
plete the transmission, or part thereof. If the input buffer 
becomes 100% full, the parallel and serial port interrupts 
are disabled to prevent overwriting the input buffer. The 
interrupts are not re-enabled until the input buffer is half 
empty, at which time the BUSY line will toggle high once 
more. 

4) UART parameter selection. 
The UART baud rate and other data input parameters may 
be defined by default values in the CTS chip's internal al-
gorithm or from firmware (the exception-word or user 
EPROM). The 'x' jumper (for pin 9 of the CTS256A-AL2) 
selects which option is to be employed. See Table 1, Part 1. 

5) Delimiter selection. 
The CTS algorithm will process any words or phrases as 
soon as they are followed by a defined 'delimiter'. The 'z' 

TABLE 3. 
Parallel port timing requirements. 

SETUP TIME: before data clock low-to-high transition — >20 ns. 

HOLD TIME: before data clock low-to-high transition — > 10 ns 
(width of clock low — >500 ns) 

HOLD OFF TIME: from "data strobe high- to-low transition, until next 
data strobe high-to-low — >500 ns. 

jumper (for pin 11 of the CTS256A-AL2) selects the option. 
See Table 1, Part 1. 
There are eight delimiters — ,  • • I ? carriage return and 

space. In the 'any delimiter' mode, the board will speak 
any text preceeded by any of these delimiters. In the 
carriage-return-only delimiter mode, it processes and 
speaks text only after receipt of a carriage return. This 
mode is meant for use with slow input devices, such as a 
terminal, where the user wishes to buffer-up a complete 
phrase so that it is spoken with fluency (i.e: "type-and- talk" 
applications). When using this mode in conjunction with 
external RAM (as is the case in this project), the length of 
a phrase entered before inserting a carriage return should 
be limited to 150 characters total. This allows for a two-
line phrase to be spoken with fluency while ensuring that 
the 256-byte output buffer won't overflow. 

After completing the initialisation, the unit says "OK" to 
demonstrate it's ready for input. Then, one of two paths is 
taken, depending on the system configuration. 

If a user EPROM is not present, the CTS algorithm idles 
as long as the input buffer remains empty. Upon receipt of 
standard ASCII characters, processing begins with an alpha-
betical search of the exception-word EPROM, if it is present. 
If no exact match between the input character string and 
those residing in the EPROM is found, or if the EPROM is 
not present, the CTS algorithm employs a letter-to-sound rule 
table against which main, right and left context matches are 
performed, to produce speech output. This results in the 
translation of a particular word into the proper string of 
allophone addresses necessary for its pronunciation. This list 
of allophone addresses is sent to the SP0256A-AL2 after a 
carriage return or after any delimiter, depending on the 
selected delimiter mode. Where a user EPROM is not present, 
G.I. dub such a system as a 'dedicated code-to-speech' system. 
When a user EPROM is present, G.I. say dub this as the 

"add speech to user's program" mode. Control of the proces-
sor is relinquished to the USER code immediately after com-
pletion of initialisation. The USER code may then execute 
its own code, may pass character strings into the input buffer 
memory, or may hand off processor control to the code-to-
speech algorithm to speak any previously loaded character 
strings. If speech is initiated, control returns to the USER 
code after the last delimited character string in the input 
buffer has been processed. 
To successfully incorporate a USER program with the CTS 

algorithm requires a thorough understanding of the program-
ming and operational concepts detailed in the G.I. Applica-
tion Note AN-0505, and an in-depth working knowledge of 
PIC7001 assembly language programming. 

Further technical details on the CTS and SPO chips, data 
sheets and the G.I. Application Note AN-0505 may be obtained 
from Daneva Australia Pty Ltd, PO Box 114, Sandringham 
3191 Vic. 
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WELLER CROSSWORD COMPETITION NO. 11 
Every word in our eleventh crossword begins with the let-

ter C so it's quite easy. The prize for this month's winner 
is the super Weller WTCPN Controlled Output Soldering 
Station which would have pride of place on any workbench. 
Post us your answers, even if you've missed a couple by 
July 25. 

The winner of Weller Crossword No. 9 (May) was 
Answers to Crossword No. 10 (June) are on p. 

We will accept entries postmarked 
no later than July 28. 

ACROSS 
1. Removal of parts from one system to repair another. 
3. Computer-Output-Microfilm. 
5. Transmission line where one conductor completely 

surrounds another. (2) 
7. An area over the top of some aerials where signals 

cannot be heard. 
9. Shared by two or more circuits. (3) 

10. Stream of electrons emitted from the cathode of an 
evacuated tube. 

11. The interconnection of a number of devices in one 
or more paths to perform a desired electronic 
function. 

15. A material that conducts electricity through the 
transfer of orbital electrons. 

16. To find by measurement by comparison with a 
standard any variations of an instrument. 

17. Box or frame on which components or circuitry can 
be mounted. 

18. A signal which initiates an action in a device. 

DOWN 
1. A device which detects current leakage and prevents 

hazards by limiting current flow. (2) 
2. Wire wound round an iron core. 
4. A point where two conductors that are insulated from 

each other cross. 
5. A device capable of performing mathematical 

functions. 
6. A device for performing mathematical functions. 
7. The ability of one unit to be used with another 

without mismatch. 
8. Also called capacity. 
9. Common Business Orientated Language. 

12. Undesired signals from another circuit in the same 
system. 

13. A combination of characters or words which identify 
a communication facility. 

14. Assembly of one or more conductors in a protective 
sheath. 

15. A single path for transmitting electric signals. 
16. Radar confusing reflectors. 
18. Computer-aided design. 

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 to: 

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

eooperTool  

A transformer-powered soldering station. 

complete with a low voltage. temperature-controlled 
soldering pencil The special Weller "closed loop" 
method or controlling maximum tip temperature is 
employed, thereby protecting temperature sensitive 
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 sixes from .8 mm diameter to 6 mm 

diameter with a choice of tip temperature of 
315 .0600°F. 370.6/700•F and430.C/800°F The 
transformer case features Impact- resistant noryl for 
durability and protection against accidental damage. 
a quick ronnecUdisconnect plug for the soldering 
iron. extra large wiping sponge, tip tray to store extra 
tips, plus an improved off.on switch with a long.life 
neon indicator light, a non.heat sinking soldering 
pencil holder. and a 2 m flemblr 3 . irr ord 

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 

Postcode 
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Eagle Electronics 
is eager to 'elp you 

Only a recent addition to Adelaide's retail electronics 
scene, Eagle Electronics are eager to become a real force 

all over the country, offering kits and bits by mail order from 
their well-stocked shop and warehouse in suburban Unley. 
South Australian readers can 

browse in Eagle's spacious, well 
laid-out and stocked store which 
is strategically located in the vir-
tual electronics distribution 
nerve centre of South Australia 
where many major distributors 
are sited. He's able, and pre-
pared, to source otherwise hard-
to-get bits. 

Eagle's young proprietor and 
driving force, Malcolm Ling, 
'knows his oats' when it comes 
to kits, bits and projects because 
he's been through the same mill 
all enthusiasts go through in try-
ing to source components, etc. 

If you're eager to tackle an 
AEM project not stocked by 'the 
big stores', check out Eagle. If 
he hasn't got a kit, he can prob-
ably supply the board and bits 
at least. 
Want to build our Hash Har-

rier Mains Filter, or the Elec-
tromyogram? Are you into T his item is in the interest of 
Tilbrook's series of hi-fi reader safety! If you're 
projects? Does digital delight building-up a project with a pc-
you — and you're eager to tack- mounted mains transformer 
le the code-to-speech project? and want to include an on-
Then Eagle are eager to ' elp board line fuse then, for safety's 
you! Keep your eye on our sake, use a covered pc-mount 
Project Buyers Guide on these fuseholder. 
pages each month to keep up The IMO Series 10 covered 
with the latest news of projects pc-mount fuseholder, distribut-
stocked by Eagle. If you live out- ed here by C&K Electronics, is 
side S.A. and you're hot to trot, just what you want. The pc-
'phone Eagle and pledge your mount fuse carrier may be bolt. 
plastic anytime for mail order. ed to the pc board if you wish, 

Malcolm Ling, the driving 
force behind Eagle. 

Sceptical? Force yourself. 
Amble over to Eagle at 54 Un-
ley Rd, Unley 5061 S.A., or call 
(08) 271 2885. 

Safety pc-mount 
mains fuseholders 

and it takes standard M-205 
(5 x 20 mm) fuses. The snap-on 
cover is of clear plastic permit-
ting examination of the fuse's 
condition without having to re-
move it. 
But where d'ya get it!? No 

problem — Geoff Wood Elec-
tronics, 229 Burns Bay Rd, 
Lane Cove West (PO Box 671) 
2066 NSW. (02) 427 1676. 

New, or near-new, 
faces at Jaycar 

1 aycar sports a couple of ' new faces' behind the scenes. 
ey're not all that new, really, 

as they've been plugging away 
at their appointed tasks in Con-
cord Castle for some months 
now, but we thought it time to 
tell you about them! 
Brian Francis is Jaycar's near-

new kit manager. That is, he's 
near-new, not the kits, they're 
new when you get them. Brian 
hails from Sussex in England 
and has only recently arrived on 
our shores. He comes from a 
background in electronics dis-
tribution within the Philips In-
dustries group. 
The other ' new boy' at Jaycar, 

Bill Edge is, in fact, an industry 
'identity'. Jaycar purchased Bill 
Edge's Electronic Agencies 

Brian Francis 

Bill Edge 

back in late ' 83. Bill goes way 
back in the business, starting at 
Radio Despatch (a business now 
despatched) many years ago. 
With credentials of that order, 
Bill does the bits buying. It.. 

PROJECT BUYERS GUIDE 

David Tilbrook's 250 watt AEM6000 MOSFET power amp module 
will prove popular with many readers, we feel sure. Kits will be 
stocked by Jaycar, with stores in Sydney and Brisbane, and Eagle 
Electronics in Adelaide. Victorian readers should try All Electronic 
Components. The ECG461 dual-JFET by NTE, employed in the 
module's input stage, is stocked by Stewart Electronics in Mel-
bourne, PO Box 281, Oakleigh 3166 Vic. (03) 543 3733. Philips, 
through their Electronic Components and Materials division, dis-
tribute a dual-JFET range suitable for use in this application, types 
BFQ10 to BFQ15. See if your favourite local supplier will get some 
in for you, if you can't get the other type. Printed circuit boards 
for this project will be available, as usual, through the magazine's 
printed circuit service, advertised elsewhere in this issue. 
The AEM4505 Code-to-Speech Synthesiser will be stocked as 

a kit by Eagle Electronics in Adelaide. You might also try Geoff 
Wood Electronics in Sydney for boards, the chips and other bits. 
Daneva Australia may supply data sheets, if required. Communi-
cate via PO Box 114, Sandringham 3191 Vic. They have a Syd-
ney office in Crows Nest and are represented by DC Electronics 
in Adelaide and Baltec in Brisbane. The double-sided, through-hole 
plated pc board will be available through our printed circuit ser-
vice, as usual. 
The AEM3503 Satellite FAX Decoder seems destined to follow 

in the footsteps of our hugely successful AEM3500 Listening Post 
project. All the components are commonly obtainable. Eagle Elec-
tronics, we understand, will be stocking a kit. You might also try 
All Electronic Components in Melbourne. Sydney enthusiasts 
should pester Geoff Wood Electronics for pc boards and compo-
nents. Yes, our pc board service can supply a board for this project. 

This month's Star Project, the 1 GHz/8-digit Frequency Coun-
ter will be available in kit form through Dick Smith stores. 
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aem project 6000  

An 'ultra-fidelity' MOSFET 
power amplifier module 
David Tilbrook 

In Part 1 the operation of the power 
amplifier was described and I discussed 
the reasons for the choice of the 
particular topology employed. In this 
article the construction of the power 
amp is covered in detail. 

AN ASPECT of power amp design that is often given insuffi-
cient attention is the pc board layout and overall construc-
tion scheme. This is particularly important in the design of 
power amplifiers employing MOSFET-based output stages. 
The very high input impedance of the power MOSFET com-
bined with its excellent high-frequency performance and slew 
rate makes this device particularly prone to oscillation if it 
is used incorrectly. This oscillation should, however, not be 
confused with the more common form of amplifier instabil-
ity which is associated with a poorly controlled phase charac-
teristic within the negative feedback loop. This is by far the 
most common form of instability in amps employing bipo-
lar transistors in the output stage since the realatively poor 
high-frequency performance of these output devices limits 
the phase linearity of such designs. 
The use of MOSFET output devices, on the other hand, 

greatly assists feedback loop stability. The type of oscillation 
to which power MOSFETs are prone does not involve the 
feedback loop and is substantially easier to control. In fact, 
the mechanism that causes the instability is one of interac-
tion between the two n-channel MOSFETs, the 2SK176s, and 
their associated passive components. The cure for this 
problem is effected by the use of the low-value resistors 
R36-R39 and capacitor C13. In addition to these components, 
the layout of the pc board, particularly around the output 
stage, must minimise the inductances and certain critical 
inter-terminal capacitances. One area that is particularly crit-
ical for stable operation of power MOSFETs is the wiring 
to the gates and sources. The physical location of these com-
ponents can be critical and it is for this reason that the pow-
er amp module has been designed so that the power 
MOSFETs are mounted onto a heatsink bracket and pc board 
which also contains the associated passive components. 
The construction scheme must also facilitate the best pos-

sible heat transfer from the MOSFET output devices and 
bipolar drive transistors to the heatsink. As explained in Part 
1, the AEM6000 design employs relatively large amounts of 
drive stage quiescent current to ensure low drive stage out-
put impedance. This leads to considerable power dissipation 
in the drive stage, necessitating good heatsinking. As a result, 
the four drive transistors, Q15-Q18, and the two transistors 
used for the constant current sources, Q9 and Q10, have been 
bolted to the main heatsink bracket to ensure good heat dis-
sipation. This arrangement also provides thermal coupling 
between the drive stage, its current source, and the output 
stage. 
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Part 2 

Although the concept of having all of the components, in-
cluding the output devices, mounted on a pc board greatly 
assists repeatability of amplifier performance, it also tends 
to impose certain restrictions. A common construction 
scheme, for example, and one which we have used for vari-
ous power amp modules in the past employs, an "L"-bracket 
in conjunction with a single pc board which contains all of 
the power amp components. The disadvantage with this 
scheme is that the pc board is mounted at right angles to the 
heatsink and can protrude a considerable distance into the 
chassis. In this case this was unacceptable, since it was decid-
ed to maintain the power amp chassis the same width as the 
AEM6010 preamplifier and to keep the chassis depth to a 
minimum. Accordingly, a different construction scheme was 
developed which has proven to be very effective. 
To overcome the problems of minimizing chassis volume 

occupied by the power amp module, an alternative construc-
tion scheme was developed which has proven to be very ef-
fective. This scheme uses a heatsink bracket with a 
"U"-shaped cross-section. As can be seen from the accom-
panying photographs, this allows the pc board to be mount-
ed parallel to the heatsink. Furthermore, the module can be 
removed from the chassis in the event that servicing becomes 
necessary by removing the bolts through the heatsink. 
The development of this construction scheme has taken 

some effort, with many of the earlier prototypes proving to 
be completely unaccaptable. One of the earlier schemes used 
the U-bracket as shown but with the MOSFETs mounted to 
the side of the U so that the MOSFET pins could be soldered 
directly onto the pc board. This scheme had the advantage 
that only one pc board was required. Unfortunately, the ther-
mal conduction from the MOSFETs to the heatsink was en-
tirely inadequate with the result that the output devices ran 
approximately 30 degrees Celcius hotter than the heatsink! 
The final scheme settled upon employs two pc boards 

mounted at right angles to each other so that the output 
devices can be mounted on the base of the U channel in close 
proximity to the heatsink. The MOSFET gate and source pins 
protrude through the bottom of the channel and a pc board 
is bolted on that side, track side outermost, to provide con-
nection to the MOSFET termiñals. The source and gate com-
ponents are mounted on the track side of this pc board, 
allowing layout to be optimised for minimum inductance, 
helping to ensure maximum stability and best possible tran-
sient performance. The connection between the two pc 
boards is made with a 'butt-joint', bridged by solder using 
adjacent low impedance tracks. 
In Part 1 we included a photograph of one of the proto-

type pc boards developed during the design of this power 
amp. As can be seen from the photograph included here, 
which shows the final pc board design, the earlier design 
differs substantially. These two pc boards contain exactly the 
same circuitry, yet they differ markedly in their performance. 
The later design brings the four differential voltage amplifi-
er devices, Q11-Q14, onto the one small heatsink so that these 
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TOLLFREE TELEMAIL 008 022 888 FOR COST OF A LOCAL CALL 

DON'T JUST SIT THERE 
Now that winter has finally arrived, 
and its too cold to leave the fire, 
why waste your time watching TV. 
WHY NOT BUILD A KIT. 
Jaycar stocks over 150 
different kits, many 
of which are 
listed on these 

pages-

ANI/FM STEREO TUNER 
SYNTHESISED 
Ref December 85 Feb to 

KA 16_35 $499.00 

REMOTE CONTROL FOR 
ABOVE TUNER 

Ref EA Apnl I 98m. 

t KA 1636 $89.50 

ETI 5000 POWER AMP 
"BLACK MONOLITH" 

t KE 4200 $359.00 

ETI 5000 PRE-AMP 
"BLUE PRINT" 

t 8E-4202 $ 339.00 

"ULTRA FIDELITY" 
PREAMPLIFIER 

Ref AEM Oct De, 198 

KM 3030 $289.00 

PLAYMASTER SERIES 200 
HI FI MOSFET AMP 

Ref EA Jan March 1985 
100 WATTS RMS (CHANNEL) 

KA 1500 $449.00 

STEREO AM DECODER 
(AUSTRAUJAN STANDARD) 

Ref EA October 1984 
s and uses the Australian standard Motorola 

OUAM decoder chip It will decode the new AM 
terco transmissions ( with suitable AM tuners) 

t KA 1555 $26.50 

ou will need two whistle filters You can use the one 
ready in your radio for one channel and we can 
apply the other one 

LP 1300 $23.95 

2801 V3rd OCTAVE 
EQUALISER 

• 240V operated • Cannon Sockets • Pro qualcy 

Cat KJ6531 $225.00 

ETI 5000 V3rd OCTAVE 
EQUALISER 

$209.00 

HURSTVILLE OPEN 
TILL 8.30pm 

THURSDAYS 

2010 10 BAND STEREO 
EQUALISER 

$159.00 

DIRECT INJECT BOX 
Ref Ell Sept 1985 

Cat KF. 4708 $39.95 

COMPACT DISC PLAYER 
ATTENUATOR 

$7.95 

PLAYMASTER 60 + 60 AMP 
$249.00 

UNIVERSAL MOSFET AMP 
MODULES AEM 6500 

60/120 WATTS 
Re) AI M July 198`t 

Cat KM-3010 60 WATTS $55.00 
Cat KM-30I2 100 WA1TS $ 69.50 

./ 
300 WATT PLAYMASTER 

AMPLIFIER 
Ref EA June 1980 

This rugged design provides 200 watts rrns into 8 
ohms and 300 watts rrns into 4 ohms 

Cat KA 1115 $99.95 

300W AMP POWER 
SUPPLY KIT 

$99.95 

SPEAKER PROTECTOR for 
PLAYMASTER 300W AMP 

Ref EA July 1980 

\ a„Cat KA III 7 

STOP PRESS - NEW' 
LIGHT SAVER 

Ref EA June 1986 
Without plate and epos': 
Cat KA- 1670 

ONLY $ 14.99 
PHONE CONTROLLER 

Cat KA 1672 
Ref EA June 1986 

$15.95 

DRUM SYNTHESISER 
JOIN THE DRUM REVOLUTION 

Cat KJ-6502 $39.50 

ETI 480 SERIES AMP 
MODULES 

Ref E71 Dec 1976 8 s 3( 

MUSICOLOR IV 
Ref EA August 1981 

Cat KA 1010 $109.90 

8CHANNELAUDIO MIXER 
JAYCAR 8002 

A h.ILI'll, II: .r .:. dn., fi channel mixer ',nth leatures 
found in unit, • iig well over $2000' 

