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• Bandwidth 20MHz • Rise time less than 17 n 
sec. • 5mV/DIV sensitivity • Channel A, 
channel B, dual, add, subtract III Component 

T tester • X-Y mode • V video synch filter. -••• 

OS-615S 
• Rechargeable battery 

-...i. - operated 6 hrs. 
operation 

.- • JI• • • Bandwidth 15MHz 
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• 2mV/DIV sensitivity 
• Dual channel 
• 95cm rectangular 

---,--, e -, • 6KV acceleration 
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. - • Delayed sweep 

• Trigger hold off 
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., • Trigger delay 
• 15KV acceleration 
• 5mV/DIV 

screen _ • Alt. trigger - sensitivity ( 1mV at 

• Ideal for field work • Single sweep reduced bandwidth) 

$785 $896 INCL. TAX $835 $961 INCL. TAX $1285 $1475 INCL. TAX 

ALL SCOPES AND METERS ARE 
FULLY GUARANTEED WITH A 12 
MONTH WARRANTY. 

DELIVERED ANYWHERE IN AUSTRALIA 

$7.50 for SCOPES AND $3.50 for 

METERS 

e 
TAKE YOUR PICK OF TOP QUALITY 
METERS. 

THE RUGGED ONES. 
Pushbuttons or rotary selections 

• 

• 

• 

• 

• 

DISPLAY: 31/2 digit LCD. 0.5" height, with 

leir and LO bat. Indication. 
RIXANGE INDICATION. 3 least significant 

digits blanked. 
MAXIMUM COMMON MODE VOLTA(.... 500V 
peak. 
OPERATING ENVIRONMENT 0° to 50°C- leas 
than 80% relative humidity up, to 35°C, less 
than 70% relative humidity from 35•C to 50°C 
TEMPERATUr 7,0-EFFICIENT. (0* to 18°C 
and 28* to 50°C) less than 0.1 applicable 
accuracy specification per •C 
POWER 9V alkaline or carbon-zinc battery 
(NEDA 1804) 
BATTERY UF 1000 hours typical with 
carbon-zinc cells, 2000 hours with alkaline 
Cells. 
BATTERY IND!raTor Display Indicates 
"LO BAT" when less than 20% of life remains. 
'AENSION` WEIGHT: 170mm x 87mm x 

42mm, 343 grams. 

Uncaro cs 
FOR HIGH TECHNOLOGY ELECTRONICS 

37 Ryedale Road West Ryde NSW 2114 Australia. 

Telex AA 73264 Phone (02) 807 4739 
BUY 

DIRECT 
AND SAVE 

Phone on the Hotline (02) 807 4739 

Avoid disappointment. Order your 

Scope or DMM by bankcard on the 

phone. Just call up, reverse the 

charges and we'll take your order. 

Prices Correct and goods expected n stoc at tens o gong to press 



THE BACKBONE of any technological industry, and in particular any fashionable ' high technolo-
gy' industry, happens to be engineers. Without the engineers. any technological activity is utterly 
dependent on 'outside' input and assistance. It is taken 'as read' that if Australia is to not just 
maintain its position amongst trading partners, but to actually advance, then we must encourage 
development of technology-based and high technology industries. For that, we need skilled people. 
Compared to our significant trading partners, we're way behind in training skilled people. 
Two years ago, around 8% of Australians entering the workforce for the first time had tertiary 

qualifications. At that time, the figure for Japan was — 35%! The Koreans are currently ahead of 
the Japanese with around 40% of those entering the workforce having tertiary qualifications. 
Getting down to specifics — Australia annually trains 146 engineers per million of population. 

compare this with Japan where 649 engineers per million of population are trained annually. In 
Britain, the figure's 250. West Germany — nearly 300. What a dismal performance from Australia! 
Choice of engineering as a career starts with motivation of children at school. Is it part of Aus-

tralia's palpable "technological cringe" that tertiary training in an engineering faculty is seen as 
'the hard road', while the humanities are seen as the ' soft option'? Just any tertiary qualifications 
are no guarantee of a place in the workforce. 
The Government's recent introduction of incentives for young people to undertake tertiary courses 

is a step in the right direction, but engineering as an attractive choice among the broad variety 
of options requires some 'education' — even 'marketing' — within our schools. A hobby interest 
often provides the motivation for a career choice. Passive consumer 'entertainment' — television 
and the video — is alleged to have had a marked negative effect on hobby activity among young 
people in recent years. The whole situation needs turning around. Who dares such a task? 

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 con. 
cerned about individuals constructing projects for their own private use, nor by bands for 
example, constructing one or more units for use in perfomances. 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 
to do so from the publishers, Kedhorn Holdings Pty Ltd, or from the copyright holders. We 
will take strenuous legal action against any person or firm found infringing 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 operate as indicated efficiently and correctly and that 
all necessary components to assemble the same will be available, no responsibility what-
soever 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 responsi-
bility is accepted for the failure to obtain any components in respect of such project or Mr. 
cuit. 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 fry unsolicited manuscripts, illustrations, computer software 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. 

Roger Harrison 
Editor 
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COVER 
This month's cover feature is 
speech synthesis. The 

computer keyboard and 
monitor are from Dick Smith 

Electronics. Photography by 
Mark Rowland. Ralph' the 

Cocky was shot with 

assistance from Featherdale 
Wildlife Park. Design by 
Marni Raprager. 

PROJECTS 
TO BUILD 

AEM4504 Low-cost 
Speech Synthesizer 
  40 
Add a bit of life' to your 
computer — build this 
speech synthesizer and 
get it talking! 

AEM6503 Active 
Crossover 
  52 
For applications in hi-fi or 
sound reinforcement 
systems, the active 
crossover has many 
advantages. Here's a 
versatile project with top-
flight performance. 

STAR PROJECT 
13-Element Yagi for the 
Amateur 70 cm Band 
  82 
Here's a simple to build, 
low cost Yagi yielding 
12.5 dBi gain that 
matches 50 ohm cable 
and requires no tune-up. 

CIRCUITS 8( 
TECHNICAL 

VELLUM 

PHARYNX 

GLOTTIS --le 

LARYNX 

LUNGS 

musal .4cnce. 

NASAL CAVITY 

NOSTRILS 

TOILE 

ORAL 
CAVITY 

OIAPNRACki 

The Mindless Mouth — 
Speech Synthesis 
Technology 
  20 
How speech synthesis 
developed and what the 
modern technology is all 
about. 

I AEM Product Review — Philips Series 18 DMMS 
  48 
Super series of digital 
multimeters with some 
unique features. 

AEM Data Sheet 

92 
The G./. SP0256A-AL2 
Speech Processor device, 
the heart of this month's 
cover feature project. 

Benchbook 

'Minimum component' 
audio output stages, 
power supply crowbar. 

96 

PRACTICAL 
COMPUTING 

AEM Computer Review 
#1 — Commodore's 
Amiga 
  62 
Combines the best of 
both camps — IBM and 
Macintosh, and then 
some. Impressive. 

SoftTalk 
64 

DOS — what it's all 
about, with particular 
reference to PC/MS DOS. 

Commodore Codex 
  71 
Cheap hard copy for the 
C64. Describes how to 
attach a cheap surplus 
teleprinter to the C64 and 
drive it. 

AEM Computer Review 
#2 — Data System/1 PC 

• Compatible 
  77 
They got it right — and at 

• the right price! 
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COMMUNICATIONS 
SCENE 

CLAM 

REFLECT 

METAL 
MASI 

CANTILEVER MOLINIING 

13-Element Vagi for the 
Amateur 70 cm Band 
  82 
Here's a simple to build, 
low cost Vagi yielding 
12.5 dBi gain that 
matches 50 ohm cable 
and requires no tune-up. 

Practicalities 
  80 
A PEP RF wattmeter 
featuring a LED bargraph 
display. 

CONSUMER 
ELECTRONICS 

Review of NAD's 1155 
Preamp and 2200 Power 
Amp, plus KEF C10 
Speakers 
  28 
Elements of a successful 
marriage — but careful 
matching is necessary, as 
always. 

Radical New Speaker 
Cabinet Design 

NEWS & 
GENERAL 

News Review 

Little Dick gets a bang 
out of life. 

9 

Consumer Electronics 
  27 
Unique appliance alarm. 

Retail Roundup 

Cabinets & crossovers. 
39 

Project Buyers Guide 
  39 
Where to get kits, boards 
and components for this 
month's projects. 

Bytewide 
59 

VAX power for your PC. 

Spectrum 
  78 

• Call to restructure 
amateur licence system. 

New Product News 

40 MHz digital storage 
CRO. 

Admarket 

Readers' free adverts. 

36 Subscriptions 
Danish speaker 
manufacturer, Jamo, has 
designed a remarkable 
new loudspeaker cabinet 
employing specially 
formulated materials. 

Honesty, Fallibility and 
Police Radar 

13 
The first in a two-part 
series, this feature 
examines how Police 
Radars work and what 
they can and can't do in 
given situations. Radar 
detectors are also looked 
at. 

87 

81 

  70 

Printed Circuit Boards 

Notes & Errata 

The Last Laugh 

25 

76 

98 

Weller Crossword 
Crossword No. 7 will 
appear next issue, giving 
you time to submit No. 6, 
from the January issue, 
for which entries close 
last mail February 17th. 

NEXT 
MONTH! 

BUILD AN 
ELECTROMYOGRAM 
Ever wanted to dabble into 
'biofeedback', but didn't know 
where to start? This is no ' gim-
mick' project — you'll be able 
to get real use out of it. The unit 
picks up the minute electrical 
impulses generated by muscle 
activity and gives a sound 
'feedback' signal. You can use 
it to explore what happens with 
your bodily actions and reac-
tions, as well as for relaxation 
via biofeedback. 

'STACKING' YOUR YAGIS 
So you've built one of our Star 
Project 13-element UHF Yagis 
but would like to improve your 
antenna performance further. 
Build another one and ' stack' 
the pair for more gain. You 
need a ' phasing harness' to 
feed them — here's how you 
do it. 

GETTING IN AND OUT 
OF THE MICROBEE 
Tom Moffat explains the mys-
teries of the Microbee's parallel 
110 port and how it takes in and 
puts out data. 

CLOSE EYE ON 
COMET HALLEY 
The satellite Giotto will make a 
close encounter with Halley's 
Comet over the next few 
months, providing scientists 
and the world with a unique 
view. This article explains what 
the mission's all about and 
what is hoped will be achieved. 

The Radio Communicators 
Guide to the Ionosphere and 
Electronics For Starters had to 
be held over this month due to 
lack of space. Look forward to 
them next month. 

While these articles are currently 
being prepared for publication, 
unforseen circumstances may 
affect the final contents of the 
Issue. 
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Thi Great 
The Software You Need 

business 
offer from 
Microbee 

THE 128K SMALL BUSINESS COMPUTER 
Microbee Small Business Computers are already 
providing invaluable help to thousands of 
Businesses around Australia, indeed around the 
World. It would seem that there are few 
professions or areas of commercial endeavour 
that cannot be streamlined or made to be more 
"accountable" with a Microbee Computer. 

Butchers, Bakers, etc. 
Users range from publishers to pathologists, even 
car yards are finding the Microbee Small 
Business System the cost effective technology tool 
that keeps their records straight, their 
correspondence in order, and keeps them in 
touch with the fast moving world of Data 
Communications and Videotext Services. 

lowsercIAL arp&R 
'Living Letters Package' 

The Complete Word 
Processor with WordStar $1995 
Pro Pack and DP100 Printer 

VIATEL 
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With the Microbee's now famous Bundled 
Software and CP/M operating system most 
routine computer functions are catered for 
without spending another cent, but it is highly 
likely that it is in the area of specialist 
applications software that Microbee scores most 
points. With so many third party software 
supplies able to provide specific solutions at 
realistic costs that don't in themselves create 
problems (check the prices of software to run on 
so called Compatibles). 

User Friendly Interface. 

Every Microbee Small Business System has its 
own user friendly ' B-Shell" which allows the easy 
choice of software by simple one finger selection 
of self explanatory ICONS. A comprehensive 
Help system is supplied and 'housekeeping 
functions are simplified. 

Australian Guaranteed 

Built to exacting control standards and World 
class quality the Microbee System is particularly 
robust remember the Microbee was first 
developed for use in schools, and in fact the 
same machine is in extensive use in schools, both 
in Australia and overseas. 

The Complete Business Package 
The Microbee Small Business System 
comprises: 
Microbee 128K Computer 
Dual 400K 5.25" Disk Drives 
High Resolution Monitor 
DP100 Dot Matrix Printer 
Cables and full set of manuals plus 

Bundled Software 
worth hundreds of dollars including— 
WordStar/Mailmerge 3.3, Microsoft Basic, 
Microsoft Multiplan, MicroWorld Basic, Telcom 
Communications Package, Full range of support 
utilities, Comprehensive Training Guides and 
Tutorials, A complete library of manuals so you 
can easily and quickly gain the maximum benefit 
from your system is also included. 

The Price 

For the complete Small Business System only 
$2395 including Sales Tax. 

As many of the Microbee Systems out there are 
used extensively for Word Processing with little 
need for Microsoft Multiplan, the new 'Living 
Letters Package' has no Multiplan or Microsoft 
BASIC. But it does have The Complete WordStar 
Package to bring life to your writing and 
considerable savings to your pocket 



2/956 Hunter Street, 
Newcastle West, N.S.W 2302 
Phone (049) 61 1090 

Koala Crescent, 
West Gosford, N.S. W. 2250 
Phone ( 043) 24 2711 

Microbee Education 
1.echnology (*entre 

As part of Microbee's Product Innovation 
Program, new releases which will shortly be 
announced include: 

The DP100 NLQ or Near Letter Quality Printer. 

The MB 7030 High Resolution (0.38 pitch) RGB 
Colour Monitor. 

The MB 3010 Green Screen Monitor. 

Technology Centres 

Victoria 

50-52 Whitehorse Road, 
Deepdene, Vic. 3103 
Phone (03) 817 1371 

South Australia 

117-119 Gouger Street. 
Adelaide, S.A. 5000 
Phone (08) 212 3299 

Western Australia 

141 Stirling Highway, 
Nedlands, W.A. 6009 
Phone (09) 386 8289 

Queensland 

455 Logan Road, 
Stones Corner, Qld. 4120 
Phone (07) 394 3688 

cmbee 
computer in Australia by Designed and manufactured 

Microbee Systems limited 
PHONE 
ORDERS ACCEPTED 



DO YOU WANT THE BEST VALUE FOR YOUR PERSONAL COMPUTER DOLLAR? 

If you want real value for money when you buy a PC compatible, talk to Hales & Rogers. We not only 
design, manufacture and sell: 

We also sell what we consider to' Data Acquisition Systems 
be the best value for money PC 

— * Digital Micro-ohm Meters compatible comouter on the 
market. We sell them as •. " Force Transducer Meters 
controlling computers to our 111 •:. • Instrumentation and Control 
Government and Industrial clients. Systems 

. WE SELL TO .• Oceanographic Research ,. . 
THE RETAIL MARKET TOO. . Instruments 

The best news is our PC 
compatible is also virtually the 
lowest priced compatible available. 11111111111111111 
Compare the prices and 
specifications on these systems ikiiiii.,, 
with the competition. 

, 

.. • 

Model MCS - 128k RAM, 
1 Chinon drive, Parallel printer port, 
135 watt power supply, High resolution Taxan 
green or amber monitor. 

$1470 incl. tax. 

, 

Model XTS - 640k RAM, 
1 Chinon drive, 1 NEC 10M byte Hard disc, 
Parallel printer port, 135 watt power supply, 
Taxan Super VIS Ill Colour Monitor. 

$2950 incl. tax. 
All systems are covered by a three month full parts and labour warranty. There is an extensive range of configurations available, the 
above are only a sample. We also supply a comprehensive range of peripherals and accessories. Please ring, write or call for a full price list. 

• 
HALES & ROGERS PTY. LIMITED Hales & Rogers 9 Mobbs Lane, CarlIngford, N.S.W. 2118 

Telex AA3870 (ALTYPE) Phone: (02) 85 7540 

AEM 6103 
10" 3-WAY 
SPEAKER 

AEM 4600 SYSTEM 

Dual Speed '790 
Modem 

(WOODEN CABINETS 
AVAILABLE) 

The ultimate ONLY AEM 6010 
kit modem el 
Case etc bY Ultra Fidelity Preamp 
all included' II All components included, Nothing else to buy' 

10A DIGITAL 
MULTIMETER 

19" 
ONLY 

*FULL ELECTRONIC MAINTENANCE* 
STOCKING THE JAYCAR RANGE OF 

PLUGS, SOCKETS, SEMI-CONDUCTORS, 
ACCESSORIES & KITS! 

54 UNLEY ROAD, UNLEY 

411111em 

TEC 
FLEXIBLE DISK DR;VES 

FB-503 500K BYTE 
IBM COMPATIBLE. 

FREE 
WITH EVERY FB-503 SOLD 
DURING FEBRUARY 1986 WE 
WILL GIVE YOU 1 BOX OF 10 
TOP QUALITY DISKETTES 

Bankcard & Visa Welcomed 

BRYAN GATT INDUSTRIES PTY. LTD. 

10/59-61 GYMEA BAY ROAD, OYMEA 

N.B.W. AUSTRALIA 2227 

P.O. BOX 146, CRONLILLA 

N.B.W. AUSTRALIA 2230 

TELEX: AA 70492 

TEL. (02] 526-2222 
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NEWS REVIEW 

New semiconductor assembly 
technology 
M atsushita Electric Co Ltd, the manufacturer of brands 

National, Panasonic and Technics, has concluded a 
licensing agreement with the Shindo Company Ltd, a lead-
ing manufacturer of film carriers for semiconductros, for new 
semiconductor assembly technology called Film Carrier 
Assembly Technology, "Transferred Bump TAB (Tape Au-
tomated Bonding)." 
The current film carrier as- formed on a glass substrate and 

sembly method is effective in then transfered to the film car-
making IC chips thinner and rier leads. The film carrier is 
smaller, making electronic bonded to an IC chip by heat 
equipment such as IC cards and pressing. Bumps can be refabri-
liquid crystal displays more cated on the same substrate. 
compact. Its only drawback is The process of forming 
complicated and expensive bumps on the film carrier is 
processes, especially the much simpler and much less 
process of forming electrode expensive than forming them 
bumps which bond leads with on a substrate. The method also 
an IC chip. allows repeated use of the sub-
Matsushita claim their new strate and flexible selection of 

approach to forming bumps is chips, reducing assembly costs. 
unique. The bumps are formed As a result of commercialize-
on the film carrier, rather than tion of the technology, the use 
on the IC chips as is done in the of film carrier type ICs and LSIs 
conventional film carrier is expected to increase. promot-
method. The bumps are first ing compactness of equipment. 

Matsushita is ready to license 
the new technology to semicon-
ductor and electronics 
manufacturers throughout the 
world to meet strong demand 
for such technology. 
The Shindo company will 

LITTLE DICK GETS A BIG BANG OUT OF LIFE 
'Little Dick,' alter ego of the Dick Smith Electronics organisation, got 
a lucky break on Friday the 13th last December when he took part 
in the world-record breaking bon bon bust at Sydney's Bankstown 
Square along with stars of stage, football, radio and centrefold — come-
dian Rodney Rude, footballer Ray Price, 2WS's Peter Graham and 
Playboy Playmate Ali Lynwood. 
The giant bon bon, constructed to celebrate Dick Smith's Decem-

ber ' Bon Bon Bonanza' promotion, was 21 metres long and over three 
metres in diameter. It was stuffed with toys and presents donated by 
the public which were subsequently distributed by the Variety Club 
to underpriviliged and handicapped children throughout Australia. 
The bon bon pull went off with a big bang and made the Guiness 

Book of Records. Little Dick spent much of his time in December help-
ing distribute the toys to various children's hospitals. Another, even 
bigger, bon bon is planned for December this year. 
The Little Dick cartoon character has appeared in Dick Smith pro-

motions for the past few years, but the live character first made his 
appearance the day DSE's Gore Hill store was demolished (see News 
Review, December AEM, p.9). Cast by DSE as a 'good guy,' the 
organisation has plans for him to tour throughout Australia," . mak-
ing life happier and fun for disabled, handicapped and sick children." 

Little Dick pulls it off at 
Bankstown Square for the 
world record bon bon 
bang. 

Little Dick giving the first 
of gifts from the bon bon 
to a child from the NSW 
Spastic Centre. 

soon begin supplying film car-
riers assembled by the new tech-
nology to semiconductor 
industry including semiconduc-
tor makers and electronic equip-
ment manufacturers. 

Telecom's AXE 
helps your fingers 
do the pressing 

ressing buttons is easier 
than twiddling old 

fashioned telephone dials and 
wearing away the guts (yours, 
not theirs). But exactly what 
happens when you press those 
buttons? Usually deafening si-
lence while logic inside your tel-
ephone twiddles simulated dials 
and pulses out the familiar 
(Strowger) ten pulse per second 
signal. This crude signalling 
method makes and breaks the 
loop to the line, which in turn 
actuates mechanical switches at 
the exchange. 
The Strowger system was de-

veloped in the late 1800s by an 
American undertaker who be-
came tired of losing business to 
his competitor across the road 
via the manual switchboard 
operator. who, being a relative 
of the competitor, diverted all 
calls intended for the victim. 
Although a sound concept, as 
witnessed by its survival to the 
present day, the Strowger sys-
tem and its later replacement, 
the crossbar system, are clear-
ly behind the times. 
However, if you are lucky and 

live (or work) in the right place. 
meaning in an area served by a 

February 1986 — Australian Electronics Monthly — 9 



-111111411MMIll 
ELECTRONICS TOUR TO SINGAPORE 

A Sydney specialist tour operator, Torii Tours, is organising a 
group tour of Singapore for people interested in electronics, 
either professionally or as a hobby. It will depart on July 13th. 
1986. 
The nine-day tour will include visits to manufacturers and as-

semblers of electronic equipment. A visit to an IC producing 
factory is now being organised. Some local sight-seeing tours 
will also be available. 

Singapore is a major manufacturing centre, with subsidiaries 
of well known companies such as Philips, Sanyo, NEC, Molex 
and Matsushita being represented. Duty free shopping is always 
an attraction of overseas travel, and many take this opportuni-
ty to buy videos, cameras or communications gear. Current Sin-
gapore prices for Amateur transceivers are a bit below Australian 
prices but when the full effect of the devaluation of the Aus-
tralian Dollar flows through to new equipment in the next few 
months, the difference will be much more marked. 

For those people in the trade, the contacts made could be 
very beneficial. As this is a fact-finding tour, some taxation 
benefits could apply. 

For further information, contact Paul Rodenhuis, VK2AHB 
at Torii Tours, 7th Floor, 130 Phillip St, Sydney. 
(02) 231 2214. 

new AXE exchange, then when 
you press the buttons on your 
telephone you will instead hear 
the somewhat unmusical noise 
of VF (voice frequency) signall-
ing. Each button generates a 
unique two-tone standard code 
which instantly carries out the 
necessary switching at the ex-

Change. 
These electronic exchanges. 

made by Ericsson. offer more 
than just the convenience of 
speedy connection. Telecom's 
"Easycall" facilities include 
such features as: abbreviated 
delayed hotline, where on lifting 
the receiver and taking no fur-

ther action a predetermined 
number (e.g: emergency or rela-
tive's) is automatically called: 
and of great interest to those 
who do business from home, 
there are "call waiting", "third 
party" enquiry and "call diver-
sion" facilities. 

With the call waiting facility 
invoked, the subscriber may 
carry on a normal conversation 
with another party, and another 
caller ringing in will, instead of 
hearing engaged tone, hear nor-
mal ring tone, while the called 
party hears a distinctive beep as 
a background to his existing 
connection. He may now put 
his first caller on hold and speak 
to the second, switching be-
tween them at will and even 
connecting them together to 
make a three-way conference 
call. 

And all this down the single 
telephone line! 
Should said home business-

man wish to repair to his local 
hostelry, provided it is on the 
same exchange (this facility will 
be extended to other exchanges 
later), he may. by keying in a 
code, automatically divert all 
calls to wherever he will be. 

ILP TOROIDAL TRANSFORMERS 

When you need a transformer you need 

• the right size! 

• the right voltage! 

• and fast& delivery! RIGHT? 

ELECTROMARK can supply EX STOCK 

Data on Japanese 
semiconductors 

Looking for data on Japanese 
semiconductor devices? Ar-

guably the best source is the set 
of data manuals from Japanese 
publishers. CQ. Often hard to 
get, the Melbourne-based com-
pany !mark advise they have 
again secured a limited quanti-
ty of the 1985 manuals. 
There are thirteen manuals in 

the set, which comprises: The 
Transistor Manual, Transistor 
Substition Manual, The Diode 
Manual. FET Manual, two Op-
Amp manuals, The Linear IC 
Manula. TTL IC Manual, 
CMOS IC Manual, Memory IC 
Manual. Power & Industrial 
Semiconductor Manual, Inter-
face IC/Device Manual, and an 
A-DID-A Converter Manual. 
Data from ovet 30 manufac-

turers is included, covering 
thousands of devices. The 
manuals range in size from 
around 220 pages to over 400 
pages. Each costs $12.50 plus 
$5.00 post and packing charge 
for one to 13 manuals. Contact 
¡mark, 167 Roden St, West 
Melbourne 3003 Vic. ( 03) 
329 5433. 

THE ENTIRE STANDARD RANGE of ILP TOROIDALS in 240 Volt Primary. 

— Over 100 types, 
— 10 size ratings 
— 15 standard voltage ratings. 
Also in stock in a range of sizes are: 
— 110 Volt primary 
— 120/240 Volt double primary. 
— 415 to 240 V and 415 to 110 V. 
Ask about our ultra thin models for single unit 19" rack mount. 
Ask about our fast prototype service for special types. 
Ask for our comprehensive specification sheet. 

For five years ELECTROMARK have been the Australian Distributor and Stockist ot the entire range of ILP 
Toroidal Transformers and Audio Amplifier Modules, 

ELECTROMARK PTY. LTD 
43 Anderson Rd. 
Mortdale. 
Ph. (02) 570 7287 
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WHEN GEOFF 
DOES A KIT 
HE DOES IT 
PROPERLY 

Geoff's policy is to do a few kits and do 
them well. Rather than bundle up bits 
and pieces for everything under the sun. 
Geoff takes a lot of trouble to get all the 
RIGHT parts for just a few projects. As a 
result you can be assured that there are 
no dubious substitutions and that all 
parts are prime spec. 

Also the projects are checked out 
before the kit is even considered. Both of 
this month's projects had mistakes in the 
original articles - in both cases the PCB 
layout was incorrect - and Geoff was the 
one who spotted the errors. 

AEM4600 
DUAL SPEED 
MODEM 

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

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

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

$159.00 

ETI 169 
LOW DISTORTION 
OSCILLATOR 

If you're checking out Hi Fi systems then 
an audio oscillator is a must. The trouble 
is that the average el-cheapo probably 
has a higher level of distortion than a $10 
transistor radio. So with this kit there can 
be NO compromises. The distortion just 
has to be better than 0.001%. Covers the 
frequency range to 100kHz. Geoff has 
checked the whole thing through with 
lan Thomas (including pointing out the 
track error on the pcb). 

Kit again includes a posh front panel 
and the top quality AB pot (available 
separately at $9.00). 

Complete kit $179.00 

WE DAREN7 
QUOTE PRICES -COS5041 

40MHz DELAYED SWEEP 
OUR STOCK 
DOESN'T LAST 

LONG ENOUGH TO 
KEEP UP WITH 
THE DOLLAR!! G KIKUSUI 

• 40MHz, 5mV/div (1mV x5 Mag) 
• 20nS max sweep speed (x10 Mag) 
• Built-in delay line 
• Variable Hold-Off and Trigger Lock 
• 12kV PDA bright clear display 
• Includes 2 FREE Probes 

ONLY 
$225.00 ex tax ($258.75 inc tax) 

8.30 to 5 Monday to Friday. 8.30 to 12 Sat 
Mail Orders add $3.00 to cover postal charges. 
Next day delivery in Sydney add $5.00. 
All prices INCLUDE sales tax. 
Tax exemption certificates accepted if line value 
exceeds S10.00. 'toc Ettfee 

• 41/2 digits • 8 functions Vdc, 

Vac, Adc, Aac, Ohms, Audible 

Continuity, Diode test, Data 

Hold • 0.05% basic accuracy 

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

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

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

DC Voltage 

Range • 200mV. 2V. 20V. 20DV, 1000V 
Resolunon • 10uV, 103uV. ImV. 10mV. 100n,V 
Accuracy • 200mV - 1030V •  10 05%rdg • 3dgt1  

AC Voltage (Tm RMS. AC coupled 10% to 100% cf rangel 

Range 
Resolunon 
Accuracy 

• 200mV, 2V. 20V. 203V. 750V 
• lOuV. 100uV. IV. 10mV. ICOrnV 
• 200.nV 200V 
@45111 1KHz ! IO 5%rdg • Me) 
@IKHr 2KHz II 2%Mo • 300911 
@2KH, 5KHz • 15 0%.1:19. 40411 
1200V @)2KHz 5KHz not specified) 
750V (§145Hz IKHz 0%rdg • 20dgt) 

DC Ciment 

Range • 2rnA. 20mA. 200mA. 2A. 10A 
Resoluton • 100nA. luA, 10uA. 100uA, 1mA 
Accuracy • 2niA - 2COntit c 10 3%rdg • 3den 

2A 10A 10 75%rdg . 3dgt)  

AC Cuiront: IT,.. RMS. AC coupled 10% to 100% of range) 

Range • 2mA. 20mA. 200mA. 2A. 10A 
Resolunon • I0OnA. luA. 10uA. IOWA, ImA 
Accuracy • 2mA ee45Hz 4COHz 2 5%idg • eigt) 

2OrnA 20OrnA 
ÉM5Hz 400Hz t 10 259ertlg • 20091, 
@/400Ha 1KHz t lO 75%idg • 30dgt , 
2A 10A 
@/45Hz 500Hz t, II 2%rdg 20dian 

Resistance 

Range 
Resolunon 
Accuracy 

• 2030. 2KP. 20KQ. 200KO. 2MP. 20M0 
• 0010. 0 10. 10. 10P. IC00) 1K0 
• 2000 • 10 2%rdg • 5091 • 0 0401 
2KP 200K • 10 1%rdg • 30g0 
2M • 10 15%rdg • 300 
20Mr) ! IO 5%.dg • 3dgn 

1110 

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

Tel.- 8106845 La= 
510.00 minimum 
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specialising in electronic components for the professional and hobbyist. 
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SUPER SAVINGS ON DSE 
ALARMS. THEY'RE A STEAL! 

ALARM HORN SPEAKER 
NOW $4 OFF! 
Use on alarm systems 
with siren ( speaker) 
output. Weather-proof 
plastic body ideal for 
outdoor use. 8 ohm 
impedance. 
Cat C-2705 

ViCIS - NOW $ 7 95 
sii95 

SECURE YOUR GARAGE 
& PROTECT YOUR CAR! 
Reed switches 
designed for garage 
roller and overhead 
doors. Connected to 
security system 
provides full property NOW 
Cat L-5220 sage $1 495 
protection. 

APPLIANCE 
ALARM 

AT $60 OFF IT'S A STEAL! 
Brilliant! Plug in TV, VCR, etc. ( up 
to 4 appliances) to control unit ... if 
an intruder tries to lift them an 
alarm sounds. Even add security 
sensors for an affordable home 
alarm system. 
Cat L-5052 N1405 

si29 $69 
BOAT ALARM 
WE'VE SUNK 

$70 OFF 

Cat L-5098 
Face it — you're not on your boat 24 
hours a day, 7 days a week. Your 
boat and valuables are vulnerable. 
But with this DSE alarm system, 
you're covered. Package features 
strobe light, electronic siren and 
magnetic switches. PLUS multiple 
protection zones allows you to tailor 
system for individual requirements. 

Vios 
VI 'o NOW 89 

VALUE $20 OFF 
SECURITY CENTRE ... 

Pro quality security for home and 
commercial use — at a fraction of the cost! 
Centre suits most popular detection devices: 
reed switches, etc. Controls 6 sectors — 
any of which can be isolated — with 
selectable instant or delay alarms. Steel 
casing and battery backup provision makes / 
it virtually tamper proof. A 79 
Was $199 NOW  

/ SAVE $40 
MICROWAVE DETECTOR 

Take the right step towards effective 
home security. This affordable unit uses 

discreet microwaves to detect movement 
— up to 7.5m! Ideal for room surveillance 

or covering entry/exit points. Works through 
\ some plaster walls and ceilings. Adjustable 

sensitivity. 

eis9 rea $79 
SAVE $20 

PASSIVE INFRARED 
DETECTOR 

Top of the line movement detector Was 
— used by banks, etc. for reliable 
protection! Covers broad areas, $4119 
detecting movement by changes 
in body temperature — up to 25m. 
Dual element sensors minimise 

Cat L-5010 
cornpensate for house pets. $ 
false alarms, adjustable to 

ACCESSORIES? You name it ... DSE has it! A complete range of security 
peripherals to expand and compliment any security system. 
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Honesty, fallibility 
and police radar 
Jonathan Scott 

Are police radars accurate, fair and reliable? Well, that depends 
entirely on the circumstances. The machines may be reliable and 
generally accurate, but are operated by people, and people are 
fallible. Then again, even when correctly deployed, the machines 
can be fooled'. Jonathan Scott reviews the technical and practical 
questions that still cloud the use of the police radar. 

OVER THE YEARS since its introduction there has been a 
tremendous furore over the use, by Police of Doppler radar 
for apprehending speeding motorists. The radar system and 
its mentors have been accused of malpractice, inaccuracy, 
dishonesty and incompetence. Some cases have been won 
against it on technical grounds, some on non-technical 
grounds, and a lot have been lost due to a lack of any con-
crete evidence from anything but the device itself. Now much 
of the dust has settled, the boffins on both sides have agreed 
just what it is capable of, and on the whole there is agree-
ment on just what should go on when one is being used. The 
instructions for using it are better understood by the teachers, 
and, in NSW at least, the Police using it are better instruct-
ed in how to do it honestly and with legal certainty. Is this 
the end of the conflict? 
This article examines how the beasts "think" and what they 

can tell in any given situation, described in layman's terms. 
It describes how the machine is used and when it is used 
wisely. It also describes what can go wrong, and what to do 
if you feel that it has unfairly caught you. We discuss how 
the situation might be improved, and what research is being 
done towards this. 

The operation of radars in general 
The scientific principle behind the operation of Doppler ra-
dar is well known. The radar bathes the area to be scanned 
with a radio signal, usually at a frequency either 10 GHz ("X-
band") or 22 GHz (" K-band"), because two slots in that part 
of the radio spectrum have been put aside for this sort of sys-
tem. Everything " in the beam" returns a signal of some sort 
— everything. 

Jonathan Scott is an engineering specialist in radar 
technology. He has been involved in investigations into Police 
radar over the past five years and has extensive court 
experience as an expert witness. 

Figure 1. The down-the-road radar beam. The density of 
lines represents strength of the beam. Remember that the 
beam is theoretically infinite in length in all directions. 

There has been a lot of needless argument in courts over 
just what area is "illuminated" by the beam. The units have 
reasonably narrow beamwidths, of the order of 10°. This me-
ans that 5° off the centre-line along which the radar points, 
the illumination is halved. However, this does not mean that 
there is not a useful amount of illumination beyond that point. 
The rate at which the beam weakens as you move sideways 

is gradual, just as the light from the spotlight in your back 
garden weakens as you look further aside from where it is 
pointing. It does not have a totally pencil-like shape like a 
laser beam. As will be pointed out soon, the signals that the 
radar ' sees' vary so much in strength (brightness, to continue 
the spotlight analogy) that even the "light" (radio waves) leak-
ing backwards can be enough for the unit to "see" by, in some 
more extraordinary cases. The halving which occurs at the 
beamwidth is really a drop in the ocean! 

Illustrations above front Uniden fiD9 radar deb, 1,,r rnrumul. 4,urre,, of pi, I, February 1986 — Australian Electronics Monthly — 13 
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POLICE RADARS — the technology 

The Digidar Unit 

The Digidar radar speed monitor was the first used in New South 
Wales. It has not been made for some years now, and represents 
very old technology. It is constructed with 741 op-amps and MSI 
TTL ICs, and came out when the desktop four-function calcu-
lator represented a significant engineering feat. It has three bas-

RADAR HEAD 

CILLA TOR 

HORN 
ANTENNA 

AMP 

/LJ  
ATTENUA TOR SQUARER 

IAI TT 
TRIGGER) 

ic sections: a Doppler module, an analogue processing circuit, 
and a digital processing circuit. 
The Doppler module is rather different in construction to the 

cast metal horn and cavity jobs seen in microwave burglar 
alarms that cost around $40 today, but it has the same elec-
tronic function. It generates the radar signal using a single Gunn 
diode run as an oscillator off a regulated supply, and receives 
with single Schottky diode acting as a mixer. 
The analogue section consists of an audio frequency pream-

plifier followed by an op-amp connected to act as a zero cross-
ing detector. The output of this comparator circuit is conditioned 
for TTL levels, and fed to the digital circuit. The resulting square-
wave is all the digital circuit knows of the external world. 
The digital circuit is basically a counter whose input gate is 

opened for a specific period of time — just like a digital frequen-
cy meter (DFM). The period of time is chosen to allow the coun-
ter to accumulate just the right number of pulses to directly hold 
the speed in kph or mph as required. Since the Doppler fre-
quency at 10 GHz is about 30 Hertz per kilometer per hour, the 
interval is 1/30 seconds. It has one refinement over the circuits 
of early DFMs in that it takes six readings of the frequency of 
the bit stream, and if it gets the same answer six times in a row, 
it figures that the answer is stable enough to be reliable and 

DIGITAL 
SPEED 
DISPLAY 

TIM I N G khD CONTROL 

MORO STABLE 

÷ 4 

GATE 

o  

GATE 
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1:=1 0 
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CX:CURRENCE 
COUNTER 

AUDIO 
OU TPU T 

ALARM 
CON TR OL 

VIOLATE 
LAMP 

displays it, etc. There is provision for sounding an alarm if a 
preset value is exceeded and to latch the number in the coun-
ter if desired when this condition occurs. 
Why the information contained in zero crossings acts to select 

one signal, with the statistical averaging of frequency which the 
large gate time gives, is better understood these days from dig-
ital speech processing technology; in the time of the Digidar 
unit it was merely observed that most of the time one steady 
answer was displayed with the interval used. The gain of the 
preamplifier was made variable and the control labelled ' range', 
because it effectively set what strength of signal was needed 
to trip the comparator. 

The KR-11 Radar 

The KR- 11 radar also contains the three functional blocks of 
Doppler module, analogue section and digital section. However, 
the digital section is microprocessor-based, the analogue sec-
tion quite comprehensive, and the Doppler module is compact 
and operates in K-band. It reflects modern technology through-
out, although it is not quite state-of-the-art. 
The Doppler module is effectively the same as that in the Digi-

dar (or a burglar alarm for that matter). It operates in the K-band, 
near 22 GHz, and so is smaller, and has a higher Doppler 
frequency and a narrower beamwidth for its size. It is other-
wise unremarkable. 
The analogue section is the crucial part to the understand-

ing of its capabilities and limitations. It is basically best thought 
of as a spectrum analyser. An audio local oscillator is mixed 
by means of CMOS switches with signal returned from the Dop-
pler unit. When there is a component in the frequency domain 
with frequency equal to the local oscillator, it is detected and 

RADAR HEAD 

OSCILLATOR 
A/AP 

, 

IN 
AMP 

NON-INVERTING 
AMP 

its strength measured. The machine may then 'view' the spec-
trum or any part of it by moving the local oscillator suitably. With 
this power, the digital section can be armed with much more 
information about the environment in the field of the radar's view. 
The digital section handles the ' human interface', which me-

ans the controls, as well as managing the analogue section. 
It can look for the fastest vehicle by seeking the highest fre-
quency component in its range; it can deduct the speed of the 
vehicle in which it may be mounted from that of the target, 
allowing it to be used from a moving car. It is rather a shame 
that the programming does not allow it to search for other vehi-
cles, of which it is easily capable, so that it might alert the oper-
ator to this situation. 

SWEPT 
OSCILLATOR 

CATE 2 

CATE 1 

SUMMER 

OUTPUT WHEN 
SWEPT OSCILLATOR 
EQUALS INCOMING 

SIGNAL 

 FrAND DISPLAY 

LOW PASS DETECTION 
FILTER 

TO SPEED 
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Figure 2. Cosine error' 
results in a reduced speed 
reading, depending on the 
angle between the 
direction of travel of the 
vehicle and the radar's 
location. 

In the very early days of disputes over radar, it was actu-
ally argued in court that the beamwidth limited what the 
machine could see to the narrow straight ahread view, like 
a horse with blinkers. This is now pretty universally accept-
ed as an exaggeration; the truth is closer to saying that the 
radar has a bias towards what is going on in front of it, but 
that the bias is hard to asssess, and not guaranteed anywhere, 
and so not really useful in court. Recall that a man must be 
guilty "beyond reasonable doubt". 
Now, getting back to the area bathed in the radar's radio 

wave. Every motionless item in the field of view returns a 
signal, but these signals are of the same frequency as that 
sent out, so the radar unit can recognise and ignore them 
easily. However, it can be shown by high-school level 
mathematics that for any item that is moving, the radio wave 
will be bounced back with a slightly different frequency, and 
also a small amount of distortion. There are three important 
points: 

1) the wave is returned with an increase in frequency if 
the target approaches, and a decrease if it recedes; 

2) the frequency of return is shifted according to the radi-
al speed, not the scalar speed of the target, which means that 
it relates to the rate at which the target is moving directly 
towards or away from the radar unit, and not at all accord-
ing to how fast the target is moving perpendicular to the 
radar; 

3) the frequency difference between the returned signal and 
the one sent is precisely proportional to this radial speed. 
Radar units all determine the target speed by measuring the 
frequency difference (Doppler shift or Doppler signal) between 
sent and received waves. 

So far this seems a very solid principle for speed measure-
ment. Chronologically, the first matter for debate arose over 
the second point. There were a lot of courtroom antics based 
around the so called "cosine error". This is simply a fancy 
trigonometric name for the fact that the radar perceives only 
that component of the target's speed which is directly along 
the line of sight of the beam, as noted in point two above. 
This is in fact equal to the actual straight line speed times 
the cosine of the angle between the line of sight of the beam 
and the line of motion of the target. 
Any high school trigonometry student will tell you that the 

cosine of any real angle is less than or equal to one, so that 
the radar is going to perceive a speed less than the actual 
linear speed of the target. Hence, if the radar is supposed 
to point its beam straight down the road and it isn't, then 
there will be a small error, but that error is in favour of the 
motorist. For all down-the-road units, like the Digidar and 
the KR-11 which are used in NSW, this error is ignored by 
the Police, and since it is in the motorist's favour no-one is 
unjustly treated because of it. 

ROAD SPEED OF CAR=100kmh 
SPEED READ ON RADAR=10000SO kmh 

ei 00km h 

Some radar units deliberately point the beam at some an-
gle across the road. The motivation for this will be clearer 
later on, but it must be realised that these units, because they 
allow for a cosine less than one, can err in the favour of the 
Police, and must thus be most carefully handled. This mat-
ter will be resumed further on. 
The second complication arises from the way that most 

radar units handle the electronic extraction of the Doppler 
frequency shifts from the returned signal. They perform a 
simple mix of the transmitter signal as a local oscillator and 
pass on only the difference frequency. This is an easy and 
considerably cheaper method than any other. However, it 
loses the information as to whether the returned signal was 
more or less than the transmitted one, and thus the radar unit 
will no longer be able to tell if the vehicle responsible for any 
signal is travelling towards or away from it. The significance 
of this will only be fully apparent when the current discus-
sion is complete, but in a nutshell it means the radar unit 
can just as easily report a receding vehicle's speed as an ap-
proaching vehicle's speed. 
Recall that I said that every target in the field of view 

returns a signal to the receiver. The third and most serious 
limitation of speed measuring devices is that they are 
required to report one speed (usually by putting in a digital 
display 'window'), and one speed only. Which speed is select-
ed, if there is more than one? 

If I put on the table in front of you a pile of cards with num-
bers written on them, and I ask you to select one, you must 
use some rule to decide which. Do you choose at random? 
Do you give me the card with the largest number on it? If 
that is the rule upon which we agree, then you can pick the 
card you think I want reliably. If I want the card which is 
placed on the table nearest to you, irrespective of its num-
ber, then this you will be able to discern simply also. I could 
get more tricky, and ask for the nearest card with a number 
exceeding 99 on it. No problem, you think. Occasionally there 
will be a tie for the largest number, and you will not have 
a rule worked out for this, or you will not be able to discern 
which is the closer. In the tricky case above the chance of 
getting equidistant cards of satisfactory number is more re-
mote, but it exists. 
A radar is in a similar dilemma when it has to select the 

detected speed from several. It has two items of information 
to use — the speed itself, and the strength of the signal cor-
responding to the speed. It is in the rule by which the selec-
tion is made, that most radars differ. 
There are other things which can upset the Doppler radar 

mechanism, causing the delivery of false or misleading in-
formation. Of course, the unit can malfunction. In New South 
Wales at least, the units are checked at regular intervals. The 
setting up and packing up procedures followed by officers 
using radar both involve putting the unit through a brief test. 
If a unit is found faulty at regular maintenance, or after use, 
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DETECTORS — the technology 

A radar detector is basically a wideband microwave receiver 
which reports at once if it finds a signal within its working range 
of frequencies. Like plain radio or TV receivers, there are more 
and less sensitive types, units with varying coverage, and in 
differing qualities. 
The basic principle upon which they all work is that a Police 

radar unit emits rather more microwave signal than is usually 
found in the environment. Thus, if the receiver detects an 
abnormally strong signal, it is likely to signify that there is a radar 
unit nearby. There is no way of differentiating between a radar 
trap and a microwave burglar alarm or a jammer, or any appli-
ance emitting energy in the right frequency range. Thus, there 
will always be a chance of false alarm from such sources. 
Some detectors are very crude, and can be likened to crys-

tal sets. These are pretty useless, because they are so insen-
sitive that they virtually tell you you're about to get ' booked' 
for speeding (that is, if you are). 

Some detectors are equipped with amplification. These are 
superheterodyne types, just like the tuner in a hi-fi, only designed 
to work at lo and 22 GHz, and this provides much better sen-
sitivity. They are usually billed as " Superhet" on the packing 
because of the obvious advantages this sensitivity can confer. 
The better ones will fairly easily pick up a radar trap which is 
not taking special action to avoid detection. As an aside, these 
units contain a local oscillator (LO) in order to obtain an 'IF' 
signal from the microwave signal received (see diagram). some 
"leak" a little of this LO signal out through the receiving an-
tenna, which is why they "detect" another of their own kind. 

the bookings made with it in the interval since last confir-
mation of operation are (theoretically) cancelled. 
The unit can also be subject to some form of interference 

from burglar alarms or other radar emitting devices. 'Jam-
mers' and 'transponders' (both of which are illegal in Aus-
tralia, but which nevertheless do find their ways into cars 
here) emit either random signals onto which the radar can 
lock in the case of jamming, or sensible signals correspond-
ing to a legal speed in the case of a transponder. 
When potentially misleading interference occurs in a 

location near a stationary radar unit, the effect is pretty ob-
vious — the unit keeps giving a reading even if there are no 
cars. This has been the case in some reported incidents in 
the USA. Only a dishonest policeman is going to use this read-
ing, because its continuous nature alerts even the least tech-
nical to the fact that something is amiss. Burglar alarms do 
(very rarely indeed) produce this effect, as do badly adjust-
ed radar motion detectors used to open automatic doors. _ 
" Some radar detectors of the super-heterodyne type (see 
accompanying panel), such as the Super Snooper, emit lo-
cal oscillator signals. It is for this reason that their importa-
tion to some countries is illegal, as well as for the obvious 
revenue reasons. The emitted signals can produce a reading 
on a radar trap display. The reading will, however be cons-
tant, so if the policeman is careful to check (as he should) 
that the reading drops as the target car he is about to book 
slows down, he will see the anomalous behaviour and rea-
lise that something is wrong. It is easy to see here that such 
a check could be overlooked if the operator was in a hurry . . . 

The Digidar Radar Unit 
The Digidar, the first radar unit used in New South Wales, 
chooses the largest signal that it sees, provided the signal is 
strong enough to allow operation. (This probably corresponds 
to picking the easiest card to reach, continuing the card anal-
ogy.) The separation of the maximal signal component, that 
is the selction of the largest signal from the sum of all sig-
nals, occurred more by accident than design. The technique 
used is to determine the average number of zero crossings 

SUPERF€1. RADAR DETECTOR 

'IN1ERAIEDIAlE FREQUENCY' 
DIFFERENCE erneEN 

RADAR SIGNALS AND 
LOCAL OSCILLATOR 

Even a good detector can be simply defeated if the trap is 
appropriately equipped. The simple idea is to suppress the trans-
mitted signal in the radar unit until the operator detects a vehi-
cle whose speed he wishes to measure. At that time he suddenly 
turns on the microwave signal; even if the detector in a car trips 
at once, there is not time for the driver to take any action before 
the trap has taken the reading. 
Two notes on detectors should be made. Firstly, each band 

(X and K) requires a separate receiving system. They can have 
elements in common, but there is a need to check that a detector 
covers the bands you require. Secondly, some units claim to 
be able to detect a radar unit even if it is in the "switched off" 
mode, where it is trying to conceal its presence as described 
above. Such claims are made on the basis that there is some 
residual signal present. This is the case, for example, in the 
moving mode of the KR- 11 where the residual is used to deter-
mine the unit's own speed. Rarely, however, is the claim justi-
fied in my experience, because of the weakness of this residual 
signal. There are no detectors which can reliably give early 
(enough) warning in all cases. 

fflia 411111116_41 
in an interval of the sum waveform. This technique is nowa-
days used in speech processing systems to determine the 
main formant frequency in a spoken syllable. It was used in 
the Digidar because it was simply implemented with a sin-
gle comparator and a few TTL ICs wired up as a frequency 
counter was probably the first idea the engineer tried. It relia-
bly gave a steady result in the presence of noise and other 
signals. 
The original designer was probably very happy that the unit 

operated so neatly. The motivation behind keeping this 
method when the units were used for police service was that 
it was then thought that the nearest vehicle would return the 
strongest signal. Police operators were instructed that the 
nearest car was the car responsible for any reading they saw. 
The fallacy of this is now substantially recognised. Meas-

urements have indicated that different cars have very differ-
ent "radar cross-sections", or RCSs. That is one car can 
reflect a much larger amount of the radio wave bathing the 
area, and so return much more signal for the same condi-
tions than another. In fact, trucks can sometimes reflect 
10 000 times more efficiently than certain other vehicles 
which corresponds to at least as much signal when ten times 
further away. The actual signal returned is equal to the beam 
power (which you recall falls away as we move to the side 
of its line of sight), times the RCS and divided by the range 
to the fourth power. For the mathematically minded, this is 
written: 

S = B x RCS/(D)' 

where S is the strength of the signal returned, 
B is the beam strength for the viewing angle, 
RCS is the radar cross section, 

and D is the target distance from the radar unit 

B is usually between 1/2 and 1, because the car is usually in 
the middle of the beam, that is, roughly on the centre-line. 
The RCS of two vehicles will typically be within a factor of 
three of each other if the vehicles are of comparable physi-
cal size and construction, but may easily be thousands apart. 
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The Digidar has a method of indicating "confusion", that 
is a time between two signals. In such event, it displays two 
zeroes. Unfortunately it is only confused when the signals 
are closer than a factor of two in strength or less, so the con-
fusion indication (a double zero display) is not so often useful 
The Digidar unit can easily report a speed for a vehicle 

which is not the nearest vehicle. The policeman operating 
the unit, even if he is on the ball, will have to pay attention, 
and may have some difficulty picking which car his radar 
unit is tracking. 

The KR-11 
The KR-11 is the newer of the two basic units used in New 
South Wales. It has a lot of technical differences which set 
it apart from the Digidar units. It basically contains a rough 
analogue circuit for mixing the incoming signal with a vari-
able local oscillator, and searching for the dc output compo-
nent of the result. This dc component indicates the amplitude 
of signal at the oscillator frequency which is to be found in 
the Doppler signal. The unit searches downward in frequen-
cy, looking for a signal above a preset level. When it finds 
one, it knows that something out there is going this fast. In 
addition, since it searched downwards, it grabs the fastest 
signal that was strong enough to exceed the preset level — 
the fastest car, presumably. 
This is its decision role. It chooses the fastest vehicle it per-

ceives from amongst those vehicles returning a preset " sub-
stantial" amount of signal. That is, it picks the fastest, once 
it has discarded signals of lesser strength. (The analogy of 
cards on a table would be to pick the card with the largest 
number, from amongst those in easy reach. Clearly this last 
is rather arbitrary, but that is of no concern so long as you 
know what is in easy reach. 
The motivation (presumably) for this is that the Police oper-

ator wants to know how fast a speeding vehicle is going, since 
that tells him whether there is somebody to book. Regretta-
bly, this radar also does not tell who that is, neither does it 
look any further down the specturm received, to decide if 
the fastest car is the only car. 
Fewer problems have arisen over the technical aspects of 

the KR-11 in courtrooms, since it at least has never had any 
pretence to identifying the vehicle responsible, as did the 
Digidar. 

It has two other interesting technical innovations which 
make it nicer to use. It can operate in a " moving mode", 
where it will allow for its own speed and deduct this from 
the reading. This permits it to 'catch' a vehicle's speed from 
aboard a Police car going the other way. The second inno-
vation is the ability to suppress the transmission of a beam 
at all until instructed to read, so that radar detectors do not 
see it coming. 
No concrete argument has been proffered to suggest that 

either innovation directly affects the operation and reliabil-
ity adversely, to the author's knowledge. This may be because 
they don't, or because no research has been done to prove 
the point either way, which is certainly the case. 

— continued next month. 
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Typical of the radar detectors on the market are these 
three units, manufactured in Asia by the Uniden 
Corporation of America. All operate off the 12 Vdc car 
supply. These units were supplied by Dick Smith 
Electronics. 
At top is the RD9, a tiny (described as ' pocket size') 

dual-conversion superhet unit that receives both X and 
K band radar. It features the ability to ignore unwanted 
interference and has a switch to alter sensitivity for 
'highway' and ' city' driving — interference from 
microwave burglar alarms etc is more likely in the city 
and suburbs. It can be mounted on the dash or sun 
visor. It measures just 70 mm wide by 18 mm high by 
107 mm deep. Dick Smith list it as cat. no. A-8507, 
priced at S499. 

