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DOCUMENTATION IS A DIRTY WORD?

BACK BEFORE THE DAYS of electronic chain stores, many electronics enthusiasts
(only ‘electronics' was hardly mentioned then) cut their teeth on government and
military surplus or disposals equipment. While much of this equipment was
‘cannibalised’ for parts, there were items of useful test equipment and communications
gear available that could be pressed into service more or less directly. Manuals for
common items of equipment were generally readily available and ordinary operation
as well as maintenance or modification was generally aided by the comprehensive
details and instructions included. One learned to appreciate the worth of a well-written
technical/instruction manual.

There is a fabulous breadth and variety of electronic equipment available these days
to attract the interest of electronics enthusiasts, but with few exceptions, the instruction
manuals supplied (let alone technical manuals) fall considerably short of the standard
required by users, let alone the standard of the manuals of yesteryear. In fact, some
can only be described as abysmal. You've actually got to figure out for yourself how
something works and how to use it because even the basic instructions are so
appallingly bad they're confusing at best and downright misleading at worst.

This situation applies to everything from battery chargers and multimeters right
through to oscilloscopes and computers. Especially computers. Manuals for com-
puters aimed at the hobbyist or small business user alike are probably the best
examples of useless documentation we have ever seen. Some do not even have clear
instructions as to how to turn the machine on!

It seems manuals have been relegated to the status of a ‘mere detail’, like printing
product detail on cartons or the like. From a user’s point of view it seems manufacturers
consider manuals an unnecessary expense. | rather think that if the effort were putinto
the production of reasonable manuals, the user would have a completely different
attitude to the equipment purchased and to the manufacturer. This would help assure
repeat business for further products, and it would certainly help reduce calls for help to
retailers and service centres.

FRUSTRATION

Owing to industrial action within the postal service we did not receive the material for
the ETI-660 Learners’ Microcomputer prior to the deadline for this issue. In fact, the
deadline was moved considerably in the hope that it would arrive and a special effort
could be made to accommodate it. Alas, even though this was written just as we went
to press, the mail situation has not cleared up and we still do not have the material. May
we assure you that our frustration is greater than yours! in publishing, Murphy's law is a
square law — if anything can go wrong, your troubles will multiply!

Roger Harrison
Editor

Registered by Australia Post —
Publication No. NBP0407

ISSN No. 0013-5216

QUICK INDEX

FEATURES

8 Consumer electronics — all awry?
16 Game, Set, Match!

62 Satellite TV arrives

154 Dregs

PROJECTS & TECHNICAL
20 Series 5000 Preamp, Part 2

44 607D, E: Sound Effects

50 Lab Notes: Touch Switches
103 Short Ccts: Prog. Sound Gen.
105 Reliable Cassette for Micros
56 Shoparound

COMPUTING TODAY
73 68000 Second Sourcing

76  Printout — News and Views
84 For Sorcerer Apprentices

88 Alphasort — have a good sort
90 Advanced BASIC, Part3

96 PET Talk

99 HEXing your UK101

100 ZX80 Renumber Program
103 Short Cets: Prog. Sound Gen.
105 Reliable Cassette for Micros
112 LIFE on a 6800

SIGHT & SOUND

117 The Shrinking VCR

120 Sight & Sound News

128 Chicago C.E. Show Report
140 B&W DM10 Speakers

148 ATHS8 Headphones

GENERAL
8 News Digest

58 ARRL Books by Mail Order

62 Communications News

66 Books for Hobbyists — Mail Order
145 Special Offer on Steel Binders
151 Mini-Mart — Readers’ Adverts
193 ETI Services

ETlI September 1981 — 3



4

advertisers

Australian Government . ... ... .o iee 19
Applied Technology . . 28-29
Altronics ... 55
Archive Computers B . 0 ol O 86
Alfatron - d e mmp. . 98,104
AED 7 m
Associated Steel . . .. y 4 118
Atram ... ....... F X _p 125
Arena . 132,136
A &R Sonar J ..., 144
BWD v off . . a0l
Bishop Graphics 1 A 10
Best Vision 4 . 56
Bose . . 134
Bonds 005 i3 .. 154
Consolidated Marketing . ......... .. 14-15,102
Christie Rand . . .. - - AOA
C & K Electronics P, |
Commodore e
CASH g e 78
Computer Country . 80
Cougar . 101
Computerware . .. 104
Comdec Y. 3 . 107
Cale.Comp. DISC. ....ooviiiiiiiaiine i 115
Convoy ...... . 126-127,137
Dick Smith .. 6,22-3,40-1,49,52-3,65.70.74-5,101,110,119
DavidReid .... ........... et 1 + PIRAE)
DaveRyall .. ................... o 64
(G A e il | | SRS S 81
Direct Comp. Retail . 82
Daneva Control .. g 104
Ellistronics . . ... - . .47
Elmeasco ..48
Emona. . ...... 54
Electromark .. 60
Energy Control g I 79
Electrocraft g  ses 08
Emac L 44 &5 . 132
Ferguson .. " B e bl JTAHS
Hagemeyer .IFC.155
Hitachi B a4 146-147
Imark . .. g .. 43
Jaycar 35,37
Jensen A 7il
Logic Shop s B o i D 82,101
Lothlorien Farming .. 79.94
Looky Video I 101
Magnetic Media . ......... .7
Marantz . . 131
Mallory 138
Nutek . .. 3 54
North Point Hi-fi oo 125
N.V. Dale : 139
Philips .. B 4 18,144
Pre-Pak N = 60
Parameters of 11
Peterson . . . 130
Q.T. Computers .94
Radofin 5 P 156
Rod Irving y . 42,57,59,61,83,106
Radio Despatch s 254
Radio Parts .61
S.1. Microcomputers .. 78
Software Source 79,82
SME Electronics 87
Sony 123
Scope .. 135
Standard Components . . 143
Stolmack 118
TCT Micro ...98
v e N 116
TNT. 152
V.S 69
Vamar .93

-~ September 1981 ETI

.1 1081

VIDEQ GAMES
T BOpM

108 utem

\t

- .

* o

L

SERIES 5000 3 N

i

B
¥
o Y TOWCH SWITCHES
-

LIFE GAME FOR
YOUR COMPUTER

Video games are all the rage! Our lead story on
pages 16-17 explains what it's all about, who and
how much money is involved. You'll be staggered.
Main picture shows the graphics capability of the
Mattel Intellivision system, which employs a 16-bit
microprocessor, to be released this month. (Pics
courtesy distributor, Lifestyle Electronics).

.
Recommended retail price only.

news

NEWS DIGEST 8
Chicago Consumer Electronics Show; Contactless
ignition; Philips’ solar contract; nuclear radiation
detector; New Themmalloy heatsink; etc.

COMMUNICATIONS NEWS 62

Satellite TV arrives; Oscar 7 dying; Amateurs called
in during Telecom blackout; etc.

PRINTOUT 76
Club call; For Sorcerer apprentices; Was the
System 80 designed for Australia?; Spellbinder;
Microcomputers in school scheme; and more.

SIGHT & SOUND NEWS 117
The incredible shrinking VCR; Reel-to-reel
cassettes; Speakers for the digital era; Sony's ex-
travaganza, etc.
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TODAY
INTERNATIONAL

features

GAME, SET, MATCH 16

The electronic games market is now worth around
$2.5 billion and is all set to keep rising — forcing
development in other areas such as TV technology.
Dennis Lingane takes a look at the industry.

CONTROLLERS
a—

AR

computing

COMPUTING TODAY 73

MB8000 development agreement; Apple Il on the
way.

ALPHASORT 88

This program sorts information alphabetically —
keep your little black book constantly up to date!

ADVANCED BASIC — PART 3 90

In this third part of Phil Cohen's series, he explains
‘Top-down programming’.

PET TALK 96

BASIC optimisation — the saving of both memory
and execution time on your PET — is the subject of
this month's PET Talk.

HOW TO HEX YOUR UK101 9
For those into machine code programming on the
UK101, this program will allow you to begin at your
stant address in memory and look at the next 104
memory locations.

ZX80 RENUMBER PROGRAM 100

A simple renumbering routine that doesn'’t clog up
precious memory space.

LIFE ON A 6800 112

This Is an interesting variant on LIFE specitically for
6800 owners. Designed for the SWT range, it should
prove adaptable to other 6800-based machines.
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RELIABLE CASSETTE RECORDER
FOR COMPUTERS 105

With very little effort a vast improvement can be
made in the reliability of the cassette recorder in
computer storage applications.

preojects

SERIES 5000 PREAMPLIFIER 20
In the second article on the Series 5000 preamp
David Tilbrook explains the principles behind the
design of the moving coil and moving magnet stages
of the preamp.

607: SOUND EFFECTS UNIT —
PART 2 44

This month we complete the series of sound effects
with Instructions on how to achieve the sound of a
Phasor & Explosion and a Gunshot.

LAB NOTES 50

The pros and cons of the electromechanical switch
versus the solid-state touch switch.

sight&8sound

CHICAGO REPORT 128
Dennis Lingane recently visited the Chicago Con-
sumer Electronics Show, and reports that video is
definitely what the scene is all about this year.

B&W DM10 SPEAKERS 138
The DM10 is the smallest in B&W's speaker range,
but Louis Challis found it better value for money than
many a more expensive system.

AUDIO TECHNICA
ATH8 HEADPHONES 144

Louis Chaliis claims that these headphones “offer a
rare example of . . . the sort of quality now regarded
as the norm from the best ioudspeakers .

general

SHOPAROUND 56
ARRL BOOKS —
DIRECT FROM ETI 58

ELECTRONICS BOOKS FROM ETI 66

Beginners’ books, data books, circuit books, etc.

MINI-MART 151
ETI SERVICES 153
DREGS 154

next month

SOLDER, SOLDERING
AND DESOLDERING

The definitive article on the tools, the techniques
and the technology. it takes you from the metallurgy
of solders through soldering irons and soldering
techniques — including how to identify problems,
Desoldering is covered too and a resume of the
latest in soldering technology is included. Don't miss
this onel

THE HOME COMPUTER

Wil computers really enter the home? Resounding-
ly, yes, and not through the ‘tradesman’s entrance’.
Dennis Lingane reports on this fascinating new
development that will influence our lifestyle like no
other consumer product has before.

ETI-660 LEARNERS’ MICRO

STOP PRESS — construction of this low-cost com-
puter featuring sound and colour video in a low-cost
design commences in the October Issuel

SERIES 5000 PREAMP

Completing the construction of thls superb ‘no
compromise’ design. A winner!

ETI-157 CRYSTAL MARKER

A simple but very useful piece of test equipment for
calibrating and aligning receivers, transceivers and
oscilloscopes. It will deliver frequency ‘pips’ at
intervals of 1t MHz, 100 kHz, 10 kHz, 1 kHz and
100 Hz. The unit is portable and inexpensive to
build.

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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TAKE ADVANTAGE
OF DICK’S LOW PRICES
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T ) BUILD
v 'YO/URSELF
CAPACITOR
DISCHARGE

IGNITION

One of our most popular kits we've
ever sold! This unit fits on any
conventional ignition syatem Results
other customers have obtained:
engine stays in tune much longer,
plugs & points last longer, cat is
much easier to start.

experimenters-
highly versatile

BIMBOARD

LCD DIGITAL
MULTIMETER

This 20 range multimeter offers
exceptional performance, to-
gether with a highly legible
liquid crystal display for very
low power consumption.
unlike other digital multimeters
on the market, this model has
overload protection. It's very
easy to use, and will give years
of service. A must for the
hobbyists, technician or
engineer.

