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Fluke. First Family of DMMs.

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

Reliable Fluke-quality 3%- or 4%-digit
DMMs fit every need — from design en-
gineering to industrial troubleshooting.

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

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

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

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

FLUKE

ELMEASCO

Instruments Pty. Ldd.

Talk to your local Elmeasco distnibutor about Fiuke

* AC.I. John Pope Electncal (062) 80 6576 « J Blackwood & Sons (062) 80 5235 « George Brown (062) 80 4355

* NS W, Ames Agency 699 4524 « J Blackwood & Sons « George Brown 519 5855 Newcastle 69 6399 ¢ Bryan Catt Industnes 526 2222

* D.G.E. Systems (049) 69 1625 » W.F.Dixon (049) 61 5628 « Ebson 707 2111 « Macslec (042) 29 1455

« Novacastnan Electronic Supply (049) 62 1358 « Obiat Pty L1d 698 4776 « Petro-Ject 550 1388 « Dawd Reid 267 1385 « Selectroparnts 708 3244
* Geoft Wood 427 1676

* M.TERRITORY J Blackwood & Son (089) 84 4255, 52 1788 « Thew & McCann (089) 84 4999

* QUEENSLAND Auslec (07) 854 1661 « Petro-Joct (075) 91 4199 e St Lucia Electronics 52 7466 « Citf Electronics 341 4655

* L.E.Boughen 369 1277 « Fred Hoe & Sons 277 4311  The Electronics Shop (075) 32 3632 » Thompson Instruments (Caims) (070)51 2404

. Protronics 212 3111 e Trio Electnx 212 6235  Industnal Pyrometers 352 3688 « J Blackwood & Sons 46 0391

o Petro-Ject 363 1353

o TASMANIA George Harvey (003) 31 6533 (002) 34 2233

. Radio Parts 329 7888 » George Brown Electronics Group 878 8111 « G.B. Telespares 328 4301 « A.W.M. Electrical Wholesalers
¢ Petro-Ject 4199377 » J Blackwood & Sons 542 4321 « R.K.B. Agency 29 7336 « Sirs Sales {052) 78 1251 « Mektronics Co 690 4593

» Truscott Electronics 723 3094

o W AUSTRALIA Atkins Cartyle 481 1233 « Dobbie Instruments 276 8888 « Protronics 362 1044




COOPERATION FOR COMPETITION

THE HEADS of ten local companies in the electronic/computing industry are plan-
ning to get together next month in a bid to bolster their chances against overseas
competition, widen their markets and lift standards.

The Managing Director of a Melbourne-based computer components distributor,
Philip Jackson, of JIT (Australia) is behind the move to form a group with the aim of
pooling ideas and jointly developing products and markets. At this stage, some ten
companies have responded to Jackson’s approach: Pulsar Electronics, Earth Compu-
ter Systems, Micro Byte Systems, Electronic Micros, Barson Computers, Mica Com-
puters, Labtam International, Computer Corp, President Computers and Computer
Networks.

Jackson believes a united approach to the Federal Government would improve
their chances of getting longer-term loans at lower interest rates than is available to
such companies at present.

The idea is not new, by any means, but it hasn't flourished here, and particularly
not in this industry. It's been a successful strategy for mankind ever since we
climbed down out of the trees and formed social groups. One can only applaud the
move and wish the participants every success. Don't get bogged down in the poli-
tics, fellas, or you'll lose sight of the goal.

Roger Harrison
Editor
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COPYRIGHT: The contents of The Austrahan Electronics Monthly is fully p d by the C Coppright Act (1968) Copyright
extends to all written matenal. drawings circurt diagrams printed circunt boards. computer software and phetographs Although any
form of reproduction % a breach of copyright and we especially pont out this extends to the constructio® of projects produced by
ouf laboratory or our associates. we are not concerned about indrviduals constructing projects for their own prwvate use, nor by bands
for example, constructing one or more units for use 1n performances Commercial organisations should note that no project or part
project, including printed circuit boards produced by our laboratory or our associates and described in this magazene may be offered
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ing our copyright as aforesaid
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Summertime is boating time!
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PROJECTS
TO BUILD

AEM6112 Active
Two-Way Loudspeaker
................... 55

An electronic loudspeaker
system offers unique
advantages, with its
predictable and carefully
controlled active crossover
and power amps driving
the speakers directly. And
home construction offers
considerable savings.

AEM4601

Baud Rate Converter

for Modems
................... 70

Some computers can only
‘talk’ to a modem at a
fixed Tx/Rx baud rate,
C64s and PCsl/compats
being common examples.
This prevents 1200175 bps
(V23) operation.

Here's a simple project to
get your computer and
dumb modem operating
on 1200175 bps.

AEM3014 Multi-band
HF Trap Dipoles

Here's a simple
economical antenna
system that provides
coverage of four or five of
the HF amateur bands,
features coax feed and
does not require an
antenna tuner.
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CIRCUITS &
TECHNICAL

Filter Design — without
fears or tears, Part 2

This month: Butterworth
filters.

Keep in touch with
developments in semis.

Making-up Non-standard
Resistor & Capacitor
Values

Here's how to use your
computer to select
standard value
components to make-up
non-standard value
components.

DATA SHEET

The AY-3-1015D UART,
featured in our Baud Rate
Converter this month.

ELEKTOR
IN
AEM

IEC-Centronics
Interface

Drive a Centronics
compatible peripheral
from an IEC/IEEE port.

“ o 4
I

iy %

gﬁ’ <%
Low Noise Mic Preamp

L

Here's a high performance
mic preamp for on-stage
use.

PRACTICAL
COMPUTING

*

¢

Add-on Baud Rate
Converter for Your
Modem

If your computer can't
handle the split baud rate
of 1200/75 bps for V23
operation, just add this
project to your modem.
Fits to any modem using
the 7910 World Chip.

Commodore Codex

“Octobyte 64", a simple
monitor program for
Commodore 64 owners.

................... 80
Roy Hill talks about public
domain data comms
software packages.

BeeBuzz
................... 84
Using the Microbee in
your amateur shack.
SPECIAL OFFER
................... 82

Here's a very special offer
on modem kits and a
comms package.



COMMUNICATIONS
SCENE

CONSUMER
ELECTRONICS

Review of the Tokyo
Hy-Power HT-180 80m
. Mono-band Rig

This new low-cost rig is
ideal for Novices, those
just getting back on the
bands or those who want
a mobile for their favourite
band.

Guide to Marine
Electronics - Part 1

Electronics brings more
pleasure and safety to
leisure boating. Dave
Jeans gives a rundown on
the latest marine
electronics

equipment.

Build a Multi-band
HF Trap Dipole

Build yourself a four- or
five-band trap dipole for
the HF bands. Simple and
economical.

FEATURE

Guide to Marine
Electronics - Part 1

Electronics brings more
pleasure and safety to
leisure boating. Dave
Jeans gives a rundown on
the latest marine
electronics equipment.

World Radio Histo

NEWS &
GENERAL

News Review

.................... 6
Aust. Laserdisc first.
Consumer Electronics
.................... 8
New NAD power amp.
Professional Products
................... 19
Audio analyser debut.
Retail Roundup
................... 54
The comrades’ CRO!
Bytewide
................... 77
Microbee Impacted.
Spectrum
................... 87
UoSAT news.

Letters
................... 16
Literature Review
................... 60
Two new books.
Benchbook
................... 96
Workshop hints and tips.
The Last Laugh
................... 98

NOTE:

Owing to an oversight, the pc
board artwork for the
AEM4510 RS-True-32er
projects was omitted from the
article in our September
issue. They're on page 97.

NEXT
MONTH!

ONE-OCTAVE EQUALISER

This project is ideal for a wide
variety of audio work, from
domestic sound equipment, to
PA and sound reinforcement
applications. As it's built in mod-
ular form, it can be readily
adapted to your application.

TELEPRINTER-COMPUTER
INTERFACE

Want to get really cheap hard
copy output from your compu-
ter? This simple, low-cost pro-
jectwillinterface your computer
to a teleprinter, which can be
bought quite cheaply on the
“surplus” market. Some quite
snazzy software is included for
Commodore 64 and Apple own-
ers.

“STOP-MOTION" VIDEO:
INSIDE NATIONAL'S M5
CAMCORDER

National's M5 camcorder offers
a unique feature — “stop-
motion” recording. Malcolm
Goldfinch takes us over the
functions and features of this
top-line machine.

MARINE ELECTRONICS
-PART 2

Dave Jeans continues with
coverage of marine communi-

cations gear, performance
equipment, entertainment elec-
tronics and some unusual
accessories.

While these articles are cur-
rently being prepared for publi-
cation, unforeseen circum-
stances may affect the final con-
tents of the issue.
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An Ausiralian
Laserdisc first

he future of an historic photographic collection dating

back to 1869 has been assured by it's transfer to laserdisc.
This is the first time an Australian collection has been
catalogued, conserved and presented in this way.

The archive project, the
largest of its kind in Australia to
date. covers more than 40 000
fragile glass plate negatives
belonging to the NSW Govern-
ment printing office. The com-
pany selected for the prepara-
tion of a laserdisc master is Digi-
tal Imaging Australia Pty Ltd, a
Melbourne based video facility
house specialising in the trans-
fer of still images.

DIA is currently laying down
the laserdisc master from 35 mm
archive film positives of the orig-
inal negatives. Joint Managing
Director of DIA, lan Large, said
he expected to complete the
one-inch edit master by the end
of October. “This hasbeen made
possible, he said. “by DIAs
unique facilities, which enables
the images to be transferred to
master video tape at an average
rate of one every two seconds.
Where necessary, we have also
colour corrected or graded
photographs to maintain the
highest possible standards of
reproduction™.

From the edit master, a first
pressing of 50 laserdiscs will be
made for sale to professional
photographers, researchers. lib-
raries, etc, around Australiaand
overseas.

Digital Imaging Australia are
located at 55 Wellington Street,
Windsor 3181 Vic. (03)525 1488.

Electronic
enchanted forest
atWorld Expo 88

A n enchanted, com-
puterised forest of animals
to delight children and adults
alike will be just one of the
innovative and exciting features
of Technoplaza Japan at Bris-
bane's World Expo 88, we're con-
fidently told.

The enchanted forest will be
presented by Hitachi. one of the
six exhibitors in the $9.8 mill-
ion Technoplaza Japan. There
will also be exhibits from Bris-
bane's sister city of Kobe,
Queensland’s sister state of

Saitama Prefecture, the Japan
External Trade Organisation
(JETRQO), Idemitsu Kosan Com-
pany Ltd and Leisure Develop-
ment Centre.

Several of the exhibits will
feature presentations of tradi-
tional Japanese art and culture
and visitors to the Leisure
Development Centre exhibit
will be offered a number of
unique experiences in a series
of rooms. One room will feature
a sensor-scanning  device,
automatically advising people

of their body temperature,
blood pressure. height and
weight.

World Expo 88 will be one of
the major highlights of
Australia's Bicentennial celebra-
tions and will run from 30th
April until 30th October next
year.

Aussat launch
good news for
amateurs

he launch of the AMSAT

Phase 3C amateur com-
munications satellite is
scheduled for January 1987
according to the manifest
released by Arianespace in May
of this vear. In light of recent
problems with the European
Space Agency Ariane launch
vehicles, some doubt existed as
to whether this launch
schedule would be met.

With the successful Sep-
tember launch of the V-19 mis-
sion carrying Aussat K3, things
now look very hopeful for the
launch of Phase 3C in the early
part of 1988.

It appears that the European
Space Agency has overcome the
problems with the highly
sophisticated third stage of the
launch  vehicle and the
schedule now seems to be get-
ting back on the rails.

The V-19 mission with Aussat
K3 aboard was scheduled to fly
in August 1987. This schedule
seems to have slipped a little,

6 — Australian Electronics Monthly — Nov. 1987

AXE-man joins
parties in venture

elecom Australia and L.M.

Ericsson Australia have offi-
cially launched a first-time joint
development venture of new
technology AXE-104 automatic
telephone exchange equipment
at Warragamba, NSW.

The exchange, designed to
assist in upgrading a large prop-
ortion of the country network
and supply those areas with the
same level of facilities available
to metropolitan networks. is the
culmination of three years of
development.

The Warragamba exchange is
the first to be commissioned on
the Australian mainland and
there is a potential for exporting
the technology. we're told.

The launch was hosted by

Telecom's New South Wales
State Manager, Mr. Ken Douglas
and the ceremony conducted by
Chief General Manager, Mr. Bob

McKinnon. Invitations  to
attend the launch  were
extended to the Minister for
Communications, Senator
Gareth Evans and Minister for
Trade, Technology and Com-
merce, Senator John Button.

Invitations were also
extended to local State and Fed-
eral members as well as rep-
resentatives of the Local Govern-
ment Authority responsible for
the Warragamba area.