IMAM I PHATURIS: • Balanced (600 ohm 
rnic inputs/line inputs • Input attenuators • 
Cannon connectors included in the price • Bass, 
mid and treble equalisation on each input • Effects 
li e echo, etc) capability • Foldback on all 8 inputs 
• Stereo pan on all 8 inputs • 6Ornm slide faders 
used throughout • 19- rack mount capability for 
console mount) • Professional black front panel 

1 with format borders and multicoloured knobs to 
assist function identification • Designed for quick 
and easy service • VU metering • Only high quality 
components used • 5534A OP amps used for low 
noise and very low distonion 
Cat K16504 

*560.00 

ER 480/100 vvArrs 
Cat KE 4052 $ 29.50 
ET) 480/50 WATTS 
Cat KE-4050 $ 25.00 
Suitable power transformer ,8 0 28V 

Cat MF 1095 $34.50 
POWER SUPPLY Cat KE 4048 825 

AEM 6102 - 2 WAY 
VIFA KIT 

SPEAKER KIT Cat CS 2460 

ONLY $499.00 
CABINET KIT Cat CB 2650 

ONLY $179.00 
OR TOGETHER 

FOR $ 599.00 
SAVE $ 79.00 

COMME RCA' UNlTs Li fsid Si' 

AEM 6103 - 3 WAY 
VIFA KIT 

• 

SPEAKER KIT Cat CS 2465 

ONLY $ 790 pair 
CABINET KIT Cat CS 2652 

$319.00 pair 
SAVE A MASSIVE 

$110.00 
BUY BOTH TOGETHER 

FOR S999.00 

BRAND NEW 100 page 1986/7 ENGINEERING CATALOGUE OUT NOW SEND LARGE S.A.E. 
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POLYPROPYLENE CONE 
WOOFERS- HIGH QUALITY 

AT LOW COST 
12" WOOFER 
* Power handling if:, watt, RMS system * Impedance 
8 ohms * Resonant frequency 23 2Hz * Sensitnnty 
92 3dB 1 watt 1 metre * Effective frequency response 
23Hz 5kHz * Electrrnagnetic O QES 0 481 * 
Peak cone excursion 2 x/max I 6mm 

10.. Woman $79.50 Cat CW2130 

*Power handing 70 watts RMS system * Impedance 
8 ohms * Resonant frequency 24 3Hz * Sensitivity 
91 9d13 I metre 1 watt * Electromagnetic - QES 
0 398 * Peak cone excursion 2 x/max I 25mm 
Cat CW2116 

a- WOOFER $69.50 
* Power handling 60 watts RMS system* Impedance 
8 ohms * Resonant frequency 23 2Hz * Sensitutty 
88 2dB 1 metre I wan * Effectue frequency response 
23 5kHz * Electromagnetic 0 OES 0 481 * Peak 
cone excursion 2 x/max I 6mrn 
Cat CW2114 

1$42.50 

AvNowAILABLE 
5" MIDRANGE FERROFILLED 
Cat CM 2082 $29.50 

LOUD PLATE TWEETER 
Cat CT 2030 $39.50 

10" PASSIVE RADIATOR 
Cat CR 2180 $36.50 
12" PASSIVE RADIATOR 
Cat CR 2190 $47.50 

41/2  DIGIT ACCURACY f' 
- NIA DIGIT PRICE!! 

AND OICITAL HOLD TO MOTH 
Once again Jaycar has smashed the price barrier for a 
full 41/4 digit mulhmeter Just think a multimeter with 
0 15% accuracy on most ohms ranges. 0 05% on DC 
volts and 05% MAX on DC current' STAGGERING 
Plus continuity buzzer and LED symbol auto polanty 
auto zero. vinyl case and DATA HOLD as well. NOT 
TO MENTON the transistor and diode tester', 
We are absolutely convInced that you will be delighted 
with this meter So much are we convinced that we 
have extended our normal satisfaction guarantee by 
another week That s right, Personal shoppers can try 
this superb instrument out in their own workshop for 
14 obligation free days (Mail order customers 21 
days') If you are not happy with this product in any 
way return it in ORIGINAL condition for a full refund 
(less P&P for M/01 
SPECIFICATIONS: 
* 0 IkVDC 0 05%* 0 750V AC 0 8% (max)* 0 
10A DC 0 5% (max) * O 10A AC 1 0% ( max)* 0 
20M ohm 05% (max) 
FEATURES 
• All ranges hAly protected • Auto zero • 05 high 
LCD • Diode test ( lrnA fixed curent) • Audible 
continuity • Data hold • LCD display feature • 
Functional annunoators • Extremely accurate • 20 
page instruction manual included 
Cat 0M 1550 

PIONEER 12" GUITAR 422 
Our most popular guitar speaker ever still' About ' 2 
the price of most others of the same quality 100 
watts ans frequency response 80 5kHz. resonance 
OFfz SPI 100dB/1/2 metre Huge 4.002 gram magnet 
Cat CC, 2380 

ONLY $ 79.50 

FOSTER 4 WIDERANGE 
MOM CI 00K05 

This ever popular underange/midrange s now 
available again Ideal where high quality is needed, 
but when space is at a premium 
* Power 3 watts * Max power 10 watts * 
Resonant frequency 80 15Hz * Frequency range 
fo to 17 000Hz * SPI 90 22dB/V/ 
Cat CE-2312 

ONLY $ 18.95 

lOmm EXTRA LARGE LEDs 

Cat 2D-1956 ..ele 10 or more $ 1.60 each 

Cat ZDS 19570 0E1,1i or more 1. 6S01...U. 

Cat ZD 1958 $1.75 

110
LAP." 10 or more $1.60 each ALA foams 

Are* 

ONLY 

$159.00 

TOTALLY NEW !WM'S FOR /6 
OPO44100 - The world s smallest off the 
shelf DPM. 31/2 digit display ultra compact ultra lo, 
power 

Cat OP 5502 

gePAISCP0 Compatible with thi popular 
7106.26 8 36 range of A/D convertors 31/r dign 
ultra low profile ultra low power 

Cat OP 5504 $415.00 
111211112000 - Large character ( 15mmi 
meter with very high stability and very large range of 
engineering symbols in the .ndow 
Cat OP 5506 

Cat OP 5506 

$59.95 

$79.95 

GORE HILL OPEN 
TILL 4pm SATURDAY 

QUARTZ CRYSTAL CLOCK 
MOVEMENT 

NOW WITH 3 SETS OF HANDS AT 
NO EXTRA CHARGE 

INCLUDES SWEEP SECOND HAND 
Cat XC 0100 

ONLY $ 12.95 

1111•1• 

glFwma«MaNim•-

CARAVAN TV AERIAL 
• Suitable for car, caravan. boat • Designed for 
UHF/VHF and FM • Built-in masthead amplifier • 
Complete vath cable and plug 
Cat IT 3120 

ONLY $ 99.50 

UHF INDOOR ANTENNA 

UHF - PHASED ARRAY 
TV ANTENNA 

• cted for channels 21 69 • Extremely high gain 
• ne phased array elements • 9 I2dB gain • 
M ' ants like a normal antenna • High out of band 
signal rejection 
Crt IT 3182 

ONLY 

• Suited for channels 21 69 • For use 
signal areas 
Cat LT 3140 

ONLY 

TUNEABLE WM TO 
Will CONVERTOR 

Allows you to watch channel 28 on your VHF TV 
Cat IT 3830 

ONLY $99.00 

PENLIGHT ?Marls 
Dont keep nasty y money buying throw-away 
haven., Stet, c ,chargeable NiCads 

SUPERB "ROCA'ET" ORAN 
AA (Penlight) dISOntA 

$2.9 
JULY SPECIAL 4 FOR $ 10 

KEEP THEM CHARGED!! 
UNIVERSAL NICad CHARGE 
Accepts AA. C. D and 9 volt NiCad battenes 
Cat MB-3504 

ONLY $29.50 

MICRON TEMPERATURE 
CONTROLLED SOLDERIN 

STATION 
Select the temperature you require at the flick of a 
switch - no more changrng tips to obtain correct 
working temperature 
Cat IS 1600 

ONLY 911.50 
REPLACEMENT TIPS 

Cat TX 1601 Micro Chisel lmm 
Cat TS- 1602 Mini Chisel I 5mm 
Cat Ts- 1603 Standard Chisel 3rnm 

ALL PRIMED AT $5.95 IA 

MICRON 20 WAIT 
PRO IRON 250V AC 

This great iron has all the features of those costing a 
lot more * 370*C fixed temperature * High 
efficiency patented heating element * Iron clad. 
chrome plated. long life interchangeable tips 
Cat TS - 1550 

ONLY $22.50 

LOW COST MICRON 
25 WATT SOLDERING IRO 
Ideal for the hobbyist and handyman 240V operar 
with spare tips available Lightweight Tip tempera 
variation is well within limits suitable for electron, 
uork Come, complete with tip 
'It TS 144, 

ONLY $ 17.50 

SHOWROOMS 

SYDNEY 117 York St ( 021 267 1614 
Mon Fri 830 am 530 pm 
91urs until 830 pm Sat 9 am 12 

CA/2LINGFORD Lrir Carlingford 8 Pennant Hills Rd 
102) 872 4444 Mon Fri 9 am 530 p-
Thurs until 8 30 pm Sat 9 am 12 noir 

CONCORD 115 Parramatta Rd (02) 745 3077 
Mon Fri 8 30 am 5 30 pm only 

HURSTVILLE 121 Forest Rd (021 570 7000 
Mon Fri 9 am 5 30 pm 
Thurs untd 8 30 pm Sat 9 am 12 now. 

GORE HILL 188 Pacific Hwy (Cm Bellevue Ave) 
1021 439 4799 Mon Fri 9 am 530 pm 
Sat 9 am 4 pm 

°Jaycar 
ELECTRONICS 

INCORPORATING ELECTRONIC AGENCIES 
OLD. BURANDA 144 Logan Rd (071 393 0777 

Mon Fri 9 am 5 30 pm 
Tuffs until 830 pm Sat 9 .irri 

HEAD OFFICE 115 Parramatta Rd 
Concord 2137 
(02) 747 2022 Telex 72251 

ROAD FREIGHT ANYWHERE IN AUSTRALIA I 13.S0 

VISA E-M maeeaffi 
MAIL ORDER VIA 

I, __lye YOUR PHONE 
MAIL ORDERS 

37 
HOTLINE 

/121 TOU-FREE 
LY 

POST L PACKING 

S5 $999 S 200 
$10 $24 99 S 375 
525 549 99 S 450 
550 $9999 5 650 
OVER 5100 SIO 00 

BRAND NEW 100 page 1986/7 ENGINEERING CATALOGUE OUT NOW SEND LARGE S.A.E. 



_ ELECTROMARK PTY. LTD. 
43 ANDERSON ROAD ( P.O. BOX 1 84) 

MORTDALE NSW 2223 

available in Australia from PHONE (02) 570 7287 

TOROIDALS DISHED 
WASHER 

OUTER -,-.... 

-- 
INSULATION 

7 
The toroidal transformer is now accepted as the standard in industry, 

laminated Industry has been to overtaking the obsolete type. quick 
recognise the advantages toroidals offer in size, weight, lower radiated SECONDARY 
field and, thanks to I.L.P., PRICE. WINDING 

NEOPRENE 
WASHERS 

DESIGN Our large standard range is complemented by our SPECIAL INSULATION 
section which can offer a prototype service within14 DAYS together 

CORE 
with a short lead time on quantity orders which can be programmed PRIMARY 

WINDING to your requirements with no price penalty. END CAPS 

15 VA 
62 x 34rnm 0.35Kg 

Regulabon 19% 

SERIES SECONDARY isms 
No V0144 Curren, 

0.010 6.6 1 25 
0.0,1 9.9 083 
0.012 12.12 063 
0.0,3 15.15 050 
0.014 18.18 042 
0.015 22.22 034 
0.0,6 25.25 030 
0.017 30.30 025 
(encased in ABS plastic) 

30 VA 

70 y 35 mm 0 45 kg 

Regulabon 18% 

1.010 6.6 250 
1.0,1 9.9 166 
1.012 ,2.,2 , 25 
1.013 15.15 1 00 
1.014 18.18 083 
1.015 22.22 068 
1.016 25.25 060 
1.077 30.30 050 

50 VA 

80 x 40 rnm 0 9 kg 
Regulabon 13% 

2.0 ,0 6.6 416 
2.011 9.9 277 
2.0 ,2 12.'2 208 
2.0 ,3 + 5.15 + 66 
2.074 18.18 1 38 
2.015 22.22 1 13 
2.016 25.25 , CO 
2,017 30.30 083 
2.028 1,0 045 
2.029 220 022 
2.030 240 020 

80 VA 

95 x 40 mm 1 kg 

Regulatron 12% 

3.0 ,0 6.6 664 
3.011 9.9 4 44 

3.012 ,2. 72 333 
3.0,3 15.15 266 
3.0t4 18.18 222 
3.015 22.22 , 81 
3.0,6 25.25 , 60 
3.0+1 30.30 1 33 
3.028 110 072 
3.029 220 036 
3.030 240 033 

120 VA 
95 x 45 mm 1 2 kg 

RegulatIon 11% 

4.010 6.6 10 00 
4.011 9.9 666 
4.012 12.12 500 
4,013 15.15 400 
4.0.14 18.18 333 
4.015 22.22 212 
4.0 ,6 25.25 240 
4,017 30.30 200 
4,018 35.35 1 77 
41.028 110 1 09 
4.029 220 054 
4.030 240 0 50 

160 VA 

110 y 45 mrn 1 8 kg 
Regulabon 8% 

5.01 n 9., 889 
5.012 12.12 666 
5.013 15.15 533 
5014 15.18 444 
5.0 ,5 22.22 363 
5.016 25.25 320 
5.0 .7 30.30 266 
5.018 35.35 228 
5.026 40.40 100 
5.028 1,0 , 45 
5.029 210 071 
5.030 240 0 66 

225 VA 

110 x 50 mrn 2 2 kg 

Regulabon 7% 

6.012 12.12 938 
6.013 15.15 750 
6.0 ,4 18.18 625 
6.0 ,5 22.22 5 + 1 
6.016 25.25 450 
6.017 30.30 375 
6.018 35.35 321 
6.026 40.40 281 
6.025 45.45 250 
6.033 50.50 225 
6.028 110 204 
6.029 220 1 02 
6.030 240 093 

300 VA 

110 x 57 tam 2.6 kg 

Regulabon 6% 

7.0,3 15.15 10 00 
7.014 18.19 833 

7.015 22.22 682 
7.016 25.25 600 
7.017 30.30 500 
7.0,8 35.35 428 
7.026 40.40 375 
7.025 45.45 333 
7.033 50.50 300 
7.028 110 2 72 
7.029 220 1 36 
7.030 240 n 25 

500 ,IA 
135 y 60 rnm 4 kg 

Regulabon 4% 

8.0 ,6 25.25 10 00 
8,017 30.30 833 
8.018 35.35 7 la 
8.026 40.40 625 
8.025 45.45 555 
8.033 50• 50 500 
8.042 55.55 4 54 
8.028 110 454 
8,029 220 227 
8.030 240 2" 

825 VA 
140 x 70 mm 5 kg 

Regulabon 4% 

9.077 30.30 , 0 41 

9.010 35 '3, 8 " 
9.026 40.40 781 
9.025 45.45 694 
9.033 50.50 625 

9,042 55.55 568 
9.028 110 568 
9.029 220 e 54 
9.030 240 260 

For 110V emery Insert 707 in 
For 220V granary ( Europe) lased 
For 240V pommy (UK) men 
IMPORTANT Regulateon - All 
Please add regulabon hgure 

Why a Toroid? 
• Smaller size & weight to meet 
modern ' slimline. requirements. 
• Low electrically induced 
noise demanded by compact 
equipment. 
• High efficiency enabling 
conservative rating whilst main-
mining size advantages. 
• Lower operating temperature. 

Why ILP? 

• Ex stock delivery for standard 
240V range 

' Fast prototype service available 

*2 year no quibble guarantee 

place of'X' In type number 
'I' In place of'X• m type number. 

-2' in place of"X" In typenumber 
voltages 91/0100 are FULL LOAD. 

to secondary voltage to obtarn off 1090 nonage 

MI 

1ST BIRTHDAY CONTEST No. 4. 
What an incredible opportunity to win a top quality 
professional soldering station! All you have to do is 
answer these simple questions and tell us what 
features of the Ersa MS1500 soldering station most 
attract you. 
01: Who first applied for a patent on an electrically-heated soldering iron, 
and in what year? 

02: What is the ' eutectic point" temperature of "60/40" solder? 

03: Components sensitive to voltage ' spikes' may be damaged by on-off 
switch type soldering iron heater temperature control systems. What is the 
name given to the widely used alternative temperature control system that 
avoids such voltage spike problems? 

Now tell us, on a separate sheet of paper, using 30 words or less, what 
features of the Ersa MS1500 most attract you? 

Name  

Address  

  Postcode   

I have read the rules of the contest and agree to abide by their con-
ditions. 

Win this Ersa temperature-controlled 
soldering station with two irons, Model 
MS1500 from Meltec Pty Ltd 
The Ersa MS1500 miniature soldering station is ideal for 
precision electronic soldering on today's high density pc 
boards. It comes with a ' Minor soldering needle rated at 
5 W, for very fine work, and the 8 W Multitip for general 
use. Fully variable temperature control setting is featured, 
providing temperature ranges of 100-340 degrees C for the 
Minor iron and 100-350 degrees C for the Multitip. The 
irons operate from a safe 6 V supply via a safety isolation 
transformer. The holder and sponge can be mounted on 
the left or right. An earthing terminal on the station 
provides for operator earthing while working on static 
sensitive equipment. 

Signed-

* The Contest Rules are set out on page 6 of this issue. 
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aem project 6000 
devices will track each other thermally. In the earlier design, 
this was not done and the amp suffered from significant drift 
of its output dc voltage. This problem stems from the fact 
that the npn and the pnp transistors forming the symmetric 
differential amplifier stage do not have equal power dissi-
pation. Remember that the collectors of transistors Q3 and 
Q4 are at a voltage approximately 22 volts less than the posi-
tive supply rail and this means that the bases of the differen-
tial amp following then are also 22 volts below the positive 
rail. Transistors Q11 and Q12 will therefore drop around 21 
volts between their collectors and their emitters, whereas 
transistors Q13 and Q14 will drop around 120 volts if the 
module is powered from a + /- 70 volt supply. This leads to 
a significant temperature difference between these two pairs 
of transistors which upsets the symmetry of operation and 
leads to the net dc output voltage. 