We're proud to ofter this exceptional computer
to our New Zealand customers. These are
fust some of the features: 16K memory, S-100
expandable, compatible with almost all level
I programs, works with any standard TV set,
has built-in cassette deck level control Quite
simply it represents out-
standing value formoney.

P&P.$3.00

COMPARE OUR PRICES
FOR QUALITY

COMPONENTS
%W metal film resistors 1% tol
any value - all one price. 6Caa

The moderm way to build up circuits
without resorting to PCB or tag strip.
Over 500 sockets that will accept
component leads of 0.25 to 0.85mm,
spaced 2.54mm. Designed to carry
up to | amp. The board is even
supplied with a componentmounting
panel for pots etc. They can be
connected together to make up larger

LY g

P-4612 P&P.$3.00

X-4005 P&P $5.50

WE HAVE BUSINESS, & EDUCATIONAL
& GAMES SOFTWARE IN CASSETTE
OR DISK FORM - SYSTEM 80 /TRS 80.

Here is a smallpart of our range

GENERAL LEDGER: There are many general ledger
systems around, but few designed with the small businessman
in mind. We believe it to be far superior to any other on the

market today X-3752 $499,

YW carbon film resistors 4
any value - all one price. Cea.

%W carbon film resistors 5(:
any value - all one price. b o

IW carbon film resistors 8
any value - all one price. Cea.

4_——1

) BAVE ON DICK'S

ANTASTIC
FLASHING /'
LED ONLY

WORP-9: An incredibly versatile word processor that |Amazng! TusSmmRED ¢ o gg f | . ) BULK PACKS!
provides a host ot features includi li dtext inserti z[ifoenca:l be l‘i’:e: in | ¥ é‘ g

ability to print mailing labels & merge name & address file o Ll e i i\ 1T veno. RESISTOR PACK: 300

with a standard form letter. X-3761 5489, [whereqbashing waming Z-4000 I TVINTO | .- 5 - computer selected %W types  $7.50
TYPING TUTOR: An interactive program that teaches | '* "e2ded P&P.SL00 - . "o & worth $20.00 (R-7010).

you to touch type. Claimed to teach typing skills faster than A cno' ——

4 ~
. —— ELECTROLYTIC PACK
RADUA TEé\ . 3 This remarkable kit tums any 55 electr t least Slsw 8.50
EDGEMETER N7 s BEW or colo) TV O;TLY SNZ (35 clector, gy o $1600 S8,
h)mm, SNZ into a 30kHz audio
is ideal for fine level oscilloscope. It is ideal for .?98 CAPACITOR PACK: 60
::dliui::nel:tl. 2 3498 Hi-Fi asnd audwldI;pTay 3 Greencaps, at least $13.00 3850

: anc lue. (R-704
|, K-3060 P&P 53,00t " 700

any other method. X-3682 $33.50.
SPEED READING: 4 prog , 2 , designed to
help readers of all ages imp ding slalls. Readt
speed can be set as high as 0.1 seconds pet line

X-3692 $33.50.
SIMUTEK PACKAGE ONE: Five fantastic space fantasy
games in one. Outstanding value!  x.3685 $29.95.

DICK SMITH ELECTRONIC

96-98 Carlton Gore Rd. Newmarket -
Auckland 1. Ph. (Auckland) 50 4408 50 4409 Call into our store and m@ga

collect your ¢
MAIL ORDER CENTRE: Address as above. our cy8t8|0ﬂ‘:lpe¥ of
STORE HOURS: Monday to Friday 8.30am to S5pm. i




We’re viewing the 80’s

on a greater scope.

BWD have combined the expertise of highly qualified personnel
with @ dynamic management team to forge ahead stronger
than ever before. The strength of our future is reflected in the ever
increasing demand for our high quality instruments. A policy of
continuous development assures a constant output of original
and innovative designs for both general and specialised needs.
BWD manufacture first class instruments, widely accepted for
thelr simple. functional designs that can cut-perform far more
complex competitive products.

In the fields of research. design. education and servicing, BWD
provide a wide range of instruments from pure electronics to
power line systems ... and this range will be rapidly expanded
throughout the 80's.

BWD 880 POWERSCOPE 4 Independent difterential channels for
measurement of phase. voltage and current, across non-isolated
power line equipment.
BWD 845. Vanable persistence storage dual trace, delayed sweep
oscilloscope. 30MHz bandwidth, 1mV/div sensitivity with »1em/uSec
wiiting speed. auto erase and store. Mains or battery operation
BWD 820 Versatile portable oscilloscope Dual roce or differential
25MHz banawidth. 2mV/drv sensitivity DC coupled X-Y-Z operation.
4. BWD 603B "MINI-LAB'. A portable laboratory instrument combining 5
power supplies. 2 amplifiers, o wide range function generator and
sweep ramp in a single unit.
Arange of power supplies with fully adjustable outputs up to 72 Volts
5 Amps ond 18 Voits 12 Amps
BWD 804 single beam, with solofed ground. 10MHz oscilloscope.
Internal or External tgger with auto or level seiect
BAD 540 portable dual race 100MHz oscilloscope. Smv/div sensitivity
with delayed tigger or sweep. Mains or battery operation.

w

BWD INSTRUMENTS Pty. Lid.

Miles Street, Mulgrave, Victoria, 3170. Phone (03) 561 2888

DISIRIBUTORS:
Vvictoria BWD Instruments Pty Lid
Melbourne Ph 561 2888
New Soulh Wales Amalgomaoted Wireless (A/ s.o‘uc
Ph_ 888 8411

Queensiond

Tasmonio

ney
New South wales Gearge Brown & Co
Syane: New Zealond

Lid.,
Pn 5495855
Ph. 2123111

v
South Austrolio  Protrorics Py Lta
Adelqige

LE. Boughen & Ca..

Brisbane

Waestern Ausirolia Warburton Frankd.
Perth

Da&lAgencies Hobart Phe 23 2842
W. Arthur Fisher Limiteg.
Aucklong

6
"O
t

T
1

L PN

.

LT
- L &y,
’

Pn: 361277

Ph: 277 7000

Ph 592629

and now we have

Collet Knobs*

and caps and pointers
and figure dials and nut

covers . . . and they all
fit together to

form competitively
priced, vibration-proof
and very satisfying %
knob ‘
assemblies

Call us NOW!

to talk about your requirements . . .

from single to O.E.M. custom made quantities.

C&K Electronics (Aust.) Pty Limited
Office 2/6 McFariane Street Merrylands NSW 2160
PO Box 101 Merrylands 2160 Telephone 682 3144
Agents Melb. 598 2333/Adel. 269 2544/Bris. 36 1277/Perth 458 7111
Bringing you the excellence of International Professional components

&

COMPONENTS

k=

NG

* Manufactured by
SIFAM LTD England

Telex AA23404
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IIEWS digest

Consumer electronics —
out of control?

Dennis Lingane has just visited (or been overwhelmed
by) the US Consumer Electronics Show — the biggest
home electronics exhibition in the world. According to
him, one thing's now for sure — gone are the days
when hi-fi was the bread and butter of the industry.

The CES started 15 years
ago basically as a TV expo-
sition, gradually changing
over the years to a hi-fi show,
which it remained until only a
year or so ago. The second
personality change basically
began last year, when the
sudden boom in all aspects
of the video market left the
audio manufacturers and re-
tailers wondering what had
hit them.

Everyone in the industry now
seems to be trying to jump on
the video bandwagon, and re-
tailers who came to this year's
show in Chicago hoping to learn
how to cash in on the new tech-
nology probably went away with
their heads recling from the
plethora of equipment they saw.

What's more, it wasn't the
pretty girls and porn queens
helping to sell the porn video
cassettes who attracted the
most attention, though they

- X i 3
US porn queen Kitty Shane seils her
wares ... video cassettes,
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certainly weren't suffering from
any lack of public interest. Many
of the audio retailers had come
to this year's show to learn about
their new livelihood, and trying
to catch up on satellite TV, cable
TV, home computers, electronic
games, calculators, projection
TV, as well as video itself, was
enough to turn most heads
without any help from com-
mercial sex.

Audio retailers a couple of
years ago had turned their
backs on the new video enter-
tainment scene in all its aspects,
confident that there would
always be an easy living in hi-fi
retailing. When the audio
market started to slump, these
retailers found themselves
watching the meteoric rise of
those business people who had
taken video seriously.

Whether the diehards are too
late to take advantage of the new
industry remains to be seen, but
what the CES did force home is
that nobody these days can
afford to take anything for
granted, nor believe that much
of the new technology won't
catch on.

Two years ago there were no
such things as TV satellite earth
stations; last year there were
three manufacturers exhibiting
in Chicago, and they were
generally regarded as weirdos.
This year 13 manufacturers of
TV satellite earth stations were at
the Show, and the leader of
them, Third Wave Communica-
tions, stressed during a seminar
on the industry that they are
constantly working on the edge

of science fiction. by
Sales of colour televisions

have jumped 20% in the last

/

Satellite TV will bring video and the phone to remote users. Old style phone
in the foreground shows the march of technology.

12 months because so much
of the new video/computing/
electronic games equipment
needs a video display screen.

There were over 800 ex-
hibitors spread through the
three floors of the McCormick
Pavilion Convention Centre and
in the two hotels used for the
Show. Unlike in past years,
the emphasis was on business
rather than sexy girls and lavish
parties; the constantly chang-
ing technology and $30 billion
annual turnover proved ulti-
mately more attractive than
hyped-up revelry to the 60 000
dealers from around the world.

The domestic entertainment
industry, which takes around
3.5cents in the gross national
dollar in Australia, seems to be
going out of control. If one
section of the industry booms,
as video has, it draws cash from

another section, and so flexi-
bility has become the key to
staying in business in the home
electronics industry. If you stick’
to just one aspect, you're like a
punter always hoping his horses
will come in — and how many
gamblers have retired rich?
Dennis Lingane

BWD go north
and south

New distributors for the
BWD range of instruments
have been appointed in
Queensland and Tasmania.

L.E. Boughen & Co. are the
new Qld agents, located on the
corner of Baroona and Milton
Roads, Milton 4064. In Hobart,
customers should contact D & |
Agencies of 6 Barrack St,
Hobart 7000.
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Contactless ignition

Lucas Industries have now released in Australia their range
of contactless electronic ignition systems.

Such is the coverage of the
basic unit and small range of
fitting kits that they are able to
cover 332 models of passenger
cars and 120 commercial
vehicles, Lucas claim.

By dispensing with the con-
tact set, high speed point
bounce, low speed arcing, heel
wear and general wear and tear
are greatly reduced, resulting|
in improved high speed per-
formance, improved starting,
smoother idling and a steadier
take-off, according to Lucas.

increased dwell angle (the

UNIVERSAL LABMETER

time the coil has to re-energise)
is said to improve performance
right across the rev range.
Because there are no wearing
parts the engine stays in tune,
there is no timing drift and
therefore less fuel wastage.

The kits come complete with
detailed, illustrated installation
instructions, and cover popular
Australian vehicles such as
Holden 4, 6, 8; Ford 4, 6, 8;
Chrysler, Datsun, Leyland,
Toyota, plus English and Euro-
pean vehicles.

