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A new dynamic generation of
Maxell tapes.

When Maxell announces an improvement in the quality of its
tape, you can bet the improvement has to be pretty dynamic. In fact,
we think our new generation has even gone beyond our own standards
of superior sound reproduction.

Take our high level (CrO2) position tape — the UD-XL II.
Maxell engineers have succeeded in expanding its dynamic range in the
middle-iow frequency range by 1 dB, while also pushing its sensitivity
by 1 dB in the high frequency range. Then look at our normal position
UD-XL [, UD and LN tapes — our engineers expanded the dynamic range
at all frequency points, while also boosting output in the high frequency
range. The new dynamic range, of course, allows for better music
reproduction even for LN-type tapes.

On the UD-XL I and II, we also added an exclusive shell
stabilizer for significantly improved tape running and track positioning.

One thing hasn’t changed on all Maxell tapes — our functional
features like 4-function leader tape, replaceable index labels for UD-XL
series tapes and Maxell’s through-production system — your guarantee of
quality and superior sound reproduction.

Tape selector position UD-XL I, UD, LN: Normal position (Normal bias/120 usec. EQ)
UD XL I: High level position (High level bias/70 usec EQ)

ULTRA-DYNAMIC

For detalls on aII Maxell Recordlng Tape write to ) Avallable time Iength UD-XL [: 60, 90 min./UD-XL II: 60, 90 min.
Maxell Advisory Service, P.O, Box 307, North Ryde, N.S.W. 2113 UD: 60, 90, 120 min./LN: 60, 90, 120 min.

(e | maxell

simply excellent
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CONTINUING our line of quality audio projects that we started
with the ’‘Series 4000’ stereo amplifier, this month we have a
moving-coil cartridge preamp with performance to match the
commercial jobs from many manufacturers. The Electromyogram
is completed this month — the fairies at the bottom of the dark-
room were kind to us- ! For those readers who potter with pc
boards or dabble in darkrooms, we have a universal process timer
project. It uses an interesting timing technigue yet is still simple
to build and calibrate.

Spacelab was coming off the drawing board while Skylab was
capturing the attention of technologists and spacewatchers
around the world. By the time Skylab was causing numerous
people some anxiety, Spacelab components were rolling off
production lines around the world. Our cover story starts on
page 16.

A calibrated rope (i.e: knotted at intervals) and a lump of
wood served old sailors well. Modern sailors wouldn't be seen dead
using a genuine ‘log’, the electronic variety is all the vogue. Marine

applications of electronics is the theme of our other feature this M
month; page 24 please. @@Uﬂt@[ﬂt@

Hi-fi can be an expensive hobby - but what hobby isn't ?
Nevertheless, would you believe you can improve your sound
without depleting your wallet ? | won’t say they're straight-
forward, but the techniques described in our sound feature can
make the effort worthwhile. Extended bass is the dream of many
an audiophile. The technique being explored by many enthusiasts
and manufacturers is the ‘sub-woofer’ loudspeaker. Our review
of the Audio-Pro Ace Bass will open your eyes. Also this month
we review a recently released amplifier and an unusual direct-drive
turntable.

For the computer fan we have a look at Rod Irving's 64K
RAM board by Central Data and review a new book on Programm-
ing in Basic.

Curious about VMOS devices ? Get a close look — our data
sheet this month gives device characteristics and circuits for the
CTC range of RF power VFETs.

Letters — by popular demand a 'letters to the editor’ page has
been re-introduced. How about writing us some good letters then?

Get into it — 180 pages of good reading, things to do, news
and views plus a few good laughs along the way.

Roger Harrison, Editor

- W
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next month

[y -

VIDEOQ CASSETTE RECORDERS

A comprehensive report on the machines
available, how the various systems work and
what they will do.

THE DAEDALUS PROJECT

Fascinating report on a detailed study of
feasibility of building and launching an
unmanned interstellar probe.

general

ALTEC MODEL 15
STUDIO MONITORS

Review of an innovative set of speakers fea-
turing an interesting ‘‘Tangerine radial phase
plug’ in a horn driver.

Z-80 S-100 CPU
That cryptic little lot will ‘set the computer
enthusiasts collective pulses racing.

At last it has arrived | — the central pro-
cessing unit to go with the ETI §-100 com-
puter projects. Another beauty from David
Griffiths - of 640 VDU fame.

COMING SOON

Another metal detector. Our last one was
(still isl) very popular, this is one to beat
them all. Guitar practice amplifier — play to
your heart’'s content without annoying the
neighbours, features mains or 12V operation.

Although these articles are in an advanced state
of preparation circumstances may affect the
final content. However, we will make every
attempt.to include all features mentioned here,
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Electronics Today International is published by Modern Magazines (Hold-
ings) Ltd, 15 Boundary 8t, Rushcutters Bay, NSW 2011. It is printed (in
1979) by Wilke & Co, Browns Rd, Clayton, Victoria and distributed by
Australian Consolidated Press. Recommended retail price only.

ETI subscriptions cost $19.00 per year (inc. postage) within Australia.
Cost elsewhere is $24.50 (inc. postage — surface mail). Airmail rates on
application.

Photostats are available of any article ever published by ET1. We charge
aflat $2.00, regardless of page quantity, from any one issue of ETI. Thus, if
the article is in three issues the cost is $6.00. Send orders to the address
below. The charge includes postage.

Back issues: cost $1.40 each plus 45 cents post and packing. We can
supply only the following issues:

1976: Nov Dec

1977: April May June July Aug Sept Oct Nov Dec

1978: Jan Feb Mar April May June July Aug Sept Oct Nov Dec

1979: all to date

Binders available for $4.50 plus 90 cents post NSW, $2.other states.
Orders to: Subscriptions Department, ETI 3rd Floor,

15 Boundary Street, RUSHCUTTERS BAY, 2011 NSW

READER ENQUIRIES

By Mail: There is no charge for replies but a foolscap-size stamped
addressed envelope must be enclosed. Queries relating to projects can
only be answered if related to the item as published. We cannot advise on
modifications to projects, other than errata or addenda, nor if a project has
been modified or if components are otherwise than specified. We try to
answer letters as soon as possible. Difficult questions may take tjime to
answer.

By phone: We can only answer readers technical enquiries by telephone
after 4 pm. In enquiring by telephone about back issues or photostats,
please ask for the “Subscriptions Department”. 33-4282

MICROFILM

Microfiche editions of this publication are available by annual subscription
from Microsystems Pty Ltd, PO Box 188, North Sydney, NSW 2060.

COPYRIGHT

The contents of Electronics Today International and associated publications is fully pro-
tected by the Commonwealth Copyright Act (1968).

Copyright extends to all written material, photographs, drawings, circuit diagrams.and
printed circuit boards. Although any form of reproduction is a breach of copyright, we are not
concemed about individuals constructing projects for their own private use, nor by pop
groups (for example) constructing one or more items for use in connection with their
performances.

Commercial organisations should note that no project or part project described in
Electronics Today International or associated publications may be offered for sale, or sold, in
substantially or fully assembled form, unless a licence has been specifically obtained soto do
from the publishers, Modem Magazines (Holdings) Ltd or from the copyright holders.

Liability:

Comments and test results on equipment reviewed refer to the particular item submitted for
review and may not necessarily pertain to other units of the same make or model number.
Whilst every effort has been made to ensure that all constructional projects referred to in this
edition will operate as indicated efficiently and properly and that all necessary components to
manufacture the same will be available no responsibility whatsoever is accepted In respect of
the faiture for any reason at all of the project to operate effectively or at all whether due to any
fault in design or otherwise and no responsibility is accepted for the failure to obtain any
components parts in respect of any such project. Further, no responsibility Is accepted in
respect of any Injury or damage caused by any fault in the deslgn of any such project as
aforesaid.
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Dear Sir
May | congratulate the magazine on
its new format (June issue). | was very
pleased to see the hi-fi reviews and the
feature articles on computers in parti-
cular, also naturally the projects and
enlarged ideas for experimenters pages.
Your rival magazine had better watch
out.
A Greco
Clayton, Vic

Dear ET! and Dindy

Please find enclosed my second order
for cassette tapes (No. 1 was $300 +). |
would like to say thanks for the speedy
service on my first order and thanks to
ETI for offering such a good product in
the magazine that has become a catch
phrase in any electronic business —
household or group.

It is good to see such quality in an
Australian produced magazine. The
projects cover a wide spectrum of inter-
ests and the technical articles are well
researched and well explained.

Once again thanks to ETI and to
Dindy for this really marvellous offer.

Matthew Howard
St. lves, NSW

Dear Sir

After publication of your project
No. 725 (SSB Generator), | for one
would be very interested to see a com-
plete SSB Transmitter design for 80 M
published. Incorporation of a VFO
would be desirable. A multiband unit
would be nice also but maybe that's
asking too much.

Other amateurs and novices | know
have shown intense interest in the gen-
erator,so {‘'m sure it would be a welcome
project overall,

T Dalziell
Wanniassa, ACT

Dear Sir

The new format is excellent, and |
appreciate your broadening the mag to
include such things as the flyby reports,
etc. | also like the sectioning into the
appropriate subject areas.

My personal interest is audio, and |
thought you may like some reader feed-
back.

] intend building a very high quality
preamp with a low output impedance
(100€2) — but whether it will interface
with your unit or not | don’t know.
Please, how about full specs.

You've made a good start in audio

with your new amp — but how do you
follow it up and keep the thing alive?
I've a few suggestions — how about
“Project Audio” continuous extension
of your design. |t really should have
been obvious that it’s a little like a shag
on arock — it doesn’t interface either
with your equalizer (what a waste —
how else would you control a high
quality amp) — nor is it powerful
enough to run your top quality TL
speaker (min. 75 W!) — so how-about
some extensions, e.g. can the amp de-
liver 75 W or more (reading the specs
for the output transistors, don’t under-
stand why not — could you explain?}
— you suggest that they could be
paralleled. Why don’t you do it and
check, (I'd imagine a resistor value
would have to be changed) — and
show how two can be coupled out of
phase to give 200 W.

How about using the LED VU meter
to show not only output power but the
tone control input as well so that they
can be attenuated to give optimum
strength (it could be switchable)?

How about upgrading your active
crossover to use better more modern
components (the 4136 for example!).
I've noticed that many companies have
brought out upgraded substitutes for
common |ICs — how about some info on
them so that existing (and.aging) units
can be upgraded.

Finally (thank God, | hear you cry!)
how about letters and advice {(inctuding
small project changes, e.g. a buffer for
your power amp to make it a bit more
useful).

| hope this tot is food for thought -
good luck and keep up the good work
(ves, you do plenty, but | don't feel the
need to change it).

lan Catt
Baulkham Hills, NSW

Dear Mr Catt

I’'m glad you like the new format and
presentation. With regard to the ETI
470 60W audio amp modules, the input
impedance is close to 100 ohms. To
successfully drive these modules and
achieve the amplification ‘accuracy’
attainable, the source impedance should
be one-tenth to one-twentieth the input
impedance, i.e. 5 to 10 ohms.

Personally, as much as possible, | try
to adhere to the principle ‘do it properly
or not at all’. In magazine publishing, it
is not always possible — disasters do
occur and articles have to be replaced

last minute — but we are working
towards improving the editorial material
presented in ETI,

With regard to the ‘Series 4000’
amplifier project, it is being followed
up. This issue includes the ‘Series 4000
moving coil cartridge preamp’. The ob-
ject was to suggest a group of audio
components with the title — hence the
word ‘series’. The moving coil preamp
will be followed by a number of other
projects — the eventual aim being to
present a cohesive set of related audio
components for home construction.

We cannot present these projects one
on top of the other in successive issues.
Apart from the necessary development
time required (five months for the
stereo amp, three months for the moving
coil preamp, etc.) the individual projects
need time to gain acceptance — both
amongst readers and parts suppliers. We
exist in a symbiotic industry - we
depend on the parts suppliers to support
our projects and they depend on us to
present well-designed, popular projects.

In summary, | think you can see we
have spent a lot of time and thought
very carefully about the many factors
involved in this series of audio projects.

The Series 4000 will successfully
drive transmissioq line speakers to pain-
ful levels in many a suburban lounge
room. Indeed, we have given a demon-
stration in a very large church-style hall
at Sydney University with the Series
4000 driving a pair of Tannoys in a large
TL enclosure. Sound levels were quite
adequate.

Extending the power level of the ETI
470 60 W module is got possible as the
safe-operating area of the output devices
will be exceeded. Bridging two modules
can be done, but it is not simple. We
have this on our list of “things to do”.
As for the VU meter, active crossovers,
etc., there are only so many hours in a
day and so many demands on our time
from enthusiasts with other interests
we’re hard pressed to get as much done
as we do!

For a glimmer of hope, an interface/
driver for the 60 W module is being
designed. It will appear . . . eventually.

Here is the “Letters” page!, |deas
for Experimenters has already been
extended and the ”Lab Notes” occasional
Column for such semi-project extensions
as you suggest was introduced several
issues back.

Roger Harrison
Editor
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COMPUTER CORNER :
e W -

and o ona lne buffer memory. The
interface I8 8 bit parailel-standard

Size 1 375d & 18Sh {mmi.
Waight appros. 10k sggs.oo
* U inexpensive fan-

form paper, Car X-325§

w Upper and lower case
characters

% 80 columns /

OWN A TRS-807 p
READ THIS AND SAVE!_

Tha Dick Smith Mini Disk Drive is -

40% cheapes than the Tandy Disk
Oxtvs, and has 14% larger capacity.
Sea our edvent on page 24 of

September Elecironics Auvatralia .
for more exciting details!

s3 1 9 o°°Cll X-3230

READERS!

Be quich! Easy-to-
build paper tape Cat K-3466
toader it tor alt
computer  enthus-

NOW
HEEEER

NEW!

Dick Smuh csssaties have besa up-graded
Brilliant new packaging tells you they're ditferent

find out tor yoursalf just how goad thay ceally
orel Try a couple of thesu quality lapes: bafter
still, try tan {types can be mixed) to obta
bonus book below!

-
€-60LN: §1.50 ea. (Cat C-3350)
C-90LN: $2.00 ea. (Cat C-3352)
C-90UD: $2.75 ca. (Cat C-3354)
EVEN LOWER FOR TEN PLUS!

The inside
story on
Cassettes

incradibly

. and how to get th
ap¢ recording equipment
| Aiso available snparataly: Cat B-6036 @ 50¢

BARGAIN PACKS:

Buy your electromic components In bulk and save a
fortune on one off prices. Dick Smith component
packs are ideal for the hobbylst, serviceman, etc,
and give real savings over one-off prices.
omputer-selected valses - no junk!
RESISTOR PACK: 300 resistors
around 60 velues. Great value: less
then 2¢ each! Cat R-7010
GREENCAP CAPACITOR PACK:
Another valus-packad assertment.
Not a lot of weird rubbish — 60
oftea used greencaps. Cat R-7040
CERAMIC CAPACITOR PACK:
Dver 60 of the most commonly usad

types. Voltages no less than 50V, s4.so Z

10pF 10 0.16F values. Cai R-7050

TAG TANTALUM CAPACITOR PACK
50 high grade TAG fantalums, high

rediability capacitors. Limitad quan- 4 5
tity of this pack avaitable Cat R-7060 ° 1

31 Irom your tapes s

1.55kg.

A TOUCH OF BUDGET OVAL
CLASS! SPEAKERS

Smart white cover fur up to l‘swlu for $2. 607 Who's
20cm spaakers. You've seen Xidding?? Certanty not us
them in factones, offices. elc Thesa socradible valoe cor
Naw avadable 10 the hobby a0/ 510180 speakers ace 16
1 st Use them in the home tos ohm impedance (so ey i
wrertoms, music systems, st anything!} snd messure

-
M = Pl 100 & 150mm Cat A-7132
\_ 2T $2.501

WE’RE MOVING!

Like Topsy, we've growed and growed

For the third time in as many years, we've out-grown our
warehouse and head office space. So in October we are
moving to a brand new, multi-million dollar warehouse and
head office complex at North Ryde - approximately 8km from
our present head office in Artarmon.

Of course, our retail stores will stay in their present locations.

ncradible! Up-to-the-
minute technology gives

DOT MATRIX ‘ﬁ‘ 7

PNNTER = - i protection for shops, offices, |
Suberb fine printer leaturas 125 | @ homes, etc. Simply glues on
characters per second print spesd indow:; if glass breaks. it

.nclualol alarm system. Is
not affected by tapping or
ond pay ed is by pin leed method .olhal sounds; sonsor reacts
ly to sound of glass actually

eaking. Aporox. 25mm cube,

$29.50

Here's the perfect way to insen /
DL ICs without demage. Speciel

1€ insertion 100l hes metal holder and /
phunger to protect MOS ICs. phmger has
vadiable prich for dMenng insertion depths
B A must for the servicoman hobbyist
production lne, stc etc elc

R : $4.95 G

) g
fasta. Hurry! 51500! - tocks ’a"ﬂ!uals are 5y
oy

n of lsmp connacted to the 12V DC ) A{max). output of the
d unit. Can aiso be used a3 8 counfer - to check numbsr of
8 of count itams on & conveyor system. Includes sensitivity
control. three position alarm satting and has aa etfective coversgeof
0.8 to 15 metres. Dimansions: !ﬂ(w)xlu(hhun(d;m’m Weight

SPEAK EASY WITH DICK SMITH SPEAKER AND ACCESSORIES . . .

.
STOPWATCH/ ¢
CLOCK/TORCH :
.
L

GLASS BREAKAGE
DETECTO

’'s no eacuse lor
anyone — evan sameone lika
Notm ~ ta get invalvad én sport.
Highly accurste slectronk siop |8
luck festures split and
Iup timing, with LCD readout.
Normally @ slx digit clock with
20 i-built torch lor map peading,
oic Incredible value!

g s39.50 - ‘/
SV, ' = 1‘:’
W CASE FOR

Cat L-5230

>

IC INSERTING /
TOOL

PROJECTS

00K deluxe aluminium case for

many types of projocts. Lguidated stock ¢, 2007
of CB manulscturer, think of the uses!
Front b Rear panals
Mounting bracket
Spaske: holas
Heavy sub-ehassis
Cut-outs lor display,
Twiiches, meters. atc
Limited quantity onby!

(W 1050
N\
o)

AT
LAST!

go-anywhere TV antenna -
L/ sor car, house, boat, etc etc.
You czn mount this in vertical o horizontal moda tor either
polarity transmission — so it Is idsal fos wse on & caravan.
Doubile folded dipale with retlector for mazimum gein and
minimem ghosting an afl channals.

Comaes with mounting bracket, -

T3 AT

BALUN: 4} o
Want to use co-ax? Youll -
aesd @ balun This one bs 1 T
weatherprool, strong
calassz  $2.50 | f

—_—

LCD
cLock 12*
MODULE e

Scoop purchase’ Time
b date ‘modules, deal,
for phore timers.
lqud rtal drsp
buy dwect from the
importer and save
Battery included!
Incredible value

2eeccced

BACKTO 1977 PRICES!.

All of the products in this section are less than. or the
satne. as our 1977 catalogue prices. This, despite two
years of inflation and worsening exchange rates!

DICK KEEPS PRICES DOWN — AND YOU SAVE MONEY

‘ AM/FM PORTABLE RADID
Listen in to brosdcast band or new FM
stations.  Cot A-4364. In 1977: $12.50
iN 1979 ONLY §9.95!

3
IXTYY?

FTT

FLUSH MOUNT
CAR SPEAKERS:

Grest tone. easy to
mount, Cat A-6985
STILL ONLY
$18.00 pair.

WEDGE MOUNT CAR SPEAKERS.
For raar shell mounting, or where space is »
problem. Thousands soidl Cat A-6980

STILL DNLY §16.00 pr

HORN SPEAKER /
_/ Vdeal tor alacrma, CB.
" extansion speakers, ste.
T Cat C-2705

1977 PRICE: $8.90
| NOW ONLY $6.90!

40 PIECE SOCKET SET

Includes retghet drivar, socksts
fdasl iet the handyman Cat 7-4670
STILL ONLY $16.50

N
OC POWER TIMING LIGHT %
Keep your car's timing 3pot on Saves
money. stops wasting petrol Cat A-8508
TILL ONLY $23.50 IN 1979)
CAR RADIO ANTENNAS
LEFT: Combination AM/FM/CB
anfenms. Saves having to deill
anathar holal Cat D-4418.
WAS $33.00 NOw $29.2§
RIGHT: Elaciric serial. Why get
out of the car on cold rainy
aighta? Stops vandals, foo!
Cat A-7360.
1977 PRICE:$23.00
esoe0e 199 s000cee.

For computer enthusiasts, experimenters:

This calaculator hey kit with a ~\

host of uses: comes complate with
£

tor cembination locks, slsrm §
. oo, Cat K-2010

BRILLIANT! I

3-way light: Huora, spo1 and 1
n for tampars, in the car, i
herever you nesd @

portabla lsmp. Hand held o use
shoulder strap suppliad

Clll-lﬂsﬂsl495 | F

SCOOP
EXTENSION EXTENSION HI-Fi
SPEAKERS SPEAKERS 1

the slarm oM. The alarm can be &

Neod an extension spesker aut near the pool o )
the workshop, efc e1c? The is the one for you  '9670ib18 bulk buy bargaing
8 ohm impadance. sty '9MOU3 brand Rasd Arena if
uansistor redios, CBa,  PPEakers. ideal lor an extensian

il

sterwos, etc. With 26m

cable and 3 5mm plug paii, our price only
Can A-2451 $49.50 pant Car A-2465 18

$9.50 $24.75 each

75 A 0%
A=
FERRIC CHLORIDE IS

NOW IN EASY-MIX
PACK . . .

Yest No mors mucking sbout with powders,
wiiting for them ts dissolve. Now Dick has
hand packs of ferric chloride in concentrated
loquid form: just pour into walar and You have
instant solution. Makes 600m! of stchant.

Cot H-5652

20% MORE ETCHANT FOR
THE SAME PRICE:

MINI HI-F]
SPEAKERS £

Top performanca trom such 8 timy
speakes, It space is a problem, or
 you don't want your speahers 10
look obtrusive, try thess.
They'rs only 120 3 120 x 190mm,
and pertormance is equal 1o meny
speskers costing two and three
1 much! Try them you'llbe @ Car
pleasantly surprised' CatA-2375 @ Boat

$99.50 pair :.‘.:';'.'fm. © Flais

Our new address:
Dick Smith Electronics Pty Ltd

Cnr Lane Cove Road & Waterloo Road,

North Ryde. NSW. 2113. Tel. 8883200

There you will find:

® Dick Smith Distributors {our wholesale section)
® Service Centre (including quality control section)
©® Mail Order Centre (for any mail order enquiries)

® Purchasing and importing department

® Administration (including management & accounts)
® Advertising & Marketing and, of course our huge
o

Bulk warehouse and distribution centre




Just & few of the many new books for technical
people you'lt find st Dich Smith Electrenics.
Call in soon or & browso!

BOOK OF THE MONTH:

ELECTRONICS: A practical introduction
by B. Brown & P Care. 92
pages. Intended 83 @ school
texthook (part of the "tund-
ementals of seniar physics
sesies for HSC students)
but slso & great “start-up’
book for the hobbyist, toa.
Gives @ basic intraduction,

=i

AUSTRALIAN AMATEUR CALLBOOK X g Ik%
Cat 8-3008 $5.95

Yos. it's heca: the all-new up-deted

1979 edition of the WiA callbeoh.
THE P.C. BOARD USED IN THIS BOOK:
Exclusive to Dich Smith, this board and tha practical

NEW BOOKS FOR YOUR LIBRARY:

COMPUTER BOOKS:
Basic Computer Games, by David H Abl
190 pages of just sbout every game you
could think of tor your microcomputar. Yes,
including Super Star Trab & Blackjack!
Cat B-2351 $9.95
Due in stock mid November

LOG S/FORM DATA 8OOK

Data book of all Zilog products.
including the famous Z-80 micio
processor. Also includes dats on
memory products (6104, 5114, 6142
RAMS). PIB eic and the range of
Tilog board subassembliss
Cat 8.2360

AMATEUR RADIO
BOOKS:

ARRL ANTENNA ANTHOLOGY

The besi of recent AST magazine
HF zntonna snicles & thoory
presentations. 150 pages. Evory
ham should have a copy!
Cat B-2205 $6.25

| ELECTRON,c g

i

$6.00

It's time you updated yours, isn't it

with the ver-growing numbar of
liconsees. 38 pages
Cat 8-2317

21LOG 2-80 ASSEMSBLY
LANGUAGE PROGRAMMING
MANUAL

In order to program the 2-80 at
machina level. it is convenient to
use an assembly lsnguage This
book gives the programmer s
wiarmation  to idently T80
addresses & mamory locations in
simpler opcodes & oparands
Cat B-2362 $9.95

$2.95

THE HAM EXAM CRAM BOOK $6.95

Another brilliant study aid from the
Wastlshos Radio Club Intandad lor those
sitting for the ADCP esam - essay of
muttiple chaico type. Has sample queetion
© answer section, too! &
$2.95

Cot B-2314,
vy oy oy oy Py

| CHRISTMAS IS ONLY
! TWO MONTHS AWAY!

why Py Py Py Py Py Wy vy Py vy o) '*MW**%

VIDEO .17° OMRON DPDT
BRAIN |
.