In the centre is the RD-55, also an X and K band 
detector with similar features to the RD9, but slightly 
better sensitivity specifications. It may be dash or sun 
visor mounted too, and measures 131 x 132 x 40 mm. 
DSE list it as cat. no. A-8501, S399. 
The lower unit is the RD-95 ' remote' which also 

employs a dual conversion superhet receiver. The 
control/indicator unit and the receiver are separate units 
so that the receiver can be remotely located for 
optimum performance. The control/indicator unit is 
quite tiny and can be unobtrusively located on or below 
the dashboard. It has similar specifications to the 
RD-55. DSE list it as cat. no. A-8499, S499. 
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PUT DSE TO THE TEST 
DSE'S PICK A BOX 
 WE'RE NO.1 
ALUMINIUM DIECAST BOXES 
WOW! Precision metal boxes at a price you 
can afford! These boxes feature channelled 
walls and withstand extremely high 
temperatures. Ideal for RF circuits and 
circuits involving heat. 

190x60x110mm. 
150x50x8Omm. 
120x40x65mm. 
100x25x5Omm. 

H-2201 
H-2206 
H-2211 
H-2221 

ALUMINIUM BOXES 

$13.95 
$9.95 
$6.95 
$4.95 

Boxes come in two pieces which slide together: 
screws hold them for storage. They're versatile and 
inexpensive. 

110x51x7Omm. H-2300 $2.65 133x76x54mm. H-2325 
104x60x46mm. H-2305 $2.30 152x132x103mm. H-2330 
127x102x76mm. H-2320 $3.75 180x158x118mm. H-2335 

W W W 

203x102x254mm. H-2455 
228x76x305mm. H-2465 
95x145x45mm. H-2503 
200x145x75mm. H-2504 

INSTRUMENT CASES 
Great range of plastic instrument case for all 
your project needs. With slots, ventilation ... 
the lot! 

$24.00 200x160x65mm. H-2505 $12.95 
$24.00 200x135x95mm. H-2506 $12.95 
$10.95 250x190x8Omm. H-2507 $19.95 

"3.95 19" RACK 
19" RACK ZIP PACK MOUNTING CASE 

$3.20 
$4.75 
$7.75 

Storage system for 
CB, receivers, etc. 
358mm deep. 
Contains all 
parts. 

H-24701 39 

PLASTIC INSTRUMENT CASES 
No matter what the job, DSE have an 
instrument case: for commun-
ications, power supplies, etc. 
Power Supply case. 130x130x75mm. 

$7.95 H-2516 Instrument/Equipment case. 
Instrument case. 210x27x73mm 210x175x55mm. 

$34.95 H-2525 $13.95 H-2520 

Top quality case. 
Takes moments 

to assemble. 
Heavy-guage 

metal front/top/ 
bottom. Pre-

punched for ventilation. 

'4995 Cat H-2481 

COMPONENT DRAWS & CABINETS 
Great way to organise all your bits 'n pieces 
... you'll find them quickly and easily. 

16 DRAWER CABINET 
Cabinet : 300x180x140mm. 

Cat H-2588 $22.50 

COMPARTMENT CASE 
Made of strong plastic. With clear lid, 
movable internal compartments and 
2 tiers of trays. Cat H-2596 

$29.50 

STACKABLE DRAWERS 
Flexibility! Vertical or horizontal 
stacking. With handle, index card on 
each drawer. 

One drawer. Cat H-2584 $3.25 
Two drawer. Cat H-2585 $3.25 
PLASTIC TOOL BOXES 
435x190x180mm. Cat H-2601 $16.95 
430x230x200mm. Cat H-2600 $32.95 

ZIPPY BOXES 
These are it! The original Zippy boxes 
recommended by magazines because 
of their versatility. Ribbed sides are 
ideal for mounting PC boards. 

28x54x83mm. H-2755 
41x68x130mm. H-2753 
50x90x150mm. H-2751 
60x113x196mm. H-2752 

$1.95 
$2.45 
$2.95 
$4.45 

WE'VE GOT BOOKS 
COVERED! 

Here's just a sample of DSE's large selection of informative, high 
quality books. They're priced to please and very popular, so get in 

quick. While you're there why not check out all the other titles 
available! 

Under I.C. OP AMPS 
OP-AMP Circuit Design 
Basic Electronics Theory 
Basic Electronics Courses 
Funway 1 Into Electronics 
Funway 2 Into Electronics 
Funway 3 Into Electronics 
Electronics A Practical Introduction 
Electronics Dicitionary 
Basic Electronics 
Under D.C. Power Supplies 
Note Book - Starting in TTL 
Note Book - Vol 1 
Note Book - Vol 2 
Note Book - Vol 3 
Introduction Electronics - Sardi 
Encyclopaedia of Electronic CCTS 
Digital I.C.'s and LEDS 
Fibre Optics 

B-1180 $13.50 
B-1251 $17.95 
B-1615 $19.50 
B-1689 $19.50 
B-2600 $4.95 
B-2605 $6.95 
B-2610 $6.95 
B-3005 $9.50 
B-3610 $9.95 
B-3620 $4.50 
B-3623 $19.50 
B-3629 $3.50 
B-3630 $2.40 
B-3631 $2.60 
B-3634 $2.80 
B-3635 $7.95 
B-1760 $45.93 
B-1785 $22.95 
B-1865 $22.95 

SEE DSE FOR TOOLS 
BEFORE IT'S TOOLATE! 

WOW! 38-PC TOOL KIT WITH 
MULTIMETER 
Excellent value! Carry out auto 
repairs ... anything. Has all the tools 
you could want: crimping tool, wire, 
tape, screwdriver and more!PLUS 
comes with FREE multimeter. $2995 
Cat T-4832 

MORE VALUE! 68-PC KIT WITH 
CONTINUITY TESTER 
What more could you ask ... great 
variety of handy tools for all types of 
repairs PLUS a neon tester for 240V 
equipment. 
Cat T4834 $41 495 
DALO MARKING PEN DON'T 'FRET' 
Great for precision board marking 
prior to etching - thanks to unique 
Press-to-Mark feature. 
Cat T-5170 $350 

SOLDER SUCKER 

Perfect accessory for the handyman, 
hobbyist! Removes solder in no time. 
Rugged metal construction takes 
rough treatment - lasts for years. 
Features Teflon tip, nozzle sweeper 
and light thumb release mechanism. 
Cat T-2560 6995 

-e410!)  
With this handy piercing saw, 
modellers, hobbyists can cut through 
plastic, etc. Adjustable universal 
frame even lets you use broken 
blades. Comes with 3 blades. 
Cat T-4965 

$14" 
DESOLDERING 

TOOL 
If your job or hobby involves solder 
then this is a ' must'! It desolders 
cleanly, quickly and thoroughly. Ideal 
for PC boards, prototyping and 

many other applications. $69 
Cat T-1340 

18 - Australian Electronics Monthly - February 1986 



VERSATILE 
METER/TESTER! 

BUDGET 
MULTIMETER 

WE'VE GOT THE LOT! 

VALUE! 6.5MHz 
OSCILLOSCOPE 
An oscilloscope hobbyists 
can afford! Features 
retrace blanking, 10mV/ 
div vertical sensitivity and 
500mV/div horizontal, 4-
range time base and 

C v 
much more. 

Q-1280 ,299 

REVOLUTIONA 
COMPACT SOL 

o 

METER/ 
TRANSISTOR 

& CAP TESTER ... 
Amazing! It's a powerful 
100K ohm multimeter 
PLUS tests transistors 
and capacitors. 
Cat Q-1140 $85 

$53 each 
for twot 

This amazing iron is worth a double WOW! It's a 
powerful, cordless iron the size of a marker pen. 
Refillable butane provides 'instant' heat for on-the-
spot emergencies. Adjustable temperature provides 
equivalent 10-60 watts ... up to one hour continuous 

use. Tip temperature 400°C 

Cat T-1370 

FOR HEAVIER JOBS 'ADCOLA' 12W 
SOLDERING IRON 
What a saving! A reliable 
iron ideal for hobbyists and 
general commercial work. 
Features hi impact plastic 
handle, Triclad 3mm long 
life tip. Cat T-1820 

Was $27.50 NOW $2295 

$6950 

Adcola's 16 watt iron is ideal 
... especially in commercial 
environments. It's heavier 
element provides more 
power and features a 5mm 
Triclad long life tip. 
Cat T- 1825 
Was $32.95 NOW s275° 

Here's value! Not only do 
you have a great 20K 
ohm multimeter, but also 
a built-in logic tester. 
That's virtually two 
instruments. The tester's 
LEDs give HIGH, LOW & 
PULSE. 
Cat Q-1026 $34" 

WOW! Great DSE value... 
20K ohms/volt multimeter 
with features normally 
reserved for expensive 
testers. There's continuity 
buzzer, 10A DC range 
PLUS mirrored scale and 
reliable banana plugs. 
Cat Q-1022 $2995 

GALAXY' 3.5 DIGIT PANEL METER 

Ideal replacement for 
analogue meters. Provides 
accurate digital display, is 
unsusceptible to movement 
and can be read in daylight. 
220mV FSD. Cat Q-2200 

$4995 p ten 

buy 5 for $44.95 each DAIA SHEEI AVAILABLE 

SAVINGS! FUNWAY III 
IC PROJECTS 

Auto Minder Cat K-2660 Was $4.95 Now $3.95 
Two-Up Cat K-2661 Was $6.95 Now $5.95 
Pokey Cat K-2662 Was $14.05 Now $11.95 
Cricket Cat K-2663 Was $9.95 Now $7.95 
Mini Colour Organ Cat K-2664 Was $6.95 Now $5.95 
Light and Sound Cat K-2665 Was $6.95 Now $4.95 
Combined Timber Lock Cat K-2666 Was $9.95 Now $7.95 
Mini Amp Cat K-2667 Was $ 14.95 Now $11.95 
Binary Bingo Cat K-2668 Was $ 12.95 Now $10.95 
Mini Synthesiser Cat K-2669 Was $12.95 Now $10.05 
Funway Bonus Pack Cat K-2670 Was $24.90 Now $19.95 

ffH 
ELECTRONICS 

PTY LTD 

For Address details See P88 
B 109 
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The mindless mouth 
speech synthesis technology 

Roger Harmon 

Attempts at making machines that speak date back to the time of the 
industrial revolution. However, it wasn't until electronics made its 
appearance that there were any successful machines which could be 
clearly made to mimic human speech. It was the 'microprocessor 
revolution', coupled with research into linguistics, that made 'true' 
speech synthesis possible. The cost of speech synthesis devices has 
dropped dramatically since their introduction, such that it is now within 
the reach of the average hobbyist. 

THE YEAR CAPTAIN COOK set out to observe the transit 
of Venus in the South Pacific, a German experimenter called 
Kranzenstein was awarded a prize by the Imperial Acade-
my of the City of St Petersburg (Leningrad now) for a machine 
he constructed that could simulate vowel sounds. A relatively 
simple machine, it comprised a series of resonating cavities. 
In 1791, some four years after Governor Philip had estab-
lished a colony in New South Wales, a German inventor name 
Von Kempelen showed a more elaborate device, later im-
proved by Britain's Sir Charles Wheatstone (renowned for 
his Wheatstone Bridge resistive measurement technique). 
Early experiments in the analysis and synthesis of sound 

were conducted by the German physicist, Hermann von 
Helmholtz, in the 1850s. Helmholtz coupled cylindrical cavi-
ties to an array of tuning forks, each set between the poles 
of an electromagnet. Bell, who patented the telephone one 
hundred and ten years ago in America, followed a similar 
line of investigation and proposed a similar device, dubbed 
the harp telephone. 
This comprised a series of metal reeds placed in a row and 

magnetically coupled to a long electromagnet. Sounds made 
near the reeds would make the appropriate reeds vibrate in 
sympathy with the various pitches making up the sound. 
(Speech, for example, is a complex sound containing a vari-
ety of frequencies, or pitches). A similar device, remotely lo-
cated and connected via a line, would make the 
corresponding reeds vibrate from the action of the currents 
induced, thus reproducing the original sound. Both Helm-
holtz and Bell recognised that it was the spectral content of 
speech sounds that was important. 
The Victorian era saw many wonderful contraptions arise 

tha all attempted to mimic speech sounds. 'Singing organs' 
attempted to ' model' the human vocal tract and, while they 
could quite well mimic the human voice singing a scale, a 
facsimile of speech was not achievable. 

The electronic era 

Modelling of the human vocal tract reached its zenith in 1937 
when an American named Reisz proposed a mechanical con-
traption, shown diagrammatically here in Figure 1. It com-
prised a mouth cavity made from a series of flexible rubber 
parts, movable 'lips and 'teeth', and valves to control air flow 
through the system, all ' played' via an assembly of keys and 
levers. 

Bell Telephone Laboratories are reportedly the first group 
to devise an electronic device that produced intelligible 
speech. That was in 1939 and the device was called a Voder. 
Produced by a group headed by Homer Dudley, Reisz 
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Cross-section of the human 
vocal tract. 

THE VOCAL TRACT 
The two diagrams here show the vocal tract in cross-section and 
its ' mechanical schematic'. The lungs provide an air source that 
passes a set of semi-rigid flaps called the larynx or vocal chords. 
These can be allowed to vibrate (to produce 'voiced' sounds) as 
air from the lungs is forced through the opening between them 
(called the glottis), or held open (to produce ' unvoiced sounds'). 
The air flow passing up the throat can be diverted, by a flap called 
the vellum, wholly or partially through either the nasal cavity or the 
oral cavity, the latter being a chamber which can be variably shaped 
by jaw and tongue movements. 

Voiced sounds are produced by making the vocal chords vibrate, 
the pitch being altered by stretching and relaxing the chords. Un-
voiced sounds are made when the larynx is held open but the air 
flow is restricted by the glottal opening or a constriction later in 
the vocal tract (such as when the upper teeth touch the lower lip). 
Sharp sounds, called plosives, are produced when the vocal tract 
is closed off at some point (such as by the lips) and the air pres-
sure from the lungs is suddenly released (such as with p in pull). 
All the complex sounds of speech are produced in a variety of com-
plex ways and means by this mechanism. 

VELLUM 

PHARYNX 

Gtorns 

LARGO! 

LUNGS 

NASAL CAVITY 

MUSCLE ACDON 

.6—NOSTRRS 

.41-1IOUTH 

ORAL 
CAVITY 

DIAPHRAGM 

Schematic diagram of the hu-
man vocal tract. 

was part of the team. Illustrated in Figure 2, it comprised 
a noise generator for unvoiced sounds and an oscillator for 
voiced sounds, which could be switched through a series of 
resonance filters selected in combination by a set of keys to 
produce a required sound. A pedal was used to change os-
cillator pitch. 

In 1939, Dudley invented the Vocoder (from 'voice coder'), 
an electronic version of the ideas explored earlier by Helm-
holtz and Bell. Vocoders have survived and are used these 
days in pop music production — as can be heard in Stevie 
Wonder's I Just Called To Say I Love You. 

20 — Australian Electronics Monthly — February 1986 



FUMBLE 
RUBBER PARTS 

Figure 1. The mechanical vocal tract model proposed by 
Reisz in 1937. It was supposed to be ' played' by operating 
the valves with levers varying the flexible cavity parts. 

Serious work on voice (or speech) synthesis got into gear 
in the 1960s, allied to speech processing and speech recog-
nition research. The first method explored attempted to elec-
tronically model the vocal tract using transmission line filters 
made up of a chain of simple filter elements. Called Articula-
tory Synthesis, it was based on an acoustic model of the vo-
cal tract which represented it as a series of connected tubes 
of differing diameters, the electronic filter variables being 
changed to simulate the way the vocal tract alters during 
speech. Complicated — but it worked. 

Later, attempts at electronically modelling of the physical 
structure of the vocal tract were cast aside in favour of model-
ling the characteristics of speech sounds. Research into 
speech and linguistics identified a range of characteristics 
— formants (fundamental voice pitches), nasal resonances, 
fricatives (noise-based sounds like V, 'h' and 'z'), etc. 
Terminal Analogue Synthesis treats the vocal tract as a `blak 
box' and generates speech sounds which can be assembled 
into intelligible speech. J.E. Clark of Macquarie University, 
Sydney, built a synthesizer of this type, called SID (Speech 
Imitative Device), shown in Figure 3. 
Another method solely employs spectral analysis of speech 

sounds and assembles speech without attempting to dupli-
cate the fundamental frequencies (formants), in a similar 
manner to Dudley's Vocoder, employing controlled use of 
oscillators and filters. 

Essentially, these early speech synthesis devices employed 
analogue electronic techniques. It wasn't until the develop-
ment of digital electronics, integrated circuits, and then the 

Figure 2. The first electronic speech synthesiser, built by 
Homer Dudley's team at Bell Labs in the US in 1939. 
Dubbed the " Voder", it was ' played' by keys and a pitch 
pedal, producing quite good results when used by a skilled 
operator. This was the forerunner to the modern-day 
"Vocoder" occasionally used in music recording. 

microprocessor that speech synthesis carne out of the labora-
tories. 

Micro Speech 
Digital sound recording, as you may know, `samples' the elec-
trical waveform of the sound at intervals and assigns a digi-
tal 'value' (or number) to the amplitude of the waveform at 
each point. This process is called analogue-to-digital (AID) 
conversion. The reverse process, digital-to-analogue (DIA) 
conversion, `reconstructs' a facsimile of the original wave-
form by converting the stored `numbers' into a representa-
tive voltage, assembling them in the same time order as they 
were recorded. Figure 4 show the technique. The `accura-
cy' of the reproduced waveform depends on how many sam-
ples per cycle you employ. 
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GENERATOR 

SPECTRUM 
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BRANCR 
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FRICA/P/E 
BRANCH 

MIXER 

Figure 3. Meet SID. This is J.E. Clark's " Speech Imitative 
Device", a Terminal Analogue Synthesizer capable of 
producing speech wholly electronically. 

As you may realise, it is possible to actually construct a 
waveform by making a facsimile of it with a series of digital 
numbers and sending them to a D/A converter in the right 
time order. Quite complex waveforms, and thus sounds, can 
be readily digitally constructed, providing you know the 
waveform you wish to produce. 
The problem, though, is the positively enormous number 

of digital 'values' (or data) that must be stored in order to 
generate even short utterances. In order to reproduce a sound 
by means of digital samples, the sampling rate (the number 
of samples per second) must be at least twice that of the max-

imum frequency to be reproduced. Speech generally has an 
upper limit of 3 kHz, so the sampling rate should be at least 
6 kHz (6000 per second). If the amplitude of each sample can 
be asigned a value between 0 and 127 (that is, 128 possible 
values), it can be represented by a 6-bit (digital) binary num-
ber. One second's worth of speech would require 36 samples. 
To store those 36 samples would require a total of 36 x 128 
= 4608 bits, or 4.5 kilobytes, in electronic (or computer) 
memory. To store some 20 minutes of speech — the evening 
news broadcast, for example — would require around three 
megabytes of memory! Given this daunting proposition, it is 
obviously necessary to find ways of compressing the data. 
Speech contains many redundancies and, by removing the 

redundancies and using appropriate sampling, compressed 
speech patterns can be stored for later reconstruction, or syn-
thesis, of those sounds we recognise as speech. 
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****1986 NEW PRODUCT LINEUP 

Low cost desk 
lamp/magnifier. 
Following the footsteps of the very 
popular -Maggylainr. we now have a 
low cost version which clamps to benches, 
desks etc. The lens is around 100mm 
diameter with a focal length of 250mm 
and 4 dioptres. Sturdy clamp fitting with 
spring balanced arms: Enamel finish. 

Cat. SL2705 Only $99 

ONLY $12.95 

SCOOP PNC ECHASE! 

SIEMENS 
Universal voltage tester with LED indicator 

The Siemens .UNISPANN- voltage probe has been around for 
some time now You can determine the presence of AC or DC 
voltages safely anywhere with this quality probe. It will even tell 
you which AC mains conductor is active and works from 6-500V 
AC or DC It also shows DC polarity 
Normally these units are very expensive but a Jaycar SCOOP 
PURCHASE brings them to you at a great price' 

WHILE STOCKS LAST - AN INCREDIBLE BARGAIN 
Cat OT-2220 

Cat SL 2700 

DEER MOUNTED LAMP 
MAGNIFIER 

This unit magnifies any object under a clear cool 
fluorescent light The magnification is the ma'am= 
obtainable ( lens 127mm diameter biconsex 4 Dloptres, 
focal length 254mm) consistent with minimum dis 
tonton and eyestrain and good off-angle snewmg 
It is NOT cheap, but then again d will definitely last a 
lifettme It Is bulk like a Rolls Royce We doubt 
whether 20 years continuous use would wear out the 
German made flexible arms for example) Spare 
fluor° tubes are available either from us or electrical 
outlets If you have trouble with fine PCB work or 
component identification but sun want both hands 
free this is for you We thoroughly recommend this 
quality Australian made product 

Technical Information 
Illumination 22W Fluorescent 
Weight 8.164 
Lateral Extension 254mm 
Vertical Extension 254mm 
Fixing Heavy table base with two chrome 
pinged flexible arma. 
Len, (see text) 

Standard M C Inserts 
Replacement electrets for tape recorder, etc Includes 
data sheet and application notes Operates from a 
single 1 SV battery lOrnm diameter 50He 15kFle 
Cat AM 40 In 

ONLY $ 1.95 ea 

eye _ 

CORM CHIP ONLY 
MC13020 
Usually $ 11.95 
NOW ONLY $6.95 
SAVE $5.00 

'SHARP' VHF/UHF 
Tuners Back! 
We had these last year and they were 
very pipular. Now we have another scoop 
buy but at a special price! If vou have the 
technical skills, vou can convert that old 
VHF-only TV to receive UHF Channel 
28 again! ( A schematic is provided but we 
cannot guarantee that the unit will work 

with your TV.) It is an ideal experimenters 
unit as it covers both the entire Aust. VHF 
Band as well as the Aust. UF1F Band, 
Tuner includes attractive tront panel, 
knobs etc. 

Cat. DM9(X14 Only $19.95 

leetpigerceeradofeTuitIL'igcp, ev, 
e'c't 'Nee' fee,pll rî:',11:i;osejasnijJehO ' o 

esteaed Pe' eglebl' 

draws 1 1 

dand'N'e $59.95 

DIGITAL FEVER 
THERMOMETER 

Temperature is displayed digitally A must 
for famille, with children Japanese quality 
Cat OM 6130 

Ineet 

WAS $19.95 
SAVE $7.00 
NOW $12.95 

MIGHTY ROBOT!! 
PROGRAMMABLE 
MOBILE ROBOT 
Low-cost fun learning with this 

sophisticated robot! Have hours 
of educational fun programming 
this device to do what you 
command through the 25-key 
keyboard on its head. 

FEATURES: 
* 4 bit microprocessor controlled 
* 3 speed gears selected by 
programming through the micro 
* Can travel in 4 directions plus 
angles and curves * Has lights 
and audio * Complex routines 

can easily be programmed (up to 
48 commands long) 
Cat. XR-I024 

ONLY $49.95 
PONT PAY *SP 95 

"%mod 

F. 
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gs  ".\s 
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teclasts °"I Its seesd, 

beteei rste 15e7:1cjere 
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IC 
LOW COST , 

UNBEATABLE* 
IPISERTORS EXTRACTORS 

FEATURES 
* CMOS SAFE conductive plastic 
* Exclusive bent pin alignment guides in handle 8 to 40 

pins 

* Ground strap can be connected 

* One hand operation 

Cat TH 1808 

Cat m-1810 

Cat TH-1812 

Cat TH-1814 

Cat TH-1816 

INSERTERS 
C!T 1416 8 to 16 pins 

$5.95 
CIT 1820 • 18 to 20 pins 

$5.95 
CIT 22-22 / 22 pins 

$6.50 
CIT 24-28 /- 24 to 28 pins 

$6.95 
CIT 3640 36 to 40 pins 

$8.95 

EXTRACTOR 
Deceptively simple looking device One piece metal construction 

8 40 pins 

Cat TH-1818 Model ET 480 

$3.50 

Incorporating ELECTRONIC AGENCIES 
Carlingford Westville Gore Hill Brisbane Mon Fri Barn 5 30om 

Sydney and Con,,r 3 Mon Fr' 8 30arn 5 30pm 
Sydney Carlingford HursrvIlle Thursday nights until 8 30pm 

Brisbane Thursday night until 8prn 
Sydney Carlineard Hurs, Ile B•ishane 9arn 12 noon 

One Hill Saturday 9am 4001 
CONCORD NOT OPEN ON SATURDAYS 

PICK UP 11, ALIGN 
BENT-OUT PINS 

INSERT IC INTO SOCKET 
OR PCB , 

NUMBER 1 FOR KITS 

N S W 

SHOWROOMS 

QUEENSLAND 

MAIL ORDERS 

HEAD OFFICE 

eee - AlITEK mum 

ineauoirsamom- - 

PREPARE TO INSERT 

ALIGN BENT-IN PIPS 

AVTEK MULTIMODEMS 
State- of- the art multimodem - has the 
V21 8 V23. BELL 103 8 202 - Data rat, •• hP 
Backward channel 75 BPS in conjunction with 1200 BPS - Computer 
interface CCITT V 24l RS232C, Power requirements 240VAC 3 watts 
Talk to the world with this fine Multimodem 
Cat XC-4820 

Note the Mini Modem is rill, in stock at last! 

Latest Multimodem II Cat, XL. 4820 $365 
Multimodem II Autoanswer Cat. XC4822 $399 
Mini Modem II Cat. XC4825 $/99 
Send SAE for new technical lviii burr or all in and ask' 
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* EXCLUSIVE!! 
GREAT NEW BOARD A great treat for Jaycar 
CAME 

"MOHR" Commodore VIC-64 
laycar is the exclustve NSW distributor of the great 
new board game called University of Hard Knocks' 

Basically the game works like this 
You load a cassette into your VIC-64 which contains 
5000 7nvia type questions 
Community chest' or Chance 
Type statements 
Other instructions 
You then lay out the attractive vinyl covered playing 
board and play the game The computer provides all 
questions and answers as well as the odd setback if 
you land on the wrong square The game can also be 
played at different levels so accommodating people 
playing at the same time with different degrees of 
general ( tri-oral') knowledge 
The game progresses until you achieve a Degree in 
the trivia subjects that you have mastered 
No computer skill is required The computer simply 
provides information to operate the board game 
Around the same price as conventional board games 
Cat XG-6000 

ONLY $49.95 
All game pieces etc included. 

SYDNEY 117 York Street Tel 1021 267 1614 
CAILINGPOID: Cnr Carlingford & Pennant Hills Road Tel 102 1872 4444 
CONCORD: 115/117 Panama. Road Tel ( 02) 745 3077 
BIIISTVILLL 121 Forest Road Tel ( 02) 570 7000 
GOES HILL 188/192 Pacific Highway iCrir Bellevue Avenue) Tel ( 02) 439 479'-

BURANDA: 144 Logan Road Tel ( 07) 393 0777 

PO Box 185. CONCORD 2137 

115-117 Partamatta Road. CONCORD 2137 
Tel ( 02) 747 2022 Telex 72293 

15 19 99 
POST It PACKING 

32 00 
110 124 99 ; I Caret. I; 
125 549 99 S”1 7505 Wolcomee). 

4ilf`f MAIL ORDER VIA 
$50 49999 $8 5, 
$100 $ 198 
Over 1199 Si 

COMET ROAD MIGHT ANYWHERE IN AUSTRALIA ONLY $13.50 YOUR PHONE 

VISA 
AME0ICN I 

customers who own a 

 • 

MasterCard. 
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Three basic methods of digital speech synthesis have been 
devised. Waveform digitisation, more or less as explained 
above, employs digitally recorded speech, with the redun-
dant sounds removed in order to reduce the memory require-
ments. Natural Semiconductor's Digitalker (DT1050) employs 
this technique. A limited vocabulary is stored in read-only 
memory (ROM) chips, the words being accessed as required 
to string together a sentence. Whilst this technique produces 
very realistic speech (including the original accent!), the 
vocabulary is limited to about 600 words maximum because 
of the (still) enormous memory requirements. This type of 
synthesizer is also known as a stored speech device. 
Any periodic waveform, such as a sinewave, or complex 

waveform which is quasi-periodic, such as speech, behaves 
in a predictable way. A small, representative segment of such 
waveforms can be used to make an ' intelligent guess' about 
what the rest of the waveform will look like. In other words, 
it is possible to mathematically predict a whole waveform 
pattern from a part of it. This is called linear predictive cod-
ing (LPC). It is ideal for digital speech synthesis because, with 
a high enough sampling rate, the difference between succes-
sive samples is quite small and this enables making a good 
prediction of the value of following samples from the past 
few. Texas Instruments' TMS-5100 Speak 'n Spell employs 
an electronic model of the vocal tract controlled by a 
microprocessor as an LPC speech synthesizer. 
Yet another method employs Phoneme reconstruction. This 

simply uses an array of stored phonemes — 'building blocks' 
of speech (see accompanying panel on 'The Elements of 
Speech'). Any word can be reconstructed from its phonemes 

ELEMENTS OF SPEECH 
Speech is an assembly of fundamental vocal sounds called pho-
nemes. Each language has its own set of phonemes which are 
slightly different from other languages; there are about 45 pho-
nemes in the English language. 

Phonemes can be divided into several groups, the most impor-
tant group being the vowels. Vowels are all voiced sounds. Exam-
ples are a in ' sat' and ' father', e in ' set' and ' fever', i in ' sit' and 
'kite', etc. Vowel combinations, called diphthongs are also found. 
These are formed by swiftly sliding from one vowel to another — 
such as ai in ' wait'. 
Vowels are produced with a relatively open vocal tract and a peri-

odic (a defined pitch) sound source (unless they are whispered) 
provided by the vibrating vocal chords. Vowels are classified ac-
cording to whether the front or back of the tongue is high or low, 
whether they are long or short, and whether the lips are rounded 
or unrounded. In English, all rounded vowels are produced in or 
near the back of the mouth. 

Consonants can be voiced or unvoiced sounds. There are a whole 
variety of consonant sounds. Fricative consonants employ the lips 
or teeth, or both together. They can be voiced — y in voice', z 
in zoom, or unvoiced — f in ' form', s in ' seen', sh in ' sheet'. Stop 
consonants are plosive sounds, which can also be voiced or un-
voiced. Examples of voiced plosives include the b in ' been' (from 
the lips), d in ' dot' (from the tongue) and g in ' gut' (tongue and 
throat); unvoiced examples include the p in ' pot', t in ' tip' and k 
in ' keen'. Affricative consonants are produced by the swift combi-
nation of a stop consonant and a fricative consonant. e.g: the ch 
in ' chip' is a combination of t followed by sh. 
Consonants are produced by creating a constriction in the vo-

cal tract which produces an aperiodic (' all frequencies') sound 
source. If the vocal chords are vibrating at the same time, as in 

the case of some voiced fricatives, there are two sound sources: 
one which is aperiodic and one which is periodic. 

Nasal sounds are made when air is diverted through the nasal 
cavity. Examine the sounds of n in ' sin', m in ' pump' and ng in 
'wing'. Some consonants are vowel-like. e.g: r in ' root', y in ' you'. 
Phonemes differ acoustically depending upon their position in 

a word. Each variant is called an allophone, which are the manifesta-
tions of phonemes in any speech signal. A discussion of allophones 
is given in the data sheet on the SP0256 speech processor IC else-
where in this issue. 

according to a set of rules ('synthesis by rule'). As there are 
only a small number of them (about 45 in English) with a 
limited spectral content, the sampling rate can be low and 
memory requirements are thus quite small. The Voltrax SC-01 
employs this technique. As any word can be reconstructed 
by assembling the phonemes in order, along with pauses, an 
unlimited vocabulary is available. It is possible to-add inflec-
tion (steady, rising, or falling tone while the sound is being 
made) during the DIA conversion process to give the result-
ing speech some 'life'. Even laughter is possible! Speech qual-
ity in second generation devices of this type can be very good. 
A now widely used technique for speech synthesis employs 

linear predictive coding and stored allophones (speech 
sounds comprised of phonemes). Here too, speech is syn-
thesised by reference to a set of rules. The General Instru-
ments group of Narrator Speech Processor (SP0256) devices 
exploit this combination technique. The sampling rate and 
memory requirement, as with phoneme reconstruction,is 
quite low, yet good quality speech synthesis is obtainable. 
The General Instruments devices have the advantage that 
stored allophone codes can be employed if a fixed diction-
ary is required for an application, yet relatively little memory 
is necessary. 
Microprocessors and microcomputers are readily em-

ployed to 'drive' these speech synthesis devices. All that's 
necessary is to program and send the appropriate control 
codes at a suitable rate — which is, in practice, quite slow. 
Some devices produces more acceptable speech sounds 

than others — but it's all still very 'digital' in character, rather 
reminiscent of that unforgettable Star Wars character — 
Darth Vader. 

Text-to-speech 
The next step is to do away with having to program an as-
sembly of control codes and send them to a speech proces-
sor. The required ' rules' (or algorithm) can be stored as a 
computer program and, in response to strings of text sent 
via a computer printer port for example, the speech proces-
sor assembles the text into speech according to the stored 
rules — viola!, text-to-speech conversion. 
General Instruments released just such a device in Febru-

ary 1985, the CTS256A-AL2, for use with their SP0256A-Al2. 
This is an 8-bit microcomputer with internal ROM in which 
is stored a code-to-speech algorithm which converts English 
text in the form of standard ASCII characters into allophone 
addresses for the SP0256A-AL2 using letter-to-sound rules. 

This plug-in cartridge speech synthesizer for the 
Commodore 64 ' speaks' via the computer's sound channel 
and employs text-to-speech conversion. It also uses 
allophone programming and features two different-pitched 
'voices', plus the facility to program intonation. It is 
distributed by Promark in Sydney and Melbourne, (008)22 
6226 (toll free). 
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Applications 
Now that the cost of speech synthesis devices has fallen to 
a level where it's a minor cost component compared to equip-
ment with which it can be employed, applications are spread-
ing rapidly — some serious, some frivolous, admittedly. 

Consumer products that use speech synthesis include talk-

ing clocks, toy robots (e.g: Elami Jr — see AEM Product 
Review, Dec. '85 issue, p. 33), vehicle dashboai ds, burglar 

alarms etc. Commercial and Industrial applications include 
arcade video games, talking lifts (but don't see The Last 

Laugh', Jan. ' 86 issue!), aircraft emergency alarms and spe-
cial alarms which provide instruction procedures during dan-
gerous or emergency situations. 

REVIEW — VOTALKER 1B SPEECH SYNTHESIZER 
The Votalker 1B is a single board speech synthesizer suitable for 
installation in the I/O expansion bus of an IBM PC or PC compati-
ble. The unit is based on the Votrax SC-02 phoneme synthesizer. 
This IC produces speech sounds from which words are formed and 
therefore has a virtually unlimited vocabulary and can also produce 
singing, music and sound effects. 
The hardware is contained on a 137 x 106 mm pc board which 

includes the Votrax IC, an audio amplifer, a choice of two output 
"voice" filters, an on-board speaker and a socket to facilate con-
nection of an external speaker if required. 
The most significant advantage of the Votalker 1B over many 

other speech synthesizers, however, is the level of software sup-
port included. Supplied with the unit is a speech demonstration 
program which runs under IBM BASICA, a speech-to-text converter 
and a speech operating system which includes a phonetic speech 
editor. 
The text-to-speech converter is contained in a file called US and 

can be operated directly from DOS level using the SAY command. 
TTS can also be accessed from programs which provides a very 
simply means to introduce speech with programs under de-
velopment. 
The ITS program successfully converts written English into 

speech with remarkable quality. It does this by comparing the typed 
character string with a set of over 600 rules to generate the cor-
rect sequence of phonetic sounds. This is an exceptionally useful 
feature since the Votrax IC can be difficult and time consuming 
to program if every word must be formed individually from its pho-
netic components. 

In order to facilitate programming of individual words the soft-
ware includes a phonetic speech editor which is a menu driven 
program which provides the functions required to create words as 
well as other general sounds. 

In summary, the Votalker 1B is a good speech synthesizer com-
bining high quality design and construction with an excellent soft-
ware support package. The unit is available from Mike Boorne 
Electronics Pty Ltd, Suite 3, 61A Hill St, Roseville, 2069. Phone (02) 
46 3014. Price: $590 inc tax. 

— David Tilbrook 

PC BOARD 
SERVICE 

If your local retailer or board manufacturer 
is unable to supply you an AEM board, we are 

carrying a limited number of rolled-tin over 
copper circuit boards complete with silk screen 
component over-lay. 

Project 

1500 Metronome 
3500 Listening Post 
6500 Universal Mot set 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 
5502 Microwave Oven leak Detector 
2500 Sine/Square Audio Signal Generator 

Note The boards found in this issue are also available price on application 

Retail Price 

171ease rush me the following boards 

Project No. Price 

Name 

Allow a minimum of 4 weeks delivery 
Price includes postage 8. packing 

New Zealand. add SI 00 to these charges 

S 4 67 
S 8 06 
S 9 69 
S11 32 
S21 75 
S12 35 
$28 47 
$20 40 
$19 06 
$23 10 
S16 37 
516 37 
S74 90 
S13 00 

9 92 
S10 46 
522 42 
S 9 12 
S 9 65 

All cheques or money orders should be made payable to 

Australian Electronics Monthly 

Address 

I enclose my cheque/money order for 

Postcode 

Please tick payment method 

Cheque/money order Bankcard Visa 

Mastercard American Express 

Card No   Expiration   

Signature   

((Note Unsigned credit card orders cannot be accepted) 

You can buy the boards at our offices if you wish, at any time during business hours I 

Were located at WB Building, Cnr Fox Valley Rd and Klogle St. Wahroonga NSW. the 

entrance is in Kiogle St 

1 
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Emergency 
Hand-Held 
A light, compact go-
anywhere CB that's 
ideal for bushwaikers. 
Features 'bushwalking' 
and 'safety' channel 
27.620 MHz for Instant 
response to emergency 
situations. You can't 
afford not to have one-
...and now it's $10 off!! 

DOC Approval No. 
242H0108 

Nees e 
NOW $89 

peces 

Ige° 

a hand-held 
scanner ... 

Walkie Talkies si00 et action with 

I et into the 

Budget PricedII 

SAVE $ 10 

) CB ANTENNAE 
Heavy Duty CB 
Helical — 27MHz 
Tough fibreglass antenna for truckles, 
off-road enthusiasts. etc. Provides that 
extra range when you need it. Features 
sealed base with connector for 
immediate use. 

' Cat D-4078 '99 
UHF Co-ax Base 
Mobile base that provides low loss 
for maximum efficiency. Ideal for use 
with antenna D-4013 (this page). 
Cat D-4516 

CB UHF 4.5 
High Gain Mobile 

Great value for this high gain mobile! 
• Gives that 'extra' range when it counts. 

$6 95 

4.5 dB gain doubles output. 
Cat D-4013 

2" 
CB UHF 
Base Antenna 
High gain antenna covering the 477MHz 
range with an impressive 4.5dB gain. 
Cat D-4012 

'4995 

Pocket Corn II — 
effective short-range 

communicators small enough to 
fit a pocket. Ideal for kids 

games ... and Mum can use one 
to call them for dinner. Yet 

they're powerful enough to use 
on construction sites to save 

time and trouble. At this price, 
buy a couple. Cat D-1101 

Complies with DOC 
Specification RFME001 

Tune into news and events as 
they happen ... all the action up 
to 525 MHz (Including air) with 
our Regency HX-2000 scanner. 
Compact hand-held size means 
you take it anywhere: use it in 

the car to avoid traffic snarls. It's 
small, but big on features: 
priority, scan and search 

ensures you won't miss a thing. 
Plus 20 channel memory and 
more. And now it's even a 

greater bargain .. SAVE $ 100! 
Cat D-2815 

Was $449 $ 4149 
NOW V 

FOR YOUR OWN SAFETY, MARINE 
TRANSCEIVER I tAeo Programmable 

3W 3-CH sle VH 
CB Transceiver 

Save $30 on a handy medium-
powered communicator-just in case 

emergencies. Fitted with one CB 
channel. Cat D-1106 

DOC Approval No. 249A072 

$ek9NOW 7 

F Transceiver 
WOW! Now you can have VHF marine without 
your budget taking a dive! Programmable 12 
channel capacity provides access to all local 
area communications. But if you cruise the 

coast, then re-program — it's simple. 
Features switchable 0.5/2.5W power output 
and very high sensitivity: better than 0.25uV 
(12dB SINAD). And Its compact, hand-held 

size means you can take it anywhere. 
Cat D-1404 

DOC Approval No .274C018 

*lee $299 NOW 

LOOK! NEW CB TRANSCEIVERS 

Hide-away 
Mobile CB 

40-CH AM 
'Emergency' CB 
If you're not into full time CB but 
appreciate the safety aspect. then this 
compact 40-Ch mobile CB is deal. 
Comes with a carry case: the CB, 
antenna and accessories stay there 
until an emergency occurs. The 
antenna features a magnetic base for 
instant set up. In no time you'll be on 
the air calling for assistance. 
Cat D-1172 

sl 49 

UHF 
`Sundowner' 
The pick of the crop! UHF FM 
communication on 40 channels that's 
as clear as country air. Backed by 
superior, reliable features: squelch, 
duplex repeater, RX/TX LEDs and 
more. 
Cat D-1806 

Brilliant! Fool thieves by concealing 
CB almost anywhere — in the boot. 
glove box. And it's great for crowded 
dashes — only the hand-set need be 
mounted. All control functions are 
located in the hand-set: PTT mic, 
rocker-switch UP/DOWN channel 
selection plus volume and squelch 
controls. Provides access to 40-Ch 
covering 26.965-27.405MHz range. 
Cat D-1441 

'375 '299 

M il For Address details 

ELECTRONICS See P88 
PTY LTD B.110/RB 
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CONSUMER ELECTRONICS NEWS 

Unique appliance security device 

Anew company, DCB Computer Marketing has developed 
a unique alarm system for electronic and electrical 

home appliances which operate via the 240 volt ac mains. 
The patented system is designed to protect the individual ap-
pliances 24 hours a day. 

The system consists of a trans-
mitter and receiver. The trans-
mitter generates a frequency 
modulated RF signal which is 
sent down the electrical wiring 
of the building. 
The receiver is built into the 

appliance (such as a VCR. TV, 
microwave oven, home com-
puter. stereo system, etc). This 
continuously receives a coded 
signal from the transmitter via 
the building's electrical wiring 
via the appliance's power cord. 
The receiver is designed to 

totally shut down the appliance 
and set off an ear piercing au-
dio alarm when the signal from 
the transmitter is interrupted 
(such as removing the appliance 
power plug from the wall sock-
et). or the incorrect code is be-
ing received. 
The transmitter is simply 

plugged into a normal house-
hold electric socket in a place 
where it cannot be easily found. 
Other means of concealing the 
whereabouts of this device can 
be used, such as building it into 
a power socket. 
The transmitter and receiver 

have the same pre-set digital 
code. Any number of appliances 
with built-in receivers are pro-
tected by the one concealed 
transmitter. 
For proper operation, both the 

transmitter and receiver/s 
should be operating on the same 
electrical phase. The system has 
a self checking capability which 
activates the alarm for half a 
second, the moment it is 
plugged into the electrical sys-
tem, indicating the system is in 

working order. 
It a protected appliance is 

removed from the premises, 
which in turn would set off the 
internal alarm, and the burglar 
is silly enough to make his geta-
way with a screaming appli-
ance, one would assume that all 
is OK after the built-in recharge-
able battery runs down and the 
appliance is silenced. 

Alas, the burglar is in for a big 
surprise! When he plugs the 
appliance into his power supply 
and the unit it totally inopera-
ble. the alarm will immediately 
activate and the battery is re-
charged. 

This system is inexpensive to 
produce, but when built into ap-
pliances at assembly line level, 
the cost would become even 
lower: Note that some 35 000 
VCRs are stolen each year in 
Australia. 
DCB claim the following ad-

vantages over other security 
systems: 
• Easy installation • 24 hr pro-
tection • No keys to lose as 
alarm arms as soon as it is 
plugged in • Self-checking sys-
tem • Compact • Low price • 
Not easily tampered with. 
To move an appliance to 

another location a keyboard is 
incorporated into the appliance 
requiring a predetermined set of 
numbers to be punched in by 
the owner to de-activate the 
alarm. When the appliance is 
re-located the security system is 
automatically re-activated and 
operates normally. 
A large manufacture of varied 

appliances would benefit from 
this system built into their 
products, DCB claim. 
For further information con-

tact: DCB Computer Marketing, 
81 Kingsclere Avenue, Keys-
borough 3173 Vic. (03) 798 
2323. 

Big bass end for 
locally-made 
two-ways 

A udiosound Laboratories' 
model 8035 speakers are a 

two-way system featuring 
extended bass performance 
claimed to be 3 dB down at 
38 Hz and only 5dB down at 30 
Hz. 

The bass end design was 
computer-correlated for Audio-
sound by Mr Neville Thiele, 
according to his original 
engineering paper on the 
subject. 
The 8035 speakers employ a 

newly-developed 200 mm bass 
driver with aluminium voice 
coil former and high tempera-
ture coil. The top end is provid-
ed by Audiosound's HF8 wide 
dispersion 25 mm dome driver 
via a phase-corrected third-
order (18 dB/octave) filter using 
air-cored coils and polyester 
capacitors. 
Tonal balance is claimed to be 

similar to Audiosound's 8033A 
and 8066 systems (see p.31, Oct. 
'85 issue about the latter) which 
are used by the ABC. 
The 8035s are supplied with 

an attractive stand for optimum 
bass end performance. The 
speakers stand 1040 mm high 
(including the stand) by 310 mm 
wide and 390 mm deep. 

Designed and fully manufac-
tured in Australia, the 8035s are 
obtainable from Audiosound 
Laboratories, 148 Pitt Rd, 
North Curl Curl 2099 NSW. 
(02)938 2068. 

Concept Audio 
release CD player 
by ADC 

Concept Audio Pty Ltd of 
Brookvale NSW, importers 

of such well respected and 
sought after products as Rega, 
Hafler and Mordaunt Short, has 
finally announced that they 
have added a compact disc play-
er to their distribution stable. 

It is the CD — 100X machine 
from ADC. 
Among its many features, the 

CD-100X offers: a motorized 
disc tray; three-beam laser for 
better tracking; programmable 
memory for 16 tracks; single 
track repeat, programmed track 
repeat and all track repeat and 
a linear digital-to-analogue con-
verter. 
With a retail price point of just 

$499 Concept Audio believes 
that this compact disc player 
will grow in popularity very 
rapidly. Further information 
can be obtained directly from 
Concept Audio, PO Box 422, 
Dee Why 2099 NSW. (02) 938 
3700. 

Price rise for 
TDK video tapes 

D evaluation of the Aus-
tralian dollar in 1985 

against the Japanese Yen has led 
to an increase in TDK Austra-
lia's price of video tapes. TDK 
is a major supplier of audio and 
video tapes to the Australian 
market. 
Mr Ken Kihara, General 

Manager of TDK Australia, said 
an increase of approximately 
13-15 per cent on most types of 
TDK video tape will be effective 
from February 1, 1986. 
"Only significant weakening 

of the Australian dollar during 
1985 has necessitated price ad-
justment for our range of video 
tapes." he stated. 
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Elements of a successful marriage 

the NAD 1155 preamp and 2200 power amp with 
KEF C10 speakers 

Systems - comprising source equipment, amps and loudspeakers - 
have dominated the hi-fi market over the past five years, whereas 
mix-and-match was the strategy for assembling a domestic hi-fi 
sound system previously. Is it still possible to mix-and match 
equipment from different manufacturers to meet today's standards? 
If these results are any indication, the answer is - certainly! - but Robert Fitzell 
you need to do it with care, as before. AAAC 

OVER THE PAST MONTHS we have reviewed a number 
of component parts of high quality sound systems. One item 
was the Philips motional feedback loudspeaker system which 
includes a power amplifier, and we have looked at two ex-
cellent input devices. the Nakamichi cassette deck and CD 
player. Either of the Nakamichis together with the Philips 
would constitute a sound system. To round off our current 
review sequence, here we investigate two new products from 
the traditional equipment which follows the cassette deck/CD 
player source equipment — separate amplifiers and loud-
speakers. 

Conflict and compromise 
The hi-fi industry has been going through a somewhat mud-
dled phase. Digital sound equipment has become almost 
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commomplace, offering phenomenal performance at prices 
we all originally only dreamed of (despite a 'slippery dip' dol-
lar). At the same time that other market pressure, nearly al-
ways the most influential one, popular opinion, is causing 
store after store to offer many mini components — all so your 
friends can listen to music without having to use binoculars 
over mountainous loudspeakers to see who they're talking 
to. Clearly, the day of the BIG sound system is not now, and 
this leads to inevitable conflict or compromise, particularly 
where digital sound sources are concerned. 
While it is a subject we will examine more in later articles. 

I have said before there is no substitute for power and power 
handling capacity where digital input sources are concerned. 
Immense signal strengths may be successfully recorded dig-
itally, so that music with large transients can be auditioned 
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The KEF C10 speakers are a two-way pressure-box design 
measuring just 300 mm high by 205 mm wide by 172 mm deep. 

The NAD 1155 preamp (above) and 2200 Power Tracker • power 
amp (below) make a fine combination in both appearance and 
performance. 

at a relatively low level, and still have electrical headroom 
to permit the crashing of cymbals or drums to really take the 
top off your head if you're silly enough to want that. Even 
moderate listening levels for some classical and popular mus-
ic will still require very large amounts of power for transient 
peaks, and the limit has increasingly become capacity of the 
loudspeakers. 

If one examines simple loudness versus power, the public 
address system industry has long known the importance of 
loudspeaker efficiency. If you stack two loudspeakers against 
one another and one is 3 dB more efficient than the other, 
at the end of the day the power bill for the less efficient speak-
er is twice as high. What leads to increased efficiency? . . . 
either horn loaded drivers or, yes you guessed it, BIG loud-
speakers. If we are considering efficiency at low frequencies 
then efficiency is only achieved using large speakers. If you 
want to drive your loudspeakers hard, what leads to better 
power handling capacity? Amongst other things, a large coir 
(i.e: a large diameter loudspeaker). Again, all this points to 
large loudspeakers. 
Think over the public address or theatre sound systems that 

have impressed you, and they almost always use large sized 
loudspeakers. Before leaving this point I will hasten to add 
an opinion that large loudspeakers are frequently not the best 
choice for domestic use, particularly where rooms are rela-
tively small. I, for one, would rather listen to a clean loud-
speaker with a limited bass end, than one with immense 
output at low frequencies which is either lost or muddied 
by being compressed into a room which is simply too small 
accoustically to accomodate it. 
So we are left with the quandary of popular opinion. If you 

don't want to be humiliated as guests gaze stonily at your 

bass loudspeakers poorly disguised as a room divider you 
are likely to greet them at the door with a smile and a KEF 
C10 loudspeaker clutched hopefully under your arm. As these 
crass guests glide gracefully into the room you will proba-
bly rush furtively to connect the C10 loudspeakers back into 
the NAD power amp system. If so, all host grovelling aside, 
they will have the pleasure of listening to an excellent sound 
system. If the occasion is a party, you would be wise to hide 
the KEFs in a cupboard, or else Araldite the volume control 
knob. Otherwise, by the end of the night you may not have 
any music at all. 

The marriage partners 
Whilst the NAD 1155/2200 and the KEF C10 are in no way 
marketed together, both components can be recognised as 
products of today's market demands and combine to form 
a ' state-of-the-art' (state-of-the-market really) system. The 
NAD range of equipment has long been designed with the 
combination of performance and aesthetics uppermost, and 
this new amplification chain is no disappointment. Power 
capacity is very high, and the facilities provided on the NAD 
are evidence of the dual market sought for the system — 
domestic hi-fi and commercial sound reinforcing systems. 
The name KEF has long been associated with very high 

performance and state-of-the-art loudspeakers. The C10 is 
their offering to the domestic market for a compact, high qual-
ity loudspeaker, and to other users such as the studio or 
broadcasting industry as mini-monitors. 
We have chosen to review them together, and in doing so 

have found excellent performance but with a predictable 
power handling conflict. 

NAD 1155/2200 stereo amplifier 
system 
The appearance of the NAD 1155 preamplifier and 2200 pow-
er amplifier is typical of the understated quality of past 
products of this manufacturer. In many respects the system 
is more properly suited to professional sound systems than 
domestic use. Being separate units probably restricts them. 

REVIEW ITEMS: 

Stereo Preamplifier 

MANUFACTURER: 
MODEL: 
FORMAT: 
PRICE: 

Power Amplifier: 

MANUFACTURER: 
MODEL: 
FORMAT: 
PRICE: 

Loudspeakers: 

MANUFACTURER: 
MODEL: 
FORMAT: 

PRICE: 

Composite Sound System 

NAD 
1155 
Independent modular 
$490.00 rrp. 

NAD 
Model 2200 
Fixed gain 
$900.00 rrp 

KEF 
010 
Mono- amplified two-way 
acoustic suspension 
$399.00 rrp 

Distributor: All items from Falk Electrosound, PO Box 234 
Rockdale 2216 NSW 

SUMMARY: Clean, uncoloured sound, excellent overall response, 
but a power conflict between speakers and power amp. 
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Figure 3. Overall frequency response of the NAD 1155/2200 
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Figure 5. Response of the tone controls on the NAD 1155 
preamp. 

domestic market in a small way by doubling the number of 
amplifier components in the system. In professional use the 
divided system is almost mandatory, since it permits either 

inclusion of additional signal processing, such as graphic 
equalisation, or use of the power amplifier alone in conjunc-
tion with a microphone mixing console. 
The main power amplifier is also a little different from 

some in that it is fixed gain, i.e: there is no volume control. 
This is not common yet there is little reason for a main pow-
er amplifier gain control since the preamplifier offers total 
control in any case. An exception is when the power output 
capacity of the amplifier exceeds the input capacity of the 
loudspeakers. Then, a power amplifier gain control can be 
used to limit the maximum power so that the preamplifier 
volume controls can be used without any concern that pow-
er levels might be getting too high. 

In integrated amplifiers, that is a single cabinet with all 
controls on the front and pre and power amplifiers within, 
the power amplifier stage is usually fixed gain in any case 
so the NAD system offers nothing new, just the same arrange-
ment but in separate cabinets. 
Surprisingly, no technical specifications are given in the 

literature which accompanies either the 1155 or the 2200. 
This really is a problem since the power output of the ampli-
fier is condiderable and damage to other components could 
be done quite unwittingly. Also, if we have just spent our 
hard earned money on the amps, we all like to read about 
them. Literature accompanying the 1155 and 2200 comprises 
instructions for installation and operation and are quite com-
prehensive. 

- The 1155 preamplifier offers professional standard fa-
cilities: 

1. Capacitance adjustment to permit optimum performance 
for phono cartridges sensitive to input capacitance. 

2. Facility for two tape recorders. 
3. Separate CD player input. 
4. Low output impedance (600 ohm) permitting either long 

cable runs between the preamp and power amp, as often 
occurs in a professional theatre public address system, 
or input to more than one amplifier at a time. 