CALIBRATE

pH/temperature labmeter

A combination pH/temperature and millivoltmeter for
selective ion measurement of solutions was recently
released by the Amalgamated Instrument Co.

The meter will measure
temperature from —-50 to
+150°C with a quoted resolu-
tion to 0.1°C and pH with
automatic or manual compen-
sation to a quoted accuracy of
0.01 pH. In addition, it will
measure millivolts from ion
selective electrodes (i.e:
fluoride, Redox, Cu ions, etc).

It features a 17.5 mm high

liquid crystal display and
operates from internal batteries
or from ac power. The carry
handle doubles as a bench
stand.

More details on this and other
instruments are available from
ALC. Pty Lid, PO Box 134,
Terrey Hills NSW  2084.
(02)450-2661.

Turin Shroud dated to crucifixion?

The Holy Shroud of Turin, over which controversy has
raged as to its authenticity ever since it turned up in Europe
in the fourteenth century (see ETI May 1981), recently
acquired more evidence pointing to its at least dating from

the time of the crucifixion.

An American theologian, the
Rev. Francis Filas of Loyola Uni-
versity, subjected the area of the
cloth around the eyes of the
image to computer analysis,
using image analysis equip-
ment at Log E/Interpretations
Systems in Overland Park,
Kansas. Past analysis had
established the presence of
coin-identifiable markings on
the ‘buttons’ over the eyes of
the figure, but Rev. Filas in this
case enlarged the eye sections
to produce high-contrast, three-
dimensional digitised photos
that washed out the weave of the
cloth without destroying the
pattern.

These images are claimed to
have revealed a three-
dimensional image of a Roman
coin (on the right eye) bearing
the representation of an
astrologer’s staff and the letters
‘UCAI. With the help of a
numismatist Filas was able to
determine that these letters
were an abbreviation for words
meaning ‘Of Tiberius Caesar’,
and the coin fitted the descrip-
tion of ones minted by the
Romans between 29 AD and
36 AD — around the time of the
crucifixion.

The Shroud has undergone
quite a few computer analyses
before (usually using photo-
graphs), and they have never
failed to show up surprises. For
example, researches in the
1970s and '80s have revealed
that the image is superficial and
does not penetrate the fibres of
the cloth; that there are no
traces of pigment; that the linen
originates in the Holy Land; that
the image contains three-
dimensional information, unlike
an ordinary photograph or
painting; and that the image was
most probably not caused by
direct contact with a body, but
rather — perhaps — by some
kind of radiation or force. All
these discoveries have if any-

The tace on the shroud.
thing added to the mystery of
the Shroud; the image and its
formation seem stranger and
stranger the more we discover
about them.

The identification of Roman
coins placed over the eyes
certainly adds a little more
weight to the arguments that the
Shroud at least dates from
Roman times and is not a
mediaeval fake. However, it
could also be argued that a
forger could have obtained
Roman coins in order to add
authenticity to his creation —
and so the controversy
continues.

And for those Christians to
whom it matters as part of their
faith whether or not the Shroud
is genuine, even if it is con-
clusively dated from the first
century AD and the origin of the
image determined, the question
still remains as to whether the
Shroud is actually Christ's burial
cloth.

¥ t\-
3D image of the face on the shroud
showing ‘buttons’ on the eyes. (JPL
pic.)
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e Precision registration and accuracy
— Consistent locational accuracy of + .002”
(0,051 mm) on any overlay sheet size
— Insures absolute constant perpendicular
registration
— Universal pin design prevents artwork film from
buckling, stretching, or slipping due to temperature
and humidity changes
® Register PC artworks without using targets
e Cuts down man-hours required for registration,
taping and production of PC artwork and
associated documents
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A complete “off-the-shelf” system including factory
precision, PREPUNCHED grids and stable-based
ACCUFILM®

WE SHOW YOU HOW! i ™~
FREE! Bishop Technical ™
Manual No. 1022R ‘*f—.:"

- et

Our “How To" Technical Manual No. 1022R
includes special PC artwork step-by-step
instructions and f{llustrations . . . Send now
for your FREE copy.

FOR COMPLETE DETAILS, CONTACT YOUR LOCAL BISHOP GRAPHICS DEALER:

VICTORIA WESTERN AUSTRALIA QUEENSLAND
STEWART W.J. MONCRIEFF L. E. BOUGHEN
ELECTRONIC PTY.LTD. & CO.
COMPONENTS 176 Wittenoom Street, Cnr.Baroona &
PTY.LTD. East Perth W.A. 6000 Milton Rds.

44 Stafford Street, Tel: 325 5722 Milton Qid. 4064
Huntingdale 3166 Telex: AA 93022 Tel: 36 1277

Tel: 543 3733 Telex: AA 41500
Telex: AA 36908

SOUTH AUSTRALIA

GRAPHIC
ELECTRONIC
INDUSTRIES
PTY.LTD.

41A Rundle Street,
Kent Town S.A. 4067
Tel: 42 6655

Telex: AA BB646

NEW SOUTH
WALES

CIRCUIT
COMPONENTS

(A/Asia) PTY. LTD.

P.O.Box 70

383 Forest Road,
Bexley N.S.W. 2207
Tel: 59 6550 59 3720
Telex: AA 27197
CIRCOM

ACT.

GEORGE
BROWN

& CO.PTY.LTD.
23 Whyalla Street
Fyshwick A.C.T.
2609

Tel: 80 4355
Telex: AA 62128



HEWS digest

Cure for ‘hot spots’

Tumming off the sunlamp will cure hot spots — but if you
have a hot spot problem with power transistors, a new
heatsink from Thermalloy might help!

The 6208B ‘top’ is a pressed
metal, anodised heatsink that
mounts on the top of a TO-3
power transistor case, held in
place by the transistor's mount-
ing bolts. It can be used as a
stand-alone cooler or for
supplemental heatsinking.

Thermalloy say the 6208B
permits the use of punched-
and-pressed board-mounting

TO-3 heatsinks when used in
conjunction with their device,
providing a lower-cost alter-
native to cast heatsinks for the
same application.

The 6208B is quoted as
having a thermal rating of
17.9°C/W.  Further details
from Soanar Electronics, 30
Lexton Rd, Box Hill 3128 Vic.
(03)890-0661.

New Scope agency in Qld

Oliver J. Nilsen (Aust.) Pty Ltd recently purchased the old
‘Scope Laboratories’ Queensland agent, K.H. Dore & Sons,
and will now represent Scope in that state.

Nilsen Rowe, of 8 Allison St, Mayne Qld, will now handle sales
and delivery for Scope in the deep north. In Townsville and Rock-
hampton the existing offices, now renamed Nilsen Rowe Australia
Pty Ltd, will continue to handle Scope products.

Natsemi checks out

supermarkets

National Semiconductor is gearing up for a major sales
push of its computerised checkout system, Datachecker.

Mr. Ron Hoyt, director of
marketing for the Datachecker
division of National Semi-
conductor (Australia) Pty Ltd,
said he was projecting sales of
$3.5 million in Australia and
New Zealand in the next year.

The Datachecker system
consists of a laser beam scan-
ner built into the supermarket
checkstand and an electronic
cash register connected to a
computer. Scanning eliminates
the need for manually ringing
up items, since the scanner
reads a special code printed on
the grocery products — a code
which identifies the item to the
computer, where the prices are
stored.

Automatic checkout is a
three-step  sequence. The
checkout  operator simply

sweeps the item over the laser
beam built into the checkstand.
The laser reads the bar code
symbol on the item to identify
the product to the computer.
When it locates the price, the
computer instantly sends it to
the terminal.

Within a fraction of a second

after the checker scans the item,
the price of the product appears
on the display for customer
viewing and the item name,
price and (if applicable) the
weight are printed on the reg-
ister receipt.

Unlike in existing manual
systems, the itemised receipt
names the items as well as
listing prices and a total.

Using the ‘MIP’ programming
language, user programs may
be written by store and/or host
personnel. ‘MIP’ is claimed to
provide complete flexibility for
the user, and execution of the
object program can be initiated
at the store, by the host or
automatically at end-of-day.

Store-to-store communi-
cations allow multi-store chains
to communicate from, say, a
host in Melbourne to a store in
Sydney, then from that store in
Sydney to relay the data to all
other area stores, dramatically
reducing line costs.

For further information con-
tact Burson-Marsteller, 19th
Floor, 1 York Street, Sydney
NSW 2000. (02)241-3016.

Handheld digital thermometers

Two new low-cost handheld digital readout thermometers
have recently been released by the Amalgamated

Instrument Co.

Both have been locally
designed and manufactured
and feature battery operation,
light weight and 12.5 mm high
liquid crystal displays.

Applications include labora-
tory temperature measurement,
internal food product tempera-
ture, air conditioning, field
service and calibration.

Model SC203 will measure
from —50 to +150°C with a

quoted accuracy of less than
1°C and resolution of 0.1°C. It
employs an IC sensor.

Model TC203 employs a type
K thermocouple and will
measure from —40to + 1200°C
with a resolution of 1°C,
according to the specs.

More details from A.LC. Pty
Ltd, PO Box 134, Terrey Hills
NSW 2084. (02)450-2661.

ETl September 1981 — 11



HEWS digest

Video switcher for

security systems

A unit to control complex video-based security systems,
employing microprocessor control, has been released by
Javelin Electronics, a leading manufacturer of closed circuit

video security systems.

Called the Superswitcher, the
unit is capable of performing a
wide range of switching
functions and sequences for 10
to 100 video alarm inputs.

The master control unit
features pressure sensitive
touch pads and a LED readout
of the function or functions
selected. A LED warning indi-
cator shows that all cameras are
in vertical sync, and an addition-
al LED indicator alerts the
operator if an alarm is tripped.

Javelin claim the Super-
switcher to be the most versatile
video switching system ever de-
veloped for this application.
Several options are available for
the unit that enable purchasers
to enhance versatility and

Giant semis!

increase capacity of the Super-
switcher. These options include
an Alarm Gather Panel, Remote
Transmitter and Receiver.
Alarms may be set and reset
from the Master Control unit
and may also be sequenced or

bypassed.

Further details are available
from Javelin Electronics
(A/Asia) Pty Ltd, 15-19

Boundary St, Rushcutters Bay
NSW 2011. (02)33-0966.

In New Zealand, The Electric
Construction Company of 39
Nugent St, Auckland were
recently appointed agents for
Javelin, and can service New
Zealand enquiries. They have
branches in Wellington,
Hamilton and Christchurch.

Toshiba claim to produce the world’s largest semi-
conductor elements, which they employ in their range of
high voltage and high current diodes and thyristors.

Distributed in Australia by
Promark Electronics, the range
includes rectifier diodes with
voltage ratings to 5kV and
current ratings to 3 kA. They
also have controlled avalanche
rectifiers rated to 3 kV and 50 A.

In the SCR range, Toshiba in-
clude devices rated to 3 kV and
3 kA for phase control of mains

12 — September 1981 ET!}

power. For inverter applications
they have devices rated to 4 kV
and 400 A. Gate tum-off SCRs
are also included in the range,
with voltage ratings to 2.5kV
and current ratings to 600 A.
Details and devices from
Promark Electronics, Suite 208,
6-8 Clarke St, Crows Nest NSW
2065.(02)439-6571.

Bishop Graphics

in the west

Stewart Electronics of Melbourne recently appointed the
Perth-based firm of W.J. Moncrieff Pty Ltd as agents for the
Bishop Graphics range of drafting aids and materials for

Western Australia.