A feature of the launch was a
telephone link between War-
ragamba and the King of Tonga,
where a similar AXE exchange
has been in operation since July
4th.

with the launch taking place on
September 16th.

Assuming the V-20 mission,
slated for an October launch
and the V-21 mission scheduled
for December, go ahead as plan-
ned. the possibility of Phase 3C
being launched in the first quar-
ter of 1988 looks very good.

The Phase 3C satellite is a
sophisticated package along
similar lines to the now ailing
AMSAT OSCAR-10, but incor-
porating many improvements.

Good lessons have been
learned from OSCAR-10. the
first high elliptical (Molniva)
orbit amateur satellite. Phase
3C will incorporate specially
designed radiation hardened
memory in the onboard compu-
ter, as well as communications
packages which will allow
amateurs access to reliable,
long range communications in
a variety of modes and on a vari-
ety of frequencies.

\




PAUL YOUNG DOESN'T
ENDORSE BEYER MICS.

VAN *r/ /
: " \ \ ' PE
“YF L3 ; /

Paul Youny shown usimg the Beyer MCE 81 Tourgroup Sertes mu

HE USES THEM.

Paul Young's singing achieves a rare blend of classic soulfulness and modern energy. Matched to an explosive and
unusually mobile stage presence, this exciting combination has won the hearts of fans and critics all over the world.
Young's passion for excellence on stage places unusual demands on his microphone. That's why he depends on

Beyer Tourgroup Series mics. Their wmmatched accuracy and transparent natural sound bring out the subtle
nuances that form the distinctive character of his sound like no other mics could. And their solid, road-proof
construction withstands any kind of punishment.
If performance means move to you than “endorsements,” as it does to Paul, choose Beyer.

TourGroup beyerdynamic)}))

Unit [ 350A-358 Eastern Valley Way Chatswood NSW' 20067 (02) 417 7088.




Champagne
quality sound at
a beer-budget

40 watt stereo power amp with 160 watt peak output?

That’s what NAD claim for the newest addition to their
range, the 2240PE. That's a headroom spec akin to a stretch
limo with a rubber roof!

Top of the range is Arista’s
CDS-17. Combining “the ulti-
mate in comfort” with a claimed
frequency response of 20 Hz to
23 kHz and low distortion
should endear them to the most
discerning CD listener, Arista
say.

Prices range from $39.95 to
$56.95. You can audition them
at your nearest Arista stockist.
Further details from Arista Elec-
tronics Pty. Ltd. 57 Vore St., Sil-
verwater 2141 NSW. (02) 648
3488.

10-yearwarranty
from Philips

For a once-only payment of
just $49.95, buyers of
Philips major products like TV,
video or audio systems, can
extend the manufacturer’s parts
warranty to ten years.

This new extended parts war-
ranty is available from October
1st 1987, by paying the $49.95
fee to the Philips retailer within
30 days of purchasing the pro-
duct.

Divisional Manager of Philips
Consumer Service, Mr Roger
Smith, explained that the
extended warranty covers the
supply of a replacement for any
defective functional compo-
nent, provided the repair is car-
ried out by Philips Service or a
Philips authorised service
centre.

The extended warranty does
not cover the labour cost of a
repair outside the normal man-
ufacturer’s warranty period, nor
does it cover damage caused by
accident or misuse.

Full information on the
extended parts warranty is
detailed in a brochure available
from Philips Service centres. %

Headroom in an important
parameter in an amplifier’s per-
formance as it's a measure of the
equipment’s peak transient (or
dynamic) power output versus
its continuous output rating.
Typically it's 1-2 dB, in fact, 2
dB is considered good. Six dB
is considered phenomenal!

But that's what NAD’s new
stereo amp, model 2240PE,
delivers, according to the litera-
ture.

The 2240PE is rated at 40 W
continuous output into 8
Ohms, but is capable of 160 W
short term, 200 W into 4 Ohms,
240 W into 2 Ohms, NAD claim.

NAD achieve this through the
use of their “power envelope”
circuitry (hence the PE). It
allows the economy of a
medium power amp while
delivering peak power suffi-
cient to cope with the trans-
ients common in music.

The 2240PE also boasts
NAD's “soft clipping” circuitry
which gently limits the slew
rate of the output when it
approaches saturation, reduc-
ing the harsh distortion of hard
clipping experienced with con-
ventional output stages.

Another unique feature is the
output impedance selector.
This provides increased output
voltage drive for the higher
impedance loudspeakers of 8
Ohms or more. and higher out-
put current capability needed
to drive low impedance speak-
ers or paralleled speakers.

And it’s only $499 rrp!

Further details from the dis-
tributors, Falk Electrosound,
PO Box 234, Rockdale 2216
NSW. (02)597 1111.

New “digital”
headphones

Arista Electronics  has
released a new series of
headphones designed to cope
with the dynamics of digital
audio. There are four models in
the range.

The CDS-16 is a lightweight
set. Weighing-in at 95 grams
they're designed for comfort.
Arista say.

Next in the range is the MHD-
12, boasting “clean, crisp”
sound and “excellent separa-
tion”. Individual left and right
volume controls are fitted.

The Arista HD-1000 is a
closed-back model, designed to
totally cover the ears to keep out
all  extraneous background
noise, making them “ideal” for
both domestic and commercial
use. accordingto Arista.
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“BI” CENTENNIAL

These two components are part of Yamaha's “Limited Centennial
Edition 10000 Series” equipment, released as part of Yamaha's hun-
dredth anniversary celebration.

At top is the CDX-10000 compact disc player — $5000 worth —
featuring Yamaha's high-bit quadruple oversampling digital filter,
claimably the world's fastest access track access time, both digital
(optical) and analogue output terminals, double floating suspension
system and a 44-key remote control.

Beneath it is the CX-10000 control preamp. Yamaha proudly cloim
it's the first control amp in the world to include major digital innova-
tions, such as their quad-oversample 18-bit DSP processing, digital
equalization and direct digital inputs. The digital signal processing
(DSP) circuitry can be used with analog sources for equalization
and noise reduction. It comes with a 57-key remote and a $15 000
price tag.

A 250 W/ch. Class A power amp (43 kg and $12 000) and a pair of
three-way loudspeakers ($13 000) are included in this series. It was
launched at the Perth Electronics Show and then at individual
releases in each state later. We saw/experienced it at a release held
at Len Wallis Audio in Lane Cove, Sydney. In a word? —impressive.




Come to David Reid’s
for the best range of
SOLDERING STATIONS

IVIICRO N Ovur cheapest:
ADJ. TEMPERATURE
SOLDERING STATION
320°C — 410°C
48 WATTS

\
‘\Aﬁ At only - $99.50
weller The Famous:

=2 . .PH1201 SOLDERING
@ ¥ STATION — 48 WATTS
SN - (Temp. controlied by
B selection of tips).
Ours is only - $137.50
ROYE L For the Technician:
200°C —400°C
lis 40 WATT ADJ. TEMP.
ii;éi ;1 @&/ SOLDERING STATION

-$175.95
SCOPE Tr of the Range:
ET60CL INFINITELY
ADJ. 200°C — 470°C
60 WATT — ILLUM.

TEMP. READOUT.
—30 WATT ETC30W
PENCIL AVAILABLE
—$58.80

g

Quality at — $190.80

DAVID REID
ELECTRONICS

PORTASOL - BUTANE

SOLDERING IRON
“For people on the move”
AVAILABLE. \
1mm
2.4mm
3.2mm
4.8 mm
ALL ONE \
PRICE S
$12.95 .
COMPLETEWITH 2 4mmTIP
AND IGNITOR, COVER
A SPECIAL
LOW PRICE AT
$39.95
“AK" NICADS  gNiY o
1.2Volt 450 mA = §2.99
DAVID REID
ELECTRONICS
BUSINESS HOURS
MON.-FRI. 8.30-5.30
THURS. 8.30-7.00
127 YORK ST SAT. 8.30-12.00
SYDNEY 2000 PH: (02) 267 1385

he el
o .
nthusiast

INPHONE - CORDLESS

TELEPHONE
o LAST NO.REDIAL
e SECURITY CODING
e PAGING FACILITY
® 250m RANGE

$195.00

NEW GENERATION
CORDLESS TELEPHONE
WITH TWO-WAY
INTERCOM

e FULL SECURITY CODING

e 200m RANGE

e WALL OR DESK MOUNTABLE
e LAST NO. REDIAL

$295.00

MAIL ORDERS WELCOME
POBOXQ103 ==
SYDNEY 2000 /....,.;;g e

$1-525-3300p+p ~ WNCH
$26-over — $6.00 P+P

_—

DATA MODEMS

IN KITS OR FULLY
ASSEMBLED AND TESTED

4

Build yourself a MODEM from our new range of kits in just an afternoon and be talking
via computer to your BBS across town, or across the world. All kits have been designed
to meet stringent Telecom specifications and come complete with every component

down to the last nut and bolt.

Check these features: Double-sided plated-through fibreglass PCB
Soldermask on both sides
Screen printed component legend
Assembly and test manual

M300 $129.00 T.P.
300 BPS

ANS/ORIG
CCITT/BELL
LOOPBACKTEST
PH/DATA RELAY
POWER PAK

Please deliver M

Data Modem/s at $
modem for full assembled and tested unit/s. | enclose $

M1200 $189.00 T.P.
300/1200/75 BPS
ANS/ORIG

CCITT/BELL
LOOPBACKTEST
BAUDRATE CONVERTER
ADAPTIVE EQUALISER
PH/DATA RELAY

POWER PAK

M1212 $169.00 T.P.
1200/1200 BPS
ANS/ORIG

CCITT/BELL
LOOPBACKTEST
SYNC/ASYNC
ADAPTIVE EQUALISER
PH/DATA RELAY
POWER PAK

each, plus $7.50 for delivery. Add $50.00 per
for total payment by, Cheque/Money

Order/Credit Card: Bankcard/Mastercard. (Cross out what is not applicable.)

CARD NUMBER:
NAME

ADDRESS

SIGNATURE

POSTCODE

Mail Coupon to:

DATACOM COMPUTERS
Private Bag 39, BAYSWATER
VICTORIA 3135

Telephone orders:

ring (03) 221 7119.
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pleasure,
more safety
foleisure
boating

Dave Jeans
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The rapid development in electronic products has not bypassed the pleasure
boating scene. In fact about all that has changed in pleasure craft during the past
decade is the gear installed onboard. This change is exciting! Electronic
equipment is doing things for the skipper that his dad would never have dreamed

possible.

THE KEY to the upsurge in marine electronic equipment has
been the development and subsequent low cost manufacture
of dedicated, purpose designed micro-chips. These devices
have enabled electronics companies to design and manufac-
ture communications, navigation and boat performance
equipment so powerful in capability that in most cases only a
fraction of the inbuilt potential is used.

Does it matter though if a microprocessor capable of 47 dif-
ferent functions has only three or four of them utilised in its
role in a depth sounder? Or that a SatNav receiver offers a 200
waypoint capability, when the user can't even think of how to
use two of them? Or that an HF/SSB transceiver has 390 chan-
nels, when there are only 160 authorised frequencies world
wide in the marine HF band?!

To the boat owner it doesn't matter a jot. In most cases plea-
sure craft are just a diversion for the owner. Something to take
the mind away from the problems in the office, a counter to
the pressures of city living, and a way to get down to basics
with the family.

What has happened over the past few years is that, owing to
the escalating cost of new boats, owners are sticking to their
old boats (‘old’ might mean only two or three years since
launching) and they are re-fitting with some of the exciting
new electronic gadgets that crowd the chandlery shelves,
beckoning.

So, hand in hand with the availability of sophisticated
electronic gear, there has been a tremendous desire to fit-out
the old tub, and spend a pleasant weekend reading through
the radar set owner's manual. Timewise it has dovetailed
together beautifully. The only thing that’s moving at the
dockside these days is electronic gear.
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To get a broad picture of the way electronics has been
adapted to marine tasks, equipment available for navigation,
communications and entertainment will be examined in the
following pages.

Navigation Equipment
—SATNAV -

A true child of the space age is the satellite navigation
receiver, or SatNav. These marvellous black boxes are so accu-
rate in determining position that new dangers now exist —
islands are no longer where the chart says they are!

Yachtsmen cruising in remote Pacific areas have found sup-
posedly up-to-date charts with errors of up to three nautical
miles in the position shown for some islands and reefs.

The Transit Satellite Navigation System comprises six
satellites orbiting in paths which take them over the poles, at
an altitude of about 1075km. The orbits of the satellites are
spaced rather unevenly around the 360 degrees of the globe,
giving varying time intervals between the passes from succes-
sive satellites. The longest time between the useable pass of
one satellite and the next is about two hours. The SatNav is a
passive device, acting only as a receiver and processor of sig-
nals transmitted from the satellite.