5. Selectable high level output at 220 ohms impedance to 
permit use with professional studio equipment. 

Controls on the 1155 include the usual bass and treble tone 
controls, and a number of non-standard signal processing 
controls. These include a bass equalisation circuit, offering 
a bass boost in a narrower band than can be achieved by the 
bass tone control alone, and an infrasonic filter removing 
energy below 20 Hz. A mute button (rather clumsily named 
low level') is included along with loudness and channel 
balance buttons. Front panel master selectors separately con-
trol listen and record functions and take some little while 
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Figure 6. Superimposed curves of the loudness (upper trace) 
and bass eq ( lower trace) switches of the NAD 1155. 
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to become familiar with, we found. 
The 2200 power amplifier has a simple front panel, provid-

ing an on-off switch plus overload, protection and soft clip-
ping indicators. The rear panel offers alternative input 
sockets permitting either a gradual ultra-high frequency roll-
off or an extended frequency response, a select switch for 
soft-clipping, together with the output sockets. The amplifi-
er may be operated in bridged mode whereby a second one 
may be driven, providing double the voltage or four times 
the output power. This gives a potential power output of the 
order of one kilowatt! That sort of power is clearly not for 
typical domestic hi-fi use. 

Amp system test results 
To tee the amplifier chain we have used a number of input 
devices whilst driving the power amplifier output into a dum-
my 8 ohm load. All our tests are therefore applicable to 8 ohm 
loudspeaker loads. 

Initially, we intended to determine the maximum output 
power rating as the value of 3% total harmonic distortion into 
an 8 ohm load. However, the output power capacity of the 
2200 amp proved to be very high and above the input vol-
tage capacity of our distortion measuring equipment. The out-
put characteristics of transistor amplifiers is such that 
distortion rises at maximum power output rather like a brick 
wall and amplifier output voltage increase similarly stops 
abruptly, so the actual distortion value is rather academic. 
Overload indication occured with an input of just over 

1 volt, or an output power of 185 watts. For a short term in-
put the RMS output voltage was found to plateau at approx-
imately 43 volts ino 8 ohms, giving a transient output power 
of 230 watts! So much for the 100 watts we had thought the 
amp power to be. 
Those readers used to testing will realise that without dis-

tortion measurement being possible at maximum power we 
could not quantitatively assess the effect of the 'soft clipping' 
option on the 2200 power amp. This option is intended to 
make the amp behave more like a valve amplifier. Amplifier 
enthusiasts have long complained that the transistor ampli-
fier performs poorly when compared with a valve amplifi-
er, particularly in relation to distortion when driven hard. 
The valve amplifier offers gradual distortion increase at high 
levels, and so better, response to high level transients com-
pared with the 'brick wall' distortion of the transistor am-
plifier. 
Using the internal pulse source of our Hewlett-Packard 

3561A analyser, we found no appreciable difference between 
the amplifier response with or without soft clipping at the 
levels likely to be used for normal listening. In professional 
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Figure 7. Combined effect of the NAD 1155 loudness and bass 
eq switches. 
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public address system use the leature is likely to be of much 
greater value and may protect both the loudspeakers and the 
listeners' ears quite considerably. 
The voltage gain of the 2200 power amp was found to be 

38 to 1, or 31.6 decibels. Harmonic distortion was generally 
better than -77 dB, although at 10 kHz harmonic distortion 
clearly existed, at -74 dB for 1 watt output and -77 dB for 20 
watt output. All else exceeded our instrument measurement 
capacity. Signal-to-noise ratio was measured at 105 dB (A). 
Frequency response of the 2200 is dependent on the selec-

tion of input socket. Figures 1 and 2 show the different 
responses using the ' normal' and lab in' input sockets. Fre-
quency response is rolled off for the ' normal' socket using 
a 12 dB/octave low pass filter. Relative to 1 kHz, the -3 dB 
point is not greatly different for the two input sockets being 
approximately 35 kHz and 48 kHz respectively. At 100 kHz 
the difference between the two is approximately 12 dB. For 
the audible frequency band (Figure 3) of 20 kHz to 20 kHz 
the response is flat within 0.5 dB for either input. 
The 1155 preamplifier has multiple input and output 

choices and hence many configurations for testing. Two out-
put socket pairs are provided, referred to earlier. Output to 
the power amplifier may be by either ' normal' or ' high' out-
put sockets, with the latter being rated at 13 dB higher out-
put. With this one you need to be careful. For the line input 
sockets — CD/video, tuner and tape — the gain was found 
to be 6.6 to 1, or 16 dB. For the phono input, gain was found 
to be 84 dB using the moving magnet (MM) input option and 
107 dB using the moving coil (MC) option. 
Distortion for the 1155 was uniformly better than -77 dB, 

the measurement limit of our equipment. Signal-to-noise was 
found to be 100 dB (A) for an equivalent 1 watt output using 
the 2200, or 109 dB(A) at full gain on the 1155! The mute but-
ton was found to drop the output by 21 dB. 
Frequency response of the 1155 was found to be linear to 

100 kHz, although the ripple at 76 KHz seen in Figure 4 has 
no explanation. This could be a function of the test configu-
ration since cable effects can be significant at very high fre-
quencies. Bass and treble controls gave + 9/-12 and + 7/-8 
respectively, as seen in Figure 5. Figure 6 shows the loud-
ness control superimposed with bass eq control effect, a peak 
gain of + 7 dB at 40 Hz, whilst Figure 7 is the cumulative 
effect of these two controls. Net boost at low frequencies is 
.14 dB at 40 Hz and this magnitude of control would rarely 
be used. 

In the equipment literature, the bass eq control is said to 
be included to assist where room response is restricting loud-
speaker output at low frequencies. Whilst this effect is un-
doubtedly a real one, to which I referred earlier, I would 
caution against expecting the control to achieve miracles. The 
reason bass response is missing in small rooms is simply that 
wavelengths of low frequency room modes simply cannot 
fit. To pump more power in means that the speaker has to 
work a lot harder but still cannot efficiently produce the 
goods. Also, in rooms in which 40 Hz modes are relatively 
undamped the result could be quite terrible. At low listen-
ing levels, however, many will use both the loudness and the 
bass eq. 

In combination, the 1155/2200 can be potentially damag-
ing to even quite powerful loudspeakers if you are not care-
ful. Using the ' normal' output of the preamp at full gain, the 
combined amplifier gain is 250:1 or 48 dB which will cause 
the overload protection on the amp to operate for a 0 db tape 
recorder input. But remember, the amp output at that point 
is still at least 185 watts. The combined gain on the total sys-
tem for the high level preamp out is 61 dB. Signal-to-noise 
at 100 watts was 99 dB (A) and, given the excellent distor-
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Lion and headroom, the amp would be hard to find trouble 
within public address or other higher powered applications. 

The KEF C10 speakers 
Subjectively, the KEF C10 is an excellent loudspeaker. The 
cabinet is small, being 300 x 205 x 172 mm, and built from 
woodgrain finish vinyl with a black cloth front. The fabric 
cloth is supported on a 13 mm deep particle board frame. 
No real attempt has been made to eliminate high frequency 
reflection off the frame as is becoming more common prac-
tise with higher quality loudspeakers. 
The C10 loudspeaker is designed to operate against a wall 

or on a shelf by including a 'step' in the frequency response 
at mid frequencies — a logical design for such a small unit. 
Recommended amplifier power stated in the accompanying 
literature is not less than 15 watts. 
Under laboratory tests we found the C10 to perform right 

up to specification bar some shortfall at very high frequen-
cies. Figure 8 shows the frequency response on-axis per-
formed in a Q = 2 space; that is, up against a reflective wall 
to allow for the normal bookshelf mounting. Some evidence 
of the step in the response is still evident at about 800 Hz. 
The high frequency limit is not up to the 20 kHz claimed by 
the manufacturer. Figure 9 is a near-field (50 mm) sweep 
which shows the crossover is about 2200 Hz. The individual 
driver response is a little less exciting than some we have 
seen. However, in combination, the response was found to 
be good. 
High frequency roll-off is shown in Figure 10 where each 

trace is attenuated 10 dB to achieve separation. At 30° the 
response above 12 kHz has dropped quite markedly, whilst 

00•5bobwas   lazwerlan FM: Ils». 

a 

20 

Ib  

lo  

10-5 

10 He XI 00 KO 200 000 1 1516 2 10 20 

1•1050, Fab &de ter  Zoe lent  1115312112) 

Figure 8. Frequency response of the KEF C10 speaker, meas-
ured on-ax's, 
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Figure 9. Near field responses of the two drivers in the C10 
speaker. 
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at 60° the roll-off is smoother with frequency but commences 
at about 5 kHz. 

Vertical roll-off is shown in Figure 11 at 0° and 22.5° down, 
again 10 dB apart, and two important features are noticea-
ble — phase cancellation at the crossover occurs quite abrupt-
ly above 10 kHz. The loudspeaker must therefore be mounted 
at a correct angle to suit the intended listener head level for 
the frequency response to be smooth. 
Loudspeaker impedance (Figure 12) was found to be a 

nominal 8 ohm at 250 Hz and the bass driver resonant fre-
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Figure 10. High frequency response of the C10 speaker at three 
different angles in the horizontal plane. Note — each trace has 
been separated by 10 dB for clarity. The top trace is on-axis. 
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Figure 11. Vertical plane high frequency response of the C10 
speaker on-axis (upper trace) and at 22.5 degrees below the 
horizontal. (Traces separated 10 dB for clarity). Note the phase 
cancellation around the crossover frequency on the lower trace. 
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quency found to be almost exactly 100 Hz with a Q of 2.53 
— quite well damped. At high frequencies the impedance was 
found to drop to approximately 5 ohms. 
Total harmonic distortion for the C10 was found to be ex-

cellent at better than -32 dB for all test frequencies at 1 watt. 
At 10 watts THD dropped to better than -38 dB for 1 kHz 
and 10 kHz but rose to a still creditable -26 dB at 100 Hz. 
Figure 6 is the final test trace, an impulse test of the KEF 
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Figure 13. THD of the C10 at 100 Hz and 10 watts (always a 
critical parameter with bookshelf speakers) is a creditable 
-26.44 dB. 
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Figure 15. The 10 kHz/1 watt THD of the C10 is also very good, 
being a little better than -32 dB. 
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Figure 16. Impulse response of the C10 speaker shows only 
minor irregularities around 4 kHz and 7.35 kHz. 

16 loudspeaker. The impulse is limited at the low frequency 
end by the analyser's bandwidth of 190 Hz. so little can real-
ly be learned about the bass response of the speaker. At higher 
frequencies however, overall response is remarkably smooth 
bar one dip at 7350 Hz and two lesser dips at about 4 kHz. 
Certainly, no problems are evident with the crossover. 

Sensitivity of the C10 was tested in free field at 85 dB/watt 
for a pink noise output. Given the additional 1.5 dB claimed 
by KEF for the gain through mounting close to a %van, the 
lest results of 86.5 compares very favourably with the 
manufacturer's specification of 88 dB. Maximum sound pres-
sure level stated by the manufacturer for programme peaks 
under typical listening conditions is 106 dB. which cor-
responds from their own sensitivity rating to an input level 
peak of 63 watts. Given the normal headroom margins ap-
plicable for comfort to the loudspeaker rating of 60 watts 
power handling capacity. Obviously. the NAD has to be used 
very carefully with this one. 

The system 
Despite the power conflict outlined above. the NAD amps 
and the KEF ClOs combine very well. I have previously said 
that in many instances it is the loudspeaker which really de-
termines the sound. and of course the quality of the NAD > 

February 1986 — Australian Electronics Monthly — 33 



., .• i",•+: TO GIVE YOU  :,...,:i.,..,.; ,:ipt,.,•.; 

....,,,,..,• , •,„......... .,,  
.!,,-.;,,L,.t, AND A SUPERLATIVE .:,e...„,...e.,....,.,,..,.  

2-WAY SPEAKER ......,„,„„), 
..,,..,....,.„,, AS WELL! ..„,-,,... , , 

••,:e 

Were talking about the exciting new David Tilbrook 
designed speaker kit which uses %'IFA's high performance 
drivers from Denmark. His 2- way, digital- ready 100 Watt 
capable masterpiece 

The name Tilbrook is synonymous with brilliant design 
and performance characteristics and this new system keeps the 
legend alive and well. The magazine The Australian Electronics 
Monthly' - where David is Project Manager - published full 
details of the design in their August issue. Already there has 
been considerable interest and many speakers have now been 
built with superb results. 

You'll save around S800 when you hear what you get from 
this system when compared to something you buy off the shelf 
with similar characteristics. If you compare its performance to 
fully imported, high priced, speakers from Mission, Heybrook, 
Monitor Audio. Bang & Olufsen and many others, you'll see that 
they too use these VIFA speakers. 

This kit of 2-P2 IWO Polycone Woofers and 2-D25TG-55 
Ferrofluid Cooled dome tweeters with Polymer Diaphragms, 
is available for 5350. Cross-overs, cabinets and loudspeaker 
stands are also available. 

For futher information and a reprint of the full details of the 
Tilbrook project, please telephone or write to the Sole 
Australian Distributors, who can also give you the name and 
address of your nearest stockist. 

Stocked by Jaycar Electronics and leading hi-fi and 
electronic stores. 

Sole Australian Distributor: SCAN AUDIO PTY. LTD., 
P.O. Box 242, Hawthorn 3122. Telephone (03)429 2199 

Queensland Distributor: Queensland Stereo Visual Supply. 
Telephone (07)265 7945. 
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aem hi-fi review  I DAVID TILBROOK 
'et'e IIAS AROUND $800 ,--4iGt 

TABLE 1: TEST RESULTS SUMMARY 

Item 1155 2200 System KEF Cl 0 

Frequency response 
( + /-3dB) 

High frequency (-3dB 
rel 1 kHz) 

Maximum output power 

Gain: normal 
high 

THD 100 Hz 1 watt 
10 watt 

1 kHz 1 watt 
10 watt 

10 kHz 1 watt 
10 watt 

Signal-to-noise, dB(A): 

full gain 
100 watts 

Input for 1 watt out at 
full system gain: 

phono MC 
phono MM 
CD, tape, tuner 

Sensitivity, dB/W @ 1m 

pink noise input 
10 kHz 

5 - 48 kHz 80 - 17 KHz 

100 kHz 35 kHz 17 kHz 
48 kHz 

185 watts 

16 dB 32 dB 48 dB 
29 dB n/a 61 dB 

< -77 dB < -77 dB < -76 dB -38 dB 
< -77 dB < -77 dB < -77 dB -26 dB 
< -77 dB < -77 dB < -77 dB -35 dB 
< -77 dB < -77 dB < -77 dB -39 dB 
< -77 dB -77 dB -77 dB -32 dB 
< -77 dB -74 dB -74 dB -38 dB 

109 105 104 
100 105 99 

13 µV 
185 µV 
11 mV 

86.5 
88.7 

is really only heard in that it is inaudible. At no time was 
I aware of amplifier noise. 

The subjective quality of the KEF ClOs is very nice indeed, 
with quite remarkable presence for such a small loudspeak-
er. We did not try anything too foolish, such as the 1812 or 
other hefty classics, but restricted listening tests to lighter 
classics, some of the Wyndham Hill recordings on both CD 
and vinyl discs, and pop music. As a mid-range loudspeaker 
I found it hard to fault. All musical instruments are accomo-
dated with little colouration to marr them. The bass is very 
'tight' with the result that the subjective impression is one 
of quite ample amounts of low frequency output. If you want 
you can definitely improve the low frequency end with the 
bass eq control on the preamp. However, I found that I did 
not really prefer the sound quality and many will opt for the 
tone controls alone. 

If you are looking for a new high quality system, this is one 
we can commend to you to evaluate yourself. My own opin-
ion is that the NAD amps should power a larger pair of loud-
speakers for main use or for larger rooms, with the ClOs being 
used for either small rooms or for second set use. With little 
fiddling the NAD power amps could very easily power more 
than one set of speakers although the facilities on the back 
of the map do not provide for this. The ClOs have the 
presence to carry listening at low levels so if you have a space 
problem they are well worth looking at. Perhaps the best as-
set of the system is remarkably quiet amplifiers, very clean 
sound, and providing you can keep the preamp volume con-
trois where they should be, the combined equipment has good 
dynamic range for digital sources. If the volume gets too high 
though, goodbye ClOs. 
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BUILD A 2M UHF 
TRANSCEIVER 

BLOCBTRONICS IS EASIEST 
IN NINO ELECTRONICS! 

IT'S THE NEW STANDARD THAT'S FUN, 
CREATIVE AND SAFE FOR CHILDREN! 
BLOC-TRONICS is a revolutionary method for youngsters to learn 
electronics and build projects. It's an alternative to soldering, using 
inter- connecting cubic blocks containing electronic elements with 
multi-sided contact points. These slot together to form circuits. And 
by following the BLOC-TRONICS manual, you can build a variety of 
projects. BLOC-TRONICS is available in 3 configurations. Each 
builds upon the other with more components. PLUS there are empty 

BLOCS available for inserting your own electronic 
elements. BLOC-TRONICS can be the building blocks 
to your child's future. 

KIT A 
Starter Set 
K-2812 

SET 1 
Builds on Set A 
Cat K-2614 

SET D Empty Block 
Completes the sets Package 2 blocks 
Cat K-2818 Cat K-2618 

'399"3995 '1 05 $795 

Brilliant! Build it yourself and save $$$. It 
boasts all the features. +/- 600kHz offsets, 
anti repeater, 5kHz offset and more. Selectivity 
is better than 60dB at +/- 25kHz. 
Cat K-6308 We export to è i 89 

the USA 9 

13.8V 
2A POWER 
SUPPLY KIT 

A very affordable accessory for UHF/VHF 
transceivers. Supplies 13.8 volts, regulated at 
2 amps continuous. Comes complete with all 
necessary parts and instructions. 
Cat K-6310 

'4995 
Cat K-6318 R1TY 

DECODER FOR 
W-200/300 COMPUTER 
Fantastic! Low cost entry into teletype. It's easy 
to build and install ... interfaces straight into 
expansion port. Features 1K write ahead and 
WRU buffers, 7 pre-programmed EPROM 
messages and single letter commands. 

Decode news broadcasts $6950 
or work your local RTTY 
repeaters! 

TRIPLE THE FUN lk VALUE 
This is it! Funway I, II, Ill gift box — combines all the 
fun, excitement and experiments of the Funway 
series. If you bought the series individually, you'd 
pay over $70. Now save. 
Cat K-2680. 

FUNWAY JUMBO BOX 
WOW! Talk about value. Contains over 30 
fascinating projects PLUS a DSE soldering iron. 
Cat K-2690 

'499 
SAVE $40 $8995 

FUNWAY 1 GIFT BOX 
Value! There's the great Funway I book and components. PLUS a 
handy component tray. Contains 20 projects. 
Cat K-2605 

FUNWAY 11 GIFT BOX 
It's all here! The Funway 2 book, soldering iron and solder, 9V $ 
battery and 'Wireless Mic kit. 
Cat K-2620 

'15 

SAVE NOW ON FUNWAY III 
Funway III Auto 
Minder 
Funway Ill Two-up 
Funway Ill Pokey 
Funway Ill Cricket 
Funway III Mini Colour 
Organ K-2664 
Funway III Light and 
Sound K-2665 

K-2660 
K-2661 
K-2662 
K-2663 

$3.95 
$5.95 

$11.95 
$7.95 

$5.95 

$4.95 

Funway III Combined 
Timer Lock 
Funway Ill Mini Amp 
Funway Ill Binary 
Bingo 
Funway Ill Mini Synth 
Funway Ill Bonus 
Pack 

K-2666 $2 $7.95 
K-2667 $3 $11.95 

K-2668 $2 $10.95 
K-2669 $2 $10.95 

Over 
K-2670 $4 $19.95 

1111 For Address details 
ELECTRONICS See P88 

PTY LTD 

13112/RB 
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Radical new speaker 
cabinet design reduces 
'cabinet colouration' 
Roger Harrison 

Danish loudspeaker manufacturer, Jamo, has developed a radical 
new loudspeaker cabinet design with baffles featuring a unique 
concrete-like material 'sandwiched' between a polystyrene 'skin' to 
provide damping that they claim is several times more efficient than 
conventional materials. Jamo has incorporated this into a range of 
new loudspeakers housed in asymmetric-design cabinets to 
counteract internal resonances and with the front baffle angled to 
obtain 'time coherent' sound radiation. 

ONE OF THE MOST COMMON PROBLEMS plaguing tradi-
tional loudspeakers is uncontrolled cabinet resonances. 
Manufacturers have sought solutions to this problem for 
many years. As drivers have been improved dramatically over 
the past five years or so, the failings of the traditional loud-
speaker box have become more and more apparent. While 
a rectangular box is simple to design and the best shape for 
mass production, it has several acoustic problems. The panels 
will exhibit resonances of their own and internal standing 
waves, caused by reflection of the sound waves between the 
panels inside the box, all contribute to distortion produced 
by the loudspeaker which we perceive as 'colouration'. 

In addition, loudspeakers necessarily comprise an assem-
bly of different drivers so as to cover the required frequency 
range across the audible spectrum. Since these must be 
mounted at different locations on the front baffle, the out-
put of the various drivers will not add so as to form a recom-
bined signal that is close to the original signal. The listening 
point position will lie at slightly differing distances from each 
driver. Now, one driver will be closer than another and there 
will be a frequency for which the difference in distance is 
a half wavelength. See Figure I. At this frequency, the out-
puts from the two drivers will interfere destructively, one 
cancelling the other, and a null appears in the frequency 
response. This is particularly likely around the crossover 
point between the two drivers in question and will exist for 
each crossover point in the system. To overcome this, some 
years ago manufacturers began making cabinets with 
'stepped' front baffles such that the drivers were placed 
acoustically equidistant from the likely listening position, to 
achieve 'phase coherent' or 'time coherent' reproduction. 

A fresh look at stale problems 
In 1982, Jamo began a series of experiments with loudspeaker 
cabinets constructed of non-traditional materials and differ-
ent shapes. It turned out that they found concrete to be an 
excellent cabinet material from a sonic point of view (not that 
Jamo were the first company to learn this, mind you) — but 
its high production cost in practical speaker cabinet designs 
ruled out its use at that time. But Jamo's engineers didn't give 
up. 

• 
USIENING 
POSMON 

Figure 1. With conventional speaker cabinets the 
difference in the distances of the drivers to the listening 
position results in destructive interference of the sound 
waves producing a dip in the loudspeaker's frequency 
response where d = 1/2  wavelength. This is particularly a 
problem around the crossover frequencies. 

Experiments with different cabinet shape designs, using 
conventional high density chipboard, showed promise in 
reducing cabinet resonance and standing wave problems and 
they came up with a cabinet having non-parallel sides. 
These two lines of research produced a convergent idea 

— to combine a non-parallel sided cabinet with concrete 
material construction. 
The biggest problem with cabinet resonances lies in the 

front panel. By using bracing, these resonances can be redu-
ceed, but not eliminated. Jamo then attempted to make the 
front baffle of a non-parallel sided cabinet in concrete with 
the other panels of high density chipboard. The results were 
very encouraging. 
The problem was the finish of the concrete front baffle. For 

a ' high-tech' product to have a finish like a naked building 
column (so beloved of modern architects) was felt to be not 
acceptable. After all, it has to sit in people's living rooms. 
The solution was to cover it with a skin. 
From a start with raw concrete, Jamo's researchers came 

up with a concrete-like mix having an elastic binder blend-
ed in with it, resulting in reduced weight and cost, while re-
taining the desired acoustic damping characteristics. Jamo 
has applied for a patent on the material. 
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The resulting baffle construction comprises two layers of 
vacuum-formed polystryrene with the concrete-like materi-
al injection moulded between to form a sandwich 25 mm 
thick. The outer polystyrene skin of the baffle incorporates 
a moulded anti-diffraction pattern to preserve the stereo im-
age at the upper end of the audio range. See Figure 2. 

Radical approach — radical results 
Jamo has dubbed the unique concrete-mix in the sandwich 
used on the front baffle " non-colouration compound" (NCC). 
Compared to 20 mm thick high density chipboard common-
ly employed in loudspeaker construction, it has markedly bet-
ter damping characteristics, according to Jamo. The Jamo 
literature shows comparison between these two materials of 
the time decay spectral response of each to a pulse. Figure 
3 illustrates the marked difference between them with the 
NCC material distinctly better. I> 

Figure 2. The front baffle of the 
new Jamo speakers employs a 
concrete-like mix, having an 
elastic binder blended into it, 
sandwiched between a polysty-
rene skin. Known as ' non-
eolouration compound', the 
concrete-like mix is claimed to 
have superior damping proper-
ties compared to the chipboard 
commonly used. The front sur-
face has an anti-diffraction pat-
tern moulded in it. 

CONCRETE PARTICLE 

ELASTIC BINDER 

POLYSTYRENE 
LAYERS 

Jamo's new Digital Monitor CBR Series loudspeaker range 
comprises three floor-standing models and one bookshelf 
model. From left to right, they are: the CBR 70 (bookshelf), 
CBR 90, CBR 120 and CBR 200. 

ORDINARY 20mm 
CHIPBOARD 

dB 

JAMO'S NCC SANDWICH 
CONSTRUCTION 

dB 

FREQUENCY TIME 

Figure 3. Comparison of the time decay spectral response 
to a pulse applied to 20 mm chipboard (upper graph) and 
Jamo's NCC sandwich connstruction (lower graph). Both 
materials were ' hit' with a pulse containing all frequencies 
between 20 Hz and 7 kHz. These vibration measurements 
show the damping characteristics of the two materials. The 
less ' landscape' there is, the fewer resonances there are, 
and hence the better the damping. 
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Figure 4. Showing the asymmetric cabinet design of the 
new Jamo Digital Monitor CBR series speakers. No sides 
are parallel so as to reduce cabinet internal resonances. 
The front panel is angled to align the acoustic centres of 
the drivers to obtain time coherent' sound radiation. The 
photograph shows a cutaway view of the CBR 200. 

Jamo incorporated the new front baffle design in a cabi-
net designed such that no sides are parallel. High density 
chipboard was used for the other panels. The front panel was 
angled to correctly align the ' acoustic centres' of the drivers 
in the three-way design, assuring equal time delay of the radi-
ated sound from the drivers to the listening position. Gener-
al construction is illustrated in Figure 4. 

New speaker range 
A range of four new loudspeakers incorporating these recent 
developments has been released by Jamo — three floor-
standing models and one bookshelf model, known as the ' Dig-
ital Monitor CBR' series. All are three-way systems. The floor-
standing models incorporate a stand as part of the cabinet 
design. They can be equipped with tip-toes or spikes. Each 
speaker in the range employs Jamo's centre-bass-reflex (CBR) 
system. This patented system mounts the woofer on four rub-
ber suspension points coaxially inside a surrounding port. 
The air gap surrounding the woofer is said to provide per-
fect symmetrical loading of the woofer cone, reducing 
distortion. The tuning of the bass-reflex cabinet is based on 
the American Schneider theories, and has been aided by P-
mo's extensive computer programs. 
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Jamo's ' centre bass- reflex' 
(CBR) system suspends the bass 
driver in the centre of the port 
which vents around the driver's 
rim. This is said to provide sym-
metrical loading of the cone. 

Top of the new range is the CBR 200. With a rated power 
handling capacity of 200 watts RMS, it employs a mid-range 
and woofer featuring carbon fibre diaphragms. This materi-
al is light and strong with high internal stiffness. The 
254 mm (10") bass driver has a dual magnet assembly for high 
linearity and efficiency. The dome tweeter used in this sys-
tem has a polymer diaphragm and ferrofluid injected in the 
voice coil airgap to give improved damping and power han-
dling capacity. Attenuators are provided on the mid-range 
and tweeter for individual equalisation where necessary. 
The other two floor-standing models are the CBR 120 and 

CBR 90. The latter has a 200 mm (8") woofer and each has 
an attenuator for the tweeter only. The bookshelf model is 
the CBR 70. All four loudspeakers include electronic over-
load protection for the tweeter. 
The new Jamo Digital Monitor CBR series speakers were 

launched in Australia last month. At time of going to press, 
prices were expected to range from around $700 to $2000 
a pair. Further details can be obtained from the Australian 
Distributor, Scan Audio Pty Ltd. PO Box 242 Hawthorn 3122 
Vic. (03) 429 2199. 
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RETAIL ROUNDUP 

Cabinets and 
crossovers for 
the AEM 
6000-series 
loudspeakers 
y nterested in building David Tilbrook's superb two-way 
1. or three-way loudspeaker projects (AEM August '85 and 
January '86, respectively), but don't feel confident about tack-
ling the cabinetwork yourself'? Readymade cabinets are now 
available from Jaycars in Sydney and Brisbane, and Eagle 
Electronics in Adelaide we are advised. 

Built from the published 
plans, the cabinets Jaycar offers 
are veneered in an attractive 
black vinyl with a woodgrain 
texture finish. A grey front baf-
fle screen is included for protec-
tion of the drivers. 

If you like a ' professional' fin-
ish on something you've built 
yourself, so you can take pride 
in the finished product, then 
these cabinets for the AEM6102 
and AEM6103 loudspeaker 
projects are well worth con-
sidering. 
The two-way cabinets, Jaycar 

cat. no. CC2810, cost $148 a 
pair, while the three-way cabi-
nets, cat. no. CC2815, cost $248 
a pair. Jaycar has four Sydney 
stores and one Brisbane store. 
For mail order, call (02) 747 
1888. Ready-built crossovers for 
both the two-way and three-way 
loudspeakers are also stocked 
by Jaycar. 

Eagle Electronics, 54 Unley 
Rd, Unley, S.A., (08) 271 2885, 
have woodgrain veneered cabi-

nets in knock-down form as 
well as ready-built crossovers. 

Full range of toroidal 
mains transformers available 

Electromark Pty Ltd advise 
they can suppy the entire 

standard range of the well-
known British-made ' 11.P' toroi-
dal mains transformers. in 240 
V primary. ex-stock. 
The range includes over 100 

types in ten size ( VA) ratings 
with over 15 standard voltage 
ratings. In addition, Electro-
mark stock a range of sizes of 
special-application types with. 
for example, 110 V primary. 
120/240 volt dual primaries. 
415-240 V and 415-110 V 
windings. 
Electromark also boast ultra-

thin' models designed for 
mounting in single unit 19" rack 
cases. 
We recently specified a toroi-

dal transformer for use in the 
AEM6502 ' Bandbox' project 

,410114,, 

(October '85) because of the su-
perior hum and noise induction 
performance this transformer 
type offers. Rest assured we'll 
be recommendinng or specify-
ing the use of toroidal trans-
formers in up-coming audio 
projects. 
For more details on the ILP 

toroidal transformer range 
and/or comprehensive specifi-
cation sheet, contact Electro-
mark P/L, 43 Anderson Rd, 
Mortdale NSW, (02) 570-7287. 

10 A bridge 
rectifier 

elbourne-based All Elec-
tronic Components don't 

make much of a song-and-dance 
about their range of semicon-
ductors. but it's pretty broad. 
covering not just the common 
diodes, transistors and ICs, but 
some of the ' rarer' beasts as 
well. 
Picking over their inventory. 

we came across a useful little 
bridge rectifier rated at 150 Vp 

and 10 A continuous. It's ideal 
for those power supply jobs re-
quiring more jolts than usually 
encountered — such as required 
in power amps rated at a few 
hundred watts which need rails 
of + /- 100 V or so. Even if your 
job doesn't call for the voltage 
rating, but you need a 10 A-
rated bridge it's a steal at only 
$2.75. 

Call All Electronic Compo-
nents, 118-122 Lonsdale St, 
Melbourne 3000 Vic. (03) 
662 3606. 

Tie up those 
ribbon cables 

lat ribbon cable for use 
with the popular insulation 

displacement connectors ( IDCs) 
is being bargained-out at Dick 
Smith Electronics this month. 
They've dropped a buck off 

the per metre price of their 26-, 
27-, 40- and 50-way ribbon 

cables. Respectively , they now 
cost $2.50. $2.95. $3.95 and 
$4.75 per metre. 

Ribbon cable is just the thing 
for use in digital and computer 
projects. parallel printer cables 
and suchlike. Rip out and tie up 
a few metres. Like solder, you 
know it'll come in handy some-
time. Try your local Dick Smith 
store or dealer. 

PROJECT BUYERS GUIDE 

This month's feature project, the AEM4504 Speech Synthesiz-
er should be readily constructed at quite low cost. The main 
component is the General Instruments SP0256A-AL2 speech 
synthesiser chip. This device is distributed in Australia through 
Daneva who have offices in Melbourne (03) 598 5622, and Syd-
ney (02)957 2464. You'll find the chip readily available in Tan-
dy stores, blister-packed with a comprehensive 20-page data 
sheet. Listed as cat. no. 276-1784, it costs $24.95. All the other 
components are widely stocked by electronics retailers. 
The AEM6503 Active Crossover project employs commonly 

available op-amp types — TL074 and NE5534 — and passive 
components. However, we should have a word about the 
frequency determining filter capacitors. While common green-
caps may be employed, for the best electronic results and ease 

of use, metallised polyester capacitors (' MKTs') in a radial-lead 
package with 5 mm (0.2") pin spacing are recommended. Makes 
available in Australia include Wima, Roederstein, Thomson-CSF 
and Seimens. MKTs by Roederstein are distributed by Mayer 
Krieg in Adelaide and Sydney, Thomson-CSF MKTS by Pro-
mark in Sydney and Melbourne and Siem -Ins through Siemens 
in Melbourne and Sydney. Geoff Wood Electronics in Sydney 
stocks a range of Roederstein and Wima types. 

Printed circuit boards for the above projects will be available 
through AEM, or over the counter at Protronics in Adelaide, All 
,Electronic Componenets in Melbourne and Geoff Wood Elec-
tronics in Sydney. 

This month's Star Project, the 13 element 70 cm Vagi for 
amateurs, is stocked as a complete kit by Dick Smith Electron-
ics, $39.95. See your local Dick Smith store or dealer. 
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aem project 4504 

Build this low-cost 
speech synthesizer add-on 
for your computer 
Mark Bishop 

Experimenting with speech synthesis on your computer an be a 
fascinating pastime. Incorporating speech response into programs really 
'brings them to life'! Up till now, though, speech synthesis has been a 
relatively costly adjunct for computing hobbyists. Ingenious 'bit shuffling' 
exercises to make the sound output of your computer simulate 
something akin to synthesised speech, while cheap, are time consuming 
and not wholly satisfactory. There's no substitute for the real thing! Well, 
here's the real thing. It can be interfaced to any computer having an 
8-bit I/O port. Software given here is for the Microbee, but we'll follow-up 
with software for other computers in coming issues. 

UP TILL NOW, it has been expensive to experiment with 
speech synthesis on your computer. The 'Rolls-Royce' of 
available synthesizers is the locally-made Easy Talker by 
Robotron, a stand-alone unit with its own Z80 microproces-
sor, employing the General Instruments SP0256-AL2 allo-
phone speech processor IC and on-board text-to-speech 
software. This unit 'speaks' any text output from the serial 
port and costs about $300. Next is the Bee Talker, sold by 
Microbee Systems (formerly Applied Technology), which is 
good value at about $100. The Bee Talker uses the Votrax 
SC-01 phoneme speech synthesiser IC and is sold as a 
finished unit which connects to the Microbee's parallel port. 
It includes text/speech software to be loaded in RAM. 
The Hobart-based educational robot makers, Flexible Sys-

tems, had on offer a while back a ready-built board, designed 
by Tom Moffat, called the Chatterbox for the Microbee. This 
was for a completed circuit board using the Votrax SC-01, 
which first sold for $75, then $90. You supplied your own 
case, speaker, power supply and parallel port connector, and 
typed-in your own software. A rash of plug-in cartridge type 
speech synthesisers has appeard in the past year or so, for 
around $70-$90 (discounted at Christmas!), but like the others 
mentioned (with the exception of the Robotron), they're 
computer-specific. If you didn't have that brand of computer, 
speech synthesis was no go. 

The project 
This project not only cuts the cost of dabbling in speech syn-
thesis, but you get the satisfation of having built it yourself. 
It's quite simple to build. There are only three ICs and a hand-
ful of components. The speech processor employed is the 
General Instruments SP0256A-AL2, distributed here by 
Daneva. Tandy stores stock the device in a handy blister pack 
(cat. no. 276-1784) complete with a very comprehensive 
20-page data manual. The printed circuit board has been laid 
out to accommodate interfacing to an 8-bit parallel port on 
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almost any computer that has such. 
Most application circuits you see for the SP0256 show a 

quartz crystal employed for the on-chip oscillator. In an effort 
to keep the cost down, I tried a simple coil-capacitor network. 
As the oscillator frequency is divided down, any frequency 
instability is reduced also. In practice, I found it works fine. 
The actual speech pitch can be set using the trimmer capa-
citor, CV1. The action is quite 'vernier', and thus non-critical. 
The variation available ranges from about Kamahl to Joan 
Sutherland. 
This project does not have any text-to-speech conversion 

software (the algorithm is fearsome!). Speech is programmed 
from strings of individual allophones (word sounds) with this 
project, after the fashion of the Chatterbox. I have included 
a software 'phrase composer' and 'phrase dictionary' (in 
Microworld BASIC — for the Microbee), along with a table 
of the SP0256A-AL2 allophone codes, their AS-
CII/decimal/hex equivalents, usage examples and allophone 
duration. Composing your own speech messages is thus rela-
tively easy and you can experiment with allophones and their 
duration to get a desired effect. 
A data sheet on the G.I. SP0256A-AL2 is included else-

where in this issue. 

Interfacing 
The 16-pin DIL interfacing socket on the board has been 
arranged so that, using a 16-pin DIL IDC plug, ribbon cable 
and 15-pin ¡DC D-plug, the project can be directly plugged 
into the Microbee parallel port. 
However, that doesn't make it specific to the Microbee. Ta-

ble 1 shows the interface connections to a variety of popu-
lar home computers. Note that, on the pc board, the LRQ and 
ALD pins of the SP0256 are brought out to 'flying' pads. For 
those computers requiring access to these pins, simply link 
them to spare pins on the 16-pin interface socket. Interfac-
ing to your computer can be effected by using a 16-pin (head-

1986 
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BY RESET LRQ 
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10 

22 

2 

C12 ir 
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C2 
22/1 

R3 

LI 
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2  

39p " 

9 

20 

111 ID 

+5V 
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IC3 
74LS123 

81 9 

CO 
22n 
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LEVEL 
We expect that constructors of an 

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

complete this project. 

C4 + 5V C13 
+ 100u/16V 

C5 
100n 

5 

C8 
100u/16V 

1 100nC8Ou C7 
25V e  y  

a OHM 

CIRCUIT OPERATION 
The SP0256A-AL2 provides 59 allophones and five pauses. (See 
accompanying allophone table). To output an allophone, its code 
is presented on the IC's 6-bit address bus via the six lowest 
data lines on the computer's parallel I/O port. The ALD (address 
load) input is then pulsed to logic zero (0). The SBY (standby) 
output is logic 0 after a code has been loaded and until the 
allophone has been sounded, when it returns to logic 1. The 
ALD/SBY handshaking is identical to that used by a parallel 
printer, so interfacing the SP0256A-AL2 to a personal computer 
is quite easy. 
The 74LS1223 (IC3) provides a low pulse for ICI's ALD input 

when using the Microbee. it takes the ' Bee's ARDY-high input 
and generates the pulse required by the SP0256. 

Ll, C9, C10 and Cl 1 are frequency determining components 
for IC1's internal oscillator, and CV1 enables some adjustment 
of vocal pitch to be made. The circuitry connected from pin 24 
of the SP0256A-AL2 is a low-pass filter and audio amplifier ( IC2), 
with RV1 providing volume control. The volume is adequate us-
ing a 50 mm diameter speaker, but larger speakers are more 
efficient and provide greater output. R1 and Cl provide the 
power-on reset pulse for IC1. Power supply is + 5 V dc, der-
ived from the host computer. The circuit draws approxiamtely 
60-70 mA. 

11.-*--

moo 
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10" 3-WAY 

SPEAKER 

KIT ***********1986 KIT LINEUP 
AE Ml, Sr; 

Ref: Auo Electronic 

Monthly Jan '86 

We have all components for this system es-

stock. Check details below: 

10" Woofer Cat. CW2I36 P25W0 $ 149 ea 

3' Mid-range Dome CM2086 D75MX $89 ea 

19mm Tweeter Cat. CT2019 DI9TD $38 ea 

CX.26.34 3-WAY CROSSOVER AS SPECIFIFI 

$119 ea 

Introductory Special 

Buy the complete 

stereo system for $750 

— save $40 

Complete wooden cabinet kit for 3 way 

system (to AEM specifications). Sides in 

black vinyl with " woodgrain" texture with 

matching grey baffle screen, port tube etc. 

Cat. CC2815 

Only $248 per pair! 

NEW AMenirRaolielkeraneel 

NEW KITS FROM "AUSTRALIAN 
ELECTRONICS MONTHLY'. 

AEA, 6010 Ultra Fidelity 
Prealeep 

Ref k '.485 
.low ha. stocks of th, , • .• including the original 

.'ase components etc NOI'llflg e:Se 1,, huy Chassis ss me punched with 

urgnrial front panel 
Cat KM 3030 

ONLY $269.00  

AEA, 4600 
Dual Speed Modem 

December 1985 
•n Dual 1200/300 Baud case etc all 

included 
Cat KM 3040 ONl 

NEW 145 Watt Mosfet Amp 
LS 

the high power mono Moslet amp version °title yiriasic 

Le shortform amp kit includes all parts except the heatsink 

.-,:nusion/bracket which is available separately 

KA -I622 ONLY $89.5C 

** * SPECIAL 
FULLY IMPORTED POWERTRAN. 
MIDI-CONTROLLED SAMPLER 
see review in August 1985 Sonics 

KIT VERSION 5800 
BUILT VERSION $1,000 

UNDE 

NEW sync PCP VReflude,..e.e.f19a86d 
.aes video signal to black and un again without loss of  

Plugpack and box extra ooigt $ g.9 

C ., KA 1626 

SIMS SAND TUNER 
Ref EA Dec/(an onwards 

What can I say - its a world beater If you want THE BEST at any once 
We will not have the kit in stock in lanuary (due to metalwork delays 

over Xmas) but it should be available mid-end Feb 
Cat KA.1635 INTRODUCTORY PRICE 

$399 CC" cLETE Remote ex". 

"VIPA" 8" 2 WAY 
SPEAKER KITS 

See AEM magazine in August 
TWEETER D2STC rat cr ?on 

ea /pair 
WOOPER c.,. cw2, 32 

ea ./pair 
CROSSOVER NETWORK 
Not a kit. now a factory built precisloh 
Cat CX-2630 

en () ea /pair 
Toms. PRICE $557.90 
SPECIAL PACKAGE 

PRICE 
$58.9011 

Hands-Ogree 
TalaphOlea Adaptor 

Ref EA November 1985 
",w `Us smocks 04. this superbly designed protect Call in and 

l'1'eck,.,,‘,,`,1,u4tÛriow' Note this unit is ORIGINAL to the design 

ON V 79.00 

• 

A3 

NEW CD Attenuator 
Ref EA lanuary 1986 

protect enables you to dub from a compact disc to a cassette 
v,ihout overloading It attenuates the signal to accomodate the smaller 

I iamic range of the cassette medium Kit includes case 

KA 1624 ONLY $7.95 

Complete wooden cabinet kit. Black vinyl 
sides, " woodgrain" texture with matching 

grey baffle screen, port tube etc. 

(al ( C2810 

Only $148 per pair! 

MAIL ORDER HOTLINE 

(02) 747 1988 

NEW Mini PM 

Transmitter 
Ref ETI 

Great stable and compact FM transmitter Tiny, 

Cat KE 4711 ONLY $9.95 

Bench Type Digital 
Capacitance Meter - Ref 
EA August 1985 measure from I pl: to 99 9uF with 
this handy piece of equipment 
Cat KA 1595 

ONLY $72.95 

* * NEW * 
Motor/Gearbox /lit 
Dus fantastic new kit enables you to produce a shall 
speed between 3 and 2.000 RPM. 
It uses a small DC motor with a modular' gearbox 
attached You are supplied with gear wheels spacers 
etc to configure your gearbox to almost any speed 
unthos the 3-2.000 RPM range Measures only 481H1 
x 25(W) n 37(D)mm (not including output shaft) 
Cat YX-2600 

ONLY $ 14.95 

"PEST OPP" Ultrasonic 
Pest Repeller 

Ref EA November 1985 
A [Tonle season special See November EA for more info 
Cat KA 1620 

ONLY $44.50 
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OWIELL/TACHOMETER 

UNBEATABLE!!******* 
NEW Loom Cost Robot Kit 

Ref EA January 198, 
Thts is a true S-Mis pick and place robot w, , •, ubstantIal payload 
capability that you can connect direct to your PC But the best feature is 
THE PRICE' You can build the mechanical kit which includes motors 
beanngs arm components. pulleys etc for lust S189, The full construct ion 
manual is lust $ 10 extra The motor drive electronics, computer 
interface and power supply are also available 

COMPLETE MECHANICAL ROBOT KIT Cat KA 1625 

ONLY $ 189.00 
COMPLETE CONSTRUCTION MANUAL Cat BI 8015 

ONLY $ 10.00 
call in to any lay,ar store or watch next months ad. lit farther dean ,. 

* * NEW * 
300 WATT INVERTER 
WITH AUTO START 

NOTA KIT - BUILT, TESTED & 
GUARANTEED 

This o the built version of the Electronics Australia 
September 1985 protect' 
just think how handy it would be to have 240 volts AC 
mains power when camping or for your boat or 
caravan well this brilliant new design is the answer 
• Super compact tough ABS case • Uses high 
efficiency toroid transformer which keeps the weight 
down, battery drain and heat dissipation • Auto 
start draws power fromyour battery on when appliance 
is plugged in and turned on i e battery can be left 
permanently connected • Thermal overload 
automatically shuts down if/when output stage is 
overheated (through high ambient temperature and 
high load or combination thereof automatic reset • 
Current regulated inverter ensures the unit is being 
used within designed overload limas • Current 
overload unit self limits - LED indicates overload 
condition 

COMPLETE KIT VERSION 
Cat KA 1610 

ONLY $ 199.00 
FULLY BUILT 8 TESTED 

Cat MI 5000 

ONLY $249.00 

AIM 6500 - 60/120 
WATT UTILITY 
MOSIIIIT AMP 
MODULES 
Ref AF_M July 1985 

This is a low cost high performance design using 
proven MOSFET technology. A single pall of (25149/ 
2SK134) Mosfets will deliver up to 60 watts output 
Another port may be added for 120 watt performance 
The module has been designed to fit into a large 
variety of commonly stocked instrument cases and 
rack boxes It features VERY LOW distortion and 
impeccable transient performance It is uncohdi-
tionally stable and virtually blow-up proof It can be 
powered from common transforrtxr/rectifier/ 
-capacitor combinations A Winner, 
As usual. the Jaycar kit reflects a quality approach All 
specified components for each version are included 

so marrisoOluo Cat KM-3010 
ONLY $55.00 

120 WATT NOMA» Cat. KM 3012 

ONLY $65.00 

* NEW * NEW * 
ELECTRIC FENCE 
CONTROLLER 

Ref EA December 1985 
High power and lower current drain No 
auto coil needed Compact and all parts 
included 
Cat KA-1660 

ONLY $45.00 

WARNING! 

ELECTRIC 
FENCE 
ELECTRONICS 
AUSTRALIA 

e adA1 WWI« 
NOTLIIII 

(02.1 747 I SU 

laycar 
ELECTRONICS 

POSITION 
DETECTOR/ 
ENCODER 

Kit. 

Cat. KA1628 

Ref EA Sept 1985 
Tune up your car quickly and easily with this handy 
piece of gear The Jaycar kit includes case, large 
meter and Scotchcal meterscale 
Cat KA-1612 

ONLY $36.95 
suns 4-4s err s moms" 
aura 

uisr*M 808? 

Decode all that into on your shod wave radio to show Morse code. 
RTTY. weather maps etc Wonderfull" (A personal computer is 

required) 
Cat KM 3015 

ng Poor 

ONLY $37.50 

Ref July 1985 

• Ile 

• 

AIM 3500 
'The Listeni • 

B micron BURGLAR ALARM 
Ref EA Jan/Feb 1985 

Why buy a commercially made up unit for more when yc huy 
this kit and SAVE money. A unique feature of this kit is the •,, t that 
you can wire N/0 and N/C alarm sensors ON THE SAME LINE 
* 8 SECTORS * 2 delayed entry sectors * steel box * includes 
battery and siren driver in the once * variable exit and entry 

delays 
Cat KA 1580 ONLY $ 149.00 

Incorporating ELECTRONIC AGENCIES 
HursmIle Gore Hill Brisbane Mon Fri 9am 5 30pm 

Sydney and Concord Mon- Fr 8 30am 5 30pm 
Sydney Carlingford. Hurstville Thursday nights until 8 30pm 

Brisbane Thursday night until 8prn 
';ydney Carlingford. Hurst,/ Ile, Brisbane Saturdays 9am 12 noon 

Gore Hill Saturday 9am - 4pm 
CONCORD NOT OPEN ON SATURDAYS 

NUMBER 1 FOR KITS 

AIM 9500 BOOS 
Tird Irtroba 
This project provides every bright stroboscopic effect 
for parties dtscos, etc, but with an ADDMONAL 
FEATURE' This strobe will actually flash m synchron 
isation with the music' 
The Jaycar kit includes case. photographic reflector, 
flash tube etc 
Cat KM-3018 

N.S.W 

SHOWROOMS 

PLATIMASTER 
SERIES II MOSPET 
AMP KIT 
Ref EA Jan/Feb/March 1985 
".. s stereo amplifier that will equal or better 
just about any integrated commercial amplifier, 
regardless of price'. Leo Simpson. Editor of EA. 

February 1985. 
MAIN FEATURES 

• Switchable phono input for MM and MC cartridges 
• Electronic signal watching 
• Full facilities for dubbing between two cassette 
decks 
• Monitor loop for either of two cassette decks or a 

signal processor 
• Click action pushbutton switches for selection of 

sources, dubbing and tape monitor with LED 
status indicators 
• Centre detents on bass, treble and balance controls, 
multiple detests on volume control 

• Heavy duty heatsinks 
• Power transformer for low hum and noise 
• Easy to build all parts except power supply 
mount directly on the two printed circuit boards, 
wiring has been kept to an absolute minimum 
• 100 watts RMS per channel into 8 ohm load 
• Less tha8 0.0196 total hamtonic distortion 

Cat KA-1500 

SYRIMIrE 117 York Street Tel (02) 267 1614 
CA11111101.0110a Cnr Carlinutord & Pennant Hills Road Tel (021 872 4444 
COMO»: 115/117 Parramatta Road Tel ( 02) 745 3077 
11111t$TVILLE: 121 Forest Road Tel (02) 570 700) 
Gee mL. 188/192 Pace. Highway (Cnr Bellevue Avenue) Tel ( 021 439 4799 

QUEENSLAND BURANDA: 144 Logan Road Tel ( 07) 393 0777 

MAIL ORDERS PO Box 185. CONCORD 2137 
HEAD OFFICE 115-117 Parratnatta Road, CONCORD 2137 

Tel (02) 747 2022 Telex 72293 

POST& PROCING 
SS S9 99 1.2 00 
$10 - $24 99   $3 75 
$25 S49 99 _ $4 50 
$50 599 99   $650 
$100 $ 198 _ $13 00 
(leer $ 199 510 00 

COMET ROAD FREIGHT ANYWHERE IN AUSTRALIA ONLY S13.50 

ONLY $439.00 

AMERICAN 
(*PRESS. WM 

?DER VIA 
/NE 
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er) plug with solder pins plus the connector required by your 
computer's 8-bit user port on the other end of a length of rib-
bon cable. 

Construction 
Assembling the project is quite a simple matter. Organise 
yourself, take it step by step, and you'll be talking in no time! 
Whether you've purchased a printed circuit board or made 

your own, give it a thorough visual check before you start. 
See that all the holes are drilled and the correct diameter. 
Make sure no small 'bridges' join closely-spaced pads or 
tracks. See that no tracks are broken anywhere. IC sockets 
may be used if you wish, but may be dispensed with if you're 
an experienced project constructor. If you use IC sockets, 
solder these in place first. Note that a 16-pin DIL socket is 
necessary for the interface connection. 
There are four wire links on the board. Using 22 gauge 

tinned copper wire, solder these in place next. Follow with 
the trimmer capacitor and trimpot, then the resistors and 
capacitors. The ICs come last of all. Make sure you orien-
tate them correctly. Handle the SP0256 with care. Only hold 
the package by the ends and avoid touching the pins. If sol-
dering it in place, solder pin 1 first (Vss), then pin 7 (Vdd), 
followed by the rest of the pins. Attach the speaker via a short 
length of twisted-pair hookup wire. 

TABLE 1. 

AEM4504 

INTERFACE MICROBEE C64 VIC20 

1 (+ 5 V) 1 2 2 
2 — — 
3 (A6) 3 ( 05) J ( PB5) J (PB5) 
4 (A4) 4 ( D4) F ( PB3) F (PB3) 
5 (A2) 5 ( D1) D (PB1) D ( PB1) 
6 — 6 
7 (ARDY) 7 (ARDY) — 
8 (0 V) 8 (0 V) 1 (GND) 1 (GND) 
9 (SBY) 15 (ASTB) — 
10 — — 
11 (Al) 13 ( DO) C (PBO) C ( PBO) 
12 (A3) 12 ( D2) E ( PB2) E (PB2) 
13 (A5) 11 ( 04) H (PB4) H (PB4) 
14 — 
15 — 
16 — 
* (ALD) 
• ( LRQ) 

K ( PB6) 
L ( PB7) 

K (PB6) 
L ( PB7) 

• 'Flying • pads on-board. 

AEM4504 PARTS LIST 

Resistors all V4W, 5% 
R1   10k 
R2. R3  33k 
R4   1OR 
R5   10k 
RV1 .... 10k min. vert. trimpot 

Capacitors 
Cl   10u/25 V RB electro. 
C2, C3 22n ceramic 
C4   10u/25 V RB electro. 
C5   100n ceramic 
06 10u/25 V RB electro. 
Cl   100n ceramic 
CS 100u/16 V RB electro. 
C9 39p ceramic 
C10   18p ceramic 
C11   10n greencap 
C12  100n ceramic 
C13.... 100u/16 V RB electro. 
CV1  2-18p trimmer 

Semiconductors 
ici   SP0256A-AL2 
102   LM386 
103  74LS123 

Miscellaneous 
L1   100 uH RF choke 

AEM4504 pc boad; 2 x 16-pin IC 
sockets; 1 x 28-pin IC socket; 1 
x 8-pin IC socket; 8 ohm 50 mm 
diameter (or larger) speaker; 500 
mm of 15-wire ribbon cable; 1 x 
16-pin DIP header; connector to 
suit 8-bit computer interface; 
short length of 22g tinned copper 
wire: hookup wire, solder, etc. 