John Day, marketing director of Stewart Electronics, said that
this change was made in an effort to improve the service and
availability to all Bishop product users in the west. Moncrieff's may
be contacted on (09)325-5722 for further details.

Let’s hear it for lithium!

A new lithium ‘super-battery’ claimed to have performance

characteristics superior to conventional

dry battery

systems is now being manufactured and marketed by the
Vidor Industrial Dry Batteries Division of Crompton
Parkinson Ltd, a Hawker Siddeley company, in the UK.

Compared with other con-
ventional cells, the lithium/
sulphur dioxide batteries are
said to have the highest
operating voltage (2.8V per
cell), the highest energy density
(up to 30 times greater than for
a carbon/zinc cell), the capabili-
ty of operating in temperatures
from —55°C to +70°C, and a
ten-year shelf life.

Marketed under the ‘Vidor
Eternacell’ name, the batteries
are very high-energy, non-
rechargeable cells designed for
use in a wide range of industrial,
commercial and high tech-
nology equipment, where high
reliability, operation at very low
temperatures, and high current
drain combined with an excep-
tionally long life are of
paramount importance.

These lithium batteries are
claimed to have an energy
density six times greater than
and an operating voltage nearly
twice that of their carbon/zinc

Timers/controllers for

industrial use

equivalents. At room tempera-
ture and with a one-ampere
drain, the energy capability of a
single G20 (D-size) Vidor
Eternacell is said to be equiva-
lentto over 30 carbon/zinc cells.

Each lithium cell consists of a
laminated carbon cathode, lithi-
um foil anode and microporous
separator, wound into a spiral
core, filled with an organic
electrolyte and enclosed in a
strong, hermetically sealed can.
Completed cells are finished in
an insulating jacket and are
available with a range of
standard terminations. Cell de-
signs are available for high
power, standard and power
limiting applications in a range
of sizes from 0.5 Ah up to 30 Ah.

For further information con-
tact Brian Mee, Hawker Siddeley
Group, 32 Duke St, St. James's,
London SW1Y 6DG, England,
or Colin Ashmore, Crompton
Parkinson Ltd, 50/52 Marefair,
Northampton NNt 1NY
England.

Selectron Lyss Ltd manufacture a range of timers, con-
trollers and proximity switches for industrial applications,
and market them here through M.E.M (Australia) Pty Ltd.

Amongst the product range
are a group of single and multi-
function ‘Selectron GZ' timers,
all having programmable time
ranges. New to this group are
digital quartz-controlled timers
with timing ranges from less
than a second up to 999
minutes.

A range of ‘Seleprom’ pro-
grammable controllers is also
available in either compact or
modular form. Further details
from M.E.M (Australia) Pty Ltd,
20 Herbert St, Artarmon 2064
NSW, (02) 438-2522. Branches
in all states.



NUKED OR NOT?

This radiation detector, produced by the Sin Par Division of Singer
Products in the US, requires no batteries, electricity or installation and is
claimed to be so sensitive that it will warn you before radiation reaches a
dangerous level.

Red beads in the inner cylinder are electrostatically charged. If they
float, you haven't been nuked. if they fall, you can tell the degree of stray
radiation by the time it takes for the beads to fall. If the plastic housing
melts, put your head between your legs and kiss ...

Vicom move

Vicom International Pty Ltd has announced the move of its
head office to new premises located at 57 City Road, South
Melboume.

The Company has announced the move as part of its expansion
program into military and satellite communications.

The new premises will include management, warehousing and

Ferguson trannies ‘in depth’

Jaycar wish to advise that they now carmry the Ferguson
range of power transformers in depth.

All printed circuit (5 VA and 12 VA) as well as low profile types
20 VA, 40 VA, and 60 VA are also kept, and chassis-mount types
up to 300 VA are available at prices which Jaycar claim are the best
in town.

For further information contact Jaycar Pty Ltd, 380 Sussex St,
Sydney. (02)264-6688.

Professional multimeters

Emona recently gained the agency for the Akigawa range of
test instruments, which includes arange of general purpose
multimeters aimed at the professional market.

Top of the range is the Mode] @ dB scale and a transistor
L-320, primarily intended for checker. Sensitivity on ac
solid-state  applications. It ranges is quoted as 10 kohms/

features four ac voltage ranges
from 6 Vac full-scale to 600 Vac,
five dc current ranges from
120 uA full-scale to 120 mA and
six dc voltage ranges from
300 mV fuli-scale to 600 V. Six
resistance ranges are included,

V, on dc 20 kohms/V.

The meter has a 100° de-
flection range and a mirrored
scale. Further details available
from Emona Enterprises, CBC
Bank Building, 661 George St,
Haymarket NSW 2000. (02)
212-4815.

NOTES & ERRATA

Lab Notes, July, pages 63-65: This article was reprinted from our British

computer operations.

Vicom report they have enjoyed record profits and sales for the
last financial year and are expecting the growth rate to continue for

the next twelve months.

$1 million solar contract to Philips

Philips has been awarded a contract by the Australian
Government to establish a photovoltaic solar cell research,
manufacturing and demonstration facility.

The facility will be established
in the Philips Microelectronics

factory at Hendon, South
Australia.

The $1 million contract was
awarded by the Industrial

Research & Development In-
centives Board, and announced
by the Minister for Science
and Technology, Mr. David
Thompson, in June. Apparently
the Commonwealth Govern-
ment desires to develop within
Australian industry a manu-
facturing capability that is based
on advanced technology.
Philips has been involved in
the development and manu-
facture of special solar cells and
systems at Hendon for some
time, and has produced dedi-
cated quantities for special

projects including a very
successful lightweight military
solar system for the Department
of Defence.

The emphasis of this contract
with Philips calls for industrial
research and development at
Hendon of advanced process
technology which will result in
long life and reliability and yet
lead to reduction in the cost of
manufacture.

The company is to develop
process technologies for cell
metalisation, encapsulation and
cell surface treatment, and
research and develop ion im-
plantation techniques as a
viable alternative to diffusion
using laser technology for
subsequent wafer annealing.

counterpart and, while predominantly accurate, something has gone seriously
amiss at the end following the heading ‘Matched-resistance attenuators’. The
article at this point is quite wrong. It would take too much space to correct the
problem here, so we suggest you ignore this section, which includes Figures 8
and 9. We have not had difficulties with Ray Marston’s material previously, and
while material Is generally checked for accuracy, drawing and typographical
errors, etc, this one slipped through. The British ETI has been notified.
ETI-728 UHF TV antenna, March, pages 41-43: The text states the folded
dipole was constructed of aluminium strip 3 mm thick by 12 mm wide, while the
diagram on page 43 shows the width to be 25 mm. It is In fact 25 mm wide, but
this dimension is not critical and either strip width will work.

A rather obvious, but potentially dangerous error occurred in the circuit on the
top ieft of page 60 (‘Power Monitor’) in the March issue. it shows the mains
active input connected to the earth at the output. The mains active input should
instead go to the fuse. Correct your copy now. Correction slips were inserted in
the majority of copies distributed.

ETI September 1981 — 13



Reach advanced computer comprehension in
a few short hours with the new, mighty

— [ — ||

1980 saw a genuine breakthrough — the
Sinclair ZX80, world’s first complete
personal computer for $300, the ZX80
offered a specification unchallenged at
the price.

Over 50,000 were sold, and the ZX80
won virtually universal praise from
computer professionals.

Now the Sinclair lead is increased: for
just $250, the new Sinclair ZX8 | means an
even bigger saving. At $250 it costs less
than the ZX80.

Lower price; High capability
With the ZX81, it’s just as simple to teach
yourself computing, but the ZX81 packs

even greater working capability than
the ZX80.

It uses the same microprocessor, but
incorporates a new, more powerful
8K BASIC ROM — the ‘trained
intelligence’ of the computer. This chip
works in decimals, handles logs and trig,
allows you to plot graphs, and builds up
animated displays.

And the ZX81 incorporates other
operation refinements — the facility
to load and save named programs
on cassette, for example, or to select
a program off a cassette through
the keyboard.

Higher specification, lower price
— how’s it done?

Quite simply, by design. The ZX80
reduced the chips in a working computer
from40o0rso, to21. The ZX81 reduces the
2] to4!

The secret lies in a totally new master
chip. Designed by Sinclair and
custom-built in Britain, this unique chip
replaces |8 chips from the ZX80!

The ZX81 comes compiete with all
leads to connect to your TV
(colour or black and white) and
cassette recorder.

New, improved specification

® 780 a microprocessor — new faster
version of the famous Z80 chip, widely
recognised as the best ever made.

® Unique ‘one-touch’ key word entry: the
ZX81 eliminates a great deal of tiresome
typing. Key words (RUN, LIST,
PRINT, etc.) have their own single-
key entry.

® Unique syntax-check and report
codes identify programming
errors immediately.

® Full range of mathematical
and scientific functions accurate to eight
decimal places.

® Graph-drawing and animated-
display facilities.

® Multi-dimensional string and
numerical arrays.

® Up to 26 FOR/NEXT loops.

® Randomise function — useful for games
as well as serious applications.

® Cassette LOAD and SAVE with
named programs.

e |K-byte RAM expandable to 16K bytes
with Sinclair RAM pack.

® Able to drive the new Sinclair printer
(not available yet — but coming soon)!

e Advanced 4-chip design,
microprocessor, ROM, RAM, plus
master chip — unique, custom-built
chip replacing 18 ZX80 chips.

If you own a Sinclair ZX80 . . .

The new 8K BASIC ROM used in the
Sinclair ZX81 is available to ZX80 owners
as a drop-in replacement chip. (Complete
with new keyboard template and operating
manual.)

With the exception of animated
graphics, all the advanced features of the
ZX81 are now available on your ZX80 —
including the ability to drive the Sinclair
ZX Printer.

For your free catalogue on software, send stamped, self-

addressed envelope to Sinclair Equipment (Australasia) P/L.
ETY

ZX 8]

16K-byte RAM pack for massive
add-on memory

Designed as a complete module to fit your
Sinclair ZX80 or ZX81, the RAM pack
simply plugs into the existing expansion
port at the rear of the computer to multiply
your data/program storage by 16!

Use it for long and complex programs
or as a personal database.

Yet it costs as little
as halt the price

of competitive
additional

Coming soon — the ZX Printer

Designed exclusively for use with the
ZX81 (and ZX80 with 8K BASIC ROM),
the printer offers full alpha-numerics
across 32 columns, and highly
sophisticated graphics. Special features
include COPY, which prints out exactly
what is on the whole TV screen without the
need for further instructions. The ZX
Printer will be available in Summer 1981 .
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better than
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Personal
computer 59 5 0

COMPLETE WITH
MAINS ADAPTOR,
LEADS & BASIC MANUAL

ORDER FORM — SINCLAIR EQUIPMENT (AUSTRALASIA) P/L
86-88 Nicholson Street, Abbottsford, Victoria, 3067. Telephone: 419 3033.

Incl. sales tax,
pack/post.