How they work

Each satellite transmits a primary carrier signal on 399.968
MHz. The SatNav receiver has a very stable inbuilt oscillator

with output on 400.00 MHz, giving a resultant “beat note” [
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Whilst satellite navigation systems are an enormous
benefit when sailing in unfamiliar waters, it can be quite
difficult at times to quickly assimilate all the various
information from such systems. The Chartlink, from
Datamarine, can translate vital Loran (or SatNav)
information into an easily recognizable electronic plot of
your position, track of where you've been and course to
new waypoints.

With Chartlink, you can simply look at the screen and
immediately determine where your are and where you
want to go. The instrument’s visual presentation of
charted information also makes it an extremely useful
tool for preliminary cruise planning, without the
necessity of thumbing through a pile of charts.
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By moving a track-ball or pushing a button, it is
possible to call up various charts and zoom in or out to
three or more levels of magnification. Without the need
for dividers, parallel rules and guesswork, it is possible
to instantly determine the latitude and longitude of
waypoints and the range and bearing to them. Charts
are stored on cartridges that are available for most parts
of the world and each cartridge can hold an average of
ten charts. Accuracy of the boat’s position on the screen
will depend upon the accuracy of the Loran or SatNav
instrument feeding the Chartlink, but the electronic
charts are believed to be accurate and reliable.

The Chartlink can be powered from any dc source
between approximately 10 V and 40 V dc with a current
drain of around one amp. Battery backup is provided for
waypoints, tracking and marks. The display uses a 200
mm (8”) CRT with a resolution of 512 x 672 pixels.
Chartlink is distributed by Datamarine International, 7-9
George Place, Artarmon 2064 NSW. (02)427 0666.
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(difference between the two frequencies) of 32 kHz if both
equipments were stationary.

As the satellite approaches the SatNav’s position, the Dop-
pler effect causes the received frequency to increase, reduc-
ing the beat note frequency. After passing overhead, the Dop-
pler effect decreases the frequency of the satellite signal,
increasing the frequency of the beat note. If the satellite pas-
ses to the west or east of the observer rather than overhead,
the closing and departing speeds are reduced, and the Dop-
pler effect is lessened.

Back in the days of Sputnik, scientists became aware of the
pronounced Doppler shift in signals received from those
early satellites. Knowing their own exact position, the scien-
tists used routine mathematics to calculate the position of
Sputnik at any moment by measuring the Doppler shift. It
was a natural step to devise a captive satellite system,
whereby the position of a receiver could be calculated from
the known position of the satellite.

Giving birth to the Transit Satellite System meant devising
a means of knowing accurately the position of each satellite
in the system at any moment, and in passing this information
to the SatNav receiver. To achieve this end, ground stations in
the USA track each satellite as it passes over their position,
and transmit correction data, applicable for the next 12
hours, regarding the satellite’s drift away from true orbit. This
correction data is stored in the satellite’s memory and retrans-
mitted for reception by the SatNav receiver, which acts on
this correction data when calculating its own position.

Obtaining a position

To obtain a position from a SatNav after initial powering up,
you enter simple data such as GMT date and time, accurate to
within 15 minutes, the vessel’s DR position to within 60 nm,
and the height of the antenna above sea level. During the next
useable pass of a satellite (when its elevation is between 15
and 75 degrees above the horizon) the SatNav receives the
incoming signals for a period of from 8 to 15 minutes.

From the DR position stored in the SatNav computer, a
Doppler shift curve is produced and compared with shift
curves being received from the satellite transmission. Com-
parison goes on until two curves coincide. This process takes
only a few seconds. The SatNav computer continues to
obtain this matched curve/position line information for sev-
eral minutes, before establishing a fix. The computer then
provides a readout of the vessel’s position on the screen in
latitude and longitude.

Various factors cause errors in the resultant fix, the major
one being the vessel’s movement during the lengthy period
the fix is being obtained. Low cost installations rely on the
user entering the vessel’s course and speed. Elaborate instal-
lations have continuous inputs from speed log and compass
or directional gyro. This latter setup also allows accurate DR
positions to be obtained between satellite fixes. An accuracy
of better than one nautical mile is routine with SatNav opera-
tion.

The inbuilt SatNav computer finds position fixing a
breeze. Its great power potential is also used to predict the
time of subsequent ‘good’ satellite passes, to calculate future
vessel positions, called ‘waypoints’, where a course change
or some other action is necessary, and to warn ahead of an
impending waypoint by sounding a buzzer. Some receivers
can be interfaced with TV monitors to provide data addi-
tional to that which can be displayed on its own small screen.

SatNav antennas can be active or passive. The active pre-
amplifier can be an option on some of the less costly units.
The antennas are small, often encased in a plastic housing,
and appear to be vertical quarter wave sections. The more effi-
cient have ground plane rods, either open or mounted within
a circular plastic shield.
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Current drain at 12 volts varies between 0.5 amp up to 1.5
amps depending on model. Some SatNavs have a ‘sleep’
mode (current drain about 200 mA) which enables the fre-
quency generator circuits to operate continuously, but
switches off the computer and display electronics between
satellite passes.

Retail price for SatNavs ranges from $1685 for the NavStar
2000S to $5610 for the sophisticated Raystat 200 by Rayth-
eon.

Navigation Equipment
— RADAR -

The history of marine radar goes back to World War I1. Thirty
years after the initial development, vacuum tubes were still
being used by some of the more conservative manufacturers.
The sets were bulky, with no virtue seen in miniaturisation.
After all, there was no lack of space on the bridge of a mer-
chant ship.

Even when transistors found their way into the circuitry,
no attempt was made to reduce size. The display unit needed
to be big, to allow several deck officers to view the picture
together, inside surrounding blackout curtains. Power con-
sumption was incidental, with several hundred kilowatts of
ac power on hand.

Nonetheless the need to miniaturise is endemic in elec-
tronic engineers, and mini radar sets started to come on the
market. They were shrunken copies of their merchant ship
ancestors; tiny look-alikes, with 150 mm CRT tubes, straight
out of the workshop CRO.

Because the radar picture faded during the period of the
antenna sweep, light defying hoods were fitted over the
screen when viewing in daylight. Attempting to keep your
head still against the viewing hood in rough seas was dif-
ficult and often brought on attacks of mal de mer.

When the radar antenna was reduced in size the perfor-
mance suffered in two ways. Firstly the beamwidth increased
from the narrow one degree, common in the three metre wide
big ship scanners, to around five degrees for a 750 mm
antenna suitable for installation on a small cruiser or yacht.
This wider beamwidth gave far less target resolution. The pic-
ture was fuzzy and lacked fine detail.

The second problem of the wide beam antenna was
reduced range in transmission and reception. To some extent
this was offset by mounting the transmitter and receiver pre-
amplifier right in the antenna housing. This technique over-
came the long runs of lossy waveguide used in big ship sys-
tems, where the electronics were housed below the antenna
mast, in the bridge deck.

The breakthrough

Three quite remarkable developments have been incorpo-
rated in small ship radar during the past five or six years. The
first was the invention of extremely sensitive and noise-free
receiver pre-amplifiers, and to a lesser extent a gradual
improvement in small antenna design. This has meant longer
range operation and better picture definition.

The second development was in the manufacture of day-
light viewing radar screens. This was achieved by using mem-
ory circuits to store the target information from one complete
sweep of the antenna, and then display it on a raster scan,
monochrome TV set type presentation.

This technique meant the radar picture remained on the
screen for the whole period of the antenna sweep (about 2.5
seconds) instead of gradually fading out. Once each sweep
the picture was updated, instantly, from the memory circuits.
Picture brightness was great enough to allow full daylight
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The illustration here shows the modular concept behind the
VDO Navpac system. Each component in the system uses a
separate microprocessor, which can interchange information
with other system units and calculate and display the
information on digital indicators. A major advantage of the
separate processor technique is that each instrument will
continue to perform its basic function even if there is a
system failure.

Below deck, separate electronic components plug together
and are easily interchangeable. A single data link connects
these components to the display units on deck. Due to this
configuration there is a very high computing speed and a
data output rate of 0.2 seconds. Via an interface unit, NMEA/
RS232C, all system data is available for navigationa! and
racing purposes and can be used with personal computers

Satelite Navigator/Autopilot

and advanced performance systems.

The on-deck displays are LCD types with 20 mm high
figures and symbols for easy readability. Night illumination is
provided by means of the latest electro-luminescence
techniques and any selected display can be highlighted as
desired. The display damping factor can be selected at will,
overcoming any difficulties associated with rapidly changing
data.

Navpac’s modular design overcomes the traditional wiring
“jungle” and lends itself to simple expansion. Any
combination of instruments can be added, one or more at a
time and in any order required. The systeia is distributed by
VDO Instruments Australia Pty Ltd, 115 Northern Rd,
Heidelberg West 3084 Vic.(03)450 3209.
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viewing for several people simultaneously. At night the
brightness could be turned down, as in a domestic TV set.

The third development was a natural. With the target infor-
mation in memory, all sorts of data could be introduced and
displayed on the screen with the stored receiver signals. Such
refinements as moveable electronic bearing lines, with digi-
tal readout of the bearing in degrees. The distance from the
vessel to a target of interest could also be represented by vari-
able range markers with digital readout in nautical miles.
Some mini radars provide guard zones, which can be moved
around the screen, to warn if a target enters the protected
area.

All of these quite dramatic improvements were capped by
the introduction of colour radar into the small ship field. Sig-
nal strength could now be portrayed in a range of up to eight
colours. Digital readout information was displayed in a con-
trasting colour, as were the range and bearing lines.

Manufacturers are now vying with each other to improve
picture detail by the use of even smaller picture elements
(pixels). Antennas are now made using printed circuit board
etching techniques. Interfacing between other marine naviga-
tion equipment is now possible, with the newly developed
NMEA standards from USA.

Having regard to the modest antenna height possible in
small craft, useful operating ranges of up to 10 to 12 nautical
miles are routinely achieved for large targets such as distant
merchant ships. Peak pulse power hovers around the 3 kW
mark, and current drain at 12 volts is about 5 A. Prices are
down too, with a good monochrome set selling for around
$4000 retail.

Navigation Equipment
— DEPTH SOUNDERS —

The 3000 series instruments from Datamarine are designed
for offshore applications in yachts. The International Offshore
3000 depth sounder shown here can read depths to 1000
teet, 300 metres or 160 fathoms. In depths of iess than 10
units, it reads in tenths.

As supplied, the instrument reads depths from the
transducer, but a rear panel adjustment atlows depths to be
read from the water surface or from the lowest point of the
keel or prop. To help prevent unpleasant surprises and to aid
in establishing position, the International Offshore 3000 has
eight depth alarm settings. For more details, contact
Datamarine on (02)427 0666.
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No piece of marine equipment has offered such a happy hunt-
ing ground for the electronics design engineer as the depth
sounder. Currently this device is offered in five different
modes of presentation, i.e: flasher, digital, chart, liquid crys-
tal display (LCD) and video.

Depth sounders can be divided into two broad categories,
navigation and fish finding. The first two presentation modes
mentioned above lend themselves to navigation, with the
remainder firm favourites with fishermen, both sport and
commercial.

The basic depth sounder

The flasher sounder is the simplest, most reliable and
cheapest available. It will sound efficiently down to about
100 metres, and can give some indication of the presence of
fish under the boat. Most low cost sounders operate on an
ultrasonic frequency of 200 kHz. They transmit short pulses
of energy (typical pulse length one millisecond) and listen
for echoes between transmissions.

Based on the travel speed of sound through sea water of
1500 metres per second, the flasher sounder measures the
time interval between the transmission of the pulse from the
transducer under the boat, and the reception of the echo
reflected from the sea bottom.

The visual presentation comprises a rotating disc driven
by a small electric motor. An LED or neon bulb fastened to
the disc is energised by the transmission pulse as it passes
the 12 o'clock position, and is again energised by the
amplified returning echo signal.

The outside scale around the disc has the depth marked in
metres. The distance to the sea bottom below the boat is indi-
cated on the depth scale by the flash from the echo signal. If
the disc is slowed to half speed, the sounder will indicate to
twice the depth, providing a useful means of switching depth
scales.



The chart recording depth sounder

One limitation of the flasher sounder is that no record is
available for later perusal. The chart sounder provides an
accurate display of the sea bottom and other echoes, by mark-
ing them on a roll of chart paper. The transport moves the
paper horizontally while the stylus etches the echo signal on
to the paper.

The stylus moves vertically down the paper, carried on a
flexible belt running on rollers fitted at the top and bottom of
the chart. The stylus burns a mark at the top of the paper,
indicating the sea surface (transmission pulse), and again as
it travels down the chart, to indicate reception of the echo.

Before the introduction of microprocessors, depth ranges
were contrived by varying the speed of belt travel. In modern
chart sounders the belt travels at a constant speed, with the
electronics creating appropriate delays to mark the echo at
the correct position on the chart.