Expected cost: $35-$50 
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aem project 4504 
Testing 
Before attempting to plug-in the project and power it up, give 
it a thorough visual check. Look for unsoldered or poorly 
soldered joints, solder 'bridges' between closely-spaced pads, 
etc. Pay special attention to the links. It's a good idea to check 
with your multimeter that there are no shorts between the 
+ 5 V and 0 V rails (on pins 1 and 8 of the 16-pin interface 
socket). If you've used IC sockets, leave the ICs out, plug the 
board into your computer and power up. 
Using your multimeter, check that + 5 V appears between 

pins 7/19/23 and 1/10/11/22 of ICI (also check between pins 
6 and 2 of IC2, and pins 11/16 and 8/9 of 1C3). If 5 V is not 
present, or worse — the wrong way round, switch off, unplug 
the board and check it over. Check your interface wiring first. 
Also, pay special attention to the on-board links! 

If, or when all's well, fit the ICs, set the trimpot RV1 and 
the trimmer capacitor CV1 both to mid-position, plug it in 
and power up. 
For Microbee owners, here's a simple test routine. 

10 OUTL011 LPRINT "11"11 REM initialise parallel port, silence TALKER 
20 LPRINT "41[GmuDDDFOZP8Vz8PF0Hguirfflb8MWWAis0";IREM phrase to speak 
30 AIS.KEVS: IF AI*" THEN 0010 30 ELSE GOTO 20 

You 
may need to adjust RV1 for required volume and CV1 for a 
pitch that sounds OK to you. 

Programming the AEM4504 
Two programs are provided here — a ' Phrase Composer' and 
a ' Phrase Dictionary'. When you run the Phrase Composer 
it utters "testing". Press any key except [ESC] or [PI to repeat 
'testing', and to print the allophones for 'testing', on the 
screen. To edit the allophones press [ESC]. This puts your 
'Bee in the edit mode for the line with the 'testing' allophones 
e.g.: 

00150 AO$ = "TT2 EH SS PA2 TT1 IH NG" 

Edit any allophone changes then RUN to hear the result. 
The allophones must come from the list reproduced here and 
be separated by one space (no spaces before the first/after 
the last allophone), or you will get an error message spoken. 
Press P and the allophones and their ASCII equivalent will 

HOUSING YOUR PROJECT 
There are no special housing requirements for the project. 
However, no matter what sort of speaker is used, it will always 
produce louder, better quality sound if mounted in some sort 
of enclosure. Low cost, small diameter speakers will readily fit 
the lid of a suitably sized jiffy box which will also house the pc 
board. Or, you might choose a low cost mid-range driver of, 
say, 150 mm diameter. This could be readily housed in a small, 
open-backed chipboard enclosure, with the pc board screwed 
down inside. Such an arrangement will deliver remarkably good 
speech. 

be printed on the screen and sent to the parallel port. If you 
exchange your AEM4504 for your printer, the allophones and 
their ASCII equivalent will be LPRINTed, otherwise your 
project will make some interesting noises. No harm, just wait 
until these have finished, swap the plugs and try again. 
To add speech to your programs, first initialise the parallel 

port and silence the synthesizer by 

OUTL# 1: LPRINT"@"; 

then add a line to LPRINT the ASCII string equivalent of the 
allophones. There must be a silence code at the start and end 
of the string (e.g: (4,), and a semi-colon at the end of the 
LPRINT line. The semi-colon is to inhibit the carriage return 
which would turn the SP0256 back on with the TT2 code. 
See the example above. Your first programming efforts can 
be understood but become much better with a bit of prac-
tice. If it doesn't sound right look for an alternative allophone, 
as there is usually a better one to use. 
OPTBvXAhzwwA?SAnLvAy-0 

The Phrase Diction allows entry of a sentence, the individu-
al words of which are then looked-up in a dictionary (which 
is part of the program), and spoken. There are over 300 words 
in the dictionary, including numbers, days of the week, and 
months. The program is fairly well error-trapped, with 
spoken and printed messages to catch typing errors in data 
statements, for data statements not in ASCII order, and in-
put errors. Plenty of REMs are inserted throughout the list-
ing to aid your understanding of how the program functions. 
Get your micro talking! 

0P0256-AL2 ALLOPHONE CODES v. 19/6/85 

PHONEME CODE ASCII EXAMPLE HEX DEC DURATION ( ms) 

AA 
AE 
AO 
AR 
AN 
AX 
AY 
881 
B82 
CH 
DDI 
002 
DH1 
DH2 
EH 
EL 
ER1 
ER2 
EY 
FF 
001 
002 
003 
HH1 
HH2 
IN 
IT 
JH 
KK1 
KK2 
KK3 
LL 
MM 

24 
26 
23 
59 
32 
is 
6 

28 
63 
50 
21 
33 
18 
54 
7 

62 
51 
52 
20 
40 
36 
61 
34 
27 
57 
12 
19 
10 
42 
41 
e 

45 
16 

X 

o 

• 

G 

h 

S 

H 

hOt 
hAt 
Alight 
alARm 
dOWn 
sUcceed 
klte 
ri8 
Beast 
CHurCH 
enD 
Down 
THis 
baTHe 
End 
angLE 
lettER 
fERn 
trAY 
Food 
Guest 
Got 
peG 
He 
Hoe 
sit 
sEE 
Judd. 
Can't 
*peal< 
Crane 
Like 
Milk 

58 88 100 
5A 90 120 
57 87 100 
78 123 290 
60 96 370 
4F 79 100 
46 70 250 
SC 92 80 
3F 63 50 
72 114 190 
55 85 70 
61 97 160 
52 82 290 
76 118 240 
47 71 70 
7E 126 190 
73 115 160 
74 116 300 
54 84 280 
68 104 150 
64 100 80 
7D 125 40 
62 98 140 
511 91 130 
79 121 180 
4C 76 70 
53 83 250 
4A 74 140 
6A 106 160 
69 105 190 
48 72 120 
6D 109 110 
50 80 180 

• 

• 

• 

PHONEME CODE ASCII EXAMPLE HEX DEC DURATION (ms: 

.NO 
NN1 
NN2 
OR 
OW 
OY 
PP 
RRI 
RR2 
SM 
SS 
TM 
TT1 
112 
UN 
UNI 
UW2 
VV 
NH 
WW 
IR 
YR 
991 
992 
ZH 
ZZ 
PA1 
PA2 
PA3 
FAA 
PAS 

• 

44 
11 
56 
58 
53 
5 
9 
14 
39 
37 
55 
29 
17 
13 
30 
22 
31 
35 
48 
46 
47 
60 
49 
25 
38 
43 

1 

u 
E 

N 
g 
e 

V 

o 

Y 

e e 
1 A 
2 8 

4 D 

&Neer 6C 
thiN 48 
No 78 
fORtune 7A 
zOne 75 
vOlce 45 
Pow 49 
Read 4E 
cRane 67 
SHip 65 
veSt 77 
THin 50 
parTs 51 
To 4D 
bOOk SE 
to 56 
400d 5F 
Vest 63 
WHig 70 
We 6E 
stARe 6F 
hEAr 7C 
cUte 71 
Yes 59 
pleaSure 66 
Zoo 68 
(sil) 40 
(ail) 41 
(sil) 42 
(ell) 43 
(ail) 44 

108 
75 
120 
122 
117 
69 
73 
78 

103 
101 
119 
93 
81 
77 
94 
06 
95 
99 
112 
110 
111 
124 
113 
89 
102 
107 
64 
65 
66 
67 
68 

220 
140 
190 
330 
240 
420 
210 
170 
130 
160 
90 
180 
100 
140 
100 
100 
260 ( 
190 
200 
182 
360 
350 
130 
180 
190 
210 
10 
30 
50 
100 
200 

these vowel sounds can be doubled to lengthen them. 
these allophones may be used doubly for initial, 
or singly for final positions. 
usually need iø-30m5 silence preceeding them. 
usually need 50-80ms silence preceeding thee. 

* • • • 

lb* 

1.41. 

*Ma* 

• 

SHIFT/DEL) 

(1.4 
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00100 REM AEM4504 PHRASE COMPOSER 

00110 REM by Mark Bishop 22/7/85 

00120 REM 

00130 GOSUB 260: REM print title 

00140 GOSUB 280: REM init. & read data into arrays RO$,R 

00150 WO$="TT2 EH SS PA3 111 IH NG" 
00160 ON ERROR GOTO 240: REM input error 

00170 GOSUB 310: REM search array for allophone ASCII code 

00180 IF Q0$="N° THEN GOTO 240: REM input error 

00190 PRINT WO$: LPRINT AO$;: REM print and speak phrase 
00200 KOS=KEY$: IF KOI="" THEN 200 

00210 IF KO$=CHR$(27) THEN PRINT: EDIT 150 

00220 IF KO$="1" OR KO$="p" THEN GOSUB 440: GOTO 200: REM print 

00230 GOTO 190: REM speak again 

00240 LPRINT " KKBI^QCGOg@se;: EDIT 150: REM input error 

00250 LPRINT "aXXAQsCwAQTAQPGKOCOGg@s@";:END 

00260 CLS: PRINT TAB(15) "AEM4504 PHRASE ASE COMPOSER"\\\ 
00270 RETURN 

00280 ON ERROR GOTO 250: REM data statement error 

00290 OUTLE: DIM R0(64),R(64): SIRS ( 1000) 
00300 FOR 1=1 TO 64: READ ROS(I): READ R(I): NEXT I: RETURN 

00310 A=1: B=0: WO$40$+" ": AO$="" 

00320 C=B: B=SEARCH(WO$," ", A) 

00330 IF B=0 THEN 370: REM end of phrase 
00340 A=A+1: WIS=W0$(;C+1,8-1): REM W1$=word to search for 

00350 GOSUB 380: REM search array ROS(?) for W1$ 

00360 AO$=A0$+CHRER(N)): GOTO 320: REM AO$=ASCII of word 

00370 AO$="@"+AO$+"@": RETURN: REM add pause to ends of phrase 

00380 L=I: H=64: N=0: REM L=lowest array It, H=highest, N=flow 

00390 P=N: N=(L+H)/2: REM previous=now, now=(low+high)/2 
00400 IF Ra(N)=W1$ THEN LET 00$="Y": RETURN: REM found 

00410 IF ROS(N)<W1$ THEN LET L=N+1 ELSE LET H=N-1 

00420 IF PON THEN GOTO 390: REM keep looking 
00430 00$="N": RETURN : REM not found in array 

00440 CLS: OUT#1 ON: REM change to OUT#5 for serial printer 
00450 PRINT " PHRASE:": PRINT WO$: PRINT 
00460 PRINT " ASCII:": PRINT AO$: PRINT 
00470 PRINT: PRINT: PRINT: OUT#1 OFF: RETURN 

C0480 DATA " AA",88,"AE",90,"AO",87,"AR",123, 1AW",96 

00490 DATA " AX",79,"AY",70,"BBI",92,"BB2",63,"CH",114 

00500 DATA " 0[11',85,"002°,97,"DH1°,82,"DH2",118,"EH",71 

00510 DATA " EL",126,"ERI",I15,"ER2",116,"EY",84,"FF',104 

00520 DATA " G01",100,"002",125,"003",98,"HHI",91,"HH2',121 

00530 DATA " IH",76,"IY",83,"JH",74,"KK1",106,"KK2°,105 
00540 DATA " KK3°,72,"LL",109,"MM",80,"NG",108,"NN1',75 
00550 DATA " NN2",120,"OR',122,"OW",117,"011",69,"PAI",64 

00560 DATA " PA2",65,"PA3",66,"PA4°,67,"PA5",68,"PP",73 
00570 DATA " RR1",78,"RR2°,103,"SH",101,SS",119,"TH",93 

00580 DATA " TT1",81.,"TT2",77,"UH",94,"UWI',86,"UW2',95 

00590 DATA " VV",99,"WH",112,"WW",110,"XR",111,"YR",124 

00600 DATA " YY1",113,"YY2",89,"ZH",102,"ZZ",107 

00610 REM end of program listing 

00100 REM AEM4504 PHRASE DICTIONARY 
00110 REM by Mark Bishop 22.7.85 

00120 REM 
00130 GOSUB 330: REM print title 

00140 GOSUB 370: REM init. & read data into arrays ROS, R1$ 
00150 IF Q0$="N" THEN GOTO 300: REM error - not ascii order 
00160 GOSUB 470: GOTO 180: REM title 2nd part 

00170 CLS:CURS 15,5:PRINT"What would you like me to say next ?' 

00180 GOSUB 520: REM enter phrase to speak 

00190 GOSUB 590: REM search array for allophone ASCII code 

00200 PRINT NOS: LPRINT AO$;:REM print and speak phrase 

00210 REM select, edit, print or speak option 

00220 POKE 257,0: REM lower case input 

00230 KO$=KEY$: IF KO$=" THEN 220 

00240 IF KO$=CHR$(27) THEN 170 

00250 IF KO$="P" OR KO$="p" THEN GOSUB 760: COTO 230: REM prinl 
00260 GOTO 200: REM speak 

00270 REM error routines 

00280 LPRINT "@LKBPOCGGg@s@";:POKE 257,0: COTO 170: REM error 
00290 PRINT TAB(I5) " Data line #"; Z+1;: COTO 310 

00300 PRINT "'"; ROCI-1);" & ""; RO$(1);" NOT in ASCII order" 

00310 PRINT " - DATA statement error";: 

00311 LPRINT " aXXAOsCwAQTAC/PGKOCGGes@;:END 
00320 REM print title 

00330 CLS: UNDERLINE 

00340 CURS 15,1: PRINT " AEM4504 PHRASE DICTIONARY" 

00350 NORMAL: RETURN 

00360 REM init. & read data into arrays R04, R1$ 

00370 ON ERROR COTO 290: REM data statement error 

00380 CURS 15,4: PRINT " reading dictionary 
00390 READ FO$,Fl$: Z=Z+1: IF FO$0"dataend" THEN 390 

00400 ON ERROR COTO 300: Z=Z-1: RESTORE: REM due ' dataend' 

00410 OUTL#1: DIM RO(Z),R1(Z):STRS ( 10000): RO$(0)="": 00$="Y" 

00420 REM for 16k systems change to STRS(5000) 

00430 FOR I=1 TO Z: READ RO$(1):READ FWD 

00440 IF ROCIK RO$(1-1) THEN LET Q0$="N" : NEXT*I RETURN: 

00441 REM error, data not in ASCII order 

00450 NEXT I: RETURN 

00460 REM title part 2 
00470 CURS 15,4: PRINT " Hello, I am your Microbee talker !" 

00480 LPRINT"@[GmuDDFBZPBYzDPFABHguA?SBMWWAisDDD@"; 

00490 DiRS 15,5: PRINT " What would you like me to say ?" 

00500 LPRINT"@pXMradY-MFiPSDM-wT@";: RETURN 

00510 REM enter phrase to speak 
00520 CURS 5,15: PRINT"lowercase input only please,"; 

00530 PRINT " separate groups by 1 space" 

00540 CURS 0,9: INPUT ""; WO$: IF WO$=" THEN 540 

00550 CLS: CURS 15,5: PRINT " searching dictionary 

00560 RETURN 

00570 REM search array for allophone ASCII code 

00580 ON ERROR GOTO 280: REM input error 
00590 A=1: B=0: WO$40$+"": 

00600 C=B: B=SEARCH(WO$," ", A) 

00610 IF B=0 THEN 670: REM end of phrase 
00620 A=A+1: W1$=W0$(;C+1,8-1): REM W1$=word to search for 

00630 GOSUB 690: REM search array RO$(?) for W1$ 

00640 ON ERROR COTO 280: REM input error 

00650 IF 00$="Y" THEN LET 

00651 A04=A0$+RICN)+"C": GOTO 600: REM AO$=ASCII of word 

00660 IF 00$="N" THEN LET 

00661 AO$=A0$+"": COTO 600: REM no word, add ' blank' 

00670 AO$="e+AO$+"@": CLS: RETURN: REM add pause phrase ends 

00680 REM Binary search S/R for word in array ROSI?) 
00690 L=I: H=Z: N=0: REM 1=lowest array #, H=highest, N=now 

00700 P=N: N=(L+H)/2: REM previous=now, now=flow+highl/2 

.00710 IF ROCNI41$ THEN LET 00$="Y": RETURN: REM found 
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00720 IF ROS(N)<W1$ THEN LET L=N+1 ELSE LET H=N-1 
00730 IF PON THEN OOTO 700: REM keep looking 
00740 00$="N": RETURN : REM not found 
00750 REM print phrase and allophone ASCII equivalent 
00760 CLS:OUTill ON: REM change to OUT*5 for serial printer 
00770 PRINT " PHRASE:": PRINT WO$: PRINT 

00780 PRINT " ASCII:": PRINT AO$: PRINT 
00790 PRINT: PRINT: PRINT: OUTIll OFF: RETURN 
00800 REM 
01000 REM first data items MUST be in ASCII/alphabetical 
01010 REM and in LOWERCASE. Nord then ASCII equivalent 

order 

01020 DATA "."," IEW 

01030 DATA "0"f8ge 
01040 DATA " 1","p0K" 

01050 DATA " 10","MOK" 
01060 DATA " 11","SectK" 
01070 DATA ' 12","MnG-Ac" 

01080 DATA " 13","]sKSK" 
01090 DATA " 14","hWgMSK° 

01100 DATA " 15","hLhMSK" 
01110 DATA " 16","wLieSK" 
01120 DATA " 17","wwG0cLKMSK" 

01130 DATA " 18","TQMSK" 
01140 DATA " 19"xFKMSK" 

01150 DATA "2","M--" 
01160 DATA "20","MnGKMS" 
01170 DATA "21","MAKMS@OK" 

01180 DATA "22","MnGKM92M-- " 

01190 DATA "23","MnGKMS@vgS" 

01200 DATA "24","MreMS@WWg" 
01210 DATA "25","MrŒMSelFc" 
01220 DATA "26","MnGKMS@wLie 
01230 DATA "27","MriGKMS@ww6GcLK" 

01240 DATA "28","MreMS@TO" 

01250 DATA "29","MnGKMS@xF0 
01260 DATA "3","vgS" 
01270 DATA "30","]sMS" 

01280 DATA "31","]se@p0K" 
01290 DATA " 32","]sMS@M-- " 

01300 DATA "33","]sMS@vgS" 
01310 DATA "34","]sMS@hWWg" 

01320 DATA "35","]sMS@hFc" 

01330 DATA "36","]sMS@wLiw" 

01340 DATA "37","]sMS@ww0GcLY" 

01350 DATA 138","1sMS@TO" 

01360 DATA "39","]sMSexFK" 
01370 DATA "4","hWWg" 

01380 DATA " 40","hWgMS" 
01390 DATA "41","hWgMSepOK" 

01400 DATA "42","hWgMS@M--" 
01410 DATA " 43","hWgMS@vgS" 
01420 DATA "44","hWgMS@hWWg" 
01430 DATA "45","hWgMS@hFc" 

01440 DATA "46","hWgMSÊwLiw" 
01450 DATA D47""hWgMSewdecLK" 

01460 DATA "48","hWgMS@TO" 
01470 DATA "49","hWgMS@xFK" 

01480 DATA "5","hFc" 
01490 DATA "50","hLhMS" 

01500 DATA "51","hLhMS@p0K" 

01510 DATA "52","hLhMS@M-- " 
01520 DATA "53","hLhMS@vgS" 

01530 DATA " 54","hLhMS@hWei 
01540 DATA "55","hLhMS@hFé 
01550 DATA " 56","hLhMSewLie 
01560 DATA "57","hLhMS@ww6GcLK" 

01570 DATA "58","hLhMS@TQ" 

01580 DATA "59","hLhMS@xFK" 

01590 DATA " 6","wLie 
01600 DATA "60","wLieS" 
01610 DATA "61","wLiwMS@p0K" 

01620 DATA " 62","wLieS@M-- " 
01630 DATA "63","wLieS@vgS" 

01640 DATA "64","wLiwe@hWWg" 
01650 DATA "65","wLiweehFc" 

01660 DATA "66","wLiwM9wLie 

01670 DATA "67","wLieS@wwGricLK" 

01680 DATA "68"wLidS@TO" 

01690 DATA "69","biLieS@xFK" 

01700 DATA "7","wwG0cLK" 

01710 DATA "70","ww0GcLKMS" 
01720 DATA "8","Tir 

01730 DATA "9","xFK" 

01740 DATA ":","DDDDOD" 

01750 DATA "a","T" 
01760 DATA " alarm","Ome" 

01770 DATA " alex","ZmGie 
01780 DATA "alexandra","ZeiwZKUg0" 

01790 DATA " all","WWm" 
01800 DATA "am","ZP" 

01810 DATA "amateur","ZPZQqs" 

01820 DATA "anp,"ZK" 
01830 DATA "and","ZKU" 
01840 DATA "april","TAINLe 

01850 DATA "are","(" 

01860 DATA "at","ZM" 
01870 DATA "august","WbOwe 
01880 DATA " b","?S" 
01890 DATA " baby","A?TA?S" 

01900 DATA " bath","?Tv" 
01910 DATA " bather","?Tve 
01920 DATA " bathing","?TvLI" 

01930 DATA " be","?S" 
01940 DATA " becky","?GiS" 

01950 DATA " bee","?S" 
01960 DATA " beer","?:" 

01970 DATA mbeth","A?ffl" 
01980 DATA " birthday","A?s]AaGT" 

01990 DATA " bite","A?FCQ" 

02000 DATA " bites","A?FC0k" 
02010 DATA " blank","A?mZKBi" 
02020 DATA " bob","A?XXA?" 

02030 DATA " bread","\gGG@U" 

02040 DATA " brett°,"A?gGCQ" 
02050 DATA " brother","A?gO]s" 

02060 DATA " buy","?XF" 

02070 DATA " by","?XF" 
02080 DATA " byte","A?FCQ" 

02090 DATA " bytes","A?FCQU 

02100 DATA " c","wwS" 
02110 DATA " calender","jZZmGKAas" 

02120 DATA " calling","HeLl" 

02130 DATA " cat","jZBM" 
02140 DATA " check","rGGBi" 

02150 DATA " checked","r0GBiM" 

02160 DATA " checker","r0GBjs" 
02170 DATA " checkers","rGajsk" 
02180 DATA " checking","rGGBjLI" 

02190 DATA " checks","rGajw" 
02200 DATA " clock",">XXBi" 

02210 DATA " close","jmuww" 

02220 DATA " clown","jeK" 

02230 DATA " collide","HOmFU" 
02240 DATA " computer","j0PlqWs" 

02250 DATA " cookie","H"A" 
02260 DATA " correct","jtOGAike 

02270 DATA " corrected","jtGGAiAMLAU" 
02280 DATA " correcting","jtO8AiAMLI" 
02290 DATA " corrects","jtGGAiAQw" 

02300 DATA " crane","HgTK" 

02310 DATA " crown","jgsK" 

02320 DATA " d","aS" 

02330 DATA " daniel","aZKL@G" 
02340 DATA " darren","AaogK" 

02350 DATA " data","aXXAQs" 
02360 DATA " date","aTBM" 

02370 DATA " daughter","a0s" 
02380 DATA " day","AaT" 

02390 DATA " december","US@wGp\s" 

02400 DATA " dennis","aGKLw" 
02410 DATA " disk","aLwwi" 

02420 DATA " divided","aLcFAaLAU" 

02430 DATA " do","CaV-" 
02440 DATA " drive","agFv" 

02450 DATA " drives","agFvk" 

02460 DATA " e', "S" 
- to page 89 
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aem product review 

Meter Magic! - Philips 
Series 18 DMMs 

NOTWITHSTANDING the vast range of dig-
ital readout multimeters now available to both 
professional and hobbyist (including that no-
ble band who are both), there is no doubt that 
many users prefer the old analogue meter. I 
am one of them — or was, t should say. 
Starting as a very impecunious schoolboy 

with a tinplate-clad pocket watch-sized dual 
voltmeter, 0-10, 0-100 volts, with the two 
ranges accessible via prods on the bottom and 
a common flying lead, I worked my way 
through various cheap multimeters, until at 
last I achieved the ultimate (on hire purchase) 
— the beautiful A VO Model 8. 1 would watch 
for hours the smooth movement of the mirror-
backed pointer as I put electrolytics across 
the ohms range. I do believe I began to 
understand capacity and time constants at 
that time. 
A surprising number of enthusiasts have 

this affinity to the analogue meter, and the 
preference doesn't just reflect an unwilling-
ness to change. A few of the criticisms 
levelled at digital meters are: hard to read dis-
plays, susceptibility to overload, delay in 
settling down to a reading, distracting "hunt-
ing" of the least significant digits, mislead-
ing apparent resolution ("this power supply 
is delivering 5.00001 volts — disgraceful!"), 
and most important, far less convenience 
when performing null or peak adjustments. 
When I was asked to review the three in-

struments which comprise the Philips Series 
18 DMs, I wondered what the Editor's, or 
Philips' reaction would be at an article sing-
ing the praise of the "traditional" way of 
measuring. I needn't have worried. These 
little beauties have converted me, and t do be-
lieve I'm coming over all digital . . . 

The Series 18 
The three instruments marketed under the 
Series 18 banner are the PM2518, PM2618, 
and PM2718. Broadly, the 2518 is the econo-
my version (albeit well sprinkled with frills), 
while the 2618 and 2718 offer progressively 
more features. 

All are housed in enclosures of ident-
ical size and styling. Measuring 
170 x 55 x 118 mm, and weighing 700 grams, 
they could not be described as pocket-sized. 
However, this allows the benefit of a clear 
12 mm high 41/2-digit display with plenty of 
room for other display information, a selec-
tor knob you can get your fingers on and a 
number of very positive-action press switches 
for driving the various functions. 
At the same time the meters are definitely 

portable, being small enough to carry in a 
toolbox, or more deservingly, in the heavy 
duty carry case offered as an option. The 
cases of the meters are robust, verified ac-
cidentally in my workshop when one was 
dropped on the floor and crushed between a 
castor-borne bench and the workshop wall 
(no mark or damage to the meter). A handy 

folding stand is built into the meter and 
although it looks flimsy enough to break I will 
accept that this may be an illusion. Not an 
illusion, however, is the battery cover, which 
is irritatingly fiddly to open and an excellent 
finger nail breaker. It's as well that the very 
low current consumption means the four 
C-type cells do not have to be replaced often. 
Removing the battery cover also reveals the 
current overload fuse and a spare, this latter 
a nice touch which costs little extra and gives 
the user so much satisfaction. 
With regard to the battery cover, I later dis-

covered that judicious use of a flat screw-
driver blade (when I could find one) caused 
the offending part to spring open. Yes, I 
should have read the reference card supplied 
with the instrument (in seven European lan-
guages)! 
Measuring features common to all three 

instruments include dc volts to 1000 V with 
input resistance 10M (makes the AVO 8 pale 
a bit), ac volts also to 1000 V with input >2M 
and <20 pF, dc and ac amps to 10 A with vol-
tage drop <25 mV or <250 mV depending on 
range, and resistance to 100M: all the above 
fully autoranging, with the exception of the 
10 A range accessed through the usual 
separate test lead receptacle. 
The above facilities are common enough, 

and it suffices to say that readings were quick, 
clear, and unambiguous, with a generous 
sprinkling of extra information on the LCD 
display, including high voltage warning, 
ac/dc indication, and indication of unit of 
measurement. 
A very handy extra facility is the backlight. 

Available as an option, and included in one 
of the meters sent to us, this is not the usual 
crude pea lamp with attendant glare almost 
rendering its function useless, but gives a soft 
green "true" backlight effect which greatly 
enhances readability in poor ambient light 
conditions. The backlight automatically 
switches on when light conditions are poor. 
and switches off after a few seconds if no new 
measurement is made. 
Notable also is the high accuracy RMS 

function. Most readers will know that RMS 
(root mean square) ac values are, broadly 
speaking, equivalent values to dc in terms of 
energy (usually referenced to heating effect). 
In other words 50 Vac RMS will create the 
same heating effect in a given resistive 
network as 50 Vdc. However, because the vol-
tage (and current) level is constantly oscillat-
ing from pole to pole, and through zero, the 
peak voltage and current will be considera-
bly in excess of this level. The mathematics 
are not difficult, but that's only with a true 
sine wave such as would be expected from 
the mains or standard oscillator. 
Because meters do not work via heat effect 

these days (they used to — ever heard of a hot 
wire ammeter?), this effect is irrelevant and 

The Philips 
Series 18 DMMs feature 4.5-digit LCD 
readouts and a variety of sohpisticated 
and useful functions — plus the unique 
option of automatic display backlighting 
under dim light conditions. The 2518 Is 
the 'junior burger', the 2618 the 'quarter 
pounder' and the 2718 the 'big mac'! 
Range selection is by a single rotary 
switch, function selection by pushbuttons. 
Note the test leads and probes insert in 
the left hand side. 

reliance must be placed on an internal RMS 
converter. If considerable distortion is 
present on the waveform, or if it is a square 
or triangular wave, the RMS converter can 
get hopelessly confused. 
The Series 18 meters have been designed 

to overcome this difficulty, and accurate RMS 
readings up to 100 kHz (1 GHz with option-
al probe) are claimed, irrespective of the 
waveform. 

Resistance measurement includes continui-
ty, with a useful beep function, giving a high 
tone for negligible, and low tone for very low 
resistance. The beep is not your average rau-
cus squeak but a mellow musical note. Diode 
test facilities are provided. 
An extremely useful feature, via optional 

probe (except on the PM 2718 where it is built 
in), is the data hold function, enabling a meas-
urement to be held on the display, particu-
larly useful when working in cramped 
conditions. 
During tests of the Series 18 meters, I made 

much use of the relative reference mode. Us-
ing this mode, with a press of a switch any 
given measurement can be established as the 
reference, and future measurements dis-
played relative to it. 
Also available on all three meters is a tem-

perature reading in degrees Celcius, via an 
optional probe. This function measures from 
-20 (English summer's day on Polzeath Beach, 
Cornwall) to + 100 (Editor, one day after copy 
date). The temperature probe is connected via 
an 8-pin DIN socket with neat sliding cover. 

All meters are supplied complete with very 
well-shielded test prods, only a small point 
being exposed, designed to meet or exceed 
a number of national and international safe-
ty standards, including UL IEC and VDE. 
However, these prods are very inconvenient 
when trying to work on equipment, unless of 
course you are an octopus. During tests on 
a number of computers and other items I had 
to resort to my "Dick Tandy" clip-on prods 
on several occasions. 

— to page 97 
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.Easy to construct. All 
you need is a 

screwdriver and 
setting iron. 

4f 1tc*nsce%let It's tun. challenging and just think of the money you'll save!Being a'do-it-
yourself' job doesn't mean a lack of performance... not by a long shot. 
Look at these specs! • Covers any 500kHz band from2-30mHz* • switch-
able noise blanker • USB, LSB & C\N modes • digital frequency display 
with 100Hz resolution • 30 watts ' pep' output (conservative rating) • RX 
sensitivity better than 0.3u\I for 10dB S+N/N • inbuilt clarifier • 12 volt 

operation makes 'a idealfor mobile or portable applications. 

re Jers0t' 
at tK-633° (80 met changes. 

*Some bands require component  

Value! 
UHF Wattmeter 
Just the thing for the UHF 
enthusiast! l'he ability to check your 

transceiver's power output pus 

efficiency or antenna f you t 

systern. And w hat a perforrner hiS 

little beauty is ... it's accurate to 

within 10%! Directty is 

greater than 20ÓB with 
insertion loss less than 0.3dB. 
Covers 400-520MHz range. 
As seen ‘n CIST & 73 megavnes W‘ 

the USA. $ 95 
Cat K-6312 

THE AFFORDABLE 
WAY TO GET INTO 
COMMUNICATIONS 

UHF CB 'Vagi' 
Antenna Kit 

Fantastic! Really get 
into the action with our 13 

element Vagi antenna. Boosts signal 
up to 18 times. Impressive 12.5dBi 

gain. 

'3995 

—1-

1 

1 _ 

Cat K-6304 

For the serious amateur 
UHF Vagi antenna kit 

Talk about performance! Its just the 
thing for the serious amateur who 

wants extra range within the 
430-440mHz band. Increases signal 
strength up to 18 times. Impressive 

12.5dBi gain. 

Cat K-6305 

Ij j! 
11 ' •--Ijr 
$3995 

Phasing Harness 
Wow! The easy, affordable way to ` stack' a pair 
of antennae to increase signal range. A must' 
for the serious enthusiast. 

Cat K-6298 COMING SOON 

Build your own UHF Transceiver 
Our Explorer 1 UHF transceiver kit 
is the most affordable way to get 
into the exciting world of 
communications. Enjoy access to 
40 channels within the 438.025-
439M Hz range. With just a little 
time, you can easily assemble this 
impressive unit that boasts many 
features found in more expensive $ 
commercial units. Cat K-6300 i  

Repeater Up-Grade Kit 
WOW! This inexpensive kit gives the Explorer full 
repeater capability PLUS S- meter and an extra $ 5o 
crystal filter. Includes front panel. Cat K-6302 

Mil For Address details 

LEMON= See P88 
PTY LTD 

108/AC 
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ELECTRONIC FACILITIES 
TECHNOLOGY TO MAKE IT HAPPEN 

74LS SERIES 
MICRO & 

4000 SERIES CMOS PERIPHERALS 

PART NUMBER PRICE EA PART NUMBER PRICE EA 

74LSOO 
74LSO2 
74LSO4 
74LSO5 
74LSO8 
74LS10 
74LS11 
74LS13 
74LS14 
74LS20 
74LS22 
74LS30 
74LS32 
74LS38 
74LS42 
74LS74A 
74LS83A 
74LS86 
74LS90 
74LS93 
74LS109 
74LS123 
74LS125A 
74LS126 
74LS132 
74LS136 
74LS138 
74LS139 
74LS157 
74LS161A 
74LS162A 
74LS164 
74LS165 
74LS174 
74LS175 
74LS190 
74LS192 
74LS240 
74LS244 
74LS245 
74LS247 
74LS251 
74LS257A 
74LS258A 
74LS259 
74LS365A 
74LS367A 
74LS368A 
74LS373 
74LS374 
74LS377 
74LS390 
74LS393 

55 
55 
55 
55 
55 
55 
55 
55 
65 
55 
50 
60 
60 
65 
65 
55 
75 
50 
75 
80 
75 
90 
65 
75 
90 
75 
90 
85 
65 
75 
80 
85 
90 
75 
75 
95 
80 

1.45 
1.45 
1.45 
95 
85 
90 
90 
90 
90 
75 
80 

1.45 
1 45 
1.45 
1.40 
95 

4001B 
4002B 
4006B 
4007UB 
4008B 
4011B 
4012B 
4013B 
4015B 
4016B 
4017B 
4020B 
4023B 
4024B 
4025B 
4040B 
4044B 
4049B 
4069UB 
4071B 
4081B 
4085B 
4093B 
40160B 
40174B 
4503B 
4510B 
4512B 

.50 

.50 

.85 

.50 

.85 

.50 

.50 

.90 
1.20 
.80 

1.40 
1.40 
1.50 
1.10 
.90 

1.60 
.95 
.50 
.50 
.50 
.50 
.50 
.50 

1.65 
.90 
.65 

1.60 
1.60 

ART NUMBER 

8085A 
8155 
8212 
8216 
8251 
8255 
8039 
8259 

PRICE E 

$3.6 
$3.60 
$3.00 
$3.00 
$3.60 
$3.00 
$3.60 
$3.60 

VER 25 ITEM._ 

LESS 71/2 % 

PART NUMBER PRICE EA 

2114 3.00 

NMC 9817 
5V EEPROM 2K x 8 36.50 

41256-15 9.00 

4164P-15A 
150ns 64K 

DYNAMIC RAM 2.50 

6264LP-15 
150ns 8K X 8 

STATIC CMOS RAM 7.20 

2764-25 
250ns 8K X 8 EPROM 4.95 

6116LP-3 
150ns 2K X 8 

STATIC CMOS RAM 3.80 

2716-45 
45Ons 2K X 8 

EPROM 5.95 

2732A 
250ns 4K X 8 
EPROM 5.60 

OVER 25 ITEMS OF ANY TYPE 
LF`-- - 

)VER 25 ITEMS OF ANY TYPE 

Lr -r-  n/0 

)VER 25 ITEMS OF ANY TYPE 

LESS 71/2 % 
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ELECTRONIC FACILITIES 

I.C. SOCKETS OTHER DEVICES 

QUALITY DUAL-WIPE TIN SOCKET 
6 Pin 
8 Pin 
14 Pin 
16 Pin 
18 Pin 
20 Pin 
22 Pin.. 
24 Pin 
28 Pin 
40 Pin 
64 Pin 

.18e ea. 

.24e ea. 

.42e ea. 

.48e ea. 

.54e ea. 

.60e ea. 

.66e ea. 

.72e ea. 

.84e ea. 
$1.20 ea. 
$1.92 ea. 

MC 1488 
Quad Line-Driver $1.44 ea. 

$1.44 ea. 

ULN 2003A 
Transister Array $1.68 ea. 

Quad Op-Amp 0.72 ea. 
AN 6912 (equiv LM 339N) 

MC 1499 
Quad Line-Receiver  

TOP QUALITY LOW COST HEATSIÑKS 

The 225 SERIES heat sink is a press-on, low cost unit for TO-5 devices. 

this series is designed for use with plastic-cased TO-220 style devices. 

637 SERIES are high performance heat sinks designed for plastic power transistors. 

.95 

.55 

S1.50 

.95 

The 673 SERIES heat sink is designed for use with either the TO-3, TO-66, or two TO-220 style devices where low 

height is required. 

L'Zb 270 673 

OVER 25 ITEMS OF ANY TYPE LESS 71/2 % 

NOTE: t.e iviOUtv à L.Jà— +i ICES ' 
NOW AVAILABLE FROM NATIONAL PANASONIC 

MISCELLANEOUS 
Trimpots 
Opto-Electronics 
Transistors & Diodes 
Resistors 
Resistor Networks 

Capacitors 
Disc Drives 
LCD's 
LED's 
Switches 
IC Sockets 

D Type Connectors 

Relays 
Liquid Crystal Displays 
Switches 
IC Sockets 

ELECTRONIC 
FACILITIES 
PTY. LIMITED 
67 Dickson Avenue, Artarmon. 
Sydney N.S.W. 2064 Australia. 
Telex AA1 77084 

NOVOCASTRIAN ELECTRONIC SUPPLIES 
24 Broadmeadow Rd. Broadmeadow N.S.W. 2292 (049) 621 1358 NEWCASTLE 

ALSO AVAILABLE FROM 

BRYAN CATT INDUSTRIES MTV. LTD. 

10/59-61 Gymea Bay Road, Gymea. 
N.S.W. Australia 2227 
PO BOX 146, Cronulla. 
N.S.W. Australia 2230 
TEL (02) 526 2222 526 2900 
Telex: AA 70492 

MAIL ORDER 

POSTAGE RATES 
S3.00 

Ian Orders: PO Box 351, Artarmon, N.S.W. 2064 TOLL FREE (008) 22 6385 Sydney 439 3786 

• 1> DEALER AND TRADE ENQUIRIES WELCOME. 
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An active crossover 
-4a4, 

David Tilbrook 
While the idea of active-filter crossovers, and their use in 'active loudspeakers', is 
not new, they have not come up to performance expectations in the past. But, 
with proper attention to crossover design, the active loudspeaker is the way of 
the future. 
IN A CONVENTIONAL passive loudspeaker system the 
audio spectrum is divided into several frequency bands by 
a passive LCR circuit called the crossover. The input of the 
crossover is connected to the output of the power amplifier 
while the crossover outputs are connected to the drivers. In 
this way drivers can be designed for optimum performance 
over a more restricted frequency range and a greatly im-
proved overall loudspeaker performance obtained. Unfor-
tunately, passive crossovers also introduce a hoard of 
conceptual and practical problems some of which are ex-
tremely difficult, if not impossible, to correct using purely 
passive techniques. 
As mentioned above, the purpose of the crossover is to 

divide the audio spectrum into frequency bands suitable for 
the drivers employed. The assumption implicit in this is that 
the complete audio spectrum is once again present after the 
outputs of all the drivers are added together. We should ex-
pect the overall frequency response, the transient characteris-
tics and the phase characteristics of the output signal to be 
the same, or at least as close as possible, to that of the input 
signal. Unfortunately, this is not the case. In fact it turns out 
that it is not even theoretically possible! 

Figure 1. Conventional 1st-order passive crossover. 

INPUT 

Vw (S) 

— 0 0  

F (S) - 
LOW S+1 

S 
F (S) = - 
HIGH S + 1 

1 

RLOAD V ow. (S) 

(s) 
OUT L 

S 1  
F (S) + F (S) - + _ 1 
LOW HIGH S + 1 

So this type of crossover has a unity transfer function. 

The passive crossover consists of a selection of inductors 
(L), capacitors (C) and resistors ( R) arranged to form high-, 
low- and band-pass filters. In addition, most passive cros-
sovers are also designed to correct for the different sensitiv-
ities of the various drivers employed and to correct for the 
effects of resistances introduced by the crossover compo-
nents themselves. 
The simplest passive filter is called the first-order filter and 

consists simply of an inductor or a capacitor connected in 
series with the load. Such a crossover is shown in Figure 1 
here. 
The transfer functions of the filters are also shown together 

with the resultant transfer function when the outputs of the 
two filters are summed. Notice that in this case the resultant 
overall transfer function is equal to one, which is correct. 
This is, in fact, the only passive crossover with a unity trans-
fer function and makes this crossover extremely attractive 
for certain specialized applications. In the vast majority of 
applications, however, the extremely slow roll-off of the first-
order filter makes it impractical. Furthermore there is 
another, less obvious, disadvantage of this type of crossover 
which is caused by the fact the two outputs are in phase quad-
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phase) which leads to a skewed polar response in the vertical 
plane in front of the loudspeaker. 
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rature ( i.e: the two outputs are 90 degrees out of phase to one 
another). The effect is that, for a sufficiently high crossover 
point, say that between a typical mid-range and high-
frequency driver, the maximum reinforcement of the outputs 
from the two drivers occurs at an angle below the plane 
equidistant between the two drivers. This can have an ex-
tremely significant effect on the frequency response of the 
loudspeaker as the listening height is changed. 

If an extra inductor and capacitor are added as shown in 
Figure 2. Conventional 2nd-order passive crossover. 

INPUT 

V« (S) 

C2 

1 
F (S) - 
LOW S2 +Ssi2+ 1 

S2 
F (S) -   
HIGH S2 +2\S-Fi 

S2 + 1 
F (S) + F (S) -   
LOW HIGH S2 + Ss/2 + 1 

The resultant frequency response function is: 

+6 
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0.1 
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+11 ...7(1ç 

+9, 

0 

91 

-11 
0 125 0.25 0.5 1 2 4 8 10 

12dB/OCTAVE 
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ROLL-OFF 

N.B: An infinitely deep hole results in the frequency response 
at the crossover point. V (S) and V (S) are 180° out 

OUTh CUTI 

of phase. To correct this the phase of one of the drivers is 
reversed resulting in the following frequency response. 
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Figure 2, the second-order crossover results. A quick glance 
at the transfer functions and resulting overall frequency 
response shows that this crossover is entirely unsuitable for 
use in loudspeakers. The overall frequency response shows 
an infinitely deep hole at the crossover point which is caused 
by phase cancellation between the outputs of the filter 
sections. 
Since the problem with the second-order filter stems from 

the out of phase nature of the filter section at the crossover 
point it is not surprising that reversing the phase of one of 
the drivers will help to overcome the problem. The result is 
shown in the curve at the bottom of Figure 2. Notice that the 
frequency response function now shows a 3 dB peak at the 
crossover point. This is certainly far from ideal but the filter 
slopes are now acceptably fast for many applications. Fur-
thermore, the frequency response anomaly inherent with this 
type of crossover is often hidden by greater frequency 
response errors in the drivers used. 
The second-order crossover with reversed driver phase is 

the most common type of crossover design and for many 
years was used by loudspeaker engineers almost without 
exception. In more recent times with improved driver qual-
ity and an increasing emphasis on the importance of phase 
integrity through the audio chain, an increasing number of 
loudspeakers are being designed with higher or lower order 
crossovers depending on which of these characteristics is 

Figure 3. Conventional 3rd-Order passive crossover. 
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And the resultant frequency response curve is flat. 

S3 

+0 

0 

6 

12 

18 

24 

""7 \.1 "..3d9 POINT 

0.1 0.125 0.25 05 2 4 

NORMAU7M FREQUENCY (fife) 

+270 

+90 

90 

-180 
8 10 

N.B: V and V are in phase quadrature again 
WTI OUTh 

(as in the 1st-filter). 

February 1986 — Australian Electronics Monthly — 53 



aem project 6503 

613 

o 

B's3 

I
C
2
 
-
 
T
.
0
7
4
 

01,21 Oge 

CIZU fife 

;-< 

I
C
4
 

99d N OLd 
I
C
5
 
-
 
T
L
0
7
4
 

£1,d 

LEVEL 
We expect that constructors of an 

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

complete this project. 

SEE RETAIL ROUNDUP' FOR A 
GUIDE TO KIT SUPPLIERS WHO 
MAY STOCK THIS PROJECT 



to be optimised. Generally, the higher the order the more 
gross the phase errors generated. So audio engineers interest-
ed in optimisation of phase performance tend to use the lower 
order filters. If optimisation of frequency response perfor-
mance is desired, higher order filters are often adopted such 
as.the third-order filter shown in Figure 3. 

In the case of the third-order filter, the resultant transfer 
function results in a flat frequency response characteristic 
and a very useful fast roll-off outside the crossover point. 
This type of crossover is an extremely useful one for ap-

plications requiring the flat frequency response and excel-
lent roll-off performance it provides and is becoming 
increasingly popular for applications in top quality loud-
speakers. 

Unfortunately, the outputs of the drivers are again in phase 
quadrature and the crossover reveals an overall phase charac-
teristic which is dominated by a substantial phase shift for 
several octaves either side of the crossover point. 

The active approach 
Given the substantial problems associated with these types 
of passive crossovers it is surprising that the alternative, that 
of electronic or active crossovers, has not found more accep-
tance among loudspeaker designs intended for high fidelity 
applications. One of the possible reasons is that many of the 
earlier active crossover designs duplicated most of the 
problems inherent in the passive devices. Nevertheless the 
active crossover is an elegant approach and will, in my opin-
ion, be the way of the future for loudspeaker design. 

In the active crossover scheme the output of the preamp 
is connected to the input of an electronic crossover the out-
puts of which are connected to separate power amplifiers 
that are dedicated to their own drivers. So a total of three 
power amps are required for a three-way loudspeaker, one 
for each driver. The most common argument against the idea 
is usually based on the cost of such a design, but this is often 
not a valid criticism. Much of the cost of commercial power 
amplifiers is associated with the power supply, chassis and 
front panel controls and metering etc, and these costs are 
removed if the power amps share a common power supply 
and are mounted in the loudspeaker cabinet itself. The result 
is an "active loudspeaker" which, if executed correctly, can 
often yield spectacular results. 
Figure 4. Comparison of common filter types. The comparison is m 

0.6% 
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of the Bessel, Butterworth and 

Chebyshev step performance. 
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0.1 1.0 
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Comparison of sixth order frequency responses. 
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The active crossover has a number of extremely significant 
advantages over the more common passive designs. Firstly, 
active crossovers can be designed with much steeper slopes 
and the frequency response characteristics are much more 
predictable since there is no interaction between the filter 
and the highly non-linear load represented by the driver. The 
resulting well defined passbands help to decrease intermodu-
lation distortion and optimise the frequency response per-
formance. 
Another major advantage of active loudspeakers is the ease 

with which the effect of the different sensitivities of the 
drivers can be corrected. Furthermore, the insertion of the 
active crossover does not cause a decrease in the efficiency 
of the system which can occur with the higher order passive 
crossovers. The fact that the outputs of the power amps are 
connected directly to the drivers without the series resistance 
of the passive crossovers also helps to increase driver damp-
ing and hence driver control. 
Probably the biggest advantage, however, of active cros-

sovers is the ease with which they allow optimisation of the 
entire loudspeaker. The choice of drivers is no longer 
restricted by factors such as the relative driver efficiencies, 
the phase and frequency response characteristics can be op-

ade for six-pole filters to accentuate the differences. 

Time-domain performance comparison for low-pass filters 

fad, 
(Hz) 

Settling time 
Step rise time   Stopband Attenuation 

(0 to 90%) Overshoot to 1% to 0.1% f = 2/ f = 101d 

Poles (S) (%) (%) (S) (dB) (dB) 

Bessel (-3.0 dB at 1.0 2 0.4 0.4 
Id = 1.0 Hz) 1.0 4 0.5 0.8 

1.0 6 0.6 0.6 
1.0 8 0.7 0.3 

Butterworth 1.0 2 0.4 4 
(-3.0 dB at 1.0 4 0.6 11 

= 1.0 Hz) 1.0 6 0.9 14 
1.0 8 1.1 16 

Chebyshev 0.5 dB 1.39 2 0.4 11 
ripple (-0.5 dB 1.09 4 0.7 18 
at fe = 1.0 Hz) 1.04 6 1.1 21 

1.02 8 1.4 23 

Chebyshev 2.0 dB 1.07 2 0.4 21 
ripple (-2.0 dB 1.02 4 0.7 28 
at fc = 1.0 Hz) 1.01 6 1.1 32 

1.01 8 1.4 34 

0.6 1.1 10 36 
0.7 1.2 13 66 
0.7 1.2 14 92 
0.8 1.2 14 114 

0.8 1.7 12 40 
1.0 2.8 24 80 
1.3 3.9 36 120 
1.6 5.1 48 160 

1.1 
3.0 
5.9 
8.4 

1.6 
4.8 
8.2 
11.6 

1.6 
5.4 
10.4 
16.4 

2.7 
8.4 
16.3 
24.8 

8 37 
31 89 
54 141 
76 193 

15 44 

37 96 
60 148 
83 200 

10 
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Figure 5. The frequency response of the AEM6503 active cros-

sover with crossover frequencies set for 15 Hz, 500 Hz and 
4.3 kH. 

20 0 

"10 • I, 

timised and adjusted to suit the particular concerns of the 
loudspeaker designer and the overall performance is more 
accurately predicted and maintained with subsequent driver 
changes. 
There are, of course, a multitude of filter types that can 

be implemented using the active approach. If characteristics 
such as phase linearity and minimum overshoot are to be op-
timised then the Bessel type filter function would be select-
ed (the Bessel filter has the advantage that it introduces a 
constant time delay for frequencies even well outside the 
passband). If frequency response performance is regarded 
as of utmost importance then the choice would normally be 
for the Butterworth function with its optimally flat amplitude 
performance. This type of filter funciton has inferior phase 
performance to the Bessel function and considerably more 
overshoot on transient signals but provides a significantly 
faster roll-off outside the passband. 

Filter designs with even faster stop-band performance are 
also available but these are usually characterised by signifi-
cant ripple in the passband frequency response and are usual-
ly therefore, not considered appropriate for high fidelity 
applications. One such filter is the Chebyshev which provides 
an extremely good stop-band performance but poor phase 
and transient performance. A comparison of the four most 
common filter slopes is shown in Figure 4. 
There are many other filter functions that have been de-

vised which attempt to find compromises between the vari-
ous performance features mentioned above. The most often 
used filter type for active crossovers is the Butterworth func-
tion since it provides optimisation of the passband frequen-
cy response. Actually, any of the possible function types with 
roll-offs slightly slower than the Butterworth can also be used 
with great success. 

The AEM6503 active crossover 
In this design I have chosen a Butterworth filter type and 
designed a fourth-order crossover (ultimate roll-off around 
24 dBioctave)..This particular filter has the advantage that 
it uses capacitors of all the same value for any particular cros-
sover frequency and hence allows very easy modification to 
the crossover point. 
TABLE 1: Crossover points available for E12-series capacitors 

with R= 22k 
f ( Hz) C (F) f (Hz) C (F) f (kHz) C (F) f (kHz) C ( F) 

10.88 
1312 
15.50 
18.95 
23.25 
28.42 
34.10 
42.63 
51.15 
62.38 
75.23 
91.35 
108.8 

f — 

470n 
390n 
330n 
270n 
220n 
180n 
150n 
120n• 
100n 
82n 
68n 
56n 
47n 

1 

131.2 
155.0 
1895 
2325 
284.2 
341.0 
426.3 
5115 
623.8 
752.3 
9135 
1088 

39n 
33n 
27n 
22n 
18n 
15n 
12n 
10n 
8n2 
6n8 
5n6 
4n7 

1.312 
1550 
1.895 
2325 
2.842 
3.410 
4.263 
5.115 
6.238 
7523 
9.135 

10.884 

C = 
2 r N/2 RC 2 r fR 

3n9 
3n3 
2n7 
2n2 
1n8 
1n5 
1n2 
in 
820p 
680p 
560p 
470p 

1 

13116 
15501 
18.946 
23.252 
28.419 
34.103 
42.629 
51.154 
62.384 
75.228 
91.347 
108.84 

390p 
330p 
270p 
220p 
180p 
150p 
120p 
100p 
82p 
68p 
56p 
47p 

Figure 6. Fourth-order crossover filter section used — shown 
in both high- and low-pass configurations. 

One of the major considerations in the design of this cros-
sover was versatility. The crossover is suitable for use as a 
stand alone crossover, possibly mounted in its own chassis 
with a suitable power supply. Alternatively, the crossover 
might be mounted on the rear of the loudspeaker cabinet in 
conjunction with power amplifiers to form an "electronic 
loudspeaker". 
This is the direction we will be taking over the next few 

months as we describe the conversion of the AEM6502 and 
AEM6503 loudspeakers to active designs. In this configura-
tion relatively long leads must be run from the output of the 
preamp to the inputs of the active crossovers. To decrease 
the possibility of hum pick-up in these leads the crossover 
is provided with a balanced 600 ohm input stage. 
The output of this stage is connected to a total of four filter 

sections each incorporating both a fourth-order low-pass and 
a fourth-order high-pass filter. The crossover is therefore 
suitable for use with up to a four-way loudspeaker. If you 
intend to dedicate the unit for use with a two- or three-way 
loudspeaker, the redundant section(s) of the pc board can be 
cut off before commencing construction. Alternatively, sim-
ply leave these areas of the pc board unpopulated. 
As mentioned above, all four filter sections are identical 

with both high- and low-pass filter sections provided. This 
provides the facility to incorporate a low frequency high-pass 
filter to minimise the effects of subsonic content that might 
be generated by tone arm resonances etc. Large amounts of 
subsonic content robs the bass driver of linearity and hence 
causes a dramatic increase in low-frequency distortion. The 
incorporation of the additional high-pass function at low fre-
quencies can therefore result in a significant improvement 
in low-frequency power handling. The top low-pass filter can 
be set just above the audio spectrum if required or disabled 
by omitting the capacitors for this section. With these capa-
citors removed the section becomes a unity gain buffer. Note 
that this is not possible with the high-pass filter sections. The 
capacitors for these sections are in the signal line and their 
removal will disable operation of that filter section complete-
ly. A diagram showing the selection of crossover points for 
a three-way crossover intended for use with the AEM6503 
three-way loudspeaker is shown in Figure 6 together with 
the actual crossover frequency response. 
The basis of the active crossovers are the fourth-order 

active filter sections shown in Figure 6. Both the low- and 
high-pass sections are shown together with the design equa-
tions. This filter provides a fourth-order Butterworth 
response which has the advantage that although the filter in-
troduces a frequency dependent phase-shift around the cros-
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sover point, the frequency shift is identical for the two 
sections. So the signal phase from the two drivers will be the 
same for all frequencies. This is a very important advantage 
of this type of active filter since the resulting stationary and 
well defined lobe pattern around the loudspeaker contributes 
enormously to its superior subjective performance. 