QUANTITY ITEM ITEM PRICE TOTAL
Ready assembled ZX81 Sinclair Personal Computer
including mains adaptor. leads. BASIC manual $250
"~ 16K-BYTE RAM pack ritnadsahii $150 R
8K-ROM s, $ 75

Total

l
|
|
|
|
|
|
ZX Printer (10 be announced) 7 __J I} - el :
|
|
|
|
|
|

I enclose cheque/Bankcard/Diners/Amex mmmmmmmmmmmmm N EW

BASIC

Address Postcode MANUAL SINCLAIR ZX81
Signature Every ZX81 comes with a

BRI R feaetenh © RO 2 W 4 )

___________________________ ET1 J comprehensive, specially written
manual — a complete course in BASIC
For your free catalogue on software, send stamped, self- programming, from first principles to
addressed envelope to Sinclair Equipment (Australasia) P/L. complek programs.
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Handheld games led the boom, like this
Space Invaders unit, sold here by Dick
Smith.
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Game, set, match

Dennis Lingane

An enormous boom has arisen in the electronic games
market — now worth a staggering $2.5 billion and slated
torise 40% in the next 12 months — and the peak is not yet
in sight. It's one area of the consumer electronics industry
where the US manufacturers hold sway. The Japanese
have yet to catch on and the Europeans are nowhere in
sight. Developments seem set to force further develop-
ment in other areas — like TV technology, for example.

IF YOU WERE planning to buy a video
games system this Christmas for the
family, be warned — the complete
production world-wide has already been
sold for this year!

So don’t front up to your games shop
on Christmas Eve and expect to get an
Atari system, because there probably
won'’t be one left — book now!

The boom in video games has taken
the industry by surprise.

16 — September 1981 ETI

Warner Bros bought Atari in 1976
when it was a backyard operation
making a ping-pong arcade game. Atari
now fills 20 buildings in Silicon Valley
outside San Francisco and is one of the
most profitable divisions of the Warner
Communications organisation, which
encompasses satellite TV, cable TV,
movies, book publishing, record
production and sports management.
Atari doubled its income between 1979

and 1980, while operating income rose
tenfold. 1980 saw Atari with
$513 million revenue ($238 million the
previous year) and an operating income
of $69.9 million.

The complete electronic games in-
dustry is now riding on the crest of a
$2.5 billion tide that is expected to
reach $3.5 billion next year.

The handheld games follow the
traditional toy sales cycle with the



biggest sales around Christmas. But the
programmable video games like those
from Atari and Hanimex sell all year
round. Mattel and Magnavox will be
selling similar game centres in
Australia eventually.

The challenge before the electronic
games industry is to keep coming up
with new games. Atari, for example, has
more than doubled its games research
staff from 28 to near 60, and they all
have one mission in life — play and
invent games.

The industry has created a need for a
new type of person — somebody who can
program computers and understands
computing but is also a games en-
thusiast. The trouble with computer
programmers, according to one of
Atari’s executives, is that they don’t
have any imagination.

The handheld games have slowed
down in sales as the programmable
systems have speeded up. So it is with
some caution that retailers and the
industry approach the mass marketing
of handheld games over the next few
years. The other question mark on the
horizon is what the effect of the growth
of home computers will be on the
electronic games market.

When electronic games were
launched the public found it difficult to
accept a figure of around $50 for a
handheld toy. Then came the $279 Atari
games centre with cartridges costing
around $40 - $60, and within two years
the price was no longer a barrier. Now
we have Commodore releasing their
VIC and Atari bringing out its Model
400 home computer, both of which will
sell for little under $500!

Will parents regard the new tech-
nology as a dual-purpose investment,
buying their children a home computer
as a games centre and hoping that they
will learn computing from it as the
years go by (and therefore qualify better

Mattel’s Intellvision system is based on a 16-bit microprocessor (1) and represents the sophistication
now available in video games. High resolution graphics (examples opposite) with objects that can be
rotated through 360° on screen are featured and no game plays the same way twice! Attach a keyboard
(to come) to the ‘master component’ shown here and you’ve a fully-fledged home computer! The
Intellvision will be released here this month through Lifestyle Electronics, part of the Consolidated Press
Hoidings Group.

for employment)? If this pattern does
emerge it may see the home electronic
games centre losing out to the home
computer, but in the meantime Atari
and companies like it seem assured of a
profitable future. After all, the com-
puter kids of the future will still need
something to start them on their elec-
tronic path in life.

According to a spokesman at Atari’s
head office, the company still has a fair
few tricks up its sleeve to make pro-
grammable video games — which still
have the advantage of being cheaper
than computers — more attractive to
consumers. They claim that the limita-
tions on the designers are now basically

Take us to your leader!

e

POOL s PINBALL

\U, \ ;roi\—»
I\

H i
&)
AR —

those of the television set itself, and
plans are afoot for producing high-
definition TV sets to make games more
graphic, and even for introducing
three-dimensional TV. Voice control
could be seen in the near future, with a
twelve-word vocabulary used instead of
pushbuttons to give commands. In the
meantime Atari has released infrared
controls for its games to add even more
novelty, plus giving enthusiasts the
convenience of no trailing wires.

Sidney Samole, head of Fidelity
Electronics (manufacturer of 90% of
electronic board games), also sees no
clouds on his immediate horizon. He has
recently been granted a patent for elec-
tronic board games which his company
launched in 1976, and anticipates
royalties from other manufacturers
riding on the back of the boom he
created. He has already sued two
companies and the result is pending.

Some electronic board games, like
chess, backgammon and bridge, seem
destined to enjoy the same eternal
popularity as their manual versions.
Fidelity has released a battery-operated
sensory chess set that should be popular
with travellers, enabling them to brush
up on their game in transit and help to
while away tedious hours of travel.

So all in all the electronic games
manufacturers are doing all right, and
whilst the expanding home computer
boom might eventually make some sort
of hole in the market, it’s a fair bet that
electronic games will have a place in
home entertainment for decades to come.®
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Philips’ new, smaller ‘chunky’
050 capacitors give designers
improved volume efficiency.

Providing 470 wF (100v) to
68,000 uF (10v) coverage in can sizes
substantially smaller than the earlier
071, the 050 meets all the require-
ments of IEC 384-4 specifications.

Excellent performance is
achieved by special construction
giving high resistance to shock and
vibration, and capacitors are comp-
letely cold welded and proof against

More power.Smaller size.
Philips chunky capacitors.

[
high charge and discharge currents.

Typical life expectancy 200,000
hours at 40°C.

And a Philips first is the choice
of two versions, either with solder tag
terminations or pinned terminations
designed to drop into printed wiring
boards.

For further information tick
reader service enquiry or contact
your Philips distributor.

Electronic
Components

PHILIPS

and Materials

\_&/

Philips Electronic Components and Materials. Sydney: PO Box 50, Lane Cove, 2066. Phone: 427 0888.
Melbourne Phone: 544 2444 . Adelaide Phone: 45 0211. Brisbane Phone: 44 0191. Perth Phone: 277 4199.
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Jointhepeople whohave
madethe AirForcetheirlife

“I've seen a lot of Australia. Now I'm
looking forward to being posted
overseas.

“You don't mind working hard if it's
for a specific purpose like the
country's security

*'| enjoy being a member of the team
that keeps our F111°s fully

At 23 | found myself promoted to
Section Head. That kept me on

operational.”

-

my toes.

“You're trained to work on some of
the most advanced equnpment in
the world.

. W_" iy
e
WS
“1tisn‘t all work | have time to relax
and play my favourite sport

*The opportunities for promotion with
more pay and responsnbnllly
are there.”

‘The training has set me up with a
career for life — it's realily
professional

The satisfaction and rewards are immense.

A new lifestyle. New friends. New interests.
New qualifications. New places visited.

And you start on full adult pay too! After training
we'll pay you even more! Then there's four weeks
annual leave and the opportunity to continue
studying for higher qualifications. So if you want
to reach a higher rank, it's up to you.

It’s not an easy life.

Success demands application. A disciplined
approach to your work. What's more, you'l be
part of a special team that's proud to wear the
Air Force uniform.

Normally you'll work a five day week. But at times
we expect you to do extra duties.

You must be prepared to join us for a minimum
of six years and be prepared to live and work on
any one of our bases.

Your future.

Is it in Flight Systems, Propulsion Systems,
Air Frames, Telecommunications, Engineering,
Administration, Weaponry, Supply or
Motor Transport?

The choice is vast. The scope unrivalled.
So it you're aged between 17 and 34 years
(17 and 43 years if no trade training is requjred),

an Australian citizen or meet our nationality .

requirements, we would like to meet you.
(People with civilian qualifications and
experience are most welcome to apply.)
Enquiries are also invited for
Apprenticeships.

Today, walk into the Air Force
Recruiting Office nearest you and have
achat with a Careers Adviser. The address
is in the phone book. It could be your first
important step to an exciting new career.

Alternatively send the coupon or phone

ford e e . ADVISER. G.P.O. Box XYZ \

3 - \ A in the capital city nearest you

risbane: ownsville: ydney: e 2

226 2626 713191 291011 ’ Yes! Fam interested in an RAAF ‘

Wollongong: Parramatta Canberra career. Please send me full details.

28 6294 635 1511 82 2333 ‘

Hobart: Adelaide: Perth

34 7077 212 1455 325 6222 l Name

Melbourne: Newcastle: ]

61 3731 25476 ‘ REARlsS . ........... Q... R . '

Address : '

‘ State ... Postcode ... '

You're somebody *
in Today’s Air

Director-General Recruiting Dept. Defence

Authorised by

Force

'I

To:
RAAF CAREERS

RG.417.FP.11ET

RG.417 FP.11ET
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Series 5000

stereo control preamplifier

Designed as the perfect partner to our Series 5000
MOSFET stereo amplifier, the stereo control preamplifier
has been designed with equal attention to quality and
detail. This month David Tilbrook explains the principles
behind the design of the moving coil and moving magnet
stages and gives details on constructing them.

JUST AS a loudspeaker represents a
non-linear load to the output stage of a
power amplifier, a moving magnet or
moving coil cartridge represents a non-
linear source impedance to the input
stage of a preamplifier. This is the cause
of many of the problems associated with
any preamp.

Both moving coil and moving magnet
cartridges generate electrical signals
through the interaction of a coil of wire
and a magnetic field. The signal voltage
produced is therefore proportional to the
relative velocity between the coil and
the magnet assemblies. This relation-
ship is predicted by Faraday’s law of
induction, expressed mathematically
as: d@

£=SuF
where € is the signal voltage at any instant and
@ is the magnetic flux.

The signal voltage produced at any
instant is proportional to the rate of
change of flux with respect to time,

le: d9

dt

The design of the cartridge must
ensure that a linear relationship exists
between the position of the stylus canti-
lever assembly and the magnetic flux.

Our adaptation of a famous scene from Irving
Stone’s book about Michelangelo, ‘The Agony and
the Ecstasy’. During the time Michelangelo was
painting his masterpiece frescoes in the Sistine
Chapel the Pope continually asked . . . when will
you make an end?”. Likewise, Roger Harrison has
kept asking David Tilbrook when the Series 5000
would finish. The answer was the same in both
cases! (Thanks to the cartoonist, Brendan
Akhurst, and the choirboys: Jack O'Donnell of
Altronics, Dick Smith, and Gary Johnston of
Jaycar. Collyn Rivers looks on fromthe sidelines).

David Tilbrook

In this way changes in the position of
the stylus give rise to changes in the
magnetic field intensity. So the rate of
change of stylus position with respect to
time will be proportional to the signal
voltage, i.e:

€« dx

dt

where € is the signal voltage and x is the stylus

displacement from its equilibrium position.
This means that the waveform actually
‘on’ the grooves is not proportional to the
signal voltage itself. Instead it is pro-
portional to the integral of the signal
waveform. If a square wave, for
example, is to be produced from a
record, the waveform as seen in the
groove with a microscope will be a
triangle wave.