This delay technique also allows the machine to scan inter-
mediate depths, rather than from the surface downwards.
Fishermen may be interested only in what is happening near
the bottom, so the sounder can display that segment of depth
bracketing the bottom.

Some chart sounders have a facility called ‘bottom expan-
sion’ whereby the chart traces the bottom contour as a
straight line, and all echoes to five or 10 metres above the bot-
tom. This information is displayed on the lower portion of
the chart, with the regular display compressed on the upper
part of the chart. This way no wanted fish echoes are missed.

Upon all of this chart information can be printed depth
scale lines, the depth range selected, the digital depth and
whether in metres, fathoms or feet. With appropriate sensors,
the boat speed and water temperature can also be displayed
on the chart. Some chart sounders provide separate depth
indication on an LCD readout, to conserve chart paper while
running out to the fishing grounds.

LCD display sounders

The development of large screen liquid crystal displays has
given birth to the LCD sounder. These units provide quite
sophisticated depth information, but suffer two major limita-
tions.

The first is difficulty in viewing the display under some
lighting conditions, and particularly when viewing off to one
side. The second problem is in the courseness of the display,
due to a limited number of picture elements making up the
display. Both problems are being overcome and the potential
for crisp, easily viewed displays is just around the corner.

Video depth sounders

Using similar techniques to the daylight viewing radar, the
video sounder circuitry stores echo signals and other screen
detail in its memory, and then displays them on the raster
scan screen, one strobe at a time. The video picture moves
slowly from the right side of the screen to the left in minute
movements, built up from vertical segments, each depicting
one sounding of the transmitted pulse.

The exciting aspect of video sounders is that they use up
no expensive chart paper, and the difficult task of changing
paper rolls in rough seas is avoided. The first video sounders
on the scene were colour, and only later did low cost monoc-
hrome video sounders appear. Even they were quickly
updated, changing from black and white screens to highly
visible amber, with up to four visible shades to indicate sig-
nal strength.

Video sounder manufacturers have included vast potential
into their products. Some video sounders are capable of dis-

Shown here is the DM-1800 colour video depth sounder from
Imark. The DM-1800 uses a 150 mm (6"} CRT screen to display
the sea bottom, reefs and fish beneath the vessel. Capable of
operation to a depth of 160 metres, the depth sounder has
five selectable ranges, as well as a “zoom” facility which
allows the user to display any five metre section of the water
over the entire screen.

The DM-1800 uses a seven-colour, 128 x 160 pixel CRT
display for very high resolution and also has a “freeze frame”
facility allowing the screen to be “frozen” for grater analysis.
Adjustable alarms are provided which can be set to sound
when the depth exceeds or becomes shallower than preset
limits.

The control panel of the DM-1800 is backlighted for night
use and all switches are soft-touch waterproof types.
Operating from a normal 12 Vdc supply, the depth sounder
draws only 1.6 amps. The unit is 155 mm high, 239 mm wide
and 230 mm deep and the it weighs 4 kg. Details from Imark,
167 Roden St, West Melbourne 3003 Vic. (03)329 5433.

playing segments of depth in une metre increments (or two
metres, or three metres, etc.), from zero depth down to 1000
metres. Automatic functions allow continuous bottom track-
ing, irrespective of depth changes. Fast, slow and freeze
mode is commonplace.

The sets are also available for operation at several frequen-
cies, from 33 kHz, for really deep water sounding, up to 200
kHz for shallow work. Some sets can operate on two frequen-
cies simultaneously, portraying the results on a split screen.

The ability of the TV screen to portray additional data,
whilst performing the normal depth sounding function, has
been used by most manufacturers. Interfacing with other
navigation systems means that positional data from Loran,
SatNav and the ships log and ccmpass can be displayed on
the video sounder screen.

And yes, the video sounder display can be tape recorded
and played back, using a split screen effect so that current
depth sounding echoes are not missed.

Colour video sounders operate from a 12-24 Volt DC sup-
ply, drawing about 2 A. Retail prices for colour sounders
range from $1500 up to $5000. Monochrome video sounders
operate from 12 or 12-24 Vdc, drawing 1.5 to 2.0 A. Retail
prices start at about $800.

Chart sounders operate from 12 or 12-24 Vdc, drawing
about 1 A. Retail prices range from $600 up to $2000. Flasher
depth sounders draw about 300 mA from 12 V, and cost from
$150 to $300. Digital depth sounders draw similar power and
are priced from $300 to over $600 for the top brands.

LCD sounders operate from 12 Vdc, draw minute current
and cost from $200 upwards. &

—continued next month.
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Balanced output
Dear Roger,

[ read your July issue with great
interest, in particular the Spot Sinewave
Generator in the Elektor section.

However, like all such audio generator
projects I have seen over the past
number of years, it lacks a balanced out-
put.

[ am involved as a technical volunteer
with the community radio station, of
which there are some 70 around the
country at present. What I need, and the
same goes for my colleagues in similar
positions, is audio test gear with a
balanced output, preferably of 600
Ohms impedance.

OK.Itsjustanidea ..............

Ben Furby VK2XNZ

3k3
Tu

3k3

It's a good idea! There are plenty of appli-
cations where 600 Ohm balanced circuits
are used in audio work, aside from that
you mention.

The circuit here will provide a 600
Ohm balanced output from a 600 ohm
unbalanced input with an overall “gain”
from input to output of one, allowing the
metering on your generator to be used for
output level moritoring. The capacitors
should be MKT types, and all resistors
1% metal film, with the exception of the
10R supply decoupling resistors.

Roger Harrison

Modem questions

Dear Sir,
I have just completed the construction
of your excellent “Bit Stream Flyer”
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modem, but have a few queries concern-
ing the section in the instructions on
completion and testing.

[ have followed the procedure in set-
ting up the trimpot using my oscillos-
cope connected between pin 1 of IC1
and ground. With the panel switches set
as suggested, there is nothing but
silence on the ‘scope. There is no signal
by which to adjust the trimpot. My
interpretation of the flow chart suggests
that this is what should happen in the
“orig” mode.

In “ans” mode, I get what I think is the
scrambler on the scope. Adjusting the
pot in this mode still makes no notice-
able difference to the level of the signals.
If I shift the probe to pin 7 of the op-amp,
the signal appearing there can be tuned
to a minimum level. Is this correct?

I noticed in the revised parts list
(supplied with the kit) that R17 and R18
have been marked “not used”. Do I leave
them out altogether?

M. A. Waite,
Chelmer, Qld.

Thank you for your letter. I am glad you
are pleased with the modem design
which is proving to be a popular project.

As detailed on page 6 of our September
issue, there are a few transpositions,
omissions and typographical errors
which crept into the article. I will repeat
the information for you here.

Concerning the article in the June 1987
issue, on page 70 under “completion and
testing”, the first sentence of the third
paragraph should read: Set SW3 to
HANG UP (left), SW1 to ANS (left), SW2
to TEST LOOP (left). Connect the plug-
pack, power up again and quickly check
the supply rails. In the same paragraph, a
few lines down, you attach the CRO or
audio millivoltmeter between pin 7 of IC6
and ground.

In the parts list, ZD1 —a 12 V zener, was
missed, R17 and R18 are 2k2 and should
be fitted and R12 was omitted, it's 1k.

I hope this clears up the problems for
you and we apologise for the confusion in
the original article. These things happen!

Andy Keir

More modem questions

Dear Sir,

I recently became interested in build-
ing a modem and having had experience
with other “smart” modems at work,
decided on your Supermodem project
(AEM4610) published in the April to
July issues last year.

While this unit would seem to fulfil
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my requirements very well, you may be
able to assist me with the answers to the
queries listed below before 1 commit
myself tobuilding the project:

1) Have there been any errata published
in subsequent issues?

2) Has the V.22 1200/1200 baud upgrade
been published yet and if not, when
might this be expected?

3) Is it possible to obtain the pc board
and EPROM in Brisbane and if not,
where are these currently available?

4) Where may | purchase the necessary
Viatel software?

5) Are there any new modem projects or
major changes to this project which
may make it worth my while to hold
off for a time?

Thank you for what promises to be an
interestingand worthwhile unit. Hoping
you can assist.

R.]. Hicks,
Moggill, Qlid.

Thanks for your interest in the AEM4610
project. There have indeed been some
errata published and some queries
answered concerning the unit and you
will find these in the “Dial Up” columnin
the October 1986 to January 1987 issues.

The 1200/1200 baud upgrade was pub-
lished in the February and March 1987
issues. The Viatel software can be
obtained by writing to: Maestro Dis-
tributors, Calool Street, South Kincumber
2256, NSW.

Regarding your final question, there are
no major changes planned for the
immediate future for this design. Don't

hold off!
Andy Keir

Dummy load
Dear Roger,

Congratulations on your fine publica-
tion, you must be extremely pleased
with its acceptance by readers, and |
hope that sales are buoyant.

I have a small technical enquiry that
am sure you can assist me with as a fel-
low VK (- jargon for amateur radio
operator — Ed.).

I have just built a fine high power RF
dummy load to enable me to tune up an
FL2100Z linear amplifier. It comprises a
number of paralleled resistors mounted
in a can and connected to an SO239 soc-
ket on the lid. I wish to build under-
neath the lid a little circuit to rectify the
RF and, whilst operating the plate and
load adjustments on the linear, to read
from a multimeter attached to two termi-
nals inserted in the lid, the maximum

ouT

dc voltage produced by the rectifier. At
maximum voltage read, 1 will know the
amplifier is tuned for maximum power
output. As well, I can see that the power
output is within the DOTC's require-
ments.

I can't quite get the circuit all together
in my mind. | would probably need a
pass-through capacitor inserted in the
dummy load’s lid, along with another
terminal, to hook the multimeter probes
onto, plus a few diodes as well.

Brian Pittman VK4ATQ,
Brookfield, Qld

Obviously, you missed our April ‘86
issue. The AEM2600 Peak RF Power
Meter/Monitor project featured in that
issue can be readily adapted to your
application. This comprised an “RF head
unit” and a LED bargraph monitor “dis-
play unit”.

RF HEAD
d i
SK1 T (CAL AT 10V) |
* R1
D1 !
1
IN (o0— ) ——o
e i
A =] 3 -
- -
|

|
10n
CERAMIC !

- = . _—— -

* SEE TEXT—TABLE 1

The circuit of the RF head, given here,
is a rectifier giving a dc output directly
proportional to the voltage developed
across the load (or antenna). This could
be built as described in the April ‘86 arti-
cle and mounted under the lid of your
dummy load. Resistor R1 would connect
between the centre pin of the SO239 soc-
ket on your dummy load and RV1. ForR1,
from Table 1 in the article, us a 20k/t W
resistor.

The rectifier output can be calibrated
using the procedure outlined in the arti-
cle and Table 2. A photostat of the
AEM2600 project can be obtained for
$4.00, inc. postage.

The output socket (SK3) may be
replaced with a 1000 pF (1n}feedthrough
capacitor (All Electronic Components of
118 Lonsdale St, Melbourne have suitable
bolt-on types, see “Retail Roundup" last
month). Retain the 10n ceramic
capacitor, though, us this is the rectifier’s
reservoir capacitor.

8  Roger Harrison

SK3

Your existing speakers
were not designed to...
1.' sit by the pool...
. to hang outside
» under the eaves...
put up with the salt
» spray on the boat...

s

olutions
(1.2&>3)The NEW
MARINE HI FI
SPEAKERS from
Arista were!

NEW—MARINE HI FI SPEAKERS (MS505W)
...what makes them so special?

...the superb sound for their size... the carbon
reinforced polypropylene 4" woofer with its
100z magnet...the soft dome moisture-proof
tweeter with its 5.30z magnet. They have
been tropicalised and moisture-proofed.

At last...true Hi Fi...outside!

The size of each of these brilliant units is
only 186 x 116 x 120mm (7'/2"x 4'/2"x 4%/4")
and features a power input of 30 watts RMS
and a frequency of 70Hz to 20kHz.

Finished in beige, they are supplied complete
with mounting brackets and cables.

For further information on

the ARISTA solutions and the
name of your nearest retailer,
please contact:

ARISTA

ELECTRONICS PTY LTD
Telephone (02) 648 3488
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at that!

If there's one thing we know about at Parameters, it's oscilloscopes.
Over the last 25 years we've sold some of the best brands. In fact we've
built our reputation and business on giving our customers the best.

Now we've put that experience and knowledge to work developing
our own range of oscilloscopes. Why now? We saw many manufacturers
moving away from what our customers were asking for. And prices were
simply going through the roof. Instead of genuine performance
improvements we were seeing gimmicks. In short, we just couldn't find
the CROs our customers needed. So we searched the world and found
the right company to make our own.