Table ( 1) shows the standard E12 capacitor values and the 
resulting crossover frequencies obtained when the resistors 
are all set to 22k. If other crossover frequencies are required 
then these can be obtained by changing the values of the resis-
tors slightly. However, the range of values shown would prob-
ably satisfy most requirements. These resistors are soldered 
directly to the pc board. The frequency determining capaci-
tors on the other hand, need to be able to be changed with 
relative ease to facilitate adjustment of the crossover frequen-
cy. Accordingly, DIP sockets have been provided which allow 
the capacitors either to be plugged into these or soldered to 
DIP plugs which are in turn plugged into the sockets. Alter-
natively, the capacitors can be soldered directly to the pc 
board if required, such as for equipment which is likely to 
be transported regularly. 
Another practical feature worthy of mention at this stage 

is the output attenuator arrangement. This is provided so that 
the different sensitivities of the drivers can be corrected. In 
the following months we will be describing the conversion 
of the AEM6502 and AEM6503 loudspeakers to an active sys-
tem incorporating this crossover and it is therefore impor-
tant that the project be designed with sufficient versatility 
to fill both this role and that of a general purpose active 
crossover. 
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Accordingly we have designed the pc board so that it will 

accommodate fixed potential dividers, preset potentiometers 
or flying leads to pots that might be mounted on the front 
panel of the active crossover unit. The component overlay 
illustrates the use of the fixed potential dividers while the 
photograph shows the device with presets fitted. A careful 
look at the photograph will also reveal that we have left the 
output coupling capacitors off our prototype. This is because 
the values of these capacitors, and hence the capacitor types, 
can be optimised only after the crossover points have been 
chosen for a particular application. Indeed for many appli-
cations no output capacitors will be necessary. If, on the other 
hand, the crossover is to be constructed as a completely 
general unit, then a value around 1 uF would be about right. 

Construction 
Assembly of the circuit board is quite straightforward. If the 
unit is to be used in an application where the filter frequen-
cies have been predetermined, then the appropriate capaci-
tors can be soldered directly into place, otherwise 14-pin DIL 
IC sockets (as seen in the photographs) allow convenient plug-
in replacement of the filters' frequency determining capaci-
tors. Although unessential, sockets may be used for the ICs. 
Before commencing assembly, first do a visual check of the 

board. See that all holes are drilled and of the right diameter. 
Best place to start construction is with the links — there are 
twelve (12) of them. Use tinned copper wire or cut off com-
ponent leads. Follow by soldering all the passive components 
in place next. If you are using trimpots, these should follow, 
otherwise, solder pc stakes in place so that connections to 
off-board potentiometers are easily made. If you're using 
sockets for the filter capacitors, solder these in place now. 
The ICs should be left till last. 
Before attempting to test the unit, do a thorough visual 

check. You could do a multimeter check to see that there are 
no shorts between the supply rails and to the common line 

General arrangement of the 
capacitor placements in each 
active filter. 

CAPACITORS ARE ALL 
THE SAME VALUE 

DIP A 

AEM6503 PARTS LIST 

DIP 82 

DIP B1 

CAPACITORS ARE ALL 
THE SAME VALUE 

Semiconductors 
ICI   NE5534N 
IC2, IC3, IC4, IC5...TL074 

Resistors all 1/4 W, 5% 
R1, R2 5k6 
R3, R4   47R 
R5, R6   330R 
R7, R8   220R 
R9, R10  1k 
R11-R50   22k 
R51-R62 ... Chosen to suit 
crossover frequencies, alter-
natively use four 470n. 
Ca, Cb, Cc, Cd, 
Ce, Cf, Cg, Ch .. chosen to 
determine required crossover 
frequencies. See Table 18. 

Capacitors 
C1, C2 2n2 
C3-C7  100n 
C8-C11  chosen to suit 
crossover frequencies, alter-
natively use four 470n. 
Ca, Cb, Cc, Cd, 
Ce, Cf, Cg, Ch ccchosen to 
determine required crossover 
frequencies. See Table 1. 

Miscellaneous 
AEM6503 printed circuit 
board; pc board pins (if re-
quired); IC sockets for filter 
capacitors ( if required); 
hookup wire, solder, etc. 

Estimated cost: $55-$65 
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Co-processor board gives 32-bit 
power and UNIX capability 
for PCs and compatibles 

If you need number crunching power with speed comparable to a VAX, a new 
board from California-based Definicon Systems to plug into the IBM-PC, XT, AT, 

Compaq or compatibles, would be the way to go. 

The single-slot pc board, to be 
marketed here by Pepete Pty Ltd 
with software support from 
Osiris Technology, features full 
32-bit architecture employing 
National Semiconductor's 
NS32032 running at 10 MHz 
and an NS32081 floating point 
accelerator. 

The board will be offered with 
either 1M or 2M of dynamic 
RAM. In addition, there are two 
independent 38 kilobaud asyn-
chronous serial ports and a 
16-bit interrupt-driven coun-
ter/timer included. 

The host machine's 8088 
processor has access to the full 
32032 memory space and 
peripherals. The NS32082 
memory management unit 
(MMU) is offered as an option. 

The operating environment 
is either PC DOS or MS DOS 
and the machine interface uses 
Definicon's LOAD 32 assem-
bler/linker/loader. 

Some expatriate Australian 
whizz-kid engineers are behind 
the development of the DSI-32, 
including Trevor Marshall who 
assembled and ran Australia's 
first open-access bulletin board 
in Perth and designed Austra-
lia's first-published direct-
connect computer modem 
project. 

A complete hardware and 
software description of the 

is a licensed UNIX distributor. 
The DSI-32 is priced around 

$6000, which includes UNIX. 
Enquiries should be directed to 

DSI-32 appeared in Byte, Au-
gust and September 1985 issues, 
written by Trevor Marshall, 
George Scolaro, David L. Rand, 
Tom King and Vincent P. 
Williams of Definicon Systems. 

The DSI-32 will be offered 
here with UNIX, truly putting 
the power of a mainframe and 
its facilities within the reach of 
PC users. Using a sieve bench-
mark with n = 40 000 and ten 
iterations, the DSI-32 compares 
very favourably with a 
VAX-11/780 and is faster than a 
VAX-11/750. Quoted execution 
times are 10.07 seconds for the 
DSI-32, 6.38 secs for the 11/780, 
13.3 secs for the 111750, 99.71 
secs for an IBM-PC/AT and 
351.5 secs for the IBM-PC/XT. 

UNIX support will be availa-
ble here through Osiris Technol-
ogy of Sydney, a UNIX 
specialist who has been in the 
business two years now. Osiris 

Bye, bye blurty 

N oise on the mains can 
wreak havoc with sensi-

tive electronic equipment, rang-
ing from unwanted blurts in the 
middle of your hi-fi listening 
session to disastrous corrupted 
bits in a running computer sys-
tem, it is becoming common-
place for electronic equipment 
to feature a built-in ac noise 
filter as either a separate com-
ponent or part of the mains 

receptacle. 
We hear from ) RH Compo-

nents of Murata's popular five 
amp, 250 Vac noise filter, type 
PLF-2V-5RA-501. This low-cost, 
locally stocked device is sup-
plied with a moulded case and 
'quick-connect' or solder ter-
minals. 
A noise attenuation of 40 dB 

is guaranteed, say Murata, over 
a frequency range of 
0.8-30 MHz betweeen leads and 
0.7-30 MHz to ground. 

D. Anisimoff, Pepete Pty Ltd, 
PO Box 417, North Sydney 
2080 NSW. (02) 888 3874 

68XXX SERIES SINGLE BOARD COMPUTERS 
Paris Radio Electronics has announced the availability of the 
UniQuad Series of 68XXX single board computers from Hazel-
wood Computer Systems, USA. A UniQuad computer model 
is available at two performance levels. The UniQuad 1 utilizes 
a 68008 processor and can have up to 512K of memory. Offer-
ing twice the performance, the UniQuad 2 uses a 68000 and 
will suupport up to 1M of memory. 

Major Features of the UniQuad series are: 

Processor 
Speed: 
RAM: 
ROM: 
Serial I/O: 
Parallel I/O: 
Floppy Disk: 

UniQuad 1 
68008 
8 Mhz 
128k 
2K 
4 ports 
2 ports 
2 5.25" DSDD disk drives 

UniQuad 2 
680000 
10 Mhz 
512k 
4K 
4 ports 
2 ports 
4 

The UniQuad boards all include a SASI (SCSI) bus compatible 
interface which allows for the addition of a hard disk drive. In-
cluded as a standard part of the UniQuad package is sufficient 
software to support most common computer applications. The 
included operating system is OS-9/68000 giving the UniQuad's 
Multi-user/Multi-tasking abilities, included as well are the fol-
lowing software packages :- BASIC09, DYNACALC spread sheet 
and the Stylorgraph word processing system. 

Other software that is available is the LLOYD I/O Cross As-
semblers for all CPU types, Omegasoft Pascal Complier. IN-
TROL C compilers as well as Microware's Pascal, C and Fortran 
77 compilers. 

For further technical information please contact Paris Radio 
Electronics, PO Box 380, Darlinghurst 2010 NSW. (02) 344 
22579 
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AT LAST! 
An affordable 
inM Software 
compatible 
computer for 
the enthusiast! 
DIE Multitech 

Only 

'I 395' 
128K, Single Drive 
Model as shown, 
inc MS-DOS. 
Monitor not 
included in price. 

IMF 

Yes: at last the enthusiast can afford a true MS-DOS 
computer. With the world's best and biggest range of 
software available (and more coming every day!) the 
real computer hobbyist now has access to virtually 
limitless applications. No enthusiast should settle for an 
'orphan' computer system — go with the strength. You 
know the MS-DOS system will be around for years: can 
you say that about most others? Check out the DSE 
Multitech at your nearest DSE store now! 
Cat X-8000 

And two other models with even more features: 
256K Twin disks, plus EASY word processing 
package. Cat X-8001 $1995 

10Meg hard disk (and one floppy), 512K plus AURA 
integrated software package. Cat X-8002 $3995 

Ei 1 1 3 MM 

DICK SMITH 

1/Z-300 
Ok 

THE BEST VALUE 
IN COLOUR COMPUTERS 
Unbelievable! This is DSE's most popular computer ... we've sold 
thousands to families and small businesses. And now its yours 
for under $ 100. It's so versatile and user-friendly', any one can 
use it. Ideal for experienced programmers and beginners alike. 
18K RAM expands up 64K, you can add any number of per-
ipherals and a run of variety of software. This is truly sensational 
value. Cat X-7300 

W AS $149$99 
WOW! CAT COMPUTER 
FOR UNDER $5001! 

This is it! Your chance to enter the arena of powerful computing at a 
fraction of the price. CAT is the pick of the litter...thousands have 
been sold. Its 64K RAM stores and executes large amounts of per-
sonal and business data. The 81-keyboard boasts a numeric keypad 
and 8 function keys. Plus there's hi-res graphics, colour and sound. 
At this price. the Cat is an incredible bargain you can't afford to miss. 
Cat X-7500 

WAS $699 $49 
UDC FLAT RIBBON CABLES 

FEBRUARY ONLY! 
ji 

ie All prices 
per metre 

27 way. Cat W-2752. Was $3.95. NOW $2.95 
26 way. Cat W-2750. Was $3.20. NOW $2.50 
40 way. Cat W-2754. Was $4.95. NOW $3.95 
50 way. Cat W-2756. Was $5.75. NOW $4.75 

S   

For Add/Jess details See P88 
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BYTE WIDE 
CMOS modems 

The EF7500 series of com-
munication ICs from 

CSF Thomson offer significant 
power dissipation reductions 
compared to older NMOS 
devices, they claim. 

The family includes asyn-
chronous FSK and DPSK mono-
chip units handling 
CCITT/V.23, V.22, Bell 202 and 
Bell 212A protocols. 

These products use the same 

circuit methods as the older 
7900 series such as digital sine 
wave synthesis, on-chip 
switched-capacitor filters and 
selectable baud rates. Rather 
than have four protocols per 
chip there is one chip per pro-
tocol. The result is a substantial 
reduction in cost and package 
size. 

Details from: Promark Elec-
tronics, PO Box 381, Crows 
Nest 2065 NSW 

CALL IT A PLOT-BOT 

This ' plotting robot', from Penman in the UK, is a portable printer 
that produces hard copies of designs worked out on a computer. 
Here it shows its flexibility by sketching a design of the Space 
Shuttle. 
The Equipment consists of two parts — the control box con-

taining the electronics and a 127 rrim' robot device which moves 
around on the paper to produce the graphics. 
With only two moving parts, the robot can draw straight lines 

in any direction and perfect circles without any 'zig-zag' effect, 
and it can be used on any size paper within the limits of its one 
metre long umbilical cable, according to Penman. 
There are three built-in pen holders which can be different 

colors or thicknesses of pen. The plotter can change pens in 
mid-line, matching the old and new lines exactly, it is claimed. 

Its British developed claim it is ideal for the home computer 
enthusiast or for architects and engineers who often need hard 
copies of computer designs. It is also said to be useful for 
schools because of its low cost and versatility. It will work with 
virtually any kind of computer. 
The Plotter won the ' Peripheral of the Year' presentation at 

the 1985 British Microcomputer Awards. Details from Penman 
Productions Ltd, 8 Haziewood Close, Dominion Way, Worth-
ing, West Sussex England BN14 8NP. 

Compact 
...with real testbench performance 
Philips Series 18 DMMs give you a magic combination - no 

compromise testbench features und per packaged in a 

choice of three compact, easily poi table instruments that ate 

always handy for lab. workshop or field use 

Our range of three models lets you select 

exactly the functions you need for every 

application and environment 

DM Y7(O 
ri i C 

min/max. auto data 

hold, 100 kHz RMS AC, 

0.05% DC 

PHILIPS 

RI 2618  
electronic calibration, 

200 kHz counter, 0.3% 

bargraph and 10 MHz 

logic view 

PM 25/8  
RMS AC, 
direct temperature, 
dB and relative 
measurements 

Contact your local Philips organisation 

Or: 

SYDNEY: Box 119 
North Ryde 2113 
Tel. (02) 888 8222 
(Toll free (008) 22 6661) 

MELBOURNE: Locked bag No. 5 
Oakleigh South 3167 
Tel. (03) 542 3600 
(Toll free (008) 33 5295) 

PHILIPS 
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aem computer review 

Character 

Bonjourno 
Amiga! 
J. Nathan Cohen 
Positioned between the ' Macintosh-line' and the 
'IBM-line' machines, Commodore's new 'flagship' 
offers speed, power, graphics and sound facilites 
not previously seen in anything under $3000. 

THE PROBLEM with reviewing a machine 
like the Commodore Amiga is that it doesn't 
fit into any of the recognised 'slots' that com-
puters nowadays have fallen into. It's not a 
games machine, but it's not strictly a ' busi-
ness' machine either. It's not a high-
performance works;ation. but it's got some 
of the features you would expect from one. 
It was designed by a bunch of people in the 
US who seemed to be saying to themselves 
"wouldn't it be nice if the machine had.. .". 
rather than what most manufacturers say to 
themselves, which is "what will X type of user 

need' 
The Amiga was born in California (where 

else?) about three years ago by a company 
called Amiga. In a late stage of development, 
when each of the big, later-to-be-custom, 
chips were simulated by a large box of elec-
tronics, they showed it to Commodore who 
were so impressed they bought the t'hole 
company. gave it some more money, and told 
them to get on with it. 
A year later ( in July last year), it was ready 

for release in the States. Commodore Austra-
lia will launch it here in March-April. 

What gives the Amiga its character (and 
dominates most of the demo programs includ-
ing the ones you will probably see in shop 
windows) are its graphics capabilities, these 
are provided by two of the custom chips that 
used to be big black boxes — they work 
together to form a graphics processor capable 
of moving objects around on the screen, de-
tecting collisions, and a few other tricks, all 
without intervention by the Amiga's main 
processor. 
This graphics 'coprocessor' means that you 

can have graphics moving around on the 
screen (say, for example. in an animated il-
lustration) while the processor is doing noth-
ing but polling the keys, or doing calculations, 
or whatever. 
A similar philosophy is followed for the 

sound generating part of the machine. Again, 
once the sound generator has been told what 
to do. no intervention is needed. In fact, the 
'hands off' philosophy has been extended to 
the whole computer, and is what gives it its 
muscle. For example, disk access can be per-
formed direct into memory without the 
processor worrying about it. 

In fact, up to 28 devices can use the main 
memory for DMA (direct memory access) at 
any one time. That means that, as well as disk, 
graphics and sound going on all at once, up 
to 25 other devices can be connected to the 
machine (via a bus connector at the side of 
the box) and all be clicking and whirring at 
once — all while the CPU is doing something 
else! 

Operating system(s) 
The problem with selling anything but an 
8086-based computer these days is that the 
first question asked by many people is: " is it 
IBM compatible". The simple answer for the 
Amiga is " no". The operating system (OS) 
supplied with the machine is more like a 
Macintosh OS than anything else (although. 
I think, a little less refined and a lot faster). 
But when Commodore saw this they must 

have had a sudden inrush of breath and 
ordered Amiga to provide compatibility at all 
costs. Launched with the original machine 
(but sold separately for US$99) is a piece of 
software called 'Transformer' which emu-

J. NATHAN COHEN - 

J. Nathan Cohen is a freelance technical 
writer and journalist, proprietor of ' Hard 
copy. his own technical writing and 
documentation company based in Sydney. 
(02) 264 8166. 
He has worked on a number of electro-

nics publications around the world and 
written a large number of reviews of com-
puters, among other equipment, plus fea-
tures, etc. 
Although his initial background was in 

chemical engineering, he says he was first 
fascinated by electronics after sticking hi 
hand into the high tension cage of a TV set 
an unspecified tender age. 
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lates the IBM PC's capabilities up to but not 
including graphics. ' Hercules'-type 
monochrome graphics are supported, but 
there's no sign of PC colour compatibility. 
Pity — it would be in Commodore's favour 
to be able to claim that the machine was com-
pletely software compatible, since they plan 
to sell it first and foremost as a small busi-
ness machine. However, at present, colour 
capabilities remain little-used in the vast 
majority of business applications. 
The Amiga's own operating system (called 

"Intuition") has a few things to commend it, 
though, such as true multi-tasking: the ability 
to run two or more programs at the same 
time. (The actual limit for the Amiga is 
around 30). That means that you can be com-
piling some code in one window, printing 
from another, editing at another and . . . all 
at the same time, with the processor's atten-
tion split between all windows. 'Windowing' 
software on other machines lets you turn one 
task off and work on another, but that's not 
true multitasking. 
The machine as supplied has a copy of the 

operating sytem, a tutorial (which makes full 
use of the graphics), a BASIC (called, confus-
ingly. ABasic) which has software for speech 
synthesis from plain text built-in, and a 
couple of demos. Not very much for a small 
business to be going on with. 

It's the lack of available software that most 
worries me, in fact. The only software that 
has actually been released is for things like 
drawing and painting, playing music. etc. The 
full ' Enable' range of business software be-
ing developed by the "The Software Group" 
company is still in the ' real soon now' 
category (at time of review — Ed). Commo-
dore tells me they have a nice video tape with 
a lot of software company managing direc-
tors saying that they're going to release this 
or that for the Amiga, but you can't run your 
accounts with a video tape. 

I suppose a small business could buy the 
machine now, along with the PC emulation 
software, then buy a load of PC software to 
run on it, then throw out all the PC software 
later when the Amiga software had been 
reviewed ... or maybe Commodore should 
think again about who they're going to sell 
it to. 

Hardware 
Apart f rom the lack of software, the machine 
is very, very impressive. For around $2500 you 
will get the main processor unit with 256K 
of RAM (the operating system sits in a 
separate 192K of RAM, so you get the whole 
256K to play in), one 3.5" 880K (formatted) 
floppy drive, keyboard and two-button 'opto-
mechanical' mouse (I suppose this means that 
movement of the mouse ball is detected opti-
cally). The monitor is extra. 

The keyboard is a little light-pressured to 
my way of thinking, but not bad apart from 
that. It has a cursor control diamond, a 
numeric keypad and 10 function keys. Could 
it be that after years of reviewers panning 
machines for bad keyboards, makers are 
actually beginning to get it right? 

One very nice feature of the keyboard (es-
pecially in a mouse-driven machine) is that 
it slides under the front of the processor box, 

taking it completely out of sight. The footprint 
of the Amiga isn't all that small (around 450 
by 340 mm), and with room needed to use the 
mouse, this feature is welcome. 
A curious feature of the keyboard is the 

appearance to either side of the space bar of 
two keys with big 'A's on them. Very reminis-
cent of the Macintosh. 
Memory expansion on-board (well, in a 

little trapdoor that opens at the front of the 
machine, actually) will take the non-
operating-system RAM up to 512K, and 
off-board expansion can be up to 8.5 mega-
bytes (!). 
There are two mouse ports on the machine, 

which can be used for paddles or joysticks 
(see what I mean about it being a busi-
ness/games I-dunno-what type of machine?), 
a system bus connector, a nearly Centronics-
type port (which, with a little add-on connec-
tor, interfaces to a standard IBM PC printer), 
a disk drive connector. RS232 connector, two 
audio outputs, monitor sockets and a key-
board socket. 
You can add up to four external drives, in 

either 3.5" or 5.25" sizes (which is what you 
need to run PC software, of course), and they 
daisychain together out of the single exter-
nal drive socket. 
The RS232 connector has a power supply 

and audio outputs, so that it can be used as 
a telephone answering machine (with the aid 
of the speech synthesis capabilities of the 
machine) or whatever. 
Although the review machine I saw was 

built to work with an NTSC monitor, I was 
told that the Australian version will work 
with PAL. There are outputs for analogue and 
TTL RGB video, plus composite video. There 
are two composite video output sockets — one 
to fit a standard Commodore modulator, and 
one RCA socket. 
There's even a video input with a feature 

called 'Genlock': this means that you can 
bung the video output from your video 
recorder into the computer, have it displayed 
on your monitor, and have graphics from the 
computer synched into it and displayed on 
the monitor at the same time. Great for doing 
your accounts while watching the cricket (Ho, 
ho). Or, more seriously, good for security 
applications where you want to see graphics 
and pictures at the same time, or for gener-
ating your own titles or animated graphics 
along with real video signals. 
A nice little add-on box will digitise the 

video picture and put it into RAM (by DMA 
of course, so it doesn't use any processor time 
at all) so that you can move it around on-
screen, edit it, or whatever. Could be very use-
ful for a small TV or video studio. 

Graphics 
The graphics themselves (apart from being 
animated by a coprocessor) have some very 
nice features. There are four modes: 
640 x 400 with 16 colour choices, 640 x 200 
with 16, 320 x 400 with 32 and 320 x 200 
with 32. Each of the colour choices can be 
set to one of 4096 colours. Any combination 
of screen modes can be used on the screen 
at any one time, all in different windows. 

In order to provide realistic shading, there's 
also a feature called 'hold and modify' (avail-

- to page 91 
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011% Rockwell 
MODEMS  

Superior Performance at an 
affordable price CCITT 
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Device Sets Avail. Quantity Orders. 
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SoftTalk 

The disk operating system 
what it's all about 

Bill Thomas looks at the functions and 
features of a disk operating system, in 
particular PC DOS, used by the IBM PC 
family and numerous compatible 
systems. 

I ONCE READ in an esteemed journal of personal comput-
ing that agonizing over the choice of an operating system was 
a waste of time. So the article went on, if the application you 
want to buy can run on the operating system that comes with 
the computer, all is well. The main question was whether 
all the applications you wish to run are available for that oper-
ating system. As far as it goes, I have to agree with that 
author. Unless of course you really want to write the appli-
cation, then the choice of operating systems can become a 
critical matter. If you want to write an application that sup-
ports multi-tasking, multi-users, windowing and all the other 
bells and whistles, then you have two choices. You can use 
an operating system which provides these features or you 
can prepare to spend much time, money and many sleepless 
nights trying to write all the features you require. 
From this you can gather that an application which tries 

to provide some fairly sophisticated services using a basic 
operating system will take longer to write than if the serv-
ices were already provided by the operating system. And that 
means its will cost more in time or money or problems that 
you really didn't want to fix. To use a more complex operat-
ing system will decrease those costs for some applications 
but the initial cost of the operating system is higher and that 
cost will be in cash. 
The last point is often the deciding factor so we won't go 

overboard with how the latest super-gee-whiz operating sys-
tems are put together, but will look at one of the more com-
mon, and basic, operating systems. 
MS DOS 2.11 and it's cousin, IBM PC DOS 2.1, are used 

on a very large number of personal computers. The MS DOS 
version is designed to run on just about any 808X system 
while PC DOS has been configured for the IBM PC family. 
Functionally they are very similar. This article will restrict 
its scope to those systems which are ' IBM PC compatible' 
and could run PC DOS. To include all the configurations sup-
ported by MS DOS would get so complicated that I'd soon 
give up. 

What is an operating system? 
When you take home your brand new PC you really have a 
collection of hardware which will maybe run BASIC, if you're 
lucky. To do anything useful, you will have also purchased 
an operating system. If you have one of the two mentioned 
back a bit, then you have a disk operating system, or DOS. 
The hardware includes read only memory (ROM) chip(s) 

which provide the instructions that the computer will exe-
cute when you power it on. Somewhere in the hardware an 
address has been pre-defined where the computer will look 
for the first instruction to execute. That instruction will be 

in the ROM. The instruction directs the computer to execute 
program(s) in the ROM to check that the hardware is func-
tioning correctly. The ROM programs initialize all of the 
hardware devices provided with the system and provide rou-
tines which can be used to access these devices. The pro-
grams resident in the system ROM have acquired the 
acronym BIOS, for basic input/output system. The functions 
provided by the BIOS routines are fairly standarized amongst 
the 'PC compatibles', but there are differences. These differ-
ences will need to be taken into account when writing pro-
grams which use the BIOS routines or when running a 
program which makes use of BIOS routines. 
Once initialization is complete, the BIOS executes a rou-

tine to check to see if there is a diskette in the disk drive and 
then looks to see if there is a program on the diskette that 
should be loaded at power-on. This is known as 'booting' 
from a disk(ette). The program may be an operating system 
such as DOS or could be a program which chooses to pro-
vide its own interface to BIOS. Many game programs use the 
latter approach. If there is no 'boot record' on the disk(ette), 
BIOS will either pass control to another program in ROM 
(maybe BASIC) or issue a message to place a 'system diskette' 
in one of the drives. This is the last time that BIOS will 'con-
trol' the system until the next boot or power-on. 
Once the ROM initialization program finds a 'boot record' 

on the disk(ette), it will load the program and pass control 
to it. If the program is ' DOS', this begins the DOS initializa-
tion process. DOS provides more complex functions that are 
not contained in the BIOS routines, but generally make use 
of BIOS to access the hardware. 
The DOS programs' main functions are to provide keyboard 

command handling, load programs into memory, execute 
those programs and manage files on either diskette or hard 
disk. Functions which DOS shares with the BIOS routines 
are keyboard input, video display output, parallel printer out-
put, diskette input/output and communications adapter in-
put/output. In many cases the DOS function is identical to 
the BIOS function. 
So the operating system is really a two-tiered system. The 

BIOS provides a direct interface to most of the hardware and 
DOS allows you to issue the commands that run the system. 
Both BIOS and DOS facilities can be used by programs to 
make the hardware perform the necessary functions. BIOS 
routines generally provide the fundamental operations, while 
DOS provides control of the entire environment. For exam-
ple, the routines to read and write a block of data from/to 
a diskette are provided by BIOS, but DOS will have deter-
mined what data is to be kept on the diskette, how the data 
will be stored and instruct BIOS where to find/put the block 
data. 

A typical system? 
To look at the operating system functions pre-supposes that 
there is some hardware with which to actually do something. 
A 'typical configuration' of an IBM PC type system might 
look something like this: 
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with Bill Thomas 

One 8088-based system unit. 
One floppy diskette drive controller (FDC). 
One or two floppy diskette drive(s) (FDD). 
One colour graphics video adapter (CGA). 
One colour display monitor. 

Alternatively, one B/W graphics monitor. 
One serial (communications) adapter. 
One parallel (printer) adapter. 
One graphics printer. 

That may seem like a lot, but prices have dropped a lot over 
the last few years. Colour is playing an ever more important 
role and grapliics applications certainly warrant a colour dis-
play. With the exception of the serial port, most items will 
be very useful in most program development. Many of the 
adapters can be obtained on one hardware card, in various 
combinations. A PC with all the goodies listed can be ob-
tained for as little as $2500 at time of writing, and prices are 
dropping by the month. 

What facilities are provided by BIOS 
Since the BIOS routines may vary from one system to 
another, it is impossible to say that any BIOS will provide 
certain functions. It should provide them, but this cannot be 
assumed. The documentation for each particular system 
should be checked to see if the facility you require is availa-
ble. There are generally routines in BIOS to handle the 
devices mentioned in the previous section. BIOS routines are 
exclusively concerned with the interface between programs 
(including DOS) and the hardware. They do not manage the 
programs and know nothing about files. BIOS does not han-
dle commands from the keyboard. 
BIOS routines can be divided into two classes. There, are 

routines which respond to requests from the hardware (hard-
ware interrupts) and routines which respond to requests from 
programs running in the system (software interrupts). In the 
first class are routines to handle keyboard input, diskette/hard 

TABLE 1. BIOS FUNCTIONS 

FUNCTIONAL ROUTINES OPERATIONS 

Keyboard Interrupt 

Diskette Interrupt 

Timer Interrupt 

Keyboard Service 

Diskette Service 

Video Service 

Communications 
Service 

Printer Service 

Time of Day Service 

Print Screen 

Boot Strap Loader 

Equipment Check 

Memory Check 

Read a keystroke into the buffer and convert it into an ASCO or 
Extended ASCII character. 

Set the diskette status flag. 

Update the system date/time. The timer rate is set to 18.2 Hz by 
BIOS. 

Read a character from the keyboard buffer. 
Test if a character is available from buffer. 
Test whether the shift key is pressed. 

Reset the Floppy Disk Controller. 
Read the FDC status. 
Read sectors from the diskette. 
Write sectors onto the diskette. 
Verify sectors on the diskette. 
Format a track on the diskette. 

Set the monitor characteristics. 
Define the cursor size. 
Set/Read the cursor position. 
Read the light pen position. 
Select the display page. 
Scroll the screen up/down. 
Read/Write a character from screen buffer. 
Set the colour pellette (graphics). 
Read/Write a dot (graphics). 
Write a character to next free position. 
Read the current video configuration. 

Initialize the communications port. 
Send/Receive a character. 
Read the communications port status. 

Initialize the printer port. 
Print a character. 
Read the printer port schedule. 

Set/Read the system clock. 

Copy the screen image to the printer. 

Reinitialize ( boot) the system. 

Read ' installed equipment switches. 

Read ' installed memory' switches. 

disk status and 'timer pops'. These routines are entered any 
time the hardware wishes to pass information to the operat-
ing system. The second class of routines are used by pro-
grams to tell the hardware devices what actions to perform. 
Table 1 lists most of the functions performed by BIOS. Each 
line in the OPERATIONS column represents a single request 
that can be passed to BIOS. Sometimes an operation will re-
quire more than one action. In this case, several BIOS re-
quests must be made sequentially. 

How BIOS routines are accessed 
The mechanism used to access the BIOS routines is the 
interrupt. This is a hardware feature of the 8088. There are 
256 interrupts defined to the 8088, numbered 0-255 (0 — FF 
in hex). For each interrupt, the address of the program to han-
dle the interrupt may be kept in low storage (0 — 3FFh). All 
the interrupts need not be used. Those which are to be used 
must be initialized. This means that the address of the pro-
gram to 'handle' the interrupt can be used. There are two 
ways in which an interrupt may be initiated. A hardware in-
terrupt is invoked in response to a signal generated by another 
hardware chip. The hardware determines which of the 255 
possible interrupt addresses (termed vectors) will be used. 
The second type of interrupt is the software interrupt. This 
is invoked by issuing one of the INT machine instructions 
from a program. The format of the INT instruction deter-
mines which interrupt vector will be driven. Generally the 
format is ` IelT nnH' where nnH is the hexadecimal number 
of the interrupt. 
BIOS makes use of a number of software interrupts to al-

low programs to access the I/O routines. The addresses of 
the BIOS interrupts are loaded into low storage during power-
on initialization. The BIOS interrupts/routines also require 
information describing the request you are about to pass to 
it. This is done by 'setting up' the registers. The BIOS 
documentation describes what values must be placed in 
which registers to perform the function you need. This 
documentation can be found in the 'hardware technical refer-
ence' or 'programmers technical reference' for your system. 
Table 2 lists the BIOS interrupts and indicate which type of 
functions they are used for. 
The advantage of software interrupts is that the interrupt 

routine may reside anywhere in storage. When a new ver-
sion of an interrupt handler is installed it is only necessary 
to alter the interrupt vector in low storage to make it availa-
ble to all programs. The new interrupt handler does not have 
to be at the same address as the one defined by BIOS. This 
allows the programmer to experiment with a new version 
without having to replace the ROM. 

Loading DOS 
DOS consists of three files. MS DOS calls them IO.SYS, 
MSDOS.SYS and COMMAND.COM. In PC DOS they are 
called IBMBIO.COM, IBMDOS.COM and COM-
MAND.COM. The first two files are stored at particular 
locations on the diskette. When BIOS initialization is com-
plete, the boot record (Sector 1, Track 0, Head 0) is read into 
storage. The boot record checks that both files exist and then 
loads the IO.SYS (IBMBIO.COM) file into storage. 
IO.SYS is the interface routine between DOS and BIOS. 

It translates any DOS requests into one or more BIOS re-
quests. This allows the DOS to be transportable across a num-
ber of systems with minimum change. If BIOS knows how 
to access the hardware, DOS need only talk to the ROM rou-
tines. Since DOS contains an interface routine to translate> 
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DOS requests to a form understandable by the ROM pro-
grams, only the interface program need be modified for DOS 
to run on a new system. IO.SYS also loads any device drivers 
specified in the CONFIG.SYS file. Device drivers are pro-
grams which control hardware devices and other programs 
which look like hardware to DOS (eg., a RAM disk). A device 
driver is necessary for any device not supported by BIOS. 
Once 10.SYS initialization is complete, MSDOS.SYS (IBM-
DOS.COM) is loaded. 
MSDOS (IBMDOS) provides the fundamental DOS facili-

ties that are used by programs. It initializes the DOS environ-
ment to allow programs to be run. MSDOS then loads 
COMMAND.COM. 
COMMAND.COM is the DOS command processor and is 

the means by which the user can communicate with the sys-
tem. COMMAND.COM is responsible for the loading of all 
programs and the execution of programs, batch files and DOS 
commands. DOS commands can be divided into two groups, 
'internal' commands and external' commands. The routines 
to handle internal commands are contained in COM-
MAND.COM itself. The routines for external commands are 
contained in files on the diskette. The files usually have the 
same filename as the name of the command. To execute an 
external command it is necessary to have the file for that corn-

TABLE 2. BIOS INTERRUPT TABLE 

INTERRUPT DEFINED INTERRUPT DESCRIPTION 
NUMBER BY ADDRESS 

0 INTEL 0000 Divide by Zero Error 
1 INTEL 0004 Single Step Program Execution 
2 INTEL 0008 Non-Maskable Interrupt 
3 INTEL 000C Program Breakpoint 
4 INTEL 0010 Interrupt on Overflow 
5 BIOS 0014 Copy Screen to Printer 
6 reserved 
7 reserved 
8 BIOS 0020 Timer Interrupt for the Clock 

9 BIOS 0024 Keyboard Hardware Interrupt 
A reserved 
B reserved 
C reserved 
D reserved 

E BIOS 0038 Diskette Hardware Interrupt 
F reserved 
10 BIOS 0040 Video Output Service Routine 

11 BIOS 0044 Test Equipment Switches 
12 BIOS 0048 Determine Memory Size 
13 BIOS 004C Diskette I/O Service Routine 

14 BIOS 0050 Communications I/O Service Routine 
15 BIOS 0054 Cassette I/O Service Routine 
16 BIOS 0058 Keyboard Input Service Routine 
17 BIOS 005C Printer Output Service Routine 

18 BIOS 0060 Pass Control to ROM BASIC 
19 BIOS 0064 Boot Strap Loader Routine 
lA BIOS 0068 Set/Read System Clock 
113 BIOS 006C User defined Break Routine 
1C BIOS 0070 User defined Timer Routine 
1D BIOS 0074 Video Initialization Table Pointer 

1E BIOS 0078 Diskette Parameter Table Pointer 
1F BIOS 007C Extended Graphics Character Table 
20 DOS 0080 Program terminate 
21 DOS 0084 Function Calls 
22 DOS 0088 Pointer to termination address 

23 DOS 008C Control-Break routine 
24 DOS 0090 Critical error handler 
25 DOS 0094 BIOS disk read 
26 DOS 0098 BIOS disk write 

27 DOS 009C Terminate but remain in storage 

mand available to be read. 
One other important file used by DOS during initialization 

is CONFIG.SYS. This file is used to tell DOS what type of 
configuration you want to set up. There are five options for 
CONFIG.SYS. 

BREAK on/off determines at what point in program 
execution you wish the 'CONTROL-
BREAK' key to terminate (cancel) the ex-
ecution of a program. BREAK ON allows 
DOS to cancel the program anytime a 
DOS function is requested. 

BUFFERS = xx tells DOS how many buffers to allocate for 
diskette operation. If many buffers are 
allocated, DOS may run a bit quicker 
when running database-type applications. 
Each buffer is 528 bytes, so when more 
buffers are allocated there is less room for 
program storage. These days it seems that 
the storage on many PCs is approaching 
the 640 Kbyte maximum, so 
BUFFER = 10 + is not uncommon. 

FILES = xx specifies the number of files that can be 
used (opened) concurrently. The recom-
mended value is eight, but some applica-
tions require more than this. Again, 
storage limitations are not so severe as 
they were a while back, so FILES= 20 
seems a reasonable value. 

SHELL = name allows the installation of a command han-
dler other than COMMAND.COM. If 
you're into that game, you won't be read-
ing this article. 

DEVICE = name tells DOS that you want to install a device 
driver to handle I/O in a special way. The 
device driver may use one of the standard 
hardware adapters or one which is not 
supported by BIOS. Some of the hard 
disks use a device driver to make one 20 
Mbyte disk look like two 10 Mbyte disks. 
RAM disks can also use a device driver. 
One device driver supplied with DOS is 
ANSI.SYS. This device driver allows ad-
ditional screen handling functions to be 
performed by programs running under 
DOS and allows keys to be assigned spe-
cial meaning. In this way, for example, 
the function keys F1-F10 can be 
redefined. 

What facilities are provided by DOS? 
It's all very fine to have the hardware routines in BIOS, but 
they are not generally accessable unless you want to write 
a program. In fact, it would be tedious if only these routines 
were available. I mean, who wants to work out what sector 
on the diskette holds the next record in a file. 
The disk operating system provides a number of features 

that make life easier for the programmer and user. The first 
of these is a 'command handler' which accepts commands 
from the keyboard. Without this, it is most difficult to get 
anything running on a PC. The command handler is the pro-
gram which displays the DOS PROMPT on the screen. This 
is normally the characters `A>'. When the prompt is dis-
played, you can type in any DOS command. 
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Table 3 lists the DOS commands, grouped by function. As 

you can see, most of the commands relate to diskette opera-
tions, directory management and file manipulation. The filter 
commands provide a generalised means of tailoring the 
commands to meet individual requirements. The system com-
mands provide a means of altering the DOS environment af-
ter DOS has initialized or to change some of the standard 
DOS conventions to those more to your liking. 
The command type that is the most difficult to describe, 

but is the easiest to use, is EXECUTE. When used from the 
keyboard, it is not a command at all. Simply type in the name 
of an executable program and DOS will find it (hopefully!), 
load it into storage and set it running. Executable programs 
must have names which end in '.EXE' or '.COM'. The differ-
ence is in the way the program is set up. COM files can have 
a maximum of 64 Kbytes while EXE files can be as large as 
you like. 
Another type of 'executable program' is the BATCH file. 

These files all have names ending in '. BAT'. They are not 
programs in the usual sense but are written in a 'command 
language' which allows a series of commands to be execut-
ed from a file rather than typing them in from the keyboard. 
The command language consists of all DOS commands 
(including EXECUTE) plus the BATCH commands listed in 
Table 3. 
The batch commands allow conditional execution of DOS 

commands. Programs may be started from a batch file. When 
the program finishes, control is returned to the batch file and 
an ERRORLEVEL may be set. If so, DOS passes the errorlevel 
value returned by the program to the batch file so that the 
batch file can make a decision (IF statement) based upon the 
value of the 'return code'. Generally errorlevel = O indicates 
that the program was successful in its operation. Higher num-
bers would indicate an increasingly sever error. 

Diskettes, directories and files 
Before a file can be used, there has to be some convention 
to tell DOS how to locate and access the file. First we need 
to know what physical device to search for the file. This is 
known as the drive. The drive designator is an alphabetic 
character followed by a colon (eg, a:, b:, etc.). The hardware 
manual for the system will tell you which device corresponds 
to each drive designator. If you don't have a manual, the 
salesperson should be able to tell you at least that much. DOS 
uses one of the drives as a 'default drive'. If no drive desig-
nator is specified, DOS will look on the drive which was used 
to boot the system. The default drive can be changed at any 
time in response to the DOS prompt. The DOS prompt men-
tioned earlier, 'A>', indicated that the default drive was the 
A: drive. Entering 'b:' will make the B: drive the default drive. 
The prompt will now appear as ' B>'. 
The standard DOS diskette contains 40 tracks. There are 

9 sectors of 512 bytes on each track. The diskettes may be 
single or double-sided, depending on the type of floppy disk 
drive. DOS, however, does not calculate in sectors, it uses 
a thing called clusters. Clusters vary in size depending upon 
the type of diskettes used. For single-sided diskettes, a cluster 
is one sector. For double-sided diskettes, a cluster is two sec-
tors. For a 10 Mbyte fixed disk, DOS allocates eight sectors 
per cluster. DOS maintains information about files in terms 
of clusters. The minimum disk space allocated to a file is one 
cluster. If you put a 200 byte file on a fixed disk, DOS will 
use up 4096 bytes to store it. What a waste! 
Beginning on track 0, head 0, DOS creates three entries. 

If the diskette is to be a system disk, a boot record is created 
in sector 1. A File Allocation Table (FAT) is then created. The 
FAT is used to identify which clusters on the diskette are 

used by what file and the order in which they are used. The 
FAT begins in sector 2. The number of sectors used by the 
FAT varies depending upon the type of disk(ette). For dis-
kettes, two sectors are used. For a 10 Mbyte hard disk, eight 
sectors are used. 
The FAT is a very, very important bit of information. There-

fore, the FAT is duplicated so that file recovery is possible 
should one of the tables become corrupted. If both are cor-
rupted, pray that you backed the disk(ette) recently! A direc-
tory is created immediately following the FAT and contains 
the names of all the files on the diskette and a bit of informa-
tion about them. This information includes the size, the date 
the file was last modified, the file attributes, and the cluster 
in which the file begins. 
The directory that DOS creates can hold information con-

cerning a limited number of files. For single-sided diskettes, 
only 64 entries are allowed. For double-sided diskettes the 
number of directory entries increases to 112. Two problems 
arise with these ' root' directories. One, it is possible to fit 
more than 112 files on a single diskette. Second, it is quite 
difficult to create a meaningful naming convention when 
only eight characters are allowed in a filename and you wish I> 

TABU 3. 
COMMAND TYPES FUNCTIONS PERFORMED 

EXECUTE Enter the name of a program or . BAT file and DOS will load that 
program from disk(ette) and start its execution. 

DISK(ETTE) FORMAT a disk(ette) so that DOS can use it. 
CHKDSK checks for errors on the disk(ette). 
RECOVERs a corrupted file or directory. 
DISKCOPY copies one diskette to another. 
DISKCOMP is used to verify the Diskcopy. 
VOL displays the volume label of a disk(ette). 
FDISK defines a DOS partition on a disk. 
BACKUP a fixed disk to diskettes. 
RESTORE a file from diskette to fixed disk. 

DIRECTORIES DIR lists the files in a (sub-) directory. 
MKDIR creates a sub-directory. 
RMDIR deltas a sub-directory. 
CHOIR specifies which (sub-) directory to use. 
TREE displays the structure of all the sub-directories on a disk(ette). 
PATH specifies the order in which to search (sub-) directories for DOS 

commands. 

FILES COPY a file to another disk(ette) or file. 
COMP compares two files. 
VERIFY instructs DOS to verify that a copy is correct by reading the 

output file. 
ERASE a file. 
RENAME a file. 
PRINT copies a file to the printer. 
TYPE copies a file to the screen. 

FILTERS FIND searches through one or more files trying to find a match for a 
a character string. 

MORE causes the screen output to pause when the screen has filled. 
SORT sorts the output of a command or a file beginning at the 

specified column. 

BATCH ECHO determines whether batch commands are to be display on the 
COMMANDS screen. 

FOR-DO allows a command to be repeated for a list of %%n 
parameters. 

GOTO transfers control to a different place in the batch file. 
IF allows conditicn execution of a command. 
PAUSE displays a message and waits for a key to be pressed before 

resuming execution. 
REM displays a message on the screen, but does not wait for a 

response. 
SHIFT increases the number of parameters that may be passed to a 

batch file. 
%N is the Nth parameter passed to the batch file. 
%%N is the Nth paramter in a FOR-DO command. 

SYSTEM ASSIGN re-assigns drive designator to a different drive. 
BREAK selects CONTROL-BREAK processing. 
CLS clears the screen. 
CTTY selects the console device. 
DATE displays/sets the system date. 
EXE2BIN converts an . EXE file to a .COM file. 
GRAPHICS installs graphics print-screen. 
KEYBUK installs UK character set_ 
KEYBGR installs German character set. 
KEYBFFi installs French character set. 
KEYBIT installs Italian character set. 
KEYBSP installs Spanish character set. 
MODE assigns characteristics to the printer, video display or 

communications adapter. 
PROMPT sets DOS prompt character. 
SET sets a DOS environment command. 
SYS copies system files to a diskette. 
TIME displays/sets the system time. 
VER displays the version of DOS now running 
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to group all the files concerning a particular application so 
that they are display together. 
A solution adopted by DOS in Version 2 is the sub-

directory. A sub-directory has an entry in the root directory 
that points to another file on the diskette. That file holds the 
directory information for more files. The number of entries 
in a sub-directory is not limited. And, of course, a sub-
directory can point to yet another sub-directory, ad infini-
tum. Since there are now a number of directories, how does 
DOS know how to find a file? There are two ways, depend-
ing upon the type of file DOS is looking for. If the search is 
a result of an EXECUTE command, DOS provides the facili-
ty to nominate the order in which directories will be 
searched. This is done via the PATH command. For other 
types of files, DOS uses the CHDIR command. This simply 
defines which directory will be searched when a program 
(such as a word processor) tries to find a file on a disk(ette). 
Most current programs can also accept the inclusion of the 
directory path in the file name. More on file names later. 
The file structure under DOS is fairly straight-forward. DOS 

will write into a file anything that you tell it without the need 
for special control information. If you are not programming, 
the whole process will be taken care of by the word proces-
sor or compiler that you are using. The general convention 
for text files in the DOS environment is that each line ends 
with a CR-LF (0D0Ah) and that the file ends with 1A00h. Line 
numbering is the responsibility of the editor or word proces-
sor. The conventions for executable programs is defined by 
the DOS LINKER. Files created by an assembler or compil-
er will be in a form that the linker can read. The linker, in 
turn, will create files that the DOS execute command can load 
into memory. 
That leaves the question of how files are named. Files are 

known by their FILESPEC. This consists of the drive desig-
nator, the path, the filename and the extension. The drive is 
the alphabetic character telling DOS which device to access. 
The path is the chain of sub-directories, starting from the root 
directory, to follow to get to the directory that contains the 
netry for the file. The filename is an eight character name 
you give to the file. It doesn't have to be the full eight charac-
ters, though. The filename is followed by a period. Finally 
there is thé extension. This is a three character name that 
describes what kind of file it is. Four extensions have been 
mentioned so far, SYS, COM, EXE and BAT. You can use 
any three characters for the extension, but DOS assigns a spe-
cial significance to a few. A simple filespec would look some-
thing like this: 

Drive Directory Path Filename Extension 

  B:/PROGRAMS/TEST.EXE 

A more more complicated filespec could look like: 

Drive Directory Path Filename Extension 

B:/PROJECT1/PROGRAMS/SOURCE/TEST.EXE 

Running DOS commands 
When a command is entered, two facilities can be used to 
alter the way the DOS handles the command. The first is 
RE-DIRECTION. Normally, the responses to a command are 
displayed on the screen. But, say you would like the output 
to go to a file so you can have a chance to look at it later. 
A couple of instances where this could be useful would be 
to get a directory listing or to trap the output from a program. 
Typing in the command followed by '>filespec' will send the 

output from the command to the file. If you have a program 
which requires a lot of responses from the keyboard, you can 
re-direct the source from the keyboard to a file. This way, 
the program reads the file rather than asking you to type all 
the information in again and again and again. To re-direct 
the input, just type in '<filespec' after the program name. 
The filter commands also come in handy when running 

commands or programs. If there is a large amount of output 
from a program, and you don't want to save it in a file, but 
do want to see ALL of it, PIPE the output through the MORE 
filter. This will cause the screen to stop scrolling when all 
25 lines have been refreshed. The information will remain 
on the screen until you strike a key. The program will stop 
as well! The SORT filter is very useful when displaying direc-
tory listings. DIR displays the files in the order that they ap-
pear in the directory. This is usually not too helpful. By piping 
the directory listing through SORT it is often easier to find 
out what you really want to know. Pity it isn't the default 
for DIR. You can pipe output through more than one filter 
as well. If you want to list a large directory use both MORE 
and SORT. It would look something like this: 

DIR c:/utilsr.* I sort I more 

SORT and FIND can be used on files when redirection is 
specified. Re-direct the input to a file and also re-direct the 
output to a file. It might save buying (or writing) a sort pro-
gram. FIND is useful when you can't remember which file 
you stored the data in. 

Running programs under DOS 
Now that DOS is able to find a file, what types of things hap-
pen when an execute command is typed in from the key-
board. If the full filespec was entered, DOS simply goes to 
the drive you told it to look at, looks in the directory you speci-
fied and reads in the file. If only the filename was entered, 
DOS looks up the path that was defined in the last PATH 
command. If one was defined, DOS begins by searching the 
first directory in the list and continues until the program or 
batch file is found. If no path command has been issued, DOS 
searches the current directory on the default drive. If no 
CH DIR command has been entered to set a current directo-
ry, DOS searches the root directory on the default drive. Once 
the file has been found, the DOS loader creates a Program 
Segment Prefix that describes the program. The PSP is 256 
bytes long and contains information used by DOS and by the 
program. Immediately following the PSP the machine code 
for the program is loaded. Control is passed to the starting 
(entry) point of the program and off it goes. 
A program is able to make use of DOS facilities via soft-

ware interrupts, just as it can make use of the BIOS func-
tions mentioned earlier. Interrupt 21H is used for DOS 
'function calls'. There are something like 87 function calls 
provided by DOS. The function calls provide most of the 
facilities available from DOS commands as well as other rou-
tines for memory management, altering files, device manage-
ment and program execution. DOS provides other software 
interrupts to aid program execution. Table 2 lists the DOS 
interrupts as well as those from BIOS. Details of the DOS 
facilities available to programs requires an article (maybe 
even a book) in its own right. 

What else comes with DOS? 
DOS doesn't come by itself. In addition to the internal and 
external commands, DOS provides a few utilities that add 
to the usefulness of your system. The first is the LINK pro-
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gram. Assemblers and compilers create programs in what 
is called OBJECT format. Sometimes a program is so large 
that it is divided into segments that have to be combined to 
form one program. The linker takes one or more object mod-
ules and combines them into a file that the DOS loader can 
read. 
EDLIN is a line editor that allows you to create or alter text 

files. These days line editors are not exactly in vogue, but 
it's free, and it will let you edit files until the time comes to 
buy a full-screen editor or word processor. 
Another utility that can be very useful to programmers is 

DEBUG. This utility allows you to get down to the basics of 
what your program is doing and watch it as it executes, step 
by step. It's also useful when you have to edit a file that uses 
non-printing character input or when a file has been corrupt-
ed and you need to restore it. Debug will even allow you to 
assemble a simple program and save the output for later 
execution. If you want a cheap introduction to assembly lan-
guage programming it's worth a try. There's a chapter devot-
ed to Debug in your DOS User's Guide. 

What reference books are available? 
If you intend to buy all your programs, all you probably need 
is the DOS Users' Guide. But if you intend to play with the 
system, a few additions to your technical library are essen-
tial. Start off with an 8088/6 Hardware Reference and 
Programmer's Reference from Intel. These describe how the 
8088 and 8086 function. Most assemblers for DOS use the 
same mnemonics as Intel, so it's probably the best guide to 
the 8088 instruction set. The hardware reference for your 
system tells you what you have installed and, hopefully, 
describes the functions available in the BIOS. It may even 
describe how to program the hardware devices. In order to 

use DOS facilities at a program level, you'll need the DOS 
programmer's guide or technical reference. This documents 
the way in which DOS manages the system and lists all the 
parameters necessary to use the DOS interrupts and func-
tion calls. 
PC DOS may be a basic operating system, but it does offer 

quite a few facilities. So many copies have been sold that it 
is essential for most software packages to have a PC DOS 
version. This alone will ensure that it stays around for quite 
a while. Besides, there's all those little improvements you can 
make .. . 

AEM4500 MICROTRAINER DEMO 
SOFTWARE SIMULATOR 

If you're a student learning about microprocessing, or a lec-
turer teaching microprocessing, or just an interested hobbyist, 
you might be interested to know that Bill Thomas has written 
a software simulation of the AEM4500 Microtrainer project (Sept. 
1985 issue) that runs on the IBM PC. 
The software displays the relevant circuit on-screen to show 

both 4- bit and 6-bit operation. The on-screen display exactly 
emulates the operation of the Microtrainer, including input switch 
operation and all the indicators so that you graphically see every-
thing that happens following input of data and clock toggling. 

All it costs is just: 

$20.00 
including postage and handling. 

Just send us a blank 51/4" disk and we will provide you with 
the Microtrainer Demo file and documentation. Cheques or 
Money Orders should be made out to Australian Electronics 
Monthly. Don't forget to include your full name and address. 
Send orders to: 
AEM Microtrainer Software Simulation, PO Box 289, 

Wahroonga 2076 NSW. 
an 

CIEFINICON SYSTEMS 

DSI-32 IBM PC 
XT AT — 
Compatible 
Coprocessor. 

INC. 