Construction 
It is wisest for the reasons discussed above to base the con-
struction of this power amp on the two pc board designs 
given here. With this in mind, the construction is not difficult 
although the use of two pc boards does complicate things 
slightly. 
Commence construction by preparing the heatsink brack-

et which is fabricated from a 158 mm length of 50 x 40 x 6 
mm aluminium U extrusion. A detailed mechanical draw-
ing has been included with this article. Ensure that all holes 
are clean and free of burrs that might otherwise pierce the 
insulating washers used with the output devices. 
Mount the power MOSFETs to the heatsink bracket so that 

they are located in the U with their leads protruding through 
to the small pc board mounted flush against the other side 
of the aluminium bracket. Insulating washers must be used 
between the power MOSFETs and the heatsink bracket since 
the cases of the MOSFETs are connected internally to their 
sources which will be shorted to chassis if they not correct-
ly insulated. The four mounting bolts closest to the main pc 
board are used to make the connections between the sources 
and the rest of the circuit. These bolts must make good con-
tact with both the cases of the MOSFETs and the pc board 
but remain insulated from the heatsink bracket. To achieve 
this, star washers should be used beneath the bolt head and 
the nut and insulating spaghetti should be used covering that 
section of the bolt which passes through the heatsink brack-
et. The other four mounting bolts, those furthest away from 
the main pc board, must be insulated both from the MOS-
FETs and from the pc board. The easiest way to achieve this 

[ 

3841 28 71.5,28 87.28 120.28 
21.24 ). e e 4 e 4134,26 
e 54.5.24,  12 5,12.5 95.5.11, 101.26 4128.5.17 y 1 • .(1). e 4)60,145 -W  e LI- 26.5,14.5 46,12.5 112.5,12.5 145.5,12.5 

PLAN 

N.B. HOLES ARE GIVEN BY CO-ORDINATES (X,Y) 

20 33 46 61.5 97 112.5 125.5 158 

23.5 

11 ELEVATION] iLï 
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40 

is to use nylon nuts and bolts although some care should be 
exercised not to overtighten these which can strip the nylon 
thread. Alternatively, metal bolts can be used with insulat-
ing washers fitted to both the top and bottom of the bolts. 
A detailed drawing showing the mounting of the output 
devices has been included here to clarify this aspect of the 
construction. 

STAR WASHER 

SPAGHETTI MOSFET 

I  
MAIN 
PC -* 

BOARD 

fill METAL B   NYLON 
BOLT  BOLT 

FLAT 
•••••••4 

WASHER 

U -CHANNEL 

  INSULATING 
WASHER 

  SMALL PC BOARD 

STAR WASHER   COPPER SIDE 

rrn METAL rrn NYLON 
NUT NUT 

The next step is to mount the passive components to the 
track side of the small MOSFET pc board. This can be done 
after mounting the main pc board but it is easier at this stage. 
Follow the component overlay included here. Several of these 
components are mounted across adjacent tracks so some care 
should be exercised to ensure that they do not short to any 
of these intervening tracks. 
Once this is complete the assembly can be mounted to the 

main pc board. This is accomplished by first mounting the 
six flat-pack transistors to the underside of the heatsink brack-
et so that the leads can pass through the main pc board to 
its components side. Once again, these devices must be in-
sulated from the heatsink bracket using insulating washers. 
Be carfeul not to confuse the MJE340 and MJE350 types. Bolt 
the devices into place using the same bolts to hold the main 
pc board to the heatsink bracket. The main pc board must 
be mounted the correct way around so that the area marked 
with the rectangular border is adjacent to the heatsink brack-
et. Before tightening these mounting bolts line up the two 
pc boards so that their adjacent copper tacks mate correct-
ly. Once this is achieved, the bolts can be tightened and the 
two pc boards soldered to each other by running a fillet of 
solder along the copper tracks, ensuring that a good connec-
tion is made to both boards. 
The leads to the six-flat pack devices can now be soldered. 

Some of these require soldering to both sides of the main pc 
board. Be careful not to introduce any solder bridges across 
the adjacent leads of these devices. Soldering to the bottom 
side of the pc board can be a little difficult since this requires 
working between the heatsink bracket and the main pc board. 
A reasonably fine soldering iron tip will greatly assist to en-
sure freedom from solder bridges in this area. 
The remainder of the components mount on the top side 

of the main pc board in the usual fashion. Start by soldering 
the resistors and capacitors in place. Those components with 
tracks on the top side of the pc board should be soldered on 

AEM 6000 HEATSINK BRACKET DRILLING DETAILS 

30 

THE BRACKET IS A 158mm LENGTH OF 
50x40x50 ALUMINIUM CHANNEL. 
5mm THICK 

ALL HOLES ARE 4rnm DIAMETER 
50 ALL DIMENSIONS IN mm 

END ELEVATION — 
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aem project 6000 
HEATSINK CHANNEL BRACKET 

010 017 

(4+ 

INSULATING 
018 WASHER 016 

ecb ecb 

A FEEDTHROUGH LINK 

e c b 

015 09 

o 

ecb ecb ecb 

ALL TOPSIDE COMPONENT PADS MUST BE SOLDERED 

veiAi em 06190(9 ULTRA FIDELITY POWER AMP MODULE 

R19 09 Q15 016 RV2 C8 018 017 010 

2SK176 
2SJ56 

MOSFET PINOUT 
B OTT0141 VIE V/ 

BC547 

BOTT01.1 
\AEW 

BC639 
BC640 

BOTTOM 
VIEW 

DIODE 

K M O 
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COMPONENT PINOUTS 

1.4JE 340 
I4JE350 

TO-126 

PLASTIC 
AREA 

D1 

461 
BFQ10... 
BFQ16 

01 S2 

8011014 VIEW 

02 

both sides of the board. Mount the higher power resistors 
so that they stand off the pc board by approximately 1-2 mm 
to allow adequate ventilation. Ensure that the electrolytic 
capacitors are mounted with the correct orientation. These 
are polarised devices and will be damaged if the module is 
powered-up with these incorrectly inserted. The diodes and 
small transistors can be soldered next, leaving mounting of 
the small heatsink until last. This should be drilled accord-
ing to the drilling details given elsewhere, once again being 

02 sure to clean the holes of burrs that may cause problems with 
the insulating washers. The heatsink is held in place by the 
bolts used to secure the four flat-pack transistors to the pc 
board. The transistors must be insulated from the heatsink, 
and therefore from each other, by the use of insulating wash-
ers. After bolting these devices into place solder their leads,. 
as before, on both sides of the pc board. 

AEM 6000 PARTS LIST 

Semiconductors 

01, 02 ECG461 or equiv. 
03, 04 BC639 
05 BC640 
06 BC557 
07 BC639 
08 BC547 
09 MJE350 
010, 011, 012 MJE340 
013-016 MJE350 
017, 018 MJE340 
019, 020 2SK176 
021, 022 2SJ56 
D1-D6 1N914 or equiv. 
D7-D10 100V, lA 

fast recovery 
ZD1  12V, 400 mW zener 
ZD2-ZD5 12V, 1W zener 

Resistors all 1/4W, 5% unless 
noted. 

R1   100k 
R2  lOR 
R3   1k 
R4, R5 22OR 
R6, R7 33k, 1% 
R8 180R, 1% 
R9   3k3 
R10 10k, 1W 
R11   lk 
R12   2k7 
R13 120R, 1% 
R14 10K, 1W 
R15, R16 lOR 
R17, R18 10k 1W 
R19, R20 22OR 10/0 

•see below' 
R21-R26 100R, 1% 
R27-R30 680R, 1% 
R31, R32 100R, 1% 
R33, R34 33R, 1% 

R35   100R 
R36-R39  270R 
R40-R43 OR22, 5W 
R44, R45 22R 
R46, R47 22R, 1W 
R48   47k 
R49   lk 
R50 not used 
R51-R54   lOR 
RV1  20k 
RV2 20OR 

Capacitors 
Cl  470n MKP else MKT 

(see text) 
C2 1 n MKP else MKT 
C3 47p ceramic 
C4, C5 . 100µ/100V RB electro. 
C6 15p ceramic 
C7, C8 18p ceramic 
C9. C10 330p KP 

else ceramic 
C11, C12 33p ceramic 
C13 220n MKP else MKT 
C14 22n MKP else MKT 
C15-C18 100µ/100V RB 
electro. 
C19, C20. 100n MKP else MKT 

Miscellaneous 
PC boards, AEM6000, 
AEM6000B; AEM6r100 heatsink; 
wire; four 103 mounting kits; 
thermal paste; nuts & bolts; 
heatsink bracket. 

• R19, R20 are 150R to 270R, 
depending upon the number of 
output devices employed. In the 
case of the module as described 
(i.e: four output devices) use 
22OR 1%. 

Expected cost: 
$1104125 

 • 

Powering-up 
Before attempting to power up the module, make some 
preliminary checks with a multimeter and give the entire 
module a close visual inspection. Power amplifiers often fail 
somewhat spectacularly if a mistake has been made and the 
result are often expensive to repair. Check that the MOSFETs 
are correctly insulated from the heatsink bracket by check-
ing the resistance from the cases of the devices to the brack-
et. If a short circuit is found, unbolt the device and rectify 
the problem. Apply the same test to all of the flat-pack tran-
sistors, checking for shorts between their centre leads and 
the heatsinks to which they are mounted. 

If all is well, the module can be connected to a power sup-
ply. The recommended power supply rail voltages for the 
module lie in the range from + /- 50 V to + /- 75 V. 
Connect the power supply to the module using the two lOR 

series resistors shown in the circuit diagram of the test power 
supply. These resistors help to minimise damage to the mod-
ule in the event of a fault being present when the module 
is powered-up. Most serious faults will result in these resis-
tors being burnt out immediately upon powering-up. These 
resistors also serve the purpose of enabling the quiescent cur-
rent to be measured by measuring the voltage drop across 
them. Use a heavy gauge multistrand hookup wire, such as 
32 x 0.2 mm as a minimum, to wire-up the moduleto the posi-
tive and negative supplies. Note that the module is connect-
ed to the O V on the power supply at two different points. 
The main connection is from the 0 V point closest to the out-
put terminal on the module. This connection should be made 

NOTES & ERRATA 
regarding Part 1. 
The earth connection to 

capacitor C5 in the circuit 

diagram is shown as 'clean 

earth'. This should be shown as 

July 1986 - Australian 

'noisy earth'. 

The values of resistors R19 

and R20 are shown in the circuit 
diagram incorrectly as 150R. 

These should be 22OR as 

specified in the parts list. 
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using heavy gauge wire, like that used for the positive and 
negative supply rails. The second connection can be made 
using lighter gauge wire to the 0 V connection near the mod-
ule's input. The reasons for having these two separate earth 
connections, called "clean earth" and "noisy earth", will be 
detailed in Part 3. 
Once all of the connections have been made between the 

module and the power supply, ensure that preset RV1 is 
turned to the centre and preset RV2 is turned fully counter-
clockwise, then apply power to the unit. Watch for any signs 
of excessive power dissipation in the two 1OR resistors 
(smoke!). Should problems arise, switch off and trace the 

fault. If all is well, connect a multimeter across the lOR resis-
tor in series with the positive rail and adjust RV2 so that the 
meter reads 2.6 V. 

The final adjustment necessary is to set the dc output off-
set voltage. This is done by measuring the voltage from the 
output terminal of the power amp module with respect to 
0 V. Set the multimeter to the 200 mVdc range, if available, 
or the lowest dc range it has and, after letting the module 
warm up for about five minutes, adjust the dc voltage on the 
output to within 20 mV of zero. 
Your module is ready to go! 4 

AEM6000 pc board artwork More pc board artwork is on p. 95 
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GOT A MICROBEE SERIES I/II/III? 

GOT THE VITAL CONNECTION? 
CONVERT IT FOR VIATEL OPERATION AND JOIN 

THE 'REVOLUTION' NOW! 
If you're capable of wielding a soldering iron and prepared to spend an hour 

or so working on your 'Bee, then send for this 

'Shod Form' Conversion Kit 
Comprising full instructions, a small printed circuit board, software on 
disk, manual and Viatel control key overlays. 

Fi 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. 

giklimoimaimuiiiiknikmonolivamnnakniik 
Take 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' 
PO Box 289, WAHROONGA NSW 2076 

0 All mail orders will be despatched by 
0 certified post. Please allow for normal mail 
• turnaround delays. 

0 Name  

0 Address  

O 
0 Signature  

0 (Unsigned orders cannot be accepted) 
!PLEASE RUSH ME . . . Short Form 
!Microbee Viatel Conversion kit(s) 

94 FULL COST: $29.50, inc. post 
and handling. 

O 
0 I require software on: 

0d  ... 3.5" disk 

: . . 5.25" disk 

F I enclose payment by   

0  • Credit Card No.:   

1 Expiry Date. / /  

0 Cheque or Money Order 

g No:  
I d Please make cheques or Money Orders payable 
F to Australian Electronics Monthly'. 
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PROGRAMMABLE 

POCKET 

SCANNER 
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SX-155 
PROFESSIONAL 

POCKET SCANNER 

WITH OVER 16,000 
CHANNELS & 160 

MEMORIES 

28 

32, 
88 
to 
18, 
138 

1738 

ràc 

t514 
MHz 

The Microcomm 55 represents the latest develop-
ments in State-of-the-art LSI 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 Sx 155 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 of the first 40 channels with the top 120 
reserved for use by the Sx 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 ' Y 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 • • 55is a must 
for anybody with an interest in MOnitorin 

PRICE $485 
+ 1 4 P St, 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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1ST BIRTHDAY 
CONTEST No. 5. 

The Regency HX1000 handheld scanner 
covers six bands: 30-50 MHz, 144-148 
MHz, 148-174 MHz, 440-450 MHz, 450-470 
MHz and 470-512 MHz. It features 
keyboard programming and you can store 
up to 30 channel frequencies to scan your 
favourite channels at 16 channels per 
second, or scan the VHF bands at 17 
seconds per MHz and the UHF bands at 
eight seconds per MHz. Sensitivity for 
12 dB SINAD on the VHF bands is given 
as 0.5 µV on UHF. It is powered from 9.6 
Vdc, battery source or mains power supply. 
The HX1000 measures just 70 x 48 x 
197 mm. 

Wouldn't you like to win this great little 
scanner? It's simple — just answer correctly 
the questions here and write us a little essay 
on what you could do with the HX1000 
scanner. 

1ST BIRTHDAY 
CONTEST No. 5. 
at: What are the frequency limits of the UHF CRS band? 

02: What are the search frequency increments of the HX1000 on VHF and 
UHF? 

03: What does the term "SINAD" stand for? 

Now write for us, on a separate sheet of paper, using 30 words or less, on 
what you would like to do with a HX1000 scanner. 

Name  

Address  

  Postcode   

I have read the rules of the contest and agree to abide by their 
conditions. 

Signed:   

•The Contest Rules are set out on page 6 of this issue. 
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Low-cost, locally made weather 
fax to be launched world-wide 
Hobart-based computer equipment manufacturer, Flexi-

ble Systems, has come up with a low-cost design for a 
radio facsimile picture (TAX') decoder that prints, on a stan-
dard computer printer, weather information maps continu-
ously transmitted by a world-wide network of stations. 

The unit connects between 
the audio output of a single side-
band HF receiver and a stan-
dard dot-matrix printer, 
translating the frequency-shift 
keyed (FSK) transmissions into 
the digital data required by the 
printer operating in dot graph-
ics mode. It takes nine minutes 
to print a complete weather 
FAX picture. 
Dubbed the ' Navimate', it's 

aimed at people who need more 
immediate weather information 
than the usual broadcast or pub-
lished data, such as off-shore 
fishermen and cruising yachts 
(hence its name), country fire 
brigades and country airports 
frequented by gliding en-
thusiasts, for example. The sys-
tem comprises two main units 
— the decoder itself and a stan-
dard Brother H R5 thermal dot-
matrix printer. The system is 
powered from 12 Vdc. 
According to Flexible Sys-

tem's owner, Adrian Firth, the 
unit will cost about $2500, 
around one-third the cost of the 
electromechanical machines 
currently used for the purpose. 
They plan to use the local mar-
ket as a base from which to mar-
ket the unit world-wide. North 
America and Britain are the big-
gest potential markets, says 
Firth. 
The unit was designed and de-

veloped by Tom Moffat, elec-
tronics designer with Flexible 
Systems,who is well-known to 
AEM readers and, as you have 
no doubt already suspected, it's 
based on an idea employed in 
his hugely popular project, the 

Listening Post, featured in 
AEM's first issue. 
The Navimate comprises a 

phase-locked loop FSK decoder 
and a dedicated Z80-based com-
puter system. Internally resi-
dent software provides the 
necessary data shuffling to 
drive a standard dot-matrix 
printer. In addition to decoding 
and printing weather maps, the 
Navimate can provide decoding 
and printout of radioteletype 
(RTTY) transmissions. It also 
provides a printout of the oper-
ating instructions on command! 
"While the FAX printouts are 

not of the same quality as the 
costlier machines, they are read-
able and, we think, provide 
printout of an acceptable stan-
dard for the intended applica-
tions", Moffat said. 
"Apart from being substan-

tially lower in cost than current 
FAX machines, the Navimate is 
simple to use", Tom Moffat ex-
plained. "The unit includes de-
tection of the FAX start and stop 
tones, providing fully automat-
ic operation." 
There are three pushbuttons 

and five indicator LEDs on the 
unit. The pushbuttons provide 
selection of the 
READY/FAX/RTTY functions 
and the LEDs confirm what's 
happening. 
The unit was developed over 

the past 12 months, and Tom 
used a standard Microbee for 
software development and to 
blow ROMs for the prototypes. 
Further details from Flexible 

Systems, 219 Liverpool St, 
Hobart 7000 Tas. (002)34 3064. 

Tom Moffat and the Navimate FAX machine he developed 
for Flexible Systems. 

Communications Day '86 

The Shepparton and District 
Amateur Radio Club is 

holding its Communications 
Day again. This year the big day 
is Sunday the 7th of September. 
The event was previously held 
in 1983 and 1984 and proved 
popular with amateurs and 
others from throughout Victoria 
and southern New South Wales. 
This year the event will liven 

up its reputation of showing the 
latest in equipment and radio 
techniques. On display will be 
a home-type AUSSAT receiver 
station. This will almost cer-
tainly be the first time that many 
amateurs will have the chance 
to see the picture quality from 
Australia's own satellite. 
Early indications are that 

there will be a very large range 

of new equipment on display. 
The "disposals" type of gear 
will also be available as will a 
range of components. 

Demonstrations of packet ra-
dio, hopefully on HF as well as 
VHF, plus RTTY and a compre-
hensive demonstration station 
will give plenty to see and talk 
about. 

The club will also be launch-

ing the Wombat Award. This is 
the club's first entry into the 
field and these numbered 
awards should be eagerly 
sought. 
Venue is the Shepparton 

Showgrounds. Tea and coffee 
will flow all day and lunch will 
be available. For further infor-
mation, contact Peter O'Keefe, 
VK3YF on (058) 21 6070, PO 
Box 692, Shepparton 3630 Vic. 
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Build this low-cost decoder 
to print weather satellite 
pictures with your computer 
There are a number of polar-orbiting satellites that 
take continuous images of the Earth as they pass over, 
continuously transmitting the 'pictures' built up on VHF 
around 137 MHz. They are readily received with simple 
equipment (like a scanner) and, using this project and 
some simple software, you can print the weather 
pictures transmitted. 

ELECTRONICS AND COMPUTER enthusiasts are starting 
to look upward, as well as outward nowadays. The feature 
project published in the first issue of AEM, July 1985, the 
Listening Post, allowed a home computer to intercept tele-
type, Morse code, and facsimile transmissions from short-
wave stations. This project has been a roaring success as 
more and more people get hooked on "spectrum snooping". 
But it seems having your own shortwave listening post just 

isn't good enough . . . all you people out there want to get 
directly into satellites, of all things! So here we go with our 
first satellite receiving project. This one may not be the ulti-
mate in sophistication, but it's designed to give you a taste 
of direct satellite reception using the least amount of effort 
and expense. 
The satellites we are setting our sights on are the easiest 

ones to receive, the low altitude "automatic picture trans-
mitters" or APTs that orbit the Earth at a height of about 800 
km. These are set in near-polar orbits so that they spin around 
in a north/south plane as the earth rotates below them. This 
ensures that each point on the Earth's surface comes into 
view of each satellite at least once a day. 
There are other APT satellites in much higher equatorial 

orbits, such that they rotate at the same speed as the earth 
and effectively stay above one spot on the surface all the time. 