The new Parameters oscilloscopes are designed to give you high
performance and reliability at a realistic price. Everything that matters
is built in - including the probes which the competition ‘forgets'. The
gimmicks have been left out. And of course our famous ‘no nonsense’
twelve months warranty covers all models.

The range includes three models that will cover the needs of most
technicians and enthusiasts.

including probes

5502-20MHz

5502 - Unbeatable value in a
20MHz CRO

20MHz dual trace

1mV to 5V/div

Component tester

Signal delay line

Channel 1 signal output
Variable hold-off

Sweep magnification

Trigger preset

Single sweep

150mm rectangular CRT
liluminated inner-face graticule
$914 including probes and sales tax
$795 tax exempt

5504 - 40MHz for a 20MHz price

All the features of the 5502 with 40MHz
bandwidth and delayed sweep but without
the component tester. $1446 including
probes and sales tax ($1258 tax exempt).
6155 - Portable 15MHz

Weighs just 4.5 kg and gives you a full
featured 15MHz CRO you can take anywhere.
Inbuilt rechargeable batteries give two
hours of operation. $1148 including
probes and sales tax ($998 tax exempt).

Recommended retail prices.

Call us now.

%0000000OCGCOGNOIOO

Parameters Pty. Ltd.
SYDNEY: MELBOURNE: PERTH:

PARAMETERS'®

Centrecourt, 25-27 Paul Street North, North Ryde 2113. 1064 Centre Road, Oakleigh South 3167. 106 Howe Street, Osbome Park 6017.

Tel: (02) 888 8777
Fax: (02) 887 1283

Tel: (03) 575 0222
Fax: (03) 579 0622

Tel: (09) 242 2000
Fax: (09) 242 2150

PERFECTION IN MEASUREMENT

FARWAG1 7403




Practical filter design
— without fears or fears

Jack Middlehurst
Part 2 — Butterworth filters

The ‘ideal filter is one that has as sharp a cutoff as the LCR filter but doesn’t
have any peaks or ripples in the passband. Such filters are known as
Butterworth filters after the man who invented them. Butterworth was able to
show mathematically that his design of filter would produce the maximum
slope in the stopband of any filter that had a passband response free of peaks

or ripples.

IT IS NOT POSSIBLE, even in principle, to have a filter that
has a flat response in the passband and a steeper slope in the
stopband than a Butterworth filter, so there is no point in
beating your brains out trying to invent one !

There are many forms of Butterworth LC filters. Those that
we are going to describe have special properties. They are fed,
not from a zero impedance source, but from one having a
fixed resistance. They must be loaded with a resistor identi-
cal to the source resistance. Because the source and load
resistors form an attenuator, the minimum attenuation of
such a Butterworth LC filter is 6 dB in the passband. In all
textbooks and in the computer programs in this series of arti-
cles, no allowance is made for this 6 dB, the attenuation in
the passband is always given as 0 dB a long way from cutoff.
These LC filters consist of low loss inductors and capacitors
only; as their name implies there are no resistors. The
emphasis is on low loss. If the inductors have significant
resistance or the capacitors significant leakage, the perfor-
mance suffers.

Every LC filter has an order associated with it. This is sim-
ply the number of frequency sensitive components (the Ls
and Cs in Figure 1.8) in the filter. The higher the order, the
steeper the slope in the stopband. The simplest LC filter, such
as the one we looked at in the first part of the series, is of
order 2, one box containing R and L and the other containing
C. Note that a box containing only resistors does not count
since resistors are not frequency sensitive. So a filter contain-
ing only R and C is called a first order filter; so too is a single
L or a single C. This means that an odd order LC filter will
contain a number of 2nd order filters with the addition of a
single L or a single C.

Figure 2.1 The four standard forms of Butterworth LC filters.

RSOURCE L2 L4
o=dCfemgup VY=o (VYN l, . op
| [
N Gl c3 # cs T RLOAD E] Lo
o- —o0—b— 1 — —o

RSOURCE

o—{ '} SRR —{F - {}~ o - - —o

e HIGH

IN [B] -— L3 LS RLOAD[:I PASS
{

o o 4 > ———0
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Figure 2.1 shows the standard filters in LC Butterworth
form. You can see that the 5th order low pass (LP) filter con-
sists of two 2nd order filters (L2C3 and L4C5) with an addi-
tional C at the front. The contents of each box alters depend-
ing on whether the filter is low pass, high pass (HP), band
pass (BP), or band reject (BR). To convert an LP filter to an HP,
all capacitors are replaced by inductors and vice versa. To
convert an LP to a BP, all capacitors are replaced by parallel
tuned circuits and all inductors by series tuned circuits. Fora
BR, filter all capacitors in the LP become series tuned circuits
and all inductors become parallel tuned circuits. So a 5th
order LP filter is transformed into a 10th order BP filter by
this process since the number of frequency sensitive compo-
nents has been doubled.

For LP and HP filters, each pair of boxes is tuned to a diffe-
rent frequency and has a relatively low Q factor. The Q or
quality factor of a tuned circuit is simply the ratio of its
centre frequency to the difference between its upper and
lower 3 dB cutoff frequencies. So, if a circuit is tuned to 1000
Hz and its lower 3 dB point is 905 Hz and its upper 3dB point
is 1105 Hz, its Q is 1000/200, i.e: 5. For BP and BR filters, each
individual box is tuned to the centre frequency.

As we said before, a 4th order filter has four frequency sen-
sitive components, all connected together. Once they are con-
nected, the circuits will all interact and alter their frequency
responses as we saw with the two simple CR filters. Butter-
worth BP and BR filters and some other LC filters are
designed rather cunningly. The individual circuits are all
tuned to the cutoff frequency before they are connected
together. However, they are designed so that when they are
connected together, the interaction between them will

RSOURCE L2 c2 L4 C4

:»{:}«»—TM—IH—M o o
A —t 1 D
| I I
N u§ ﬁm Lbé — (o} L5§ #cs RLOAD E:’;g
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|
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Y P, o V-
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oS- o = o 91 —o —
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" o BAND
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Computerbased
analyser debuts
at IREECON

aking its debut at IREECON was the IVIE PC-40 compu-
ter controlled audio analyser, said to bring a whole new
dimension to spectrum analyser technology.

The IVIE PC-40 is a complete
acoustic analysis system cap-
able of making a variety of mea-
surements both quickly and
accurately. The unit features 20
non-volatile memories for stor-
ing or accumulating data, plus
parallel and serial outputs. In
addition to its built-in func-
tions, it is user programmable in
Basic, with a typewriter style
keyboard, giving it an almost
limitless range of capabilities.

An LCD display features a dis-
play range of up to 64 dB with
resolutions of 1, 2, or 3 dB per
step. The screen has selectable
octave, Ys-octave and weighted

Ys-octave displays. Measure-
ments can be stored in memory
for later analysis and the unit
can also display two or more
curves simultaneously.

Standard accessories include
the IE-2P precision
preamplifier, plus a choice of
the 1133 free field response mic-
rophone or the 1134 random
response microphone. Both
microphones are laboratory
quality, air condensor ty pes.

For further information, con-
tact: Amber Technology, Cnr
Skyline Place and Frenchs
Forest Road, Frenchs Forest
2086 NSW. (02)975 1211.

Real-world to
serialinterface
from Novatech

he MetraByte M1000 series
signal conditioning mod-
ules are a complete family of
interface solutions, accordingto
the manufacturers. The mod-
ules accept real-world input sig-
nals from thermocouples, RTDs,
strain gauges, frequency and
pulse voltage, current or digital
sources.
The input data is converted to
engineering units in digital
form and transmitted in RS232

or RS422/485 serial format.
Each module has two digital
output bits for controlling solid
state relays. Trip set points are
stored in non-volatile RAM, as
are baud rate and input config-
uration.

All modules have screw ter-
minals for field wiring and can
be mixed and matched in any
manner, up to 124 modules per
bus. Transmission distances of
up to 1 km from the host compu-
ter are possible when using the
RS422/485 standard interface.

For further information, con-
tact: Novatech Controls (Aust)
Pty Ltd. Melbourne (03)645
2377 or Sydney (02)758 1122.

PROFESSIONAL PRODUCTS NEWS

DIP sockethas
built-in battery
backup!

red Hoe and Sons of Bris-

bane advise the availability
of the Dallas Semiconductor
DS1213  SmartSocket. The
device isa 28-pin, 0.6 inch wide
DIP socket with abuilt-in CMOS
controller and an embedded
lithium energy source.

The DS1213 accepts either 28-
pin 8K x 8 or 24-pin 2K x 8 lower
justified JEDEC byte-wide
CMOS static RAM. When mated
with a static RAM chip, it pro-
vides a complete solution to
problems associated with mem-
ory volatility.

The SmartSocket monitors
the power supply for an out of
tolerance condition and if this
occurs, the internal lithium
source is switched on and write
protection is enabled to prevent
data corruption.

Using the SmartSocket saves
pc board space since the combi-
nation of socket and memory
chip use no more area than the
chip alone. The SmartSocket
uses only pins 28, 26, 20 and 14
for RAM control. All other pins
are passed straight through to
the socket receptacle.

For further information, con-
tact: Fred Hoe and Sons Pty Ltd.
246 Evans Road, Salisbury 4107
Qld. (07)277 4311.

Low profile sealed
micro-dip switch

eco’s sealed subminiature

Micro-Dip switch, 3000
series, was designed to elimi-
nate problems presently
encountered with the use of DIL
switches in setting binary
codes.

The switch allows code selec-
tion by simply rotating a shaft to
the desired position. Owing to
the small size and internal seal
of the switch, less board space is
required and process seal
removal is not necessary once

~

K ‘¢_<§,»‘Q§>
R

"

the pc board has completed the
flow solder and wash cycles.

The 3000 series switches are
available intopand side adjusta-
ble models with eithera flush or
extended actuator shaft. With a
single pole binary coded deci-
mal or complement codes, the
10 or 16 position (hexadecimal)
switches are ideally suited for
digital logic applications.

Forfurtherdetails, contact the
exclusive  Australian  dis-
tributors: Tecnico Electronics,
11 Waltham Street, Artarmon
2064 NSW. (02)439 2200.

Extralow priceson
solid state relays

Looking for solid state relays
at very attractive prices? Or
havent you discovered their
advantages yet? These devices
use small switching signals to
switch large ac loads and pro-
vide excellent isolation bet-
ween the load and the switching
signal.

Jaycar stocks a range that
includes 10 amp, 15 amp, 30
amp and 40 amp devices, all of
which can use TTL level signals
for switching. These solid state
relays are ideal for controlling
mains powered devices from a
computer or microprocessor
based controller and avoid all
the problems associated with
conventional relays such as arc-
ing and mechanical wear.

The 10 and 15 amp devicesare
available with either spade ter-
minals or screw terminals. The
30 and 40 amp units are only
available with screw terminals.
Price for the 10 amp models is
$9.50 each or $8.50 for 10 up.

The 15ampdevices are $12.50
each or $10.50 for 10 up and the
30 amp units are priced at
$14.50 each or $12.50 for 10 up.
The 40 amp device costs $19.50
or$17.50 for 10 up.

Contact your nearest Jaycar
store or dealer for more informa-
tion on these extremely useful

devices. &

-
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change the frequencies of the individual circuits in such a
way that they will end up having the correct values for the fil-
ter.

With Butterworth filters it is the carefully controlled over-
lap of the slopes of the individual filter sections that gives the
flat response in the passband. This means that, not only must
the frequencies of each of the circuits be correct, but they
must have carefully controlled values of Q. The Q of a tuned
circuit depends on the ratio L/C, whereas the resonant fre-
quency depends on the product LC. So, to get the correct val-
ues for the frequency and Q at the same time, the values of the
individual Ls and Cs must be quite precise.

It is worth mentioning at this stage, for those not familiar
with the jargon of filters, that there is a trap with BP and BR
filters. The centre frequency is the geometrical centre fre-
quency, not the arithmetic centre. So, if you have a BP filter
with a centre frequency of 1000 Hz and a bandwidth of 200
Hz, the two cutoff frequencies are 904.99 Hz and 1104.99 Hz,
not 900 and 1100 Hz as you might have thought. You can see
that the 904.99 and 1104.99 are correct since

1000 = SQRT(904.99x1104.99), and
200 = 1104.99-904.99.