UNIX 

ISYSTEM V.2 

VAX TM equivalent power C. FORTRAN_PASCAL compilers 

MS PC Dos Environment 

Contact. Daniel Anisimoff or Charles Begg (02) 888 3674 

Distributed in Australia By: Pepete Pty Ltd. P.O. Box 417 Nth Sydney 2060 

VAX is a Registered TRADE MARK of DIGITAL EQUIPMENT CORPORATION. 

February 1986 — Australian Electronics Monthly — 69 



SUBSCRIBE NOW AND 
RECEIVE A SPECIAL 

FREE GIFT 
When you subscribe to Australian Electronics Monthly, not only do you receive 
the brightest, most informative and most useful magazine around, but we'll give 
you a free gift of your choice! 
Fill in the subscription form here, post it to us and we'll start your subscription 
from the next issue and send you your free gift. 

GIFT CHOICE I $10 Gift Voucher 

If you elect to take our Subscribers' Gift Voucher, you can use it to get a $10 discount when you purchase 
any item or items by mail order or in-store from any of your favourite electronics or computer retailers 
honouring the voucher when you make a purchase in excess of $20. This offer is currently available from 
Jaycar, All Electronic Components, Applied Technology and Magraths. 

GIFT CHOICE 2 
A set of C. K. Allen Keys. Top West 
German quality. These little beauties are 
always in need and come in nine different 
sizes. They're ideal for anyone with an 
interest in electronics. 

GIFT CHOICE e 
Best quality West German screwdrivers 
from O.K. 
We use these in our laboratory and 
consider them excellent as they are 
specifically designed for eletronics 
reauirements. 

GIFT CHOICE 4 

A pack of 23 selected 74LS ICs to the 
value of approx. $27. This super pack 
contains the most common ICs, and are 
ideal for design, servicing, project 
construction, etc. 

Not actual size 

 ituammaie. 

11111101111 NON 
11/4•YAMIIIIIMIrAMIPAZIPARIFAIMIFAMOUIPill111.:401111:11111.1•MIPIMPIMPIMP:401110.:fflorAM.401111.1aPiiiilrainlvAiMorAMP:MorAMIFAMIFAMIFAMIr.411‘ 

Please forward me 12 issues of Australian Electronics Monthly and the gift GIFT CHOICE 17:GIFT CHOICE 27, GIFT CHOICE 37: GIFT CHOICE 4 El 

All cheques or money orders should be made payable to Australian Electronics Monthly. 

Price for subscription is $31.20 N.Z. $A52.80 airmail 

Please tick payment method Cheque/money order E Bankcard E Visa Li Mastercard E American Express EJ 

Card No.   Expiration 

Signature 

Name   

(Note Unsigned credit card 
  orders cannot be accepted) 

Address  

  Post Code   
Allow a minimum of 4 weeks delivery of your gift R 

70 — Australian Electronics Monthly — February 1986 



Commodore Codex Codex: A wooden tablet; a system of secret writing; a set of 
signals for sending messages. 

Cheap-&-easy 
hard copy for the C64 
Ian Jellings 
17 Kimba Rd, Para Hills 5096 S.A. 

Can't afford a printer for your 
Commodore 64, or don't want to pay the 
price? Here's a cheap and easy method 
of getting hard copy - using an old 
teleprinter machine, a little electronics 
and some trick software. 

SOME TIME AGO, a friend purchased a second-hand Sie-
mens teleprinter to provide him with an economical hard 
copy facility. Buying one, of course, is easy (around $30.00 
or so will do the trick). Communicating with the fool thing 
is something else again! After some searching he came across 
an electronics buff who, suffering a little persuasion, made 
up a current loop interface for him. That was 50% of the 
problem solved, but how to get the computer to talk to it? 

That was where I came in. 
There were several parameters established before I sat 

down to write it. 

1) It needed to be as simple as possible to use. 
2) It would have to be machine language, since BASIC would 
be too slow to generate the 50 baud needed. 
3) It would need to stay out of harm's way as far as BASIC 
was concerned. 

Taking these parameters into consideration, I decided to 
make the teleprinter seem like a normal printer to the user, 
since this is what it would be used under normal circum-
stances. 

I have substituted the C64's "device number 6" for "device 
number 4", because someone somewhere may want to use 
the routine with printer(s) connected (like me for argument's 
sake!!) 

FEROUSON 
PL40/20VA 

P•213 

C64 uSER PORT 

TO TELETYPE 
PRINTER 1•ACNETS 

• SELECTED TO SUIT rry MACHINE 
SO THAT 00mA FLOPS TPROuCe1 MAGNER 

ALTERNAll INPUT 
(NON —1AvrATING) 

SUGGESTED CIRCUIT FOR TELEPRINTER INTERFACE 
Here is a suggested circuit for interfacing a teleprinter (TTY) 
to the Commodore 64. The components are all widely stocked 
by electronics retailers, so little difficulty should be experienced 
in obtaining the parts. 
A teleprinter or ' Teletype' (which is really a brand name but 

has become synonymous with the machines as a generic term) 
has electromagnets which drive the printing mechanism. These 
require some 60 mA current to ' pull in' at a relatively high vol-

tage. Here, a transformer with two 20 volt secondary windings 
connected in series drives a full-wave voltage doubler rectifier 
to provide the required voltage. The various machines have 
differing requirements in this regard, but the 60 mA magnet drive 
current seems pretty universal. A series resistor. Rs, is required 
to set the printer magnet current to 60 mA. Of necessity, this 
must be set by actual measurement with the particular model 
of teleprinter you use. 
The MJE340 is a high voltage transistor and is used here 

to switch the printer magnet current on and off. Base current 
to the MJE340 is turned on and off by the transistor in the out-
put of the 4N28 optocoupler. Supply for this part of the circuit 
is derived from the 12 V zener, sourced from the lower capaci-
tor in the power supply. The 1N4004 in series with the collec-
tor of the MJE340, plus the 3k9/100n series RC circuit across 
the transistor's collector-emitter serve to suppress switching 
spikes from the printer magnets. preventing possible breakdown 
of the MJE340. 
The 4N28 optocoupler provides full electrical isolation be-

tween the computer. the teleprinter drive circuitry and the 
teleprinter itself. The LED in the optocoupler is turned on and 
off by the BC548, the base of which is driven by the Baudot 
data output from data bit 1 of the C64 (pin C on the user port). 
Note: the software annotation mentions the data is output on 
'pin 1'. This means " data pin 1", which is PBO on the C64 user 
port. Supply for the optocoupler input circuitry is obtained from 
the C64 via pin 2 on the user port ( + 5 V). 

The circuit gives mark low' sense for the teleprinter, which 
some units employ, while others work on ' mark high'. The lat-
ter require a non-inverting interface, in which case the alter-
nate input circuit should be used. 

All circuitry. with the exception ot toe rectifier, could be readily 
constructed on matrix board. The rectifier components should 
be mounted on tagstrip, this includes the 25 W resistor, Rs. Take 
care with proximity of high voltage connections. In addition, as 
the voltages involved are possibly lethal, the whole unit should 
be carefully housed to avoid accidental contact. 

— AEM staff 
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Commodore Codex 
The way the routine works is as follows: As some of you 

will know (and it is a fair bet that most will not), the Com-
modore 64 has what is known as a "Vector Table" in its 
memory (locations 785 to 819). For those not familiar with 
vectors, a vector is nothing more than the address of a cer-
tain routine. 
By changing the appropriate 'vectors' we can change the 

way the computer 'talks' to its peripherals (i.e: disk drive, 
printer etc.). Since several vectors need to be changed for 
this program to work properly, I will explain what each does, 
so you may understand better why they were changed (or 
so you can adapt the routine to suit your own requirements). 
Table 1 lists the seven vectors involved. 

TABLE 1. 

Name 
Open 

Close 
Chkin 
Chkout 
Basin 
Bsout 
Get 

Address Description 
794/795 Open a communications channel between 

computer and peripheral 
796/797 Close the communications channel 
798/799 Prepare to receive data from peripheral 
800/801 Prepare to send data to peripheral 
804/805 Input a character 
806/807 Output a character 
810/811 Get a character 

(See also page 199, The Anatomy of Commodore 64) 

Clearly, we would need at least Open, Close, Chkout and 
Bsout to send data to the teleprinter. But what if someone 
used ' INPUT#6,A$' in their program? We would like to print 
an error message like 'sorry, no can do' or something simi-
lar, since this program does not facilitate serial backchat! 
Therefore we will also need to 'trap' Chkin, Chrin and Get. 
Now that this is all as clear as the editor's editorials, let 

us proceed with the actual code itself. 

INSTALL NEW VECTORS 
This routine changes the abovementioned vectors to our rou-
tines (see ` newvec'). 

PRINT INIT INFORMATION 
This routine prints the welcome message and displays the 
program requirements. 

HANDLE OPEN STATEMENT 
When you execute an open statement (i.e: open 4,4,7), the 
Open vector is used, and will therefore fall into our routine. 
This routine ensures that the file number is not ' 0' ( i.e: open 
0,4,7), that the file is not already open (i.e: file open error), 
and that no more than 10 files are open at any one time. 

If the open statement passes these tests, the number of files 
if incremented by one and the file is marked as open by put-
ting the number into the ' file open table'. The secondary 
address and device numbers are also put in their respective 
'open tables'. 
Our routine then checks to see if the device number is ' 6' 

(line number 1070), and if it is, we take over, otherwise the 
operating system finishes the task. Our Open routine mere-
ly sets bit I of the userport to output, puts the teleprinter into 
alphabetical mode, prints two carriage returns to tighten the 
paper roll and returns to the operating system. 

HANDLE CLOSE STATEMENT 
This routine checks to see if the file is open, otherwise it 
ignores the Close statement (try close4:close4 . . . see, no er-
ror!). Again, the routine looks if the device number is 6, and 
if it is, it executes the interpreter routine at $f2f1 (which 
reverses the effects of the table entries Open creates). 

HANDLE CHKIN ROUTINE 
This routine safeguards against Chkin being used with device 
6 ( illegal). 

HANDLE CHKOUT ROUTINE 
This routine checks if device 6 is to be accessed, and if so, 
sets current output device to 6, and passes control back to 
the interpreter. 

HANDLE BASIN ROUTINE 
Like HANDLE CHKIN routine. 

HANDLE BSOUT ROUTINE 
This routine does most of the work, as it is the routine sends 
the character to the peripheral(s) or for display on the screen. 
If device 6 is detected, our own serial output routine is en-
gaged (see OUR BSOUT ROUTINE). 

OUR BSOUT ROUTINE 
This routine saves the registers to the stack (not the flags) 
and saves the character to be printed into 'asave' which is 
the 'communications register'. NOTE: A communications 
register is a memory location which holds a character of in-
formation so it may be passed from one routine to another. 
The printer routine is called as a subroutine, the registers 

are restored and command passed back to the intrepreter. 

HANDLE GET ROUTINE 
Like the HANDLE CHKIN routine. 

OUR OUTPUT ROUTINE 
Here we come to do the work! 
Fetching the character to be output to the teleprinter from 

the communications register, it is compared with the ACSII 
value of 90. If the value of the character to be printed is higher 
than 90 (not displayable on a teleprinter), a space is substitut-
ed instead (line 2380). If the value is less than the letter 'a' 
(line 2420/2430) then the teleprinter must be in the 'numeric 
mode' to display it! 

In line 2480 the current 'mode' is compared to the one used 
last, and if not the same, the new 'mode' command is issued 
to the teleprinter. Line 2540 converts the ACSII value to its 
corresponding Baudot value (well ... not all of them, but 
what you cannot display, you cannot display). Line 2570 puts 
the value of 6 into the 'Y' register for six shifts (Baudot is 
basically six bits wide, not eight), and in line 2610 the first 
bit (bit 1) is written to the port. 

If you are using any of the other bits of the user port, you 
will need to modify this somewhat. Maybe something like . . . 

STA TEMP ;save original 
OUTLOOP 

LDA TEMP ;get byte 
AND #%00000001 ;mask bit 1 
ORA PORT ;or bit into port value 
STA PORT ;and write it back 
ROR TEMP ; rotate 1 bit right 
DEY ;decrement counting register 
BNE OUTLOOP ;continue until done 
LDA #%00000001 ;set stop bit 
ORA PORT ;or stop bit into port value 
STA PORT ;write it back 

These lines could be used to replace lines 2610 up to and 
including 2690, don't forget to declare *temp*, and change 
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the port initialisation to: 

LDA #DDR.MASK ;get bit mask 
ORA DDR ;or into data direction register 
STA DDR ;write it back 

I will not explain the delay subroutine, as this is explained 
in the printout itself. 
The last parts of the program concern themselves with con-

verting ASCII to Baudot. 
In CONVERT ASCII TO BAUDOT the ASCII value is com-

pared to $0d (13) which is the ASCII value for a carriage 
return. Since the teleprinter only returns the carriage upon 
this command, and does not generate a linefeed, we need 
to send a linefeed as well. In essence, the ASCII value is trans-
ferred into the ' y' register, from where it is used as an index 
into the conversion table (CONVTBL). 
Last but not least is the conversion table. The first column 

holds the binary form of the 6-bit Baudot code correspond-
ing with the ASCII value in the second column. This rou-
tine can be used in various applications. 
One possible use is to connect a serial-to-parallel chip to 

the user port, which will then allow you to write a parallel 

00F9-

00FC-

00F0-

00FE-

'DOFF-

0010 

0020 
0030 

0040 

0050 

0060 

0070 

0090 

0090 

0100 
0110 

0120 

0130 

0140 

0150 

0160 

0170 
0180 

0190 
0200 

0210 

0220 

0230 
0240 

0250 

0260 

0270 
0290 

0290 

0300 

0310 

0320 

0330 

0340 

0350 

0360 

0370 

0380 

0390 

0400 

0410 
0470 

0430 
0440 

0450 

0460 
0470 

0480 

0490 

0500 

0510 

0520 

0530 
0540 

0550 

0560 
0570 

Author 1 I.3ellings 

Date written: 20.04.1985 
Development 

: Commodore 64 

: 1541 Drive 

: INC 80 printer 
: XETEC GPI inter4fice 

Development 
So4twar5 IRAI mmmmm bier System 

: The anatomy o4 C64 

: : Abacus aoftwarei 
: Sod English Edition 

f,f) Serial driver data ( X) 

Data output on pin 1 of user port 

Data rate: SO Baud 

Stop bit : 1 
Duration : 30 ms. 

Encoding : 

()<) File handling   ( X, 

nu 0 10 

dc " sOlteletyperlictrl . 

pu " teliftyp eeeee 

<X> Assignments ( MI 

ddr .de $dd03 

port .de 04401 
ddr.out . de 500000001 

.Da 114b 

char . ds 1 

a•av• . dl 1 

itsav• . dl 1 

y•av• . 40 

laatcmd . 40 1 

outputdov . de Iba 

tablen .de xn eeeee - newvec 

1986 3402-4058 TELETTPE$MA1N 

0560 
0570 1  SEGIN   

0580 1  

0590 
0600 11)41 INSTALL NEW VECTORS <> 4) 

0610 

0620 
C000- AO 14 0630 ldy Mtàtillan 

0640 instioop 

C002- 09 46 Cl 0650 neffvec,y 
C005- 99 IA 03 0660 $031a.y 

COOP- 88 0670 

C009- 10 F7 0680 instloop 

0690 

0700 i<>(> PRINT IN10 INFORMATION < X> 

0710 

C0011 - AO 00 0720 Idy 0100 

.ba $e000 

.ct 

.o. 

.FI TELETYPE:SWAIN' 

:bit 0 output 

If• 

lows 
ideal  
atore object 

1 
Install 

Ida 

eta 

dey 
bpi 

file 

code direct 

word to a (say) Centronics printer using just two bits of the 
user port! The first bit could be used to clock the chip, and 
the second bit could be used for data. Don't forget to change 
the lookup table to ASCII! 

If you get stuck with a new application for the program, 
write to me and I will do what I can to help. 

HOW TO USE 
THE SOFTWARE 

To use the machine code driver, either type the source code 
into a decent assembler (you may have to rename some of my 
labels as some assemblers will only allow six characters) and 
assemble it. 

For those of you who do not possess either an assembler or 
the inclination to type in the source, I have enclosed a BASIC 
loader which will set the routine in its proper place. 
CHECK YOUR ROUTINE FOR TYPING ERRORS, and save 

your efforts before running it as machine code is very unfor-
giving! 

If you use the BASIC loader, there is no need to do anything, 
the loader will fire the routine up when it is finished. 

If you happen to use run/stop restore, you will need to type 
'sys 49152' to re-install the vectors, or you can disable your 
run/stop key (not a good idea!). 

0730 prIntwelcome 
COOD- 119 SA CI 0740 
C010- FO 06 0750 

C012- 20 02 FF 0760 
C015- CO 0770 

C016- DO F3 0780 

0790 goodbye 
C018- 60 0800 rt• 

0010 

0820 ;(: f: HANDLE OPEN STATEMENT f›:: 
0830 i 

0040 open 

C019- A6 88 0E150 Ida filit8 
C0111- DO 03 0860 bn• notyero 

COIS- 40 OA F7 0870 Imp $4700 la ' 0 fit. is Illegal 

0880 notyero 

CO20- 20 OF F3 0890 jar 04304 ; look for 140 

CO23- DO 03 0900 One notfound loot in open table 
CO25- 4C FE F6 0910 imp eeeee 1file open eeeee 

0920 nntfound 
CO28- A6 98 0930 Ido 1,98 ;number of open files 
COSA- EO OA 0940 cpx 010 imax 8 of entries 

conc- O 03 0950 Doc notful. :less so ok 

COSE- 4C FB F6 0.60 imp $4045 ;too many fiias open 

0970 not4ull 

C011- E6 98 0990 inn $98 ;ale 1 to 0 .pen files 
C033- AS 118 0990 Ida *OS pegat file number 

C035- 90 59 02 1000 ate $0259, , iput In open table 
CO3C- AS 119 1010 Ida $b9 :sot-D.64r, address 

CO3A- 09 60 1020 ora 1111011:0000 i'eee requirement 

CO3C- en 59 1030 sta valid 
CO3E- 4 D 60 02 1040 eta Scrod., ;writeins. table 
C041- A5 BA Iceo Ida eba ;device number 

C043- 90 63 02 1060 414, 80263,, lin device open table 

C046- CO 06 1070 nap 06 ;device 6, 

C048- FO 03 1080 beg siemenespen 1yes, ats ours 

004A- 4c 72 F3 1090 j rns 1.4272 felse ao as routine 

1100 

1110 tr'r' OUR OPEN ROUTINE 

1120 I 
1130 at eeeee open 

CO4D- A. 01 1140 Ida 844F Out 

CO.F- OD 03 DD 1150 ora ddr 

C052- 00 03 DD 1160 at& ddr 

C055- A9 3E 1170 Ida 8%00111110 

C057- 85 FF 1180 sta. lastcmd 

C059- 20 03 Cl 1190 jar output 

CO5C- A. OD 1200 Ida 11$0.1 

COSE- 85 FC 1210 sta asan. 

C060- 20 E4 CO 1220 jar printer 

C063- 20 E4 CO 1230 ;Sr printer 

C066- 18 1240 cic 
C067- 60 1250 rts 

1260 
1270 II'f" HANDLE CLOSE STATEMENT . 1.: 

1280 1 

1290 close 
C068- 20 14 F3 1300 jar 04314 

C068- FO 02 1310 beg found 

CO6D- 18 1320 cic 

CO6E- 60 1330 rts 

1340 found 

CO6F- 20 IF F3 1350 jar 111.311 

C072- BA 1360 toa 

C073- 48 1370 pha 

C074- AS IA 1380 144 Iba 

C076- C.0 06 1390 cmp 06 
00741- FO 03 1400 beg silamensc10.0 

CO7A- 40 90 F2 1410 pap 1,4294 

1420 
1430 I ( X) OUR CLOSING ROUTINE f)C' 
1440 

1430 si lose 

CO7D- 40 Ft F2 1460 imp $. 241 
14 70 

1.80 14><> HANDLE CHKIN ROUTINE I>0> 
1490 1 

1500 chitin 

Ida welcome,y 

beg goodbye 

¡sr $44d2 
my 

bot 

Iroalt for cvector, 

:get output mask 

ilog'or into ddr 

:write bit 0 to output 

;teletype alpha mOdO 

{save for compare 

ItO teletype 
1cr • if 

icommunications re9ister 

;print 2*c: to 
itaghten paper ! 

1 sign•1 oe job complated o 

Ito roher• :fa came from 

Ilea.. statu. alone! 

1Yee it il open 
Ielse ignore it! 

Ito caller 

lset file   

;save Index 

Ito stack 
Idevice number 

Iour• again 

tif this il true 

;el» do I. close 

los does the work! 
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C080- 20 OF F3 1510 ,sr $430f look for file in ' x' 

C083- FO 03 1520 beg foundàn lfound his lher71 

C085- 4C 01 F7 1530 imp $f701 Inot found 

1540 foundln 

COBB- 20 IF F3 1550 , sr 11,131* ' set flle para. 

COBB- 65 BA 1560 Ida Stfa ;device number 

CORD- C9 06 1570 cep 96 lours? 

CO8F- FO 03 1590 beg slemensckin 10.0 ' 

C091- 4C 19 F2 1590 imp 114219 ;else not our problem 

1600 slemensckin 

C094- 4C OA F7 1610 jmp 114706 ¡ no way' 

1620 

1630 It><> HANDLE CHKOUT ROUTINE (><> 

1640 1 

1650 ckout 

C097- 20 OF F3 1660 ,sr 11,f3Of ; still don't know? 

CO9A- FO 03 1670 beg foundout ; yes it it there 

CO9C- 4C 01 F7 1680 ,mp 114701 ; error 

1690 foundout 

CO9F- 20 IF F3 1700 ,sr $ 131f Iset file paras 

COA2- AS BA 1710 Ida $ba Idevice number 

COA4- C9 06 1720 cep 116 ;teletype? 

COA6- FO 03 1730 beg stemensckot Iyes so process it 

COAD- 4C 58 F2 1740 ,mp 11125b ; not ours 

1750 el eeeee ckot 

C0611- 85 9A 1760 eta 1196 &show output device 

COAD- 18 1770 cic no error, 

COAE- 60 1780 rts ifrom where thou cometh 

1790 

1800 If>t , HANDLE BASIN ROUTINE :><> 

1810 1 

1020 basin 

COAF- 65 9. 1830 Ida $99 linput device number 

C081- C9 06 1840 cep 116 ;teletype? 

C083- FO 03 1E150 beg siemensbsin ; yes 

C085- 4C 57 Fl 1860 ,mp 64157 linteresting routtne! 

1870 siemensbsin 

COBB- 4C OA F7 1880 jmp $470a ' sorry. no talkbock implem 

1890 

1900 It>t> HANDLE BASOUT ROUTINE <> I> 

1910 1 

1920 bsout 

COBB- 48 1930 ph• leave for later 

COBC- AS 96 1940 Ida $9a ;output device number 

CODE- C9 06 1.50 cep 116 ;check for devlce 6 

COCO- FO 04 1960 beg siemensbsot ; Its a 6er 

COC2- 60 1970 pla toise reget char 

COCO- OC CA Fl 1980 i illp 11141c• land let os do it 

1990 

2000 It><> OUR BSOUT ROUTINE <> I> 

2010 1 

2020 

2030 si eeeee bsot 

COCA- 68 2040 pia ;save working regleters 

COC7- 48 2050 ph• 1  

COCO- 85 FC 2060 sta eeeee 

COCA- DA 2070 ti. 

COCO- 49 2090 ph. 

COCC- 98 2090 tya 

COCD- 48 2100 ph. 
2110 

COCE- 20 E4 CO 2120 jsr printer ¡ call output routine 

2130 1 

COD1- 68 2140 pia Ireget registers 

COD2- 68 2150 tay 

CODO- 68 2160 pla 

CODA- AA 2170 tax 

CODS- 68 2180 pla 

CODA- 18 2190 dc Inflow ok 

COD7- 60 2200 rts return to caller 

2210 

2220 if><> HANDLE GET ROUTINE CM> 

2230 1 

2240 get 

CODS- AS 99 2250 Ida 699 ¡ input device number 

CODA- C9 06 2260 cmp 116 ;teletype? 

CODC- FO 03 2270 beg • iemensget lyse so its our. 

CODE- 4C 3E Fl 2280 <up 6113e lelse us problem; 

2290 si eeeee get 

COE1- 4C OA F7 2300 jmp $f70a ipass the buck 

2310 

2320 It><> OUR OUTPUT ROUTINE ( X> 

2330 1 

2340 printer 

COE4- 65 FC 2350 Ida asave Ifetch char from CO. reg 

COE6- C9 58 2360 cup 1191 Imax • 1 

COE8- 90 02 2370 bcc validchar 1pass It 

COEA- A9 20 2380 Ida 111120 Ispace It Instead 

2390 

2400 validchar 

COEC- 48 2410 pha Isdtve to stack 

COED- C9 40 2420 cop 864 

COEF- 90 03 2430 bcc noletter Iltn .a. ? 

COF1- A9 3E 2440 Ida 0%111110 gels. set alpha 

COF3- 2C 2450 .by •2c ;bit instruction code 

2460 noletter 

COF4- 69 36 2470 Ida 90110110 Iset  IC 

COFA- CS FF 2480 cep I OftC1. 1 same as last time? 

COFA- FO 05 2490 beg noupdate ; yes leave it alone 

COFA- 05 FF 2500 sta lastcmd ; el.'s set teletype 

COFC- 20 03 Cl 2510 jar output Ito proper mode 

2520 noupdate 

COFF- 68 2530 pia Ireget origtnal character 

CI00- 20 34 Cl 2540 jsr convert Ito baudot 

2550 

2560 output 

C103- AO 06 2570 Idy 66 16 bits to rotate 

2580 

2590 output.byte 

C105- OD 01 DO 2610 sta port ;output bit 

C108- 20 21 Cl 2620 jsr delay 1 10 es 

C108- 20 21 Cl 2630 jsr delay In 10 ms 8 20 ms data pule 

CIOE- 6A 2640 ror • {rotate char 1 bit right 

CIOF- 88 2650 dey no of bits to go 

C110- DO F3 2660 bne output.byte ment bit if t> 0 

C112- A9 0' 2670 Ida 8000000001 ; set bit 0 

CI14- 811 01 DD 26.0 sta port loutput stop bit lh,ghl 

C117- 20 21 Cl 2700 jsr delay 1 10 ms 

C116- 20 21 CI 2710 jsr delay If 10 ms 

2720 

2730 ; the following , sr deloytrts are optional 

2740 ; but are included for documentation 

2750 ;purpose, 

2760 

CI1D- 20 21 Cl 2770 jsr delay 1. 10 ms 30 as stop bit 

CI20- 60 2780 rts Ito caller 

2790 1  

2800 ; delay subroutine timing calculations: 

2810 

2020 ; cpu clock speed: 985,250 cps 1661/ 

2830 ' time delay recid: 10es 

2E140 ; routine overhead: 26cycles ( first loop) • 48cycles for in 

2850 ¡ cycles to complete: 9852.5 - 74 m9777.5 cycles 

2860 1  

2870 delay 

2880 

C121- 86 FD 2890 stx >save Istack reglsters used 

C123- 94 FE 2900 sty ysave 

2910 

C122- A2 9F 2920 Idx 8159 1158 0 5 cycles . 790c 

C127- AO 08 2930 by Be 7 if 1284 cycles 8988c 

2940 loop 

C129- CA 2950 den 

C126- DO FD 2960 ene loop 

Cl2C- 88 2970 dey 

Cl2D- DO FA 2980 bn• loop 

2990 

Cl2F- 66 FD 3000 Idx ', save 

CI31- 64 FE 3010 ldy >save 

C133- 60 3020 rts 

3030 

3040 If>f> CONVERT ASCII TO BAUDOT <> I> 

3050 

3060 convert 

C134- C9 OD 3070 cep 1160d Icr 7 

CI36- DO 07 3000 ene continue Ino so process 

3090 Icr so issue 2 cmds 

C139- A9 10 3100 Ida 11000010000 ; carriage return 

C136- 20 03 Cl 3110 ;sr output loutput it 

Cl3D- A9 OD 3120 Ida 0500 ireload or for If index 

3130 continue 

C13F- AB 3140 tay 1 11•k• a•C I 1 I no•ec 

CI40- 89 OD CO 3150 Ida convtbl,y ¡ get baudot equiv. 

C143- 60 3160 rts l'a' Is converted 

3170 

C144- 3190 oldout . ds 2 

3190 

3200 newvec 

C146- 19 CO 3210 .S9 open 

C148- 60 CO 3220 . se close 

C146- 80 CO 3230 .se chktre 

CI4C- 97 CO 3240 . se ckout 

Cl4E- 33 F3 3250 . se 111f333 

C150- AF CO 3260 . se basin 

C152- 88 CO 3270 .se bsout 

C154- ED F6 3280 .se $f6ed 

C156- DO CO 3290 • •• get-. 

CI58- 2F F3 3300 . ee 14321 

3310 xnewvec . 

3320 

3330 

3340 welcome 

C156- OD 3350 .by SOd 

C1SB- 3C 3E 3C 3360 .by ''><> SOFTWARE INTERFACE FOR SIEMENS (><). 

Cl5E- 3E 20 53 

C161- 4F 46 54 

C164- 57 41 52 

C167- 45 20 49 

C166- 4E 54 45 

Cl6D- 52 46 41 

C170- 43 45 20 

C173- 46 4F 52 

C176- 20 53 49 

CI 79- 45 40 45 

Cl7C- OE 53 20 

Cl7F- 3C 3E 3C 

C182- 3E 

CI83- 3C 3E 3C 3370 .by '(> 1> TELETYPEWRITER <> t> . 

C106- 3E 20 54 

C189- 45 4C 45 

Cl8C- 54 59 30 

C1BF- 45 57 52 

C192- 49 54 45 

C195- 52 20 20 

CI98- 20 20 20 

C190- 20 20 20 

CIRE- 20 3C 3E 

CIA1- 3C 3E 

CIAO- OD 3380 .by $0d 

CIA4- OD 3390 .by SOd 

CIA5- OD 3400 .by 110d 

C166- 3C 3E 3C 3410 .by '(><> AUTHOR: I.JELLINGS 

CIAR- 3E 20 41 

C1AC- 55 54 48 

C1AF- 4F 52 3A 

C1112- 20 20 20 

C1BS- 49 2E 4A 

C188- 45 4C 4C 

GIBE- 49 4E 47 

C1BE- 53 20 20 

CIC1- 20 20 20 

CIC4- 20 20 20 

C1C7- 20 20 20 

CICA- 3C 3E 3C 

C1CD- 3E 

C10E- OD 3420 .by 10d 

C1CF- OD 3430 .by 1106 

CIDO- OD 3440 .by $0d 

CID1- 54 4F 20 3450 .by ' TO USE FOLLOW NORMAL PRINTER' 

C1D4- 55 53 45 

CID?- 20 46 4F 

C1DA- 4C 4C 4F 

C1DD- 57 20 4E 

C1E0- 4F 52 40 
C1E3- 41 4C 20 

C1E6- 50 52 49 

C1E9- 4E 54 45 

C1EC- 52 

C1ED- OD 50 52 3460 .by 110d ' PROCEDURES. ( DEVICE NURSER Al 

C1110- 4F 43 45 

CIPO- 44 55 52 

C1F6- 45 53 2E 

C1F9- 20 28 44 

C1FC- 45 56 49 

C1FF- 43 45 20 

C202- 4E 55 4D 
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C205- 42 45 52 

C200- 20 36 29 

C208- OD 

C20C- 00 

3470 

3480 

3490 

3500 convtbl 

3520 

0500 

0622 34112-3AF4 CONVTBL 

0010 I 

.by $0d 

.by $00 

.FI CONVTBL 

Iterminator 

0020 iconverslon data abc II to baudot 

0030 I  

C20D- 00 0040 .by 0 10 

C20E- 00 0050 .by 0 Il 

C20E- 00 0060 .by 0 12 

C210- 00 00 ,0 .by 0 IS 

C211- 00 0080 .by 0 14 

C212- 00 0090 .by 0 IS 

C213- 00 0100 .by 0 16 

C214- 00 0110 . by 0 17 

C215- 00 0120 .by 0 10 

C216- 00 0130 .by 0 19 

C217- 00 0140 .by 0 110 

C218- 00 0150 .by 0 111 

C219- 00 0160 .by 0 112 

C21A- 04 0170 .by 5000100 ter I. 14 , 

C218- 00 0180 .by 0 114 

C21C- 00 0190 .by 0 115 

C210- 00 0200 .by 0 116 

C21E- 04 0210 .by 5000100 Ilf 

C21F- 00 0220 .by 0 118 

C220- 00 0230 .by 0 119 

C221- 00 0240 .by 0 120 

C222- 00 0250 .by 0 121 

C223- 00 0260 .by 0 122 

C224- 00 0270 .by 0 123 

C225- 00 0200 .by 0 124 

C226- 00 0290 .by 0 125 

C227- 00 0300 .by 0 126 

C2213- 00 0310 .by 0 127 

C229- 00 0320 .by 0 128 

C224- 08 0330 .by 5001000 lape. 

C228- 00 0340 .by 0 130 

C22C- 00 0350 .by 0 131 

C22D- 08 0360 .by 5001000 132 

C22E- 09 0370 .by 5001000 133 

C22F- OA 0380 .by 5001010 134 

C230- 28 0390 .by 5101000 135 

C23I- 34 0400 .by 5110100 ; 36 

C232- IA 0410 .by 5011010 137 

C233- 16 0420 .by 5010110 138 

C234- OA 0430 .by 5001010 139 

C235- 1E 0440 .by 5011110 140 

C236- 24 0450 .by 5100100 141 

C237- 36 0460 .by 5111010 ut2 

C238- 22 0470 .by 5100010 143 

C239- 18 0480 .by 5011000 144 

C23A- 06 0490 .by 5000110 145 

C238- 38 0500 .by 5111000 146 

C23C- 36 0510 .by 5111010 147 

C230- 2C 0520 .by 1101100 148 

C23E- 2E 0530 . b, ,. 101110 1.1Y 

[21F- 26 0540 .14, 5100110 150 

C240- 02 0550 .by 5000010 151 

C241- 14 0560 . by 5010100 152 
C242- 20 0570 . br 5100000 152 

£243- 26 0590 .by 5101010 104 

C244- OE 0590 .by 5001110 155 

C245- OC 0600 .by 5001100 456 

C246- 30 0610 .by 5110000 152 

C247- le 0620 .by 5011100 158 

C240- 1c 0630 .by 5011100 159 

C249- 08 0640 .by 1001000 160 

C24A- 3C 0650 .by 5111100 84à 

C248- 08 0660 .by 5001000 162 

C24C- 32 0670 .by 5110010 163 

C240- 08 0690 .by 5001000 ià4 

C241- 06 0690 .by 5000110 165 

C24F- 32 0700 .by 5110010 166 

C250- IC 0710 .by 5011100 167 

C251- 12 0720 by 5010010 868 

C252- 02 0730 .by 110000/0 169 

C253- la 0740 . by 5011010 170 

C254- 34 0750 . by 11110100 121 

C255- 28 0760 .by 5/01000 1.2 

C256- OC 0770 .by 5001100 4,3 

C257- là 0780 by 5019110 174 

C258- 1E 0790 .04, 5011110 175 

C259- 24 0800 .by 5100100 176 

C2SA- 39 0810 .by 5111000 877 

C251- 10 0820 .by 5011000 178 

C25C- 30 0830 .by 5110000 179 

C2515- 2C 0840 .by 5101100 180 

C258- 2F 0850 .by 5101110 181 

C25,- 14 0860 .by 5010/00 102 

C260- OA 0070 . by 5001010 193 

C261- 20 0980 . by 5100000 104 

C262- OE 0890 .by 5001/10 185 

C263- 3C 0900 .by 5111100 186 

C264- 26 0910 .by 5100110 187 

C265- 3A 0920 . by 5111010 189 
C266- 2A 0930 .by 5101010 189 

C297- 22 0940 .by 5100010 190 

0590 

0600 

--- LAM- FILE: 

 00FC 

char 900FI 

Cl... 9C068 

convtbl mC201) 

deley 6C121 

foundout 4C09F 

Install 4C000 

loop 6C129 

notfound 4CO29 

noupdate 6COFF 

Output 4C103 

Port 6 0001 

SI eeeee bain mC01113 

el eeeee cleot 6C048 

slemensopen 6C041) 

welcome 4C15A 

ytay.O0FE 

,0000,C260,C2613 

baeln 4COAF 

ChkIn 4 C080 

continue 4 C13F 

ddr 40003 

found 4C06F 

get 4CODE 

Inatloop 4C002 

newvec m£146 

notrull 4C031 

oldout 4C144 

output.byte 4C105 

prInitir 4C0E4 

siemensbsot 4COC6 

eiemensclose 4C07D 

tablen 40014 

xnewvec 4C15A 

bsout 6CO28 

chaut 6C097 

convert 4C134 

OU,. Out 40031 

foundin 4C098 

goodbye 4C019 

laatcra .00FF 

noletter 6C0F4 

notaero 6CO20 

open 4C019 

outputdev 400DA 

printwelcome 4COOD 

al eeeee ckàn 6C094 

eiemensget 6COOL 

vallachar 4COEC 

 00FD 

00000 REM FRINTUcls1":0PEN15,3,15,"s0:basic":CLOSE15:SAVE"basic': 

VERIFY"*",8 

00001 REM 

00010 I=0 

00020 READA$ 

00030 IFA$()"nd"TNENGOT060 

00040 SYS47152 

00050 END 

00060 3$=A$ 

00070 GOSUB150 

00080 B$=R1GHT$tA$,1) 

00090 TI=T*16 

00100 GOSUB150 

00110 TI=T1.7 

00120 POYE49152+1,T1 

00130 I=!+1 

00140 007020 

00149 REM   

00150 REM SUBROUTINE TO CALCULATE DECIMAL VALUE OF HEX CHARACTER 
00151 REM   

00160 T.ASC(B$)-48+7*(ASC(B$):64) 

00170 RETURN 

00179 REM   

00190 REM DATA STATEMENTS REPRESENTING ASSEMBLY a $C000 

00191 REM   

00190 DATA A0,14 

00200 DATA 89,46,C1 

00210 DATA 99,1A,03 

00220 DATA 38 

00230 DATA 10,F7 

00240 DATA A0,00 

00250 DATA 89,5A,C1 

00260 DATA F0,06 

00270 DATA 20,02,FF 

00280 DATA C8 

00290 DATA DO,F5 

00300 

00310 

00320 

00330 

00340 

00350 

00360 

00370 

00380 

00390 

00400 

00410 

00420 

00430 

00440 

00450 
00460 

00470 

00480 

00490 

00500 

00510 

00520 

00530 

00540 

00550 

00560 

00570 

005E0 

00590 

ocleoo 

00610 

00620 

00630 

00640 

00650 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 
DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

60 

A6,88 

00,03 

4C,OA,F7 

20,0F,F3 

00,03 

4C,FE,F6 

A6,98 

80,0A 

90,03 

4C,FB,F6 

E6,98 

A5,83 

90,59,02 

A5,89 

09,60 
85,89 

90,60,02 

AS, BA 

90,63,02 

C9,06 

F0,03 

4C,72, F3 

A9,01 

00,03,00 

80,03,00 

A9, 3E 

85, FF 

20,03,C1 

A9,00 

85, PC 

20,E4,C0 

20,E4,C0 

18 

60 

20,14,F3 

00660 

00670 

00680 

00690 

00700 

00710 

00720 

00730 

00740 

00750 

00760 

00770 

oo,eo 

00790 

00800 

00810 

00820 

00830 
00840 
00850 

00860 

00870 

00880 

00890 

00900 

00910 

00920 

00930 

00940 

00950 

00960 

00970 
00980 

00990 

01000 

01010 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 
DATA 

DATA 

DATA 

DATA 

F0,02 

18 

60 

20,1F,F3 

BA 

48 

AS, BA 

C9,06 

F0,03 

4C,90,F2 

4C,F1,F2 

20,0F, F3 

F0,03 

4C, 01,F7 

20,1F,F3 

A5,BA 

C9,06 

F0,03 

4C,19,F2 

4C,OA,F7 

20,0F, F3 

F0,03 

4C,01,F7 

20,1F,F3 

A5,BA 

C9,06 

F0,03 

4C,58,F2 

85,9A 

18 

60 

A5,99 
C9,06 

F0,03 

4C,57,F1 

4C, 0A,F7 
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Commodore Codex 
01020 

01030 

01040 

01050 

01060 

01070 

01080 

01090 

01100 

01110 

01120 

01130 

01140 

01150 

01160 

01170 

01180 

01190 

01200 

01210 

01220 

01230 

01240 

01250 

01260 

01270 

01280 

01290 

01300 

01310 

01320 

01330 

01340 

01350 

01360 

01370 

01380 

01390 

01400 

01410 

01420 

01430 

01440 

01450 

01460 

01470 

01480 
01490 
01500 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 
DATA 

48 

AS, 9A 

C9,06 

F0,04 

68 

4C,CA,F1 

68 

48 

85,Fc 
SA 

48 

98 

48 

20,E4,C0 

68 

A8 

68 

AA 

68 

18 

60 

A5,99 

C9,06 

F0,03 

4C,3E,F1 

4C,OA,F7 

A5,FC 

C9,58 

90,02 

A9,20 

48 

C9,40 

90,03 

A9, 3E 

2C 

A9,36 

C5,FF 

F0,05 

85, FF 

20,03,C1 

68 

20,34,C1 

A0,06 

8D,01,00 

20,21,CI 

20,21,C1 

6A 

88 
DO, F3 

01510 

01520 

01530 

01540 

01550 

01560 

01570 

01580 

01590 

01600 

01610 

01620 

01630 

01640 

01650 

01660 

01670 

01680 

01490 

01'00 

01710 

01720 

01730 

01740 

01750 

01751 

01760 

01770 

01780 

01790 

01800 

01810 

01820 

01830 

01840 

01850 

01860 

01870 
01E80 

01890 

01900 

01910 

01920 

01930 

01940 

01950 

01960 

01970 

01980 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

A9,01 

80,01,00 

20,21,C1 

20,21,C1 

20,21,C1 

60 

86, F0 

84, FE 

A2,9F 

A0,08 

CA 

DO, FD 

88 

DO, FA 

A6, FD 

A4, FE 

60 

C9,00 

00,07 

A9,10 

20,03,C1 

A9,00 

A8 

89,00,C2 

60 

00,00 

19,C0 

68,C0 

80,C0 

97,C0 

33,F3 

AF,C0 

99, co 

ED,F6 

08,C0 

2F, F3 

OD 

3c,39, 3E 

3E,20,33 

4F,46,54 

57,41,52 

45,20,49 

4E,54,45 

52,46,41 

43,45,20 

46,4F,52 

20,53,49 

45,40,45 

4E,53,20 

01990 

02000 
02010 

02020 

02030 

02040 

02050 

02060 

02070 

02080 

02090 

02100 

02110 

02120 

02130 

02140 

02150 

02160 

02170 

02180 

02190 

02200 

02210 

02220 

02230 

02240 

02250 

02260 

02270 

02280 

02290 

02300 

02310 

02320 

02330 

02340 

02350 

02360 

02370 

02380 

02390 

02400 

02410 

02420 

02430 

02440 

02450 

02460 

02470 

DATA 

DATA 
DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

3C,3E,3C 

3E 
3C,3E,3C 

3E,20,54 

45,4C,45 

54,59,50 

45,57,52 

49,54,45 

52,20,20 

20,20,20 

20,20,20 

20,3E, 3E 

3C,3E 

OD 

OD 

OD 

3C,3E,3C 

3E,20,41 

55,54,48 

4F,52, 3A 

20,20,20 

49,2E, 4A 

45,4E, 4C 

49,4E,47 

53,20,20 

20,20,20 

20,20,20 

20,20,20 

3E, 39,3E 

3E 

OD 

OD 

OD 

54,4F,20 

55,53,45 

20,46,4F 

4C,4C,4F 

57,20,4E 

4F,52,40 

41,4C,20 

50,52,49 

4E,54,45 

52 

00,50,52 

4F,43,45 

44,55,52 

45,53,2E 

20,28,44 

45,56,49 

02480 

02490 

02500 

02510 

02520 
02530 

02540 

02550 

02560 

02570 

02580 

02590 

02600 
02610 

02620 

02630 

02640 

02650 

02660 

02670 

02680 

02690 

02700 
02710 

02720 

02730 

02731 

02740 
02750 

02760 

02770 

02780 

02790 

02800 

02810 
02820 

02630 

02840 

02850 

02860 

02870 

02880 

02890 

02900 

02910 

02920 

02930 

02940 

02950 

02960 

DATA 

DATA 

DATA 

DATA 

DATA 
DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 
DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 
DATA 

DATA 

DATA 

DATA 

DATA 
DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 
DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

43,45,20 

4E,55,40 

42,45,52 

20,36,29 

OD 
00 

00 

00 

00 

00 

00 

00 

00 
00 

00 

00 

00 

00 

00 

04 

00 

00 

00 
04 

00 

00 

00 

00 
00 

00 

00 

00 

00 

00 

00 
08 

00 

00 

08 

08 

OA 

28 

34 

1A 

16 

OA 

1E 

24 

3A 

22 

02970 

02980 

02990 

03000 

03010 

03020 

03030 

03040 

03050 

03060 

03070 

03080 

03090 

03100 

03110 

03120 

03130 

03140 

03150 

03160 

03170 

03180 

03190 

03200 

03210 

03220 

03230 

03240 

03250 

03260 

03270 

03280 

03290 

03300 

03310 

03320 

03330 

03340 

03350 

03360 

03370 

03380 

03390 

03400 

03410 DATA 3A 

03420 DATA 2A 

03430 DATA 22 

03440 DATA END 

03450 REM PHEW 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

18 

06 

38 

3A 

2E 

2E 

26 
02 

14 

20 

2A 

OE 

OC 

30 

1C 

1C 

08 

3E 

08 

32 

08 

06 

32 

IC 

12 

02 

IA 

34 

28 

OC 

16 

1E 

24 

38 

18 

30 

2E 

2E 

14 

OA 

20 

OE 

3E 

26 

'MATE: 
1200Rx 75Tx 

4,«$N 
SW2 0 9 

wie1200Tx 75Rx 

IC5d 

IC5e 
10 

ANSNE:i 
a 

SW3.z-(7 4:11 

ORIG +5V 

1200/75 

SW4 ° ISIN rEED. 

wL--°b 300 

Re 

R7 

1k 

R8 

C6 
10u 
25V / 

TANT w 

+5V f--e--1771--

R9 

R10 

NOTES Fit ERRATA 
AEM4600 Muai Speed' Modem, Dec. '85. The missing pc board track 
advised on p.99 of the January issue is, in fact, not the correct fix' 

12 owing to an ommission on the part of the author in supplying us the 
prototype. While this fix will allow the modem to work, the 1200Tx/75Rx 
mode cannot be selected (fortunately, it's rarely used - one reason 
we missed the problem). The correct circuitry for the ' speed' and 
1200/75 switching is given here, as confirmed on several built-up units. 
Isolate the poles (centre pins) of SW2 and SW4, along with pins a and 
b on each. Link pin bon SW2 and SW4 both to the common line (GND). 

17 Link pin a on SW2 to the pole of SW4. Link the pole of SW4 to the 
junction of R7/R8. Link the pole of SW2 to pin 9 of IC5. 

11 

18 

19 

1k 
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aem computer review 

The Data 
System/1 
PC 
compatible 
IT IS VERY SELDOM among PC compatibles 
that one encounters a machine that really shines. 
The Data Systemh, manufactured and distribut-
ed by Science and Computing Applications, 
however, is one of the exceptions and proved to 
be a delight to review. 
The test machine was supplied with a 256K 

eight slot PC/XT motherboard, power supply. PC 
compatible keyboard and two disk drives. The 
unit is housed in an attractive compatible style 
chassis with the additional unique, and extreme-
ly useful, feature of a flip-up lid that is hinged 
at the rear and opens to provide complete ac-
cess to the inside of the unit without having to 
resort to a screwdriver. This feature should be 
of particular interest to hackers and I found it 
a real bonus when changing boards on the I/0 
expansion bus. 
A careful look inside the Data Systemh rev-

eals a very high quality multi-layer motherboard 
fitted with space for up to 256K of RAM and 
the full complement of eight ROM sockets only 
one of which is used to house the BIOS. Also 
provided is an additional socket to accommo-
date an 8087 maths co-processor if required and 
the usual array of dip switches provided to set 
up system status. The operation of these 
switches is fully described in the motherboard 
instruction booklet which, although being fair-
ly pedestrian, consisting of a set of photocopied 
sheets in our case, contained all the necessary 
information. 
Also supplied with the test machine was the 

disk controller board, the MF384K multifunc-
tion card and a colour graphics adapter. We used 
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The DataSystem/1 PC compatible looks much as you'd expect. It features a flip-up 
lid hinged at the rear for convenient access to the eight-slot motherboard. 

the system with a Taxan Super Vision III colour 
monitor and therefore had the opportunity to 
put the colour graphics to the test. All of these 
boards showed the same high quality of con-
struction as the mother board and the multifunc-
tion card and colour graphics card were 
supplied with their own instruction booklets. 
The real test of any PC compatible is of course 

compatability. To test this aspect of the perfor-

mance I started with the IBM advanced diag-
nostics program which ran perfectly, except of 
course for the error-warning regarding the lack 
of an installed ROM BASIC. The next test was 
to try a copy of flight simulator which again ran 
perfectly. This is in general a good test of any 
machines compatibility because this program 
appears to address hardware directly without 
going through DOS. So if the computer does not 
have the same hardware at the same address lo-
cations etc, the program will not run correctly, 
if at all. 

I also tested the machine using Autocad, 
Lotus, GW Basic. Framework. the Microsoft 
Macro Assembler, Smartwork, Night Mission 
Pinball, the Votalker 1I3 speech synthesizer, and 
a host of custom written scientific and electronic 
analysis software. In every case the correct keys 
on the keyboard produced the correct response 
and this is one of the few compatibles I have 
used for which this has been the casa In most 
other machines one is continually annoyed by 
"minor" incompatibles such as can be caused 
by the use of incorrect keyboard scan codes or 
subtle incompatibilities with the ROM BIOS. 

— to page 97 

Inside the DataSystem/1. The review 
unit was fitted with a single floppy 
disk drive and hard disk. Review unit 
kindly supplied by Science & 
Computing Applications, PO Box 251, 
Kensington NSW 2033. (02) 622 4255. 
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Call to restructure amateur 
licences to attract beginners, 
computer hobbyists 
The authors of a currently circulating discussion paper, 

titled "Amateur Radio — Future Direction", propose the 
creation of two new licence classes and the enhancement of 
the three existing licences. 

A ' new novice' licence to pro-
vide telephony ( voice)-only 
operation on a segment of the 70 
cm UHF band (and possibly 144 
MHz) is proposed, to be award-
ed to candidates who success-
fully complete an elementary 
theory paper and the standard 
regulations exam. This would 
allow 'raw beginners' to gain 
on-air experience and motiva-
tion to progress to another 
licence grade. The authors 
claim such a licence would eas-
ily fit into the school curriculum 
as an elective subject, or could 
be readily tackled by mature-age 
enthusiasts. They say it would 
be " ideal as an 'achieve-
ment badge' for scouts, guides 
and other youth groups." 

In addition, the paper pro-
poses the introduction of an 
'intermediate (digital) licence' 
with Novice-type privileges on 
VHF/UHF. Such a licence, the 
paper proposes, would attract 
computer hobbyists seeking fur-
ther outlet for their interests. 
The authors propose the inter-
mediate licence could have a 
theory syllabus at the current 
Novice level, with the addition 
of relevant elementary theory 
areas covering digital commu-
nications. modulation tech-
niques, etc. It would give access 
to VHF and UHF bands with 
limitations on modes and pow-
er levels and encourage the 
exploitation of digital comm-
unication techniques (radiotele-
type. ASCII, packet radio. etc.) 
Along with the introduction 

of two new licence grades, the 
paper proposes that the existing 
three grades — the Novice 
(NAOCP). Limited (LAOCP) and 
Full (AOCP) licences — be en-
hanced. They propose that 
Novices should be allowed to 
operate on VHF and UHF bands 
and be permitted data commu-
nication modes (RTTY. ASCII. 
etc). Also, for holders of the 
AOCP and LAOCP. they pro-

pose removal of the 'defined 
mode' restrictions to permit 
experimental freedom with 
'new' transmission modes, in-
crease of the power output limit 
and permission for unattended 
operation. 
The proposals are aimed at 

revitalising the hobby of 
amateur radio, making it more 
relevant and attractive to the 
broad scope of today's electron-
ics and computing enthusiasts, 
and technically stimulated peo-
ple. The addition of more 'entry 
points' and enhancement of ex-
isting priviliges to afford more 
opportunity for experimenta-
tion in more fields, is seen as the 
way to achieve this goal. 
Once over the initial 'hurdle' 

and following on-air ex-
perience. many Novice and 
Limited licences 'upgrade' to 
the AOCP. The paper notes that 
an estimated 70% of Novices 
have upgraded to the AOCP and 
argues that lower 'entry level' 
licences provide a 'stepping 
stone' to the AOCP. Hence, the 
proposed new licences. 
Compiled and jointly 

authored by Jim Linton VK3PC 
(President and PR Officer of the 
Victorian Division of the Wire-
less Institute of Australia for 
three years) and Roger Harrison 
VK2ZTB (Editor AEM, etc), co-
pies of the 3000 word discussion 
paper. Amateur Radio — Future 
Direction, can be obtained by 
sending a stamped, self-
addressed envelope to A.R. Dis-
cussion Paper, Roger Harri-
sion, AEM, PO Box 289 
Wahroonga 2076 NSW. 

Pocket pagers fire 
imagination 

GFS Electronic Imports of 
Mitcham, Victoria, has an-

nounced the availability of a 
low-cost two-tone type talk-
through paging receiver. the 

Model Firepage FRP-501. Not 
just " BEEEP — (dinner is in the 
oven)" but " Mother was right; I 
should have listened, etc. 
etc. ... " 
An obvious application of the 

unit is use with volunteer bush. 
fire brigades as a fire call-alert 
unit. In this role it operates in 
conjunction with the GFS auto-
matic encoder, the firestation's 
bell or siren circuitry and base 
transceiver. Activation of the 
fire siren or bell provides auto-
matic paging to the receivers. 
Talk-through capabilities al-

low the fire station operator to 
pass further verbal instructions 
to the firemen via the paging 
receivers if necessary. The Fire' 
page is also ideally suited to a 
wide range of other applications 
in the VHF highband or UHF 
frequencies, including operation 
with other emergency services, 
says GFS. 
The unit is supplied complete 

with rechargeable batteries and 
is ruggedly constructed from 
high impact resistant Lexon. To 
further increase its range it has 
provision for an external anten-
na. Battery life extends to 15 
hours between recharges using 
the optional CH-1502 ac charg-

GFS/AEM 'WIN A SCANNER' CONTEST 
JULY-SEPTEMBER 1985 

There was no shortage of keen enthusiasts to enter this contest. 
And that presented us with quite a considerable problem in the 
judging — there were so many entrants who managed to get all 
the answers correct! The effort expended in finding the answers 
showed just how keen entrants were to win the Microcomm SX-155 
handheld scanner. Here are all the answers. 