Tom Moffat VK7TM 
39 Pillinger Drive, Fern Tree, Tas. 7101 

These are called geostationary satellites. They produce the 
kind of weather picture served up on your TV set at the end 
of the news every night. Since the techniques needed to 
receive geostationary satellite pictures are much more in-
volved (and expensive) than for the low altitude orbiters, we'll 
give the big fellas a miss this time around and concentrate 
on the easy stuff. 
Our "ground station" will be pretty simple. We'll need a 

VHF receiver or a scanner capable of receiving frequencies 
around 137 MHz. (Watch out! Some scanners specifically 
miss out this frequency band.) We'll also need some kind of 
VHF antenna, possibly a preamplifier to boost the signal up 
a bit, a cassette recorder, a home computer, and the 
AEM3503 satellite signal decoder, You probably own most 
of this equipment already. The only thing you'll have to build 
is the decoder, and it's pretty simple. 

The spacecraft 
The low-level APTs carry a device called a "scanning radi-
ometer". This is sort of a camera to take pictures of clouds 
and land masses, but it's not really a camera at all, there's 
no film, and there's not even a complete picture. The only 
information an APT has stored inside it at one time is one 

ANTENNA 

>«< 

FROM 
SQUELCH 

UNE 

Showing the general setup for using recording and printing out weather satellite FAX 
pictures. First, make a tape of the satellite transmissions. Our squelch-operated cassette 
switch helps here for the satellites often pass over at inconvenient hours. The tape is 
played back through the decoder and the computer does the rest. 
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SUN SATELLITE ORBITS 
OVER THE POLES 

• 

THE EARTH ROTATES 
BENEATH THE SATELLIE 

SATE LU  

_ 
EACH SWEEP MOVES - _ 
FORWARD WITH 

SATELUTE MOTION 

SWEEP 

EARTH 

How the polar-orbiting automatic picture transmission 
('APT') weather satellites build up a ' picture'. Each sweep 
covers about 1000 km, transmitted each half second. 

The real thing! A NOAA7 satellite picture, courtesy 

Hobart Weather Bureau. The coast of West Australia is 
clearly visible. The ' grid' has been drawn on the print by 
hand. 

horizontal line, like one scanning line on a television screen. 
The scanning radiometer points straight down, and scans 

the same line over and over. But it's not really the same line 
because, as the radiometer is scanning back and forth (side-
ways), the spacecraft is moving forward in it orbit, over the 
Earth's surface. So the internal scanner is providing what 
would correspond to the 'horizontal' scan on a TV picture, 
and the satellite's own motion along its orbit is providing the' 
'vertical' scan. The result is a two-dimensional picture of var-
ious clouds, oceans, and continents that lie directly below 
the satellite's path. The picture is about 1000 km wide, but 
it is infinitely long since the "vertical scanning" never stops 
and the automatic picture transmitter runs continuously. 
One horizontal line of picture is transmitted e‘:ch half-

second. It is scanned, stored, synchronizing pulses are ad-
ded, and then it's transmitted down a radio link and got rid 
of before the next horizontal line is scanned. So the image 
coming in on your receiver at a given instant is no more than 
half a second old! It's effectively coming to you in "real time". 
The scanning radiometer is an interesting device. In these 

days of digital electronic everythings, would you believe the 
scanning is done by a spinning mirror, driven by a good old 
electric motor? Even though it's a bit "mechanical", the sys-
tem must be pretty reliable. Some of those APTs have been 
up there for over ten years, and they're still going strong. The 
radiometer detector is simply a fixed cell, like a photodiode. 
The mirror spins in the vertical plane, bending what it sees 
through a right angle and into the detector. 

It's not all that simple though, at least in the American 
"NOAA" APT satellites. There are some further optical goo-
dies to split the scanned line into two sections and shoot each 
section through its own optical filter. The sections are then 
laid side by side before they're transmitted. So the picture 
you get on the ground is two images, side by side. 

It is normal to sense one image in the visible spectrum, and 
the other in the infra-red. Since the detector element is a 
radiometer instead of a photometer, it is capable of directly 
registering the temperature of clouds, instead of just bright-
ness. This is considered of enormous value by weather fore-
casters. 
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The Russian "Meteor" satellites don't use the split beam, 

they send one picture that covers the whole width of the 
frame, except for an area taken up by some synchronizing 
pulses. Overall, they seem to provide a nicer image than the 
NOAAs, with especially good shading of the light and dark 
areas. But, using our "minimum" receiving system, you won't 
see the nice shades of grey! 
The pictures from all the low orbiter APTs are transmit-

ted on a frequency between 136 and 137 MHz. The trans-
mitter power is five watts, which is quite a big boomer as 
satellites go. This is why they're fairly easy to receive. At the 
same time, the pictures are transmitted in a higher resolu-
tion format on a frequency of around 1700 MHz, a lot higher 
than your average VHF receiver goes. So we'll forget about 
1700 MHz for now. 
The carrier is frequency modulated by a 2400 Hz audio 

tone, which is itself modulated by the spacecraft's picture 
video. The audio can be easily recorded on a cassette 
recorder. 

Receiving the pictures 
This is not a description of the best way to collect satellite 
transmissions, this is a discussion of how I did it using ex-
isting equipment. 

The Antenna 
Mounted near the peak of our roof is one of those "facia 
mounts" which has two TV aerials on it. The lower one is 
an ordinary TV array, pointed at the transmitters on Mt. Wel-
lington in Hobart. Above it is a home-made 11-element Yagi 
for Channel 9, pointed at Launceston. This one has its own 
little home-made preamplifier. 
At the very top of this bit of pipe is a 560mm (22 inch) long 

whip, attached with a CB antenna vehicle mirror mount, act-
ing as sort of the 'active' part of a 'groundplane' antenna, 
although there is no proper groundplane. I'm assuming that 
the Channel 9 antenna directly below is serving the pur-
pose. About five metres of good quality 50 ohm coaxial ca-
ble comes down from the whip, through a window and onto 
my desk. 
This type of antenna is certainly not what is recommend-

ed for satellite reception, but it got the system going quick-
ly. What's really needed is a circularly polarized 
multi-element antenna specially designed for the purpose. 
(See Practicalities elsewhere in this article.) Perhaps I'll give 
one a try one day. Maybe it will also have a pre-amp of the 
type on the existing Channel 9 TV antenna. 

The Receiver 
This is a Yaesu FRG-9600, as reviewed in A EM, September 
'85. Since the frequency deviation of the APT signal is ±- 17 
kHz, it is necessary to use the "Wide band FM" mode of the 
receiver. This mode on the FRG-9600 is about three times 
as wide as needed, at 180 kHz, but it works fairly well. I ad-
ded a "Corona" two metre amateur band preamp (sold by 
Dick Smith) between the antenna and the receiver input. The 
preamp's two little adjusters have been screwed down to peak 
it up to 137 mHz, and it makes quite an improvement. It 
would probably be better still if mounted at the antenna end 
of the coaxial cable. 
An FRG-8800 general coverage receiver with a VHF- con-

verter can hear the satellites as well, even without a preamp, 
but it's FM bandwidth is too narrow. Yaesu have a wideband 
FM filter available (in Japan). I'm trying to get one of these 
to try out; if it works it will allow owners of these shortwave 
receivers to use them for satellites as well. 

Our house is quite near the summit of Mt. Wellington 
where there is a grand collection of TV, FM, and other ra-
dio transmitters. In fact the ABC Channel 2 signal is so strong 
it causes bad "frame buzz" in my son's crystal set! It even 
gets into the stereo audio leads. In the midst of all this, we 
are trying to intercept a little bitty signal from a satellite many 
kilometres away. The noise from those big signals causes a 
lot of problems; and I'm surprised it works as well as it does. 

The Cassette Recorder 
It would be fair to say that just about any old cassette recorder 
should work to record the pictures you receive. I have used 
two different battery-powered "dictation" recorders, a Sony 
and an Aiwa. They are both quite old, but they both work 
well. 
You must be sure that the recorder is compatible with the 

audio levels coming out of the receiver, before expecting to 
get good recordings of satellite pictures. You might try to 
record one of your local FM broadcast stations. Many of these 
receivers have quite good audio quality, and if your record-
ing isn't clean as a whistle, something is wrong. 
An accessory that's almost a must is the AEM3502 signal-

operated Cassette recorder Controller project from the March 
'86 issue. You can set it up to start recording when the satel-
lite signal appears on a chosen frequency, and to stop record-
ing when the satellite goes out of range. Some satellite passes 
occur around 5.30 in the morning and there's no way I'm 
going to get out of bed to record then manually! 

The picture you'll be getting 
Cast your eyes now upon the collection of images presented 
herewith. They were recorded on a cassette, decoded with 
the project and a Microbee computer, then printed on a CP-80 
dot matrix printer. The first thing you'll notice is the intense 
contrast. There ain't no shades of grey, folks, dot matrix 
printers print a dot, or no dot, but not half a dot! Still, it's 
easy to see that the pictures are of clouds. 
One thing we can do with the AEM3503 decoder is adjust 

the level of brightness at which the picture will jump from 
black to white, using the light/Dark control. So you can play 
one picture cassette through the system several times, using 
a different Light/Dark setting each time to bring up differ-
ent aspects of the picture. This has been done in Picture 1, 
recorded from an American NOAA satellite. 
Picture la was produced by running the cassette through 

with the Light/Dark control set more or less in the middle. 
The picture is about 1000 km wide (east/west) and about 1500 
km high (north/south). It shows lots of nice pretty clouds. At 
the very left of the frame are some synchronizing pulses. At 
the right of each of the two images are things that look like 
sprocket holes in movie film. They are really grey scales, 
forced into a black/white-only format, so the size of the holes 
varies with the Light/Dark setting, with the scales looking 
bigger as the picture is lightened. 
The right side of the picture is the infra-red image. Most 

of it is totally black with the Light/Dark control set to properly 
reproduce the left hand picture. The IR channel suddenly 
comes good at the bottom; perhaps the satellite changed 
filters or exposure at that time. The whole picture represents 
about 12 minutes of satellite transmission time. 
Picture lb is the same cassette played again, only with the 

Light/Dark control set to bring out the most possible white. 
The grey scales have expanded so that they are almost all 
white. The visibly light half of the picture (left) is burned-
out to total white, but the IR channel has come up nicely, 
showing some wispy clouds and a big mass of white on the 

70 — Australian Electronics Monthly — July 1986 



Picture la: A NOAA Satellite picture; ' visible spectrum' 
frame to the left, infra-red frame to the right. The latter is 
too dark to resolve. 

Picture 1 b: Same picture as la but with the Light/Dark 
control set to bring out the most possible white in the 
infra-red frame. The visible spectrum picture video is 
'crushed' to total white. 

Picture lc: Same picture again, although here the 
Light/Dark control has been backed-off to favour more 
black content. The cloud formation in the upper centre of 
1b has disappeared here, but more detail now shows at the 
right of the frame. 

right side. Is this the coast of Western Australia? It certainly 
looks like it. 
Picture lc is the same scene yet again, but with the 

Light/Dark control backed off a bit to try to resolve the white 
blob in picture b. The wispy cloud has completely disap-
peared, but the white blob now shows some detail. It is still 
unclear whether there is a land mass there or not. The other 
picture here is a "proper" APT picture supplied by the Hobart 

Picture 2: This one's from a Russian Meteor satellite on 
137.4 MHz. The picture shows a couple of fades in the 
lower third and the audio ' subcarrier' seems to be drifting. 

Picture 3: Some strange effects happen when the 
satellite signal goes into a deep fade. The decoder ' loses 
lock' during a deep fade at the centre of the frame, then 
'recaptures' it later, but note that it's now out of sync. 

weather bureau. It shows what Western Australia is supposed 
to look like. 

Picture 2 is from a Russian Meteor satellite. There are syn-
chronizing pulses down the left (lots of them') and then a full-
frame picture. This one has a little problem with the vertical 
lines leaning a bit. This is because our computer's hdlf-
second-per-line timing is derived from the spacecraft's 2400 
Hz tone frequency, and the Russian satellites aren't renowned 
for their frequency accuracy. If we had actually synchronized 
to the sync pulses as the Russian designers intended, the pic-
ture would have been quite all right. 
There are a couple of fuzzy horizontal bars through Pic-

ture 2. They were caused when the radio signal faded 
somewhat. 

Picture 3 shows what happens when things go wrong. 
You'll see plenty like Picture 3 in the early stages. The pic-
ture went nicely until about half way along, when the satel-
lite signal just disappeared. This happened because the signal 
went into a deep fade, and the receiver's squelch closed, cut-
ting it off completely. It came good again after a few seconds, 
but only after the picture had lost sync and slipped to the 
right of the frame. 
Later on, it started to lose sync again, gradually. This pic-

ture was made just on sundown, and I suspect the satellite 
IR channel got darker and darker until there was so little tone 
level that the decoder had trouble staying locked to it. You'll 
notice the IR channel brightened suddenly, and the syncs 
came good at the same time. 
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The project design 
Following the Editor's kiss' principle (keep it simple, Sam!), 
the project design is relatively simple, but enough to do the 
job. Like the very popular AEM3500 Listening Post, I've used 
a phase-locked loop (PLL) IC to demodulate the received au-
dio signal. Here, I used a 4046 ` Micropower PLL' and it works 
very effectively indeed. A 4013 dual flip-flop derives a 120 
Hz 'clock' from the satellite signal for timing in the computer, 
while I've used a comparator, in conjunction with the other 
half of the flip-flop to derive the ' video'. This part of the cir-
cuit 'decides' when a 'dot' will be printed or not printed, con-
trolled by the Light/Dark control. 

It all goes on a small pc board and cost is quite low because 
the components are common, low-cost items. The circuit re-
quires a 5 V supply and, as it draws little current, this can 
be derived from your computer if a suitable output is 
available. 

When, where, what frequency? 
Ah, I was afraid you'd ask that! It is, of course, possible to 
predict exactly what time a particular satellite will come into 
range, exactly what part of the Earth it will be over at any 
time, and when it will disappear. But to work out this infor-
mation, either manually or with a computer, you need ac-
cess to certain information called " orbital parameters", and 
I've found this generally a little hard to come by. Your 
resourceful Editor may well do better. 
The Australian weather bureau doesn't rely on the APT 

satellite so much nowadays; their prime source of weather 
pictures is now the Japanese geostationary satellite, GMS-2. 
But they maintain a receiving capability for the APTs, just 
in case GMS-2 goes bung. The APTs are still considered 
super-reliable. 
The Weather Bureau's radio station AXM transmits via tel-

etype, every day, some "APT PREDICTIONS" which ara 
labelled "DAY PART 1", " DAY PART 2", "NIGHT PART 
1", "NIGHT PART 2", etc. Then comes strings of numbers. 
A trip to the Hobart weather bureau failed to shed any light 
on how this information is used. It seems they get big books 
full of computer listings with the satellite orbital parameters 
already calculated. 
As to figuring out what area is depicted in a satellite pic-

ture, the weather bureau had plenty of information, and their 
technical man spent a lot of time explaining it to me. They 
have some transparent overlays with lines of latitude and lon-
gitude on them, which are simply laid on top of the picture. 
But the overlays assume that the picture was received at a 
particular place, and printed onto a certain size of paper. So 
that technique won't be of much use to us, with various pic-
ture sizes, and locations scattered all over the world. 

The best way to get the pictures, I've found, is to choose 
some frequency and then lay in wait for the satellite. The 
AEM3502 signal-operated switch can do the waiting for you. 
There are several satellites on several different frequencies, 

and they fall into three general types: Tick-tocks, Whizzers, 
and Goose satellites! Huh? Well, that may not be too scien-
tific, but that's how they sound! 
Tick-tocks are the American NOAA satellites, and they 

sound exactly like a 2400 Hz tone with a grandfather clock 
superimposed on it. They go tick-tock-tick-tock as they scan 
over first the visible and then the infra-red channels. You'll 
instantly recognize the sound when you hear one. Tick-tocks 
transmit continuously, on 137.5 and 137.62 MHz. 
Goose satellites are the Russian Meteors. They go Honk! 

Honk! Honk!, once every half second. The honks are the 
sound of the burst of sync pulses as seen in Picture 2. Goose 
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CIRCUIT DESCRIPTION 
If you look at the circuit diagram in Figure 1, you'll see there's not 
a lot there. But the device has many useful functions. It demodu-
lates the amplitude modulation on the 2400 Hz audio tone (the 'sub-
carried') and produces a binary video signal representing the picture 
from the satellite. It also locks onto the tone, producing the modu-
lation. This 1200 Hz copy can be used as a clock signal by the 
computer, since exactly 600 cycles of it occur for each line of pic-
ture transmitted. 

This circuit was a joy to design, and it worked on the first try. 
It was one of those rare cases where you work out what you want 
it to do, and the circuit does it! The waveforms in Figure 2 were 
actually scribbled out as an idea before the first component was 
inserted, and the damn thing worked. Amazing! 

SATELLITE 

AUDIO 

COMPARATOR 

INPUT 

PLL 

VCO   

(2400Hx) 

2 I 

(1200Hz) I 

j COMPARATOR 

OUTPUT 

11•MMMI11. 

0' 

MDEO 
OUTPUT 

Figure 2 Showing operation of the 4046 PLL. 

Even though the circuit demodulates the audio signal, there is 
no demodulator, hence no problems trying to recover video infor-
mation of sufficient bandwidth, while getting rid of the 2400 Hz car-
rier frequency. We simply use some precise timing and a 
characteristic of a phase-locked loop (PLL) to snip samples of the 
carrier at the appropriate moments and build them into a video 
signal. 
The top waveform in Figure 2 is what comes out of your cas-

sette recorder. It's sent off to two places, the input of a 4046 phase-
locked loop chip (IC1), and the input of a comparator (IC3, On. 
LM311). A germanium diode on the comparator input clamps the 
bottom of the waveform near zero, such that all excursions of the 
signal go up. This puts them in the same range as the voltage 
from the Light/Dark control, which is the voltage the signal is com-
pared against. The ' clamped' audio is shown in the second wave-
form in Figure 2. 
Now to the phase-locked loop: it is a fairly standard design, 

straight out of the data book. We won't go into detail about how 
it works; that could be the subject of a whole book in itself! It's pur-
pose is to lock onto a synchronizing signal and then oscillate in 
step with it, even though the signal may jump up and down in lev-
el, or even fade into noise. People familiar with PLL design will 
notice that there is a whacking big electrolytic capacitor in the loop 
filter. This makes the circuit respond rather gently to jumps in the 
signal's frequency, amplitude, or noise content. It just keeps os-
cillating away regardless. 
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An interesting characteristic of a phase-locked loop of this type 
is that when the PLL is in lock with the incoming signal, the inter-
nal voltage-controlled oscillator (VCO) frequency is exactly 90 
degrees out of phase with the incoming signal. This means that 
the VCO flips from high to low or low to high while the incoming 

signal is at its minimum or maximum. 
The third waveform in Figure 2 is the PLL output. You'll see that 

its first transition, marked " 1", occurs exactly during a peak in 
the incoming satellite audio. The PLL then drops low again at the 
very bottom of the satellite audio signal. When it goes high again 

at "2", the satellite audio is again at a peak, and so it goes. 
Now here comes the good bit. If you arrange a computer or some 

other circuit to take note of the state of the incoming audio only 
at the upward transitions of the PLL signal (the parts marked 1, 2, 
3 and 4), what it will see is the modulation, the recovered video. 
Now back to the comparator: The broken horizontal line through 

the comparator input waveform in Figure 2 represents the level at 
which we have set the Light/Dark control. Any audio above that 

level will cause the comparator to operate. Cycle 1 is above the 
level, cycle 2 isn't, cycles 3 and 4 are above it. So the comparator 
operated on cycles 1, 3, and 4, as shown in the fifth waveform in 
Figure 2. The state of the comparator determines whether or not 
a dot will be printed by the printer when that particular cycle is 
sampled. 
Now, with the PLL oscillating away at 2400 Hz, there are 1200 

opportunities to sample the spacecraft audio during each half-
second picture line. But we don't need 1200 printer dots for each 
line of picture, 600 is a more reasonable figure. So we divide the 

PLL trequency by two using half of a 4013 flip-flop ( IC2). This new 
frequency is shown in the fourth waveform in Figure 2. We are now 
ignoring every second cycle from the spacecraft, and taking note 

of numbers 1, 3, etc. 
Finally, we are using the second half of the 4013 as a storage 

register for the current state of the demodulated picture. It will be 
high when the picture is white, and low when it is black. The register 
is only allowed to change states when it is " clocked" by the 1200 
Hz square wave. 
The bottom waveform in Figure 2 is what is sent to your com-

puter. Assuming the picture was black at the start of the trace, 
cycle 1 toggles the video high as the audio modulation goes high. 
At cycle 2 the comparator goes low again, but this is ignored and 
the computer still sees a white picture. At cycle 3 the comparator 
goes high again, but there's no change in the video output since 
it was already high. At cycle 4 it still remains high. 