The program in Figure 2.2 computes the values of the vari-
ous inductors and capacitors for Butterworth LC filters up to
order 9 for LP and HP filters, and up to 19 for BP and BR fil-
ters. If you need a steeper slope than that provided by Butter-
worth filters of higher order than this, it is better to use a diffe-
rent type of filter such as the Chebychev or elliptic. These
will be described later. Even though this program allows you
to design a band reject filter, it is unusual to use a Butter-
worth design for band rejection since such filters commonly

need much steeper slopes than Butterworth filters can pro-
vide. Figure 2.3a shows the design of a 6th order Butterworth
LP filter having a cutoff of 20 000 Hz to be used with 600
Ohm input and load resistors, intended to limit frequencies
to the audio range. The extra windings on the inductors and
the links are used for tuning.

w2 Al 2 4 U ) s U
o- Y e o o WP G S A
15752 H | 9.224 mH | 2472 mu
I [ . c2 -L Cc5 ouT
Ts.ass nf T 25.622 nF T 18.757 nF
|
. - e -l —o
a)
c2 c4 c6
10.836 uf 6.631 uF 10.636 uF
- A+ Ay b
1
Otu o gu D¢ D our
t 2 3
|
D S ¢ . -
10.729 H 2.650 H 2.650 H 10.720 H
b)

Figure 2.3 a) Low pass Butterworth filter, Rsource = Rload =
600 Ohms, Cutoff = 20 kHz, Attenuation = 15 dB at 30 kHz,
Order = 6. The links and extra windings on the coils are for
tuning. Their use is explained in the text.

b) High pass Butterworth filter, Rsource = Rload = 600 Ohms,
Cutoff = 20 Hz, Attenuation = 20 dB at 13.33 Hz, Order = 7.

FIGURE 2.2

GWBASIC program to calculate the components of
Butterworth LC filters up to order 9. The program first
calculates the normalized (Rsource = 1 Ohm, Omega = 1
radian/sec) LP filter, transforms that to HP, BP, or BR if
requested, and denormalizes the result to practical units. The
frequencies for tuning are displayed after the component
values.

Lines 30 and 40 set up the string expressions for the display.
Lines 140-230 contain traps against hitting wrong keys.
Line 200 checks to make sure F1 is within the stopband.

Lines 250-280: WN is the normalized frequency in radians per
second.

10 PRINT Butterwvorth LC Filter Design

20 PRINT Copyright Aguila Holdings Pty Ltd 1987 PRINT

30 A13:L{° A28='C( A33z'): PI=3 141592654%

40 A43: Tune L{" A7$: ) to A98:= C(

50 PRINT ‘What type of filter would you like to design ?

50 PRINT 1. Low pass

70 PRINT "2 High pass

80 PRINT '3 Band pass

90 PRINT 4 Band reject

100 PRINT ~5 None. Quit

110 INPUT Please enter the appropriate integer X

120 IF X=5 THEN 920

130 IF(X<1 OR X.5)THEN 50

140 INPUT "What is the value [ Ohms ) of the source (&load) resistance ?°.R:IF R
<=0 THEN 140

150 IF(X=1 OR X=2)THEN INPUT “What is the cutoff frequency [ Hz } ?7.FC:IF FCc¢=0
THEN 150 ELSE 190

160 INPUT “What is the centre frequency ( Hz ] »' .FC.IF FCc¢:=0 THEN 160

170 INPUT “What is the banduidth { Kz ] ?° .BW-IF BWc¢=0 THEN 170

180 FL={-BW+SQR(BWeBW+4*FCoFC))/2:FU=FL+BW IF FL<=0 TREN PRINT "That bandwidth i
3 too wide for the centre frequency GOTO 160

190 INPUT "At what frequency [ Kz ] in the stopband is the attenuation known ?°,
F1 IF F1¢=0 THEN 190

200 IF((X=1 AND F1¢=FC) OR (X=2 AND F1>:FC) OR (X=3 AND (F1>zFL AND F1¢=FU)) OR
(Xz4 AND (Fl<zFL OR F1>:FU)))THEN 210 ELSE 220

210 PRINT 'That frequency is not in the stopband GOTO 180

220 IF (X=4 AND F1=FC)THEN PRINT"Sorry ! can’'t use the centre frequency, please

choose another frequency. GOTO 190

230 INPUT "What is the attenuation [ dB ) at that frequency ? ,AMAX:IF AMAX<=3 T

HEN PRINT"There must be more than 3 dB attenuation in the stopband. -GOTO 230

240 ON X GOTO 250.260.270.280.920

250 WN:=F1/FC GOTO 290

260 WN:zFC/F1 GOTO 290

270 WNzABS{{(F1sF1-FC*FC)/BW/F1)

280 WN=ABS(F1*BW/{FCeFC-FleF11}

290 N=INT(LOG((107{ 1¢AMAX)-1)/(10 3-113/2/LOG(WN})e1 IF Xz1 OR X=2 THEN N1:=N:N

2z10 ELSE N1:=2eN N2:19

300 PRINT “This filter 1s of order N1 A:zPI/N/2 ODD=0 IF N MOD 2:1 THEN ODD=1

310 IF N1>N2 THEN PRINT Sorry I can only calculate components for filters of or

der less than' .N2 GOTO 50

320 WO=2sPIeFC - IF(X=3 OR X:=4)THEN BW:2+PIsBwW

330 FOR 1=1 TO N IF 1 MOD 2:1 THEN C(I1:2*SIN((2+1-112A)1/R ELSE 470

340 ON X GOTO 350.370,390.430.920
350 C(I1:=C(1)/W0 GOSUB 860

360 PRINT USING \\s\\sssas sss\
370 L{IV=1/W0/Ce 1 GOSUB 740

380 PRINT USING \\S\\sssss sge\
390 L(I1)=BW/WO/WO/C(1) GOSUB 740

400 PRINT USING \\s\\sssss sgs\

410 C(I1)=C(1)/BW GOSUB 860

420 PRINT USING \\sm\\sosss sas\

430 LEI)=1/CC11/BW * GOSUB 740

GOTO 290

LA28.1.A33.5.A6% GOTO 470
CA1$.1.A33.5,A58 GOTO 470
LA1$.1.A38.5.A58

.A23.1.A38.5.A6S GOTO 470

Line 290: N is the filter order

Line 300: A is an angle required later, ODD=1 if N is odd.
Line 320: WO is the cutoff frequency in radians per second.
Line 330: if | is odd, calculate C first.

Lines 370, 390 etc: the factors change the Ls and Cs from the
normalized system to practical units.

Line 470: ! | is even, calculate L first.

Lines 630-660 calculate the tuning frequencies for LP filters.
Lines 670-730 calculate the tuning frequencies for HP filters.
Subroutines 740-770, 780-810, and 860-910 convert L, C, and
F to convenient units for the display.

Subroutine 820-850 organises the format of the display.

440 PRINT USING \\s\\#sgss 855\ LA1S.1.A%8.5 . A5S
450 CL1=C(1)#BW/WO/WO  GUSUB B6D

460 PRINT USING "\\s\\sssss sas\ \ .A23.1.A%8.5.A83
470 IF I MOD 2:=0 THEN L{[)1:=29ReSIN{{2>1-112A}) ELSE 81D

480 ON X GOTO 490.510.530.570.920

GOT) 610

490 LI TrzLolizWn  GOSUB 740

500 PHRINT USING \\S\\sssgs Bss\ N\ LALS.1.AYS.5.A8  GOTO 810
510 Cilyz1/W0sLET) GOSUB 860

520 PRINT USING \\#\\spsss sss\ LA28.1.A78.S. A58 GOTO 81
530 C(1):BW/WO/MO/LIT) GOSUB B8R0

“40 PRINT NSING \\s\\8s5ss sss\ A28.1.A7%8.S.A6S

560 LeIy:=Lily/BW  GOSUB 740

&R0 PRINT USING \s\\sasps sos\ ALT.1.ADE.5.ANE  60TH &
870 crlaz1sL11a/kW  GOSIH BoU

480 PRINT HSING  \\s\\sssss pap\
590 Li1y:Lol)ysRu/Wiy/wWn GOSUR 740

AON PRINT USING \\B\\GEAEE AH8\ LA13.1.A%8 .5 AbS
610 NEXT I
6820 ON X GUTO Ran,

K0 FOk 1-2 TH N STE ! 10 Ted
540 1F (I=N AND 0DD:
K& F. 177 JAQk(L L, N AND THFN 0GUK W20 ELSE GOSUR B
4
Fbhy NEXT 1 Gt R
70 F JERY
) EL.E
- Wk LE LA 11
TFt1:=N-1 ANl - | M AQU T ElLE
720 IF ([:N AND T-1 1 THEN ¢ Fl1.F ULEEE)
S Lilo Al Henrie HOT
1 TRFN S.Lcley ALE miililernry
At mier Hepraes
THEN F-Frron AR MK
N OF.F Toun ) a
B L] BEE GHT A4r. 1 AxF. 1 1. ATE.F ARS 60To Abo
B30 PRINT ”‘)INl- ® s HUE SEA A4% | A4S . 1+1 ASE FLARS GUT Bbn
340 PRINT USING s i " s88 BHES AdE. 1. Avs. | 1. ANS. 11 ATS F.A
L33
B850 RET”VN
HEN 3-C11) AKg Fursa 30T
i THEN & rt1retmnl Acs milliFarsd
) AF Vo5 uungol THEN & Celieyin At micreFara ate
B90 IF Crl) -1E-09 THEN S-0Cclielkemt Ang tonFarsd GUTH Y
YU0 S:CelielEs1 " ARS Ereskaesds

910 RETUKN
920 PRINT  bknd ~f proarsmme kNT
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FREE CATALOGUE

1f you don't already own a copy of the Jaycar 116 page 1987 Engineering Catalogue
drop into any one of our showrooms for a free copy. If you can’t get in send a large

Qo time for Pic. See next months ads. J

Cat. ZR-9500
\_

[ & / y A .
Yet another unbelievable deal

Once again Jaycar has made a scoop purchasc of - this time - Viate]l ADAPTORS
for your own TV set!

That's right, you connect them to your own TV via the antenna and to a telephond
line as well. A nifty little infra-red wireless remote control ts supplied so that you
can operate Viatel from the comfort of your lounge chair!

We must emphastse that the goods offered are NOT BRAND NEW and are "ex-
rental’. They are in very good condition and fully operational when supplied.

The adaptor will drive an RGB monitor as well as a telly. It also has parts for a
tape recorder and printer and a socket for full QWERTY keyboard.

If you want to integrate VIATEL into your home entertainment system then this
is definitely for you. Because of the compact size, this offer 18 avatlable to Matl
Order customers as well as our personal customers - but be quick!

Naturally, documentation s fncluded.

Cat. XV-2210 inc remote control pad

ONLY *199

Cat. XV-2212 Full QWERTY
keyboard $99

CAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR
CAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR
CAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR
CAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR
CAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR

SAE and we'll forward you one.

50 & 100W MOSFET
AMPLIFIER ‘BRICK'’
NOT A KIT - INSTANT POWER!

At last, a good value AUSTRALIAN MADE amplifier module that 18 rugged, has
the heatsink built in and s cheap!

The ‘Jaybrik’ as they are called are basically rugged Mosfet power amplifiers
manufactured to high standards on fibreglass board with a special DIECAST
heatsink. All board components are enclosed in a spectal conformed coating that
ensures that the amp will operate in extreme environmental conditions. If in the
unltkely event of a repair being necessary the coating can be picked away and the
offending component replaced. The Jaybrik will drive etther 4, 8 chms or 100V
line step-up transformers and has unconditional stabtlity. They are virtually
bullet proof.

They are tdeal for professionals who need slave P.A. in a hurry or any Hi Fi or
sound reinforcement application. You stmply connect filtered DC and a signal to
them and they are guaranteed to go!

So check out the specs. You will ind them stunning for a PROFESSIONAL

o ’Av BR'K
SPECS:

J-100 100W RMS min into 80, with 45-0-45 3A transformer and 1 x 8000uF/75
filter cap each ratl and 6A bridge rect. 45-0-45 18 MAS permitted power supply
voltage. (This will produce 30V across 80 which 18 112.5W). Max off load volts!
125.

SCOOP PURCHASE!!
MICROPROCESSOR CONTROLLED/
SOLENOID OPERATED HI FI
CASSETTE DECK MECHANISM

You guessed it another Jaycar buy far far below manufacturers cost where you
buy at a normally silly price because other people have lost heavily.

This ttme its a VERY HIGH QUALITY cassette deck mechanism that cost over $35
US in 1000 lots! This JAPANESE MADE mechanism is deck only - 1.e. a door 18
not fitted nor are there buttons. The deck is not operated by mechanical buttons
and all control is by clectric signals, therefore the deck could easily be software
controlled.

The deck also features an air damper cylinder for soft eject, massive capstan
flywheel, Hi Ft head and excellent specs. (see below).

This deck is tdeal as etther a fast high capacity PC memory storage or as a retrofit

to an existing cassette deck to improve performance.

Worth at least $80, grab one for ONLY

$24.95

Cat. AC-1590
BPECS:

* 4 track, 2 channel Philips compact cassette deck
* Tape speced 4.75cm/sec

* Wow and flutter <0.129% RMS

¢ Winding time 110 sec FF & REW C-60
¢ Working volts 9 - 15V

¢ Supplied with 12 page comprehensive
manual including circutt diagram,

truth table, etc.