COMING SOON: DICK SMITH'S
{FUN WAY INTO ELECTRONICS’
The alknew intraduction to elactronics.
= At a Dick Smith store or booksaller SOONI

N
}
¢

el

WHO WANTS A WHISTLE?

Certainly not you if you are trying ta listen 1o s
tunor — and all you aro gotting is whistles from|
othor stations! v
The cure: baild aDick
Swaith Whistle filter
and install it lu your
taner. Easy to bulld,
easy to fastall, and if
@ cifectively removes | b
@ interstation whisties. / (N °

3 e

TWENTY TRANSISTORS: $2.50
We stll have o low of our budget transistor pachs left:
20 transistors. all brand new , prime spee devices,
squivalont 10 BC107, 100, 157 & 158 — probably the
most used tionsistors in Austrafia. But it you wan
pach you'll have to hurry. {Yes. some packs havs bean
veserved for our mail ordsr customerst)

=

MINI-DIP SWITCH

X-1182

2%
ONLY .: ( ]
P | 2o
$3.50 o
Ca 8135 @

Just look at this superb retay bargain

mated a1 12V OC with 230 ohm coit

resratance massive 0 84 contaci rating
Mounts direct on PCB. Wesl for

madsrn cicuits fequinng a small relay.

8 1 SPST switches mounted 3
angle DIl package ideal for crtuts
here parameters may need alter-
fion. Ideat tor PCB mounting
CaS-1608 $2.78

'VIDED BRAIN' COMPUTER KEYBOARDY ALSO AVAILABLE:

Full tunction computer style heybosrd with 37 hays. silverfJd pin version ol sbove.

plated double sided board. double sided edgs stocks o catz-so1z  $2.50
 spacing) and bigh quality computes-grade pus| ¢ Cat S-16 3
(:u:u.--pnun'.]m.‘:.n::.hnl: hlyv:m,v e IW‘M’SI.ﬂls k vner';saadt:’l:ardc BUYING BY MAIL?

The manutacturer of this quaity kevboard went broke and wel
boughl the lot. You rasp the benefith Thus keyboard must have)
cost twice a5 much to manutacture as the pce wa're asiung fo g
Al keys can ba indraduslly sccessed “
by cutfing PCB tiacks
RECTANGULAR
’
LEDS! 4

It's s0 easy! Simply list the items you want
with their catalogue number(s). and post nt
off with your cheque to aur mad order
cenire {address below) Don't forget 1o nclude
post and packing {charge 1s on total value of
your order as per the table |

ORDER VALUE: P&P

$5 {mun} 1o S9 99 $100

$10 00 to $24 33 $2 00

$25 00 10 $49 93 $3 00

$50 00 10 S99 99 54 00

$100 or more $5 50
Note these charges apply to goods sent by

You can use this incredibly handy
PCB for circuit mock-ups or
compiste projects. 11 wall take
any of the commonly available
IC patterns (even 48 pin} with
raom for planty of gther
components. Size 80 x
127mm. Cat H-5606

$1.90 ea

-

0 Y
veal pro look with thes:
smart (ectangulas }
Availeble in red or

RED Pach Postin Australis only. Large and bulky stems.
Cat 7 4040 Ca1 7 4042 of four :'annol bo; sent by ?Io‘:l i b
If you prefer we witl despatch your ordes by

omentaey <
65?. ema‘,:,,',:,,, pushb-m,:n:wﬂzhn 2 L Comet Road freight anywhere in Australia
e tor onty $6 00 — that's below what it casts

Four ditterent coloun

Building circuits?

us! Large & butky items are normally sent by

t

3\ adable. Groat vabve f |
REELER ™\ 2 Cut S1200 m“:"‘":":"';::‘;‘:,:::mm"': Comet unless you specity differantly {eg by
10 metres of eatension cond In a handy $2.50 . ¥ VRS 211 or av - you pay freight on delivery}
recler, Don'l be caught short unwnd St i Py
¥ (1ust poke the component eads in

i mcda - 6:;'0 & ND-EVWE. ot panel for pots, swiiches etc. Once MiC. N
o $12 60 o Connectar || ined s tdon e f BRACKET A

. " Cat P-2612 5

A Use to connectf] 2 14 1t you use fucs, you'l know how eas
’ BOARD o i 5y

4 WA!e vggwsam be dangerous’ use ont of compulers 1o pes- o 'g lhj« lose the maunfing brackets. Ot the nuis-
What a great dea! adaptors 2 e cord el ow S ipherals. \ .J ance in transternng mics from stand 1o stand
these & way safety shuier outies o7 & Cat P-2690 The soluflon: these spare brackets Fit mostmics

3§60 r

{spring fit) wath standard theead Handy!

{Unversal backshel X
available: Cat N 4 szzgo 2By s 1 95
P-2692. . _.$2.60 ONLY

A 67
BONZA
BULK 3
BUY &
BARGAINS -
BEWDY!

4PDT RELAY WITH
12 VOLT COI
Normel pries for these
handy telsys would bs |
over $3.00. Wa've made 8
bulk purchess from an
Austishion  menutacturer
of excess Iheir excass
stoch. Brand new, prime
spec relays, alveady with
wiring loom attached (but
neves used). Be quich fer
this ons! Cat5-7008

100

POWER SUPPLY ELECTROS

AT RIDICULOUS PRICES!
Grab a few of these before they disappear
at these pnces. youd be made not to.
2200 and 3300uF can-type electrolytics
bought a1 manufaciurer's sxcess stoch so
they lose and yOU Save!

They'rs groat tar power suppliss (you
shweys wanted to make a high current
supply for the lineart) and & host of
other projects. Even cheaper 10 up!

Nommel price for these i3 a1, least $3.00
eache ook et pur prices:
2200uF 50 volt: Cat R-45786.
3300uF 50 volt: Cat R-4577

40c @a(10up 30c ea}
B0c ea (10 up50c ea)

Phone 290 3377 | ACT 96-98 Gladstone Strest, FYSHWICK. Phone 80 4944
CHULLORA. Phone 642 8922 399 Lonsdale Street, MELBOURNE. Phone 67 9834
GORE HILL. Phone 4395311 656 Bridge Road, RICHMOND. Phone 428 1614
PARRAMATTA Phone 683 1133 | QLD 166 Logan Road. BURANDA.  Phonc 391 6233
SA 203 Wright Strect, ADELAIDE.  Phons 212 1862
WA 414 William Streer,  PERTH. Phono 328 5944

NSW 125 York Street,
147 Hume Highway,
162 Pacific Highway.
30 Grose Street,

SYDNEY.

WOLLONGONG ‘Opening soon

263 Keira Street.
EXCEPT WHERE NOTED. ALL ITEMS SHOWN IN STOCK AT PRICES GIVEN AT TIME OF GOING TO PR

MAIL ORDER CENTRE: PO Box 747, CROWS NEST NSW 2065. Ph 439 5311. PACK & POST EXTRA

NEW KITS

(and new kit components)

Remamber parts for most Kits in most of the electronic magarzines are normel stock
Sa even if & kut isa’t hsted, we mey be able to heip you enywaey. Call in and ash us!

INFRA-RED REMOTE CONTROLLER (So_a Oct. EA)

CQYBSA infra-rod diodes Cat 2-3235 $1.50
BPW34 Photo transistors Cal 2-1954  §3.50
Printod clrcuit boards {pair) Cat H-8365  $5.95
DISCO STROBE {simitar 1o ETI September}

Compiete kit Cal K-3150  $29.50
Printed Circuit Board Cat H-8572 $1.95
Flashtube Ca1 $-3882  $2.95
Trigger transtormer. CatM-0104 90¢

Discharge Capacitors {each) Cat R-2855  $3.75
Retlector Cat K-6016  $4.50

WINDSCREEN WIPER DELAY {Seo September EA)

Printed circuit board Cat H-8364  $2.50
Other components tor this project are normat stock lines

AUTO CHIME {Sec September EA)
Complete kit Cat K 3502 S29.75
Printed Circuit Board Cst H-8363  $3.70
TMS:1000 Integrated Circuit Cat 2-6825 $16.50

INDUCTION BALANCE METAL DETECTOR (Seo ETI)
Short form kit {not including former or dowell for rod
Cal K-3100
Cat H-8578

$35.50

Printed circult board only $150

PLAYMASTER STEREO EQUALIZER (Soe May EA)
Compl kit i i Cat K-3500 $99.50
UA4136 Quad Op Amps. Cat 2:6105 $1.95
PC Boards {set ot 3 high quality boards) Cat H-8360 $12.95
Slider pots Cat R-1980 85¢
Knobs to suit slider pots Cat H-3782 50¢

SkHz WHISTLE FILTER FOR TUNERS {See Fob EA)
ing.i Cat K-3496 $19.75

Comp kit. & struction:
(SEE MORE DETAILS ON OPPOSITE SIOE OF THIS PAGE)

INTERSIL LCO EVALUATION KIT {Sec Feb EAJ
{As used in EA digltal voltmeter} Cat K-3450 $33.50
{See bottom ot opposite page tor more ntormation on this product)

MICROWAVE OVEN LEAKAGE DETECTOR (See July ET1)
Pnnted Circuit Board Cat H-8619 $1.95
65082-2800 Schottky Hot Carrier Diode Cat 2-3230 $2.90
All other componeqts are normal stock Hnes

MAJOR DICK SMITH RESELLERS

Listed below are re-scllers who stock a large range of our
products. However. we cannot guarantee that they will have
all items in stock or at the prices we advertise.

A&M Electronics
78 High Street. Wodonga. Vic. Ph 244 588

Advanced Electronics

52 The Quadrant, Launceston Tas. Ph 317 075

Aero Electronics,

123a Bathurst Streot, Hobart Tas. Ph 348 232

Peter Brown Electronics

9 Doveton Street North, Ballarat Vic. Ph 323 035

Coastal Electronics

43 Vulcan Street, Moruya NSW. Ph 742 545

Crystal TV Rentals Pty Ltd

66 Crystal Street, Broken Hill NSW . Ph 6897

Delta Electrix

67 Queen Street, Ayr. Nth Gid. Ph 831 357

Elektron 2000

44 Brown Road. Broadmeadow. Newcastle NSW. Ph 691 222
Fred R Hayes Electrical

28 Station Street. Bowral NSW. Ph 611 861

D& M Harrington,

6/1 Machinery Drive, Tweed Hcads South, NSW. Ph 364 589
Hutchesson's Communications

S Elizabeth Street. Mt Gambier SA. Ph 256 404

Keller Electronics

218 Adelaide Strect. Maryborough, Qld. Ph 214 559
Lismore Kitronics

Cnr Magelian St & Bruxner Hwy. Lismore NSW. Ph 214 137
M&W Electronics

48 McNamara Street, Dranga NSW. Ph 626 491

Power & Sound

147 Argyle Strect. Traralgon, Vic. Ph 743 638

Stevens Electrical

135 Goldsmith Straeat, Mackay, Qld. Ph 511 723

Sumner Electronics

95 Mitchell Stroot, Bendigo. Vic. Ph 431 977

Sound Components

78 Brisbane Street. Tamworth NSW. Ph 661 363
Tomorrow’s Electronics and Hi Fi

68 William Street, Gosford NSW. Ph 247 246

Trilogy Wholesale Electronics

40 Princas Hwy, Fziry Meadow, Wollongong. NSW. Ph 831 219
Tropical TV Services

249 Fulham Rd, Vincent, Townsville Qid. Ph 797 421
Variety Discounts

113 Horton Street. Port Macquarie NSW. Ph 835 486
Wellington Electrical Services
110 Lee Street, Wellington NSW. Ph 325

welcome here
SHOPS OPEN 9AM to 5.30PM
(Saturday: 9am till 12 noon)
BRISBANE: Half hour earlier.
ANY TERMS OFFEREO ARE TO
APPROVEO APPLICANTS ONLY
RE-SELLERS OF DICK SMITH
PROOUCTS IN MOST AREAS OF AUSTRALIA.



IIEWS digest

Pioneer 11 proves Australian’s
theorycorrect

The solar system was created by supersonic turbulence in an enormous,
hot, interstellar cloud of gas according to Australian mathematician, Dr
Andrew Prentice, and Pioneer 11's recent flyby of Saturn has apparently

confirmed his theory.

He says his theory is confirmed from the startling discovery that Saturn has six rings instead of the

five it was believed to have.

This discovery has up-
turned many theories about
the formation of the solar
system and the origin of the
sun and the planets, and was
received with almost com-
plete surprise amongst as-
tronomers and astro-
physicists.

It was no surprise to Dr Pre:
ntice as he had predicted the
existence and position of the
ring — inside the existing rings
~— some years ago.

Dr Prentice has experienced
some difficulty in getting his
papers on the theory published.
The basis of his theory was par-
tially worked out by Pierre de
Laplace (remember — Laplace
transforms?), a French
mathematician, about 200
years ago. In essence, in
primeval space enormous
plumes of swirling gas, hot

Intelligent Typewriter

plumes moving one way, cold
moving the opposite, would
pass each other at speeds of
around three to ten km per sec-
ond. The side-by-side motion of
these colliding plumes created
supersonic stress in the order of
100 times normal gas pressure.
This resulted in Incredible turbu-
lence inside the gas cloud. As it
cooled, it contracted into a
spherical shape, the gas swirl
turning faster on its axis. Even-
tually, centrifugal force caused a
bulge around the cloud's
equator. As the process accel-
erated, the bulge became a disc
and was eventually thrown off as
a gaseous ring.

This event was repeated sev-
eral times in a mathematical
progression until there were
several rings and the remainder
of the gas cloud had contracted,
eventuaily to form the sun. Each

fing contracted until its compo-
nents were drawn together by
mutual attraction, compacting
into a planet.

The theory, according to Dr
Prentice, can be applied to the
universe generally.

Saturn has special signifi-
cance as it Is still in a gaseous
state and provides a test for Pre-
ntice’s theory. He calculated
that Satum'’s rings were formed
in the manner as just described
and predicted the existence and
position of a sixth ring — the
ring that Pioneer 11 discovered.

Further, Dr Prentice says that
the Sun was formed when the
central core of the gas body left
after the separation of the rings
collapsed. Its outer layers fell
inwards, triggering the chaln of
nuclear reactions which make
up the sun as we now know it.

Biomedical
symposium

“Microelectronics in Re-
habilitation” is the title of a
Symposilum being held in
Melbourne from Wednesday
24 October to Friday 26 Oc-
tober.

Venue is Clunies Ross House
at Parkville in Melbourne.

The Symposium is being or-
ganised by The institution of
Biomedical Engineers (Au-
stralia) in conjunction with The
National Advisory Council for
the Handicapped and The Soci-
ety for Medical and Blological
Engineering (Victoria).

Papers will cover such toplcs
as Microelectronics and
Medicine, Implantation, Electr-
Ical Stimulation forthe Relief of
Chronic Pain, Sensory Feedback
in a Powered Artificial Hand, A
Teachable Robot Arm and many
others.

Full registration costs $75
with sessional and student rates.
More information is obtainable
from Mr D.AW. Smith, P.O. Box
5, Parkville Vic 3052.

It's a pity there isn’t a union for secretaries as the problems
of creeping technology are going to affect them as much as
anybody else. Any secretarial neo-Luddites out there can all
get together and scream about the latest product from the
Qyx division of Exxon Enterprises Inc (Zilog's parent com-

pany).

"j.”‘////////IIIIIIIMImli_i I\(_\\\\\\\\\\\\\\\\\\\\é“"“i "
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The new Qyx Intelligent
Typewriter is available in several
different levels, with all levels
compatible with the basic unit.
Level 1 is a very nice
proportional-spacing typewriter
with phrase and format recall,
centering and self-correction.
Level 2 adds a 10 000 character
memory and editing features
like right margin justification
and pagination. Level 3 expands
the memory to 60 000 charac-
ters and adds some conveni-
ence functions, while level four
adds a mini-disk drive with 60 K
capacity.

Level 5, the top level
machine, has dual floppies, and
levels 2 through ‘5 all offer
single-line display and com-
munications options.

Obviously, the innards are
based on a microprocessor;
yes, you've guessed it, a Z-80
(actually there are three micros
in the wunit). The print
mechanism is also largely elec-
tronic, based on a stepper
motor.

Further information on Qyx is
available from Datroni¢s Corpo-
ration Ltd., Information Systerns
Division, 168 Walker St., North
Sydney 2060.

By the way, Level 6, which we de-
duce is still in development, will also
answer the phone and tell the caller
that you're In a meeting, make cof-
fee (upon insertion of 20c), water
the plants and buy you a card on
your birthday (cries of ‘Shamel’,
‘Down with technology!’, ‘The Tele-
com workers were right!’, etc).



Portable DMMs from Beckman

Warburton Franki recently released a range of three
new portable digital multimeters made by the US-
based Beckman Instruments.

Each features a 3 digit
display, long battery life, a
special in-circuit semi-
conductor test function and
overload protection on all
ranges.

An unusual feature on these
multimeters is the large rotary
function select switch — a
favourite on many analogue
meters but not seen to date on
hand-held DMMs: A unique fea-
ture of the display is the omega
symbol that appears in the
upper left corner when the
ohms range is selected. Each
has a speedy continuity test
function, rivalling that of

analogue VOM:s.

Model 3030 includes an RMS
measurement capability and
Beckman quote a 0.1% accu-
racy (Vdc). The 3020 is similar,
but without the RMS facility.
Model 3010 has a claimed
0.25% accuracy (Vdc) and an
inexpensive ‘TECH' model, the
300, 0.5%.

Recommended prices are,
respectively, $199, $179, $139
and $115, plus 15% sales tax
where applicable.

For more information, con-
tact Warburton Franki who have
branches in the capital city of
each state.

Hex thumbwheel switch

Of interest to the digital en-
thusiast is a new binary-
coded 16 position hexadec-
imal thumbwheel switch
that has recently been added
to the C & K product range.

Compatible with the already
established
thumbwheels these hexadeci-
mals are available ex-stock in
front and rear mount with a
number of options which have

range of

been available over the years for
the existing range.

Yet another addition to the
range, also ex-stock is a BCD
switch with a “separate com-
mon to not true bits” ten-
position type.

For further information con-
tact C & K Electronics, Office 2,
6 McFarlane Street, Merrylands
2160 NSW (P.O. Box 101, Mer-
rylands); phone (02) 682-3144.

MIDAS —

RF measurement
agency for
Warburton Franki

Warburton Franki were re-
cently appointed Australian
distributor for Dielectric
Communications (DICOM)
RF measurement equip-
ment.

DICOM'S range is quite ex-
tensive and includes: Direc-
tional RF Wattmeters, antennas,
transmission lines, Dry Pak de-
hydrators, waveguide switches,
RF terminating loads, heat ex-
changers etc.

Substantial stocks of direc-
tional RF Wattmeters are al-
ready held in several Warburton
Franki centres. Service and en-
gineering support is offered
Australia-wide.

a data goldmine!

The Overseas Telecommunications Commission
has launched a new intemational data transmis-
sion service called MIDAS (Multimode Interna-
tional Data Acquisition Service).

The service will provide Au-
stralian MIDAS subscribers-with
access to databases and com-
puter installations initially in the
USA. Other countries will join
the network later.

MIDAS will have particular
application to industrial, educa-
tional, research and library or-
ganisations and it will be ex-
tended to meet the needs of
corporations utilising their own
internationally  distributed
database and computer pro-
cessing facilitles.

A spokesman for OTC said:

“In the past two years, while
negotiations and tendering ac-
tion aimed at establishing this
service were proceeding,
thorough market testing and
widespread demonstration to
interested groups has been car-
ried out by OTC. This has
shown conclusively that there is

a significant demand for the
MIDAS-type service in Australia
and, with MIDAS' carefully de-
vised and economical tariff,
widespread and fast growing
usage is foreseen.”

The MIDAS switch will be lo-
cated in OTC's International
Gateway Centre in Sydney. It will
be connected by satellite and
submarine cable circuits
through OTC's correspondents
in the USA to the Tymnet net-
work, which in turn providesac-
cess to the many database and
computing services spread
throughout the USA.

Other countries are providing
similar packet switch intercon-
nection to the USA, and exten-
sion of MIDAS service to these
countries (e.g: UK, Europe, Ja-
pan, Canada and Hong Kong) is
foreseen at a later date as the
service develops.
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INSTRUMENT CASES BY ADAPTIVE

ELECTRONICS P/L

A RANGE OF CABINETS TO GIVE A
PROFESSIONAL APPEARANCE TO THAT
SPECIAL PIECE OF EQUIPMENT YOU

ARE BUILDING!

The standard cabinet is supplied in kit form and consists of:
(a) Satin anodised 1.6 mm aluminium front and back panel, with
surfaces suitable for screen printing etc.

(b) Top and bottom panels of hard-wearing black *MARVIPLATE"
with a 1.0 mm steel base.

ic) Side panels of satin anodised aluminium timber.

(d) Provision for mounting a metal chassis, circuit boards or edge
connectors.

For turther detalis and prices contact our
distributors:

Ellistronics, 289 Latrobe Street, Melbourne 3000
gTeI: 602-3282).

tewart Electronics, 33 Sunhill Road,

Mt Waverley, Victoria 3149. (Tel: 277-0622):
Rogers Electronics, 44 Heather Drive, Para Vista,
South Australia 5096. (Tel: 42-6666).

Cases are suitable for mounting PCBs, Transformers, etc.
*CAN ALSO BE RACK MOUNTED

13 Standard sizes ranging from 89 x 178 x 178 mm
(816.34) to 267 x 483 x 280 mm ($49.70).

SPECIAL SIZES AVAILABLE.

*For 10 units or more

ADAPTIVE
ELECTRONICS P/L

77 BEACH ROAD, SANDRINGHAM,
VICTORIA, AUSTRALIA 3191,
TELEPHONE (03) 5964422

TELEX 35666
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NEWS digest

Inter-satellite links

The Intemnational Telecommunications Satellite Or-
ganisation (INTELSAT) recently announced plans for
the development and establishment of inter-satellite
communications links within its system.

INTELSAT has awarded a
contract to the Electron
Dynamics Division of the
Hughes Aircraft Company in
California for the design,
fabrication and testing of a
feasibility model of a travel-
ling wave tube (TWT), a vital
component of the on-board
satellite equipment required
to operate an inter-satellite
link.

Other work is under way or
planned, covering the de-
velopment of a prototype model
and other associated equip-
ment.

INTELSAT's objective is to
advance technology in this area
sufficiently to enable it to install
facilities for inter-satellite links
on its satellites launched after
1984.

inter-satellite links offer a
number of significant advan-
tages: at present, direct satellite
transmission can only be pro-
vided between points within a
single satellite coverage area —
about one third of the earth’s
surface.

A: current arrangement

.
.

B: inter-satellite link

3
v

Communications bound for
destinations outside the cover-
age area must complete their
journey via land-based links or
through a second satellite hop.

With inter-satellite links these
signals could be switched di-
rectly from the first satellite to
the second — thus saving one
“down-" and one “up-link"”
transmission, freeing this
capacity for other communica-
tions and allowing more effi-
cient and economical use of the
system as a whole.

It will enable one earth station
to communicate through more
than one satellite in each area
thus improving system flexibility
by increasing the number of re-
ceive stations which can be ac-
cessed directly.

Inter-satellite links also prom-
ise some potential for linking
satellites in different coverage
zones so cutting the distance
travelled by signals and there-
fore the time taken to reach their
destinations. This could be par-
ticularly important for telephone
calls and for some types of data
transmission.

Existing satellite communications
is from one station to another via
the satellite, as shown in A. An
inter-satellite link can provide
extra coverage economically as
shown in B. Eventually, both
inter-satellite and inter-station
links will permit greater coverage
and reduce the distance travelled
by signals.
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C: inter-satellite and
inter-station links

Video disk has huge capacity

A prototype digital video disk system with a
staggering 20,000 million bit capacity has been
developed by the US firm Magiec, a Philips sub-

sidiary.

The system uses a helium-
neon laser to burn micron-sized
holes in a layer of tellurium,
which itimmediately reads back
to check that there are no errors.

The breakthrough was made
possible by enclosing the re-
cording layer between two inex-
pensive plastic discs. This pro-
cedure keeps the dust off the
tellurium and allows the disk to
be handled by human
.operators. The laser burns a
conventional style label on the
disk automatically.

As the data, once written,
cannot be erased the system
merely rewrites an entire sector

every time it is up-dated. This
sort of redundancy is only feasi-
ble with such a low-cost
medium.

The developers suggest that
the final high-volume cost of the
unit will be around US $10,000,
with disks costing US $150.