Since the signal voltage is propor-
tional to the velocity of the stylus, the
signal slope is proportional to the
acceleration of the stylus. In order for
high signal slopes to be reproduced
accurately by the cartridge it is
important that the mass of the stylus
cantilever assembly be kept as small as
possible. At the same time, however, it
is important to realise that the
cartridge cantilever assembly and its
associated suspension and magnet/coil
system form a resonant mass-spring
system analogous to a complex elec-
trical series resonant circuit.

At one particular frequency, called
the resonant frequency, the impedance
of the cartridge will no longer be related
linearly to the driving force on the
stylus, and distortion results. To over-

come this problem two techniques are
used simultaneously.

Firstly the resonant frequency of the
cartridge is moved to a frequency below
the audio spectrum. Using the damped
mass-spring model of a magnetic cart-
ridge we can predict that the resonant
frequency will depend on the mass of the
stylus cantilever assembly and on the
‘springiness’ of the cantilever’s
suspension. This springiness is charac-
terised by a number, often given the
symbol k, called the spring constant.
Spring constant is defined in terms of
the force needed to bring about a certain
compression or extension of the spring.
Stiffer springs have a higher value for k.
The spring constants associated with
magnet cartridges, however, are so
small that the numbers are hard to
interpret. For this reason cartridge
manufacturers usually specify this
quantity by quoting the reciprocal of the
spring constant, i, called compliance.
Stiffer suspension systems have lower
compliance figures.

As stated earlier, the cartridge
resonant frequency is a function of both
the mass and the compliance of the
cantilever and suspension system. The
damped resonance mass-spring model of
a magnetic cartridge predicts that the
resonant frequency will be given by the
equation:

fo o=t
2m\/(mC)

where m is the mass of the cantilever/stylus
system and C is the compliance of the stylus
suspension system.

»
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a career-
not just a job!

Enjoy electronics as a hobby?

Why not make it your career

At Dick Smith Electronics, hundreds of electronics
enthusiasts just like you have found satisfying and
rewarding positions.

We're expanding - and we need more people. Inall
facets of our operation. The following positions are
vacant NOW: if you'd like to work with us, why not give
us a call!

TRAINEE MANAGERS:

We need managers for the new stores we're opening
right around Australia - and overseas. What better way
to prepare for this than by training in a current Dick
Smith Store. If you're between 18 and 30, have a hobby
background in electronics and retail experience, give
us a call. We'll probably place you in a store close to
home (we have 21 stores - in most states).

Contact Mr Bob Johnson, Retail Supervisor (02)
888 3200 or ask your local store manager.

TECHNICAL SALES STAFE/
SPECIALISTS:

You could join our young sales team - or even be a
specialist salesman if you have a particular interest.
(Amateur Radio, Computers, etc). YouTl be txained
thoroughly in being a sales professional, and you'll be
dealing with interesting people involved in electronics:
just like you are at the moment!

Contact your local store manager.

SERVICE TECHNICIANS:

Our North Ryde (NSW) service centzre needs technical
experts in all catergories: audio, RF, digital . . . the
opportunities for promotion are very, very good for the
right people (our current National Service Manager
started ‘on the bench’ just a few years agol)

You'll be working in air-conditioned premisas, with the
latest in service aids. The pace is hectic - so we want
people who don't need continual supervision.

Contact: Gary Crapp, National Service Manager
(02) 888 3200.

Think you'd like to have a go at one of the above
positions - but haven't got the knowledge yet? Why not
work for us anyway: and leam ‘on the job'. Our national
distribution centre at North Ryde needs electronics
enthusiasts to prepare goods for despatch to our stores
and re-selless. It's a great way to prepare yoursel fora

career in electronics in ANY of the sections of the
orgamisation.

Contact: Rag Richards, Distribution Centre
Manager (02) 888 3200.

PRODUCTION ASSEMBLER:

We offer a number of challenging positions for young
electronic enthusiasts. Initially setting up production
lines in the Kit dept., the position could fead to stock
controller, quality control of computers or production
storeman. If you have electronic component knowledge,
are eager to show your ability and are between the
ages of 17 to 25:

Contact: Mike Rogers, Kit Centre Manager
(02) 888 3200.

AND MORE . . .

I you'd like to work for us, but don‘t really fit into one of
the categories above, drop us a line anyway. We have
vacancies occuring in almost all our departments from
time to time . . . advertising, purchasing, administration,
production . . . etc etc. If you'd like to consider when a
vacancy occurs, your name may be keptonfile and you
can be contacted.

Write to: the Personnel Manager, PO. Box 321 NORTH
RYDE. 2113.
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We can offer

LOWEST PRICED LCD
MULTIMETER IN AUSTRALIA

LOOK AT THESE FEATURES!

h. 13 ;gnges, 1. Lax%e .«il;ro:d%d 4mm input sockets, ® Probes
ave high voltage shield, onus cArryin d
case, ® Expensive LCD not LED. S ¥ ucigeoe

LOOK AT $§ 80 I
THIS PRICE 49 FAST'c

We are really pleased to announce the availability of this
fantastic budget priced multimeter. Ideal for the hobbyist and
professional. Makes an ideal addition to any tool box.

NOT §79.00

Q-1445

GET THE

KNOW THE HEALTHY

TIME-ANYWHERE | BENEFITS
IN THE WORLD! |OF NEGATIVE

YAESU
WORLD
CLOCK

The fantastic Yaesu 24hrham
clock shows You the time all
d at a glance.

over the wor
Ideal for keeping those ‘skeds

Uses one 'C cell that should

last for one year ony

i 84980

¢
B

What better way to
show off your system.
Finished in simulated
walnut vinyl veneer

ONLY

36950 |

Cat. A-0108

HIFI
STAND

You've heard the
claims now find outif
they work foryou (Was
selling for $89.00). This
is a limited offer.

ONLY

Y-9000 s 7 200

THREE WAY

MINI SPEAKERS gomy

These are the most cmaznng WAS

speakers to come on to the market
for a long, long time! Can be $99 50
hooked up to your hi fi system or o .
presented in a washable finish,

they come with brackets for those oo
who wish to mount them on the

wall, in the car, or just about

even in your car - they will give
the most superg sound. Beautifully
anywhere. With 35W input &
freq. response: 35Hz to 20,000Hz,

“FLUORO

The 1deal portable lamp
for the campet, or fisherman,
in the home or car, in fact

the benefitof AC

mains.

Centre loaded whip
\{ antenna.
& WAS $14.50
\

| ONLY §8»98
_D-9013

a)

CHEAP WINTER

INSURANCE!
WAS OVER $20.00

NOW OPEN IN
COBURG

LANTERN §

wherever you need light >
and do not have |

v QUARTZ ACCURACY
25 /N A STOPWATCH!

4 This stopwatch/clock is
flfl quartzcontrolledforac-
{ curacy. Useitasaclock

or at a press of a button ONLY

use it as a stopwatch -
lap timing can be naneds 80
& stopped without reset

0 ting. Brilliant!

G his exciting mechine connects
'tro your telephone & comes
with power supply. You can
use ple-lecoxded messages
supplied - or make your
own messages up _thu
unit also has a built-in
microphone. Tape can
handle up to 30 calls

AND ONLY

NOT TELECOM

y-2100 _APPROVED.

MR CHARGE M98

We've allhad flat batteries one N I N
time or another - DON'T BE o Y
CAUGHT AGAIN. Just plug it § (208
it into your cigarette lighter &

charge your battery overnight.

HERE :
wE x ’lA._ON GR
W
AREY |
S
“SARGOOO ST. o
— 1@ 35
‘ = | —
REYNARD ST. Jj - an iR ST
z[ 2 o
ol 2
e |2
.2 [3}




Did you miss out on our BELOW COST SPECIAL?

LAST MONTH:

THE FANTASTIC CHESS MASTER

Play chess? Want to improve your game? s z s

Then try this: il's a superb 7 level elect
WAS $35.00

MA]JOR
DICK SMITH
RE-SELLERS

Thele re-sellers stock a large range of

LIGHT DIMMER

for only 3427 ;"""‘;

SAVING YOU ;4
NEXT MONTH:

9293

ronic chess problem poser! You have to
s TOPPROJECTS VOL7

work out how to solve problems in lhe
TOP "1op PRDJE“

Another great book
packed wnhtm\nnc
pro]ects you can

least number of moves. Supplied wi
VALUE

detailed operators’ manual forail levels
Y.1257 Great for travellers!

GREEN SCREEN j

MONITOR

: me ET] magazine.

STEREO
WHEREVER
YOU GO!

WALKIE
STEREO
CASSETTE

¥ The ideal compact sierec
cassette player unit You
can Listen to yourfavorite
pre-recorded tapes with
supplied headphones
wherever you go.

ONLY § Qg

WAS $99 00

Cat. A-2362

12 inch
ONLY

*348

Cat. A-2364
Amazing value lor such incredibly
popular speakers. Yourehoice of 250 or
300mm sizes (that's 10 & 12 inch for the
old schooll) completely built-up and
ready to go. Simply superbl

Zrevel alarm clock
5] QP8

is easy to use & even has
WAS §25. 00

an in-built light for night
use. Comes complete with
vinyl pouch with a clear
window for time readings
Uses one Gl3 bﬂl\e

onnm CUSTO

WEC

MAIL

ORRY -

Don't pay $100s mote for a
green screen! Look ai our
price elsewhere! Ideal for
the hobbyist, etc: build itinto
a console - make a simple
wrap-around case: & save a

fortune!il!

A POCKET SIZE | gy |
PRINTER/CALCULATOR |

Yes! Here it is - the fantastic hand-held |f Erens
mimature calculator printer. Check these
features: @ Porcenlclge Square Root, Tab

(ﬂoahnq decunul
ONLY

keyn @ 10 digit L

play, ® Print/No pnnl('un

ction. elc etc. Outsumqu's

Paperto suit60¢ (Q-
3021).

£ TREAT YOURSELF TO A LCD WATCE

0wt $
\ %1199

Ladies enjoy the benetfits
of quartz crystal accur-
acy at a realistic price

2 colors: Gold (Y-1049),

Dhue to our scoop purchase

of these fantastic quglity Silver (Y-1048)

relays, we're proud to ° i
offer you a saving of $2.00 All the features o ixp

-they nomally sell for ensive models without
$6.50.You reap the benetit the expensive pnce tag

An ideal gift. v-1044,

| ONLY 29%

T MODULES: frenchYz-‘

o 920"250) e ma Talian

rman
Y1044, Bax 32' s
S::;:MY 1345, Calorie

ts. However we cannot guarantee they
will have all #tems in stock, o1 at the prices we
advertise.

ATHERTON, QLD: Jus Sua's Radic Service

§5 Main St Phens 911 208

BENDIGD. Yic: Sumner Ele:uunh:s

95 Mitchall Sirant Phane 43t 97

BALLINA, NSW: A. Cummings & Co.

91-93 River St Phone: 862 285.