¥ DIRT
CHEAP!!

Distortion: <0.1% max any frequency typ 0.06%. 0.018 @ 1kliz.
Frequency Response: 20 - 20kHz +0dB (-3dB @ 200kt!z)
Sensitivity: 850mV p.p. for rated output

Impedance: 47kQ

S/K'f)lse: Over 100 dB W.RT. 850mV $ 1 25

Stabflity: Unconditional

Cat. AA-0382

J-50 50W RMS min into 8Q, with 25-0-25 2A transformer, 1 x 4700pF/50V filter
cap each side and 3A bridge rect.

All other specs the same or better than above.

(Fiiter capacitor values must be doubled for use on 49 loads)
Cat. AA-0380

*99

SP SKY" SENSOR

The Pyroelectric infra-red sensor element 1s the ‘eye’ of a passtve infra red detector.
It measures 10mm high, 9mm wide and only 6.2mm deep. The IRA.FO01-P comes
complete with full technical data including performance graphs. Information on
the operating principle and two typical application circuttst
Typical Applications: T

« Burglar alarms

¢ Proximity detectors

¢ Automatic door/shutter switch
* Toys, robotics .
¢ Accident prevention/machine guard

¢ Electronic appliances e
ONLY °19.95

¢ Automatic lighting {in totlet?)

\Cat. TS-1476

SAVE $10
SAVE $12

SAVE $15

WORLD CLASS ADCOLA SOLDERING/
DESOLDERING SYSTEM BARGAIN

and can offer them at never to be repeated prices Adcola have put their prices up
recently, so these spectal prices represent a saving of about 409 on what you can
expect to pay tn the near future. See our catalogue for full specs on this fabulous
soldering system.
DEAL 1.

You get ¢ Base station Cat. TS-1470
® CT7 Iron Cat. TS-1480

* 169

Current price (before price increase) $192
DEAL 2.
You get e Base station Cat. TS-1470

¢ CI7 Iron Cat. TS-1480

¢ Desolder tool Cat. TS-1476

* $224

Current price (before price increase) $261.95

Desolder tool on its own (if you already own the station) $59. 95

SAVE °10 SAVE HEAPS J

SAVE ON POLYPROPYLENE
WOOFERS

$29.95
SAVE $10

8" Woofer Cat. CW-2114

$39.95

10 Woofer Cat. CW 2117

12" Woofer Cat. CW-2130

$64.50

See our Cat for full specifications
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Sometimes we have trouble getting new kits into
stock the month they are described and advertised.
We advertise these products tn good faith, but we
are occasionally let down by numerous things.

The major problems encountered which hold up
new kits are:-

* PCB artwork from the magazine 1s the biggest
problem. It 18 very often late, and occastonally
incorrect.

» Spectalist components 1s a big problem. We order
such parts the moment we recelve parts lists, and
are often quoted 12-14 weeks deltvery.

* General poor avatlability of components, as most
are tmported.

We are not just making excuscs, we would dcarly
love to have all new kits on the shelf when the
magazine article appears, but sometfmes it is not
possible. We suggest you glve us a ring first and
thcck avatlabtlity on new kits before you visit.

I

TV COLOUR BAR & PATTERN
GENERATOR

Ref: EA October 1987

Cat. KA-1691 $ 139.00

BEGINNERS POWER SUPPLY

Ref: EA Sept 1987

Cat. KA-1689 $26.95

D.I. (DIRECT INJECT) BOX

Ref: EA Oct 1987

Cat. KA-1690 $39.95
LOW COST FLASH
STROBOSCOPE

Ref: EA August 1987

Cat KA-1688 $ 13.95

BALANCED LINE DRIVER

Ref: EAM August 1987

Cat. KM-3060 $99.50

HIGH PERFORMANCE
MICROPHONE

PREAMPLIFIER

Ref: AEM August 1987

Cat. KM-3061 $36.95

AEM 4510 RS-TRUE-232
INTERFACE

REF: AEM SEPTEMBER 1987

CAT. KM-3062 $24. 95

AEM 3506 "Uo SAT"
SATELLITE DECODER

Cat. KM-3063 $55.00

PLAYMASTER 60/60 AMP
Cat. KA-1650 STANDARD $299

Cat. KA-1652 BLUEPRINT $349

A \ & & & & & & _§ 8§ B _§ B B B B §B N B B _§ B |
" Dear Customers,

NOVEMBER IS A BIG MONTH FOR

KITS WITH 8

qGHz Digital Frequency Meter!

Ref: Stlicon Chip [New Magazine) Nov ‘87

‘Stlicon Chip' Magazine, a new magazine to commence
this month have produced as their first project an
absolute ripper design.

It 18 a full 0-1GHz {1000Mtiz) DFM! Make sure that
you get a copy of the magazine to read all about 1t.
Jaycar will be dotng the full kit but 1t won't be
avatlable untl at least the end of November.

Cat. KC-5013

ONLY $299.00

1152320~

- "

GV QLY METER 'Cl ‘t'\I L/
VOLTAGE &

CONTINUITY
TESTER

, Ref: EA Nov 1987

This handy voltage and
continuity tester tests AC
and DC voltages and also
continuity tn wires and
cables,
Cat. KA-1694

$29.95

N\
CAPACITANCE
METER FOR
D.M.M.

Ref: Stlicon Chip Nov 1987
A great project from a new
monthly electronics
magazine - Stlicon Chip.
Add a two range
capacitance tester for
only $27.95.

Ranges are O - 2200pF
and O - 2.2uF. Complete
kit.

Cat. KC-5010

® 4
311G Ysd
71l

NEW ONES!!
(VOICE OPERATED RELAY

Ref: EA Nov 1987

Eleviates the need to push the button when using a
microphone.

Shortform kit, no hardware.

~N

Cat. KA-1692
524.95 )
(- HIGH QUALITY B

GUITAR PREAMP

Ref: ET]1 Nov 1987

Features of the ETI 1424 include a top boost and
normal input, two pre-eq line inputs, bass & treble
controls, effects send and return, sweep eq, 4 post
eq & line inputs and master volume. PCB pots
supplied when available. 6.5mm sockets,
transformer and knobs are not supplied.

Cat. KE-4729

(545.00

(OFF HOOK INDICATOR
FOR PHONE

Ref: Sflicon Chip Nov 1987

If you have two or more telephones on the onc line,
with this project a LED will flash on the phones not
used to indicate the line 18 in use. One kit 1s nceded
for each telephone.

PC board and components supplied. (Unit mounts
in telephone).

Cat, KC-5011

$

’19.95 :

CAR RADIO POWER SUPPLY

Ref: Stlicon Chip Nov 1987

Put that old car radto that's laying around to good
use as a mantle/ktchen/garage/sunroom radio.
Our kit includes PCB, transformer and components.
You necd the radio and speakers. 6 x 4 speakers
$10.95 each {Catl. AS-3014)

Cat. KC-5012

1
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528.95
[ METRONOME

Ref: EA Nov 1987
Printed circuit board
and electronics supplied.
No box.

Cat. KA-1693

*19.95

TURN YOUR SURPLUS
STOCK INTO CASH!!

Jaycar will purchase your surplus stocks of compo-
nents and equipment. We are continually on the
lookout for sources of prime quality merchandise.
CALL GARY JOHNSTON OR BRUCE

Maycar
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Figure 2.2b is a 7th order HP filter with a cutoff of 20 Hz,
designed to cope with lots of turntable rumble. You can see
that the values of L and C are rather large. This filter will be
used to demonstrate how HP filters are tuned, but it also
emphasises the major problem of LC filters at low frequen-
cies; they need very large inductors. It is not intended that
you build this LC filter, it is presented to show the reason
why active filters were invented: the large inductors needed
to solve the rumble problem not only occupied lots of space,
were difficult to build, and were expensive, but they had a
distressing tendency to pick up lots of hum, particularly if
mounted anywhere near the power supply transformer. Later
we will describe an active filter suitable for solving the rum-
ble problem.

One of the great advantages of all of the Butterworth filters
we will be describing is that once you know the cutoff fre-
quency and the filter order, you know all of the filter charac-
teristics. For example, you know the frequency response, as
well as the phase shift and the time delay at any frequency.
The actual values of the components in an LC filter depend
on the source resistance but this has no effect on these filter
characteristics. Figure 2.4 is a program that calculates the
attenuation, phase shift and time delay of all four types of
Butterworth filters. This program has been arranged to print
out the filter properties over a range of frequencies to give a
better picture of the way in which the properties change.

Figure 2.5 has printouts for each of the four types of filter so
that you can check your program. One thing that may appear
a little curious on first examining this table is that the cutoff
slope of a 7th order LP filter is less than either of those of a
12th order BP filter. This is typical of most filters. In BP and
BR filters, the Qs of the circuits need to be much higher than
those in LP and HP filters. Also, since the passband fre-
quency range over which the filter response has to be flat is
much less for a BP filter, the frequencies of the tuned circuits
are much closer together and hence can reinforce each other’s
cutoffs. Similarly. for a BR filter the range of frequencies over
which the response is not flat is small so, once again, the fre-
quencies of the tuned circuits are close together and their
cutoffs reinforce each other. So, for a given stopband slope, a
BP or BR filter will always be of lower order than twice that of
an LP or HP filter.

Effects of phase shift and time delay

Whilethe name of the filter type (e.g: low pass) describes the
effect of the frequency response on signals fed to a filter, the
effects of phase shift and time delay are not so obvious. The
phase shift in the passband of most filters is a function of fre-
quency a long way from cutoff, and changes more rapidly
with frequency near cutoff. The maximum rate of change of
phase occurs close to cutoff. This means that complicated
waveforms become distorted, since the components whose
frequency is near the cutoff are not adding to the waveform in
the way that they should.

The way out of this is to make the bandwidth say 20%
larger than you really need, then the rapid phase shift is
occurring on frequencies outside the range of interest. Of
course it is not always possible to do this, particularly if there
are frequencies that we really must reject just outside the
cutoff frequency. In this case the lesser of two evils is a bit of
phase distortion in the passband. Alternatively, you can use
an elliptic filter.

The time delay is a similar problem in some ways, since
there is a relationship between phase shift and time delay. To
maintain the shape of the wave, all parts of the wave must be
delayed by exactly the same amount as they go through the
filter. In other words, the time delay should be independent
of frequency.

It so happens that time delay is proportional to the rate of
change of phase shift with frequency. It is easy to see why this
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FIGURE 2.4

GWBASIC program to caiculate the attenuation, phase shift,
and time delay of Butterworth LP, HF, and BP filters. As the
reply to each question is entered, it is checked to see that it
is in the allowed range for calculation. If it is not, the question
is simply repeated. The program displays a table of values
over a range of frequencies. To print out the table, change
PRINT on lines 260 and 380 to LPRINT.

Line 50: LGE converts log to base e into log to base 10.

Line 200 calcuiates the upper and lower cutoff frequencies
for BP and BR filters.

Line 250 allows for starting the table at a high frequency and
stopping at a low frequency if this is what you want.

Lines 290-330: Z is the “normalized” frequency, FU the upper
cutoff and FL the lower cutoff.

Line 310: The attenuation at the centre of a BR filter is
theoretically infinite. This upsets the computer, so the output
is given as 999 dB and the dangerous calculation is skipped.
Line 340: A is the attenuation.

Line 350: Factor and Omega are used for normalization.
Lines 360 and 370 are the main calculations for phase and
delay.

Subroutines 400-440 and 450-480 are standard subroutines
to put the output in practical units.