As the need for high-density
data storage increases (the
Bank of America needs some
600 billion bits per year), Magiec
(North American Philips’ Mag-
navox Government and Indust-
rial Electronics Co.) predict the
need for a 1000 billion bit sys-
tem by 1980.

High stall torque, low cogging
for new dc motor

Featuring a stall torque of 110 mNm for a 24 V model,
the new motor from Airpax is designed for speed con-

trol and servo applications.

Designated model K17400, it
is an iron core bi-directional
type having a stainless steel
shaft. Bearings are permanently
lubricated self-aligning sintered
bronze. It offers a linear torque
speed characteristic with low
cogging.

The K17400 is available for

either 6, 12 or 24 Vdc operation
and is suited to tape drive, pen
and chart drive, printer ribbon
and carriage drive applications.

Distributed by Philips Elec-
tronics Components and Mate-
rials, further information is av-
ailable from P.O. Box 50, Lane
Cove 2066.
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Amplifier modules

Six new VHF hybrid push-pull amplifier modules for
cable TV systems, covering the full frequency range
from 40 to 300 MHz, were released recently by Philips.

There are two kinds listed:
preamplifiers and final
ampiifiers, both of which are
avallable in three gain ver-
sions.

The preamplifiers are desig-
nated BGY50, BGY52 and
BGY54 and feature power gains
at 50 MHz of 12.5 dB, 16.4 dB
and 17 dB respectively. Their
output voltage at -60 dB inter-
modulation is around 460
dBmV. The second harmonic
distortion is less than -68 dB
and the noise figure is quoted
better than 6 dB.

Final amplifiers are desig-
nated BGY51, BGY53 and
BGY55 and also have similar
power gains to the preamp

Circuit breaker

The ‘Circuit Alert’ circuit
breaker replaces a standard
fuse, operating as a normai
circuit breaker, tripping
when a predetermined over-
load occurs.

The unit is made as a direct
replacement for standard house
fuses and has been tested and
approved by the NSW Electric-
ity Authority.

The device is available in rat-
ings of 30, 25, 20, 15 and 8
amps to suit Standard A, Wilco
and Federal fuse types. Price is
$8.95 each. They are available
from Dindy Marketing (Aust.)
Pty Ltd, P.O. Box 55, Rushcut-
ters Bay, 2011 NSW.
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modules. Output voltage at -60
dB intermodulation is around
63 dBmV, and the second har-
monic distortion is better than
-70 dB. Noise figure is better
than 7 dB, Philips claim.

All have a source and load
impedance of 75 ohms and
supply voltage is 24 Vdc. Retum
losses at the input and output
are quoted as better than 18 dB.
Current consumption of the
preamplifiers is typicaily
160 mA, and of the final
amplifiers 200 mA. All modules
are encapsulated in a SOT-115
package.

For further information con-
tact Philips Electronic Compo-
nents and Materials, 67 Mars
Road, Lane Cove, NSW 2066.

replaces fuse

Position vacant on

new publication

Electronics Today Int. is about to

produce a new regular

publication covering all aspects of electronics in sound and

sound recoralng.

The field, which is much
wider than it might at first seem,
includes electronic muslcal in-
struments, electronics in musl-
cal Instruments (that's two diffe-
rent things — not a printing er-
ror ); sound recording including
studio and broadcasting audio
equipment; public address sys-
tems, stage lighting etc etc.

The first publication will be a
200 plus page year book and
will be on-sale about the end of
November.

We are now seeking a free-
lance or part-time editorial per-
son to take over from the pre-
sent incumbent (ex-Radio
Birdman drummer, librarian
and electronics nut Ron Keeley)

who for some totally unfathom-
able reason is emigrating to the

An essential qualification is a
practical working knowledge of
the hardware — gained either as
aroadie, or as a professional or
semi-professional rock musi-
cian etc. He/she should also
have a joumalistic background
or at least basic writing talent. A
practical knowledge of elec-
tronics would be useful but not
essential.

Interested — or know anyone
who is? Ring Collyn Rivers on
(02) 33-4282 or write to us at
Electronics Today Int., 15
Boundary St, Rushcutters Bay,
NSW, 2011.

Hatched, matched, despatched

Brief news on company activities, new outlets, mergers, joint

ventures and closures.

Hatched

Cema Electronics have opened a
second Silicon Valley retail store in
Melboume (ah hal, the weather's
warming up . . . Ed.)

Located at 208 Whitehorse Rd

Blackbum, the new outlet will serve
the eastem area of Melbourne and
will carry the range of semiconduc-
tors from Motorola, Texas,
Hewlett-Packard, Philips, Signetics
and others that all Silicon Valley
stores stock. Philips’ passive com-
ponents will be available in small
quantities (I . .. Ed.)
Perth gets the gong this month for
the most activity in the nursery dur-
ing August. Both.Cema and Tandy
had hatchings. .

Cema'’s Perth branch is located at
25 Brisbane St, East Perth, phone
(09) 328-8091. Rod Champion is
the head hatcher and this com-
pletes Cema’s chain of locations in
each State’s capital city.

‘Tandy had a grand triple opening.
The new stores are located at 208
Beufort St, Perth, Grove Plaza in Cot-
tosloe and Park Shopping Centre in
East Victoria Park.

Matched

The Melbourne-based R & D Elec-
tronics has been appointed sole Au-
stralian agents for the Ladcor range

of Liquid crystal displays (LCDs).
Product to be stock locally will in-
clude 3%,4,4% and 6 digit displays,
mostly the 13 mm high size plus
some 25 and 50 mm sizes for spe-
clal applications. R & D Electronics
are on (03) 288-8232 in Melbourne
and (02) 439-5488 in Sydney.

Soanar have been appointed Au-
stralian distributors for the
Semiconductor Group of Motorola
Inc. (Asia-Pacific operation). Soanar
are currently stocking a com-
prehensive range of Motorola trans-
istors and ICs. Technlcal informa-
tion on the complete product range
is available from them at 30-32 Lex-
ton Rd, Box Hill Vic 3128.

Despatched
California-based semiconductor
manufacturer Intersil has released a
consolidated products catalogue —
available in Australia through their
agent, R & D Electronics.
Containing over 1000 pages of
data sheets and application notes,
the catalogue includes CMOS mic-
roprocessor and memory products,
micro development systems, timing
and counting circuits, VMOS de-
vices and Intersil's special range of
linear devices. Price is $10 plus pack
and post, limit of one per customer
... fair’s, fair fellas.



SERVIGE TEGHNIGIANS!
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Soldering
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SERVICE SITUATION

TAKE THIS TOOL

@®No power
® No time to get power
@®Must work on live gear

SCOPE
“CORDLESS"”
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® 12 volt. Battery power available
only.

@ Outdoor and bad weather
expected.

@ Service vehicle can get
within 6 metres.

r

SCOPE -
“12VOLT
SUPERSPEED”

GET THIS USER ADVANTAGE

1. 40—200 Terminations depending
on conductor size.

2. Recharges, overnight.
3. Heats in 6 seconds.

4. 60 watts — Controljable
temperature.

. 5 Second heating.
. 200 watts if needed.
. Controllable temperature.

S W N =

. You can replace tip or element
anywhere in minutes.

® Modern sophisticated PCB
equipment.

® Accurate & automatic temp.
control wanted.

@® Components are heat critical.

1. Heats in 45 seconds.
2. Dial any temp. 200°-400°

3. Plugs direct to mains.
No transformer needed.

4. Accept iron plated tips from
0.8mm to 6.4mm.

® Unpredictable soldering situation.

®Maybe electrical or electronic
or mechanical.

® You can’t come back to base
for a bigger or smaller iron.

SCOPE
SUPERSPEED
150w

SCOPE
“MINI”
75w

1. 5 second heat up.

2. Controllable temperature.

3. Reserve heat for any normal job.
4. 4 volt safety in the hand.

Available from your normal trade suppliers in Australia

and New Zealand.

SCOPE LABORATORIES

Box 63 Niddrie Vic., 3042.
Phone: {03) 338 1566. TLX 34382.




Spacelab — a giant
international
Venture Brian Dance

A re-usable orbital vehicle, Spacelab is being readied for its
first flight, scheduled for mid-1981. The first mission will
carry 76 scientific and technological experiments from
European, American and Japanese agencies. The results
are likely to have a profound effect on the development of
science and technology into the next century. It has been
said that the Spacelab missions are a greater step for
mankind than man landing on the moon.

~—— TUNNEL

ORBITER
ATTACH

FITTING PRESSURIZED MODULE

CORE
SEGMENT

OPTICAL
WINDOW

PALLET
SEGMENTS

ORBITER
ATTACH
FITTING

ORBITER
ATTACH
FITTINGS

2)

ORBITER =
ATTACH

FlTTlNGS 4
l JF Y, ! 1)
EUROPEAN SPACE

AGENCY’S SPACELAB

16 — October 1979 ETI



DURING the past twenty two years
quite a number of highly trained astro-
nauts have been rocketed into orbit,
carrying out much pioneering research
in gravity-free environments.

These astronauts have to be able to
withstand accelerations of up to about
ten times that due to gravity on the
earth’s surface.

However, the US Space Shuttle should
become available reasonably soon. It will
not only allow people and other pay-
loads to be lifted into orbit much
more economically, but the maximum
acceleration of a Shuttle launch is only
about three times that of the earth’s
gravity (3g) and that of a shuttle
landing about 1.5 g.

It is therefore logical that the Shuttle
should be used to launch a manned
space laboratory, known as Spacelab,
in which scientists, engineers and tech-
nicians rather than astronauts will be
able to conduct experiments in earth
orbit.

No long and rigorous pre-flight
training courses are envisaged for the
Spacelab crew. Those men and women
who fly in Spacelab should be in good
health, but their training will be short,
and will include experiment operation
briefings on flight plans and procedures,
familiarisation with zero gravity condi-
tions, exercises in spaceflight “house-
keeping” and emergencies, and total
system simulation.

Spacelab, like the Space Shuttle, will
be re-usable — probably about fifry
times. The Shuttle Orbiter vehicle, with
Spacelab in its cargo bay, will be boosted
into earth orbitby two solid fuel booster
rockets (jettisoned at a height of 69 km)
and by the main engines of the Shuttle
vehicle which obtain their fuel from a
huge external fuel tank which is jetui-
soned just before the orbital altitude is
attained.

‘The Shuttle and Spacelab, will orbit
for up to twelve days, although this may
be extended up to thirty days in later
flights.

The nominal duration of a typical
mission is seven days. Although the
Shuttle is a space vehicle, it is unique
in that it can land like an aeroplane and
will return Spacelab to earth.

A team of up to four experimental
operators (women as well as men) will
be able to work in Spacelab in orbit.
They will be able to make adjustments
to the orbiting equipment and to control
the measurements being made.

On their return to earth they will
bring the acquired data back with them.

The Spacelab crew will eat and sleep
in the cabin of the Orbiter Shuttle
vehicle with the four astronauts who
form the Shuttle crew, but they will be
able to move through a connecting

tunnel into Spacelab when necessary.

The first Spacelab mission is sche-
duled for about the middle of 1981.

Spacelab is being constructed for the
European Space Agency by an industrial
team of nearly 40 manufacturers in 10
European countries, the leading contrac-
tor being VFW-Fokker/ERNO of
Bremen, Germany.

Detailed design and development
work on Spacelab began in June 1974.
A Memorandum of Understanding was
signed by the European Space Agency
and the US National Aeronautics and
Space Administration (NASA) in August
1973 which provides for the delivery to
NASA (who will be responsible for the
launching) of one Spacelab engineering
model and one flight unit.

NASA has undertaken to buy more
Spacelabs from the European Space
Agancy, subject to certain conditions.
The engineering model is scheduled for
delivery in the second half of 1979 and
the first flight unit proper about a
year later.

Earlier spaceships

The early astronauts had to be content
with very uncomfortable living quarters
in spacecraft designed to ensure survival
rather than to transport a large amount
of equipment into orbit.

The Russian Salyut 1 was perhaps
the first orbiting laboratory designed to
carry many instruments into orbit, the
role of the crew being to ensure their
satisfactory operation.

This satellite was 14m long with a
maximum diameter of 4 m. The internal
volume of nearly 100 cubic metres in-
cluded about 36 cubic metres for the
crew. They could sleep in beds, enjoy a
dining room with a kitchen corner with
reheated dishes, and had a bathroom
and toilet room.

Later Salyut spaceships were of the
same general design, very like that of a
submarine; this is not surprising, since in
both spaceship and submarine there is
a great pressure difference between
inside and outside the ship.

In 1973 NASA launched the Skylab
orbital and scientific space station, this
being an extension of the Mercury-
Gemini-Apollo programs.

The internal volume of Skylab is
about 600 cubic metres, of which about
100 cubic metres are inhabitable.

Salyut and Skylab were launched
unmanned, since if the rocket were to
explode, the station would be destroyed.
Neither can they be brought safely back
to earth, since they could not withstand
the mechanical and thermal strains of
re-entry.

The crew of these stations therefore
had to travel separately to and from the
vehicle. Salyut had an engine, but

Skylab had no engine of its own,
although it could use the Apollo ship to
which it was coupled as a locomotive.
A main disadvantage of both of these
craft is that almost all the equipment on
board is lost except for a few small
rather precious items which the astro-
nauts can bring back to earth with them.

The space available in the vehicles
used for transporting men to and from
the space station is very limited; the
astronauts in Soyuz Il returning from
the Salyut I station died because they
were so encumbered with the equipment
they were bringing back to earth that
they could not move to reach a device
to stop the accidental depressurisation
of the craft. Such problems will not

occur in this form with the future
Spacelabs.
Neither should Spacelab vehicles

cause danger to people on the earth.
After the fiery death of Cosmos 954,
the nuclear reactor equipped Russian
satellite which crashed in northern
Canada in January 1978, people are
becoming wary of space equipment
which may crash down on to their
country even if there are no radiation
dangers involved.

NASA is concerned both about the
possible hazards of such craft striking a
populated region and also about losing
its investment in the station, which cost
about US$2000 million.

Spacelab modules

The Spacelab station has been designed
on a modular basis so that it can be
changed to meet specific mission require-
ments. The two main components are a
pressurised module or laboratory which
provides a “shirtsleeve” working envi-
ronment and an open pallet in which
materials and equipment can be directly
exposed to the space environment.

The pressurised module is made in
two segments, each being a cylinder
4.1m in diameter and 2.7 m long. The
core segment will be used in all Spacelab
missions in which a pressurised module
is required ; it contains various supporting
facilities (such as data processing equip-
ment) and laboratory facilities such
as working benches, floor-mounted
racks, etc.

The second pressurised module,
known as the experiment segment, is
uged to provide more laboratory working
space. It will not be used unless this
additional space is required. This
segment contains only floor-mounted
racks and benches.

When: both segments are assembled
with their end cones, the maximum
external length is seven metres.

Five pallet segments, each three
metres long are also available. These are
designed for large instruments, for ex-p,
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periments requiring direct exposure to
the space environment and for work
requiring unobstructed or broad fields
of view.

For example, various telescopes,
antennae, sensors, radiometers and radar
antennae will be carried in one of the
pallets. Each pallet can also be used to
cool equipment, to provide electrical
power and to furnish connections for
commanding and acquiring data from
experiments.

If the pallets only are used without
any pressurised module, the essential

support systems for various experiments,
including power and communication
systems, are protected in a small pres-
surised and - temperature-controlled
housing called an igloo.

The pressurised cabin of the Orbiter
Shuttle vehicle is connected by a tunnel
with the pressurised module of Spacelab.
The tunnel is segmented so that its
length .can be changed as required. An
airlock module can be attached to the
tunnel to provide an additional access
to external space.

Pallet-mounted instruments  will

normally be powered and controlled
from within the pressurised module, but
could be controlled from the Orbiter
Shuttle vehicle cabin when the flight is
a “pallet-only” mode with no pressurised
module. The pallet can accommodate a
variety of experiments in which manned
attendance is unnecessary, but where
services such. as electrical power,
temperature control, etc. are needed.

Several kilowatts, both AC and DC
will be available to operate experimental
equipment during a Spacelab mission.
Continuous voice and data transmission

Atmospheric physics

The first Spacelab flight will be in the
relatively low clrcular orbit of 250 km
+/-5 km altitude with an inclination of 5§7°
favourable for experiments in atmospheric
physics. It is expected that important
nevy results about the physics of the atmos-
phere will be obtained during this flight in
which various groups from the USA,
France and Belgium are involved.

The University of Michigan Group will
be responsible for an imagling spectrometric
observatory which will simultaneously
observe the 20nm to 1200 nm wavelength
region with a resolution varying between
03nm and 0.6nm over the spectral
range. This permits the study of the
airglow spectrum by observing radiation
emitted by excited atomic and molecular
ions and also neutral particles in the
atmosphere.

The Jet Propulsion Laboratory of
California are working on an ATMOS
(Atmospheric Trace Molecules Observed
by Spectroscopy) project using inter-
ferometry. Groups from France and
Belgium are planning a Grille spectrometer
for the high resolution passed through the
atmosphere at sunrise and sunset.

French and Belgian groups will also
study Lyman-Alpha emission by hydrogen
and deuterium in the atmosphere.

Plasma Physics

Plasma physics experiments for the first
Spacelab flight have been designed by
groups in Japan, the USA, France, Norway,
Germany and Austria. Although magneto-
spheric research is one of the earliest fields
of space research, Spacelab offers a new
dimension for such work, since on-board
particle accelerators can be used to in-
vestigate the electric fields parallel to the
magnetic field lines; gas plumes, optical
and electron detectors and, on later
Spacelab flights, small satellites can be
employed.

Artificial auroras produced by particle
accelerators on board will be observed by
a low light television system, whilst
natural auroras and the small partical
contamination around the Orbiter will be
observable.

The latter is an important parameter

tions from Spacelab. A similar system for
the detection of low-energy electrons can
detect the natural electron flux and fluxes
induced by the particle accelerators.

Sun-earth relations

Various groups of European and US
workers are preparing equipment which
will provide data about the influence of
the sun on our daily weather. For example,
Figure 1 shows that there is a very strong
correlation between the 22 year sunspot

for the success of the astronomical obserya-

cycle and the July temperature in central
England, but much more information is
required about the energy input from the
sun to the earth.

Two absolute solar radiometers on the
first Spacelab mission will measure the
total energy flux from the sun over the
whole spectrum from the far ultra-violet
to the far infra-red. It is hoped to achieve
an accuracy of 0.1%, which is why two
instruments making the same measure-
ments are to be used on the same flight.

A further instrument will measure each
part of the solar spectrum over the range
190 to 4000nm; three precision mono-
chromators will achieve a relative accuracy
of 0.1% and will permit the identification
of the particular spectral elements res-
ponsible for any changes in the amount of
energy reaching the earth.

This work is regarded as the first of
three flights spread over a period of about
ten years so that long term changes in the
solar energy input can be studied.
Astrophysics
The Far Ultraviolet Space Telescope
(FAUST) has been designed for the obser-
vation of extended and point sources in
the 120nm to 300 nm wavelength range,
flown on previous rocket flights. Itcan be
used for objects down to magnitude 18.

Another instrument is the wide field
camera which will form images of a large
fraction of the sky to assist in the study of
large scale phenomena in the Universe.
A 609 angle will be used with filters for
130 — 300 nm for stars down to the 11th
magnitude. This camera will be used for
investigations of the milky way, nebulae,
dark clouds and the distribution of galactic
and ex tra-galactic matter.

Another piece of equipment will involve
the use of a gas-scintillation-proportional

counter for X-ray spectroscopy. This will
be the first time this type of detector will
be used in orbit.

Materials sciences
Quite anumber of materials science experi-
ments will be carried by Spacelab on its
first mission; they have been designed to
test the capability of the system for pro-
ducjng desired results in conditions of
virtually zero gravity rather than to pro-
duce materials in commercial quantities.
A tribology experiment will test the
characteristics of - lubricants for bearings
under zero gravity (such as their spreading,
wetting and operating characteristics). A
geophysical flow experiment will permit
laboratory studies of the dynamics of the
oceans and atmospheres of rotating planets
and stars; a dielec tric fluid will be employed
between concentric rotating conductive
spherical shells with an electric field bet-
ween them to generate a gravity-like force
in the miniature model. This work is
impossible in a ground based laboratory.
There will be a total of 37 materials
science experiments in the first Spacelab
payload. The equipmen t will Include three
furnaces and a fluid physics module.

Earth observations

Two instruments to be carried aboard the
first Spacelab flight are designed to test
its capability of performing earth-surface
remote sensing work. The metric camera
will be attached to the optical window of
Spacelab to produce small-scale high-
resolution photographs of the surface of
the earth from space and to test the capa-
bility of making maps and revising maps
from such photographs at scales of
1:50000 or smaller. The camera is similar
to that used on aeroplanes.
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Figure 1. Teamperature and sunspot cycle relations
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facilities will normally be made available
between the experimenters in Spacelab
and the ground observers so that the
experimenters can obtain expert advice
rapidly.

The relationship between Spacelab
and the Shuttle has been compared with
that between trailers and tractors.

A number of Spacelabs are 1n various
states of preparation for their voyages,
but relatively few Shuttle Orbiter
vehicles are required, since the turna-
round time of the Orbiter vehicles is
quite short.

The microwave facility is rather
remarkable in that it measures the long
wave energy spectrum of the ocean waves
as a function of wave number and
direction. The long wave region of the
ocean spectrum (taken as the 10 to 500
metre section) contains the largest part
of the wind-induced surface wave energy.
The giobal distribution of these waves Is
closely related to the giobal wind fields
and to the atmospheric pressure distribu-
tion at sea level. It is intended that this
technique will be used from future satel-
lites to help improve weather forecasting.

This microwave facility, which employs
a 2 metre by 1 metre antenna, can also be
used as a synthetic aperture radar from
orbital altitudes. This technique makes it
possible to use the craft's velocity for
scanning the spatial electromagnetic field
near the craft created by backscattering
from the surface of the earth. The data
obtained should provide an all-weather
day and night time surface mapping of the
earth with high spatial resolution by a
process which is the microwave analogue
of optical holography.

Life Sciences

The Spacelab environment enables experi-
ments to be performed on the behaviour of
man and other organisms in a gravity-
free environment, whilst the effects of
high energy cosmic particles from space
can also be investigated. In the life sciences
field 16 experiments have been accepted
for Spacelab’s first flight.

Blood samples will be taken from the
crew members at regular intervals during
the concentrations after the flight. Other
work will investigate how the body fluid
pressures react to near zero gravity, whilst
further experiments will investigate
any changes in the numbers of cells in the
blood and whether the cells which pro-
vide our immune responses are altered.

During their growth plants exhibit
helical movements and an experiment with
Helianthus annuus will test how this is
affected by gravity. Other work will iook
into the effect produced by the absence of
the normal daily variation of light and
darkness on a fungus which produces
patches of extensive growth once every 24
hours; this may shed light on the ‘biolo-
gical clock’ mechanism.

Ballistocardiography experiments will
record the body accelerations in three
dimensions of the crew by attaching ac-
celerometers and the effect on the heart
activity and blood movement will be
found. The crew members will be equip-
ped with personal miniature tape recorders
to monitor their electrocardiograms, elec-
troencephalograms, etc. under gravity free
conditions. They will also wear various
radiation dosimeters.

Maximum use can be made of the
Shuttle Orbiter vehicles, while the
Spacelabs can be outfitted at the user’s
premises. But in most cases, the indi-
vidual experiments will be brought to a
central location and integrated into one
of the Spacelabs.

Flexibility

The Spacelab missions offer flexibility.
The Shuttle Orbiter flight parameters
can be varied so that the orbit inclina-
tion and the orbit altitude meet the
requirements of the particular mission
concerned. For example, the altitude of
the orbit can be varied between 200 km
and 900 km.

The Kennedy Space Centre on the
East coast USA will be used during the
first few years of operation of the
Shuttle, providing a possible range of
inclinations of 28.50 to 579.

Later the Vandenberg site on the
West coast will become available' and
this will make orbital inclinations of up
to 1040 possible.

The orientation of the Orbiter vehicle
can be adjusted as can the flight time.
For example, the Orbiter may fly in-
verted to give a view of the earth.

Mission flexibility is also provided by
the choice of various module-pallet
configurations — such as module only,
module plus pallet or pallet only — and
variations of the module and pallet
lengths.

In general only equipment required
for a particular mission is carried so as
to reduce the weight. Up to five pallets
may be flown on the Orbiter.

The Spacelab can carry greatly in-
creased weight and volume compared
with other space transportation systems,
and at relatively low cost. The cargo
bay of the Shuttle Orbiter vehicle is 4.5
metres in diameter by 18 metres long.

The ability to carry experts in their
field with the experimental apparatus
so that they can immediately make
adjustments will maximise the useful-
ness of the results obtained. The return
of the complete Spacelab equipment to
the ground after every mission is also

Work on the pressure module in Bremen, Germany. (Courtasy: ESA, Paris).

ET! October 1979 — 19



very attractive and economical.