In the original Microbee version of this system, the second half 
of the 4013 wasn't used, and the comparator output was fed straight 
to the computer. The 1200 Hz signal was then used to trigger an 
interrupt that caused the ' Bee to take note of the comparator at 
that instant. This worked nicely, although timing was critical; the 
samples had to be taken at just the right instant. But with the sig-
nal now being stored in the decoder itself, the computer can take 
a sample any old time it feels like it. This should simplify software 
development for other computers. The 1200 Hz clock signal is, of 
course, still available if Commodore/Apple type people have any 
use for it. The Microbee still uses this signal as its primary. 
"heartbeat' .. 
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AEM3503 PARTS LIST 

Semiconductors 
ICI   4046 
IC2  4013 
IC3  LM311, uA311 
D1   0A91 

Resistors All V4W, 5% 
R1  2k2 
R2  100R 
R3  47k 
R4  4k7 
R5  100k 
R6  33k 

RVi 50k vert. trimpot 
RV2  10k/A pot. 

Capacitors 
Cl  100n cer. 
C2, C3  10n poly. 
C4... 220u/16 V RBLL electro. 

C5  10n poly. 
C6  10n cer. 

Miscellaneous 

SKI.... RCA skt, panel-mount 
SK2 5-pin DIN skt, 

chassis-mount. 

AEM3503 pc board; AEM3503 
Scotchcal front panel (if re-
quired); small metal box, size to 
suit; computer interface connec-
tor; nuts, bolts, wire, etc. 

Expected Cost: $22-$28. 

Left: full-size reproduction of 

the pc board artwork and, 

below — the front panel 
artwork. 
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satellites don't seem to transmit all the time, but as this was 
being written one was fairly active on 137.4 MHz. 
Whizzers won't be of much use to you. They transmit their 

pictures at 240 lines a minute instead of the usual 120, and 
they seem to use a tone frequency that's much higher than 
2400 Hz. So this decoder project probably wouldn't be able 
to cope with them. A Whizzer can sometimes be heard on 
136.77 MHz. 

Setting it up 
This is easy. There is one adjustment, the 50k trimpot (RV1) 
on the circuit board. You will need a pair of headphones of 
some sort (pinched from your stereo, Walkman or whatever), 
and a cassette with a satellite picture on it. 

First apply power to the circuit and check for smoke, bad 
smells, etc. Nothing? Good. Set the trimpot in about the centre 
of its range. Now use some bits of wire or clip leads and con-
nect the headphones, or one side of them, between Test Point 
1 and Ground. You will probably hear nothing yet. 
Now connect the cassette recorder, set the volume about 

half way up, and play the tape. You should now hear a tone 
of some sort in the earphones. If there is nothing, rock the 
trimpot around a bit. If still nothing, you've got a problem; 
go back and check your wiring. 
Once you hear the tone, stop the tape. The tone will prob-

ably slide higher or lower in pitch. Start the tape again and 
the tone should jump back to the original pitch. You then ad-
just the trimpot so that the tone pitch is the same when the 
tape is running, as when it is stopped. The idea is to set the 
tone frequency so that the PLL has the minimum amount of 
work to do to keep it in lock with the incoming signal. That's 
it, you're finished with the construction now, you can dis-
connect your headphones and put the lid on the box! 

Software 
Just to kick things off, we present with this article some soft-
ware to produce satellite pictures with a Microbee, directly 
onto a dot matrix graphics printer. The printer used in the 
development was a CP-80, which is allegedly Epsoii, com-
patible. Since the Microbee's parallel port is already occupied 
by the AEM3503 decoder, you must use a serial printer. 
The CP-80 I used was actually a parallel model, fed through 

one of those serial-to-parallel converter kits you see adver-
tised in the magazines. This is an easy way to get a serial 
printer, although you must be sure to shoot some text through 
to the printer after the computer is first turned on, and be-
fore using the satellite software. It seems that the converter 
comes up with garbage in its receive register, so you must 
"clear its throat". Otherwise the computer's first graphics 
commands may be misinterpreted and the printer may go 
haywire! 
There are two versions of the program, one for ROM-based 

Microbees, and the other for disk-based machines. You can 
enter the hexadecimal listings using your monitor or some-
thing like DDT, or take the easy way out and order the soft-
ware through AEM's software service. 

PIN FUNCTION DIN PLUG 

1 +5V (3) 

2 BIT 7 (1200Hz CLOCK) (C) 

7 GROUND (A) 

13 BIT 0 (VIDEO) (D) 

1/11CROBEE PARALLEL PORT CONNECTIONS 

This software is a bit different from other facsimile-type 
programs, in that it brings data into the computer and shoots 
it out to the printer, all at the same time. That is, it runs con-
tinuously as long as there's a signal coming in and there's 
paper in the printer! This is done using interrupts, and the 
picture sampling rate and the printer baud rate are all in-
tegrated and all linked to that original 2400 Hz audio oscil-
lator up there in the spacecraft. 
How this comes about is very complicated and quite messy, 

and to explain all of it would take another article this size 
on its own. So we will dispense with the source code listing 
and a detailed program explanation, which few people would 
bother to read anyway. 
Once you've entered, or purchased the program, you load 

it as you would a game under BASIC in a ROM-based 'Bee. 
On a disk Microbee the program is a ".COM" file; you just 
type in its name "WTHRSAT". When the program begins 
you will see a message "STOPPED! Hit any key to start". Now 
make sure your decoder and printer are plugged into the com-
puter, the cassette recorder is connected to the decoder, and 
the printer is switched on. When everything is right, start 
the tape playing and press any key. 
You will see another message: "RUNNING: Hit [ESC] to 

stop". The printer should immediately do a line feed and then 
sit there for precisely 24 seconds as the computer prepares 
the first lot of data. Then the printer should begin printing, 
with a new line of picture appearing every eight seconds until 
the cassette runs out or you hit [ESC]. It's best to use [ESC] 
before the picture fizzles out completely. Otherwise the PLL 
tries to lock up on noise and the printer begins printing gib-
berish, messing up the paper at the bottom of your nice pretty 
picture. 
The program has a sync pulse detector at the start; in fact 

it's the very same one used in the Listening Post project. It 
seems to work well, although I must admit I'm not entirely 
sure how! It works better than other things I've tried, so I 
left it there, as is. The computer will generally lock up on 
the left hand edge of either the visible or the infra-red pic-
ture. If it doesn't you can stop the program with [ESC] and 
then re-start it for another go at synchronizing. 
When you are finished, the only way to leave the program 

is with the RESET key. This is a rather inelegant way to get 
out, but it's necessary to restore all the computer's interrupt 
functions to normal. Otherwise something might set off a spu-
rious interrupt later on, causing a crash of truly monumen-
tal proportions. 

Construction 
A small pc board holds all the components, and this is best 
mounted in a small aluminium utility box. The Light/Dark 
pot can be mounted on the lid with a Scotchcal lable to dress 
it up. Audio input is via an RCA socket mounted on one end 
of the box. Connection to your computer is via a 5-pin DIN 
socket mounted on the opposite end. 

Start with the boring mechanical bits. Use the front panel 
artwork here (or a photocopy) as a template to mark the hole 
for the Light/Dark pot. The blank pc board can be used to 
mark out the mounting hole positions. The RCA and DIN 
sockets are positioned such that they are readily accessible 
and do not foul the other items mounted in the box. The only 
earth connection between the case and the circuitry is made 
via the RCA socket earth lug. 
Now you can get on with the pc board. First, no matter 

whether you've made your own or have a 'bought one', check 
that all holes are drilled and are the correct diameter. See 
that there are no broken tracks or small 'bridges' between 

July 1986 — Australian Electronics Monthly — 75 



aem project 3503 

closely-spaced tracks, particularly around the IC pins. Cor-
rect any faults. Assembly is quite straightforward, just keep 
in mind the usual rules: take care with the orientation of C4, 
see that all the semiconductors are inserted the right way 
round. The accompanying component overlay makes it all 
clear. Sockets may be used for the ICs if you wish. Note that 
all the ICs face the same way. All the resistors and capaci-
tors should be mounted right down on the board, not ' stood 
up' on their leads. Light duty hookup wire is attached to all 
the off-board connection points, all of which are marked al-
phabetically. Use different colours to help identification 
when wiring later. Ensure you have plenty of length in these 
leads so that they easily reach where they need to go. TP1 
is used in setting-up the decoder. A short length of tinned 
copper wire may be soldered in place here, or you could use 
a more elegant 'pc stake'. 
A comment about several of the components is in order, 

as they affect the successful operation of the project. First-
ly, I found that SGS-made 4046 PLLs caused problems, ex-
hibiting sluggish VCO oscillation and locking problems. I had 
no trouble with National Semiconductor 4046s. Capacitor C4 
should be a 'low-leakage' electrolytic, such as the Elna 
'RBLL', or good quality electrolytic, such as the Siemens 
B41326. Also, note that, where I have specified ' poly' capa-
citors (C2, C3 and C5), do not use ceramics. Any of the plas-
tic film capacitor types should work well — the ubiquitous 
'greencap' (some makes of which are blue or brown), MKTs 
or MKPs. 

It is wise to check the board before mounting it in the box, 
ensuring the semiconductors and C4 are all correctly 
orientated. 

SOFTWARE 

Here are hex dumps of the software for ROM and disk 
Microbees, respectively. They should be entered using 
Monitor or EDASM and a copy saved before running. 
Check carefully for errors after entering it. Tape and disk 
software will be available through the magazine's software 
service. 

ROM version 
0400: F3 3E CF D3 01 3E DF 03 01 
0410: 01 21 08 04 22 88 00 F3 CD 
0420: 45 44 21 20 48 69 74 20 61 
0430: 74 6F 20 73 74 61 72 74 2E 
0440: DI 04 52 55 4E 4E 49 4E 47 
0450: 45 53 43 3E 20 74 6F 20 73 
0460: FB 06 10 76 DB 00 OF 38 F8 
0470: FA 01 80 03 21 58 22 3E 26 
04E40: CD DB 04 18 31 OD OA 1B 48 
0490: CD 09 80 FE 18 28 80 3A IC 
04A0: 4E CD AD 04 2B 3E 03 A4 85 
0480: CB 5F 28 F9 E6 DF D3 02 06 
:PICO: 19 30 02 F6 20 D3 02 10 Fl 
04DO: C9 El 7E 23 87 C4 42 80 20 
04E0: F5 C4 AD 04 F1 20 F5 E9 D9 
04FO: 3E 03 88 7E 20 01 A2 CB OB 

0500: A4 85 20 13 11 58 02 19 10 
0510: 7C 32 IC 05 EE 04 67 Fl D9 

DISK version 
0100: F3 21 80 00 7C ED 47 3E CF 
0110: D3 01 3E 97 D3 01 3E 7F D3 
0120: F3 CD E3 01 53 54 4F 50 50 
0130: 20 61 6E 79 20 68 65 79 20 
0140: 74 2E OA OD 00 OE 01 CD 05 
0150: 4E 49 4E 47 3A 20 48 69 74 
0160: 74 6F 20 73 74 6F 70 2E OA 
0170: 00 OF 38 F8 10 F8 76 DB 00 
0180: 58 22 3E 26 32 35 02 39 26 
0190: OD OA IB 4B 58 02 00 El CB 
0180: CD 05 00 El FE 18 CA 20 01 
0180: 2E 58 4E CD BF 01 2B 3E 03 
OICO: DB 02 CB 5F 28 F9 E6 DF D3 
OIDO: DF CB 19 30 02 F6 20 D3 02 
01E0: D3 02 C9 El 7E 23 OE 02 5F 
OIFO: Fl 20 Fl E9 El 7E 23 4F 87 
0200: E9 D9 F5 DB 00 SF 79 2F 57 

0210: CB OB 38 01 BI 77 20 3E 03 
0220: 19 10 OD 06 03 CB 09 30 07 
0230: Fl D9 FB ED 4D 00 00 00 00 

3E 97 D3 
D1 04 53 
6E 79 20 
OA OD 00 
3A 20 48 
74 6F 70 
10 F8 76 
32 IC 05 
38 02 00 
05 BC 28 
20 FS 18 
08 76 DB 

76 DB 02 
F8 E9 El 
F5 DB 00 
38 01 BI 
OD 06 03 
FB ED 4D 

01 3E 7F 33 
54 4F 50 50 
68 65 79 20 
CD 06 80 CD 
69 74 20 3C 
2E OA OD 00 
DB 00 OF 30 
D9 26 26 E5 
El CO CC 76 
F2 67 2E 58 
D2 76 DB 02 
02 E6 DF CO 
F6 20 33 02 
7E 23 4F B7 
5F 79 2F 37 
77 2E 3E 03 
CB 09 30 07 
00 00 00 00 

D3 01 3E DF D3 01 7D 

01 21 01 02 22 80 00 
45 44 21 20 48 69 74 
74 6F 20 73 74 61 72 
00 CD E3 01 52 55 4E 
20 3C 45 53 43 3E 20 
OD 00 FB 06 10 76 DB 
OF 30 FA 01 80 03 21 
26 E5 CD F4 01 1B 31 
CC 76 E5 OE 06 1E FF 
3A 35 02 BC 28 EB 67 
A4 85 20 F5 18 CO 76 
02 06 08 76 DB 02 E6 
10 F1 76 DB 02 F6 20 
87 F5 E5 C4 05 00 El 
F5 C4 BF 01 Fl 20 F5 
3E 03 88 7E 20 01 A2 
A4 85 20 13 11 58 02 
7C 32 35 02 EE 04 67 
00 00 00 00 00 00 00 

Mount the board in the box, using several nuts or short 
spacers to space the track side of the board off the box panel. 
Carefully wire-up the board to the Light/Dark pot, and the 
RCA and DIN sockets. Note that pin 2 of the 5-pin DIN socket 
goes to the earth on the pc board. If you use a shielded cable 
between the decoder and your computer, the shield should 
connect to pin 2 on the DIN plug. 

Here's a recent recording of a NOAA satellite, made at 
1900 EAST on 28 May, 137.50 MHz. Both are prints from 
the infra-red channel transmission. A few signal fades are 
visible. It was very clear over Hobart. In the upper picture 
not a lot of cloud shows with the Light/Dark control set at 
'medium'. In the lower picture, the Light/Dark control was 
set much lighter to bring out detail from the great mass of 
black at the bottom of the other print. 

Software for other computers 
As this is being written, the only software for the project is 
for the Microbee. But, as with the Listening Post, we know 
there will be a demand for computers such as Commodore, 
Apple, BBC, etc. By the time you read this, the wheels should 
be turning and those masters of the art who did the Listen-
ing Post programs, and others, should hopefully be getting 
stuck into this project. 

If you want to write some software, here are a few hints: 
If past performance is any indicator, you will probably want 
to display the pictures on the screen of the computer instead 
of going straight to a printer (the older Microbees can't real-
ly do this, but the Premium is another matter). Your program 
has to look at the incoming video signal and produce a 
horizontal row of pixels from the signal every half-second. 
This shouldn't be much trouble. 
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However, since the pictures are recorded on tape, you will 
have to find a way to nullify speed variations in the cassette 
recorder; otherwise it will be just about impossible to make 
vertical details in the picture line up one below the other. 
Remember that the 1200 Hz clock signal from the decoder 
is directly related to picture content, so if you lock your com-
puter onto it somehow, cassette speed variations should be 
no problem. 

The future 
The AEM3503 is only a start. There can certainly be lots of 
improvements in our satellite receiving system. Perhaps, if 

there's enough interest, a future project could involve a bet-
ter receiving antenna. This would hopefully give a dramatic 
increase in performance for little cost. 
Going one step further, perhaps there is a case for a com-

plete stand-alone receiver as a kit, eliminating the need to 
own an expensive VHF receiver such as an FRG-9600 
(although if you've got one of these, you'll be using it more 
and more for space applications). 

It would also be nice to be able to get at those signals around 
1695 MHz. I've never been beyond 500 MHz myself, so I'm 
a bit in the dark. Maybe that's a good project for our noble 
Editor, Roger Harrison, he's into the fancy stuff. You listen-
ing, 0 Great Designer of Sooper Dooper UHF Receivers?   

SOME WEATHER SATELLITE DATA 

Satellite APT frequencies (in MHz) 

136.32 136.50 136.80 137.30 

GEOS3 NIMBUS4 EGRS13 METEORs 

137.40 

METEORs 
COSMOS 

137.50 137.62 

NOAA6 
NOAA8 

137.77 137.85 

NOAA9 NOAA7 METEOR 

Typical polar-orbiting weather satellite orbital data 

Satellite 
(name/no.) 

Inclination 
(degrees) 

Period Apogee Perigee 
(mins) (km) (km) 

EGRS13 
GEOS3 
NIMBUS4 
NOAA6 
NOAA7 
NOAA8 
NOAA9 
METEORs 2-8 
METEOR10 
METEOR11 

99.7 
115.0 
99.5 
98.6 
99.0 
98.7 
98.95 
82.5 
81.2 
82.5 

107.2 
101.7 
107.1 
101.0 
101.9 
101.2 
102.03 
104.0 
101.2 
104.1 

1127 
935 
1098 
815 
856 
826 
883 
958 
885 
962 

1068 
826 
1086 
797 
836 
802 
862 
936 
749 
945 

The accompanying diagram shows the various orbital 
parameters. The time to complete one revolution of the orbit is 
called the period'. The angle between the orbital plane and 
the geographic equator (or equatorial plane) is called the 
'inclination'. When the satellite is furthest from Earth, it is said 
to be at its ' apogee', when closest to Earth it is said to be at 
'perigee'. The point (longitude) and the time at which the 
satellite crosses the Earth's equator going north is called the 
'ascending node equator crossing (EQX)'. It is usually given in 
degrees west of the zero (Greenwich) meridian and UTC 
(coordinated universal time). 

LOWEST 
—'PERIGEE' 

HIGHEST 
—.APOGEE' 

ASCENDING NODE 
EQUATOR CROSSING 

Typical APT signal characteristics 

Satellite transmitter power   5 watts (+ 37 dBm eirp) 
Modulation   FM 
Transmission bandwidth   +1- 17 kHz 
Subcarrier   2400 Hz 
Maximum Doppler shift   +/- 4 kHz 
Antenna polarisation   righthand circular 

A receiver employed to receive APT satellite signals should be used in the FM mode, and from the above it is apparent that 
an IF bandwidth of at least 50 kHz would be required, taking Doppler shift into account. Average path loss for the polar-orbiting 
satellites is around 135 dB, give or take a few dB, resulting in a signal at the antenna of around —100 dBm or so. Assuming 
no antenna gain and little feedline loss, this gives a signal at the antenna input of the receiver of around 2.0-2.5 V. This will 
result in quite a strong signal in most modern scanners which have sensitivities of around 1.0 01 for a 10 dB signal-to-noise 

ratio in wideband FM mode at these frequencies. 
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practicalities 

Simple antennas for weather 
satellite reception 
Roger Harrison VK2ITB 

You don't need an elaborate arrangement of beams rotatable in 
azimuth and elevation in order to receive weather satellite transmissions. 
The antennas described here have been employed by many satellite 
enthusiasts over the years and are simple to construct and erect. 