Q1: Armig Kandoian designed the discone antenna. 
02. The discone operates over a very wide frequency range and 
has omnidirectional coverage. 
03. The upper frequency limit of the SX-155 was given as 512 MHz, 
but was advertised elsewhere as 514 MHz, so we accepted either 
answer. 
04. The frequency limits of the two metre amateur band are 
144 MHz and 148 MHz. 
05. The two top-storey rooms which Marconi used to experiment 
with radio in his parent's home previously had silkworm trays stored 
in them. We caught a few on that one! 

Some answers required a little ' digging' — that for 05 in particu-
lar. The winner, John Bayley of Surry Hills, Victoria, asked his Italian 
mate — every Italian boy worthy of his nationality knows Marconi's 
history! John's short essay on what he found useful or interesting 
about scanning clinched the prize for him. Here's what he said: 

"I consider scanning an absorbing interest which, day or night, 
provides a window on the diverse world of VHF/UHF communica-
tions and, in particular. the fascinating activities of amateur radio. -
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er, which will charge both the 
Firepager's internal battery as 
well as an additional spare bat-
tery at the same time. The pager 
can also be operated while in the 
charger. 
GFS advise that the FRP-501 

is priced at $229 plus sales tax, 
while the CH-1502 battery 
charger is $45 plus sales tax. 
For further details contact 

GFS Electronic Imports, 17 
McKeon Road, Mitcham Vic 
3132. (03)873 3777. 

Amateur Radio 
courses for 1986 

A n interest in joining the 
hobby of Amateur Radio or 

upgrading from the Novice Li-
cence needs to be followed up 
with an appropriate course of 
study. You can join others like 
yourself at the highly successful 
Victorian Wireless Institute the-
ory and Morse code classes. 

Instruction is programmed to 
cover the official DOC theory 
syllabus and required Morse 
code sending/receiving profi-
ciency. Classes are held one 
evening a week for six months, 
ending in time for the DOC ex-
aminations. 
Novice theory and Morse 

classes being Tuesday, 25th 
February 1986. AOCP theory 
class starts Monday, 24th 
February 1986. AOCP Morse 
commences Tuesday, 25th 

February, 1986. 

To enrol in the theory or 
morse classes, and/or the revi-
sion weekends, or to make en-
quiries, contact The Education 
Officer, Wireless Institute, 412 
Brunswick Street, Fitzroy 3065 
Vic. (03) 417 3535. 

Also available on request, is a 
free information leaflet 
"Amateur Radio — The Hobby 
for Everyone". 

Goodies from 
Vicom 

icom has released a range 
of RF test instruments 

from Fujisokti at Japan 
which includes videband and 
narrowband power meters, 
through-line power meters and 
RF power peripherals including 
coaxial switches and dummy 
loads C intact Vicom on 03) 
62 6931. 

THE KITSET 
SPECIALIST!!! 

A.E.C. is proud to offer a new series of kitsets and com-
ponents from Australian Electronics Monthly, expand-
ing our already huge range, and representing real value 
for money. 
We cater for the serious enthusiast and do not sup-
ply any " hobby grade" parts. We don't reduce our 
quality to match a price — rather, we put into kits 
what we ourselves would like to receive. Because 
A.E.C. stock such a large range, we have many com-
ponents that our competitors have never ever heard 
of! 
You owe it to yourself to visit All Electronic Compo-
nents, or write requesting our free kitset list. Mail ord-
ers also welcome. 
Sample for yourself, Efficient, Old-Fashioned Service. 

ALL ELECTRONIC 

COMPONENTS 
118-122 LONSDALE STREET, MELBOURNE, VIC. 

TELEPHONE: (03) 662 3506 

ez TEST INSTRUMENT CENTRE 
FOR YOUR LABORATORY — WORKSHOP — HAM RADIO 
SHACK— HOBBY — WE STOCK FAMOUS BRANDS: 

• OSCILLOSCOPES • FREQ. COUNTERS • DIGITAL & ANALOG 
MULTIMETERS • LCR METERS e SWR & RF POWER METERS • 
PANEL METERS, etc. 

KIKUSUI COS5020-20MHz DUAL TRACE 

1-* 
è. Cae11000 1:111Ca..101CCIO• 1.0••••• 

Sensitivity: 5mVIcliv-5VIdiv; 

i-ïe-  
Trigger Source: CH1. CH2. LINE, EXT. 

1mVicliv at x5 MAG. X-Y Operation: CHOP and TV. 
Bandwidth: DC or 10Hz-20MHz. CRT: 6-inch rectangular. 
Sweep Speed: 0.2 irS-5s/div. Z-axis CH1 Output. 
Sweep Mode: AUTO, NOFM, SINGLE. hn,  
4 OP 

"4 CENTRE SCAN AUSTRALIA 
WITH THE WORLD'S BEST 
SCANNING RECEIVER 

RADIO COMMUNICATION 

tanDam 
SCAN AUSTRALIA WITH THE BEST! 

A•11 AR-2002 

- 20 12998 o'c'S 

ï um ea ii 

IMM Oil ï 
IMI 

FEATURES: • 25-550MHz, 800-1300MHz 
(UHF TV CHANNELS 550-800MHz EXCLUDED) 
• NBFM-WBFM-AM MODES • 20 CH MEMORY 
• CLOCK • PRIORITY CH • S-METER 
• MANY OTHER FEATURES Send for colour brochure 

Nrill Personal 2-way UM radio here at last! 
"EMTRON ACE" 

A DUALITY dO CH HIGH POWER UHF CB HAND FIELD TRANSCEIVER 

• DESIGNED FOR AUSTRALIA DOC APPROVED 

FEATURES: 
40 CHANNEL OPERATOR 
HIGH it OW) LOW (0 SWI RE OUTPUT 
OFFSET FOR REPEATER OPERATOR 
NICAD RECHARGEABLE BATTERIES 
tllUMWATED DIAL FOR NIGHT OPERATION 
SMALL IN SIZE - BIG IN PERFOR1AANCE 

PPLICATIONS: 
I ARMING 
r.SHING BOATING HUNTING BUSHWALKMG 
BosH fief comet 
AG SHOWS 
SECURITY 
CONSTRUCTION SITES 
CAR RALLIES 
CROWD CONTROL AND MANY OTHERS 

PTIONS, 
3W /MAD 
SP MINE 
SB WHP 
STAND* 
CHARGER 
DRY CELL 
PACO 
DC« 
CONVERTER 
AND MANY 
MORE 

DEALER INQUIRIES WELCOME 

EFITMEMICS 
Reta.. Cbe.s.on of EMONA ELECTRONICS P L 

NSW STORE & HEAD OFFICE: 
92-94 Wentworth Ave, Sydney, NSW. 2000 

Ph: (02) 211 0988. Telex: AA73990 (EMOLEC) 

VIC STORE: 
288-294 Queen St, Melbourne, Vic. 3000 
Entrance from Little Lonsdale St. 
Ph: (03) 67 8551 or 67 8181 

Correspondence A Mail Orders Boa K21. Haymarket, NSW. 2000 
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practicalities 

PEP RF wattmeter 
features LED bargraph 
Roger Harrison VK2ITB ) A  

MONITORING YOUR TRANSMITTER power output while 
on-air is always a good idea, but leaving your shack 
SWR/power meter in-line permanently ties up a handy and 
relatively expensive item of test gear. Monitoring your RF 
output always provides you with a visual check that all is 
well and, with single sideband operation, a 'peak envelope 
power' monitor ensure you don't "talk-up" the rig so that it 
clips on peaks, causing 'splatter'. 
This circuit employs an old LED display technique that is 

simple to implement without requiring ' fancy' display driver 
ICs. It's cheap, too. Even if you bought everything, you should 
be able to lash this up for $20 or less. The circuit here has 
been adapted from a project described by David Beard 
WA4QGA in the August 1983 issue of CQ. 
A simple peak rectifier tapped directly across the antenna 

feedline derives a dc output to drive the 'totem pole' display. 
The halfware peak rectifier (D1 and surrounding compo-
nents) is housed in a thru-line ' RF head' inserted somewhere 
in the coax to the antenna. With about a volt or so output 
from D1, Q1 will turn on, forward biasing the base of Q2 
which will turn on, lighting LED1. As the rectifier output 
rises with increasing RF power delivered to the line, each 
1N914 diode, commencing with D2, turns on in turn, turn-
ing on the next transistor in the totem pole (Q3-Q11). Each 
LED thus turns on at a discrete power level, providing a bar-
graph display. 
Input to the peak RF rectifier is via a voltage divider, RV1 

providing a means of calibration. The value of resistor R1 
will determine the peak RF indicated by LED10. Table 1 gives 
the corresponding (approximate) power levels for each LED 
for three useful maximum power levels. 
The RF head should be constructed in a metal box. The 

two coax sockets should either by mounted close together 
or linked with coax, especially if VHF performance is re-
quired. Keep all leads short. RV1 should be a cermet type 
for best results. LEDs 1-10 could be a common 10-LED dis-
play (e.g: Jaycar ZD1700). The display electronics is easily 
assembled on matrix board. Supply may be derived from any 
convenient source delivering around 12-15 V at up to 
250 mA. 
The unit may be calibrated with 50 Hz, an audio signal 

generator or a dc power supply, and multimeter. Just apply 
14.2 Vac peak, or 14.2 Vdc, to the point marked 'T' and set 
RV1 so that LED10 just lights. (All the other LEDs will be lit). 

TABLE 1 
LED PEAK RF POWER OUT 

10 400 100 30 
9 320 80 24 
8 255 64 19 
7 188 50 15 IN 
6 138 36 11 
5 97 27 7.5 
4 62 17 5 

3 36 10 2.7 
2 15 4 1.2 
1 4 1 0.3 RF HEAD 

• R1 1W 

10n 
CERAMIC 

)e  

FROM 
RF HEAD 

ALL TRANSISTORS-8C548 

LED1 0 

1N4148 

1N914 
1N4148 

1N914 
1N 41 48 

1N914 
1N41 48 

1N914 
iN4148 

1N914 
1N41 48 

1N91 4 
1N41 48 

R10 R20 

1N914 
1N4148 

1N914 
1N4148 

R32 

R22 470R  

1k 

+12-15V 
(250m A) 

R1 10k 5k1 2k7 
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----Hypec Electronics 
look to our advert In the 
March Issue of Australian 
Electronics Monthly, and save 
your money for the top specials 
we will have In March. 

.ço e e 
•1;;. 1›. ec' 

MAIL ORDER Hot Line 02 808 3050 

HYPEC ELECTRONICS 
PTY. LTD. 

21 Ryedale Road, West Ryde 
NSW 2114. PO Box 438 Ryde, 

NSW 2112. Telex: AA7155t 

LO — NOISE PAN 

Operates efficiently efficiently at a 

rated noise level of only 26 

dB. 
240 VAC — Speed 1850 RPM 

DIMENSIONS: 120mm x 

120mm x 38mm 
AIR FLOW: 32 CFM185m 

Quietly cool your mains 
connected equipment at a low 
cost. 
$12.00 each (including sitaxi 
Plus Postage 1-3 fans $4.00 

Send Cheque or money order to: 

TRONIC BITS 
1-407 HIGHETT RD Phone (03) 555 6777 
HIGHETT Telex 151479 

*Personal callers welcome 

AD"ARKET 
Readers free adverts 

READERS-CLUBS-ASSOCIATIONS 
WE'LL PUBLISH your advertisement of up to 32 

words (maximum), totally free of charge. 

WANTED: TELEOUIPMENT OSCILLO-
SCOPE type S51 for spare parts. Phone after 
7.00 pm. (045) 79 6176. 

COMPUTER USERS: ATARI 520ST 

6800-based bit-mapped 512K RAM computer 
user support and magazine available from Eric 

Lindsay, 6 Hillcrest Ave, Faulconbridge 2776 

NSW. Send SASE. 
ATTENTION: CB RADIO enthusiasts! Are you 
interested in joining Australia's fastest-growing 
CB club? then write to Trans-World CB Radio 
Club, c/- 90 Crozier Ave., Daw Park, SA 5041 
or phone (08) 276 8809 for details. 

SELL: FOR APPLE Ils, STARCARD: 6 MHz 
Z80b + 64K + CPM software + manuals 
$40.00; Essential Data Duplicator Ill $40.00; 
Disk Drive Analyser $20.00; include $2.00 
postage. Write to: John, 107 Gilbert Rd, West 
Preston Vic 3072. 

PROGRAMMABLE 

POCKET 

SCANNER 

AOMDICCD/à— 

SX-155 
PROFESSIONAL 

POCKET SCANNER 
WITH OVER 16,000 
CHANNELS & 160 

MEMORIES 

28 
to 
32, 
88 

88, 
138 

1738 
and 

380 

t') 54 
MHz 

The Microcomm sx 155 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 ' 55, 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 ' 55 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 Sx • S5is a must 
for anybody with an interest in monitorine. 

PRICE 449 
+ $14 P & P 

AUSTRALIAN DISTRIBUTOR 

GFS ELECTRONIC IMPORTS 
Division of DERIBAR PTY LTD 

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

Telex: AA 38053 GFS 
Phone: (03) 873 3777 3 Lines 

e EQU • 
Direct from importer 

GW Function Generators 
n 8 lipileigialt• ell 

I r 3-7.eFelf"7:-
". 

*re 4 re = 

• Wide range 0.2Hz-2MHz Sine, 
Square, Triangle & digital. Variable 
Duty Cycle & DC offset 20V Output 
0/C 

3 MODELS AVAILABLE— 
GFG-8015F Basic, Low Cost $273 
GFG-8016S Log/Lin Sweep $347 
GFG-8016D with Counter $462 

Full 12 Month Warranty 

Escort Handhelds 
• Robust 31/2  and 41/2  digit DMMs 

• 
$100 EX 

EDM 1116 $115 
rui 12 month' warranty. INCL. TAX 

EDM-1116 
Multipurpose OMM 

e 31/2 digit LCD display 
• Capacitance ranges 
2nF to 20nF. ( 1pF res.) 

• Transistor testing 
• Other ranges DCV. 

and Diode testing 
• 0.050/o basic accuracy 
• High accuracy, 0.50/o 

TAX 

O KIKUSUI 
COS5020 20MHz. 2CH 

High reliability CROs to 150MHZ 

A1111111111M 

I,_ 11 to • • é iv *-el 

Compare the features and you'll see 
that for our price they're not worth 
being without: 
• 20nS/DIV sweep • Trigger Level 
lock • Variable Hold-Off • Auto focus 

Warranty 2 years. 1629 EX. TAX 
2 Quality Probes 729 
INCLUDED. INCL. TAX 
Drop-in to our showroom, we're open 

Saturday mornings too. 

-et r - ($à  
e 

EMONII 
INSTRUMENTS 
A division of Emona Enterprises Pty Ltd 

1st Floor 
720 George St 
Sydney 2000. 
Phone: (02) 212 4599 I 
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aem star project 

A lightweight, simple-to-build 
beam for the 70 cm amateur 
band 
Garry Crapp 
Technical Products Department 
Dick Smith Electronics 

Here's a simple, low-cost 13 element Vagi 
that comes as a kit and requires no 
adjustment. It delivers good gain and 
can be used for vertical or horizontal 
polarisation. 

THE POPULARITY and population of the amateur '70 cen-
timetre' band, which spans 420-450 MHz, has grown 
appreciably in recent years. A number of factors have con-
tributed to this, including the ready availability of reasonably-
priced commercial equipment and the variety of activities 
one can pursue, ranging from mobile operation to satellites 
and amateur TV. 
Mobile operation is popular, with narrowband FM the prin-

cipal transmission mode. A network of repeaters spread 
around the major population areas provides reliable cover-
age over considerable areas for mobile operators. 

Satellite operation is another popular activity. These 
amateur satellites carry 'transponders' which receive signals 
from stations on Earth on a small band of frequencies wi-
thin one amateur band and retransmit them to Earth within 
a small band of frequencies on another amateur band. The 
70 cm amateur band satellite allocation is 435-438 MHz. 
The relatively low, polar-orbiting series of satellites pro-

vide access several times through the day with ranges up to 
several thousand kilometres between stations. Oscar 10 
(Orbiting Satellite Carrying Amateur Radio) is in an ellipti-
cal orbit that carries it far out from Earth, providing access 
for long periods between stations that may be tens of thou-
sands of kilometres apart (Australia to Europe, Australia to 
USA, for example). Single sideband (SSB) and CW (Morse) 
are the principal transmission modes used on the satellites. 

HALFWAVE 
DIPOLE 

REFLECTOR 

Figure 1. The dipole with parasitic reflector was the 
forerunner to the Vagi. There is more radiation in the 
direction away from the reflector and less in the direction 
of the reflector. 

WAVES SLO‘AED DOVer 

IN THIS REGION 

I 

f ."771 

Figure 2. Adding a structure on the side of the dipole 
opposite the reflector slows down the waves and narrows 
the beam in this direction. 

Amateur television, with many stations capable of full PAL 
colour transmission, is popular in some areas. Amateur TV 
repeaters are located in Victoria, Tasmania, South Austra-
lia and New South Wales. 
The 'traditional activities' near 432 MHz — cross-town 

chatting, chasing DX via anomolous propagation and 
tropospheric scatter — are alive and well, SSB and CW be-
ing the popular modes. 
But joining in the fun is not as simple as buying a ' rig'. On 

70 cm you can't hang up 'a bit of wire', as you can on the 
HF bands, and expect to get too many contacts. UHF is very 
unforgiving of lossy feedlines and inefficient antennas. 
However, on the plus side, antennas with substantial gain 
are small, light and relatively easily fabricated. 

Antenna considerations 
The 70 cm amateur band is segmented by 'gentlemen's agree-
ment' to avoid clashes between the various activities and 
modes employed. 
Mobile operation is predominantly FM and vertical polar-

isation is employed. There are technical advantages to both 
— FM provides clear signals free from ignition and other elec-
trically generated interference and freedom from fading 
effects (except on weak signals). Vertically polarised anten-
nas provide substantially omnidirectional coverage, are more 
easily installed on a vehicle and are less influenced by vehi-
cle structure than horizontally polarised types. 
Omnidirectional, vertically polarised antennas with 

substantial gain (e.g-: 10 dB or greater) are quite large and 
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330mm 

REFLECTOR DIPOLE 

>I- *14 
130mm 145mm 

2 3 

Figure 4. General assembly details and dimensions. 

hence never found on vehicles, but sometimes at home sta-
tion sites. If substantial gain is required, then a beam and 
rotator combination is called for. 
For other terrestrial operations, horizontally polarised 

antennas are the ' norm'. For satellite work, circular polari-
sation is often employed to reduce fading effects — but that's 
not a consideration here. Two linearly polarised antennas 
are arranged at right angles (there being no 'horizontal' or 
'vertical' in space) and connected so as to receive signals that 
may have a variety of polarisations. 
By far the most popular beam antenna type employed on 

the amateur VHF and UHF bands is the Yagi, named after 
Hidetsu Yagi, one of its co-inventors. Its popularity derives 
from its ability to provide the most gain for the least amount 
of materials used in construction. 
The Yagi is an outgrowth of the dipole with parasitic reflec-

tor, see Figure 1. The reflector is a little longer than the half-
wave dipole and is placed about a quarter of a wavelength 
away from it. Note that it's not connected to the dipole, hence 
the term 'parasitic'. It picks up the wave radiated from the 
dipole and re-radiates it. Now this re-radiated wave, in travel-
ling past the dipole, adds in-phase to the wave from the 
dipole, increasing the power radiated in the reflector-to-
dipole direction (as shown by the large arrow). In the other 
direction, the re-radiated wave from the reflector and the 
wave from the dipole tend to be out of phase and one can-
cels the other, reducing the power radiated (as shown by the 
small arrow). 
What Mr Yagi did with this was to add a simple structure 

on the other side of the dipole (opposite the reflector), that 
slowed down the wave radiating away from the dipole. The 
effect is to compress more energy into the space immediate-
ly in front of the antenna, making a narrower beam. Figure 
2 illustrates. 
The simplest structure is just another element, like the 

reflector, only this time slighter shorter than the halfwave 
dipole. Again, there is no electrical connection between this 
element and the dipole. Only the dipole is 'driven' with the 
RF energy, hence it is often referred to as the driven element. 
The added element 'in front' of the dipole is referred to as 
a director. An assembly of directors may be added in front 
of the driven element to further narrow the beam — and that's 
just what we've got here. The general form of a multi-element 
Yagi is shown in Figure 3. 
The design of Yagi antennas is not simple, there being com-

plex mathematical interrelations between the dimensions of 
the elements and their spacings etc to produce the desired 
results. In years gone by, there was a lot of 'cut-and-try' 
Modern mathematical analysis and computer number-
crunching has been able to make Yagi antenna design more 
of an engineering exercise. 
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NO1E: DIPOI.E.PC BOARD DSE 2A1650 
REFLECTOR-10x3x3.301nm AURAINIUM STRIP-1 OFF 
DIRECTORS-10x3x270mm ALUMINIUM STRIPS-11 OFF 
BOOM-19x19x200Ornm SQUARE SECTION ALUMINIUM-1 OFF 

This month's * Star Project * is from Dick Smith Electronics who 
will be marketing kits through their stores and dealers; cat. no. K6305, 
$39.95. Mail order enquiries to PO Box 321, North Ryde 2113 NSW. 
(02) 888 3200. 

Design details 
The design of this antenna is similar to the K6304 UHF CB 
band beam (Star Project in the January 1986 issue of Aus-
tralian Electronics Monthly), the first major requirement of 
which was simplicity of construction. Thus, a simple element 
spacing scheme was settled on and the antenna designed 
around that criterion, with the directors all being set at the 
same length and spacing. This design, like the K6304, has 
a total of 13 elements, resulting in a boom length of two 
metres, allowing for some 330 mm of boom behind the reflec-
tor for mounting by 'cantilevering' the antenna from the mast. 
The boom is cut from a length of 19 x 19 mm square sec-

tion aluminium tubing, while the elements are all cut from 
10 mm wide by 3 mm thick aluminium strip, as employed 
in the K6304. The reflector to driven element spacing is 130 
mm and driven element to first director 145 mm. The spac-
ing between all the directors is constant, being 137 mm 
centre-to-centre. All the directors are the same length, which 
is 270 mm. The mechanical details are given in Figure 4. 

REFLECTOR 

DIRECTORS 

"r 

DIPOLE 
DRIVEN 
ELEMENT 

Figure 3. General form of the Yagi antenna. A half wave 
dipole is the driven element. The reflector is a few per 
cent longer, directors a few per cent shorter. The reflector 
is spaced about one-fifth to one-quarter wavelength behind 

the driven element. The directors are spaced between 
about one-tenth and one-fifth wavelength apart. 
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The driven element is a gamma-matched dipole (as in the 
K6304), so familiarly used with Yagis designed for the lower 
frequency bands. The general form of a gamma match is 
shown in Figure 5. The impedance at the centre of the driven 
element in a multi-element Yagi is quite low. To feed it with 
unbalanced coaxial cable, the cable outer conductor is con-
nected to the centre of the dipole (which is continuous) and 
the cable centre conductor 'tapped out' along one side of the 
dipole driven element to give a match to 50 ohms. The tap-
ping arrangement is called the 'gamma arm'. However, the 
gamma arm introduces some inductance in series with the 
cable centre conductor, so a small capacitance is used to 'tune 
out' this inductance. 
However, at UHF, the physical dimensions of practical 

gamma match devices unbalances the dipole driven element 
and the beam does not perform properly. The solution is to 
shorten that arm of the dipole to which the gamma match 
is attached. 
Practical, weatherproof capacitors for the small 

capacitance values required at 70 cm are impossible to ob-
tain and can be difficult to fabricate, which is why many UHF 
antenna designs published in the amateur literature shy away 
from gamma matching, apart from the problem just men-
tioned. This problem was overcome by fabricating the driven 
element from double-sided, fibreglass substrate printed cir-
cuit board. A disc at the end of the gamma arm forms the 
required capacitance with a disc on the opposite side of the 
pc board to which the inner conductor of the coax feedline 
is connected. The arrangement is shown in Figure 6. 

COAX 
CAPACITOR FEEDLINE 

'GAMMA' 
ARM 

DIPOLE 

TAP' 

centre line 

Figure 5. General form of the 'gamma match'. The tap 
provides an impedance match to the coaxial cable, but the 
gamma arm introduces a small inductance. This is tuned-
out by the capacitor in series. 

COAX 

DISC ON BOTTOM 
SIDE OF PC BOARD 

T1-1IS ARM SHORTER THAN 
OPPOSITE ARM 

DIPOLE 

Performance 
The design centre frequency is 438 MHz and the bandwidth, 
while probably restricted somewhat by the gamma match, 
should ensure good performance over the popular segments 
of the 70 cm amateur band. 
Gain was measured at 12.5 dBi (compared to an isotropic 

antenna), which equates to a little over 10 dB compared to 
a dipole. Beamwidth in the E-plane (horizontal beamwidth 
when horizontally polarised) was measured at about 15°, 
H-plane beamwidth at about 20° (horizontal beamwidth when 
vertically polarised). 

Assembly 
As all the elements and boom are precut and drilled, assem-
bly is straightforward. No measuring, cutting or drilling is 
required! First, identify all the directors and the reflector. 

I..— 5mm 

15mm 

CABLE PREPARATION 

UNDERSIDE OF DRIVEN ELEMENT 

o 

SOLDER COAX 
CENTRE CONDUCTOR 

TO PAD 

CABLE CLAMP 
3x32mm BOLT 

NUT 

FLAT WASHER 

SPRING WASHER NUT 

COAXIAL CABLE 

CABLE CLAMP 

DRIVEN ELEMENT 

'GAMMA MATCH' 

Figure 6. General arrangement of the driven element 
employed in this project. The effect of the gamma match 
on the operation of the dipole is compensated for by 
shortening that side of the dipole. 
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Figure 7. How the feedline connection is terminated and 
the driven element assembled. 



aem star project 
REFLECTOR 

The reflector will be the longest 10 x 3 mm aluminium strip. 
Next, identify which end of the boom is which. The foremost 
director is mounted right at one end. The reflector and 11 
directors are screwed to the boom using PK screws. 
To assemble the dipole driven element, a short length of 

6.5 mm diameter coax needs to be attached. This should be 
a high quality, relatively low loss type, such as RG223/U. 
You'll need only 200-300 mm. The other end should be ter-
minated in a suitable connector, such as a BNC type. Figure 
7 shows how it's done. To prepare the cable, expose about 
12-15 mm of the inner conductor and insulation. Undo the 
braid, twist it around and lay it to one side. Don't leave any 
stray braid wires hanging around loose. The centre conduc-
tor passes through the hole adjacent to the pad at the end 
of the gamma arm and is soldered to the lone pad on the un-
derside of the board. 
The driven element assembles to the boom as shown 

(Figure 7), with the driven element track on the pc board 
uppermost. Secure the cable with the cable clamp beneath 
the rearward bolt, and solder the braid to the solder lug right 
up close to the cable. This is achieved more easily if you 'tin' 
both the braid and the solder first. Use a hot iron with medi-
um diameter tip and work quickly. Try and avoid melting 
the coax's insulation. After you've completed this, seal the 
coax and the joints against the ravages of the weather by coat-
ing them liberally with a silicone sealant, such as Selley's 
'Silastic'. The copper track dipole can be protected by spray-
ing with clear lacquer. 
The short length of coax passes over the reflector and 

should be secured to the boom with either insulation tape 
or a plastic 'zip-up' cable clamp. Your feedline to the rig 
should be terminated in a suitable connector and plugged 
into the coax from the dipole via a suitable coupling joint. 

Mounting options 
This antenna may be mounted by ` cantilevering' it from the 
mast by the end of the boom protruding beyond the reflec-
tor, as mentioned earlier. Alternatively, it may be secured 
to the mast near the boom's balance point (between direc-
tors four and five if the full boom is retained, between five 
and six if the overhang is cut off). 

Vertical polarisation is employed in those segments of the 
70 cm band where channelised, FM operation predominates 
(433-435 MHz and 438-440 MHz). So, if you intend to use this 
antenna for vertically polarised operation and mount it from 
a metal mast, it should be cantilevered, as illustrated in Figure 
8a. This avoids the mast interfering with the operation of the 
antenna. However, if you use a non-metallic top section on 
your mast at least 0.5-1 m tall, then the antenna may be 
mounted to it at the boom balance point, as shown in Figure 
8b. 
For horizontal polarisation, the antenna may either be can-

tilevered, as in Figure 9a, or mounted at the boom balance 
point, as in Figure 9b.> 

SPECIFICATIONS AS MEASURED ON PROTOTYPE 

Centre frequency 438 Mhz 
No. of elements 13 
Gain   12.5 dbi* 
Front-to-back ratio  16 dB 
Beamwidth (E-plane)   15° approx. 

(H-plane)  20° approx. 
Feedpoint impedance  50 ohms 

• Gain compared to isotropic antenna. 

CLAMP 

\ 1/4 
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CAN 
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CLAMP 
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NON—METAL 
MAST 

MOUNTING AT THE 
BOOM BALANCE POINT 

Figure 8. Vertical polarisation mounting arrangement — (a) 
shows cantilever mounting where a metal mast is 
employed, (b) shows mounting at the boom balance point, 
but here a non-metallic mast must be used. 

REFLECTOR 

METAL 
MAST 
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CANTILEVER MOUNTING 

REFLECTOR 

MOUNTING AT THE 
BOOM BALANCE POINT 

METAL 
MAST 

Figure 9. Horizontal polarisation mounting arrangements — 
(a) shows cantilever mounting, while (b) shows mounting 
at the boom balance point. In both instances, a metal mast 
may be used. 
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ANTENNA BOOM 

SECURING 
NUTS 

CLAMP BRACKET 

MAST 

(round or souore) 

CLAMPING THIAMSCREWS 

Figure 10. The beam is secured to the mast with this 
specially-designed U-clamp. Note that either round or 
square- section mast may be employed. 

For mounting the antenna, a specially designed U-clamp 
is supplied with the kit, as shown in Figure 10. This will fit 
40 mm diameter round-section or 40 x 40 mm square sec-
tion mast (i.e: dressed timber). The two thumb screws secure-
ly clamp the boom and mast together, while holding them 
at a right angle. The thumb screws are secured by locking 
nuts. This U-clamp requires no drilling of either the anten-
na boom (which weakens it) or the mast. 
See that the antenna boom sits horizontal once it's secured. 
Note that extra gain may be obtained by ' stacking' two of 

these antennas and connecting them via a 'phasing harness', 
but that should be the subject of another article. 

Feedline considerations 
The range any VHF/UHF station can reliably achieve without 
'external' assistance from repeaters or propagation 
phenomena is entirely determined by what is called 'station 
system performance'. A station system comprises: 

1) the antenna 
2) the feedline 
3) the receiver, and 
4) the transmitter 

The 'height of the antenna above average terrain' (termed the 
HAAT), also matters. Either you buy a home on top of the 
biggest hill for miles around, or you put your antenna as high 
as you can (on top of the biggest tower you can afford)! 
The performance of the receiver and transmitter is a mat-

ter of personal preference and depth of pocket, and as this 
is an antenna project, let's just stick to what can be done with 
the antenna and feedline. 
Having chosen your antenna configuration then, and hav-

ing settled on where and how high it's to be mounted, con-
sider the feedline. As you know, all feedlines exhibit loss. 
What point is there in putting up a gain antenna if you throw 
away the gain with loss in the feedline? Not only that, lossy 
feedlines affect receiver noise figures and thus, sensitivity. 
Hence, the best quality low-loss coax you can afford is recom-
mended. In addition, you should keep the line length as short 
as possible, consistent with getting the antenna as high as 
practicable. 

Don't put the antenna mast 100 metres away from the rig's 
location if you can at all avoid it. Put it closer, even if it has 
to be lower, in order to keep those feedline losses down. If 
you have a substantial run of feedline between the antenna 
and the rig, you'll have to spend proportionately more on the 
feedline to keep the losses down. 
The larger diameter cables have less loss than the common 

6.5 mm cables (such as RG58). If you have to use any length 
of 6.5 mm cable, get a good low-loss type and use the short-
est possible length — preferably less than 300 mm. 
Andrews FHJ4 is a solid (i.e: not flexible) line with very 

low loss at 440 MHz and relatively high cost as a conse-
quence. Special connectors are required and are not easily 
fitted. Consider FHJ4 as the ' Rolls Royce' of cables. Belden 
9913 is a semi-flexible coax that comes highly recommend-
ed and standard 'Type N' connectors can be fitted. If you 
have a run of less than ten metres, then RG213 may be used 
as it's quite economical, but 9913 would be better. 

Rotating It 
Any light to medium duty rotator may be used for aiming 
this antenna. If you cantilever it, the height of unsupported 
mast above the rotator should be no longer than about a metre 
(for 40 mm diameter mast), depending on the make and con-
struction of the rotator. 

If you install a solid or semi-flexible feedline, a length of 
flexible cable such as RG213, should be run between the an-
tenna connection and the main feedline with some slack to 
permit rotation without straining it, as illustrated in Figure 
11. 

SEVERAL 
METRES 
OF 

FLEXIBLE 
COAX 

MAIN 

FEEDLJI,L 

Figure 11. Several metres of flexible coax must be run 
between the antenna connection and the main feedline, 
sufficient to allow rotation without straining the cable. 
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NEW PRODUCTS NEWS 

40 MHz digital storage 'scope 
Bell-IRH has released a new digital oscilloscope from 

Hitachi, the VC6041 with GP-IB interface. It features a 
40 MHz bandwidth in convential and digital mode, plus a 
large memory capacity of 4000 words/channel in each of the 
input, data save and display memories. 
Horizontal axis resolution of 

400 words/div with X 100 mag- operation. 
nification is quoted. The dual A plot switch allows analogue 
save memories enable display of recording output and the GP-
newly stored and saved memory IB/IEEE-488 interface enables 
comparisons. Roll mode allows off-line analysis of stored wave-
observation by scrolling low fre- forms using a computer or other 
quency events. Cursor functions systems. 
display time and voltage infor- For simplicity of use most fea-
mation on the LED and annun- tures are selected by single 
ciation panels. pushbutton operation. The unit 
The VC6041 offers time axis is backed by a two year 

averaging for noise elimination warranty. 
of up to 256 input waveforms. For further information 
The pre-trigger display gives 0 please contact: IRH Compo-
- 9.9 divisions. The unit also nents, 32 Parramatta Road, 
offers ground reference display Lidcombe 2141 NSW. (02) 648 
on screen and x-y phase 5455. 
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High speed CMOS 
data book 

W e hear from Protronics 
Pty Ltd in Adelaide ( a 

member of the George Brown 
Electronics Group) of the IDT 
High Speed CMOS Data Book. 

Integrated Device Technology 
Inc (IDT) who started with what 
was claimed to be the industry's 
fastest CMOS 2K x 8 SRAM, 
now is a company with three 
divisions producing a wide 

A Volt from the 
blue 

range of high-speed CMOS cir-
cuits. committed to providing 
you with "CEMOS" (tm) with 
gate lengths down to 1.2 
microns. 
Speed is dramatically im-

proved, and, claim IDT, this 
reflects the continuous R & D ef-
fort expended to maintain 
leadership in high speed CMOS 
technology. 
We reproduce here a table 

showing IDT's evolution from 

their original CEMOS 1 through 
CEMOS 11 and 111. Now 
you've seen the story, get the 

book. Contact Protronics, GPO 
Box 537, Adelaide 5001 S.A. 
(08) 212 3111. 

CEMOS 
TECHNOLOGY 

MINIMUM0,, 
FEATURE 

SIZE 
(MICRONS) 

 FASTESTSPEED 

4Kx4 SRAM 
COM'L ACCESS 

TIME (ns) 

PRODUCT 
AVAILABILITY 

I 
IIA 
IIB 
IIC 
IIIA 

2.5 
2.0 
1.5 
1.2 
1.0 

45 
35 
30 
25 

SUB 20 

Since 1982 
NOW 
NOW 
NOW 
FUTURE 

The next time you squint 
myopically at your mul-

timeter on the volts range and 
announce "She'll be right", 
spare a thought for those who 
have to measure the volt to ex-
tremely fine tolerances. 
"What's the point of that?" 

you may ask. To start with, if 
you are a large producer, such 
as an electricity generating 
authority, or large wholesaler or 

retailer of electricity, (not your 
corner electricity deli but the 
SCC for example), you would 
want to be sure exactly how 
much electricity you were 
charging for or paying for as the 
case may be. What does that 
mean? It means you must have 
a basic reference of high ac-
curacy. 
Traditionally, this has been 

provided by the "Weston Stan-
dard Cell". However, such cells 
are now only manufactured in 
very small quantities and are 
difficult to get. The alternative 

is a very high stability electron-
ic voltage standard calibrated 
by reference to national or inter-
national standards. These in-
struments don't come cheaply 
and the market is not exactly 
crowded. 
However, from Hornsby 

comes the announcement of a 
very exciting development. 
Statronics Power Supplies, in 
collaboration with the National 
Measurement Laboratory. 
CSIRO Division of Applied 
Physics, have, over a consider-
able period been developing un-
der the auspices of AP1P 
(Applied Physics Industrial Pro-
gram), a revolutionary voltage 
standard. 
Available at under $6000. this 

instrument, known as the VS4. 
provides not one high stability 
standard but four! This greatly 
increases the integrity of the 
measurement system. As sever-
al pages of closely packed 
mathematics in the extremely 
comprehensive manual indi-
cate, the improved accuracy 
resulting from the four indepen-
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dent outputs is not as simple as 
a factor of four! 
Each instrument is certified 

by the National Measurement 
Laboratory before delivery, and 
comes, with its manual, in a 
sturdy transportation case. 
Although probably not an ab-

solute necessity in every hob-
byist's den, at this price the 
Statronics VS4 will rapidly find 
a place in every large laborato-
ry where numerous DVMs and 
other equipment are calibrated 
with reference to external stan-
dards on a regular basis, 
previously a costly and time-
consuming procedure. 
Apart from its obvious value 

to Australian laboratories, the 
VS4 has excellent export 
prospects, another example of 
Australian ingenuity and 
entrepreneurial endeavour. 
We hope to run a full article 

on the development of this in-
strument in a later issue. In the 
meantime, for further details 
contact Rod Tuson at Statron-
ics Power Supplies, (02) 
476 5714. Jb._ 
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precise 
reception spot 
the easy way. 
Fully automatic 
rotator for 
lightweight 
antennae ... 
ideal for most . 
TV, FM and 
VHF/UHF. Full 
360° rotation 
with mechan-
ical stop. 
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DSE GIVING AMATEURS PRO QUALITY 
Mini Antenna "tipss 15 - Band Receiver. 

11G-2431'e  Rotator Coaxial cote You won't 
find better! Enjoy 

low loss 
without the 
expense of 
buying heliax. 
In fact, 'à otters 
better VHF/ 
UHF perform-
ance than $ 75 
BG-8 . Cat NN -2099 meter 

329 
Cat D-2831 

Gives enthusiasts 
what they want AND more! Tune into local 
AM/FM plus LW/MW/SW. Five tuning 
functions allow either direct frequency key-
in, auto or manual scanning and manual 
rotary tuning. There's a 9 station memory. 
Five LED signal strength meter. LCD digital 
frequency display doubles as 24 hour clock. 
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Cat D-5003 stereo FM broadcast band. 

STORE LOCATIONS 
Albury (000) 21 8399 
Bankstown Sq (02) 707 4888 
Blacktown (02) 871 7722 
Blakehurst (02) 546 7744 

Bondi Junction (02) 387 1444 
Brookvale (02) 93 0441 
Campbelflown (046) 27 2199 

Chatswood Chase(02) 411 1955 
Chullora (02) 642 8922 

Gore Hill (02) 439 5311 

Goeford (043) 25 0235 
Homsby (02) 477 6033 

Liverpool (02) 600 9888 
Maitland (049) 33 7866 

Newcastle (049) 61 1898 

North Ryde (02) 88 3855 

Parramatta (02) 689 211111 
Penrith (047) 32 3400 
Raihrray Square (02) 211 3777 

Sydney (02) 267 9111 

Treloar's Bldg. Brisbane St 
263 Keira St 
ACT 

96 Gladstone St 
VIC 

Creswick Rd & Webster St 
145 McCrae St 

Shop 46.Box H6 Central.Man St 
Hawthorn Rd & Nepean Hwy 

260 Sydney Rd 

1150 Mt Alexander Rd 

Nepean Hwy & Ross Smith Ave 
Shop 9 110, High St 

291-293 Elizabeth St 
Bridge Rd & The Boulevarde 

Springvale & Dandenong Rds 
OLD 

157-159 Elizabeth St 
166 Logan Rd 

Gympie & Hamilton Rds 

Tamworth (087) 643 1961 

Wollongong (042) 28 3800 

Fyshwick (062) 80 4944 

Ballarat (053) 31 5433 
Bendigo (054) 43 0388 

Boa Hill (03) 890 0699 
East Brighton (03) 592 2300 

Coburg (03) 383 4455 
Essendon (03) 379 7444 

Frankston (03) 783 9144 

Geelong (052) 43 8522 
Melbourne (03) 67 9634 

Richmond (03) 428 1614 

Springvale (03) 547 0522 

Brisbane (07) 229 9377 

Baranda (07) 391 6233 

Chermside (07) 359 6255 

Queen Elizabeth Dr & Bernard St Rockhampton 
Gold Coast Hwy & Welch St Southport 
Bowen & Ruthven Sts Toowoomba 

Ingham Rd & Cowley St West End Townsville 
Cor Pacific Hwy & Kingston Rd Underwood 
SA 

Wright & Market Sts Adelaide 
Main South á Flagstaff Rds Darlington 

Main North Rd & Darlington St Enfield 

24 Park Terrace Salisbury 
WA 
Wharf St & Albany Hwy Canninglon 

66 Adelaide St Fremantle 

William St & Robinson Ave North Perth 

Centreway Acde. Hay St Perth City 
TAS 

25 Barrack St Hobart 
NT 

17 Stuart Hwy Stuart Park 

(079) 27 9644 
(075) 32 9883 
(076) 34 4300 
(077) 72 0722 

(07) 341 0844 

(00) 
(08 ) 
(08) 

(08 ) 

(09 ) 
(00) 

(0E) 

(0E) 

212 1962 

298 8977 
260 8038 

281 1593 

451 8684 

335 9733 

328 0944 
321 4357 

(002) 31 0800 

(089) 81 1977 

Dear Customers, 
Quite often, the products we advertise are so popular they run out within a few days, or unforseeen circumstances might hold up shipments so that advertised lines are not in the 

stores by the time the advert appears. And very occasionally, an error might slip through our checks and appear in the advert (after all, we're human too!) Please don't blame the store 

manager or staff: they cannot solve a dock strick on the other side of the world. nor fix an error that's appeared in print. If you're about to drive across town to pick up an advertised line, 

why not play it safe and give them a call first ... Just in case! Thanks. Dick Smith Electronics. 
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High St. 21 8868 OLD: • Bundaberg: Bob Elkin Electronics, 81 Bourbong St. 72 1785 • Cairns: Electronic World Shop 27 K-mart Westcourt Plaza. 51 8555 • Gladstone: Purely Electronics Shop Cnr. Herbert & Auckland 
Sts 72 4321 • Mackay: Stevens Electronics, 42 Victoria St. 51 1723 • Marlborough: Keller Electronics. 218 Adelaide St. 21 4559 • &Ohm Outback Electronics Shop 71 Barkley Hwy 43 3331 • Rockhampton: Purely 
Electronics. 15 East St. 21 058 8A:. Mt Gambier: Hutchessons Communicati ons. 5 Elizabeth St. 25 6404 • » yells: Eyre Electronics Shop 2 Forsythe St. 45 4764 WA:•Albany: Micro Electronics 133 Lockyer Ave 41 3432 
TAB: • Launceston: Wills Electronics 5A The Quadrant. 34 1399 

= CRESS ORDER SERVICE 
Use your Bankcard, Mastercard or Visacard. 
Just Phone 008 228810 (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 
PACKING $5.00 - $9.99 $2.00 $50.00 - $75.00 
CHARGES $10.00 - $24.99 $3.50 $75.00 or more 

$25.00 - $49.99 $4.50 
Terms available to approved applicants 
SA Customers: Credit facilities available through 
Adelaide: 10 Pulteney St, Adelaide 

LF I E DE VERsV 

orfo„. 
-Re--ns oven 

Charge 
$6.50 
N.A. 

AEC 

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

B.114/VP 
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— from page 47 aem project 4504 
02470 DATA 
02480 DATA 

02490 DATA 

02500 DATA 

02510 DATA 

02520 DATA 
02530 DATA 
02540 DATA 

02550 DATA 
02560 DATA 

02570 DATA 
02580 DATA 

02590 DATA 

02600 DATA 

02610 DATA 
02620 DATA 

02630 DATA 
02640 DATA 

02650 DATA 

02660 DATA 

02670 DATA 

02680 DATA 

02690 DATA 

02700 DATA 

02710 DATA 
02720 DATA 

02730 DATA 
02740 DATA 
02750 DATA 

02760 DATA 
02770 DATA 
02780 DATA 
02790 DATA 
02800 DATA 

02810 DATA 

02820 DATA 

02830 DATA 
02840 DATA 

02850 DATA 
02860 DATA 

02870 DATA 

02880 DATA 
02890 DATA 

02900 DATA 
02910 DATA 
02920 DATA 

02930 DATA 

02940 DATA 

02950 DATA 

02960 DATA 

02970 DATA 

02980 DATA 

02990 BATA 

03000 DATA 
03010 DATA 

03020 DATA 

"east","SwQ" 

"eight","TQ" 
"eighteen","TQMSK" 

"eighty", "TOMS" 

"eleven","SmGctr 
"tmergency","SPsJGKwS" 
"engagement","GGedTAJPGGKABM" 

"engages","GGUdTAJLk" 

"engaging","0GedTAJLI" 
"enrage","GKNTAJ" 
"enraged","GKNTAJAU" 

"enrages","GKNTAJLk" 
"enraging","0KNTAJL1" 

"error","GGes" 

"extent","GjeGGKM" 

"exterminate","GiesPLxTM" 

"f","GGhh" 

"father","h(Rs" 
"february","hG\e_tS" 

"fifteen","hLhMSK" 

"fifty","hLhMS" 
''fir'', ' ht" 

"five","hFc" 

"fools","e^mf" 

"force","hzww" 

"four","hleg" 
"fourteen","hWgMSK" 
"fourty","hWgMS" 
"freeze","hhNSO 
"freezer","hhNSks" 

"freezers","hhNSksk" 

"friday","hgFAaT" 
"from","hgXP" 

"frozen","hhNukCe 

"gemini","JGPLxF" 

"glenn","AteGl" 

"h","TABr" 
"happy","yZIS" 

"has","[Uk" 

"have","11Zc" 
"hello","(Gmu" 

"hertz","yytOk" 

"how","y" 
"hundred","yOOKAaglie" 

"F" 
"idiot","LAaLLLOQ" 
Mi n U , HLKM 

"input","LKB1"Q" 

"is", " Lk" 

WjN "JOT" 

"january","JZK_IltS" 

ijohn","JXK" 

"jul ie", " JrS" 

03030 DATA 

03040 DATA 

03050 DATA 

03060 DATA 
03070 DATA 

03080 DATA 

03090 DATA 

03100 DATA 
03110 DATA 
03120 DATA 

03130 DATA 
03140 DATA 

03150 DATA 

03160 DATA 
03170 DATA 
03180 DATA 
03190 DATA 
03200 DATA 

03210 DATA 
03220 DATA 

03230 DATA 

03240 DATA 

03250 DATA 

03260 DATA 

03270 DATA 
03260 DATA 

03290 DATA 
03300 DATA 
03310 DATA 

03320 DATA 

03330 DATA 

03340 DATA 

03350 DATA 

03360 

03370 
03380 
03390 
03400 

03410 

03420 

03430 

03440 

03450 
03460 
03470 

03480 
03490 
03500 

03510 
03520 

03530 

03540 

03550 

03560 

03570 

03580 

DATA 

DATA 
DATA 

DATA 
DATA 

DATA 

DATA 

DATA 

DATA 
DATA 

DATA 
DATA 

DATA 
DATA 
DATA 

DATA 
DATA 
DATA 

DATA 

DATA 

DATA 

DATA 
DATA 

"july",'LmF" 

"june","J_K" 
"k","j0T" 

"karen","j2geK" 

"kile,"jLmu" 

"know","xu" 

"kristy","HgLw0S" 
ii 

"live","mlc" 
,• "00P" 

"march","Ptr" 

"mark","P(i" 

"may", "PT" 
"mega","P0d0" 

"memory","POP4S" 
"mhz","PGdùyytQk" 
"microbee","PFABHguPS" 

"microbug',"PFABligu@?We" 
"minute","PLKLIM" 
"minutes","PLKUMk" 

"modem","PuAaGP" 
"minday","POOKAaT" 
"month","POK11" 

"mother","POvs" 

• "GOK" 
"name","xTP" 
"naughty","xWW8QS 
"nine","xFY" 
"nineteen","xFKMSK" 

"ninety","xFKMS" 
,,no,, "YO" 

"november","xec0P\s" 

"october","Xi@Qu\s" 

"of","Xc" 

"on","XK" 
"one","p0K" 

"or", " z' 
nour a , U, 5 11 

"p" ,"1S" 

"past","1(wM" 

"penelope","ABIGKOmulS" 
"penny","ABIGKS" 

"point","1EKQ" 

"q",',1q2 
"r","C" 
"ram","gAllP" 

"rebecca","Ns?G8H(" 

"ross","NXww" 

"s","GGww" 
"saturday","wwZ8MsaT" 

"september","wGIQGP\s" 

"seven","ww00cLK" • 

"seventeen","wwG0cLKMSK" 
"seventy","ww0GcLKMS" 

YOUR FIRST CHOICL 
FOR FEATURES, 
QUALITY 8t VALUE 

PLUKE 73 FLUKE 75 FLUKE 77 
Analog/digital display  Analog/digital display  Analog/digital display  

Volts ohms. 100 d'ode Volts ohms 10A mA. \kilts ohms 100 mA 
test  diode test  d'ode test  

Autorange  Audible confinulty  Audible confinuny  

07% basic dc accuracy Autorange/range hold  -Touch Hold" tunction 

2000+ hour battery Pte 05% basic cic accuracy Autorange/range hold  

3-year warranty  no. hour battery Ide 03% basic dc accuracy 
  3-year warranty  2000+ hour battery Irle 

  3-year warranty  
  Multpurpose holster  

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 

See the 70 Series at leading electronics stores 
or contact us for data 

ELMEASCO 
Instruments Ptg. Ltd. 

NEW SOUTH WALES VICTORIA OUEENSLAND 
15 McDonald Street 12 Maroondah Highway Tel 1071 369 8688 
MORTLAKE RINGWOOD S AUSTRALIA 
P 0 Roy 30 CONCORD P 0 Box 623 RINGWOOD T,, ,08, 344 9000 
NSW 2137 VIC 3134 
Tel 1021 736 2888 Tel 1031 879 2322 W AUSTRALIA 
Tete> AA25887 Tete, AA30418 EL l'ENI Tel (091481 1500 
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ELECTRONIC FACILITIES 
SPECIAL OFFER 

TO ALL 
AUSTRALIAN ELECTRONICS MONTHLY READERS. 

A SEMICONDUCTOR SPECIAL. 

This pack of selected 74LS IC's is ideal for any hobbyist or professional alike. The pack contains the 
most common IC's that are used for your designs, projects or servicing. 

All IC's in this special offer are top quality NATIONAL PANASONIC brand. 

A ONCE IN A LIFETIME SPECIAL. 

- —(...(«•' •t•-t.' — .1 I I 1.—(—P.( 1 t«.• •((• —( ..-t. ..., —1'=(.1'.((•(.. -.M.1.-(....... ('...'if.1..-(....." 
l 
.1 5 of Each i• 

t 130 IC's FROM NATIONAL PANASONIC. .. 
i 74LSOO t 
î I. 
i 74LSO2 t 
1 74LSO4 I 
I 74LSO8 i I' 
iî 74LS10 i-
î 74LS123 1-
î 74LS132 i' 
î 74LS138 ir 

-1 74LS139 t t 

4 74LS14 t 
1 74LS164 t 
I 74LS165 I. 
î 74LS175 t 
î 1 
î 74LS20 r 
I 74LS22 1 
I 74LS240 r 
î 74LS244 i-
î 

74LS245 ti I 
1 74LS57A 1 
1 74LS30 i 
I 74LS32 1 
1 i-
î 74LS373 j-
I 74LS374 1 
li 74LS393 I 
I 74LS74A i. 
î si. 
î 74LS86 j-
î r 

tott, 
444/4 458 teldw* 

lite> 40"klee• Si 

Np *wont itto 
e 

ONLY 
$67.60 
Plus $2 50 P&P 

Would normally retail about $ 140.00 

THIS IS AN OFFER THAT YOU CANNOT MISS OUT ON. 

PLEASE SEND your mail order to: ELECTRONIC FACILITIES Pty Ltd 
PO BOX 351 67 Dickson Avenue, Artarmon 
Artarmon N.S.W. 2064 Sydney NSW 2064 Australia 

MONEY ORDER CHEQUE Telephone: 439 3786 

NAME   Telex AA1 77084 

ADDRESS   

National 

TOLL FREE (008) 22 6385 
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ELECTRONIC FACILITIES 
SPECIAL OFFER 

TO ALL 
AUSTRALIAN ELECTRONICS MONTHLY READERS. 

nemenemmem3yem 

A SEMICONDUCTOR SPECIAL. 

This pack of selected 74LS IC's is ideal for any hobbyist or professional alike. The pack contains the 
most common IC's that are used for your designs, projects or servicing. 

All IC's in this special offer are top quality NATIONAL PANASONIC brand. 

A ONCE IN A LIFETIME SPECIAL. 

5 of Each 

74LSOO 
74LSO2 
74LSO4 
74LSO8 
74LS10 
74LS123 
74LS132 
74LS138 
74LS139 
74LS14 
74LS164 
74LS165 
74LS175 
74LS20 
74LS22 
74LS240 
74LS244 
74LS245 
74LS57A 
74LS30 
74LS32 
74LS373 
74LS374 
74LS393 
74LS74A 
74LS86 

130 IC's FROM NATIONAL PANASONIC. 

%Le " se 44.146, ti - ' 

% a 

/eel. ;4 teeti 
eateecezti%kee 

4441 1 b e n I 4.1* eb 

SO 4r e 
ONLY 
$67.60 
Plus $2.50 P&P 

Would normally retail about $140.00 

THIS IS AN OFFER THAT YOU CANNOT MISS OUT ON. 