Shared mission costs also keep ex-
penditure down, but there are some
types of work for which the Spacelab
system is not ideal — such as work
requiring more time in space than the
Shuttle Orbiter is designed to spend.

Overview

The cost of Spacelab is about US$500
million, provided by ten European
countries Italy, France, West Ger-
many, the United Kingdom, Belgium,
Spain, The Netherlands, Denmark,
Switzerland and Austria.

NASA provides the launching facili-
ties. The importance of Spacelab can be
secen from the following figures of its
frequency of Shuttle launchings.

During the first 12 years of Shuttle
operation about 1000 payloads are
scheduled on 487 flights up to 1992.
Spacelab will be carried on 201 or 41%
of these flights, the number of Spacelab
payloads being 464.

The other 54% of the Shuttle
launches will be used for free flying

satellites (46% of launches will be for
communications satellites, deep space-
craft for inter-planetary missions, high
altitude explorer craft, research satel-
lites, etc.).

Other Shuttle launches will convey
the Space Telescope and various Land-
sat, Seasat, earth resources, meteoro-
logical and astronomical satellites.

The Spacelab missions provide the
first opportunity for a European to
orbit in space. There will be only one
non-American on the first Spacelab
flight, which will be the Shuttle’s
seventh mission.

The European Space Agency put for-
ward 54 candidates (including one
woman) who had been pre=selected to
travel on the first Spacelab mission. In
May 1978 the Agency selected three of
these candidates from whom the one
European to travel on the first Spacelab
mission will be chosen. The three are:

Mr Ulf Merbold, a 37-year old German
physicist who has worked as a solid
state physicist on crystal lattice defects
and low temperature physics.

Mr Claude Nicollier, a 34-year-old
Swiss astronomer who has worked on
the - photometric classification of the
supergiant stars and who is a qualified
professional pilot. He is a part €ime pilot
in the Swiss Air Force.

Wubbo Ockels, a 32-year-old Dutch
physicist who has been involved with
prompt gamma ray decay and position
sensitive detectors, apart from deve-
loping a data-handling system.

These three were chosen from a
maximum of five candidates put for-
ward by each country.

The maximum age was 47, a degree
was required in natural sciences or
engineering with at least five years’
experience, and fluency in written and
spoken English.

The candidates had to undergo
psychological tests to ensure they will
be able to cope with the considerable
stress of the Spacelab workload and
environment. Very good memory and
reasoning ability, good concentration,
low aggressiveness and high motivation

EUROPEAN PRIME AND CO-CONTRACTORS
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were among the requirements.

NASA has selected Mr. Michael L.
Lampton, a 37-year-old-physicist and
Mr. Byron R. Lichtenberg, a 30-year-old
scientist for the first Spacelab flight.
One of these two Americans will
accompany the selected European.

The experimenters aboard Spacelab
are called the payload specialists. These
people are nominated for the flight by
the particular organisation which is
sponsoring the payload concerned. They
are accepted, trained and certified for a
flight by NASA.

They co-ordinate their activities in
space with experimenters on the ground
and with the crew of the Space Shuttle
Orbiter.

The Orbiter crew includes its com-
mander, the pilot, and the mission
specialist who is responsible for the
management of the Shuttle resources
and equipment which supports Spacelab.

Experimenters aboard the earlier
Skylab craft found it uncomfortably
large. The crew found themselves floating
out of reach of all of the grip bars,
whilst time was lost in moving consi-
derable distances and they became tired
very quickly.

One cannot use one’s lower limbs for
walking in conditions of near zero gra-
vity. It was therefore decided that the
ideal space station is one composed of
compartments, each not much bigger
than a man.

In such a compartment a man can
stand erect, but can always touch som-
thing. This principle has been used in
the design of the Spacelab pressure
module (which is much smaller than
that of the Shuttle Orbiter payload
bay), but the bay can be filled with
pallets.

The Shuttle Orbiter also contains a
two-deck living unit with the control
station on the top deck and the quarters
for both the Shuttle crew and the
Spacelab specialists on the lower deck.

The specialists will work in the
pressure module in shifts during missions
when this module is carried and will
return to the Shuttle living quarters
to eat, sleep and relax.

Salyut I carried 1000kg of instru-
ments, Salyut 4 more than 2000 kg, but
Spacelab will initially carry about
5790kg, increasing to 9350kg on later
flights in which three pallets are used.

Principal uses

The early manned orbiting vehicles in-
volved experimental programs mainly
biological in nature. Aboard Spacelab a
much wider variety of experiments will
be undertaken.

Spacelab offers an environment where
gravity is extremely small (about one
millionth of that on the earth), although

strictly speaking the gravitational field is
only zero at the centre of gravity of
the whole Orbiter (including Spacelab)
when there is no retardation by the
atmosphere.

Such a micro-gravity environment
should offer entirely new possibilities
for separating biological materials to
obtain pure preparations of cells for
transplantations, for preparing concen-
trated antibodies for the treatment
of certain diseases and for purifying
vaccines, etc.

Ultra-pure metals, semiconductors
and glasses can be processed free of
contact from any container for research
applications in electronics. Perfect
crystals for computers, communications
and other electronics uses may be
processed in Spacelab as well as new
materials of improved strength at high
temperatures.

Spacelab will be flown above the
atmosphere, so it will provide for experi-
mental work in the fields of astro-
physics, ultra-violet, optical, infra-red
and X-ray stellar, planetary and solar
astronomy.

Atmospheric ionospheric (plasmas)
and magnetospheric physics can also be
investigated by flying Spacelab at an
appropriate height. Remote earth sensing
for meteorology, land-use planning,
resources, pollution control and other
purposes can be carried out with more
flexibility than is available from existing
satellites dedicated to one of these
purposes.

Biological experiments will be some
of the most important work aboard
Spacelab. There is still much to be
learned about the growth and behaviour
of cells in conditions of zero gravity —
apart from the effect of such an en-
vironment on such a complex creature
as a man.

It is intended to use Spacelab to study
sea sickness phenomena for which
purpose a special ‘‘sled”’ has been
designed. A man will be rocked in a seat
with various amplitudes at frequencies
of between 0.01 Hz and 1 Hz; this move-
ment can also be combined with a
rotary movement.

The first mission

The total number of scientific and tech-
nological investigations chosenby NASA
and the European Space Agency (ESA)
for the first Spacelab mission scheduled
for 1981 is 76; of these experiments, 60
are European, 15 American and one
Japanese.

This first mission has been jointly
planned by NASA and ESA, the available
Spacelab weight for equipment, power
and crew time being shared between
these two organisations. The ESA will
provide some of the basic experimental

equipment such as a microwave sensor,
a metric camera and a vestibular sled.

About 130 investigators from Europe,
80 from the USA and a few from
Canada, India and Japan will be involved
in the 76 experiments.

The primary objective of the first
Spacelab flight will be to verify the
performance of the various systems and
subsystems. The second objective will
be to obtain useful data and to confirm
the broad capability of Spacelab for a
wide variety of space research.

The first flight will last 165 hours
(about seven days), but the time for ex-
perimental work will be 140 hours.

No access to the payload will be
available during the final nine days
before the launch nor during the first
30 hours after landing.

As the Shuttle verification equipment
on the first flight will be much more
extensive than on succeeding Shuttle
flights, the total payload carrying capa-
city will be reduced to about 4000kg
and the total energy available to about
100kW-hr. A total of 100 man-hours
will be available from the two payload
specialists.

The experiments to be performed by
the first Spacelab mission have been
deliberately chosen from a wide range of
disciplines including  atmospheric
physics, plasma physics, sun-earth rela-
tions, astrophysics, matenal sciences
and technology, life sciences and earth
observations.

Conclusion

It is often said by people who know
lictle about the subject that they feel it
disgraceful huge sums of money should
be spent on space research when man
cannot cure many forms of human
disease. It seems likely that the availa-
bility of the Space Shuttle together with
Spacelab willbring an enormous number
of advantages to the human race, both
to people who are ill and to those in
good health, but progress in this expen-
sive field of technology is inevitably
limited in pace.

However, if one thinks back a few
years, one can appreciate how rapidly
the developments in space work have
actually occurred. Man has been on the
earth for a very long time yet it is only
in the last twenty-two years that he has
been able to leave his world temporarily
and return safely to it.

It is interesting to note that the first
element of Spacelab hardware has
already been delivered to the USA. One
of the pallets (fabricated by British
Aerospace at Stevenage) was delivered
to the Kennedy Space Centre in 1978 so
that NASA can use it for Orbital tests of
the Space Shuttle in 1980 as part of a
pre-operational Orbiter payload. o
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Yes! the only treasure
hunter with two search heads

Introducing the ‘Dtex’: a top quality discriminator t/rtreasure & metal locator.

Gold, coins, precious metal . . . it's all
The 200mm seach coil: waterproof and light there, under your feet, just waiting to be
weight. Perfect for walking narrow streams in picked up!
search of alluvial gold (common in Australia) All you need is a way of finding it — and
PLUS . . there is no better way than with a good
metal .locator.
* AT NO EXTRA COST ' And with the price of gold these days
= {over $300 per ounce}) it doesn’t take
Giant 350mm search coil - for extra deep- much of a ‘strike’ to not only pay for your
seeking and wide-scanning coverage. metal locator, but have a tidy sum left
Also waterproof & grassproof, it comes as over besides!

a standard part of the Dtex: not an optional
extral But why spend so much on a metal

detector when there are detectors

(V‘LUE 399-55) available for around $100.00 or less?

Sure you can spend a lot less — but you
will find a lot less, tool The incredible
amount of research and development that
goes intc the Dtex locator is rewarded by
a locator with performance second to
none; unfortunately, this technology does
not come cheap! Sure, you can pay a lot
less for a metal locator: but if you're
Balanced hand-grip for serious about treasure hunting, you won't
hours of fatigue-free use. settle for anything but the best!

The Dtex is a quality product made in the

USA and is exclusive to Dick Smith
Electronics.

Up-to-the-minute electronics
featuring instant push-button
tuning, full range discrimination,
dual mode, etc etc!

SPECIAL 7-DAY INSPECTION/TRIAL OFFE

Try the Dtex for 7 days: if you're not completely happy return it to us in
original condition and packaging and we’ll refund your purchase price in fulll

YES! Please rush me Dtex treasure hunters @ $450 ea. {plus $5.50 P&P).
Address:.
welcome or easy 4 Postcode. . .

‘ . . . TE

terms available through /” ol /
” | enclose [ ] cheque [ ] postal order for JOr charge
HBECET AN

my Bankcard: No 496 . . - Signature.

Ll-‘. ﬂ CUSTOMERS
L- FINANCE LIMITED ~ ONLY Send to: Dick Smith Mail Order Centre, PO Box 747, Crows Nest NSW 2065.

DICK SMITH ELECTRONICS -

NSW 125 York Street, SYDNEY. Phons 290 3377 | ACT 96-98 Gladstone Street, FYSHWICK. Phone 80 4944 SHOPS OPEN 9AM to 5.30PM \[=. & <5
147 Hume Highway, CHULLORA. Phone 642 8922 399 Lonsdale Street, MELBOURNE. Phone 67 9834 (Saturday: 9am till 12 mmn) —

162 Pecific Highway, GORE HILL Phonc 438 5311 656 Bridge Road. RICHMOND. Phone 428 1614 BRISBANE: Half b 5
30 Grose Stroet, PARRAMATTA Phane 683 1133 | QLD 166 Logan Road. BURANDA.  Phone 391 6233 Bl b+ | il
SA 203 Wright Street.  ADELAIDE.  Phone 212 1962 ANY TERMS OFFEREO ARE TO

263 Keira Street, WOLLONGDNG Phone 28 3800 | WA 414 William Street,  PERTH. Phone 320 6944 APPROVEO APPLICANTS ONLY ®
EXCEPT WHERE NOTED, ALL ITEMS SHOWN IN STOCK AT PRICES GIVEN AT TIME OF GOING TO PRESS. RE-SELLERS OF DICK SMITH

MAIL ORDER CENTRE: PO Box 747, CROWS NEST NSW 2065. Ph 439 5311. PACK & POST EXTRA. PROOUCTS IN MOST AREAS OF AUSTRALIA.




R

No matter what system you own
there’s an Empire Phono Cartridge
designed to attain optimum performance.

Detail, brilliance, depth.

This is the promise of each Empire Phono Cartridge and although there are many Empire models, each designed to meet specific
turntable performance characteristics, every Empire Cartridge contains the following features:

Features

Details

Benefits

Unique Fixed Unidirectional Three-
fMagnet Structure

Every Empire cartridge uses 3 high energy ferrite
magnets in the cartridge body to provide a high level
of unidirectional flux.

Higher and more linear output signal,
immunity to bi-directional magnetic
distortion, and improved hum and
microphonic rejection.

Molded Four-Pole Magnetic
Assembly

Every Empire cartridge employs a four-pole
magnetic assembly that is precisely aligned and
locked in place by a high pressure injection moulding
process. . .providing a uniform and orthagonal
magnetic field.

Tubular moving Iron Design

Improved crosstalk and reduced
distortion that is insensitive to tracking
force.

By using a tubular high magnetic saturation iron
armature we obtain an optimum ratio of output level
to effective tip mass.

Four Coil Hum Bucking Assembly
Plus Electromagnetic Shielding

Using custom designed computer controlled

machines, a precision drawn copper wire {thinner than
human hair and longer than a football fie!d) is wound
onto a symmetrical 4 bobbin structure. By using 2
coils per channe! a symmetrical electrical circuit is
formed.

-+

improved rejection of hum and stray

Improved tracking ability and widened
frequency response.

noise fields.

Aluminium Alloy Cantilever

The Empire computer designed tubular cantilever
provides optimum coupling of the diamond tip to
the moving magnetic system resuiting in minimum
effective stylus tip mass.

Superb low level tracking, reduced
tracking distortion. . .plus enhanced
wideband separation characteristics.

Precision Ground Oriented
Diamond Tips

Empire diamonds are precision ground, polished
and inspected in house, using sophisticated
television cameras and powerful hicroscopes to
ensure accurate angular orientation.

Reduced tracing phase distortion,
together with reduced wear of both
the record and the diamond tip.

For the full story on Empire cartridges we suggest you audition one soon at your local Empire dealer. For his name and a copy of the
Empire brochure ‘How to get the most out of your records’, write to:

Concept Audio Pty. Ltd. 22 Wattle Road, Brookvale, NSW. 2100. Tel: (02) 938-3700.

Concept Audio Where only the very best is good enough.

ETI October 1979 — 23



Electronics rides high
on the boating boom

Les Bell

Over the last five years there has been a considerable
increase in the sale of pleasure boating craft including
everything from rubber dinghys to opulent power pleasure
cruisers. Parallel with this development has been an
increase’ in the number of electronic instruments for a
wide variety of maritime purposes. Here is an up-to-date

report.

ANYBODY WHO TAKES a look at
Sydney Harbour on a summer weekend
would have to agree that boating must
be Australia’s most popular leisure
activity. The Harbour is so crowded that
the onlooker can hardly see the water
between the boats!

For thousands of years, ‘men
managed to sail boats over quite long
distances without electronics or indeed,
instruments of any but the most
rudimentary kind. Fortunately, in the
Middle East astronomy was developed
to an advanced stage in early times and
celestial navigation was developed from
this.

LATITUDE

LONGITUDE

For dead reckoning on coastal
passages, the earliest ‘instrument’ was
probably the log, and yes, it actually
was a log. A rope, knotted at even
intervals, was attached to the log
which was then dropped over the
stern of the boat. The rope was payed
out for a known length of time while
the knots were counted. This method
is not very accurate, particularly due to
inaccuracies in timekeeping.

The situation was remedied in the
17th  century when the British
Admiralty offered a prize of ten
thousand pounds for the development
of an accurate chronometer. In 1762

the winning design, by English
horologist John Harrison, kept an
accuracy of better than two minutes
on a six week voyage — a phenomenal
achievement for the time.

Instrument technology has
progressed somewhat since then, parti-
cularly since the introduction of
electronics. Today boats of all kinds,
both work and pleasure craft, carry a
wide range of electronic equipment
and instrumentation.

Electronics can take a lot of the hard
work out of boating - calculators and
computers, for example, can take a lot
of the tedium out of navigation
caltulations, while satellite navigation
systems make it an absolute snap. More
important is the contribution of
electronics to safety — radio is almost
mandatory on any boat for this reason.

Instruments which used to be
mechanical, such as knotmeters and
logs, have now been replaced by

electronic equivalents offering improved
performance and added features.

Radio communications
Probably the most important facility
provided by electronics at sea is that
of radio communication, both for
safety and convenience. For the
pleasure boat owner, there are three
different types of radio communication
system, each of which has its particular
advantages and disadvantages (is nothing
simple these days?).

Briefly, the three systems and their
important parameters are as follows:

Latitude, longitude and time can be obtain-
ed from this satellite navigation system
receiver, enabling a navigator to fix his boat's
position within a few metres.



27 MHz: cheap, medium quality,
short range, undependable for safety;

VHF marine: medium cost, medium
range, high quality with constant watch
on distress frequency;

HF marine: expensive, variable
quality, long range capability: with
constant watch on distress frequencies.

The correct system should be chosen
bearing in mind your boating activities.
A speed boat which never ventures
outside the harbour would obviously
require a totally different radio from an
ocean-going yacht or fishing boat.

The primary consideration in all
cases, however, should be safety rather
than convenience. Radio has saved so
many lives at sea that its value is
inestimable — and this should be borne
in mind when considering an installation
on any boat.

Apart from safety, a radio has many
uses on board a boat. Members of
fishing clubs, for example, can keep
each other posted on their activities
using a 27 MHz ‘chatter channel’, while
ocean racers, in the Sydney-Hobart for
example, report their positions every
few hours by HF radio.

At present, marine radio is under-
going rapid change with many boat
owners contemplating the installation
of new equipment.

The 27 MHz service uses sets similar
to CB rigs but on different frequencies.
Power input is. limited to five watts on
AM, and although transniission is over
water, distances for reliable
communication are still only of the
order of 15 to 30 km. Being an HF
band the service is subject to inter-
ference through long distance “‘skip”,
so it cannot be relied 'upon for
important communications.

Unfortunately the 27 MHz channels
are not officially monitored by any
professional full-time agency in the way
that the HF and VHF services are
supported by OTC. All monitoring of
the safety channel (27.880 MHz) is by
volunteer organisations such as the
Volunteer Coastguard, who cannot
provide round-the-clock service. It
would be very unwise to depend upon
this service for safety on a winter
weekday — there may be no-one
listening.

The major advantage of the 27 MHz
service is the low cost. A complete
installation, including the fibreglass
whip antenna, (just like a CB mobile
whip), will cost around $100 to $250.
Hand-held units (walkie-talkies) are even
cheaper, and have many uses, including
the ability to be transferred to a dinghy
(or a life raft — if ever things get that
bad!), or taken onto the beach (while
barbecuing?) to get weather updates,
etc.

The AWA Pilotphone 6 is a 24 channel, 25 watt VHF/FM transceiver which will operate on the

Seaphone channels.

Because of its low cost, it would be
unwise not to have a 27 MHz radio on
board any boat that is bigger than a
dinghy. For weekend use or fishing in
the harbour, it provides' safety and
convenience without breaking the bank.

Where offshore trips of any length
are contemplated, or where added
facilities are required, then the more
expensive VHF/FM or HF/SSB services
should be considered.

VHF FM radio

This type of radio provides clear,
interference-free communications over
relatively short distances, generally
in-shore and short-range ship-to-shore
and to coordinate traffic in major ports.

Some countries have recently extended
this service to small commercial and
pleasure craft. It's a sort of sea-going
equivalent to the ‘land mobile’ service
used by taxis, couriers, etc.

VHF has several advantages over the
cheaper 27 MHz system and HF single
sideband equipment. Firstly, for the
ranges required for general in-shore and
coastal communications, it is inefficient
to use a transmission medium that
covers both long and short distances.

On HF, interference from man-made
and atmospheric noise interrupts com-
munications — sometimes quite severe-
ly. FM receivers are not affected by this
sort of interference, except on very
weak signals, and clarity of reception is

Sth, Pacific cruising — guarded
by VIH Hobart during hours of
operation -

Services and Frequencies on marine radio

SERVICE VHF/FM
International Safety/Distress

& Calling chan. 16
Supplementary Distress/Safety

and Calling

Supplementary Safety/Distress

and Calling .
Weather/Working and Telegrammes chan. 67
Pleasure craft ship-ship-shore

safety info and search and rescue chan. 67
Club freq. chan. 73
Pleasure craft ship-ship only chan. 70
Radiotelephone *Radphone’ to -

OTC coast stations

Seaphone chan, 26/23

HF/SSB 27 MHZ

2182 kHz (AM)
4125 kHz

6215.6 kHz
2201 kHz

4134.3/4428.7 MHz ™
2524 kHz

1725 kHz
2032 kHz

27.880 MHz

27.890 MHz
27.900 MHz
27.910 MHz

2284 kHz -

2760 kHz -
2056 kHz

4143.8 kHz -

ETI October 1979 — 25



Although Emergency Position Indicating Radio Beacons (EPIRBs) have been commonly available

overseas for some years, lack of appropriate standards, plus tough type-approval specs have
delayed their introduction here. The model illustrated incorporates a- two-way radio and is

(regrattably) not licensable in Australia.

consistently very high. Secondly, inter-
ference from unwanted signals from
faraway stations (‘skipping’ via the
ionosphere) does not occur. A ‘capture
effect’ results in only the strongest
station received being heard. Conse-
quently, two close stations may con-
verse satisfactorily despite other opera-
tional stations nearby.

Many VHF transceivers are switch-
able to low power when operating over
short distances to avoid unnecessary
interference to other users.

Recent expansion of the VHF service
in Australia to match international
standards allows for five classes of
service: port operations, commercial (oil
refineries, tugs, etc.), professional
fishing, non-commercial, and public
correspondence. The last two classifica-
tions apply to pleasure craft, and allow
ship-shore, ship-ship and telephone (Sea-
phone) calls.

The VHF channels are between
156 MHz-162 MHz, and are a mixture
of simplex and duplex channels — on
some channels, the station transmits and
receives on the same frequency, while
on others the frequencies are different.
Full duplex working is used and has the
advantage that both stations can trans-
mit and receive simultaneously, allowing
a natural conversation to take place
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(important for calls made by people not
acquainted with radio procedures).

Unlike the 27 MHz band, the VHF
service is monitored round the clock by
a professional safety service — in this
case, the Overseas Telecommunications
Commission. In the Sydney area, for
example, channel 16 is monitored by
operators at Sydney Radio (VIS) at [.a
Perouse.

The range of communication on
VHF is extremely dependent on trans-
mitter power and antenna heights. Ship
to ship communication is generally
possible up to 20 nautical miles, while
Sydney Radio can'communicate reliably
over 60 nautical miles and sometimes
further. Basically, VHF is limited to
‘line of sight’, and some areas, notably
around the Hawkesbury, are in radio
‘shadow’.

The service will be expanded in 1980
with the addition of transmitters near
Wollongong and Newcastle, which will
provide coverage to Tuncurry in the
north and south of Batemans Bay in the
south. At the same time, the west coast
of Australia will be brought into the
fold, with installations in Perth,
Dampier and Port Hedland. All these
locations will monitor the distress
channel (channel 16). It is expected that
the service will eventually be expanded

band for

to cover the entire east and south coasts
from Cairns round to = Adelaide,
providing Australia with one of the
most advanced VHF radiotelephone
services in the world.

A typical VHF/FM installation costs
between $450 and $1350 including the
antenna. Perhaps the major advantage of
the VHF service is high speech quality,
coupled with ease of use, which makes
possible communication between a VHF
station at sea, and any telephone in
Australia or overseas, through the OTC
Seaphone service.

HF radio

HF is wusable over long distances,
providing fairly reliable, if somewhat
unpredictable, communications. HF
radios are usually larger than other
kinds, require more power, and are
more difficult to install. They're more
complex to use too.

Three major HF bands are usable by
pleasure craft around Australia — 2 MHz,
4 MHz and 6 MHz. Each has different
propagation characteristics dependent
on the time of day, time of year and
position in the sunspot cycle. Operation
depends on the ability to pick the right
communication over the
appropriate distance.

At present all communications above
4 MHz must‘be on SSB, and by 1982 all
double sideband (AM) equipment will
be obsolete, except for 2182 kHz, the
international distress frequency. SSB
offers clear advantages over AM.

The major objection that most
people have to HF radio is cost and
complexity of installation. For a start,
an HF radio consumes more power than
other kinds, and may require an extra
battery or heavier alternator.

HF is particularly susceptible to
interference from ignition and other
sources (such as fluorescent lights) as
the receiver will have to cope with much
lower level signals than with 27 MHz
and VHF radio. Hence all on-board
electrical equipment must be adequately
suppressed.