THE POLAR-ORBITING APT weather satellite transmis-
sions were designed to be received on relatively simple, low-
cost equipment. Their transmitter output powers are relative-
ly high at around five watts, producing quite a string signal 
at the ground for they pass overhead at heights typically rang-
ing between 800 and 1100 km. Even when they pass by low 
on the horizon, the distance from your antenna to the satel-
lite is only around 2200 km or so, which only drops the sig-
nal level a few dB. 
Over the years, two simple antennas have been widely used 

by satellite enthusiasts the world over: the `groundplane' and 
the turnstile with reflector'. 

The groundplane 
This comprises a vertical element a quarterwave long, with 
four ' groundplane' elements about 5% longer than a quarter 
wave. It is conveniently fed with coaxial cable being an un-
valanced design.To raise the feedpoint impedance to about 
50 ohms for a convenient match to common coax such as 
RG58 or RG213, the groundplane elements are 'drooped' 
about 45 degrees from the horizontal. The general arrange-
ment is shown in Figure 1. 
A groundplane antenna of this design can be quickly and 

simply assembled from an S0239 coax socket and heavy 
gauge wire, as shown in Figure 2. Only two groundplane ele-
ments are shown, for clarity. You can use tinned copper wire 
or enamelled copper wire. As a minimum, 18 gauge wire is 

Figure 1. General arrangement 
of the ' groundplane' antenna. 

QUAR7ERWAVE ) 

VER7ICAL 

FOUR CROUNDPLANE 

ELEMENTS. + 5% 

suggested. The antenna is then linked to the receiver with 
a suitable length of RG58C/U or RG213/U coax, with a PL259 
attached to the antenna end and a connector to suit your 
receiver at the other. If the cable run is less than 10 metres, 
RG58C/U will suffice, but for longer runs the lower loss 
RG213/U should be used. 
This simple antenna can be mounted in a variety of ways 

to suit yourself. You can erect a short length of pipe of about 
20-25 mm i.d., and drop the coax through it, letting the S0239 
sit in the top of the pipe, as illustrated in Figure 3. The mast 
that holds your TV antenna may be a suitable diameter and 
the groundplane can be mounted atop that. 
The groundplane has one drawback. It has a radiation pat-

tern like that shown in Figure 4. When a satellite passes over-
head at a high angle, where the antenna has a minimum in 
its response, the signal will fade and may become too weak 
to read. However, it has a very good response to satellites 
passing lower towards the horizon. 
The antenna need not be mounted very high, but keep it 

clear of nearby obstructions, particularly metallic bodies like 
downpipes, tanks etc. 

The turnstile with reflector 
A turnstile antenna comprises halfwave dipoles set at right 
angles and connected together 90 degrees out of phase. The 
axis is the imaginary line passing perpendicular to the plane 
of the dipoles and through their common mid-point. With 

Figure 2. Construction details of a simple groundplane for 
reception on the 136-138 MHz satellite band. 
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Figure 3. A simple mounting 
arrangement for the 
groundplane. 
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Figure 5. General arrangement of the turnstile with 
reflector antenna. The mast and frame are simply made 
with dressed timber, sealed with a stain or epoxy lacquer 
for outdoor use. Western red cedar is a good, durable 
timber to use. 

a screen reflector of at least 0.6 wavelength per side placed 
a certain distance behind them, the radiation pattern looks 
like a balloon facing directly upwards. It exhibits a modest 
gain of about 6 dB. The general arrangement is illustrated 
in Figure 5. Directly overhead (on-axis) the antenna response 
is circularly polarised, off-axis it is elliptically polarised. The 
balloon-like radiation pattern and circular polarisation are 
its two greatest advantages in this application. 
The reflector spacing is important for two reasons; it de-

termines the radiation pattern and feedpoint impedance of 
the antenna. Figure 6 shows the radiation pattern exhibited 
with a reflector spacing of 0.22 wavelength, showing the 
desired ballon-shaped response pointed upward. At this 
reflector spacing the feedpoint of each dipole is close to 70 
ohms, which is convenient in certain circumstances, as we 
shall see later. Figure 7 shows the radiation pattern result-

Figure 4. Typical radiation pattern of the 
groundplane antenna. This represents a 
'slice' through the pattern, which 
resembles a donut flattened on the 
bottom. 
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TABLE 1. 
Turnstile with reflector, relevant dimensions. 

Dipole length, tip-to-tip  1040 mm 

Reflector spacing: 
0.22 wavelength   480 mm 
0.37 wavelength   820 mm 

Reflector, length per side  1300 mm 

DLPOI_E 

DIPOLE 

PHA9NG UNE 

Figure 8. The two dipoles are connected via an 
'electrically' quarterwave long phasing line; that is, the 
line's velocity factor has to be taken into account. This 
provides the circular polarisation. Because the two dipoles 
are connected in parallel, this effectively halves the 
feedpoint impedance compared to that of a single dipole. 

ing from a reflector spacing of 0.37 wavelength — note the 
flattening of the response directly overhead. This reduces the 
very strong signals that occur when a satellite passes over-
head, helping prevent receiver overload problems (which can 
occur!), and improves the response to signals from satellites 
passing over at lower angles. In addition, the feedpoint im-
pedance of each dipole at this reflector spacing is close to 
100 ohms, which is also convenient as we shall shortly see. 
The crossed dipoles are connected via a quarterwave phas-

ing line, the feedpoint of the turnstile being connected to one 
of the dipoles. The arrangement is illustrated in Figure 8. The 
physical length of the phasing line is shorter than a ' true' 
quarterwave owing to the ' velocity factor' of the coax used. 
The dielectric 'slows down' the speed of electromagnetic 
energy conducted within the coax, hence physically short-
ening the wavelength of signals at any frequency. Typical-
ly, with common coax cables, the velocity factor is around 
0.66. 
The phasing line connects the two dipoles in parallel, hence 

halving the impedance presented to the feedline. With a 
reflector spacing of 0.22 wavelength, giving a feedpoint im-
pedance of 70 ohms for each dipole (as we saw above), this 
results in a combined feedpoint impedance of 35 ohms. A 

Figure 6. The resulting radiation pattern 
of a turnstile with a reflector spacing of 
0.22 wavelength. 
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Figure 7. Radiation pattern of the 
turnstile with a reflector spacing 
increased to 0.37 wavelength. This 
improves its response to satellites 
passing at relatively low angles and 
reduces the really strong signals from 
satellites passing directly overhead. 
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PRAND OPENING SPECIALS 
ru> r Yes we're practically back to normal in our new, 

enlarged premises. So come and try some 
of these specials - 
CONNECTORS 

aMM 
D- Types 
DB25 Chrome-plated plastic 

RFI backshell 
DB25P plug 
DB25S socket 
DB25 right angle plug 
DB25 right angle socket 
Centronics 36 way male 

with backshell 
IDC 34 way card edge connector 
IEC cord set 
IBM/Centronics cord set (2m) 

leMULTI-TURN POTS 
For applications requiring really precise 
adjustment you couldn't beat these panel 
mounted ten turn pots. 

S 1.95 
S 2.50 
S 3.00 
S 4.30 
S 4.50 

S 5.00 
S 4.00 
S 5.00 
521.70 

OCHIP SPECIALS 
Up to 50k $12.50 

100k $17.50 

DATA BOOKS 
As we always say - be quick because our 
supplies are limited. 

National Semiconductor 
Advanced Bipolar Logic $ 9.95 
High Speed CMOS S 7.50 
Data Conversion S15.00 

Interface $15.00 
Linear Applications ( 1980) $16.00 
Linear Supplement S 9.50 
Logic Vol 2 520.00 

Motorola 
Interface 
Linear & Interface 
Schottky 

T.I. 
High Speed CMOS NEW! $12.00 
Linear & Interface Applications 

Vol 1 NEW! 5 5.95 
Vol 2 NEW! S 5.95 

Linear NEW! $15.00 
Memory & Supplement NEW! $15.00 

Opto-electronics NEW! $15.00 
TTL Vol 1 NEW! $15.00 

Vol 3 NEW! $15.00 
Vol 4 NEW! S15.00 

S 4.95 
NEW! $15.00 

$10.00 

World modem chip $27.50 
Speech chips CTS 256-A-2 S28.00 

SPO 256-A-2 515.95 

HEAT SHRINK TUBING PACK 
A handy pack of various sizes and lengths 
Black and colours. Ideal for tidying up cable 
ends and a thousand and one other 

,L applications. $8.65 

TEMPERATURE SENSOR 
The AD590JH is a 2-wire current output 
temperature sensor giving a linear current 
output proportional to temperature. Ideal 
for many temperature measu ring and 

control applications. See ETI June 83. $5.95 

8.30 to 5 Monday to Friday. 8.30 to 12 Sat. 
Mail Orders add $5.00 to cover posta l charges. 

All prises INCLUDE sales tax. 

Tax exemption certificates accepted if line value 

exceeds $ 10.00. 

BANKCARD, MASTERCARD, VISA, CHEQUES 

L. 

NOW YOU CAN SEE WHY 
OUR SLOGAN IS 
'WOOD FOR CHIPS" 
From the commonest NAND gates and 
BC107's right through to microprocessors. 
converters and peripheral chips. Geoff's 
probably got the semi' you're looking for - 
and he can also give you technical advice 
on it too! 

EXPANDED DATA LIBRARY 
For the benefit of personal callers we've 
added more volumes to our 
comprehensive set of data books for you 
to peruse Check the specs or look for 
possible substitutes before you buy! 

GEOFF WOOD ELECTRONICS P/L 
(02) 427 1676 
229 BURNS BAY RD. 
(CORNER BEATRICE ST.) 
LANE COVE WEST N.S.W. 

INC IN NSW 

TWX 71996 
P.O. BOX 671 
LANE COVE N.S.W. 2066 

OR CASH CHEERFULLY ACCEPTED 

specialising in electronic components for the professional and hobbyist. 

H.
9 
d
O
d
 0
0
0
M
 

t
i
O
d
 0
0
0
M
 

H.
9 
t
I
O
d
 0
0
0
M
 

d
I
H
D
 t
I
O
d
 0
0
0
M
 

H.
9 
8
0
d
 0
0
0
M
 

Sd
11
1.
91
:1
0d
 0
0
0
M
 

11
.9
1:
10
.d
 0
0
0
M
 

... 
W
O
O
D
 F
O
R
 CHIPS ... 

W
O
O
D
 F
O
R
 C
H
I
P
S
.
 



practicalities 

MATCHING 

SECTION 

ELECTRICAL 

QUARTER WAVE 

OF 50 OHM 

COAX 

(e.g.RGSBe/u) 

DIPOLE 

75 OHM COAX 

(a.TRG59/) 

DIPOLE 

ELECTRICAL QUARTERWAVE 
OF 75 OHM COAX 

(e.g:FIG59/u) 

Figure 9. With a reflector spacing 
of 0.22 wavelength, the turnstile is 
readily matched to 75 ohm coax 
using this arrangement. The 
phasing line and matching section 
are each 360 mm long. With 0.37 
wavelength reflector spacing, no 
matching section is necessary and 
the feedpoint impedance is 50 
ohms, allowing use of a common 
50 ohm coax. 

quarterwave matching section, having an impedance which 
is the geometric mean of the feedpoint and feedline im-
pedances, is used to 'transform' between the two impedances. 
If we use a 75 ohm feedline, the matching section impedance 
is determined from: 

Z(matching line) = /Z(feedpoint) x Z(phasing line) 

Thus, 
Z(matching line) - ../35 x 75  

= ./2625 
= 51 ohms 

Hence we can use common 50 ohm RG58C/U for the match-
ing section and common RG59/U (or a common TV coax) for 
the phasing line and the feedline to the receiver. The gener-
al arrangement is illustrated in Figure 9. Using RG59/U for 
the phasing line, with a velocity factor of 0.659, the required 
length for 137 MHz operation (middle of the 136-138 MHz 
satellite band) would be 360 mm, accurate to within a few 
mm. The matching section could employ RG58C/U. This has 
a velocity factor of 0.66, giving a length of 360 mm, accurate 
to within a few mm. 
With a reflector spacing of 0.37 wavelength, the dipole im-

pedances are close to 100 ohms, yielding a feedpoint im-
pedance of 50 ohms, enabling us to do away with the 
matching section. The phasing line in this case should use 
75 ohm coax which, for RG59/U, would need to be 360 mm 
long. 
The general construction is shown in Figure 5. The mast 

may be simply 50 mm square dressed timber. It need not be 
very long, its length depending on where and how you mount 
the array. The reflector frame is made from light lath strips, 
with corner bracing of plywood or plank offcuts. The reflec-
tor itself is simply 'chicken wire' laid over the frame and 
tacked or wired in place. Either large- or small-weave chick-
en wire will do the job. The wood used should be recommend-
ed for outdoor use and I would suggest you seal it with 
an outdoors stain or epoxy lacquer. 
The dipoles may be made from aluminium tube or perhaps 

brazing rod, secured to the mast by screws. The coax may 
be attached directly to the dipole centre connections and 
sealed with silicone sealing compound to prevent the ingress 
of water. Note that the reflector is not actually connected to 
any part of the antenna system. Relevant dimensions for the 
dipoles and suggested reflector spacings for operation at 137 
MHz are given in Table 1. 
The antenna need not be mounted very high, so long as 

it is largely unobstructed from about 15-20 degrees above the 
horizontal. Quite successful results have been obtained with 
this sort of antenna sitting directly on the ground. 11.-

Australian Electronics Monthly 

r "000000~0~00,,W.W.W00000001 

SOFTWARE FOR THE 

SATELLITE FAX DECODER 
Daunted at the prospect of keying-in that 

kmachine code? 
<▪ By arrangement with the author, Tom Moffat, we are abl 
kto offer you software on cassette tape or diskette fo 
kjust: 

$17.00 
▪ plus $2.50 post & handling 

SATE 11TC 

----- 

e 6. A CH SWEEP - All you have to do is: 
0,10A 

OR 

e • send us a blank C10 cassette 
ti or a blank diskette (3.5" or 5.25"). 

•fill out the return-address label below and firmly 
attach it to your tape or diskette. 

•fill out the COUPON and send it to us, together 
with your labelled tape or diskette, enclosing pay-
ment by cheque or Money Order or your Credit 
Card details. 

Enclose your blank tape or diskette in a jiffy bag for protection. Put 5.25" 

diskettes between stiff cardboard. 

SWEEP 

EARTH 

All mail orders will be despatched by certified mail. 

>Please allow for normal turnaround post delays prevailing at time of send-

ei▪ ng 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 your tape or diskette and send it to: 

PO Box 289, WAHROONGA 2076 NSW 

COUPON 

eYes please! Rush me software for the 

:SATELLITE FAX DECODER 
:Cost: $17.00 plus $2.50 post & handling 

TOTAL: $19.50 

§I enclose payment by: 

Credit Card No.: 

}Expiry Date. /  

Signed:   

(Unsigned b orders cannot e 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  
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aem star project 

Build this low-cost 8-digit, 
1 GHz frequency counter 
Dick Smith Electronics 
Research & Development Division 

These days, a digital frequency counter would rate as an essential item 
in any service workshop, amateur shack or electronics hobbyist's test 
instrument inventory. This economical project has been designed to 
simplify assembly and provide good performance. It features readout to 
1000 MHz in three ranges and good sensitivity right across the range 
for ease of measurement on even low level signals. 

IN ELECTRONICS MEASUREMENT, after volts, amps and 
ohms, the next most required quantity one needs to meas-
ure would undoubtedly be frequency. The nature of frequency 
measurement demands knowing a numerical quantity to 
some order of accuracy, and hence the most convenient 
method is via a digital display. 
The frequency of any repetitive signal can be defined as 

the number of cycles that occur per unit of time. It is ex-
pressed in Hertz (after Heinrich Hertz, who demonstrated 
physical proof of James Clerk Maxwell's theory of electro-
magnetic radiation), this being the fundamental expression 
of cycles per second. The usual metric multipliers are applied 
— 1000 Hz = 1 kiloherz (kHz), 1 000 000 Hz (1000 kHz) = 
1 megaherz (MHz), 1000 MHz = 1 gigaherz (GHz), etc. 
The principle of digital frequency measurement is relatively 

simple. Imagine a flock of Farmer Smith's sheep galloping 
across a paddock. Now, we all know that sheep tend to play 
'follow the leader', so they all run more or less in line. To 
count how many go past per "second, Farmer Smith has his 
dog herd them towards a little contraption at the end of the 
paddock. This contraption is a funnel-shaped fence that 
forces them to go down a runway single file. Partway down 
the runway Farmer Smith stands by a gate which diverts the 
line of sheep into a side paddock where stands his deaf-mute 
offsider who counts the sheep that enter the paddock. Farmer 
Smith opens the gate for a pre-arranged fixed period, timed 
by his wristwatch. There are a lot of sheep and they're run-
ning Test, so he opens the gate for 10 seconds. His offsider 
counts the sheep and, knowing Farmer Smith opened the gate 
for 10 seconds, divides the number of sheep by 10 to get the 
number of sheep per second. As he can't call out the result, 
he writes it on a blackboard for Farmer Smith to see. It so 
happens that 112 sheep entered the paddock while the gate 
was open. The offsider, knowing the gate was open for 10 
seconds, divides 112 by 10, giving 11.2, so Farmer Smith sees 
his offsider write ' 11.2' on the blackboard. Thus, he knows 
his flock was galloping by at 11.2 sheep per second. 
Figure 1 shows a block diagram of a digital frequency coun-

ter. Note the similarities to Farmer Smith's contraption. 
There's a clock (Farmer Smith's wristwatch), a gate, the open-
ing of which is timed by the clock, a counter (the deaf-mute 
offsider) and a display (the blackboard). Now, in the ' real 
world' the input signal may be sinusoidal, or some other 
waveshape, so it is generally 'conditioned' before passing to 
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the counter via the gate as digital circuitry requires on/off 
signals. The trigger performs this function. The period for 
which the gate allows the signal to pass to the counter is de-
termined by the output from the divider/scaler, which has 
selectable output periods. The number of pulses per gate peri-
od are counted, stored and displayed. The counter output 
is stored in order to provide a steady display which would 
otherwise turn off between gate periods. In practice, gate 
periods generally ranging from 1 'is to one second are em-
ployed. It is the gate period which determines the fundamen-
tal display resolution. 

Figure 1. Block diagram of a 
frequency counter and 
operational waveforms below. 
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For the sake of accuracy, the clock almost always employs 
a quartz crystal oscillator. Inevitably, it is the accuracy and 
stability of this oscillator that determines the ultimate accura-
cy of the instrument. To provide a number of different fre-
quency ranges, either the clock frequency can be changed 
or the input can be divided-down by a pre-scaler, or both. 

In practice, frequency counters employ some amplification 
before the trigger circuitry to provide adequate sensitivity 
for measuring low-level signals. 

Design details 
Not so long ago, an 8-digit frequency counter capable of meas-
uring up to 1 GHz would have been constructed of around 
30 or more discrete ICs requiring a substantial power sup-
ply and housed in a case some 350 mm wide and 200 mm 
or more deep. Thanks to the wonders of large-scale integra-
tion, the circuitry these days is largely "swallowed up" in 
a single chip which provides the clock, divider, gate, coun-
ter and display driver functions. 
The ' heart' of this project is just such a device, made by 

Intersil, the ICM7216C. This is a basic 10 MHz, 8-digit coun-
ter that will drive 7-segment LED displays. Some peripheral 
logic has been added to provide three measurement ranges 
of 10 MHz, 80 MHz and 1 GHz, along with two input stages. 
One covers the 10/80 MHz ranges, providing signal amplifi-

SPECIFICATION 

The completed instrument is smart, simple and functional. 
The front panel is a piece of translucent red perspex which 
provides a filter to improve visibility of the 7-segment LED 
displays. 

cation and conditioning, the other providing amplification 
and pre-scaling for the 1 GHz input. The accompanying ta-
ble gives the overall specification of the instrument. 
Controls and functions have been kept to a minimum in 

order that the instrument be both low in cost and simple to 
use, without sacrificing the main requirements in frequen-
cy measurement. 