10 PRINT “aliulation ot

20 PRINT Attenuation, phase. & delay of

30 PRINT Buttervorth filters

40 PRINT Copyright Aguila Holdings Pty Ltd 1987 PRINT

50 BS=" dB 'D$:  degrees” Pl:z1 1415926548 LGE: 4342944819
60 PRINT “Would you like the properties of

70 PRINT "1 a low pass filter ?°

80 PRINT "2 a high pass filter ?

90 PRINT “3. a band pass filter ?

100 PRINT "4. a band reject filter °

110 INPUT "Please onter the appropriate integer. .X

120 IF (X<1 OR X>4)THEN 60

130 INPUT "What is the order of the filter 2" R'IF{({X=3 OR X=4) AND N MOD 2:>m)T
HEN PRINT “The order of BP & BR filters must be even GOTO 130
140 IF N¢2 THEN PRINT "I cannot compute an order less than 2 ~
LE=P1/2/8

150 IF(X:=3 OR X:=4)THEN N=N/2-GOTO 180

160 INPUT “What 1s the cutoff frequency { Hz } of the filter 2

GOTO 130 ELSE ANG

LFC IF FC<O THEN

60
170 GOTO 210
180 INPUT “What is the centre frequency [ Hz ] of the filter ?" .FC IF FC<0 THEN

190 INPUT “What is the bandwidth [ Hz | of the filter 2" ,BW' [F BW«0 THEN 190

200 FU=(BW+SQR(BW*BW+4sFC*FC))/2 FL=FU-BW IF FL<=0 THEN PRINT "That banduldth is
too large for that centre frequency '~  GOTO 180

210 INPUT "At what frequency [ Hz ) would you like to start the calculation 2°,F
START: IF FSTART<:=0 THEN 210

220 INPUT At what frequency [ Hz ] would you like to stop the calculation 2 ,FS

TOP'IF FSTOP«<=0 THEN 220

230 INPUT "What frequency step [ Hz ] would you like to use ?° ,FSTEP IF FSTEP<:0
THEN 230

240 IF FSTEP>ABS(FSTOP-FSTART)THEN PRINT "That frequency step is too large = GOT

0 210

250 IF FSTOP<FSTART THEN FSTEP=-ABS(FSTEP)

260 PRINT Frequency Atten Phase shift

270 FOR F=FSTART TO FSTOP STEP FSTEP ' T=0 P:0

280 ON X GOTO 280.300.310.310

290 Z:=F/FC FU=FC FL=0 GOTO 340

300 Z=FC/F FL=FC FU=1E»30 GOTO 340

310 IF(Xz4 AND ABS(F-FC)¢ 0001sFC)THEN A:999 GOTO 350
320 IF F<FC THEN Z=FC*FC/F-F ELSE Z=F-FC*FC/F

330 IF X=3 THEN Z:Z/BW ELSE 2:BW/Z

340 Az109LGESLOG(1+2°(2°N))

150 FACTOR:=(1+FUSFL/F/F)/2/P1/(FU-FL) OMEGA:(F-FU*FL/F)/(FU-FL) AOMEGA:=ABS(OMEGA
)

Time delay

360 FOR 1=1 TO N THETAs(2%1+N-1)*ANGLE S:=COS(THETA) W:=SIN\THETA)

370 T=T+ABS(S}/(SeS5+(AOMEGA-H) 2) P:P-ATN((OMEGA-W)/(-S)} NEXT 1 T:=T*FACTOR P:P*
180/P1:GOSUB 400:GOSUB 450

380 PRINT USING™ sgm_sss\ \ ssg 8\ \ .gggg o\
.P.D$.G.Fs$

390 NEXT F- GOTO 490

400 IF T>1 THEN G=T'F$= sec ‘GOTO 440

410 IF T> 001 THEN G=T*1000 F$= msec GOTO 480

sss wu\ FF.H$.A.BS

420 IF T> 000001 THEN G=T#1000000' F$: usec GOTO 440
430 G=T+1E+09 F$=" nsec

440 RETURN

450 IF F»:1000000! THEN FF:F/1000000' H$= MHz GOTO 480
460 IF F>:=1000 THEN FF=F/1000 H$= xHz GOTU 480

470 FF=F H$: Hz

480 RETURN

490 END

-

is the case. A delay of one millisecond (1 ms) represents 1/20
th of a 50 Hz wave i.e: a phase shift of 360/20 = 18 degrees. At
10 times that frequency, (500 Hz) 1 ms represents V2 of a wave
ie:

a phase shift of 360/2 = 180 degrees,

which is 10 times the phase shift at 50 Hz! So you can see that
to get a constant time delay the phase shift has to be exactly
proportional to frequency. If the time delay of the high fre-
quencies with respect to the low frequencies is more than it
should be, the high frequencies arrive late at the filter output
and sharp waveforms become rounded.

You can see from the printouts in Figure 2.5 that the phase
shift of Butterworth filters is reasonably proportional to fre-
quency, except near cutoff. There are filters known as Bessel
or Thomson filters that have extremely good proportionality




FIGURE 2.5

Printouts from the program of Figure 2.4
1. LP filter, Cutoff = 10 kHz, Order = 7

Frequency Atten Phase shift Time delay
8.000 kHz 0.2 dB -229.5 degrees 105.25 usec
8.500 kHz 0.4 dB -249.2 degrees 113.53 usec
9.000 kHz 0.9 dB -270.3 degrees 121.22 usec
9.500 kHz 1.7 dB -292.6 degrees 125.23 usec

10.000 kHz 3.0 dB -315.0 degrees 122.67 usec

10.500 kHz 4.7 dB -336.3 degrees 113.62 usec

11.000 kHz 6.8 dB -355.7 degrees 101.10 usec

11.500 kHz 9.1 dB -372.7 degrees 88.29 usec

12.000 kHz 11.4 dB -387.6 degrees 76.89 usec

2. HP filter, Cutoff=20 Hz, Order=7
5.000 Hz 84.3 dB +561.5 degrees 36.60 msec

10.000 Hz 42.1 dB +496.9 degrees 39.68 msec

15.000 Hz 17.6 dB +418.8 degrees 49.01 msec

20.000 H=z 3.0 dB +315.0 degrees 61.34 msec

25.000 Hz 0.2 dB +229.5 degrees 33.68 msec

30.000 Hz 0.0 dB +183.2 degrees 19.81 msec

35.000 Hz 0.0 dB +153.9 degrees 13.49 msec

40.000 Hz 0.0 dB +133.1 degrees 9.92 msec

45.000 Hz 0.0 dB +117.4 degrees 7.65 msec

50.000 Hz 0.0 dB +105.1 degrees 6.09 msec

3. BP filter, Centre=1000 Hz, Bandwidth=200 Hz, Order=12

800.000 Hz 42.3 dB +439.0 degrees 1.69 msec
850.000 Hz 25.5 dB +396.7 degrees 3.30 msec
900.000 Hz 4.6 dB +289.4 degrees 10.36 msec
850.000 Hz 0.0 dB +117.8 degrees 7.28 msec
1.000 kHz 0.0 dB 0.0 degrees 6.15 msec
1.050 kHz 0.0 dB -111.6 degrees 6.50 msec
1.100 kHz 2.0 dB -253.3 degrees 9.43 msec
1.150 kHz 17.7 dB -368.7 degrees 3.64 msec
1.200 kHz 31.6 dB -414.1 degrees 1.77 msec

4. BR filter, Centre=50 Hz, Bandwidth=10 Hz, Order=12

40.000 Hz 0.0 dB +439.0 degrees 33.79 msec
42.000 Hz 0.0 dB +407 .7 degrees 56.31 msec
44.000 Hz 0.2 dB +348.2 degrees 123.73 msec
46.000 Hz 9.9 dB +209.9 degrees 207.81 msec
48.000 Hz 46.7 dB +92.4 degrees 137.21 msec
50.000 Hz 999.0 dB 0.0 degrees 122.99 msec
52.000 Hz 48.8 dB -88.6 degrees 125.91 msec
54.000 Hz 13.8 dB -188.7 degrees 162.68 msec
56.000 Hz 0.9 dB -314.0 degrees 139.52 msec
58.000 Hz 0.0 dB -380.7 degrees 61.20 msec
60.000 Hz 0.0 dB -414.1 degrees 35.47 msec

between phase shift and frequency. The price that they pay is
to have a very slow change in their attenuation at the cutoff
frequency. Since they can pass waveforms without introduc-
ing significant ringing or overshoot, these filters are used
where there are extremely sharp waveforms, e.g: in pulse cir-
cuits in computers, radar, distance measuring equipment etc.

Constructing LC filters

If the frequency response of the filter is to be stable with time
and temperature, all of its components and its physical con-
struction must be of high quality. For frequencies up to about
15 MHz, potcores are best for the inductors and, if possible,
polystyrene capacitors are used because they have low losses
and their temperature coefficient matches that of potcores.
For higher frequencies, air-wound inductors are used, with
polystyrene, polycarbonate, mica, teflon, or air capacitors.
Before construction starts, all components should be mea-
sured and adjusted to within 1% of their design value.

It is essential that there is no coupling between the induc-
tors. This means keeping potcores at least half their diameter
apart and with air-wound inductors keeping them at least
their largest diagonal dimension apart. It is good practice to
arrange adjacent air-wound inductors to be at right angles to
each other. If the filter is built on a printed circuit board, it is
a good idea to use double-sided board and to put alternate
inductors on opposite sides of the board so the spacing bet-
ween inductors on each side is at least one diameter. This
keeps coupling to a minimum. All leads should be soldered

carefully and any spare lead tied down. Capacitors should be
Araldited, glued, or tied firmly in place so that they cannot
move.

There are two handy tricks that make life easy when it
comes to tuning. Since tuning involves disconnecting the
various resonant circuits, it is best to design the printed cir-
cuit board (that is, if you're using one — and you should) with
a set of links that are left out until the circuits are tuned. Also,
since it is difficult to inject signals into a resonant circuit, it
pays to add an extra winding of just one turn to each potcore
and to bring that winding out to two pins that are used solely
for tuning. These have been included in the circuits in Figure
2.3.

Tuning LC filters

Before tuning any filter it is good practice to stabilize it. This
is done by taking its temperature to 50-55 degrees Celsius for
an hour and then letting it cool to room temperature. Repeat
this a couple of times. You can use a clothes airing cabinet if
you have one. A clothes dryer (NOT the tumble type!) will
also work. Putting the filter in the oven, even if set to 50
degrees C, is decidedly risky since most ovens overshoot the
set temperature considerably before turning off, and you can
melt polystyrene capacitors very easily. Don't try the mic-
rowave.

On a sunny day, putting the filter in an open top cardboard
box insulated with foam plastic, or even newspaper, will do
the trick if the box is kept out of the wind and is tilted so that
the open top points at the sun. It is worth checking the temp-
erature to make sure things don't get too hot. If you can't bear
to hold the potcores, they are too hot, so shade the box for a
while.

For LP and HP filters, each of the tuned circuits has to be
tuned to a particular frequency; for BP and BR filters they are
resonant at the centre frequency. Of course, once they are
coupled together to form the filter their resonant frequencies
are different. So to tune them they have to be uncoupled. This
is why links were mentioned in construction.

You will need a signal generator set accurately to either the
tuning frequency (for LP and HP) or the centre frequency (for
BP and BR) together with a high impedance ac voltmeter that
works at the chosen frequency or a CRO with high impe-
dance, low input capacitance probe (a x10 probe usually ful-
fils this requirement). For high frequencies, even a few pF of
probe capacitance can affect the tuning so you will have to do
the best tuning possible and then increase the inductance by
a small amount or increase the capacitance to compensate for
removing the probe.

As an example, here is how you would go about adjusting
the two filters of Figure 2.3. Firstly, all capacitors would be set
(by paralleling several units) to within 1% of the design
value. For the LP filter, Link 1 is installed temporarily, the sig-
nal generator is set to 26.321 kHz (either an instrument with
digital readout or a digital frequency meter is essential to
obtain this accuracy) and connected to the tuning pins on L2.
The meter or CRO is connected to link 1 and the core of L2 is
adjusted for a maximum reading.

Next, link 1 is removed and links 2 and 3 installed. The sig-
nal generator is set to 15.925 kHz and applied to the tuning
pins of L4 and the meter or CRO is connected to link 3. L4 is
adjusted for a maximum reading. Link 3 is now removed and
the load terminals short circuited. The signal generator is set
to 23.375 kHz and connected to the tuning pins of L6. The
meter or CRO is connected to the top of C5, and L6 is adjusted
for a maximum reading. The filter elements have now been
tuned and once all the links have been installed. the filter is
ready for use.

For the HP filter of Figure 2.3. the procedure is somewhat
different. Link 2 is installed, the signal generator is set to
14.899 Hz and applied to the tuning pins of L1. The meter or
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CRO is connected to the input terminals and L1 is tuned for
maximum reading. Link 2 is removed and links 1 and 3 instal-
led. The generator is set to 23.529 Hz and applied to the tun-
ing pins of L3. With the meter or CRO across Link 2, L3 is
tuned for maximum reading. Link 3 is removed, Link 2 is
installed and the output terminals short circuited. The
generator is left at 23.529 Hz and applied to the tuning pins
of L5. With the meter or CRO across link 3, L5 is tuned for
maximum reading. Finally, link 3 is installed , the generator
is set to back to 14.899 Hz and applied to the tuning pins on
L7. With the meter or CRO connected to the putput terminals,
L7 is adjusted for maximum reading. When all links are
removed the filter is ready for use.

At high frequencies; where airwound coils are used, the
signal is injected into the tuned circuit by putting near the
coil a single turn connected to the signal generator. This turn
should be as far away from the coil as possible so that there is
no change in the inductance or capacitance of the coil caused
by the presence of the single turn. For LP filters, in addition
to having only the necessary links in place, it may be desira-
ble to short out the other coils nearby on the pc board since
the open-circuited links allow some capacitive coupling to
them at high frequencies. For HP filters it may be desirable to
insert all links except the one across the coil being tuned.

Active filt