Another problem is that an HF radio
antenna requires an earth, as most are
loaded whips which require a ground
plane. This can be a major problem,
particularly on metal hulled craft, as
any junction of dissimilar metals which
is exposed to salt water forms a voltaic
cell and the resultant current degrades
the metal, causing rust.

For a wooden or fibreglass boat, the
best earth is a large (at least %m?) metal
plate beneath the hull. A modern alter-
native is the Dynaplate, a 50 x 125 x
12 mm (approx) block of metal beads
which, because it is porous, has an
effective surface area of over 1% m?.



Antennas for HF, (on smaller craft
at least) are usually 3%-5m fibreglass
whips, although in yachts the rigging
wire from the stern to the top of the
mast will make a much better radiator.
The total length of the backstay
antenna and its lead-in should be less
than 17m for best results on the
Australian bands i.e. up to 6 MHz.

Total cost of an installation can be
$1000 to $7000, depending on power
output and facilities and performance
offered.

The major importance of HF radio
is in its contribution to the safety of life
at sea. To this end, Australian coastal
radio stations maintain 24 hour watch
on the international distress frequency
of 2182 kHz, as well as 4125 kHz and
6215.5 kHz. Other frequencies are
reserved for ship to ship working, traffic

g
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The LX40 speed/distance indicator has &
large, easy to read LCD display and has been
designed to mount on the dashboard of a
power craft.

between OTC stations and ships, and
other purposes.

Reliability of communications is
dependent on propagation conditions
and the choice of frequency. On the
2 MHz band, daytime communications
are limited to 160 km or so, but at night
greater ranges can be expected. This
band suffers least from interference
from distant stations, but in tropical
areas a high static level can be a problem.
The 4 MHz band is more versatile,
giving distances up to 500 km in the day
and considerable further at night. Best
communication over long distances is on
6 MHz, but this band is prone to inter-
ference from foreign stations. Choice of
correct band therefore depends upon
the distance from the station to be
contacted, as well as the time of day
and, ot a limited extent, propagation
conditions in general.

Operation on HF is a bit more tricky
than on the other bands, and so the

licensee is required to pass a test in
order to obtain the restricted operators’
certificate of proficiency. This test is
not difficult — the candidate has to have
a knowledge of operating procedures
and equipment controls, an ability to
repair minor faults and a general know-
ledge of the appropriate rules and
regulations.

Seaphone

Seaphone is a high quality VHF duplex
link using channels 23, 26 and 27 to
provide a ship-shore telephone link. It
now operates in Sydney and Melbourne
following a two-year pilot scheme.

The system is accessed by dialling a
prefix and requesting the Seaphone
service. If the required vessel is within
range and on channel the connection
will be made within minutes. (See

The Seafix hand-held RDF incorporates a
compass to give true bearings to 1° but only
covers ‘long wave’ for shipping weather fore-
casts and the beacon band.

“Communications’’ news, p. 86)

Seaphone channel 67 is held for
‘less than full distress’ messages which
are nevertheless still urgent. OTC Coast
Radio stations also use channel 67 to
broadcast weather and navigation
hazard reports at set times throughout
each day.

The Seafarer 3 is fairly typical of the ‘rotat-
ing LED’ type of echo sounder, offering
depth measurements to 100 fathoms (180m).




We also have in stock all

this exciting project.

S$1-1010G 10 watt

$6.25
S1-1020G 20 watt

$12.45
S1-1030G 30 watt

$15.35
SI-1080G 50 watt

$23.45

We now carry stock of
most PC Boards for
ETI and EA projects.

METAL DETECTOR
ETI 549A only $2.00

components you need to build

Hybred Amplifiers

SAVE on

These handsome amplifier cabinets
come with timber case finished in
walnut woodgrain
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ELOW COST SPE

AMPLIFIER CASES

BIG DISCOUNTS TO CELEBRATE!

Now that we're in the centre of town it's easy
for you to get the best bargains going. Come
and compare the prices on the whole range

of Electronics.

Pigtail Electrolytic

10 mfd 16 voit
22 mfd 16 volt
47 mfd 16 voit
100 mfd 16 voit
220 mfd 16 voit
470 mfd 16 voit
1000 mfd 16 voit
2200 mfd 16 voit

2.2 mfd 25 voit
4.7 mfd 25 voit
10 mfd 25 voit
22 mfd 25 voit
33 mfd 25 volt
47 mfd 25 voit
100 mfd 25 voit
220 mfd 25 voit
470 mfd 25 voit
1000 mtd 25 voit
2200 mfd 25 voit

4.7 mfd 50 vait
10 mfd 50 volt
22 mfd S0 voit
47 mtd 50 voit
100 mtd S0 voit
220 mfd 50 volt
470 mtd 50 voit
1000 mfd 50 voit

60c
$1.00
13¢
13¢
20c
20c
27c
60c S6¢c
80c 70c
$1.20 $1.00

$1.25

18¢
18¢
2¢c
2c
30¢

GREENCAPS Specials
MYLAR MYLAR
50 voit 100/250 volt

Small green P.C.type .47 mid 26¢
mount. Ideal for .6Bmfd  55¢
projects and all P.C. 1 mtd 680c
boards. 1.5mfd $1.20
.001,.0015,.0022, 2.2.mid $1.40
0033

10047 mfd, 0068
mtd 2c ﬁ

The chassis constructed from 20 g
2in¢ plated steel and'all are ready

to drill. punch, or just look at. Now
also complete with anodized alum.

front panel.

Length
300 mm
Width
195 mm
Depth
92 mm

$1050

AC2

$16.95

Length
360 mm

Width
282 mm
Depth
110 mm

Length

380mm AC3
Width

' $48.75

Depth
110 mm

\©_RECHARGEABLE
P& BATTERIES

NPK-45.12

NOW $25.30

12 volt 4.5 ampere hour

.01,.015, 022, 4033.1
.047 mid 14c¢
20c¢
.33 24c
— CRC 2-26

.068 mid 18¢
1,.15,.22 mtd
mfd
+* Improves electrical
properties
+ Fights rust and corrosion
« Dries and moistureproofs
electrical equipment

16 0z Aerosol $3.50
$1.70

6 0z Aerosol

CRC FREEZE

+ Provides instant cooling
action for fault finding

* Useful for testing
thermocouple devices

« Complete evaporation
leaves no residue

300 g Aerosol $2.70

MICROPHONE
STANDS

Floor stands with solid base
and standard thread tc suit
most microphones. y

——. Only $19.50

127 York

COMPONENT SPECIALS o B

COMPONENT SPECIALS o BELOW COST SPECIALS o KIT SPECIALS 0 COMPON

9 bonkcard

=
welcome here

Auto Suppressor Packs

Bubble packed kits to suppress

your car.4or6cyl.

SP1A (4 xSC1, 1 xSC2-4-5) $3.95
SP1B(4 x SC1A, 1 x SC2-4-5) $3.95
SP1C(4 x SC1B, 1 x SC-4-5) $4.35
SP1D{4 x SCIC, 1 x SC2-4-5) $4.35
SP2A (6 x SC1, 1 x SC2-4-5) $5.25
SP2B(6 x SC1A, 1 x SC2-4-5) $5.25
SP2C (6 x SC1B. 1 x SC2-4-5) $5.75
SP2D (6 x SC1C, 1 x SC2-4-5) $5.75

POST
Mail Order Instruc-
tions: Minimum P&P
$1.00. Orders over
$9.99 must Include
additional postal
charges (see below).
ORDER VALUE .Charge
$5-$9.99. ....NlI
$10-$24.99.......50.50
$25-549.99.......$1.50
$50-$99.99 .......52.50

$100 or more ....$4.00
E. -

PTY
LTD

Street Sydney Australia P O.Box 317 Newtown NSw 2042 Tel. 29 6601
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A typical radar instaliation consists of a scanner unit, which houses the transmitter, and a display
unit, which contains the CRT with its associated electronics and controls. This Koden unit has
an output of 6 kW and a range of up to 32 nautical miles.

Radar

One of the greatest contributions to the
safety of larger vessels manoeuvering in
busy shipping lanes has been made by
radar and a modern solid state technique
has made it feasible to install radar in
smaller vessels such as pleasure craft.

Typical modern radars have ranges
from 16 to 100 nautical miles, basically
dependent on the power output. They
are transistorised throughout, except for
the magnetron and display tube. A
10 kW peak output power unit, for
example, would have a range of up to
64 miles, with a power consumption
of 160 W on a 24 V supply. Most
operate in the X band around 9400 MHz,
and have interference rejection circuitry
to reduce the effect of other ships’
radars on the display.

The use of  semiconductors,
particularly  integrated circuits, to
reduce the size and power consumption
of radar sets has also made possible the
inclusion  of  sophisticated and
conventional features, such as digital
indication of range, and automatic
collision warning alarms. Most sets
consist of two units, a console which
contains - the display circuitry and
controls, and a transceiver/scanner unit
which contains the RF electronics as
well as the rotating antenna. Often the
sets have two or more scanners, the
larger antennas having reduced beam-
width with consequent improvement in
definition and range.

A radarrelated item which boat
owners should consider, especially if
they take their craft into or near busy
shipping lanes (particularly in conditions
of poor visibility) is a masthead
mounted radar reflector. This will
enable radar-equipped large vessels to
spot small craft in heavy weather,
eliminating the danger of collision.

Echo sounders

Echo sounders work by transmitting an
impulse and measuring how long it takes
for echoes to return. Unlike radar,
which transmits radio frequencies, echo

sounders operate by transmitting ultra-
sonic energy. All echo sounders operate
on similar principles, varying only in
type of display, operating frequency
and output power.

The basic type operatds on a
frequency of around 30 kHz, and
indicates depth of water below the keel.
The display usually consists of a LED or
neon tube which is spun around the
circumference of a calibrated scale at
constant speed. At the time that the
acoustic pulse is sent, the LED is flashed,
and this should appear at the zero mark
on the dial. The return echo also flashes
the LED, but by this time it has moved
around the dial an angle proportional to
the time since the transmit pulse.

Reflections from shoals of fish also
appear on the display, making the echo
sounder a useful device for fishermen.
Most fish finders, as they are known, are
fitted with a pen recorder to indicate
echoes so that a good spot can be
returned to. The chart-type fish finders
provide considerably more information
than rotating neon or LED types, and
use special circuitry to show the nature
of the bottom.

Autopilots

Several different types of autopilot
are available, the major distinction
being between those intended for power
craft and those for sailboats.

A powerboat can be set in a parti-
cular direction and will keep going that
way, more or less regardless of changes
in the wind or tidg, taking its heading
from a compass. A sailing boat, however
is much more dependent on the
direction of the wind. Were an auto-
pilot to attempt to keep a boat on the
same hcading regardless of wind change
the sails would be wrongly set, and the
boat could well drop spced or be put in
an uncomfortable or dangerous situation.
Hence most autopilots for sailboats,
attempt to keep the boat on the same
heading relative to the wind, (although
somec units offer a choice of compass or
wind vane to generate the control signal).

Basically, an autopilot is a straight-

forward servomechanism: the actual
heading is compared with the desired
course — the error signal being used to
drive a servomotor, applying correction
to the rudder.

The effects of swell and waves will
however cause the rudder to move, and
the servomechanism will  hunt,
perpetually trying to correct an error
that is not particularly significant. To
avoid this, most autopilots have a sea-
state control, which introduces a low-
pass filter into the signal path, thus
eliminating the hunting action. Some
models have swijtchable settings, to
compensate for different sea conditions.

The Coursemaster 100, manufactured
by Coursemaster Autopilots in Sydney,
for example, is designed for power
vessels and offers a wide range of
features. Using a compass for heading
information, the Coursemaster 100 has
a ‘dead band’ of 4° around the desired
course, as well as a five position ‘sea-
state’ control. On boats which have a
large turning inertia, the Coursemaster
can even apply counter rudder to
eliminate overswing.

Although some autopilots require a
course to be steered and the autopilot
to be switched on to hold that course,
the Coursemaster is slightly unusual,
the autopilot can automatically bring
the boat onto a preset correct course.

Satellite navigation

A very accurate electronic/satellite
are available, the major distinction
system, which uses the US Navy’s
Transit satellites. Six of these satellites,
in polar orbits, circle the globe 960 km
up at a speed of 7% km/s. As each !
satellite orbits the earth in about 96
minutes, it comes into view at every
point on the earth’s surface at least four
times in every 24 hours. The satellites
can provide positional information 19
or 20 times each 24 hours. The passes
arc not cvenly spaced however but the
worst delays under normal circumstances
are 2% to 3 hours.

Every two minutes as it orbits, each
satellite transmits a time signal with an
accuracy of better than 33 us. Because
the orbital parameters of the satellite
are already known, a hyperbolic line of
position for the observer can be obtained
using doppler techniques. To ensure
accuracy, the satellites constantly
transmit details of their exact orbital
parameters on 150 and 400 MHz. This
information is updated every sixteen
hours, based on observations made by
four dedicated tracking stations in the
USA. Using the most sophisticated dual-
frequency receivers, a  positional
accuracy of a few metres can be
achieved anywhere in the world.

Using a single-frequency receiver the
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The Coursemaster 100 autopilot, which offers controis for all sea conditions.

accuracy reduces to about *400 m;
stil more than adequate for most
commercial applications. Cost of such
an installation is about $14 000.

Current satellite navigation receivers
often incorporate extra features such
as predicting the next satellite pass,
the ability to perform dead reck-
oning navigation betweéen passes,
and the ability to ring an alarm when
the destination is approached. Various
options are available, such as printers
and interfaces to logs and gyro inputs.
One model, the Furuno FSN-20B, will
even automatically apply corrections to
its matching Omega receiver!

Knotmeters and logs

The most common transducer for speed
measurement i$ a small impellor
monitoring water flow, As it rotates it
pulses a reed relay or similar switch to
provide a signal suitable for subsequent
analogue or digital processing and
display.

These devices are accurate to about 2%
if correctly installed and calibrated, but
may become clogged by seaweed and
other flotsam.

To get around the problem of
keeping the hull shape clean, with no

protrusions, there are a couple of
electronic systems with no moving
parts.

The first transmits ultrasonic pulses
through the hull .into the water and
listens for reflections from bubbles or
other particles moving past the hull.
The frequency of the rcturned signal
will differ slightly from that transmitted
due to Doppler shift — and this will be
proportional to the velocity of the
water flow, the instrument thus displays
the difference frequency, normalised to
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units  of speed. Further circuitry
compensate for variations in the speed
of sound in water at different temper-
atures'and salinities.

A second, more common system,
exploits Fleming’s left hand rule for gen-
erators. A hull-mounted clectromagnet
creates a magnetic field at right angles
to the motion of the boat, with the lines
of flux passing vertically through the
hull. Since seawater is conductive, a
voltage is induced in the water,
proportional to the velocity at which
the water cuts through the field. Two
small studs, protruding through the hull,
pick up this voltage, and there you have
it; a beautifully simple, accurate' and
elegant knotmeter with no moving parts
which indicates speeds from 50 knots
plus!

Typical of this type of log is the Sea-
farer Log, marketed by AWA. This
unit has a low profile retractable trans-
ducer, and has three switchable speed
ranges (8, 16 and 32 knots). It is
energised by an ‘ internal nine volt
battery, or ship’s supply of 10.8 to 40
volts. The log includes a counter which
records in hundredths of nautical miles.

As well as the traditional analogue
meter these instruments can have digital
liquid crystal displays (LCD). The
Corinthian S100L distance recording log
and the S100K knotmeter, for example,
are a matched pair of units operating
from one impeller. The units mount
flush in a bulkhead through a 100 mm
aperture. The S100K records to tenth-
knot accuracy between 0.1 and 15
knots. For powerboats, the LX40
combines a 35 knot speedometer with
a 19.9 mile trip log in one bracket or
console-located instrument.

Probably the most important sailing
instrument is the log, often combined

with a knotmeter. The log is needed for
dead reckoning navigation, and the
knotmeter gives an indication of the
efficiency of the sails setting — more
effectively than can be done by eye.

For sail craft, special expanded-scale
knotmeters can resolve changes of as
little as 0.01 of a knot. To reduce
spurious readings, averaging techniques
provide a continuous indication of
performances — very important when
tuning racing yachts.

Wind direction may also be measured.
Perhaps the best way is via a pair of
selsyns, one at the top of the mast, the
other, in the indicator, at the bottom.
These ‘will ‘provide round-the-compass
indication of wind direction in
convenient analogue form.

Wind speed is still commonly
measured by a rotating anemometer.
Early devices consisted of a rotating cup
coupled to a dc generator, the output
voltage of which was proportional to
the angular velocity. A simpler method
using large scale integrated circuits
is simply to generate pulses and count
them for digital display. This technique
is more reliable both mechanically and
electronically.

o
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This Datamarine depth/speed indicator feat-
ures an LCD display and is housed in a
weatherproof case.

The major problem with both wind
speed and direction indicators is
mechanical reliability in the mast-head
unit. There can be few more hostile
environments in which an  electro-
mechanical device has to work reliably
and repeatably, with only infrequent
maintenance due to its inaccessability.

An anemometer with no moving
parts is made by Telcor. The unit
operates by measuring the cooling effect
of the’ wind passing over a heated
element. This element is held at a fixed
temperature above ambient. Wind
passing over the sensor has a cooling
effect directly related to wind velocity.
Owing to this coeoling effect more
current is required to maintain the
sensor at its constant temperature as
the " wind velocity rises, and by
monitoring the current, wind velocity
can be displayed.



This type of anemometer has no
stiction or friction. It can follow even
minor changes in wind velocity and will
provide reliable indication at very low
wind speeds. Its sensing element is small
and light and its principle of operation
lends itself to a form of readout that
can be readily expanded at the lower
end so as to allow quick recognition of
the smallest change at the masthead.
Lighthouses and lightvessels have radio
beacons which extend their usable range
far beyond the horizon. Areas of
‘civilization® invariably have broadcasting
stations, many of which transmit from
known fixed locations 24 hours a day.
Transmitters such as these may be used
for quick and accurate direction finding.

Radio direction finding (RDF)
equipment enables the user to take a
bearing on a fixed station relative to his
boat — and the resultant bearing will
usually be accurate to within at least 2%

The simplest types of RDF receivers
are operated by manually turning a loop
or ferrite antenna until the required
beacon is heard at minimum signal
strength. Beacon direction is then read
off a calibrated scale. A separate sensing
antenna must be used to tell whether
the beacon is in front of you or behind
you. This sensing antenna is often
incorporated in the receiver — as in the
Fujion F-2000A RDF shown.

Some hand-held RDFs, such as the
Seafix, have a built-in compass. Using
a unit such as this, it is possible quickly
to obtain a fix plotting two or more
bearings.

.
l /&
] A variety of HF and VHF

antenna systems are available
| for marine applications. These

types, typical of what you'll
see, are available from Sydney-
based distributor, V.F.T.A,
Australia.

Fully automatic direction finders,
such as the JMC 2206D, are now
available, many offering digital display
of frequency and electromechanical or
digital display of bearing. These units
generally have fullsize external loop
antennas.

,l‘
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The Datamarine ‘Corinthian’ model LX360 ‘Wind Machine’ sensibly uses digital readout for the
wind speed display but analogue dial type indication of wind @iirection through 360°.

Many small RDFs will double as
broadcast receivers, and are useful for
obtaining weather forecasts, etc. The
Fujion F-2000A, for example, covers
AM and FM broadcast bands, LW,
marine band and the VHF marine band.
It will run either on internal cells or on
an external 12 V dc supply.

Omega

The only hyperbolic navigation system
to provide good coverage of the
Australasian area is Omega, which is a
global system designed and operated by
the US Navy. It is a VLF (10-14 kHz)
system, and because of this, is primarily
intended for use by submarines, as only
VLF radio waves can penetrate seawater
to any depth.

A basic Omega installation costs
between $4000 and $7000, and in good
conditions can give a fix to within
2000 metres. However, in unfavourable
conditions, errors as large as 8-10 km
may occur. To correct this, there is a
version of Omega called differential
(or micro-) Omega, which uses a fixed
Omega monitoring station in the area of
operation transmitting local corrections
which can be applied by users to the
basic Omega hyperbolic information.
This brings the accuracy of Omega to
a par with the short range hyperbolic
systems such as Decca.

Miscellaneous gear

For celestial navigation a lot of the
tedium and possibility of errors has
been taken out of sight reductions by

the use of pre-programmed special-
purpose calculators. A well known
example is the Tamiya NC-77. This
can handle a wide range of navigation
calculations to solve latitude and
longitude from sextant sights of celestial
bodies. In addition, it can calculate
a fix by dead reckoning, and perform
numerous other calculations.

The major benefit of these calculators
is to the offshore navigator who often
has to perform complex calculations
when tired, wet, hungry or generally
finding difficulty in concentrating.
Under these circumstances, it is easy to
make mistakes, but if a calculator can
do all the legwork, it becomes feasible
to take more sights than are necessary,
as a check.

To power all the electrical equipment
it is possible to put on a small yacht one
must either run the engine regularly
for a fairly long period, or if one is
lucky enough to berth at a marina,
install a battery charger. An alternative,
now starting to become economically
feasible, is to install a small solar cell
panel as a trickle charger.

Amongst those supplying solar panels
are Amtex of Chatswood in Sydney,
Challenge Eelctric of Brookvale and
Greenwich Marine, both also in Sydney.
Philips also stock a range of solar
panels, some specifically for this app-
lication.

In general, a 330 mm square panel
produces around 400 mA or so at
14 V. Battery charging models generally
deliver about 10 watts or so, models
for lighting applications, somewhat less. @
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Bill Edge’s
ELIEECTRCNIC

ACIENCIIES

115-117 PARRAMATTA ROAD
CONCORD, 2137. Tel: 747-6472
(Corner Parramatta Rd & Lioyd George Ave.)

Some fantastic

DICK SMITH ELECTRONICS
products avaliable, and on a SUNDAY too. All at
current prices with a few specials thrown in.

COMPUTERS

Yes . . . Electronic Agencies are
now distributors for the famous
range of “COMMODORE’

\ COmDulefs.a
\\7 .
$1399.00 $1529.00 'EISER §E

PET 2001-8 CBM 3001-16

As these computers are made by one of the largest
computer manufacturers in the world, the software
and hardware Is almost limitless. The instruction
manual Is so comprehensive that even if you know
nothing about electronics and have never laid eyes on
a computer, you will have no trouble. If you do
happen to get stumped — no worries — as importers
of these machines you have all the resources of the
vast Hanimex company to help you out, not to men-
tion Electronic Agencies. We have a CBM 3001-16 on
disptay in our store.

PET 2001-8: Standard Pet with video dl?Iay unit,
cassette and calculator type keyboard. 8K bytes of
rr;eorgory. Normally $1499. Now only $1399. Save
$100.

CBM 2001-16: 16K bytes of memory with video dis-
play unit and large keyboard. External cassette op-
ggg(a)l extra. Normally $1829. Now only $1529. Save

CBM 3001-32: Same as 2001-16 but with 32K bytes.
Normally $2199. Now only $1979.10. Save $220.

PRINTERS

3023 PRINTER: 80-column dot matrix. Plain paper
with full graphlcs. Normally $1499. Now only
1349.10. Save $149.

3022 PRINTER: 80 column dot matrix as above, with
forms handling capability and tractor feed. Only
$1529.10. Save $169

FLOPPY DISK

CBM 3030:* Dual drive inteiligent mini-floppy sys-
tem, 343K nett user storage ca acltg. Only
$1889.10. *ROM Set required for 2001-8 $91.80.

EXTERNAL CASSETTE DECK
only $134.10

Includes cable to computer.

TRADING HOURS:
9 am-5.30 pm Mon-Fri.
9 am-Noon Sat.

10 am-2 pm SUNDAY

MAIL ORDER: $1.00 pack & post plus 5 percent of
order (additional pack/post) up to $80, thence a flat
$4. All heavy & bulky items sent freight on via

kComet.

Opportunity

? 1 (At s
. ”W: P"n
m%%wuﬁa‘m«'ﬂf-

off the \ﬂsg,
line chips

desighed to get
you into the market place fast ...

How about a single chip Keyless Lock in a 14-pin

1 DIP for around $2.63*. Package it your way. We'll
even help you with a low cost keyboard to suit.
Ask. for LS7220.

A 14-pin Hi-in-Low fully adjustable Frequency Trip
2 for Flow Meters, Tachos, Tone decoders or anywhere

you need to keep track of pulse rates. Simple to use

and only $5.89*.

We'll call it the FX 701P.
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This Keyboard programmed Multi-step Timer even
3 drives LEDs directly. At $6.90* WD55 is our latest
opportunity chip.

* 100 up price +15% sales tax

If you've got an idea that needs a little silicon lubrication to
get it moving . . . we'd like to chip in.

daneva control pty.Itd.