BUACKHEATH. NSW: Goodwin Electronics

123 Stalion Steest Phone 878 379

BROXEN MILL NSW: Crystal TV Rentals

66 Crystal Sireat Phane 6897

CAIRNS. Q hempson Instrument Services
79-81 Mclred Strear Phona $12 404

COFFS HARBOUR. NSW: Cotts Narbour Electronics
3 CoMs Marbour Plara, Park Ave Phone 525 584

DARWIN. NT: Kent Elactronics

42 Stuert Mighway Phone 814 749

DUBBO, NSW: Dubbo Electronic Services

157 Brisbeas St Phons 829 385

EAST MAITLAND, NSW: East Maitland Electronics.
Cor Laws b Migh Streets 337 327

FAIRY MEADOW. NSW: Trilogy Wholessle Elect.
40 Princes Hwy. Phone 631 219

GERALDTON. WA: KB Electronics 5 Marine

361 Main Teersge, Phone 212 176

6DSFORD. NSW: Tomorrow's Electronics & i Fi
§3 Waem Surest Phone 247 245

HDBART. TAS: Aero Electronics

1234 Bathurst Sireat Phoss 348 232

KINGSTON. TAS: Kingsion Electronics & Records
Channst Court Phone 296 802

LAUNCESTON. TAS: Advanced Electronics

S5 The Ouedrent Phane 317 075

LISMORE. NSW: Decro Eleciric

Magelian $1 & Brusner Mwy Phone 214 137

MACKAY. QLD: Stevens Ele:lrnmcs

42 Victens Strest Phone 511

MARYBDROUGK, QLD: lellu Electranics

218 Adelaide Steent Phone 214 559

MORUYA. NSW: Coastal Elulronlu

43 Vuican Street Phone 742

MT GAMBIER. SA. Nulchulun s Communications
S Ehzabeth Sirset Phone 256 404

MUSWELLBROOK. NSW: Silicon Chip Elecironics
Surte 3 98 Bridge Strest  Phone 43 1096

NAMBOUR. QLD: Nambour Electronic Shop

Shop &, Lowsn Hewie, Ana S1 Phons 411 6

MEWCASTLE, NSW:- Elekiron 2000
181 Wherl Roed Phone 262 644

ORANGE. NSW: Maw Elecironics
48 McNamara Sties: Phone 626 491

ROCKHAMPTON. QLOD: Puuly Electronics
15 Eas1 Strest Phone 21 058

SOUTHPORT, QLD: Amateur's Paradise
121 Nerang Street Phone 322 644
TAMWORTH, NSW: Sound Components
78 Brisbane Stivet Phone 661 363
TOOWOOMBA. 0LD: Nunts Electronics

18 Neil Streat Phone 326 944

TOWNSYILLE. Qld: Tropical TV

49 Fytham Rd Vincont Villege Phone 131 421
TRARALGON, ViC: Power'N'Sound

147 Argyis Strost Phone 742 638

WABGA. NSW: Wagga Whotessie Etectronics
§2 Forsyih Strest

WODONGA, VIC: A & M Electronics

78a Migh Streat Phone 244 588

WHYALLA NORRIE. SA: Mattor Enmterprises
Shop 2. Faraythe Strevt Phane 454 764

Dear Customer:
Quite ottan, the products we advertise ars 30 popular
lhoy run out within a few days. Or. unforseen

BUILDING A SUPER 80
OR WANT A QUALITY SOLDERING STATION?

Weller soldering station

ONLY

"68%

Usod in many
applications.
Want the best

?Z;ZN

This superb soldenng station
is transtormer powered, com-
plete with a low voltage tem-
perature controlled soldering
pencil Fantastic!

(T-1000)

DICK SMITH Electronics

Y N-1623

might hold up goods 3o thet advartised
lines ars not in the store by the fime the advert
eppears. Plasse den’t blamae the gtors managsi taff:
they cannot solve » doch strike on the other side of the
world, or sven iocate s shipment that has gons astray.
What we era trying to say i3 that, if you are about to
drive across town to pick up a particular line o1 8 Dick
Smith Stors, why not give the stors a ring first
(addresses/phone numbers below) just in case!

Thanks, Dick Smith & Staff.

DSE 025RB

MAIL ORDER CENTRE: P.0O. Box 321 North Ryde, NSW 2113. Ph. (02) 888 3200 g;d;;\;;-ue cn;;g;; 4
NSW: 145 Parramatta Rd Auburn 648 0558; 613 Princes Hwy  ACT: 96 Gladstone St Fyshwick 80 4944 QLD: 166 Logan  510-524.99 $2.20 =
Blakehurst 546 7744; 818 George St Broadway 2] 1 3777: Rd Buranda 391 6233; 842 Gympie Rd Charmside 59 6255, 525-49.99 $3.30 ®
531 Pittwater Rd Brookvala 93 0441; 147 Hume Hwy Chullora  SA: 60 Wright St Adelaide 212 1962. VIC: 399 Lonsdale St :?&599499 ::gg

or more

642 8922; 162 Pacific Hwy Gore Hill 439 5311; 30 Grose St
Parramatta 683 1133; 125 York St Sydney 290 3377; 173
Maitland Rd Tighes Hill 61 1896; 263 Keira St Wollongong

28 3800

Melbourne 67 9834; 656 Bridge Rd Richmond 428 1614; Cnr
Dandenong & Springvale Rds Springvale 547 0522. 260
Sydney Rd Coburg 383 4455 WA: Cne Whart St & Albany
Hwy Cannington 451 8666: 414 Wilham St Perth 328 69 44

by

These chargee for goods sent

Not airmail, overseas or
road treight.

Post in Australia onty —




Series 5000

R

o

The low level Series 5000 Preamp input stages — for moving magnet and moving coil cartridges — are
housed in a steel enclosure inside the main preamp case. This Is a view inside the enclosure; moving coil
stage to the ieft, moving magnet stage at right.

(Notice that the equation for the
resonant frequency of magnetic
cartridges has exactly the same form as
the equation for the resonant frequency
of an electrical resonance circuit, i.e:

R
- 2n(LO)

where C in this case is capacitance and L
is inductance. The fact that a
mechanical system like the stylus canti-
lever assembly of a cartridge should be
described by such an equation is
another striking example of the con-
sistency of nature.)

The equation predicts that the
resonant frequency of the cartridge can
be decreased by increasing either the
mass or the compliance. Since the mass
of the moving parts in the cartridge
must be kept small so the stylus can
respond quickly to changes in the record
groove, the compliance must be in-
creased until a suitably low resonant
frequency is obtained. Most high-
quality magnetic cartridges have
resonant frequencies below 10 Hz.

The second technique used to over-
come problems associated with this
resonance characteristic is to decrease

24 - September 1981 ETI

the Q of the system by damping the
resonance with a suitable combination
of mechanical and electrical losses.
Mechanical damping is obtained by de-
liberately introduced friction within the
cantilever suspension system. The
cantilever is often terminated into a
rubber mounting block for this purpose.
The electrical damping comes about as a
direct consequence of the law of con-
servation of energy. The cartridge is
acting as a generator, delivering power
to the input resistance of the pre-
.amplifier. Since energy is absorbed by
‘this load resistance the Q of the
‘cartridge resonance is decreased.

Until recently most stereo magnetic
cartridges consisted of two fixed coils
between the poles of a small magnet
attached to the cantilever. Modulation
of the record groove produces movement
of the magnet, changing the magnetic
flux and generating the signal voltage.

The coils usually have a large number
of turns so that a reasonable signal
voltage can be produced (typically in
the order of 20 mV). The resistance of
these coils usually ranges between
200-1000 ohms, but their impedance
can be much higher, especially at high

frequencies where the inductance of
the coils becomes important. This type
of cartridge is sometimes called a
moving magnet cartridge to dis-
tinguish it from the more recently
developed moving coil types. The
relatively high reactive component of
the cartridge impedance combined with
the effects of the natural cartridge
resonances makes it essential that the
input impedance of the moving magnet
(MM) input stage have well-defined
characteristics if best performance is to
be obtained from this type of cartridge.
Most MM cartridges require a load im-
pedance consisting of 47k of resistance
shunted by several hundred picofarads.
This capacitance is often provided by
the shielded cable, but most cartridges
require some additional capacitance
across the MM input. In exceptional
cases the input capacitance due to the
shielded cable is too high. In these cases
the length of the shielded cable used be-
tween the turntable and the MM amp
should be decreased until the correct
value is achieved.

In order to obtain the flattest
frequency response possible from an
MM cartridge it is essential that the



load resistance be constant over the
complete audio spectrum and beyond.
For this reason measurements done on
the input resistance of MM amps at one
particular frequency (usually 1 kHz)
are practically useless. Many input
stages exhibit a characteristic of falling
input resistance at high frequencies.
The input resistance of a bipolar
transistor, for example, even with a
small amount of emitter current, is
insufficient to ensure a constant re-
sistive load to an MM cartridge. The
common two or three transistor phono
stages of a few years ago often suffered
badly from this problem, degrading the
top end performance of an otherwise
good MM cartridge. The problem occurs
because all bipolar transistors have
decreasing gain at high frequencies.

The most common method used to in-
crease the input impedance of a bipolar
input stage is through the use of
negative feedback. The decrease in gain
of the individual transistors in the stage
at high frequencies decreases the
overall open loop gain of the stage,
which in turn decreases the amount of
negative feedback available. Further-
more, the negative feedback is often
applied at the emitter of the first

Stereo confrol preamp

CANTILEVER

View Inside a typical high-quality moving magnet cartridge, the Philips GP412,

figuration is that the phase response
in the negative feedback loop can easily
be affected by the complex reactances of
the cartridge and connecting cables,
producing unwanted frequency re-
sponse variations, or even instability in
some cases.

general heading of ‘cartridge im-
pedance interaction’, and represent the
most important single reason for the
difference in sound between preampli-
fiers. Most preamps suffer from some
degree of cartridge impedance inter-
action and in many cases the effects are

transistor. The problem with this con- All these problems come under the pronounced. >
IDEAL RIAA MEASURED — SERIES 5000
SPECIFICATIONS kg -y
ETI-478MM MOVING MAGNET INPUT STAGE 3 ;23 ;5:7
8 +112 *: ; f
i 16 +154 +15.
Gain: 74, 1 kHz 20 +16.3 +16.2
: =L 30 +17.0 +17.0
Frequency response: Conforms to RIAA Equallsation +0.2dB. (This is the 40 +16.8 +16.8
performance of the prototype. The actual figure obtained will 50 +163 +16.2
be determined by the accuracy and long-term stability of the 51380 +1;2 ::;g
+12.9 d
components used.) b o W Wb
. " a 200 +8.2 +8.1
Total harmonic distortion: 0.001%, 1 kHz, 10 mV RMS input 300 +5.5 +5.4
Headroom: ;28 dB with respect to 5 mV RMS 400 +3.8 +3.7
input signal, .e: 135 mV RMS max. 500 +2.6 :g.g
Noise: Total equivalent input noise, ?20 *g-; ot
122 nV ‘A’, input shorted, 1K _1'4 13
216 nV fiat, input shorted. 2k 26 24
3k -48 -4.7
4k —6.6 —6.6
1mv 5mV 10mv s . B
N 6k —-9.6 —-9.6
S/N ratio: Flat 73dB 87d8 93dB » e ~11.9
; 10k -13.7 -13.8
A-weighted 78 dB 92 dB 98 dB 15k 172 171
20k —-19.6 -19.5
SPECIFICATIONS
ETI-478MC MOVING COIL INPUT STAGE
S/N ratio of MC input stage after RIAA Equalisation:
Gain: 24
Frequency response: 7 Hz-135 kHz +0, -1 dB 60 uV 200 uV | 500 uV
Total harmonic distortion: <0.003%, 1 kHz, 30 mV input Flat 6108 7148 Soie
Noise: Total equivalent input noise:
83 nV flat, input shorted. A-weighted | 65dB 75d8 83d8
42 nV'A’, Input shorted.
56 nV flat, after RIAA Eq., input shorted.
34 nV A, after RIAA Eq., input shorted.
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Series 5000

The completed moving magnet stereo input stage (ETI-478MM). Note that this project may also be

incorporated in existing equipment if you wish.