Construction 
The pc boards and front panel have been designed as an in-
tegrated unit to fit the H-2505 plastic instrument case, result-
ing in an easily assembled unit that both functions well and 
looks good. The relatively simple circuitry enabled a clean 
board layout and the elimination of point-to-point internal 
wiring, except for the mains cable. A 'motherboard', bolted 
to the case bottom, carries most of the electronics and the 
power supply. A vertical board, carrying the 7-segment dis-
plays, mounts behind the front panel, butted to the mother-
board and secured by grooves in the case sides. Only simple 
links are required between the two boards, virtually eliminat-
ing the chance of wiring errors. The front panel is a piece 
of translucent red perspex, enabling the 8-digit display to be 
seen through it. The instrument annotation is silk-screen 

Frequency ranges 20 Hz to 10 MHz 
20 Hz to 80 MHz 
30 MHz to 1 GH z 

Gate time is, 10 MHz & 80 MHz ranges 
1.28s, 1 GHz range 

Resolution 1 Hz on 10 MHz range 
10 Hz on 80 MHz range 

100 Hz on 1 GHz range 

Readout accuracy +/- least significant digit, 
+/- timebase accuracy 

Timebase accuracy +/- 1 part per million 
for Tamb 0-40 deg. Celsius 
(both ranges). 

Input impedance 
10-80 MHz input: 

1 GHz input: 

Maximum input 
10-80 MHz input: 

1 GHz input: 

1M//50 pF 
50 ohms 

5 V RMS 
(a) 5 Vp-p without R20, D3-D4. 
(b) 10 Vp-p with optional components. 

Input sensitivity 
10-80 MHz input 

20 Hz — 10 MHz: 40 mV RMS (typically <20 mV RMS) 
10 MHz — 50 MHz: 40 mV RMS (typically <30 mV RMS) 
50 MHz — 80 MHz: 200 mV RMS max. (40 mV RMS min.) 

1 GHz input 
30 MHz — 50 MHz: 40 mV RMS max. (typically <20 mV RMS) 
50 MHz — 1 GHz: 20 mV RMS max. (typically <15 mV RMS) 

Input coupling ac, dc blocking: 50 V max. 
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printed on it. Ventilation holes for the pcb-mounted mains 
transformer are drilled in the motherboard and the area of 
the case beneath it. The rear panel has slots top and bottom 
for general case ventilation. 
The construction is best tackled in a logical order, and we 

suggest you follow the progression laid down here. 
First, the motherboard 
All the low profile components can be loaded, trimmed and 
soldered into the board. The only critical point to note is that 
all the component leads around the input stages should be 

kept as short as possible. The body of these components 
should be flush with the board. If necessary, scrape the cer-
amic insulation off the legs of the capacitors to get them to 
sit down correctly. Long leads may introduce an inductive 
component into the active circuits and cause instability in 
the amplifiers. 
The coil LI is tightly wound with enamelled wire on a 

5 mm mandrel. This diameter is not critical, but keep it some-
where near this size. Clean off the enamel at each end and 
tin the leads before inserting it into the board. 

DICK SMITH ELECTRONICS 
PTY LTD 

SYDNEY-AUSTRALIA 
o 

K•3437 ZA1504 

'0) 

2D11/1ORT33.13 HTIM2 )1310 
OTJ Yrq 
f.odf - 

PARTS LIST 
1 GHz COUNTER 

Semiconductors 
DI, 02   BA243, BA244 
03, D4   BA243, BA244* 
D5-D8   0A47 
09, 010   IN914, IN4148 
D11, D12   IN4002 
IC1   MC10116P 
IC2   64S132 
IC3   74S196 
IC4   U664B prescaler 
IC5   74LS74 
IC6   ICM7216C counter 
IC7   7805 
LD1-LD8   LTS546AR-G 

TR 1   2N5486, MPF105 
TR2-TR5   PN4258 
TR6   BC547, DS547 

optional — see text. 

Resistors 
R1   100k 
R2   1M 
R3   220R 
R4-R6   470R 
R7   330R 
R8   470R 
R9   330R 
R10   470R 
All   330R 
R12   470R 
R13   220R 
R14, R15   470R 
R16   22R 
R17   68R 
R18   1OR 
R19   56R 
R20   220R• 
R21   150R 
R22   2k2 
R23   22R 
R24   330R 
R25, R26   10k 
R27, R28   lk 
R29-R31   10k 
R32, R33   10M 

VR1 .. 500R min. hor. 
VR2   5k min. hor. 

optional — see text. 

trimpot 
trimpot 

Capacitors 
Cl   47n ceramic 
C2   100p ceramic 
C3   100n ceramic 
C4 .. 100u/16 V RB electro. 
C5   10u/25 V TAG tant. 
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CN1 CN2 

, C6   100n ceramic 
C7   47n ceramic 
C8   82p ceramic 
C9   (not used) 
C10   100n ceramic 
C11-C13   in ceramic 
C14, C15   100n ceramic 
C16   39p NPO ceramic 
C17   
C18   33p NPO ceramic# 
C19   
C20   33p NPO ceramic 
C21   33p NPO ceramic 
C22 .. 1000u/16 V RB electro. 
C23, C24 . 10u/25 V TAG tant. 
C25   100n ceramic 

VC1. VC2 4.2-20p Murata 
ceramic 

#depends on crystal supplied. 

Miscellaneous 
CN1, CN2   BNC chassis-

mount sockets 
CN3 .. 3-way pc-mount mains 

screw terminal block. 
L1 .... 5 turns, on 5 mm id., 

airwound with 0.5 mm 
enamelled copper wire. 

RLY1 DPDT miniature relay 
with 5 V coil. 

SW1   2-pole, 3-pos 
slide switch 

SW2 SPOT pc-mount 
toggle switch 

TX1   AL7VA/15 A&R PC. 
mount mains transformer, 

7V5-0-7V5 secondary. 
XTAL1 .. 7.8125 MHz parallel 

resonant crystal 
(Co 22 pF, Rs <35R, 
0.001% tolerance). 

XTAL2 . 10.000 MHz, same 
spec. as XTAL1. 

1 x motherboard ZA-1504; 1 x 
display pc board ZA-1505; 3-core 
mains cable with moulded plug; 
heatsink pc-mount 30x30x30 mm 
OSE H3495; plastic instrument 
case DSE H-2505 with punched 
and screened front and rear 
panels; one No. A8 rubber grom-
met to suit 6 mm dia. cable; two 
small cable ties; 75 mm length of 
spaghetti insulation; length of 
0.5 mm dia. tinned copper wire; 
four M3 x 6 mm screws. 
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NOTE 025 BAT NEED TO BE REDUCED TO 1k TO ENSURE PRCPER ORERA BCH OF THE RELAY 

CIRCUIT OPERATION 
The circuit comprises three basic blocks: 

• a wideband amplifier covering from near dc to 80 MHz 
• a 1 GHz pre-scaler with signal conditioner, and 
• an integrated 10 MHz 8-digit counter/display driver. 

The heart of the counter is built around an Intersil ICM7216 series 
8-digit counter-display driver IC. This provides, in a single chip 
a high frequency timebase oscillator, a decade timebase counter 
multiplexed 7-segment decoder/display drivers for common-anode 
LED displays and the logic circuitry required to implement a tota 
counter system. 
The ICM7216C has provision for gating times between 10 mil 

liseconds and 10 seconds. In this project, we have only used the 
one second period. In practical use, little is to be gained with othe 
accumulation times and the fixed gate considerably simplifies the 
overall design. The need for a gate time switch is eliminated and 
so too is the decimal point shift with reference to this time and the 
input frequency range scaling. 
The only front panel control made available is the range-select 

switch. This three position, two pole slider caters to the input fre-
quency range of up to 1 GHz in three steps. One pole of the switch 
is devoted to decimal point select, the other controls the logic 
switching required to interface either the 10/80 MHz amplifier or 
the 1 GHz pre-scaler. 
The time base reference for the ICM7216C is normally a 10 MHz 

crystal and this satisfys the requirements of a 10 MHz input fre-
quency. This is also true with an input of 100 MHz or 1000 MHz 
if a 10:1 or 100:1 (respectively) divider is used. This is the case 
in this design with respect to the 10 MHz and 100 MHz (80 MHz) 
ranges. A 10:1 divider stage is implemented using a 74S196. A 
10 MHz crystal and the surrounding components provide the refer-
ence via the contacts of the RLY1 relay. 
On the 1 GHZ range, the division ratio is not a factor of 10. The 

U664b pre-scaler divides the input frequency by 64. A further divid-
by-two stage is provided by a 74LS74. The input frequency there-
fore has been pre-scaled by a factor of 128. In order that the final 
readout is 10 MHz, the intermediate reference has to be a factor 
of the input frequency divided by the pre-scaler division ratio. This 
makes the crystal required 7.8125 MHz. The changeover to this 
crystal and its surrounding components is provided by the relay. 
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The necessary gating and switching is provided by the simple di-
ode network connected to SW1 and the transistor TR6. 
Some readers may be quick to question why this second refer-

ence is necessary when the normal 10 MHz crystal would be cor-
rect if the pre-scaling ratio suited the 64 division of the input stage. 
This could be arranged by using two 5:4 stages. A 74167 syn-
chronous decade rate multiplier could be used to do this job nice-
ly. The total ratio would then be 64:1 x 5:4 x 5:4 resulting in 100:1. 
This certainly meets the requirements of a 10 MHz reference and 
the 10 MHz counter. The factor that is not obvious at face value 
is the input waveform to the 7216. The minimum period of any part 
of the incoming waveform cannot be less than 50 ns for proper oper-
ation. It can be seen that after the first divide-by-64 stage, the resul-
tant frequency (with 1 GHz input) will be 15.625 MHz. This sets 
the half cycle period at 32 ns. Because the division function of the 
following 5:4 stage does not result in a 50% duty cycle (even though 
the frequency division is correct), some of the shortest periods in 
this division train will still only be 32 ns wide. The same applies 
to the following stage. This means that the final pulse train present-
ed to the 7216 input will still contain periods of 32 ns, far less than 
the 50 ns minimum requirement. 
1 GHz pre-scaler 
The U664b pre-scaler was originally designed for use in frequen-
cy synthesizers in CATV tuners. Not only is it capable of operat-
ing up to 1 GHz but also has considerably high sensitivity in the 
frequency range between 30 MHz and 1 GHz. The IC operates from 
a 5 V rail. This makes the power supply requirements simple as 
other stages in the counter also run from this same potential. 
The input stage is kept very simple. The circuit shows compo-

nents R20, D3 and D4 as optional. These are only included if there 
is a likelihood that in use, the input may be above 5 Vp-p. A problem 
may arise if the counter is to be used around high power transmit-
ters or if the input is to be placed on a test point with a high dc 
potential. 

Following the pre-scaler is an output buffer and a dc level-shift 
stage. A bias adjust pot (VR2) is provided to set the threshold point 
for the following divider stage. The 74LS74 D-type flip-flop is con-
figured to operate in a divide-by-two toggle mode. The other half 
of the chip is not used. 
10 MHz/80 MHz input stage 
This section uses the tried and proven MC10116 ECL triple line 
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receiver, the second and third stages of this chip are configured 
to operate as Schmitt triggers. 
The input stage uses a FED/transistor pair as a low gain, wide-

band amplifier. VR1 provides an adjustment range to cater to 
parameter spreads in active components. The pot in reality be-
comes the sensitivity set point. The following differential amplifier 
is dc-coupled throughout. The transistor output pair TR3TTR4 pro-
vide the interface between the ECL differential output of the 
MC10116 and the input of the following 74S132 Schmitt trigger. 

Logic control switch 
To avoid running signal lines to the range switch, relatively simple 
control is achieved by the use of the 72S132 NAND two-input gate. 
In this system, the output from the 10/80 MHz stage is gated via 
section c. The output from the 1 GHz pre-scaler is gated via sec-
tion d. Only the steady dc logic value of the control gates is re-
quired to make the changeover. Pins 4, 5 and 12 carry the state 
from the remote range switch. This dc switching confines the high 
frequency signal lines to the short runs of the pc board tracks 
around the critical areas. 
The 74S196 also plays a role in the dc switching system. If either 

the 10 MHz or 1 GHz range is selected, this pre-settable decade 
counter is configured to follow the input when pin 1 is held low. 
If the 80 MHz range is selected, pin 1 will be high and this sets 
the counter in a divide-by-10 mode. 

IC1 and IC3 are Schottky devices to achieve the high speed 
switching rates from the 10/80 MHz stage. It is IC3, the 74S196 
that limits the input frequency to 80 MHz. This is not because of 
any ability to clock at any frequency above this figure but again 
because of the internal frequency division mode. The configura-
tion uses a divide-by-two followed by a divide-by-five function. It 
is this latter divider that sets a 4:5 duty cycle in the output pulse 
train that is the limiting factor. The shortest period is less than the 
50 ns minimum requirement of the 7216c if frequencies in excess 
of 80 MHz are applied. 
The power supply is straightforward and uses a 7805 three-

terminal regulator to provide the 5 V for the system. Ceramic bypass 
capacitors are spread around the supply rail on the board, provid-
ing distributed high frequency bypassing. Bypassing at the lower 
frequencies is provided by C4 and C24, the latter also ensuring 
the stability of the 7805 regulator. 

The mains switch should be installed flush to the board. 
Before insertion, place three lengths of spaghetti over the legs. 
The 7805 regulator (IC7), along with the heatsink, can now 
be fitted. Make sure that the mounting screw hole aligns with 
the heatsink before soldering the regulator into the final po-

sition. 
Mount the power transformer flush to the board. Two 

mounting holes are provided if you wish to secure with 
M2.6 x 5 mm PK screws. 
Next, the display board 
The 7-segment displays are mounted up off the board so that 
they reach as close to the front panel as possible. Load them 
all on the board on a flat spacer-guide between the body and 
the board as illustrated in the diagram here. The standoff 
space should be enough to allow the pins to just penetrate 
the board enough for soldering. Don't solder them in place 
until you have them all in line and level. Resistor R28 can 
be inserted and soldered next. Mount the slider switch flush 
to the board but only solder one leg at this stage. At the final 
assembly into the case, it may be necessary to slightly adjust 
the position to fit the front panel. 
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PC BOARD 
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THE TWO 

PC BOARDS 

BOT 7002 
PC BOARD END VIEW 

A series of short tinned copper links can now be soldered 
to the series of holes along the bottom edge of the board. Cut 
these to about 15 mm long and bend them at right angles, 
pointing away from the board, so that they will align with 
the holes in the motherboard. The two boards can now be 
brought together so that all the wire links thread through the 
holes in the motherboard. The edge of the display board 
should butt up to the surface of the other. With the boards 
held at right angles, solder all the links. 
Mounting in the case 
At this stage, try fitting the assembly into the case. The dis-
play panel should slide down in the rear slot of the three near 
the front edge. The four mounting holes in the motherboard 
should align over the appropriate posts. Adjust to fit if 
necessary. 
Remove the assembly and fit the mains cable. Don't forget 

to thread it through the back panel first using a grommet in 
the panel. Use two cable ties to secure it in position under 
the transformer core and along the board. 
Now comes the final tricky bit! Fit the two BNC connec-

tors to the front panel. The nuts should only be tightened to 
the point where the connector can just be turned in the hole. 
Orientate the sockets so that the pins fit the appropriate holes 
in the display board as you bring the two sections together. 
The flat of the nuts should lay on the surface of the mother 
board. The mains switch should fit the hole at the other end 
of the panel. Now slide the total assembly back into the case. 
The front panel position now dictates the final position of 
the slider switch and the two BNC sockets. Solder these 10. 
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points. All that remains is to solder four links from the BNC 
pins to the motherboard. Four 4 x 6 mm pk screws are used 
to secure the board in place after all checking and calibra-
tion has been carried out. 

Powering up 

1 
tuh—.1:41.1.3 

o 

o 

Before the unit is switched on, a final check should be made 
of the position, orientation and soldering of components. If 
possible, get someone else to check your work. 

WARNING: Keep your fingers away from the mains wiring 
and connection around the transformer. If necessary, guard 
this area with some form of insulation while testing. 

Before switching on, adjust the two trimpots, VR1 and VR2, 
to the mid-position. 
When the counter is first switched on, the display should 

light up. Only the displays to the right hand side of the 
decimal point should light. If only the least significant digit 
(LSD) lights to a high level of brightness, it indicates the 
7216C oscillator section is not operating and therefore no 
multiplexing occurs to display the other digits. If the opera-
tion doesn't appear normal, check out the component place-
ment, orientation and soldering. Measure the supply rail to 
see if it is around 5 volts. 

Calibration 
To calibrate the unit, a known reference frequency standard 
will have to be sought. e.g: Another frequency counter, a 
transmitter of known frequency, a crystal oscillator of known 
accuracy or a signal generator with suitable accuracy. 

Select the range and input socket and feed in the reference 
signal at a level suitable for the frequency (see sensitivity 
figures). This level is not critical but a value around or low-
er than the threshold will tend to give an unstable, inaccurate 
reading. It may be necessary at this stage to adjust the sensi-
tivity pots to get stable readings (see section below). 
Adjust the appropriate trimmer capacitor (VC1 for 1 GHz 

range, VC2 for the 10-80 MHz range) until the reading agrees 
with the known reference. It would be preferable to use a 
non-metal tool for this adjustment. It not, a conventional 
screwdriver will do but you will have to adjust then remove 
the tool from the trimmer each time a change is made. 
For greatest accuracy, let the counter run for an hour in-

side the case before you do the final calibration. This will 
give the reference oscillator section time to stabilise. 

Sensitivity setting 
If you have access to an RF signal generator, then this ad-
justment will be made easy. If not, you may have to arrange 
some form of 'loose' coupling. A ' sniffer coil' to receive the 
output of a low power transmitter will do fine. 
Connect the signal source and increase the output ampli-

tude until the reading is stable. On the 18 MHz or 80 MHz 
range, adjust VR1 to find mid-point position. You will find 
the reading will change or disappear either side of the set 
point. Reduce the input signal level and re-adjust the trim-
mer. Repeat this procedure to find the most sensitive point 
that produces a correct, stable reading. Carry out the same 
method to adjust the other input stage. You will find that the 
setting on this pot is reasonably wide. Set it to the mid-
position. 

Input cable 
For best results, use quality 50 ohm coaxial cable with BNC 
connectors. Low quality cable may give less than preferable 
results and downgrade the performance of the instrument. 
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WE WANT 
YOUR 
WORDS! 

— and circuit sketches, and ideas, and news, 
and views, and letters. 

WRITE TO US! 
WRITE FOR US! 

if you have a completed, or part completed 
article outline — 'phone, write or call us. You 
might get your words of wisdom in print! And a 

little cash in your hand. 

CONTACT: The Editor, Roger Harrison 
Australian Electronics Monthly, PO Box 289, 

Wahroonga 2076 NSW (02) 487 2700. 

Project 

1500 Metronome 
3500 Listening Post 
6500 Universal Most et Amp Module 
9500 Beat-triggered Strobe 
6102 2-Way Speaker 
5501 Negative Ion Generator 
4500 Microtrainer 
6510 4- Input Mixer 
601OLL 
6010MA 
6010F 
6010R 
Set of 4 
4501 8 Channel Computer Relay Interface 
6502 Order 6500 and 6501 
8500 Courtesy Light Extender 
4502 Real Time Clock 
4600 Dual-speed modem (no overlay, mods required) 
5502 Microwave Oven Leak Detector 
2500 Sine/Square Audio Generator (add $ 12 for RA53 thermistor) 
6503 Active Crossover 
4504 Speech Synthesiser 
5503 Bedwetector 
5504 Electromyogram 
3502 Signal-operated Cassette Controller 
2600 Peak RF Power Meter 
5505 Hash Harrier Mains Filter 
4610 Super Modem (includes EPROM) 

Note: The boards found in this issue are also available, price on application. 

ifIMM.17_10 IMETTIVWCZ 
Monthly 

PC BOARD SERVICE 
As a service to our readers, we offer quality pc 

boards for our projects featuring fibreglass substrate 

with roll-tin over copper tracks and a silk-screened 

overlay printed on the component side. 