70 Bay Road, Sandringham, Vic., 3191. Ph: 598-9207. Telex: AA34439
AGENTS: Sydney: 51-5880. Adelaide: 42-6666. Brisbane: 36-5183.
ACT: 82:4995. Perth: 325.2444, Hobart: 44-1337. N.2.(63) 85-702

also available through computer stores and electronic wholesalers




NOW! YOUR MOST RELIABLE SOURCE FOR

"« RESISTORS

Fixed

Carbon Film
Metal Film
Flame Proof

Power
Wire Wound

- Potentiometers

Slide
Rotary
Trim
Cermet
Switched
Ganged

Rheostats

Wire Wound
Metal Glaze

Readily Available
Throughout Australia. i
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Technical Information available on request.

SOANAR ELECTRONICS PTY.LTD. YSoms 20

STH. AUST: 51 6981
A MEMBER OF THE A+R-SOANAR ELECTRONICS GROUP  2kiNg AND: 525421

30 Lexton Road.Box Hill.Vic..3128,Australia.  Telex:32286.  WESTAUST: 3819522




Beryllium —
how dangerous?

Beryllium compounds are insidious poisons — they can lie
in the body for up to five years before showing any effects
-and they can kill. Have you any beryllium in your junk box?

BERYLLIUM COMPOUNDS ARE QUITE SAFE — PROVIDING THEY'RE LEFT WELL ALONE

DO NOT: grind, saw, put with acid, crush, chip, file, brush or vacuum the material!
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THERE IS a lot of controversy these
days about the toxic effects of everyday
substances — saturated hydrocarbons in
food, cancer-producing hair dyes, lead
in petrol and so on.

It may surprise you to know that
you are in contact with one very toxic
substance which has cost the lives of
many people over the years and which
may have no warning notices or labels
attached to it — it’s harmless in its
present form, but is only waiting for the
unwary to tamper with it to turn it into
a deadly cancer-forming agent.

The substance is beryllia, long used
for its low thermal conductivity and
high electrical insulation resistance in

applications such as RF power
transistors and some ‘heat sink
compounds’.

In its solid state, beryllia (or

beryllium oxide, to give it its proper
name) is fairly innocuous. It won't
explode, give off noxious fumes or even
catch fire. But grind or cut it in any
way, and the dust formed may produce
insidious lung disease. Cases have been
reported in which workers who came
into contact with the substance did not
exhibit symptoms until five years later,
and some in which the damage appeared
within one or two months.

It doesn’t take much dust to produce
toxic effects, either. Some forty years
ago, beryllia was used widely in
fluorescent lighting tubes, and the
number of cases of poisoning were
much greater. Because of the incredible
virulence of the poison, toxie effects
have been reported in people who
visited the homes of beryllium workers.
Tests have been carried out with soiled
clothing that showed that shaking even
a lightly-soiled lab apron can give rise
to dust concentration five times the
recommended maximum.

Imagine, then, the effect of sawing
a piece of beryllia in your workshop
(or, worse still, in your kitchen). The
worst of it is, you may not realise the
effects until five years from now.

Having said all that, solid beryllia is
safe enough if treated with respect.

e If there is an alternative, don’t use
beryllium compounds.

e Don't ever mutilate, grind, cut or
even scratch beryllia.

e Always make sure that any beryllia
you have is adequately labelled in
such a way that there is no way that
you, or anyone else, can mistake it
for something harmless.

e When you want to throw out a
device containing beryllia (which you
probably feel like doing round about
now), send it back to the manu-
facturer — it's pretty certain that
they know how to dispose of it

properly.

There is another route through which
beryllia can be harmful — through the
skin. Experiments with animals have
shown that introducing beryllium
compounds into open wounds may
form tumours. If you're using a heat-
sink compound that you think contains
beryllia, try not to touch it — use plastic
gloves and other safety devices.

If you think that beryllia has come
into contact with you in any way which
could prove harmful — see your doctor.
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Some of the fairly common types of devices constructed using Beryllium oxide are shown above.
RF power transistors use the material as a heat transfer material between the chip and the copper
stud. Stripline terminations — such as the central device in the upper group and the central
device in the lower row — are less common but have construction similar to the RF power
transistors. These devices are perfectly safe to handle providing you do not do any of the
things suggested in the pictures on the opposite page.

BERYLLIUM OXIDE, BeO (Beryl, Beryllia, Bromellite)

PHYSICAL, CHEMICAL AND MEDICAL CHARACTERISTICS
VOLUME RESISTIVITY: 6 x 10'! ohm.m at 300°C (98% BeO)'
THERMAL CONDUCTIVITY: 210 W/m. °C (98% BeO at 25°C)’
SOFTENING TEMPERATURE: 1600°C (98% Be()!
THERMAL EXPANSION: 6.1 ppm/°C (98% BeO)*

TOXIC HAZARD RATING: High (acute local irritation, inhilation:
may cause death or permanent injury after very short exposure to small
quantities)?

LOWEST TOXIC AIR CONCENTRATION: 49 mg/m? (rat, inhilation,
four weeks continuous. Cancer)®

LOWEST TOXIC UNDER-SKIN DOSAGE: 7 mg/kg (pig, benign
tumour)?®

OSHA STANDARD AIR CONCENTRATION: 2 ug/m? (time-weighted
average)®

OSHA STANDARD PEAK AIR CONCENTRATION: 25 nug/m?® (30 min
per 8 hours)®
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lonéthan Scott

CONFESSES being born in Brisbane in
1956 — claims British descent in comp-
ensation. Beats us too, but it’s always a
good start for an argument!

His first exposure to technology was
an electric train set, ostensibly bought
for him. This was a bit odd as he was
only 2.5, but daddy was surprisingly
helpful. Jonathan could wire the points
when he was three and was allowed to
drive it when he was four. The error

rate in this early electrical work has
resulted in a sense of smell that can pick
an overheated solenoid at 400 metres
and a sense of hearing that can get the
bearing of a short circuit to within 3°.

Jonathan was educated at a Sydney
GPS schqol which ‘“‘turned out lousy
human beings, but great assassins’’, and
hence it doesn’t rate a free plug here.
By now the electrical fetish, mutated
into electronic obsession, was blooming
into radio amateurhood. Having hated
every second spent at school, the
attraction of Sydney University’s vast
reserves of CROs, computers, girls, bars,
concerts, girls, colleges, plays, girls,
interesting lectures, clubs, societies and
girls came as a welcome opportunity to
expand his interests. Amazingly, between
all this a BSc in Physics was squeezed
from the system in 1976.

After this, Jonathan went to live
in Wesley College (the only co-ed one
on SU campus), to get closer to the
action, figuring that one hour per day
spent commuting is an intolerable
inefficiency to any perfection-minded
engineer. Two years later, a BE (Hons)

" popped up, which would have been

great had it not heralded the threat of
having to get a full time job! Here,
ETI came to the rescue, and in 1979

All you ever wanted to know
about ETI . . . but were afraid to ask

David Tilbrook

BORN in Sydney as a young lad (circa
1954), David lived here until a move to
Adelaide forced him to live there. At
the ripe old age of eight he built his first
electronic device — a profoundly
complex gadget consisting of two
switches (240 V light switches — off the
bedroom wall), a 3 V torch globe (from
his father’s torch) two giant 1.5 V
batteries and fuse wire for hookup cable.
He learned very quickly about short
circuits! It wasn't long before he
progressed to crystal sets, doorbells and
various concociions he still can’t fathom!

Extradited to Sydney in 1964 he
was _ thrust into St Pius’ College at
Chatswood who steered him through
his Higher School Certificate . . . they
had to get rid of him somehow!

Leaving the cloistered shadows of St
Pius’, David progressed to servicing
pinball machines — the experience was
good for him for he developed a healthy
disrespect for electromechanical things.

From this highlight in David’s career
it was only natural that he study
electronics at university. He refuses to
say which one and none will admit
having him

At the end of his first year David
secured a job as a laboratory technician
testing coal and mineral samples at
Casco. He relates that it was thus even
more discouraging when chemistry
proved his downfall at university.

To expunge his sins he took up
servicing electronic equipment  (car
radios, transistors and stereos), this
being more fun than servicing electro-
mechanical equipment. Finding this
marginally better than pinball machines,
David soon left to join Convoy Inter-
national where he rose to fame and
fortune . well, notoriety and a
modest incomgc, anyway.

His interest in hi-fi had been kindled
many years before and he found
working on top-quality equipment
(Nakamichi, B & O, Teac, Electrosonic
A/V gear . . .) a stimulating experience.
After several years he was appointed
Service Manager at Convoy which,
among other things (washing coffee
cups, answering the 'phone) involved
designing equipment for audio-visual
applications.

Following those happy years at
Convoy, David spent some time doing
freelance electronic design. Amongst

Jonathan could be found taking refuge
from the hard labours of the outside
world in their hallowed lab.

Having taken up residence in a share-
house (with a female economist, a
female lawyer, a PhD and:a policeman —
just to keep him on his toes) everything
looked stable. Alas, the. establishment
made him an offer he couldn’t refuse —
money. Not a lot, but it was going
cheap; free in fact, in exchange for a
Masters degree in Pure Electronic Design.
So now he may be seen frequenting SU
in the day, ETI at all sorts of times, and
various places of raging in between.

Star sign: Taurus = Leo

Likes: Building better electronics,
photography, girls, ergonomics, strategic
games, timepieces, motorbikes, rock
(heavy), Monty Python, Hewlett-
Packards (symbols of perfection in
engineering), food (especially Italian),
cars (German and Italian), skiing, squash,
and winning.

Dislikes: Imperfection, inefficiency,
ordinary, unspectacular and boring
things; slow people.

Quotes: ‘“‘Between the women, the
cars and the food, 1 should have been
born Italian”; “If you can build a better
one, the builder of this one hasn’t got
an excuse in Hell!”

other things, he worked on animating
monsters using electronic control.

We found David supporting a
telegraph pole in a back street of
Woolloomooloo. Being in a charitable
mood that week we took him in, thrust
him through the lab door and said:
“go to it!” And he did. His cunning
circuits now grace the pages of ETL
Star sign: non-Leo. (Aquarius)

Likes: sophisticated audio gear, physics,
good loudspeakers, tennis, astronomy,
cunning circuits, pre-1975 Toranas.
Dislikes: - pre-1975 Holden Toranas!,
bad loudspeakers, poor electronic design,
low-fi audio gear, chemistry, salesmen
and mechanical contrivances.

Quotes: “If it takes more than 10 amps,
I don’t want to know about it!”’ ®
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New digital multimeters that work
the way you do.

You do your job as well as it can be done. Now there’s a line of digital multimeters
from Beckman that does the same. A new generation of 3 “2-digit multimeters a step
above all other digital and analog multimeters. We’ve combined the best of both to
give you useful and easy-to-use features found in no other multimeter.

B E c K M A N ® Convenient continuity indicationin a DMM

with the new Beckman Insta-Om® facility. In any resistance
range. an ochm symbol appears in the display the instant
continuity is established with the test leads.

® Simplified in-circuit semi-conductor test
function.
A constant current source permits actual semi-conductor
Junction voltage drop to be displayed with as little as 200
ohms shunt resistance.

® Complex waveforms measured

easily and accurately with True RMS
capability. The Beckman RMS 3030 measures
both AC voltage.and AC currentin True RMS
(AC+DC).

® Reliability you can
depend on.

Whichever model you choose, you get
long-term accuracy and reliability,
assured through the usc of band-gap
reference elements, thin-film resistor
networks and custom-designed CMOS
LSl chips.

® 10 Amp AC/DC measuring

capability without special adaptors
(M('))dcls 3010. 3020, 3030).

® Time saving and error

reduction with single centre
function switch. One single centre
switch makes the instrument casier to
usc and more reliable than push-button
digital multimeters.

® Save on battery replacement costs.
Common 9V transisior battery provides up to 2000
hours of continuous operation. Compared to0 other
multimeters with no better than 200 hours of use,
Beckman multimeters save you at least 10 battery
replacements.

® Reduce operator shock hazard.
New safety designed test leads with moulded flange help
protect the operator from accidental shocks.

® Your investment protected.
1500 Vdc or 1000 Vrms protection on all voltage ranges. 300
Vdcor rms AC on all resistance ranges.

® Easy to carry and use.
I’s free from external power requirements and weighs only 454
grammes,

available now

Featuring new continvity function.

Model RMS 3030 0.1% Vdc accuracy $199
Model 3020 0.1% Vdc accuracy $179
Model 3010 0.25% Vdc accuracy $139
Model TECH 300 0.5% Vdc accuracy $115
All prices subject to 15% S.T. where applicable

A full range of accessories is available.

WARBURTON FRANKI

© ADELAIDE 356-7333 @ BRISBANE 52-7255 ¢ HOBART 23-1 841
® MELBOURNE 699-4999 @ PERTH 277-7000 @ SYDNEY 648-1 711
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percent tax).

All components prime, full spec, by major manufacturers

N..‘;_;_;‘;‘.NN................
BENNNOVOO

7418374 . .
5.C.R.

d e 30
S6T100A300R . . . ..50
C106D1 . . .. .. .- 50
DIODES

LFi374IN. . . . . .. o [ - - - - i ZENER DIODES
LF13741H. = B L =28 400mw 3.3vto36v..12
1 watt 3.3vto 36v . ..20

TRANSISTORS

VOLTAGE
REGULATORS
FOB B b w = 1.10
L7 s'a s ww w ! 2010
28051 g8 e ity s , M.a 70
7806 w58 m a'e P2 1.00
ZOEA N w5 sl 1.00
TAMERTL | b i B 70
7815 . 1.00
78208 ere 4 =S A 1.00
;g}g ..... 1.{8
........ 1.
T1R3055, = NG P 35
78L12 35
5 TTL 7400 SERIES Gy il Bk 35
8 79M05% , % = = = 60
18 79L12 60
PN3567 . .. ... .- 18 79L15 60
PN3568 .. ...... 18
2N3569 as
Zhgods it FND 507. . . . ... 1.
2N3638A . . . - FND 357. . . . . . 100
pN36a2 ‘14 FND 500. . . ... 1.00
.16
1S STANDARD LEDS
116 RED . .. 12
.10 GREEN . .20
..20 YELLDW 25
..25 CLIPS . ..02
..2%
B MICROS
'45 2002 ;i . . ..1.20
0 2114 & v « o .o 4.95
2N4250 . a2 2708 . .. .... 10.00

® Full line price list now available accepted.

ETH

NOW IN AUSTRALIA

AT A NEW CONCEPT IN DIRECT MAIL ORDERING
o — NO COUNTER SALES MEAN MUCH LOWER PRICES

SPECIALS: 10 x 100K C 45mm Slide Pots $2; 10 x 50K C Rotary Pots $2;10x
|sostat 3-Pole Switches $2; 10 x Rocker Switches 3-Pole $2. (All plus 27%2

Mail all orders to: SEMIS, 2 Guildford Lane, Melbourne. Vic. 3000.

All prices plus sales tax if applicable. CMOS, TTL, MICROS and LEDS are plus 15 percent, all others plus 27%z percent.

TERMS: Minimum Order $10 Aust. o We specialise in fast, prompt service with total customer satistaction. e All items are guaranteed 30 days
B k d d from date of shipment — user damage excepted. o Postage and handling: Add $1.50, orders over $50 add $3.
ankcar accepte All orders sent certified mall. o Prices valid 2 months from date of Issue. @ School and government orders

PCB MOUNT
Autsov . . 07

22uf25 V .07
470 63 V .07
1uf6.3V .07

1uf 50 V. - OB
1uf63 V. . .07
2utiov. . .07
22uti6 VvV .07
22ut35V .07
2.2ut50V .07
3uf300V. 12
3.3uti6 VvV 07
3.3 uf25Vv .07
3.3ufs50V 07
4.7uf 10V 07
4.7 uf 28V .07
4.7 ut 250 V. 12
4.7uf 315V 12
S5uf3v .. 07
6.8 ut1

334110V, 4

33ut25 V. .07
33ul50 V. . a2
33uti6OV . . Bl
33uf200V ., 19
33uf250V . . 19
47 uf 6.3V .07
47 uf10V. .09
a7 ut 16 V. .09
47 uf 25 V. 10
a7uf83V. a2
80 ut 10 V. .09
80 ut 16 V. 12
100uf 3 V. .07
100 ut 6.3 V .07
100 uf 10V o9
100 uf 16 V 12
100uf 35 V A8
100 uf 63 V 18
150 uf 3.15 V .07
200 u! 6.3 V 12
200ut 10V . 12
2000t 12V . 12
200ut 15V . 18
220 u1 6.3 V. .09
2200t 10V . 12
220u1 16 V . 14
220vi 25V . 18
220135V . 19
220u1SO0V . .23
220yt 63 V . .23
330ut 10V . . 15
470 uf 16V . 19
470ut 25 V . 19
470ul 38V . 31
500 uf 10V . K1
640 uf 16 V . 19
1000 uf 6.3V 19
1000 uf 10 V 19
1000 ut 16 V .22
1000 uf 18 V ,22

2500 uf 16 V .60
RG/RO/RP LUG
TERMINAL

1000 uf 63 V 1.40
1000 uf 100 V. . . 1.60
1500 uf 35 V .60
2500 uf 35 V .1.10
2500 ut 63 V 1.60
2500 uf 8O V 1.75
3300 uf 50 V 1.60
3300 u! 75 V ¥
4700 uf 35 V 1.20
4700 uf 100 V 4.20
5600 uf 40 V 1.50
8000 ut 75 V 4.00
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Project 473

Series 4000 moving-coil
cartridge preamplifier

David Tilbrook

Designed to complement our popular Series 4000 stereo
amplifier, this project features performance equal to, or
better than, top quality commercial preamps currently

available.

. oy

l'l‘ (D Wy

POWER SUPPLY 12y

OVER THE LAST several years there
has been a dramatic increase in the
number of moving coil cartridges
released. The design of this type of
cartridge results in a number of
advantages over the more usual phono
cartridge which works on a . moving
magnet principle.

Modulations on the wall of the
record are tracked with a diamond
stylus attached to a long arm called a
cantilever. In the moving-magnet
cartridge a small magnet is attached to
the cantilever so that stylus movement
causes movement of the magnet. Two
pick-up coils are mounted ciose to the

40 — Octobar 1979 ETI
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magnet so that the windings of the coils
intersect the lines of magnetic flux
from the magnet. As the stylus moves
the magnetic flux seen by the pick-up
coils varies in direct proportion to the
stylus movement, and small electrical
signals are generated in the coils.

The moving-coil cartridge works in
a similar way but inverts the roles of
the pick-up coils and magnet. The
magnet assembly is held stationary
while the pick-up coils are mounted on
the cantilever assembly .and move with
the stylus modulations (hence the name
‘moving coil’).

The pick-up coils are reduced

00

PREAMPLIFIER

drastically in size and weight compared
to the coils used in moving magnet
cartridges. This results in a total canti-
lever weight that is much smaller than
in the typical moving magnet cartridge.
Since the weight is greatly reduced the
ability of the stylus to react to transients
is increased and an overall improvement
in signal accuracy results. Moving coil
cartridges  generally have superior
frequency response characteristics and
improved phase response at high
frequencies. But they also have
disadvantages.

The small pick-up coils have a very
low impedance resulting in much lower



signal levels than available from normal
phono cartridges. In fact, the voltages
present on the typical moving-coil
cartridge at a recording velocity of 10
cm/sec can be in the order of 150 uV!
This is generally insufficient to drive
an amplifier to anything like full power.
Furthermore, since the output level
is some 30 dB below that expected by
the amplifier then a great reduction in
the signal-to-noise ratio will result. An
amplifier with ‘a short circuit signal to
noise ratio of 80 dB for example, which
is quite a good figure, will end up with
a signal noise ratio of about 50 dB —
which is distinctly bad.

The internal impedance of moving-
coil cartridges is around 5 ohms and to
achieve the low recommended load
impedance required it is clearly not
satisfactory to simply load down the
input of the average phono input with
a resistor since this does nothing to
overcome the signal-to-noise ratio
problems.

The solution to these problems is
to insert some voltage gain between the
output of the cartridge and the phono
input. ‘This can be done in two ways.
Firstly, it is possible to use a trans-
former to boost the voltages up to the
desired level and they are capable of
very good results. But, transformers
are still limited in transient performance
and noise. To obtain the necessary
voltage gain the turns ratio must be
relatively high. Since the impedance
ratio is related to the square of the turns
ratio, the output impedance must, of
necessity, be high also — usually around
30 k for a 50 £ input impedance. This
is substantially higher than the output
impedance of normal phono cartridges
and degrades the noise figure of the
phono input stage. A solution to this is
to use a pre-preamplifier instead of a
transformer to achieve the necessary
voltage gain.

Preamp requirements

Preamplifiers have their disadvantages
also. The biggest problem by far is the
design of an extremely low noise input
stage with the correct input impedance
to load the cartridge according to the
manufacturers’ recommendations. The
distortion must be kept to a minimum
and the frequency response should be
as flat as possible. These design goals are
not unique to a moving coil cartridge
preamplifier but they are difficult to
achieve owing to the very low output
voltage of the moving coil cartridge.

The required low input impedance
can be achieved in several ways. Firstly,
we can make the input stage a common

riridge preamp

SPECIFICATIONS — ET! 473 moving coil cartridge preamp.

(00 e T S (R 28 dB (x 25 approx).

Frequency response. . .. ....... 29 Hz to 48 kHz +1 dB.

Inputimpedance. . . .......... Adjustable 3.3 to 100 ohms.

RolSee, .. .. PR evs'= o .. o % Total equivalent input noise 0.3 nVa/Hz.Over

a 20 kHz noise bandwidth*—42nV. Signal-to-
noise ratio, with respect to an input level of
150 uV: -71dB.

Total Harmonic distortion. . . . . .. With respect to an input level of 0.2mV,
unmeasurable (below noise). Calculated to
be 0.0015% (see text). Rising to 0.015% for
a 30 mV input signal at 1 kHz.

Channel separation . .......... Better than 61 dB.

input overload margin . . . ...... better than 80 dB.

base configuration. In this type of
circuit the input is connected to the
emitter of the transistor so that the
input impedance is determined by the
emitter resistor in parallel with the base-
emitter junction of the input transistor,
which can be quite low. However, this
does not solve the problem of input
stage noise.

The other possibility, and the one I
elected to use in this design, is common
emitter configuration. The impedance
of the base-emitter junction of a bipolar
transistor is a function of the amount
of current flowing in the emitter of the
transistor. This  will be largely
determined by the collector current and
not by the base current, which will
contribute only a small amount of the
total emitter current. A study of base-
emitter turn-on characteristics shows
that the impedance of the base-emitter
junction is approximately equal to:

260

Ie (MA)

where ‘B’ is the small signal current gain
of the transistor.

and ‘l.’ is the current in the emitter of
the transistor in mA.

So, to reduce the input impedance of
the first stage it is simply necessary to
increase the emitter current. But this
increases the current density in the
input transistors, increasing the noise
generated by the input stage.

To understand why this happens
it is necessary to look more closely at
the causes of noise.

Noise

There are two main sources of noise in
transistors: shot noise and I/f noise.
Shot noise is the main cause of noise at
middle and high frequencies and is
generatéd when an electron attempts to
cross a potential barrier. It is therefore
directly related to the amount of charge
flowing in the device. More specifically,
it is given by the equation:

_ 15" = 2qigcB (amps)?
{mean shot noise current)

where ‘q’ is the charge of an electron, in
coulombs
‘igc’ is the dc current in amps
and ‘B’ is the noise bandwidth in Hz.
1/f noise has a random amplitude like
shot noise but its spectral density has a
1/f characteristic. This means that the
noise amplitude increases as frequency
decreases and becomes the dominant
source of noise at low frequencies. As
with shot noise, its equation reveals
that it is directly related to the current
flowing in the transistor.

s a

where ‘14, is the dc current in amps
‘K’ and a are constants that are a
function of the particular device

‘f* is the frequency in Hz

and ‘B’ is the noise bandwidth.

Notice that as Idc is increased, so too is

the 1/f noise (lfz)

It is clear from this that, in order to
keep noise generated by shot and Vf
noise to a minimum, it is necessary to
keep the current density in the input
stage low. But, as we saw earlier, to
obtain the necessary low input
impedance we have to increase the
emitter current. The solution to this is
to use several transistors in parallel to
form the input device. This decreases
the current density in each of the
transistors since the necessary emitter
current can be shared by all of the input
devices. It also places the impedances
of the base-emitter junctions in parallel,
further decreasing the input impedance
of she first stage. Furthermore, since
each transistor is a completely
independent noise generator their noise
voltage will tend to reduce each other
(a process too complex to examine in
detail here). S
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NOTE

ONLY ONE CHANNEL IS SHOWN,

COMPONENT NUMBERING ON 2nd CHANNEL
STARTS AT 101 .9 R101,R102,

C101,C102

HOW IT WORKS — ET1473

The input stage consists of Q1 to Q8
plus associated circuitry. Q1 to Q4 and
Q5 to Q8 are in parallel to reduce the
current density providing a low input
impedance stage having very low noise.
A detailed account of how this works
is given In the text.