PLEASE SEND your mail order to: ELECTRONIC FACILITIES Pty Ltd 
PO BOX 351 
Artarmon N.S.W. 2064 

MONEY ORDER D CHEQUE 

NAME   

ADDRESS  

67 Dickson Avenue, Artarmon 
Sydney NSW 2064 Australia 
Telephone: 439 3786 
Telex AA177084 

TOLL FREE (008) 22 6385 

National 
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— from page 47 aem project 4504 
02470 DATA peast","SwQ" 

02480 DATA "eight","TO" 
02490 DATA "eighteen","TQMSK" 

02500 DATA "eighty","TOMS" 

02510 DATA ieleven","SectK° 
02520 DATA "emergency","SPsJGKwS" 
02530 DATA " engagement","GO@KdTAJPGGKABM" 

02540 DATA "engages","GG@KdTAJLk" 
02550 DATA "engaging","GG@KdTAJL1" 
02560 DATA "enrage","eNTAJ" 
02570 DATA " enraged","GKNTAJAU" 

02580 DATA "enrages","GKNTAJLk" 
02590 DATA " enraging","GKNTAJL1" 

02600 DATA "error","GGes" 

02610 DATA "extent","GjeGGKM" 
02620 DATA "exterminate","GiesPLxTM" 

02630 DATA " f","GGhh" 

02640 DATA " father","ffls" 
02650 DATA " february","hGWY_tS" 
02660 DATA " fifteen","hLhMSK" 

02670 DATA " fifty",nhLhMS" 
02680 DATA " fir","ht" 

02690 DATA " five","hFc" 

02700 DATA " fooll,"h^^m" 
02710 DATA " fools",11^^mf" 

02720 DATA " force","hzwe 
02730 DATA " four","444" 

02740 DATA " fourteen","hWeK" 
02750 DATA " fourty","hWgMS" 
02760 DATA " freeze","hhNSk" 

02770 DATA " freezer","hhNSks" 

02780 DATA " freezers","hhNSksk" 

02790 DATA " friday","hgFAaT" 

02800 DATA " from","hgXP" 
02810 DATA " frozen","hhNukOK° 

02820 DATA " g","J3" 
02830 DATA " gemini","J0PLxF" 

02840 DATA " glenn","AbmG1" 

02850 DATA " h"TABr" 
02860 DATA " happy","yZIS" 

02870 DATA " has","[Uk" 
02'880 DATA " have","[[Zc" 

02890 DATA " hello","[Gmu" 

02900 DATA " hertz","yytOk" 
02910 DATA " how","y" 

02920 DATA " hundred","yOOKAagLaU" 

02930 DATA " i"F" 
02940 DATA " idiot","LAaLLLOO" 
02950 DATA " in","LK" 

02960 DATA " input","LKBI"Q" 

02970 DATA " is","Lk" 

02980 DATA " it","LCO" 

02990 DATA " j","JGT" 
03000 DATA " january","JIK_qtS 

03010 DATA " john","JXK" 
03020 DATA " julie","JrS" 

03030 DATA 

03040 DATA 

03050 DATA 

03060 DATA 

03070 DATA 

03080 DATA 

03090 DATA 

03100 DATA 
03110 DATA 
03120 DATA 

03130 DATA 

03140 DATA 

03150 DATA 

03160 DATA 
03170 DATA 

03180 DATA 
03190 DATA 

03200 DATA 
03210 DATA 
03220 DATA 
03230 DATA 

03240 DATA 
03250 DATA 

03260 DATA 

03270 DATA 
03280 DATA 
03290 DATA 
03300 BATA 
03310 DATA 
03320 DATA 

03330 DATA 

03340 DATA 

03350 DATA 

03360 DATA 

03370 DATA 
03380 DATA 

03390 DATA 
03400 DATA 

03410 DATA 

03420 DATA 
03430 DATA 
03440 DATA 

03450 DATA 

03460 DATA 
03470 DATA 

03480 DATA 

03490 DATA 
03500 DATA 
03510 DATA 
03520 DATA 

03530 DATA 

03540 DATA 

03550 DATA 

03560 DATA 

03570 DATA 

03580 DATA 

"july","J_mF" 

"june","J_K" 

"karen","jZgeK" 

"kile,"jLmu" 

"know","xu" 

"kristy","HgLw0S" 

"live","mlc" 
"GGP" 

"march",°P[r" 
"mark', "PU' 

"mega","PGdO" 
"memory","PGPXgS" 
"mhz","PGdOyytOk" 
"microbee","PFABHguA?S" 

"microbug","PFABHgu@?WWb" 
"minute","PLKLBM" 
"minutes","PLKLBMk" 

"modem","PuAaGP" 

"monday","POOKAaT" 
"month","POKW 

"mother","POve 

"my", "PF" 
"n","GGK" 
"name","xTP" 
"naughty","xWWBQS" 
"nine","xFK" 
"nineteen","xFKMSK" 

"ninety","xFKMS" 

"no","xu" 
"november","xu@cGP\s" 

"o","u" 
"october","Xi@Ou\s" 
"of","Xc" 

mon","XK" 
"one","p0K" 
" " or 

"our","s" 
Up D, MISII 

"past","I(wM" 
"penelope","ABIGKGmuIS" 

"penny","ABIGKS" 

"point","IEKQ" 
11 (1 M, di t1.21 

"rn ,°(U 

"ram","gAllP" 

urebecca","Ns?GBK" 

"ross","NXww" 
"s","GGeo" 

"saturday","wwZBMsaT" 

"september","wGIQGP\s" 
"seven","ww0GcLK" 

"seventeen","weGcLKMSK" 

"sventy","ww0GcLKMS" 

YOUR FIRST CHOICE 
FOR FEATURES, 
QUALITY 84 VALUE 

FLUKE 73 FLUKE 75 FLUKE 77 
Analog/digital display  Analog/digital display  Analog/dig/at display  

%bits. ohms. 10A diode %bits ohms. 10A. mA. Volts. ohms 10A mA. 
lest  diode test  diode test  

Autorange  Audible continuity  Audible continuity  

07% basic Cc accuracy Autorange/range hold  "Touch Hold" - function 
2000* hour battery life 06% basic dc accuracy Autorange/range hold  

3-year warranty  2000+ hotu battery lite 03% basic dc accuracy  

  3-ear warranty  2000+ hour battery lite 

  3-year warranty  
  Multipurpose holster  

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 

See the 70 Series at leading electronics stores 
or contact us for data 

ELMEASCO 
Instruments Ply. Ltd. 

NEW SOUTH WALES VICTORIA QUEENSLAND 
15 McDonald Street 12 Maroondah Highway Tel 1071 369 8688 
MORTLAKE RINGWOOD S AUSTRALIA 
P 0 Box 30 CONCORD P 0 Box 623 RINGWOOD 
NSW 2137 V1C 3134 Tel 4081 344 9XO 
Tel iCQi 736 2838 Tel f018792322 W AUSTRALIA 
Telex AA25887 Tier AA3C-118 EL 1151 Ir,D.9 481 15.0n 
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— from page 89 4504 
03590 DATA " sister","wwLes" 

03600 DATA " six","wLie 
03610 DATA " sixtetn","wLieSK" 

03620 DATA " sixty","wLieS" 
03630 DATA " son","w0K" 

03640 DATA " sound","eKe 

03650 DATA " south","wer 

03660 DATA " space","wITe 
03670 DATA " statement","wAOTAGPGKO" 

03680 DATA " sunday","wwOOKBaT" 

03690 DATA " suz","w0k" 
03700 DATA " suzanne","w-kZZK" 

03710 DATA " t","MS" 

03720 DATA " talker","MWWAis" 

03730 DATA " television","MGmLcLwLW 
03740 DATA " ten","MOK" 

03750 DATA " test","MGwAO" 

03760 DATA " testing","MOwA111" 

03770 DATA " the","vX" 

03780 DATA " their","]GGGo" 
03790 DATA " there","JOGGo" 

03800 DATA " thirteen","]sMSK" 

03810 DATA " thirty","]sMS" 
03820 DATA " this","Rbe 

03830 DATA " thousand","rkZKU" 
03840 DATA " three","vgS" 
03850 DATA " thursday","]tkAaT" 
03860 DATA " tim","M\P" 

03870 DATA " time"MFP" 
03880 DATA " to","M--" 

03890 DATA " today","M-aT" 

03900 DATA " tuesday","MqkAaT" 

03910 DATA " twelve","MnG-Ac" 
03920 DATA " twenty","Mra(MS" 

03930 DATA " two","M--" 
03940 DATA 

03'950 DATA " v","cS" 
03960 DATA "vision","cULLW" 
03970 DATA "w","a0A?"2 

03980 DATA "want","nffle 
03990 DATA "wednesday","niUkAaT" 

04000 DATA " what","pXBO" 
04010 DATA " whou,"yy"-" 

04020 DATA "with","nLv" 
04030 DATA "xGGBiww" 
04040 DATA "y","nF" 
04050 DATA " year","Y:" 
04060 DATA " yes","Y0ww" 
04070 DATA " you","Y2 

04080 DATA " your","Yz" 

04090 DATA " z","kGBU" 

04100 DATA " zero","fSgu" 

04110 DATA " dataend","zzzz" 
04120 REM data line " dataend", 

"zzzz" must be last data line 

04130 END OF PROGRAM LISTING 

Uu té , " (121 

— from page 63 

able on all graphics modes) in which the CPU 
tells the graphics processor what colour a par-
ticular pixel is to be and the required change 
in colour over the rest of that line. This means 
that you can have all 4096 colours shown on-
screen at the same time, and (more usefully) 
can shade graphics objects so subtly that they 
look a bit more like 'live' images. 
Audio is reasonably well-supported, with 

the audio coprocessor able to handle four 
simultaneous channels, each with its own 
attack-delay-sustain-repeat (ADSR) envelope 
and each selectable for right, left or both of 
the output channels. There's a nice piece of 
software called Musicraft which allows you 
to draw a waveform on the screen using the 
mouse, modify its envelope, add vibrato and 
whatever, and then 'play' it using the key-
board. The Amiga's operating system can tell 
when you press, and when you release, up to 
three keys at a time, so polyphony is no 
problem. Yet another add-on hardware box 
gives the machine a ' MIDI' interface, which 
is an industry standard way of connecting 
computers to electronic musical instruments 
(e.g: a synthesiser). 
One curiosity with the audio is that there 

is no loudspeaker built in. This means that, 
unless you connect an audio amp and exter-
nal speaker, or use the Amiga monitor (which 
has an amp and speaker in it), you will get 
no beeps from your software when you make 
a blooper. 

el I w 

'4111%,441, 

Manuals 
The documentation that comes with the 
Amiga is (to the best of my knowledge) an 
industry first. It's printed with colour pictures 
throughout, and it's well-written. It's all a 
manual should be (apart from a preponder. 
ance of errata sheets which, I guess, Commo-
dore will fix). The technical manuals (totalling 
around 150 mm of paper!) are also well-
written, clear, concise and honest. Why can't 
everyone do it this way? 

All in all, the Amiga is a nice, clean friendly 
machine, designed by well-meaing engineers 
somewhere in California. How well it does 
out in the cold hard world of the marketplace 
(or the hot hard world of the Australian mar-
ketplace) is another story. I can only assume 
that Commodore, which is no stranger to the' 
hard world, knows what it's doing and will 
provide the backup and software to support 
the machine before the gloss wears off it. 

Recommendation? 
My recommendation: fantastic for serious 
hackers, technical people who want to play 
with C and windows, TV stations, video 
production houses and ad agencies who want 
their own animated logos, etc at low cost, 
video games manufacturers and AEM read-
ers heavily into graphics, sound and sophisti-
cated programs. I can't advise on the Amiga's 
usefulness to small businessmen because I ha-
ven't seen the business software. t+-

po FLUKE 20 SERIES 
ANALOG/DIGITAL rULTIMETERS FOR 
THE TOUGHEST 
ENVIRONMENTS 

FL FLUKE _ 27 

Yellow case colour 

Analog/Digital display 

Touch Hold- function (23) 

0°C to 50°C operation 

0.5% & 0.3% basic accuracy 

100 uV to 1000V dc 

ImV to 750Vac 

10 uA to 10A (23), all fused 0.1 uA to 10A. all fused 

10 uA to 320 mA (21) . fused Relative (difference) 
mode 127) 

Three-year warranty 

Charcoal or yellow case 
colour 

Analog/ Digital display 

Touch Hold- function 

-I5°C 1055°C operation 

0.1% basic accuracy 

100 uy to 1000V ac and dc 

MIN/ MAX recording 
mode 127) 

Ruggedized. waterproof 
case 

Two-year warranty 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS 

FLUKE 

See the Fluke 20 series at leading electronics 
stores or contact us for data 

ELMEASCO 
Instrutnuints Pte LW. 

NEW SOUTH WALES VICTORIA QUEENSLAND 
15 McDonald Street 12 Maroondah Tfighway Tel (071 369 KM 
MORTLAKE RINGWOOD S AUSTRALIA 
P 0 Boo 30 CONCORD P 0 Box 623 RINGWOOD 
NSW 2137 VIC 3134 lei 344 9000 
Tel (021 736 2889 Tel ID 879 2322 W AUSTRALIA 
Telex AA2987 Telex AA30418 EL TENT Tel 109,481 1500 

February 1986 — Australian Electronics Monthly — 91 



GENERAL INSTRUMENTS 
SP0256-AL2 SPEECH PROCESSOR 
Features 
• Natural Speech 

• Stand Alone Operation with Inexpensive Support Com-
ponents 

• Wide Operating Voltage 

• Word, Phrase, or Sentence Library, ROM Expandable 
• Expandable to 491K of ROM Directly 
• Simple Interface to Most Microcomputers or Micropro-

cessors 

GENERAL DESCRIPTION 
The SP0256 Speech Processor is a single chip N-Channel MOS LSI 
device that is able, using its stored program, to synthesize speech 
or complex sounds. 
The achievable output provides a flat frequency response to 5 kHz, 

a dynamic range of 42 dB, and a signal-to-noise ratio of approximate-
ly 35 dB. 
The SP0256 incorporates four basic functions: 

• A software programmable digital filter that can be made to model 
a vocal tract. 

• A 16K ROM which stores both data and instructions (the program). 
• A microcontroller which controls the data flow from the ROM to 

the digital filter, the assembly of the "word strings" necessary 
for linking speech elements together, and the amplitude and pitch 
information to excite the digital filter. 

• A pulse-width modulator that creates a digital output which is con-
verted to an analogue signal when filtered by an external low pass 
filter. 

One example of a preprogramed SP0256 is the AL2 pattern. 

ALLOPHONE SPEECH SYNTHESIS 
The allophone speech synthesis technique provides the user with the 
ability to synthesise an unlimited vocabulary at a very low bit rate. Fifty-
nine discrete speech sounds (called allophones) and five pauses are 
stored at different addresses in the SP0256 internal ROM. Each speech 
sound was excised from a word and analyzed using linear predictive 
coding (LPC). 
Any English word or phrase can be created by addressing the ap-

propriate combination of allophanes and pauses. Since there is a to-
tal of 64 address locations each requires a 6-bit address. Assuming 
that speech contains 10 to 12 sounds per second, allophone synthe-
sis requires addressing less than 100 bits per second. 

LINGUISTICS 
A few basic linguistic concepts will help you start your own library of 
"allophone words". 

First, there is no one-to-one correspondence between written let-
ters and speech sounds; secondly, speech sounds are acoustically 
different depending upon their position within a word; and lastly, the 
human ear may perceive the same acoustic signal differently in the 
context of different sounds. 
The first point compares to the problem that a child encounters when 

learning to read. Each sound in a language may be represented by 
more than one letter and, conversely each letter may represent more 
than one sound. (See the examples in Table 2.) Because of these spell-
ing irregularities it is necessary to think in terms of sounds, not letters, 
when using allophones. 
The second, and equally important point to understand, is that the 

acoustic signal of a speech sound may differ depending on its posi-
tion within a word. For example, the initial K sounds in coop will be 
acoustically different from the K's in keep and speak. The K's in coop 
and keep differ due to the influence of the vowels which follow them, 
and the final K in speak is usually not as loud as initial Ks. 

TOP VIEW 

Ves C 

RESET C 

ROM DISABLE C 

Cl C 

C2 C 

C3 C 

Vdd C 

SBY C 

LRQ C 
A8 C 

A7 C 

SER OUT C 
A6 C 

AS E 
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28 

27 

26 
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23 
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20 
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16 

15 

• OSC 2 

• osc 1 
ROM CLOCK 

• SBY RESET 

3 DIGITAL OUT 
3 Vdi 
3 TEST 
3 SER IN 
3 ALD 
M SE 

3 Al 
3 A2 

3 A3 

3 A4 

PINOUT 

ELECTRICAL CHARACTERISTICS 
Maximum Ratings 

All pins with respect to VSS   -0.3 to 8.0V 
Storage Temperature  -25°C to 125°C 

Standard Conditions 
Clock - Crystal Frequency 3.120 MHz 
Operating Temperature (TA) 0°C to 70°C 

DC CHARACTERISTICS 

• Exceeding these ratings could cause permanent 
damage to the device. This is e stress rating only 
and functional operation of this device et these con-
ditions is not implied. Operating ranges are speci-
fied in Standard Conditions Exposure to absolute 
maximum rating conditions for extended periods 
may affect device reliability. 
Data labeled -typical" is presented for design 

guidance only and is not guaranteed 

Characteristics Sym Min Typ Max Units Conditions 

Primary Supply Voltege V°. 48 - 7 V 

Standby Surely voilage Vo, 48 - 7 V 

Primary Supply Current I. - - SO mA V,;,. V... 70V 

Standby SuPPIY Curren, to, — — mA v. e 0 CAL 

Input. 

A1•48, A-1:15, SER IN. TEST, SE 

Logic 0 V. 0 - as V 

Loge 1 Vo, 24 - Vo, V 

Capacitance Co. - - 10 pf 

Leekage I,o - - ill) ree 

RESET, SBY RESEI' 

Loge 0 V., 0 - 04 V 

Logic 1 Vo,, 3 8 - Vs, y 

Oacilletor I. 444444 

OSC I - 10 - 10 rrA No Load. OSC1 e 7 OV 

Output. 

Sly, DIGITAL OUT, Cl, C2. C3, ffl, 
5014 DISABLE. ROM CLOCK. SER OUT 
Logic 0 Vo. 0 - 08 V 0 72reA 12 LS TTL Lome 

Lope 1 Vo„ 35 - Vo, V -50,A 12 LS TTL Loada) 

AC CHARACTERISTICS 

Clock Frequency - 320 - MHz Crystal 

Reset SBY Reset 4„, 100 - - us 

ALD (< 800ns) t.„, 200 - 800 na 

.41,8 Sal UP le ler0 - - na 

Aras mold I„. tI50 - ns 

AL01)1100n0 too, 000 - - na 

Au,/ Set UP ty 0 - in 

A1.48 Mold tr4 l200 - na 

LK) t„„,o - - 840 na 

See ire - - 040 re 
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CI 

C2   

CT   

SER OUT 

SCR IN 

SP0256A—AL2 BLOCK DIAGRAM 

EXT270IAL ROW 
CONTROL 

ALU 

DATA 

a • a BIT 
ROB 

—I ADDRESS REGISTER 

START ADDRESS 
LATCH 

ROM CISABLE 

ea. CLOP( 

SOURCE AND 
INTERPCIATICN 
(S REGISTERS) 

SERIAL COEFT1CIENT TRANSFER 

" ttffittt 
Al 

II BIT 
ADORESS siV RESET 

12 
HOLDING REGISTERS 

(COEFFICIENTS) 

4 8 BITS 4 

VOCAL TRACT MODEL 
(12 PM/ DIGITAL 

FILTER) 

,4 7 BITS 4 

PULSE WIDTH 
IIODULADDR 

ALD SE UtO SBY VO 

°s  ̀

8 BITS 

OSC 2 

OSC 1 

DICiTAL 
OUT 

PIN NUMBER NAME FUNCTION 

VSS Ground 

2 RESET A logic 0 resets that portion of the SP powered by VDD Must 
be returned to a logic 1 for normal operation 

3 ROM DISABLE For use with an external serial speech ROM, a logic 1 disables 
the external ROM 

4. 5. 6 CI. C2. C3 Output control lines for use with an external serial speech 
ROM 

7 VDD Power supply for all portions of the SP except the 
microprocessor interface logic. 

8 SBY STANDBY A logic 1 output indicates that the SP is inactive 
and VDD can be powered down externally to conserve 
power 
When the SP is reactivated by an address being loaded. SBY 
will go to logic 0 

9 LRO LOAD REQUEST LRO is a logic 1 Output whenever the input 
buffer is full. When LRO goes to a logic O. the input port may 
be loaded by placing the 8 address bits on Al-A8 and pulsing 
the ALD output. 

10,11.13,14, 15, A8, A7. A6, A5. 8- bit address which defines any one of 256 speech entry 
16, 17, 18 A4. A3, A2, AI points 

12 SER OUT SERIAL ADDRESS OUT This output transfers a 16-bit 
address serially to an external speech ROM 

19 SE STROBE ENABLE Normally held in a logic 1 state When 
tied to ground. ALD is disabled and the SP will automatically 
latch in the address on the input bus approximately 1 ps after 
detecting a logic 1 on any address line 

20 ALD ADDRESS LOAD A negative pulse on this input loads the 
8 address bits into the input port The negative edge of this 
pulse causes LRO to go high 

21 SER IN SERIAL IN This is an 8- bit serial data input from an external 
speech ROM 

22 TEST This pin should be grounded for normal operation 

23 VD! Power supply for the microprocessor interface logic and 
controller 

24 DIGITAL OUT Pulse-width modulated digital speech output which, when 
filtered by a 5 kHz low pass filter and amplified. will drive a 
loudspeaker 

25 SBY RESET STANDBY RESET A logic 0 resets the microprocessor 
interface logic and the address latches Must be returned to 
a logic 1 or normal operation 

26 ROM CLOCK This is a 1 56 MHz clock output used to drive an external 
serial speech ROM 

27 OSC I XTAL IN ' Input' connection for 3 12 MHz crystal. 

28 OSC2 XTAL OUT 'Output' connection for 3 12 MHz crystal 

APPUCATIONS CIRCUIT 

.,v 

Finally, a listener may identify the same acoustic signal differently 
depending on the context in which it is perceived. Don't be surprised, 
therefore, if an allophone word sounds slightly different when used 
in various phrases. 

PHONEMES OF ENGLISH 
The sounds of a language are called phonemes, and each language 
has a set which is slightly different from that of other languages. Table 3 
contains a chart of all the consonant phonemes of English, Table 4 
all the vowel phonemes. 

Consonants are produced by creating an occlusion or constriction 
in the vocal tract which produces an aperiodic sound source. If the 
vocal cords are vibrating at the same time, as in the case of the voiced 
fricatives VV, DH, ZZ, and ZH, (see Table 5) there are two sound 
sources: one which is aperiodic and one which is periodic. 
Vowels are usually produced with a relatively open vocal tract and 

a periodic sound source provided by the vibrating vocal cords. They 
are classified according to whether the front or back of the tongue is 
high or low (see Table 4) whether they are long or short, and whether 
the lips are rounded or unrounded. In English all rounded vowels are 
produced in or near the back of the mouth (UW, UH, OW, AO, OR, AW). 
Speech sounds which have features in common behave in similar 

ways. For example, the voiceless stop consonants PP, TT, and KK 
(See Table 3) should be preceded by 50-80 msec of silence, and the 
voice stop consonants BB, DD, and GG by 10-30 msec of silence. 

ALLOPHONES 
Phoneme is the name given to a group of similar sounds in a language. 
Recall that a phoneme is acoustically different depending upon its po-
sition within a word. Each of these positional variants is an allophone 
of the same phoneme. An allophone, therefore, is the manifestation 
of a phoneme in true speech signal. It is for this reason that our in-
ventory of English speech sounds is called an allophone set. 

ALLOPHONE USAGE WITH A MICROPROCESSOR 
The SP0256-AL2 requires the use of a processor to concatenate (link 
together) the speech sounds to form words. The SP0256 is controlled 
using the address pins (A1-A8), ALD (Address Load), and SE (Strobe 
Enable). The object for controlling the chip is to load an address into 
it which contains the desired allophone. The speech data for the allo-
phone set is contained within the internal 16K ROM. This particular 
application requires only six address pins (A1-A6) to address all the 
59 allophones plus five pauses, a total of 64 locations. For simplicity, 
since only six address pins are needed to address the 64 locations, 
pins A7 and A8 can be tied low (to ground) and any further reference 
to the address bus will include Al-A6 and A7 = A8 = O. 

There are two modes available for loading an address into the chip. 
SE (Strobe Enable) controls the mode that will be used. 
Mode 0 (SE = 0) will latch in an address when any one or more of 

the address pins makes a low to high transition. For example, to load 
the address one ( 1), A2 to A6 = 0 and Al is pulsed high. To load the 
address twelve ( 12 octal), Al = A3 = A5 = A6 = 0, A2 and A4 are pulsed 
high simultaneously. (Note that an address of zero cannot be loaded 
using this mode). 
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Mode 1 (SE = 1) will latch in an address using the ALD pin. First, 

setup the desired address on the address bus (A1-A6) and then pulse 
ALD low. Any address can be loaded using this mode, but certain setup 
and hold times are required (refer to the timing diagrams). 
Two microprocessor interface pins are available for quick loading 

of addresses. They are LRQ and SBY. LRQ (Load Request) tells the 
processor when the input buffer is full. SBY (Standby) tells the proces-
sor that the chip has stopped talking and no new address has been 
loaded. Either interface pin can be used when concatenating allo-
phones. LRQ is an active low signal, when LRQ goes low it is time 
to load a new address to the chip. If LRQ is high, then simply wait 
for it to go low before loading the address. SBY will stay high until 
an address is loaded, then it will go low and stay low until all the inter-
nal instructions (Speech Code) from that one address are completed. 
Once this signal goes high, it is time to load a new address. Since 
speech does not require very fast address loading, it would be accept-
able to use SBY to interface to the processor. 
To end a word using allophones, it is necessary to load a pause 

to complete the word. For example, the word "TWO" can be 
implemented using the following allophanes: TT2-VW2-PAI. PAI is ac-
tually not an allophone but a pause which is needed to end the word. 

HOW TO USE THE ALLOPHONE SET 
The allophone set ( refer to Table 5) contains two or three versions of 
some phonemes. It may be necessary to use one allophone of a par-
ticular phoneme for word-or-syllable-final position. A detailed set of 
guidelines for using the allophones is given in Table 5. Note that these 
are suggestions, not rules. 

For example , DD2 sounds good in initial position and DD1 sounds 
good in final position, as in "daughter" and "collide". One of the differ-
ences between the initial and the final versions of a consonant is that 
an initial version may be longer than the final version. Therefore, to 
create an initial SS, you can use two SSs instead of the usual single 
SS at the end of a word or syllable, as in " sister". Note that this can 
be done with TH, and FF, and the inherently short vowels (to be dis-
cussed later), but with no other consonants. 
You will want to experiment with some consonants, such as str and 

cl, to discover which version works best in the cluster. For example. 
KK1 sounds good before LL as in " clown", and KK2 sounds good be-
fore WW as in " square". 
One allophone of a particular phoneme may sound better before 

or after back vowels and another before or after front vowels. KK3 
sounds good before UH and KK1 sounds good before IY, as in 
"cookie". 
Some sounds (PP, BB. TT. DD, KK, Ga CH, and JH) require a brief 

duration of silence before them. For most of these, the silence has 
already been added but you may decide you want to add more. There-
fore there are several pauses included in the allophone set varying 
from 10-200 ms. To create the final sounds in the words " letter" and 
"little" use the allophones ER and EL. 
Remember that you must always think about how a word sounds, 

not how it is spelled. For example. the NG sound is represented by 
the letter N in " uncle- . And remember that some sounds may not even 
be represented by any letters, as the YY in " computer". 

As mentioned earlier there are some vowels which can be doubled 
to make longer versions for stressed syllables. These are the inher-
ently short vowels IH, EH, AE, AX, AA. and UH. For example, in the 
word " extent" use one EH in the first syllable, which is unstressed 
and two EHs in the second syllable which is stressed. 

Of the inherently long vowels there is one. UW, which has a long 
and short version. The short one, UW1, sounds good after YY in com-
puter. The long version. UW2, sounds good in monosyllabic words 
like ** two". 

Included in the vowel set is a group called R-colored vowels. These 
are vowel + R combinations. For example. the AR in " alarm" and 
the OR in " score". Of the R-colored vowels there is one. ER, which 
has a long and short version. The short version is good for polysyllab-
ic words with final ER sounds like -letter". and the long version is 
good for monosyllabic words like " fir". 
One final suggestion is that you may need to add a pause of 30-50 

msec between words, when creating sentences, and a pause of 
100-200 msec between clauses. 

Note: Every utterance must be followed by a pause in order to make 
the chip stop talking the last allophone. 

RESET,SBY RESET TIMING DIAGRAMS 

tpwl 

ALD (< 800ns) 

A1 — A8 

11 

t pw2 

t 02 —0.), 

ALD 800ns) 

Al—A8 

th2 

t pw3 re--

th3 

LRQ 

say 

Table 1: 

tpdo 

11-*— tpdo 

EXAMPLES OF WORDS MADE FROM ALLOPHONES 

DD2-AO-TT2-ER1 

KK3-AX-LL-AY-DD1 

SS-SS-lH-SS"-TT2-ER1 

KK1-LL-AW-NN1 

KK3-UH-KK1-IY 

LL-EH-TT2-ER 

LL-IH-T32-EL 

AX-Nd-KK3-EL 

KK1-AX-MM-PP1-YY1-UW1-TT2-ER 

EH-KK1-SS-TT2-EH-EH-NN1-TT2 

TT2-UW2 

AX-LL-AR-MM 

SS-KK3-OR 
FF-ER2 

"daughter" 

"collide" 

"sister" 

"clown" 

"cookie" 

"letter" 

"little" 

"uncle" 

"computer" 

"extent" 

"two" 

ettiarm" 

"score" 

"fir" 

TABLE 2 — EXAMPLES OF SPELLING IRREGULARITIES 

Same sound represented by Different sounds represented by 
different letters 

Vowels mEAt 
fEEt 
pEte 
pEOple 
pennY 

Consonants SHip 
tenSlon 
preClous 
naTIon 

the same letters 

vEln 
forEIgn 
gElsha 

althouGH 
GHastly 
couGH 

We gratefully acknowledge the assistance of Daneva 
Australia Pty Ltd in providing data used to prepare this 
data sheet. More information on General Instruments' 
devices is obtainable from Dane va Australia Pty Ltd, PO 
Box 114, Sandringham 3191 Vic. (03) 598 5622. 
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TABLE 3 — CONSONANT PHONEMES OF ENGLISH 

LABIO INTER- ALVE- PALA - GLOT-
LABIAL DENTAL DENTAL OLAR TAL VELAR TAL 

Stops: Voiceless PP 
Voiced BB 

TT 
DD 

KK 
GG 

Fricatives: Voiceless WH FF 
Voiced VV 

TH 
DH 

SS SH 
ZZ ZH• 

HH 

Affricates: Voiceless 
Voiced 

CH 
JH 

Nasals Voiced MM NN NG• 

Resonants Voiced WW RR: LL YY 

• These do not occur in woreinitial position in English 

Labial: 
Lablo-Dental: 
Inter-Dental: 
Alveolar: 
Palatal: 
Velar: 
Glottal: 

Upper and lower bps touch or approximate 
Upper teeth and lower lip touch 
Tongue between teeth 
Tip of tongue touches or approximates alveolar ridge gust behind upper teeth) 
Body of tongue approximates palate ( roof of mouth) 
Body 01 tongue touches velum ( posterior portion of roof of mouth) 
Glottis (opening between vocal cords) 

TABLE 4 — VOWEL PHONEMES OF ENGLISH 

FRONT CENTRAL BACK 

High YR 
IY UW# 

IW UH*# 

Mid EY 
EH* 
XR 

ER 
AX* 

OW# 

OY# 

Low AE* AW# 
AY 

AR 
AA' 

AO*# 
OR# 

• Short Vowels # Rounded Vowels 

TABLE 6 — ALLOPHONE ADDRESS TAELE 

Octal Sample Octal Sample 

Address Allophone Word Duratloh Address Allophone Word Duration 

000 PA1 PAUSE 10ms 040 /AW/ Out 250ms 

001 PA2 PAUSE 30ms 041 /DD2/ Do 80ms 

002 PA3 PAUSE 50ms 0.42 /GG3 Wig 120ms 

003 PA4 PAUSE 100ms 043 /VV/ Vest 130ms. 

004 PA5 PAUSE 200ms 044 /GG1/ Guest 80ms 

005 /0Y/ Boy 290ms 045 /SH/ Ship 120ms 

006 /AY/ Sky 170ms 046 /ZH/ Azure 130ms 

007 /EH/ End 50ms 047 /RR2/ Brain 80ms 

010 /KK3/ Comb 80ms 050 /FF/ Food 110ms 

011 /PP/ Pow 150ms 051 /KK2/ Sky 140ms 

012 /JH/ Dodge 10Cms 052 /KK1/ Can't 120ms 

013 /NN1/ Thin 170ms 053 /ZZ/ Zoo 150ms 

014 /IH/ Sit 50ms 054 /NG Anchor 200ms 

015 /TT2/ To 100ms 055 /LL/ Lake 80ms 

016 /RR1/ Rural 130ms 056 /WW/ Wool 140ms 

017 /AX/ Succeed 50ms 057 /XF1/ Repair 250ms 

020 /MM/ Milk 180ms 060 /WFt/ Whig 150ms 

021 /TT1/ Part 80ms 061 /YY1/ Yes 90ms 

022 /DH1/ They 140ms 062 /CH/ Church 150ms 

023 /IY/ See 170ms 063 /ER1/ Fir 110ms 

024 /EY/ Beige 200ms 064 /ER2/ Fir 210ms 

025 /D01/ Could 50ms 065 /OW/ Beau 170ms 

026 /UW1/ To 60ms 066 /DH2/ They 180ms 

027 /AO/ Aught 70ms 067 /SS/ Vest 60ms 

030 /AA/ Hot 60ms 070 /NN2/ No 140ms 

031 /YY2/ Yes 130ms 071 /HH2/ Hoe 130ms 

032 /AE/ Hat 80ms 072 /OR/ Store 240ms 

033 /HH1/ He 90ms 073 /AR/ Alarm 200ms 

034 /BB1/ Business 40ms 074 /YR/ Clear 250ms 
035 /TH/ Thin 130ms 075 /GG2/ Got 80ms 

036 /UH/ Book 70ms 076 /EL/ Saddle 140ms 

037 /UW2/ Food 170ms 077 18621 Business 60ms 

TABLE 5 — GUIDELINES FOR USING THE ALLOPHONES 

Silence 

PA1 ( 10 ms) — before BB, DD, GG, and JH 
PA2 (30 ms) — before BB, DD, GG, and JH 
PA3 (50 ms) — before PP, TT, KK, and CH, 

and between words. 
PA4 ( 100 ms) — between clauses and sen-

tences. 
PA5 (200 ms) — between clauses and sen-

tences. 
Short vowels 

•/IH/ 
'/EH/ 
•/AE/ 
*/UH/ 
*/A0/ 
•/AX/ 

Long vowels 

/IY/ 
/EY/ 
/AY/ 
10Y/ 
/UW/ 

/UW2/ 

/OW/ 
/AW/ 
/EL/ 

— sitting, stranded 
— extent, gentlemen 
— extract, acting 
— cookie, full 
— talking, song 
— lapel, instruct 
— pottery, cotton 

— treat, people, penny 
— great, statement, tray 
— kite, sky, mighty 
— noise, toy, voice 
— after clusters with VV: 

computer 
— in monosyllabic words: two, 

food 
— zone, close, snow 
— sound, mouse, down 
— little, angle, gentlemen 

R-Colored vowels Voiced fricatives 

/ER1/ — letter, furniture, interrupt /VV/ 
/ER2/ — monosyllables: bird, fern, /DI-11/ 

burn 
/OR/ — fortune, adorn, store /DH2/ 
/AR/ — farm, alarm, garment 
/YR/ — hear, earring, irresponsible /ZZ/ 
/XR/ — hair, declare, stare /ZH/ 

Resonants Affricates 

/CH/ 
/JH/ 

/WW/ — we, warrant, linguist 
/RR1/ — initial position: read, write, 

x-ray 
/RR2/ — initial clusters: brown, 

crane, grease 
/LL/ — like, hello, steel 
/YY1/ — clusters: cute, beauty, 

computer 
/YY2/ — initial position: yes, yarn, 

yo-yo 

Voiceless fricatives 

•/FF/ 
•/TH/ 
"/SS/ 
/SH/ 
/HH1/ 

/HH2/ 

/WH/ 

—) These may be doubled for 
—) initial position and used /GG1/ 
—) singly in final position 
— shirt, leash, nation /GG2/ 
— before front vowels: YR, IR, 

IN, EY, EH, XR, AE 
— before back vowels: UW, /GG3/ 

UH, OW, OY, AO, OR, AR 
— white, whim, twenty 

Voiced stops 

/BB1/ 

— vest, prove, even 
— word-initial position: this, 

then, they 
— word-final and between 

vowels: bathe, bathing 
— zoo, phase 
— beige, pleasure 

— church, feature 
— judge, injure 

— final position: rib; Between 
vowels: fibber; In clusters: 
bleed, brown 

/BB2/ — initial position before a 
vowel: beast 

/DD1/ — final position: played, end 
/DD2/ — initial position: down; 

Clusters: drain 
— before high front vowels: 

YR, IV, IH, EY, EH, XR 
— before high back vowels: 

UW, UH, OW, OY, AX; And 
clusters: green, glue 

— before low vowels: AE, AW, 
AY, AR, AA, AO, OR, ER; 
And medial clusters: anger; 
And final position: peg 
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BenchBook 

Just about the simplest 
push-pull audio output amp 
It would be hard to find an audio output stage with fewer 
components — even though it does use a pair of speakers! 
•I'his circuit delivers around 50 mW total output, but the two 
speakers ensure it is efficiently delivered. Mount them on 
a baffle or in an open-backed box to get maximum loudness. 
The two transistors are direct-coupled with dc and ac feed-

back via the two 4k7 resistors. There must be equal voltage 
drops of about 3/4 volt across each loudspeaker. Adjust the 
6k3 resistor to achieve this, if necessary. Note that either 
BC558 or BC640 transistors may be used. Input impedance 
is around several thousand ohms. Note that a higher supply 
rail voltage may be used, with consequent more output, but 
the output stage quiescent current flows through the speak-
ers and this must be kept down to avoid distortion. 

C. Twiss, 
Engadine, NSW 

V+ V ou t 
FUSE 

TRIAC 

OV 

vtrip —(1+ig )vraf 

Bencnbook is a column for circuit designs and ideas, workshop hints and 
tips from technical sources of the staff or you— the reader. If you've found 
a certain circuit useful or devised an interesting circuit, most likely other 
readers would be interested in knowing about it. If you've got a new 
technique for cutting elliptical holes in zippy boxes or a different use for 
used solder, undoubtedly there's someone — or some hundreds — out there 
who could benefit from you knowledge. 

We'll pay from $ 10 to $ 100 for each item published. Send your gems to 
'Benchbook', Australian Electronics Monthly, PO Box 289, Wahroonga 
NSW 2076. Please include your postal address for publication with your 
item(s). 
As far as reasonably possible, material published in Benchbook has been 

checked for accuracy and feasibility etc, but has not necessarily been built 
and tested in our laboratory. We cannot provide constructional details or 
conduct correspondence or technical enquiries. 

More output from the 
simplest audio output stage 
It's possible to beef up the audio output of the "simplest push-
pull audio output amp" to around one watt without raising 
the supply voltage and output stage quiescent current beyond 
practicable limits. 
An additional drive stage is added and a pair of 4 ohm 

speakers used (or two pairs of 8 ohm speakers, each pair in 
parallel). The BD140 output stage should be mounted on a 
small heatsink. The 8k2 resistor may need to be adjusted to 
obtain about 1.5 V drop across each speaker. Eight ohm 
speakers could be used, with a consequent reduction in pow-
er output. 

C. Twiss, 
Engadine, NSW 

+6V 

Power supply 
over-voltage protection 
Fixed voltage regulated power supplies, such as the common 
13.8 V ' battery eliminators' used to power mobile commu-
nications equipment (marine, CB or amateur transceivers) 
generally employ a series-pass type regulator with a power 
transistor between the rectifier and the output terminals. If, 
for any reason, this series-pass transistor should fail, the full 
output voltage of the rectifier is applied to the connected 
equipment. The results can be devastating. 
This circuit, from the Motorola Linear ICs databook, pre-

vents more than the rated voltage being applied to equipment 
connected to the output of a fixed regulated supply, protect-
ing it in the event of regulator failure. A TL431 ' precision 
zener' is employed, biased to turn on at a voltage slightly 
above the rated output of the fixed regulated supply, apply-
ing a bias to the gate of the triac which then turns on, short-
ing the supply output and blowing the fuse. 
The voltage at which the TL431 'trips' depends on the ra-

tio of resistors R1 and R2 and can be determined from the 
equation with the circuit. Vref. here is 2.5 volts. Typical 
values for R1 and R2 would be in the thousands to tens of 
thousands of ohms range. Note that the triac should be rat-
ed to withstand the short circuit current capability of the 
fixed regulated supply. 
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— from page 77 

computer review 

Showing the rear-hinged flip-up lid 
and the general internal arrangement. 

The BIOS is. of course, one of the major areas 
of incompatibilities in most machines. This is 
the area in which a great deal of work and 
expense must be incurred if the machine is ever 
to be expected to work properly. The Data Sys-
tem/1 shines in this respect and the BIOS sup-
plied with the machine is by far the best I have 
encountered in any PC compatible. It seems to 
be free from the usual bugs which seem to 
plague some other machines. 
Immediately after power-up the machine car-

ries out basic diagnostics including a complete 
memory check then lists the current configura-
tion of the system lists all boards plugged into 
the I/O expansion bus and then hands control 
to DOS. The BIOS also provides some of the 
more subtle features that are invariably omitted 
from other machines. As an example, depress-
ing the "alt" key while typing in the decimal 
value of any ASCII character will result in the 
character being typed on the screen when the 
"alt" key is released. This is a useful feature that 
allows control and graphics characters to be 
checked without having to look them up and is 
a feature often omitted from compatibles. 
Another useful feature is the operation of the 

cursor-up and cursor-down keys which in con-
junction with the "alt" key allow a queue to be 
formed under DOS of any DOS commands or 
file names that might be in constant use at a par-
ticular time. The cursor-up and cursor-down keys 
allow scrolling through the queue until the 
desired command is found. 

In summary, the Data System/1 is a particu-
larly good PC compatible. It is well built and well 
supported and features an excellent BIOS. The 
system is available in a variety of configurations. 
One configuration that might be of particular 
interest to hackers consists of the base system 
(i.e: mother board, power supply, case and key-
board) and a single TEAC double density disk 
drive for a price of $1295 inc tax. 

If you have been considering the purchase of 
a PC compatible but have been put off by con-
cerns of possible incompatibility problems. then 
wait no longer. At a retail price of $1295 for the 
system outlined above plus the cost of your 
choice of video adapter and monitor, the Data 
System/1 represents real value for money. 

— David Tilbrook 

— from page 48 

product review 
PRICING 

MODEL 
NO. 

without with 
backlight backlight 

2518X-01 $368 

2518X-11 
2618X-01 $491 

2618X-11• 

2718X-01 $552 

2718X-11 

$491 

$613 

$675 

• A special 'medical applications version is avail-
able providing mAs measurements. ($ 1073). 

Icing on the cake 
It is in the differing special features availa-
ble amongst these three instruments that the 
icing appears on the cake, so to speak. 
The PM 2518 gives direct dB measurements 

on ac volts and at HF to 100 MHz, the latter 
feature again via optional probe. 
The PM 2618 offers a logic display to show 

digitial activity at speeds up to 10 MHz. Duty 
cycle, bad levels, and open circuits are clearly 
shown, and levels up to 100 V can be accom-
modated so both microprocessor and indus-
trial hard-wired logic can be tested. 

INPUT DISPLAY 

n 
s # - - - - _ 

1n11nn1111n1 — — 

U 

— — 

bRd _ ,.- 

open circuit _ (YE:7 _ 
This meter includes a frequency counter 

with a range of 1 Hz-200 kHz, and an ana-
logue bargraph display. The display shows 
trend by movement of a gap: movement to the 
right shows a measured value is increasing, 
and to the left if decreasing. The bargraph can 
also be used to adjust to a set value, where 
a resolution of 0.3% is provided. Finally, this 
version of the Series 18 provides for dB meas-
urements at 50 ohms and 600 ohms. 
The PM 2718 has all the features of the 

PM 2618 plus Max/Min readout and built-in 
data capture and hold without external probe. 
With the appropriate bus control unit all 

three instruments may be connected to com-
puter equipment via the IEEE 488 bus, which 
allows automatic calibration (except on the 
PM 2518) as well as transfer of measured 
values. 
There just isn't room to deal with all the fea-

tures available on the Philips Series 
18 DMMs, but the above may be enough to 
send you rushing round to Philips, Test and 
Measurement, Box 119 North Ryde 2113, 
NSW, (02) 888 8222, who kindly provided the 
meters for review. The accompanying table 
shows prices. 
Whatever your choice, a Series 18 DMM 

will undoubtedly be a handsome and useful 
addition to your workshop. 

— Alan Ford 

FOR QUALITY AND 
VALUE TALK TO 
THESE PEOPLE 
ABOUT FLUKE 
MULTIMETERS 

A.C.T. 

Actiec Pty Ltd 
34 Geelong St Fyshwick 
(062) 80 6576 

N.S.W. 

Ames Agency Ply Ltd 
605 Elizabeth St Redfern 
699 4524 

George Brown 8 Co Pty Ltd 
174 Parramatta Rd 
Camperdown - 519 5855 
Newcastle - 69 6399 
Canberra - 80 4355 

Bryan Call Industries Pty Ltd 
10/59-61 Gymea Bay Rd 
Gymea 
526 2222 

Collier Tools (Austi Fly Ltd 
185 Parramatta Rd 
Homebush 
763 1888 

D G E Systems Ply Ltd 
103 Broadmeadow Rd 
Broadmeadow 
(049) 69 1625 

Oavred Electronics Pty Ltd 
127 York St Sydney 
267 1385 

W F Dixon 8 Co Ply Ltd 
P 0 Box 42 Wickham 
049) 61 5628 

Macelec Ply Ltd 
99 Kenny St Wollongong 
(042) 29 1455 

Paul's (Merchants) Pty Ltd 
22 Canterbury Rc 
Bankstown 
709 2311 

Radio Despatch Service 
869 George St Sydney 
211 0291 

Selectro Parts Ply Ltd 
482 Hume Hwy Yagoona 
708 3244 

Standard Communications 
Pt y Ltd 
6 Frank St Gladesville 
8961755 

Geoff Wood Electronics 
Pty Ltd 
656A Darling St Rozelle 
810 6845 

WESTERN AUSTRALIA 

Atkins Carlyle Ltd 
1 Milligan St Perth 
321 0101 

Dabble Instruments ( Austi 
Pty Ltd 
9 Boag Rd Morley 
276 8888 

Cairns Instrument Services 
32 Wickham St East Perth 

3W2i5Ili3s1414rading Co Ply Ltd 
165 Albany Hwy 
Victoria Park 
470 1118 

VICTORIA 

Radio Parts Ply Ltd 
562 Spencer St 
West Melbourne 
329 7888 

GB Telespares Ply Ltd 
504 Oueensbury Rd 
North Melbourne 
328 3371 

Browntronics Fly Ltd 
93 Sackville St Collingwood 
419 3986 

R K B Agency 
20 Council St Hawthorn 
82 7704 

A J Ferguson 8 Co Ply Ltd 
558-568 Swanston St Carlton 
347 6688 

SIRS Sales Ply Ltd 
4 Edols PI North Geelong 
(052) 78 1251 

TASMANIA 

George Harvey Electncs 
Head Office 
76 York St Launceston 
i003) 31 6533 
Hobart 0)21 34 2233 

SOUTH AUSTRALIA 

Protronics Pty Ltd 
174 Wright St Adelaide 
212 3111 

Trio Electnx Ply Ltd 
177 Gilbert St Adelaide 
212 6235 

Redarc Electronics 
253 Main Rd Blackwood 
278 7488 

QUEENSLAND 

L E Boughen & Co 
33 Railway Ice Milton 
369 1277 

Colourview Wholesale 
5 Commerce St Salisbury 

Fred Hoe 8 Sons Ply Ltd 
246 Evans Rd Salisbury Nth 
277 4311 

Nor tek 
36 Punari St Townsville 
(077179 8600 

St Lucia Electronics 
71-77 Brunswick St 
Fortitude Valley 
52 7466 

Selectro Parts (Old) 
44 Esher St Dubin 
394 2422 

NORTHERN TERRITORY 

Thew 8 McCann iNT) Ply Ltd 
Menmuir St » nettle Darwin 
(089) 84 4999 

FLUKE 

ELMEASCO 
Instruments Pie Ltd. 

NEW SOUTH WALES VICTORIA OUEENSL4ND 
15 McDonald Street 12 Maroondah Highway let dri 369 8688 
MORTLAKE RINGWOOD S AUSTRALIA 
P 0 Box 30 CONCORD P 0 Box 623 RINGWOOD ,e, .0„ 3449000 
NSW 2137 VIC 3134 
Tel 1121 736 2888 Tel 10318792322 W AUSTRALIA 
Telex AA25887 Telex AA33418 RUNT Tfq c19. 4e1 15ou 
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The Last Laugh 

i 

WE HEAR of a new theory of electron-
ics. A radical new theory. So radical, in 
fact, that not only is the electronics en-
gineering fraternity having difficulty 
wrestling with it, but the physics com-
munity as well. 
An esteemed colleague of ours spent 

many years in the servicing game. The 
stories he has to tell. . .! But, most serv-. 
icemen have their fund of amusing anec-
dotes, just like fishermen and motor 
mechanics, etc. However, said col-
league's best yarn concerns a certain 
gentleman who aspired to be an elec-
tronics hobbyist — perhaps 'buff' would 
be a better term — who never quite got 

I know the advert said 
"Manager of the Typing 
Pool", but this is 
ridiculous! 

around to actually learning any of the 
fundamental physical precepts of elec-
tricity and electronics. 
This fellow's penchant was to pur-

chase secondhand radios, radiograms. 
TV sets etc. in various states of 
disrepair. and attempt to refurbish then. 
by the " e leci c empiricist" technique 
— trial and error!). More often than not 

he'd get himself into deep water and ap-
pear on colleague serviceman's doorstep 
with a confused, sorry tale and beg aid 
in sorting out the mess. 
Being a patient man (a prime virtue of 

all servicemen) he'd sift the symptoms 
from the fantasies and, time permitting, 

,•••• 

go through the step-by-step deductive 
process of finding the fault, explaining 
it as he went — in the (vain) hope some-
thing might sink in. 

After some years, he felt he was mak-
ing progress with this fellow. Alas, his 
dream was shattered the day he called 
in and announced that he'd finally 
worked out " ... how electronic com-
ponents work!" 

"It came to me the other night as I 
watched a fault," he said excitedly. " . . . 
the parts are filled with smoke. That's 
what makes them work. When the 
smoke escapes, they work no longer!" 
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INDEXING P.C.B. 
HOLDER .JOCKS IN 32 

OSITIONS 

360 ROTATION 

SCOPE  
Model 333  

TILT AND TURN ACTION - The New Panavise Model 
333 rotates the P.C.B. and locks in any of 8 positions 
in 45° increments. It also Tilts and Locks at 4 angles - 
0° ( vertical) 45°, 90°, 120° and offers 200mm of 
vertical adjustment to the work height. 
This design is for medium volume production of P.C. Boards and 
complements the Model 315 P.C.B. Holder which is more suited 

to the service and repair workshop. 
HEAVY BASE — Heavy cast iron base is dedicated to this Model and provides excellent stability 

and has three mounting holes which permits permanent attachment to a work bench. 
QUICK RELEASE ARMS — Spring loaded arms hold boards securely, and provide rapid loading and 
removal of similar sized P.C.B.'s. 
Cross bars are available to 750 ( 30") for working on large boards or multiple board work, using 

extra sets of arms. 

AVAILABLE FROM 

NSW 

Gao Brown 8 Co (02) 519 5855 Radio Ports Group (03) 329 7888 Dunlop IBC (07) 892 0011 
Pauls Merchants (02) 709 2311 (03) 211 8122 St Lucia (07) 527 466 
Scruttons P L (02) 667 0511 Gao Brown & Co (03) 419 3986 l E Roughen & Co (07) 369 1277 

DJ Coulter (049) 67 1455 Ellistronics (03) 602 3499 Fred Hoe (07) 277 4311 
1 Blackwood (02) 609 0030 Ames Agency (03) 328 3001 ECO (07) 376 5677 
A E Baker (02) 621 0044 M‘Graths (03) 347 1122 Magraths (07) 832 3944 

Sheridon (02) 699 6912 Ballarat Electronics ( 053) 31 1947 
Martin Delonnoy (02) 267 1055 
Promork Electronics (02) 439 6477 SOUTH AUSTRALIA 

VICTORIA QUEENSLAND 

WESTERN AUSTRALIA 

Atkins Carlyle 109i 321 0101 

Gerard & Goodman ( 08) 223 2222 
Proironics (08) 212 3111 
A J.F Electrical Dost. ( 08) 269 1244 
Graphic Electronics (08) 42 6655 

TASMANIA 

G H E Electronics Hobart 34 2233 
Iton 31 6533 

FOR A FREE CATALOGUE 

SEND YOUR 

NAME AND ADDRESS TO 

FREEPOST No 2 

SCOPE LABORATORIES 

P 0 BOX 63, NIDDRIE, 

VICTORIA, 3042 

AUSTRALIA 

No Stamp Required 

SCOPE 
BOX 63 NIDDRIE 
VIC 3042 
TEL (03) 338 1566 
TLX AA38318 



Fulfilling the Promise of Digital, 
Monster Cable Introduces 

INTERLINK CD 

Super High Resolution Compact Disc Inter-
connect Cables. Conventional cables run 
out of breath when trying to cope with to-
day's sound. The incredible sonic capabil-
ities of the compact disc player push all 
your components to their limit... includ-
ing your connecting cables. The detailed 
resolution, awesome dynamic range, and 
powerful bottom end available from your 
compact disc player are not fully re-
produced when you use ordinary inter-
connect cables. 

Why a Special Cable for Compact Disc? I n-
terlink CD is specially designed to corn-

w. 

pensate for the transient and phase distor-
tions of the digital process as well as mini-
mizing some of the "harshness" found in 
some CD program material. Using our rev-
olutionary "Bandwidth Balanced" tech-
nology, we can control high frequency 
phase shift to produce a more enjoyable, 
musical sound; the bass is tighter, tran-
sients are quicker, and there's a greater 3-
dimensional depth to the music. 

If you listen to compact discs, let 
them sound their Monsterous best with 
Interlink CI). Please write for our free 
brochure. 

monsratitasu 
Distributed In: 
Convoy International Ph. lAd.. 
400 Botany Road, Ale\andria. 
NSW, 2015. 
Telephone 698 7300. 
Telex AA23111. 