Retail Price 

S 4.67 
$ 8.06 
$ 9.69 
S 11.32 
S 21.75 
S 12.35 
S 28.47 
S 20.40 
S 19.06 
S 23.10 
S 16.37 
S 16.37 
S 74.90 
S 13.00 

S 9.92 
S 10.46 
S 15.00 

9.12 
9.65 

S 23.06 
S 11.53 
S 9.16 
S 15.88 
5 9.16 
S 10.46 
S 17.72 
$139.00 

Please rush me the following boards 

Project No. 

Name 

Alldw a minimum o! 4 weeks delivery 

Price includes postage & packing 
New Zealand, add SI 00 to these charges 

Price 

All cheques or money orders should be made payable to 
Australian Electronics Monthly 

Address 

  Postcode 

I enclose my cheque/money order for 

Please tick payment method 

Cheque/money order Bankcard visa 

Mastercard American Express 

Card No No   Expiration 

Signature   

((Note Unsigned credit card orders cannot be accepted) 

You can buy the boards at our ottices it you wish, at any time during business hours 

We're located at WB Building, Cnr Fox Valley Rd and Kiogle St. Wahroonga NSW the 
entrence is In '<tinte SI 
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BenchBook 
Electronic doorbell control 
This circuit was designed and built to be used in conjunc-
tion with a standard doorbell running off the 240 volt mains 
supply via a bell transformer. The purpose of this accessory, 
primarily, is to indicate the door being opened by persons 
unannounced. This situation will activate the doorbell very 
briefly (to reduce the audible nuisance). Also built into the 
circuit is the ability to disable this facility if the bell-push has 
been operated immediately prior to entry. The reasons for 
the latter requirement are twofold: Firstly, if the bell-push 
has been used (indicating a visitor) there is no reason for the 
bell to be rung when the door is opened. Secondly, if the oc-
cupant is away from home, and upon returning the bell does 
not ring when the door is opened, it indicates there has been 
a visitor. 

Principal requirements of the circuit were small physical 
size (as it had to fit into the existing bell unit casing), sim-
plicity and low cost. 
The door sensor is a reed switch/magnet, mounted such 

that the switch is within the permanent magnet's field and 
closed when the door is closed. This holds pin 1 of ICI high. 
ICI(a) and IC2(d) form a monostable with an output approx-
imately 100 ms in duration, this time depending on the values 
of R2 and C2. 
The output from the monostable is inverted by ICI(d) and 

taken to a NAND gate, IC1(c). At this stage, assuming the 
NAND gate input pin 8 is high, the output will be low, which 
in turn changes the state of the NAND gate IC1(b), operat-
ing the relay and applying ac power to the door-bell via its 
normally-open contacts. 
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The original bell-push is inverted by IC2(c) and the output 
taken to the other input of IC1(b), providing direct operation 
of the doorbell. 
The "memory" section of the design centres on IC4, a 4013 

dual flip-flop. The output from the monostable at point A is 
gated with the output from F/F(b) and taken to both F/F(a) 
and (b) clear inputs; this is the reset function when the door 
is closed. 
Point D is taken to F/F(a) preset input, and if the bell-push 

is operated, F/F(a) will change state. 
This means the input (pin 8) of IC1(c) is now low and so 

no signal will pass through the gate to operate the relay. If 
the door is opened, the NAND gate IC3(d) is now enabled 
and allows the inverted output (from point B) of the monosta-
ble to set F/F(b) on the rising edge of the pulse. Now that 
F/F(b) is operated, IC3(a) is enabled, which means once the 
monostable pulse is finished (high) both F/Fs clear inputs are 
made high, resetting both to normal condition. 
Included is a simple dc supply consisting of a large capa-

citor and a bridge rectifier, but keep a careful watch on the 
ac output of the bell transformer and change the tapping if 
necessary. As a maximum, don't use more than approximate-
ly 10 volts ac input to the bridge. The capacitor is included 
across the bell as very high levels of noise are created in oper-
ation and this capacitor provides reliable operation of the 
electronics. 
The inclusion of the ceramic capacitor C5 is very impor-

tant as this prevents induced signals triggering the circuit 
and setting the F/F(a). Capacitor C1, across the microswitch, 
provides switch debouncing when the door is being closed. 
Omission of this capacitor causes operation of the monosta-
ble when the door closes due to switch bounce producing 
what is, in effect, a rapid series of highs/lows before stabiliz-

ing at the required high level, R.N. Sinclair 

Baulkham Hills, NSW 
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Have the very best electronics magazine 
delivered and ensure you get AEM every month 

Please post to Australian Electronics Monthly PO Box 289 Wahroonga 2076 
Please forward me 12 issues of Australian Electronics Monthly. 

All cheques or money orders should be made payable to Australian Electonics Monthly. 

Price for subscription is $39.60 NZ $A65 airmail 
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letters 

CD vs vinyl 

Dear Sir, 
I wish to discuss the Editorial of April 

1986, which contained statements along 
the lines of, ". . . both pressed from the 
same master (presumably!) ... com-
pared to the vinyl pressing of the same 
performance . . . CD was clearly inferi-
or soundwise (Brothers in Arms) . ..". 

Hi-fi reviewers and listeners are con-
tinually asserting that analogue (LP) 
music reproduction sounds better. 
However, sound and recording en-
gineers consistently make the opposite 
assertion: that digital (CD) sources yield 
vastly superior sound reproduction. This 
situation has serious implications since 
it alludes that the music industry is not 
catering for its clientele. I disagree 
strongly with Roger Harrison's conclu-
sions in this matter. 

What is the home listener's reference 
for assessing CD? The familiar LP. What 
are the engineers' references? The live 
sound and the master tape. Clearly the 
listeners are judging euphonic qualities, 
whereas engineers judge fidelity. For as-
sessing CD vs LP as a sound reproduc-
tion medium, only fidelity is a valid 
criterion. 

As for euphonics or the "niceness" of 
the sound, those in the stu-
dios/halls/cathedrals, and who like the 
original sound, prefer the sound of LP 
to the qualities of the original sound. As 
Tony Faulkner (English recording en-
gineer, mostly classical) said in Practi-
cal HiFi, March 1983, "I don't listen to 
records because of (their characteristic) 
sound quality . . . the sound I heard off 
CD is exactly the sort of noise I'd expect 
from any one of twenty one studios . . . 
the quality of that is a studio sound. The 
fact that you actually like what the 
record process does . . .". Yes, if you ac-
tually like that sound it is more an indict-
ment of your tastes than the valid 
criticism of CD. 

In defence of those who claim to sin-
cerely prefer records, some old master 
tapes which were pre-equalised in a vain 
attempt to cope with the lousy limita-
tions of vinyl, got put directly onto CD 
and sound unpleasant. But where pos-
sible different equalisations are used for 
records than for CD's — never assume 
you are comparing CD vs LP from the 
same master: if you are the CD has not 
been properly equalised and might well 
sound worse. But preferably you won't 
be, since even old recordings should be 
remixed for issue on CD. 

Take my advice: forget about lounge-
room comparisons where you only 
judge your acquired tastes, and think a 
lot harder before dedicating entire Page 
Three editorials to uninformed 
argument. 

Grant Selleck, 
Hallett Cove, S.A. 

My April Editorial endeavoured to show 
two sides of the same coin, and my dis-
cussion was not about the "euphonies" 
of CD versus vinyl LPs, it was about 
reproduced fidelity. My experience with 
music and music listening is not confined 
to "lounge-room comparisons" and I am 
quite acquainted with the 'sound' of live 
music performances in both 'real' and 
'unreal' settings. I play a number of in-
struments (all acoustic), my wife is a 
trained singer (opera, jazz, some light 
popular), our youngest child learns violin. 

Personally, I have always felt dissatis-
fied in some measure with what record-
ing and reproducing (and broadcasting) 
systems do to performances, how the 
sound of instruments and voices are af-
fected. However, only on CD have I heard 
what I would call the "characteristic" 
sound of familiar instruments recorded 
and reproduced anything like 'faithfully'. 
This aural pattern recognition is a com-

plex thing, and undoubtedly at the root 
of the whole debate. I wholly agree with 
Tony Faulkner, but I did not say I liked 
the sound of the Dire Straits LP, rather 
that it showed marked differences to the 
CD in two specific areas. I know that 
many recordings on CD that are 
parallelled on vinyl are not from the self-
same master, but I think the two exam-
ples chosen, neither coming from an ana-
logue master, provide fair grounds for 
comparison. 
While I can readily "... forget about 

lounge-room comparisons", what about 
those that have only that means? A con-
clusion based on lounge-room compari-
sons would be quite valid for that's the 
major means by which they have to judge 
both the performances recorded and the 
euphonies of the recordings. Few are in 
the position of the recording engineer to 
judge the differences live vs recorded. 

Roger Harrison 

Cool technique and 
human warmth 
Dear Mr Harrison, 
Some positive feedback (1 + [R2/R1]): 
You and your staff have developed a 

very friendly style in presentation of 
projects and descriptive material. I par-
ticulary enjoy Robert Fitzell's excellent 

balance of cool technique and human 
warmth. 
Please continue putting back the homo 

sapiens into the world of silicon. 
Helmut Lopaczuk, 

Monbulk, Vic. 

Preamps & speakers 
Dear Sir, 
Congratulations on a fine magazine. 

It's about time an electronic magazine 
catered to everybody and not just com-
puter fanatics. 
My area of concern is the construction 

of the AEM6010 Ultra-Fidelity Pream-
plifier (Oct., Nov., Dec. '85). In all the 
pictures of the completed 601OLL board 
the centre area shows four capacitors 
and at least four resistors. The circuit 
does not include them, the text indicates 
that it is for power supply expansion for 
future additions. My concern is that to 
do this at a later date will mean dis-
mantling the preamp to get the board out 
to attach these components, so why not 
do it now and save the aggravation and 
possible damage? You did it, why not 
give us the same opportunity? 
Also, on page 55 of the October '85 is-

sue there is a diagram of the 601OLL 
board showing capacitor positioning on 
the underside of the boards. That's great, 
no problem. On page 51 of the Decem-
ber issue there is this feeble, faded little 
diagram depicting capacitors on the un-
derside of the 6010MA board. Most of 
the capacitor leads aren't connected to 
anything; C132, C133 and C32 only have 
one leg on a track. Can we please have 
a better diagram with leads connected 
to the exact positions? 

In addition, why no headphone jack? 
I always reckon it's the best way to listen 
to hi-fi music. Very strange. Not as 
strange as facilities for separate AM and 
FM tuners; I don't see the point. Two 
tapes, yes, but two tuners! 
My other queries concern the 

AEM6102 bass reflex speakers. I want 
to mount the crossover boards in a box 
on the back of the cabinet to have bet-
ter access to them in the case of a fault. 
Once the drivers are in I don't want to 
have to pull them out to gain access to 
the board, in case of accidental damage. 
What can I put in its place to stop air 
bouncing off the back wall and imped-
ing the accurate movement of the woof-
er? Someone suggest gluing an egg 
carton to the back of the cabinet, what 
do you suggest? 
My other query concering the speak-

ers is that I have never been impressed 
by speakers using Vifa drivers. People 
rave about Mission 770s which your 
speakers are similar to. I reckon their 
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bass response is muddy; don't like them. 
Another Scan Audio product is Scan-
speak drivers; more expensive, but they 
are excellent. If I use Scanspeak drivers 
in my cabinets do I need to use a differ-
ent crossover board or will yours work 
just as well with these new drivers? 
While we are on speakers, can we ex-

pect a cabinet with a few drivers in it 
to match up with the Bandbox project? 
Also, in the current range of speakers 
you're doing, what's the chance of a sub-
woofer and satellite speaker to go with 
it? 
Thanks for listening to me, hope I ha-

ven't been too much of a nitpicker; it's 
just that I know what I want, and your 
magazine is my only source of supply, 
so if you haven't got what I want, I don't 
get it! The other well-known electronic 
magazines seem to have forgotten about 
people like me and think that computers 
are the only thing. 

Bruce Curtin, 
Grange, S.A. 

The space in the centre of the 
AEM601OLL pc board was originally al-
lowed to accommodate the addition of 
power supply filtering components for an 
additional moving coil pre-preamp stage. 

We have subsequently decided not to pro-
ceed with the development of this as it 
was felt that the likely improvements in 
sound quality would only be marginal if 
any. 
Our apologies for the overlay pattern 

shown on page 51 of the December issue. 
During the press plate-making process in 
preparation for printing, the alignment 
of the components to that of the back-
ground tracks became displaced. The cor-
rect overlay was shown in the Errata on 
page 99 of the January issue. We have 
reproduced it here for your convenience. 
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With regards to the headphone socket, 
please see my answer Mr. Ben Brown's 
letter on p.105 of the June issue. 
The placement of the crossover at the 

rear of the loudspeaker cabinet is intend-
ed only for convenient access via the 
woofer hole at the front baffle. Moving 
the crossover to the outside rear of the 
cabinet will not cause any difficulties in 
terms of the sound quality of the loud-

speaker. If you wish, line the inside rear 
of the loudspeaker with 25 mm thick 
overlay foam. 
The replacement of the Vifa drivers 

specified with Scan-speak drivers will 
necessitate changes to both the crossover 
and the port length. 
The crossover will need to be changed 

to correct for the sensitivities of the Scan-
speak drivers. Also the volume of the 
loudspeaker cabinet and its port length 
have been chosen by computer modelling 
to be optimum for the particular Vifa 
driver. The replacement of this driver for 
a completely different type will almost 
certainly destroy the bass end perfor-
mance. In my opinion, the Vifa drivers 
do not have a muddy bass end when used 
in the correct enclosure. 
Your idea for a sound reinforcement 

loudspeaker to accompany the Bandbox 
project is a good one and we will look into 
it closely. 
At this stage we are committed, for the 

time being, to the development of elec-
tronic (active) loudspeaker projects, so the 
development of a satellite system must be 
shelved for the time being. 
Thanks for your comments and helpful 

suggestions. 
Dave TiIbrook 

MC10 USERS: The MC10 Users Group is ac-
tive with an informative 20-page newsletter dis-
tributed every month. Send US$16 for air mail 
sub., to: Larry Allen, Box 103, Owenseville, IN 

47665 USA. 

SCANNER LISTING of Australian VHF/UHF 
aeronautical frequencies. Approx. 500 sorted 
freq/location/service. $5. D. Vale VK3CDI 
QTHR, or write PO Box 2395, Mildura Vic. 
3500. 

COMPUTER/VIDEO GAME, Dick Smith Wiz-
zard; 7 game cartridges plus BASIC cartridge, 
handbooks, datasette, joysticks and tape soft-
ware. $200.00 ONO. Richard Rosberg, 81 Kur-
rajong St, Dorrigo 2453. (066)57 2297. 

EPROMs 2732A, used once. g'teed OK. 100 
at $2.50 each ONO. Abandoned project. 
VK2ZTS. Call (02)644 8825. 

WANTED, SYSGEN-M and/or documentation 
for MUON (ADDS) system. Please reverse 
'phone charges. (02)660 3969. Rod, 189 
Bridge Rd, Glebe NSW 2037. 

WANTED TO BUY, Quadronec SQ decoder 
in working order. Phone, reverse charge, with 
price and details: (071)72 6933, Len Ralph. 

SELL: BIG BOARD II, Z80 computer. Fully 
operating, requires case, power supply, key-
board and disk drives. Ideal for hobbyist to set-
up an RCPM bulletin board. $450.00 ONO. 
Phone Ron (02)487 2619. 

ADIVIARKET 
WANTED, FREE for student — discarded 
equipment. Receivers, computers, test gear, 
etc. Working or not. For repair or parts, any 
condition. I'm studying electronics. Please 
send to: P.J.F., 9 Walsgot St, Geelong 3215 
Vic. (02)78 1923. 

NATIONAL SWL CLUB: For shortwave 
listeners, the Southern Cross DX Club wel-
comes inquiries from anyone interested in 
listening-in to shortwave, mediumwave, utili-
ty and amateur radio transmissions. Please 
write to GPO Box 1487, Adelaide 5001 S.A. 

ADMARKET 
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 and/or 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 advertieements only will be accepted We have ' small ads' for traders, who should 

contact our advertising representatives 

Send your adverts to. AZ11 ADMARIET 
Australian Electronics Monthly 

PO Box 389 WAHROONG• sum It8W  

Readers' free adverts. 

READERS-CLUBS-ASSOCIATIONS 
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The Last Laugh 

- 

. . . but ' Flight 
Simulator' is 
more fun than the 
real thing! 
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Arcotronics 

CRUSADER ELECTRONIC 
r- CEC COMPONENTS PTY. LTD. 

81 PRINCES HWY, ST. PETERS NSW 2044 
./111%0 Phone 519 5030 516 3855 (3 Lines) 519 6685 Telex 123993. Telefax 517 1189. 

SYDNEY: GEORGE BROWN & CO PTY. LTD, Phone 519 5855; GEOFF WOOD ELECTRONICS PTY. LTD. Phone 810 6845; WOLLON-
GONG: MACELEC PTY. LTD Phone 29 1455; CANBERRA: GEORGE BROWN & CO. PTY. LTD. Phone 80 4355; NEWCASTLE: D.G.E. 
SYSTEMS PTY. LTD. Phone 69 1625; MELBOURNE: R.P.G. AGENCIES PTY. LTD. Phone 439 5834; JESEC COMPONENTS Phone 
598 2333; ROSNIK DISTRIBUTORS PTY. LTD. Phone 720 3370: GEORGE BROWN & CO. PTY. LTD. Phone 419 3355; BRISBANE: L.E. 
BOUGHEN & CO. Phone 369 1277; COLOURVIEW WHOLESALE PTY. LTD. Phone 275 3188; ADELAIDE: PROTRONICS PTY. LTD. 
Phone 212 3111; D.C. ELECTRONICS PTY. LTD. Phone 223 6946. PERTH: SIMON HOLMAN & CO. PTY. LTD. Phone 381 4155; PRO-

TRONICS PTY. LTD. Phone 362 1044. 



FEAL./St1C._ 

Wuree ,J14 

AM 540 600 700 800 1000 1200 1400 16001 KM. SIGNAL 

111111111111111111111111111111111111111111 11111111111111111111111111111111 1 2 3 as 

STE REO 

ROWER MONO 

TM-152 Ann-AM STEREO TUNER 

Enjoy the Latest Dimension in Sound Right in 
Your Living Room For an Amazing Low Price 

AM stereo is new. Combining dramatic lifelike 
stereo reproduction with the strength and avail-
ability of AM frequencies. Many radio stations 
around Australia are offering this exciting FM-
quality sound. 

Realistic's TM-152 AM-AM Stereo Tuner is also new. 
It brings this new dimension in sound right into your 
home. As well as standard AM mono. The TM-152 
picks up the full band of frequencies with its built-in 
antenna (you can also connect an external antenna) 
and plugs straight into your existing stereo system. 
A five-segment LED strength level meter shows you 
how well you're receiving each signal. 

"rand 
ELEOTRONIII 

The TM-152 is finished in stylish aluminium and 
walnut veneer, and being mini-sized it looks great 
with compact stereo systems. You can also add 
Tandy's other mini-components for a complete mat-
ching system. Come in to your nearest Tandy Elec-
tronics store today for a demonstration, and hear 
what you've been missing!  value at $139.95 
31.1967 

SPECIFICATIONS. Frequency Coverage: 520 — 1620 kHz. Sen-
sitivity: 650V/meter nominal for 20 dB S&N N/N. Output Level at 
RCA Jack: 165mV. Antenna: Built-in Ferrite Bar Antenna. Stereo 
System: Compatible with motorola C-quam stereo-encoded 
broadcasts. Power Requirements: 7 watts, 240 VAC, 50 Hz. 

• WE SELL IT 
• WE SERVICE IT 
• WE SUPPORT IT These Cards Welcome At Most Stores 