Capacitor C1 and C2 fix the upper
frequency roll-off characteristics as well as
shunting the input with the desired load
capacitance for the moving-coil cartridge.
The configuration of R1 and R2, C1 and
C2 was found to give the best loading for
a variety of moving-coil cartridges.

The potentiometer RV1 allows the
input impedance to be varied over the
range most commonly recommended by
cartridge manufacturers.

Negative feedback is applied via the
network consisting of R28, capacitors
C5 and C6 and resistors R5 and R6.
Some degenerative feedback for the input
stage is applied to the first stage by the

emitter resistors R7 and R8. Capacitors
C9 and C10 are coupling capacitors to the
second stage while bias for this stage is
determined by R11, R12, R13 and R14,

The power supply consists of a series
regulator Q13 and Q14. The potential
dividers R21/R23 and R22/R24 divide
the voltage present at the output of the
regulator and drive the transistors Q15 and
Q16, and the LEDs. The transistor base-
emitter junction in series with the LED
will drop 0.6 + 1.65 volts. Therefore,
whenever the voltage present at the centre
of the potential divider tries to increase
above 2.3 volts the transistor increasingly,
conducts decreasing drive to the pass
transistors Q13 and Q14,

This is a relatively low noise regulator
since the voltage reference is LED and not
a zener diode which is a noisy device.
Resistors R19 and R20, together with
capacitors C12 and C13 form 6 dB per
octave low-pass filters on the supply rails
to further reduce noise that may be
generated by the regulated supply. . .

This configuration works very well
and the noise levels of this preamplifier
rival any of the commercially available
units.

To see just how difficult it is to
obtain a satisfactory signal to noise ratio
at these signal levels it is necessary to
look at another form of noise called
‘thermal noise’. This is caused by the
agitation of charged particles in any
conductor due to their temperature.
Every passive component will generate
thermal noise and short of dunking the
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whole thing in liquid helium to cool it
off, there is simply no way of getting rid
of it. Thermal noise is given by the
equation:

4
er =4kTRB volts?

where ‘T’ is the temperature in degrees
Kelvin (K).

‘R’ is the value of the resistance.

‘B’ is the noise bandwidth

‘k’ is Boltzmans constant, equal to
1.38 x 10723 W-sec/K.

the

>
-Ve TO OTHER CHANNEL '—l

From this equation we can calculate

theoretical noise that will be
generated by the moving coil cartridge
itself. This clearly is the absolute lowest
noise figure that is possible with the
input stage generating no noise of its
own (which is very unlikely!).

If we let the temperature of the
transistor be 300 Kelvin (i.e.: mean
atmospheric temperature) and the noise
bandwidth be 20 kHz (the hi-fi audio
band), then since the dc resistance of
the cartridge is about 5 ohms the
equation becomes:

er? = 4 x(1.38x1023) x 300 x 5 x (20 x 103)

Thcrcforec_R- = 4.07 x 108 volts or 41 nV.

So, the thermal noise of the cartridge
itself is 41 nV.

Actually, this calculation is not quite
right since the noise bandwidth is
defined as having a ‘brick wall’ response.
An amplifier with 3 dB point of 20 kHz
that is falling at a rate of 6 dB per
octave will actually have a noise band-
width much greater than 20 kHaz.
Furthermore, if we want to be able to
quote noise figures to enable comparison
between different input stages, it is
valuable to quote noise voltages
independently of noise bandwidth. This
can be done quite easily by dividing
the noise voltage by the square root of
the bandwidth. The dimensions of this
new figure will be “volts per root Hz”,
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and our result for the thermal noise of
a moving coil cartridge becomes:

or 0.29 nV/y Hz

Now, if we are aiming at a signal to
noise ratio of 70 dB with respect to a
signal voltage of 150 nV (0.15 mV),
which is the expected signal level at a
recording velocity of 10 cm/sec., then
the equivalent input noise of the
amplifier will be given by the equation:

-70 = 2010g(0.—1§¥1"6- 3)

and is equal to 0.33 nVA/Hz.

The necessary equivalent input noise
is in the same order of magnitude as the
noise being generated by the cartridge
itself!

Designing an input stage with this
sort of noise isn’t casy, especially when
it is considered that the noise generated
by even the quietest transistor is in the
order of several nV/y/Hz for usable
emitter current. This is substantially
worse than the requirement.

Performance features

The total equivalent input noise of this
unit was measured at 0.3 nVA/Hz. With
respect to a noise bandwidth of 20 kHz,
this corresponds to an input noise of
42 nV, giving a signal to noise ratio with
respect to an input signal of 150 nV

(0.15 mV) of 71 dB. At this level, the
noise generated by the cartridge itself
will be one of the dominant noise
sources.

The circuit uses a symmetrical
configuration with NPN and PNP
transistors set up in such a way that
asymmetrical distortions tend to cancel.
Normally distortion products are
generated differently for positive and
negative signal excursions and this tends
to produce second harmonic distortion
products. The configuration used in this
circuit results in very low second and
third harmonic distortion. This has
enabled a total harmonic distortion
figure of around 0.0015% to be
obtained.

The problem with quoting distortion
figures of this order is that they are too
low to be measured directly, being well
hidden under the noise level. The only
way a figure can be obtained is to
remove the overall negative feedback,
measure the distortion and then divide
by the gain difference when the feed-
back is reapplied. Unfortunately, feed-
back does not affect all the distortion
products equally, but the figure is still
meaningful.

Another advantage of the sym-
metrical design of the input stage is that
it does away with the need for an input
capacitor. This is a definite advantage
when dealing with low input impedances
since the value of the capacitor would
have had to be very large to obtain a
flat frequency response at low
frequencies.

The signal voltages present in the pre-
amplifier are naturally extremely low
and for this reason the power supply
has been kept as a separate unit to
reduce the possibility of 50 Hz
induction from the power transformer.

A voltage regulator supplies the
necessary *6 volts. As it is critical to
achieve low noise it is important that
the regulator does not put noise onto
the supply rails which would degrade
the noise performance of the unit.
Normally the voltage reference used for
regulators of this type is a zener diode
but, as the zener is reverse biased, it
generates a comparatively large amount
of noise. In this design an LED was
used as the voltage reference. A red
LED operated in the forward-biased
mode drops a constant 1.65 volts and
generates very little noise.

Construction

Construction is relatively  straight-
forward since most components are
on the mounted pc board. Other
construction methods are possible but
performance may not match that of

m.C. cartridge preamp

our prototype.

Mount the resistors and capacitors
first, followed by the transistors. Since
there are quite a few transistors on the
board placed close to each other, don’t
make the mistake 1 did and get them
mixed up! Cut the necessary lengths
of shielded cables and solder them onto
the board keeping the ends as short
as possible. Solder the necessary lengths
of hookup cable to the board and after
checking all components mount the
board in the chassis.

I used a diecast aluminium box and
quite frankly wish 1 hadn’t. The
shielding to external magnetic fields
really isn’t good enough. I found I had
to be careful where the preamp was
placed or it would pick up hum from
the magnetic field produced by the
power amp’s transformer. Use a steel
box if you can, if not, just be careful
where it is placed.

Once the board is mounted in the
chassis, the pots and rear panel hardware
can be mounted and the wiring
completed according to the wiring layout
diagram shown. Here again 1 came
unstuck. The first system I used to
ground the shielded cables caused a
monumental hum loop (and I still don’t
really understand why!). The final
method tried is shown in the wiring
diagram and this works very well. The
shielded cables coming from the outputs
on the board have only one of their
shields connected to the output RCA
sockets which are wired together and
connected to the chassis at the ground
terminal. This type of terminal is
supplied with the necessary hardware
to insulate them from the chassis. In
this case however, we want the terminal
to connect firmly to the case to provide
the necessary ground connection. It is
important that the RCA sockets be
insulated from the case and that the
ground connection made to them is
according to the wiring diagram. If the
unit is going to be used with the
recommended power supply there
should be no hum problems. This power
supply, ETI 557, is described later in
this issue. It is wired so that the O volt
line is not connected to the chassis of
the power supply. This is important,
otherwise a hum loop around the units’
mains grounds will result. If you wish
to use a power supply other than the
577 then it will be necessary to ensure
that the O volt line from the supply
does not connect to the power supply
chassis. Do not ‘cure’ the problem by
disconnecting the ground wire at the
240 volt plug as this will remove any
ground connection from the powerp
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E@[r@ﬂ@@{t 473 supply chassis. This is not only

dangerous, it’s illegal.

*

Powering up

Before turning the unit on make a
final check of the board. Check the
orientation of the transistors, electrolytic
and tantalum capacitors and the LEDs.
If all is right, turn down the volume
control completely and switch the
power supply on. The LEDs in the

-
f
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PARTS LIST - ET1473

s 1
H [ Resistors all aW, 6%
i [ R1,R101 . . . 3R3
e R2,R102 ... 10R
i R3, R4, R103,
: R104. . ., ., 113
2 RS, R6, R105,
RO\, &2 ey 2k2
R7, R8, R107,
= R108. ... .. 10R
RS, R10, R109,
EINOS, o Yoate 270R
R11, R12,
R111, R112. . 2k2
R13, R14,
R113, R114. . 10k
! Lo R15, R16,
Ii 3g R115,R116 . . 390R
i i R17, R18,
i R117, R118. . 18R
! ii R19,R20 . .. 10R
Ay % R21, R22 . . .560R
] R23,R24 . . . 330R

R25, R26 .. .220R
R27, R127. . .1k
R28,R128. . . 220R

Capacitors
C1,C101. . . . 3n3 ceramic
C2,C102. . . . 4n7 ceramic
C3, 4, C103,
c104 . ... .. 470p ceramic
C5, C6, C105,
CHOE . 5 v nin't 22uF 16V tantalum
C7,C8,C107,
CH1OB ¢ sie i 2 18 2200uF 25V electro
C9-C11,
C109—C111. . 10uF 16V tantalum
C12,C13. . . . 100uF 25V electro
C14, C15. . . . 1000uF 25V electro
Transistors

Use only types specified - substitutes
may result in inferior performance.

Q1-04,
Q101-0104. . BC559
05—Qs,
Q105-0108. . BC549
Qg, Q10,

Q109, Q110.. . BC559
Q11, Q12,

Q111, Q112 . . BC549
T SR BD139
Q8. s e s BD140
Q15. . ... .. BC549
Q16. . ..... BC559

LED1, LED2 . standard red LED

Potentiometers
RV1, RV101 . 100R wirewound linear

Miscellaneous -
SK1,SK2 . . ,5Pin DIN socket
Four RCA sockets (insulated from case),
One black terminal, mains lead, plug and
mains cord securing grommet, two knobs,
box to suit, 190 x 60 x 110 mm.

B
NOTE — SHIELD IS NOT CONNECTED

FROM CABLE ‘B’ TO LEFT OUTPUT

SOCKET

1HOMY 1437



mM.C. cartridge preamp

preamp’s regulator should come on
immediately. 1 used standard RCA to
RCA cables from the output of the
preamp to the phono input and had
some trouble with hum induction into
the leads. Fortunately, we had been sent
a set of Audio-Technica type AT620
cables for evaluation several days before
and these cured the problem completely.

Perhaps 1 am biased, but the sound
quality of this preamp is extremely
good! Using a Nakamichi MC1000
cartridge, this preamp showed distinct
improvement over the transformer I was
using previously. There is an openness
that never existed before and the bass
end showed a great improvement being
firmer and much more defined. I trust
you’ll be as satisfied with your project
as | have been. L

-— B —

series 4000
l MOVING COIL CARTRIDGE PREAMPLIFIER

INPUT IMPEDANCE
50 s|o
i
25 75 25\ 15 14T rOWER 12-0—12
| . 1
\ 10~ 10~
/ \ / \
3.3 100 3.3 100

' LEFT RIGHT
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Thirty Audio Projects is the latest in our line of books designed especially with the serious constructor in mind.
Ever found yourself leafing through back-issues of ETI for the circuit of a low-noise input stage? Or looking
for some information on bucket brigade devices? Or do you need to know that the design you're using has
been checked and re-checked for circuit errors and built by peogle all over the world before it is published?
Thirty Audio Projects contains just that — thirty projects of the highest ET| standard, checked and re-checked
and then presented in a compact and complete form.

The price is $3.95 — that's under fifteen cents per full project design — and they’re a// audio projects, thirty
of our most sought-after designs. Projects include: Simple 25 watt amp; Bucket brigade delay line, Active
crossover; Compresser/expander; Tape noise limiter; ET| speaker system: Professional-feature mixer; Howl-
round suppressor; the ever-popular 50/100 watt amp modules, Graphic equaliser; Spectrum analyser; Audio
millivoltmeter. ‘
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'I' ASM A ELECTRONICS
12 Victoria Street, Coburg,
3058. Ph: (03) 354-5062

OPEN: Mon-Thur 9am to 5.30pm. Fri 9am to 9pm. Sat 9am to 12 noén. MAIL ORDER SERVICE (Stock
items — same-day despatch) Pls add $1 min P&P.

® TRANSISTORS — e TANTALUM
BC549 . ., . .. 2N3300 . . . PN3567 . . CAPACITORS—
BC557 . . . 2N3638 . . - 3030 . b } s 21 25
BCS558 . . . .. 2N3542 . . Bl .. .. .20
BC . 2N3702 . . ol o ? Ak
2N3704 . 2 s €
2N3740 .
2N3904 .
2N4030
2N4032 .
2N4033
2N4036
2N4037
2N4231
2N4234

=
v

Dt e ko Bt s Bt b N

o MNP bt pa, Db
e 1 b 1t O 0 B W OO NN
DPPOPOOOOOONON
nNnNOLLOIULOUIWL

T MJ4502 . 3.60 3 . i
BC548 . . | 19 MJIE2955]1.49 2N3107 . 1. 150 PN3366 . .18 PN4355
® 74LS, LOW POWER TTL SERIES —
74L500 o 20 741.515. . . 75 74L973. .. .. 74L5174 . . 74LS251 . .
741501, g b : 7408253 | 2301 |
e A

03 %, . 2
7805040 . - <, S e POLYESTER
A oas 1pf-0.004 7uf . ey SEECARE
74L509. . . .0068-.01,63V. =L N A0 :
.022uf .033uf. 0.022uf-0.033uf
0

W UV A N 0= b pd et b pd ) b B
ndw

&

74LS10. . .
74L811. . .
74LS12. .

741514, . .

,..n-pt-u-n-n—u-n-n-.

e TRIMMER
5 CAPACITOR —
pi-65p
0:35ut 5500
variabte. . . . 30 833“: %gg\\;
. u .
® SURPRESSOR  5:37uf 250V
NS5 0.5uf . . .60 1uf250V. . .

0.04uf 630V . . 35
NNS30 3uf. 2,00 Q-94uf&30v. . 33

0
Q
0
Q
Q
0
(4]
0
0

e e o 1o T

4
.9
0
5
4
0
9
.0
-2
35
.35
35
.35

e RG CAN TYPE—
2500uf 35V .1.50 ® FUSE-

5600uf 40V . 2.25 HOLDERS —
6800uf 50V . 5.20 3AG size, Panel

Mount, ‘screw cap
@ RB S/E Electro. Sl 49

- N
o bt a0t bt N Dt Bt e Dt Bt

in Line Type. .
Chassis Mount . 46
PCB Fuse Clips B

bhtbiwoNNoO=WL

e FUSES — (3AG)
0.25/0.5/0.75A

coocowmoooowmd
oRDoNAPNNE D
000000000000

[SYST T T P

. .750 72 55 Type M205
738 28 .. e e T ‘a2 gzggnm)315/o
"€ > el . F - : /0 a

.40 7908 . 160 s P 50 30
e DIODES —
AAY30. . . QA91. .. .15 1N3493R 1.70 1N4004 . . 1N4148 . . 06 1INS5304 . .
OA90. . .. 1N3493 .1.70 1N4002 . .10 1N4007 .. 1N5401 . .40 1N5408 . .

e HEATSINKS—

® BRIDGE RECTIFIERS— % "l Black, Drilled.
wo2 VM48(Dip). . . . 1.50 MDA201 . . . .95 MDA3501 . . . . e o e 3 oy

e ZENER DIODES —
W, 3.3v-33Vv,all ... .19, 1w, 3.3v-33v,all . ... 22W, 8.2V-18V all . . . .

® SCR's/TRIACS —
C103YY . .80 Cl06Y .. .65 C106D .. .25 CI106E . .. C122D . .1.30 SC141D . (U)

e LINEAR IC's — . . ..
301 40 38BON14 .1.50 3 ....1.00 MC1494L 6.65 TLO82 . Sons 2 Rouna ""/F
70 381....2.30 556....1.20 74 0 RC4136 .1.45 ) 3
2 2.00 o "1.65 TLO71 ...B0 709 70 1000uf .
Je et : TC080 . .1.20 2.2uf .
1.00 3909 . . .1.30 741 30 CA3130 .1.50 TLO81 ... 70 3301 . Amp. Modules—
10uf . .. Stereo Preamp
® MICROETC — 100uf. - HYS5 % pa » 33.
SYP2102A.4. . .1.90 TMS1000 ..7.95 2708 . .14.00 93448 . .10.50 L Sgau HY5025W. 42.00
N e $500uf . HY120 60W.95.00

o
9368 . . .2.30 FND357 .1.40 DL747 . .3.50 LEDyel . .30 LED TH209 18 i, 2000uf . . HY200 1°°‘{V33 s

FNDS500.1.40 LEDred . .20 LED green. 30 LED flashing 2.3 2200uf. .
50V 0.47uf . .
® RESISTORS — tuf ... .06 180.00
Va/Y2WE24 . . .03 1IWE12 . 07 5W W/Wound . . .25 MIin. Skeleton Presets. . . 18
Min. Cermet Trimpots . . 48 Min Multiturn Trimpots . . 1.45 ® ALSO A LARGE RANGE OF VALVES.

We also stock:- GENERAL COMPONENTS, INSTRUMENTS, HARDWARE, Hi-FI, MUSICAL EQUIPMENT,
RECORDS, CASSETTES, STYLIl, AUDIO & TV PRODUCTS, ETC.
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Note:: Regular Prices not temporary

Some ot AUSTRALIA’S LOWEST COMPONENT PRICES

Specials -~ keep u3 in mind for that next order. (Diggerman Electronics)

= = Linear potentiometers Quality Large red LEDS well difused
PG a POTS 38¢c rotary carbon 3Bc ea. wide viewing angle. LEDS - o3y
ro 3 500 Ohm, 1K, 5K, 10K, 17c each, $1.50 per 10, $110/K $12 .10 s
Bl N\ (LINEAR Y 25K, S0K. 100K, 250K, Quallty MOUNTING CLIPS 5c ca. 174 each o
o ALUM. SHAFT 500K, 1M, 2M $4/100 C_ B .
3 LN o 2 g N y hools
b ' Values: 100. 250, 500 Ohm, Trade/govt./S.T. exempl: welcome. Sc .
ﬁ% TRIMPOTS 1K, 2K. 5K, 10K. 25K. SOK Send for sgeclal lists (e.9. $26 a 10(: TRADE Credit
= ' » y X % i pots and $93 a 1000 LEDs plys tax i
e y 15¢ (10mm) 100K, 250K, S00K. tM, 2M applicable. Small quantities also, -1 ENTRAN_C_E _Ok_ay -
E—— =V SIGNAL DIODE  |[N4148 C
BC 107 METAL CAN TRANSISTOR d;f? 1 Amp. DIODES $4 a 100 f;&‘
BC 108 - 13¢ 7 50V 1N4001 - ‘6 . -
BC 109 BC 906+ 16 .9 €7 y00v 1Na02 - Te $30 a 1000 5c each
f’"&o’* 400V 1N4004 - 8¢ o S— - .| —]
13¢ 10 foras e - 1000V 1N4007 . 12¢ ZENER DIODES: 15¢ each 400 mW 5%
D (T bt 10% off 100 SAME 24 values 3V 1o 33V = il 1
— I (per 100 prices in brackets) 01 s¢ 1 — 10¢
Cap 16V 25V sov e D02 - 5% 012 — 6c 12 — 1ic
Oy U] *J 0015 - Sc¢ 015 — 6c .15 — 12¢
O8N thru to  all al) an 0018 - 5¢ 018 — 6c 18 — 14c¢
o 10uF  5¢($3'%) 6c(S3%)  Tc(s4) 0022 s 5 .022 6c .22 — 15¢
N 22uF  6c(S3%)  Tc($4) 8¢($5) Boo7 o 68 027 ~ 6c .27 — 16c
B g i gmik @k BO
ul C c ¢ b 039 =w 7 39 — 19¢
100uF  10c($6)  12¢(87)  14c(s11) 5¢ POLYESTER 9039 - 5¢ | i % BTG
220uF  12¢($8) |gc(s|0) 3gc(5|1; FILM CAPS 'ggse - 056 — 8¢
470uF  16¢($12)  22¢(316)  45¢{$30 : . 068 — Bc ANl values
5¢ ELECTROS 1000uF  22¢(S18)  300(S25)  75c($50) E12 10% 100V 0068 - S¢ s e
(UPRIGHT) 1000uF/16V axial — 20c ea. $8 per 50 0082 - Sc 10% off 100 same uF
2200uF/50V PGB — 95¢ ea. $9 per 10
] g Full_axial price list — SAE L= = TS SR e ————
SCRs: TRIACS: 25 A 400V
SCRs C106Y1 0B8A 30V C103Y — 35 TRIAC
) 40c 084 200V C103B — 60 84 400V sC141D — $1.30 SC260D
- \ A 30V C106Y1 — 40 10A 400V SC146D -~ $1.50 SCR
e j \ ) C122E 4A 400V C10601 — 75 DIAC ST2 Eagre 38 C37D$2 %
= >\ 8A 400V C122D — $1.05 Chart to identity leads EA. »
- $1.20 8A 500V C122E — ;‘1.20 Plus_trigger into. __—~ 10c - b 14, 8 - il
——— w Our 3 year old price still current. APPROX. SIZE =D ——=——
Opposition hoped we would go Y
o 2¢ RESISTORS 'aw broke but our price remains at W minlature metal glaze {‘?’J‘; ‘RESISTORS 3C Some carb
2¢ ea. R $2.50 per 100 ; j
L $1.80 per 100 o tilm instead
¥ GaAME RESISTANCE ‘l:a’(g.hr::ml‘f) 10 M YaW 5% E12 1.0hm to 1M 5% E12 SAME RESISTANCE

CONSISTANTLY us. Same day turnarounpt service funless
quality and new. No minlmum order
LOwW PRICES ol quantity Advert current 3 months for late readers

1M2 to 10M carb. film (targer) el SN S

SENCERPR

Keep electronics a hobby and not a luxury, compare our prices and buy from

swamped). All goods top

One P/P charge of 45c regargless

CONSISTANTLY
BETTER SERVICE

IN WATCHES

THE BEST BUY

BEST STYLE WE HAVE SEEN

JEWELLERS QUALITY - EXCEEDS EXPECTATION

SOLAR POWERED

LADIES

LCD WATCH LCD WATCH
w t
with rechargeable battery 4 digit 5 tunction '
Worlh over $100. But our price Gold plated or Stainless steel,
ﬁ §69 lnc':‘d's /#1 s4 tncludes
postage ostage
Tvuly/solar powerable. D BoRIg

Daily need 2 minutes full sun-
light. electric 1ight also charges.
Stainless steel.

5% off two or more

We reckon the best style
available.

5% oft two .or more

Both watches feature:x 12 months guarantee=digits con-
stantly displayed. Hour, minutes, seconds, month, date.
Nightlight Satisfaction guaranteed or return within 14 days.
Competable trade discounts. Agents wanted every town.

WANT TO MAKE A FORTUNE ?
BE A MILLIONAIRE ?

Most millionaires are self made - here's how
Start building your fortune today by sending
for our free brochure on:-

STARTING MILLIONAIRES SUCCESS KIT

MAIL ORDER RICHES SUCCESS KIT

ZERO CASH SUCCESS TECHNIQUES

REAL ESTATE SUCCESS KIT

and many more including books on

HOW TO BORROW YOUR WAY TO A GREAT
FORTUNE

® SMART MONEY SHORT CUTS TO BECOMING RICH

INTERNATIONAL
NEW PRODUCTS

150 NEW PRODUCTS, INVENTIONS, MAIL ORDER ITEMS,
IMPORT EXPORT OFFERS, WHOLESALE CATALOGUE
SOURCES, tiustrated (This item sultable business use
mostly).

TR IR R, R IR A
LR R 7 R Y Y Y SR

Dealet lor world tamous WHITES meital detectors
Besi selllng detectors [n Australia. Brochures 10¢

Sorry our special reference July Issue stlll under
study. Instead we offer; while stocks last:-

RESISTOR SELLOUT

$1 per 100 pack same resistance VaW 5%
1 Ohm to 1M stocked at ad booking
All values must go - new brand coming

DIGGERMAN ELECTRONICS

P.0. BOX 33, CORAMBA, N.S.W. 2466
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Project 577
A general purpose, dual 12 V supply

David Tilbrook

Whilst this supply was designed specifically to power the
Series 4000 moving-coil cartridge preamp it should find
application in many electronic projects.

Construction

The power transformer used in the
prototype was a Ferguson type PL30/40
VA. This is one of their low profile
transformers and fits easily into the die-
cast aluminium box. The printed circuit
board has been designed to slot into the
grooves in this box.

ETI

POWER suppyy _ 12y

577

Oon

»

QFF

Our prototype was housed in a diecast box to match that used for our Series 4000 moving-coil
cartridge preamp, although any suitable box may be used if the power supply is intended for
another application. Scotchcal front panels should be available from kit suppliers or separately

from Radio Despatch Service in Sydney.

‘THIS POWER SUPPLY provides the
+/-12 volts needed by the Series 4000
moving coil cartridge preamplifier. We
intend designing a range of hi-fi system
‘add-ons’ like the M.C. preamp and
rather than have a power supply in each
unit they will be powered from this
supply. This decreases the cost of
of building the units and just as import-
antly removes the major source of hum
from within the chassis.

The supply delivers positive and
negative 12V dc at 1A while the IC
series regulators provide short circuit
and temperature protection. These regu-

lators have a tendency to oscillate at
around 3 MHz and for this reason must
have their output pins bypassed to
ground through an appropriate capaci-
tor. If they are allowed to oscillate the
device quickly overheats and its thermal
protection cuts in.

The regulators are mounted onto the
chassis which acts as a heat sink. If the
recommended power transformer is
used, the voltage after rectification is
approximately 17 volts. The regulators
must drop 5 volts at a worst-case

current of one amp, so they are dissi-

pating a maximum of five watts which is
well within their ratings.

Assembly of the pc board is not diffi-
cult as it has relatively few components.

1If you are using the same box we did it

is easier to solder pc board pins onto the

board, slot the board into place, bolting

the regulators down, and then make the
necessary wiring interconnections. Both
regulators must be insulated from the
case using the appropriate mounting
hardware. The case of these regulators is
connected to pin 2. For the 7812 this is
the ground connection, and accidental
connection to case will cause a hum
loop when the unit is connected to the
moving coil cartridge pre-amp. In the
7912, pin 2 is the input to the regulator
and as such has 17 volts directly from
the bridge rectifier connected to it.
Accidental connection of this to ground
will probably damage the rectifier
diodes, so check with a multimeter that

the case of this regulator is well insul- p

ETiSTY

12 0 <12 VOLTS 1 AMP MAXIMUM

Rear view of the power supply showing
placement of the major components.
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Project 577
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power supply

ETI577

HOW IT WORKS — ETI 577

Mains 240 Vac is applied to the primary
of the transformer via a 1A fuse. The trans-
former secondary consists of two 15 V
windings with tappings at 12 V. The 12 V
tapping of one is joined to the 0 V of the
other — this junction (effectively a
centre-tap) forming the volt rail.
e A bridge rectifier D1-D4 rectifies the
A ETEIET S 1 F FE EdL ac voltage from the transformer and
supplies around 17 volts to the inputs of
| the regulator ICs. Capacitors C1-C4 filter
the input to the regulators while C5 and
C6 ensure high frequency stability of the
regulators.

The IC regulators provide a stable,
regulated output very close to the speci-
fied 12 Vdc and can supply up to one amp
of dc current. Overload and thermal
protection is provided internally on the
IC chip. These regulators are convenient,
inexpensive and require the minimum
number of components.
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PARTS LIST - ET1 577

Resistors all %W, 5%
R ale 1w 470R
Capacitors ‘
(e oy (22 P 2200uF 25V electro
C3WCA TS} - 100n greencap
v 5. 106 4 amil 330n
Internal view of the power supply showing how the pc board was mounted, the position of the T
po'v«.«er transformer and the general wiring arrangement. General parts placement is not at all Semiconductors
critical and a variety of layouts is possible. Be sure to insulate the regulator ICs. D1-D4. . . .. IN4004, EMA401 or sim
LERN R L& Sy Red led, TIL220R or sim
(Ca] I g S 7812 or LM340-12 volt-
r P J " age regulator (positive)
ated from ‘the chassis' before powering Before applying power to the unit make (o0, m—— 7912 or LM320-12 volt-
up. a final check of the board and all con- age regulator (negative)

The LED is mounted onto the front  nections to the power transformer.
panel with a standard LED mounting Check the 240 volt connections and

grommet and connected to the board by  ensure that the regulators are satisfac- ) E o :rasn:::r‘:)::(e;e:gi\:ﬁ '
two short lengths of hook-up cable. torily insulated from the chassis. If all is PL30/40V A)

Make absolutely certain that all 240  correct, turn the power supply on. The SWI. ..., DPDT 240V switch
volt connections are secure and that the  LED on the front panel should come on ;1(1 ------- (1:':\ 3AG type fuse
mains cable ground lead is connected to ~ immediately. Check the voltage present | =~~~ "7 D;ffs;gcr:;ummg e
chassis as shown in the wiring diagram.  on the output DIN socket which should
The mains flex must be secured to the be very close to 12 volts (certainly Chassis mounting 3AG fuse holder, 5 pin
chassis, either with a clamp-type ~ within 0.25 V). Make sure the positive Dlt;\:plugl;g‘lov A plug, 240V /3 cars
grommet where it enters the box or and negative supply connections ter- g:ﬂ ea'hr,‘:nin?l:: i‘,'{,'i %%exgé%r:nﬁ% ,?,l;
with a cable clamp on the inside. minate on the correct DIN socket pins. ® '
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ALL ELECTRONIC COMPONENTS

That’s our name ... that’s our game!!!
MAJOR STOCKISTS OF ALL GENERAL RADIO AND ELECTRONIC COMPONENTS

Only "‘recognised brands®’ and top-quality components stocked. Resistors (incl. large Industrial types) capacitors,
semi-conductor devices, switches, meters, vaives, metalwork, front panels, plugs, sockets, cable connectors,
transformers, speakers, etc. Prompt and efficient attention through our mail order department. Major stockist of ali
ETI & EA kits — you name it — we will quote.

ETI AND EA KITSET SPECIALISTS — TOP QUALITY, LOW PRICES
LEARN WHILE YOU BUILD

JOIN THE s
GOLD RUSH
$57.86

(Includes wire and

cable but not L 2
woodwork). Plus Features include:

P & P $5.00 oM 1 ; Volume & Level controls
' Phone Jack

Compares with Dual Sensitivity Range

locaters Audio & Meter indication

10 times
the price! *As featured in ETI May 1977 and ETI Simple Projects No 2.

Stac Timer

ETI 650

This unit has

T —— four different programmable

- @ outputs, clock controlled

\ - « =, 0‘"' switch-on/switch-off times.
(B o= P== M Selected days from the
. - seven or eight day cycle can

(inc Tax) : ' ' B .be "§kipped".
Ideal for operating air conditioning, fish tanks,
hi-fi systems, tape recorders, slide & movie

plus $5_OO P&P projectors and laboratory control etc.
YOU NAME IT — WE’VE PROBABLY GOT IT!

For part of our WE HAVE — one of the biggest ranges of kits, parts & PCB’s In Australla
range refer to EA WE HAVE — over 300 different types of IC's
November 1978. WE HAVE — over 250 different types of transistors

SPECIAL SERVICE FOR SCHOOLS — EVERYTHING THE YOUNG ELECTRONIC STUDENT WOULD NEED
FOR FULL LIST OF KIT SETS REFER TO ETI JULY 1979.

E. D. & E. (SALES) PTY. LTD., NOW

ALL ELEGTRONIC GOMPONENT'S

118 LONSDALE STREET, MELBOURNE, VIC. 3000. TEL: 662-3506.
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universal power amp has ed

a wide range of applications
such as car radio, record
players and small receivers.
Due to its well designed electronic circuit,
the AF300 can be used over wide voltage
ranges without deterioration of the
specification parameters

Kit AF300 — $25.00

AF340 40 WATT AUDIO AMPLIFIER
MODULE

High quality 20-20,000 Hz, 37w
RMS with low distortion :
Kit AG340 — $35.00 s,
FM Tuners :
HF325-2 QUALITY FM TUNER MUDULE

The HF325 is a complete high quality FM tuner ot
professional standing. The tuner unit is ready-made
and pretrimmed, making it child's play to assemble.
Tuning range 88-108 MHz, operating voltage 12-55
ac. Kit HF325 — $79.00

Stereo decoder HF 310

HF310 FM RECEIVER

The HF310 is a very reasonable priced HF FM tuner.
Fully trimmed. the sensitivity according to IHF
standards is better than 10uV. Features 60 dB S/N
radio and low harmonic distortion.

Kit HF310 — $49.00

HF330 STEREQ DECODER

Gives 40-45 dB channel separation just add to a
good quality FM recelver. Kit HF330 — $24.00

Pre-amps (R

HF395 RF PREAMPLIFIER

Gain 30dB to 20 MHgz, 10 dB to 100 MHz and 5 dB
to 226 MHz Ideal to boost reception on short-wave
receivers. Kit HF 395 — $6.00

HF385 VHF/OHF ANTENNA PREAMP

Superb quality with two aerial inputs and one down
lead which simuitaneously supplies current from the
power supply. Frequency rfange 40-250 MHz and
400-820 MHz Gain 9-18 dB, depending on
frequency. Kit 385 — $30.00. Box B850 — $6.00.

Light Shows
AT465 LIGHT SHOW
Turn your music into light
Simply connect. this 3
channel light show to the audio

terminals of your amplifier and this

quality kit does the rest for you!

Kit AT465 — $64.00

Attractive box and knobs B6065 — $25.00

AT468 4 CHANNEL LIGHT SHOW

This superb kit drives 4 lights (400w per channel)
from the audio amplifier output Kit AT468 —
$75.00. Attractive box and knobs B3265 — $48.00
AT365 LIGHT SHOW

This quality kit uses microphone input instead of
connection to the audio output 1599w max

Kit AT365 — $69.00

Box and knobs B3265 — $48.00

FM Transmitter

HF65 FM TRANSMITTER 6U-148 MHZ

WIll run 5w output with heat sink Ideal for signal
testing of for a miniature transmitter which could be
received on a standard FM receiver. Kit HF65 —
$9.00.

Receiver Converter
HF305 VHF CONVERTEH

105 MHz

Kit HF305 — $28.00
Box B3405 attractive
chassis kit — $24.00

AM Receiver
HF61 MEDIUM WAVE
RECEIVER 540-1600 KHz
receiver complete with ferite
coil antenna. Kit HF61 — $9.00

Power Supplies
NT415 LAB POWER SUPPLY
0-30V 1 amp well-regulated
supply for professional use.
Complete with box and transformer,
Kit NT415 — $128.00
NT300 LABORATORY POWER SUPPLY
2-30V High quallty supply, regulated
2-3UV dc at 2 amps with overioad
protection  Complete with box and
transformer. Kit NT300 — $110.00

Quick assembly kits

JKO1 GENERAL PURPOSE AMP 0.5w $18.00

JKO2 MICROPHONE AMPLIFIER $18.00
JKO3 SiNE WAVE GENERATOR

20-20000 Hz. . ......... ....... $30.00
JKO4 FM TUNER 88-108 MHz . . . . $30.00
JKO5 27 MHz RECEIVER . . .. v -« $33.00
JKO6 27 MHz TRANSMITTER. .. .. $29.00
JKO7 DUAL TONE DECODER FOR

RICMODELS . 5. swe.lii . viwi vi. .. $43.00
JKO8 330vac LIGHT OPERATED RELAY .. $19.00
JKO9  SIREN KIT inc. SPEAKER. . . ... $19.00
JK10 PHOTOGRAPHIC TIMER 240 Vac . .. $23.00
JK101 CAF} BURGLAR ALARM KIT. ... . ... $55.00
New Kits
AT347 Electronic Roulette ... ....... . $54.00
AT350 2 amp triac light controlier ... $12.00
AT357 Touch-control light dimmer .. .. .. .. $33.00
AT356 6 amp AC regulator. . ... .......... $27.00

MI-360 Multivibrator, sq. wave to 10MHz. . ... $6:00
SY-310 15w stereo amplifier kit $230.00
SY-34037W stereo amplifier kit . .. $289.00

JostyKits are available now from
Sydney: Custom Com-
munications, 6 Orchardleigh St
Yennora. Ph 631-3544,

Radio Despatch Service

869 George St

Sydney Ph. 211 0816
Adolaide: Hamtronics,
Googwood Rd, Kingspark,

Ph. 272-8417. Port Adelaide.

Intemational Communica-

Melbeurne: Eastem Com-

Jions Systems, 75-77 Dale St,
Port Adelade. Ph 47-3688.

munications, 898 Riversdale Rd
Camberwell. Ph. 836 8635.

Brisbane: Delsound,
1 Wickham Tce-
Ph 229 6155.

Tasman Electronics, taunceston: Advanced

12 Victoria St. Coburg.
Ph 354 5062.

J.H. McGraths & Co. P/L,
,208 Little Lonsdale St,
Ph 663 3736.

St, Ph. 31 5815.

Electronics, 5A Quadrant,
Ph. 31 7075, Tasmanian
Hi-Fi Company, 87A Brisbane

VICOVL

Mail Orders: Direct to VICOM, 68 Eastern Rd.,
Sth. Melboume, Vic. 3205. Enclese $1 extra for handling and postage costs.

Sydney 681 3544 Hobart 43 6337
Adelaide 43 7981 Cairns 54 1035
Gold Coast 32 2644 Launceston 44 3882
Canberra 31 6685 Brisbane 38 4480

Melbourne 836 8635
Perth 321 3047
Geelong 78 9660
Rockhampton 28 2843
Wagga 21 2125

Wellington (N.Z) 28 7946



COMPREHENSIVE
CATALOGUE

A fully illustrated reference
book with more than 12,000
lines described in detail

FOR YOUR ANNUAL SUBSCRIPTION
OF $20 YOU WILL RECEIVE:-

e 4 illustrated catalogue sections (AVAILABLE NOW!)

® A new heavy-duty, long-lasting silver polypropylene
cover fitted with a magazine holder with 6 metal rods
for easy insertion of each section and price list.

e Up-dated computerised price services.

e Monthly specials lists, manufacturers’ surplus stock
offers and the latest information on new products.

@ Current valve and semi-conductor availability lists

PLUS FREE

TECHNICAL SEMICONDUCTOR CATALOGUE

562 Spencer Street, West Melbourne, Phone (03) 329-7888
1103 Dandenong Road, East Malvern Phone (03) 211-8122

| RADIO PARTS

v GROUP
THE CATALOGUE PRICE MAILING SERVICE

Over many years we have developed an effective computerised service and
catalogue which has become the reference book for the electronics trade.
Order your copy now and increase your product knowledge and efficiency.

NOW
AVAILABLE

B2

TECHNICAL
SEMICONDUCTOR
CATALOGUE

The Radio Parts Group “off the Shelf’’ stock
catalogue

A new catalogue containing specifications,
technical drawings, circuit details and application
notes on the widest range of semiconductor
devices stocked in Australia. Over 2500 devices
are listed and described with a quick reference
indexing system of fast, easy product referral.

SECTION ONE — DIODES

General purpose — rectifier — switching — zener,
varicap — tunnel, bridges, SCR’s — SCS'’s Triacs
— Diacs

SECTION TWO — TRANSISTORS

NPN — PNP Germanium — silicon-unijunction —
ET — Darlington

SECTION THREE —
OPTO ELECTRONICS

tgg's—Dlsplays—-Couplers—phototransistors
'S
SECTION FOUR — LINEAR

Regulators — OP Amps/Bufters — voltage
comparitors, Audio and TV circults

SECTION FIVE — DIGITAL
T.T.L. (7400, 74L500 SERIES)

SECTION SIX — CMOS
(74C and 4000 SERIES)

SECTION SEVEN — MOS/LS!

Clocks, counters/twmers — organ circuits, TV
circuits etc.

SECTION EIGHT — INTERFACE

Dispiay drivers — MOS Memory etc.

SECTION NINE — MEMORY

MOS RAMS — Bl POLA RAMS — CMOS RAMS —
MOS EPROMS — BI POLAR PROMS — MOS
ROMS — BI POLAR ROMS, SHIFT REGISTERS
ETC.

SECTION TEN — MICROCOMPUTERS
SC/MP — PACE — 8080A — STARPLEX —
INSTRUCTOR 50
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Project 573

A universal process timer

Phil Wait

This simple timer has myriad applications in electronic and
photographic work. It features a LED display that “counts
down”, indicating elapsed time, that is readily visible in
daylight or in a darkroom.

VARIOUS PROCESSES in fabricating
electronic projects require timing a
chemical reaction or process — o
developing photoresist in making printed
circuit boards being a prime example. PROCESS TIMER
Following the completion of our
darkroom here at ETI which we use for SET c
making negatives and printed circuit
boards, it was decided a simple timer
was needed to control the light source
used for exposure. Because different .'
times are used for exposing film, printed
circuit photoresist and Scotchcal, .
the timer had to have switchable ranges
which could be preset between a
fraction of a second and ten minutes. ‘.
Some form of elapsed time indication
was considered necessary for the longer
exposures as was some form of fine
adjustment for either slightly under- or
over-exposing the film. Finally, the
unit had to switch 240 volts at several
amps to control a bank of UV-fluoro
tubes used for exposing photoresist.
Someone then suggested it would
make a good project — after all, there’s
very little we do here that many of our
readers don’t do themselves at home.
In fact, this timer is not just limited
to the applications we use it for, but can
be used to control anything from an
egg timer to an injection moulding
machine. Judging from some of the
calls we get from readers, this timer
should find its way into all sorts of
applications.

The technique

The easiest way of producing a time
delay is by using a 555 timer IC, but a
glance at the data sheet shows that it
should not be used for periods in excess
of 100 seconds. By using the 555 as an
oscillator and feeding its output into a
4017 counter/decoder IC the maximum

ON

PROCESS TIMER
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START
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Project 573 B

START

FINE ADJUST c3 -L-C"
RVS

R3
W0k

9
11
T

*SEE TEXT

C—

[ —4 223
o=

BC547, BC548, BC549, BC557, BCS58 L 4

DSS47, DS548, DS549, DSS57, DS558

RLY/2

Maximum

time delay 1 sec 10 sec 100 sec 1000 sec
value of C1 1 uF 1 uF 10 uF 100 uF
valueof RV (1-4) 200k 2M 2M 2M

Table of values for C1 and RV1 - RV4 required for differing time delays

56 — October 1979 ETI

D1-D4 0
PB1 L
=l 12v 2a0v
MAINS N
N
T

ALY * a8
1 2V

f—on

= 240v
2 SWITCHED
v OUTPUT

timing period can be increased ten fold.
The unused decoded outputs can then
be connected to a column of LEDs
which will give an indication of elapsed
time.

Each pulse from a 555 clocks the
4017, moving a high level along its ten
decoder outputs, lighting each of the
LEDs in turn. When the high level
reaches the last output it is used to
operate the relay and thus the gme
delay has been multiplied by ten.

A permanently-lit LED has been
included at the bottom of the row to
show when the unit is on. This also
gives a better indication of elapsed time
in a darkroom, as the LEDs can be seen
to step towards a reference light.

Four time ranges have been pravided
with a trim pot on each one for easy
adjustment. The table gives the values
for each trim pot and C1, for a variety
of times. The minimum time is limited
by the time taken for the relay to
operate, maximum time by the
limitation of the 555. In practice, times
from 100 mS to twenty minutes can be
achieved. For very short times the time
elapsed indication will not be much use
and the LEDs can be left off the board.

Fine adjustment of the timing is
achieved by adjusting the threshold
voltage on pin 5 of the 555. When the
voltage on pin 5 reaches a set value,
the output (pin 3) of the 555 goes
‘low’ (i.e: the 555 triggers). This voltage
is normally set at two-thirds the value of
the supply rail, fixing the time during
the charging cycle of C1 when the 555
triggers.

If the threshold voltage is increased,
the time taken for C1 to charge to the
required value increases, and the
frequency of oscillation decreases. Thus,
the total timing period is increased.

What device you want to control



HOW IT WORKS — ETI573

The timer consists of a 555 timer IC
used as an oscillator driving a 4017 counter/
decoder IC, the decoded outputs being
used to drive a row of LEDs and switch
a relay.

The timing period is set by the
frequency of oscillation of ICI. This is
dependent on the time constant of RV1-
RV4 and C1. As either of these comp-
onents are increased in value the time
constant will increase and the frequency
of oscillation decrease. Fine frequency
adjustment is provided by RV5 which
adjusts the threshold voltage on pin 5 of
the 555. This voltage is normally set at
two thirds of the supply voltage, but here
it is adjusted varying the required voltage
across C1 to the 555.

Output from the 555 is fed to the
clock input of the 4017. After each pulse
a differant decoded output of the 4017
goes high, lighting each LED in turn.
After the tenth clock pulse the output
on pin 11 of the 4017 goes high. We shall
come to what that doe$ shortly.

When power is first applied, the relay
contacts RL1/1 are open and the bottom
LED (LED 1) is lit. When the ‘start’
button is pressed the 4017 is reset to zero
by a positive pulse applied to pin 15. This
pulse is provided from R3 and C4. Pin 11
goes low, turning on the PNP transistor
Q1, and the relay operates. The now
closed relay contacts (RL1/1) short out
the start button and sustain the power
after the start button has been released.
The transistor also drives the reset line
of the 555 (pin 4) which commences to
oscillate. This ensures accurate timing
of the first cycle.

On the tenth pulse from the 55 pin 11
of the 4017 goes high, turning off Q1,
stopping the oscillator, and the relay is
de-energised. The contacts RL1/1 open
removing the supply to the timer returning
it to Its original condition, ready for
the next sequence.

During the timing period, the second
set of contacts RL1/2 close and can be
used to switch up to 5A using the relay
specified.

L. 8

»
»
.
#
e
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Process timer

glectronics today

Wimt ome Bouwp, ke
Wars By HER SIDE.
NoRmAQ FELT HIt Wor
BREATH on HER CHEEK
AS HE RIPPED THE
THIN SWK FROWA .« <. ..

On the second Wednesday
of each month, at about
6 p.m., the ETI staff and
readers meet at the Bays-
water Hotel, in Bayswater
Road, Rushcutters Bay,
(just up from the Rush-
cutter Bowl) to discuss
electronics (or anything)
over a féew beers. Why
don’t you come along?
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TO RELAY CONTACTS

with the timer will determine the type
of relay you use. This unit is capable of
driving quite large relays, however, we
used a commonly available Omron type
having contacts rated at 10 amps.

Construction

First, you will have to determine from
the table the correct values of RV1-
RV4 and C1 to provide the times you
want for your application.

Next, mount all the components
taking care to correctly orientate the
semiconductors. The LEDs are best
mounted by inserting them into their
holes and bending them over flush with
the edge of the pc board. The photo
shows the way I mounted the LEDs.

The completed unit can be mounted
in a variety of ways to suit individual
applications. Either in a box, together
with its relay and a mains female output
socket for the switched output, or on
a panel with a remote transformer and
relay as 1 did.

To mount the unit against a front
panel, drill a row of ten holes for the
LEDs and four holes to line up with
the trim pots for screwdriver adjustment
of the timing. The start button, timing
switch and fine adjustment pot can be
mounted anywhere convenient. The pc
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PARTS LIST - ETI 573
all 4W, 5%

Resistors
BEENE a + v miene 1M2
Y w « 5.5 4k7
R o ot = abe 10k
R s & v s s 4k7
RO o 5« agle 1k

Potentiometers
RV1—RV4, . . See text

B5 2 oo ae 10k lin pot
Capacitors

Clls s e - & See text

GC2= g4 &, v 0/a 10n greencap

CHimy 2 20 oe 100n greencap

> IR U 10n greencap

CBl g oyt 49 470u 25V electro
Semiconductors

D1-D4. . ... IN4004 or sim Power

Diode

0,5, IO | IN914 or sim

(0] 3~ S BC558, BC178, DS558
IG5 o w3 o0 555

2> g & » 414 4017

LED1-—

LED10. .. .. TIL220R or sim LED

OB S o 0 59 One pole, four pos. oak
switch

BB o v b Momentary Push Button

B o4 12V, one amp trans-

former (Ferguson type

PS12/15 VA or sim.)
AL USS e 12V relay with two

changeover contacts,

Omron type LY2 or sim
ETI 573 pc board, knobs, suitable box
or bracket.

board should be mounted against the
panel so the LEDs protrude through the
holes.

Setting up

Having assembled the unit, all that
remains is to calibrate the ranges. This
is easily done with the aid of the second
hand of a watch. For shorter times,
say under five seconds, an oscilloscope
is best.

Simply monitor the positive supply
after the relay contacts RL1/1 and
measure the time the contacts operate.
For other purposes it may be best to
set the ranges by trial and error, such as
when the unit is being used for a pc
board or Scotchcal development timer.
In either case, the fine adjustment
control should be set in its mid position
when calibrating. ®

IME
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