The Series 5000 stereo control
preamp has been designed specifically
to overcome the problem of cartridge
impedance interaction. This has been
achieved by separating the MM input
stage into two separate active stages
(see Figure 1). The first stage consists of
a single NE5534AN configured as a
linear amplifier with a closed loop gain
of around 8.3. The large amount of
overall negative feedback increases the

input impedance of the stage so that the
measured input impedance is simply
that of the 470k resistor, R2. Since the
5534 has a small signal bandwidth of
around 10 MHz without additional
compensation, the input impedance will
remain unchanged over a very wide
frequency range. The high input im-
pedance of this stage would usually
allow the input capacitor C2 to be
conveniently small. However, for best

Full-size pc board artwork for the moving magnet stage.
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noise performance the value must be
increased substantially. This is covered
in detail later in this article.

Capacitor C2 is necessary since it is
not advisable to allow dc current from
the first stage to flow through the
cartridge. The value of C2 used here is
100y, and this sets the lower —3 dB
point well below 1 Hz. The upper —3 dB
point of this stage is well above
100 kHz. An extended frequency
response is necessary so that the
accuracy of the RIAA equalisation is not
affected by frequency response vari-
ations that might otherwise occur in the
first stage.

RIAA equalisation

We said earlier that the signal voltage
produced by a magnetic cartridge is
proportional to the velocity of the stylus.
If a low frequency signal is to be re-
produced by a magnetic cartridge, large
excursions of the stylus are necessary. If
for example a 20 Hz square wave is to be
reproduced by the cartridge then the
cartridge must produce a dc voltage at
its output for a period of 25 ms.

20 Hz SQUARE WAVE

In order to do this the stylus must move
at a constant speed for this period of
time, and therefore the waveform in the
record groove is a triangle wave, as
stated earlier.

Typical output voltages from moving
magnet cartridges are in the order of
1mV-2mV for a stylus velocity of
1 cm/sec. So if the peak voltage required
on the square wave was, say, 10 mV, a
stylus velocity of 10 cm/sec would be
required for a medium-sensitivity
cartridge, so the stylus must move at a
constant speed of 10 cm/sec for a 25 ms
time interval. The stylus therefore
moves a total distance of 2.5 mm! On a
stereo record the channels are cut in
opposite walls of the record groove. If a
low frequency mono signal is to be
produced, both sides of the record
groove force the stylus away from its
equilibrium position, and a large
vertical stylus excursion results. In the
case of our square wave, the vertical
excursion would be roughly 3.5 mm,
which is simply not possible. The record
would have to be as thick as most turn-
table platters!

Two measures are used to overcome

/PERIOD = 1/20 = S0 ms

DC VOLTAGE
FOR HALF THE
PERIOD, LE; 25 ms
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Figure 1. Circuit of one channel of the moving magnet input stage (ETi-

478MM). Note that the RIAA equalisation is incorporated in this stage.
Components for the other channel are designated R101, C101, IC101, etc.

this problem. Firstly the two channels
are recorded on the record 180° out of
phase, so that the large vertical ex-
cursion is replaced by a large horizontal
excursion. Secondly, the low end of the
frequency response is attenuated before
the recording process, so the stylus
excursions are decreased. The specific
amount of low frequency attenuation is
defined as that which would be caused
by a first-order high-pass filter with a
time constant of 318 us (i.e: the
filter would be formed by an ideal
resistor/capacitor filter, in which
R x C = 318 us). To convert from these
time constants into frequency, simply
apply the equation:

f= 2% (t = time constant)

This is equivalent to a 6 dB/octave filter
with a —3dB point at 500 Hz. To
prevent the low end from rolling off
indefinitely a second 6 dB/octave filter
is used to flatten the response again at
3150us or 50 Hz. After this equalisation
is applied, the stylus excursion of the
20 Hz square wave, for example, is de-
creased to around 0.3 mm, which is
manageable.

Similar problems occur at very high
frequencies. If we consider now a
20 kHz square wave at the same output
voltage and hence the same recording
velocity, the stylus now only moves a
total distance of 2.5 um! Such minute
distances are only a few orders of
magnitude larger than the surface
irregularities in the vinyl, so at these
frequencies the signal to noise ratio is
poor. To overcome this problem the top
end is recorded at a higher level, which
increases the stylus excursions and
thereby improves the signal to noise
ratio. The modifications to the recorded
frequency response are referred to as
RIAA pre-emphasis or equalisation
(RIAA stands for Recording Institute
Association of America), and must be
corrected for by the input stage. The

RIAA playback equalisation must boost
the bass end and attenuate the treble
end of the audio spectrum to return the
overall frequency response to that of a
linear system.

Since the low end is amplified most of
all by the RIAA playback signal, any
turntable rumble or cartridge/
turntable resonances will be amplified.
Modern power amps are quite capable of
delivering full power to a pair of
loudspeakers at 10 Hz or below, so
appreciable amounts of subsonic
content can be fed to the loudspeaker.
This is potentially dangerous to the bass
driver and decreases the clarity and
accuracy of the low end.

HOW IT WORKS

The input from a moving magnet cartridge is
connected to the non-inverting input of an
NES534AN via capacitor C2. R2 provides a dc
current path to the input of the ditferential pair
in the op-amp. The gain of this stage is
determined by the ratio R4 to R3, which is
around 8.3 in this case.

The resistor R1 provides a fixed resistive
load necessary for best performance from an
MM cartridge. Most cartridge manufacturers
recommend that the input resistance be
shunted by a certain amount of capacitance.
This is the purpose of capacitor C1, the value
of which should suit most cartridges. If you
wish to optimise the value of this capacitor
don't forget to allow several hundred pico-
farads for the shielded cabie capacitance.

The best way to ensure that the cartridge is
loaded correctly is with a test record con-
taining a square wave track, and an
oscilloscope. With the correct cartridge load
and a good tonearm/cartridge combination, a
good square wave can be obtained.

The value of resistor R1 at 47k is etfectively
in parallel with R2, giving an input resistance
of 43k, slightly below the 47k normally used for
MM input stages. This is unimportant,
however, and will not affect performance of
the cartridge. The important thing is that the
value of this resistance remain constant over
the full audio spectrum and beyond. In any
case the value of the input resistance is easily
changed by increasing the value of R1 to, say,
56k instead of 47k.

The output of the first stage is fed to two

* DENOTES COMPONENTS ASSOCIATED WITH THE RIAA EQUALISATION

In an attempt to overcome this
problem the RIAA has proposed a
change to its playback equalisation
curve. The extreme bass frequencies are
attenuated on playback by the addition
of another time constant. This takes the
form of a single-pole RC filter with a
time constant of 7950 us, i.e: a —3dB
point of 20 Hz. Since the frequency
response is already flattened by the
3150 ps time constant, this new time
constant gives a 6 dB attenuation rate
below about 20 Hz. The resulting RIAA
playback equalisation is shown in
Figure 2. Note that there are four time
constants associated with the proposed
RIAA equalisation: 7950 us, 3150 us,

ETI-468MM

6 dB/octave RC fiiters that provide one half of
the RIAA equalisation. Resistors R5, R6 and
capacitor C3 form a first-order low-pass filter
set at the 75 us time constant of the RIAA
curve. At these frequencies (around 2122 Hz)
the 1 uF capacitor appears as a short circuit
connecting R7 and R8 in parallel with the
capacitor C3. This must be compensated
when choosing the value of C3 to ensure the
correct RIAA equalisation. Similarly C4, R7
and R8 form a low frequency high-pass fiiter
set at 20 Hz (the 7950 us time constant).

The output of these two filters is fed to the
Input of the second op-amp stage. The
remaining RIAA equalisation is accomplished
by the feedback loop around this stage. At
frequencies below 500 Hz the 56n capacitor C6
has a relatively high impedance. The voltage
gain is therefore determined by resistors R9
and R10. At higher frequencies, however,
where the impedance of C6 Is iess, both
resistors R10 and R11 are in circuit. The
capacitor C5 decreases the gain, at dc, of the
second stage to unity, ensuring a low dc offset
at the output and therefore symmetrical output
stage clipping.

The 1M resistor R12 ensures that the dc
voltage on the output remains at 0 V. This is
important so that operation of the selector
switch following the stage wili not cause
thumps in the output.

Resistors R13, R14 and capacitors C8, C8
isolate the supply to the stage to decrease the
effects of interactions between stages and to
ensure freedom from 50 Hz ripple.

ETI September 1981 — 27



APPLIED TEGHNOLOGY 7}

Cffice/Showroom: 1a Pattison Avenue, Waitara 2077

Hours: 9-5 Monday to Saturday. Telephone: (02) 487 2711
Mail orders to: PO Box 355, Hornsby 2077

Please add $2.00 per order fo cover packing and postage
Prices comect and goods in sfock af time of going to press.

A REAL COMPUTER FOR $399

With the NEW SUPER INSTRUCTOR 80 we
offer you the finest take-off point in
personal computing today. If you need a
machine which offers unparalleled faci-
lities for learning computer basics and
the ability to exgand as your needs and
interests grow, then the INSTRUCTOR 80
is for you. The INSTRUCTOR 80 Is a com-
plete 280 computer, fully expandable on
the $100 bus, backed a wide range of
powerful software now available.
Compare the INSTRUCTOR 80 with
virtually any similarly priced machine
and there really isn't any comparison.
The heart of the computer Is the in-
credibly powerful DGz80 single card
$100 CPU. It gives you on-board RAM, a
brilliant monitor program In EPROM, an
8-bit Input port, two programmable
8-bit input/output ports, power-on-
jump and of course uses the powerful
280 microprocessor at 2MHz or more. No
wonder the DGZ80 has become Austra-
lia's fastest selling Z80/5100 computer!
In the video department, the INSTRUC-
TOR 80 is no slouch either. The MW640
$100 video display unit (VDU) gives you
the full set of upper and lower case
characters with true descenders with a

cris displax of 64 characters wide and
16 lines on the screen and as a further
[ |
]

bonus, the MW640 offers user program-
mable graphics In a 128 x 64 format.
Watch out for cheap imitations offering
upper case only, 32 characters per line
and ‘flickering’ displays: they are far too
restrictive for today's demanding world
of computers. 3
The Super INSTRUCTOR 80 includes

*RCA touch keyboard

with audible feedback $89.50
*4 slot motherboard

with two $100 sockets $45.00
DGZ80 CPU card kit $199.00
DGOS monitor ROM with

manual $40.00
*New improved MW640

VDU (Built and tested) $159.00
Normal full price: 518.00
Package deal price: 399.00
Save: 119.00

To get your INSTRUCTOR 80 up
and running you need a simple
8 voIt/2A power supply and to
connect it to a TV monitor.
An optional 8v/2A power
supply and a modulator

are avallable if required.

The INSTRUCTOR 80 is supplied with a
full set of manuals, a unique program-
ming course and our full technical and
warranty support. We won't let you fail!
Most of the INSTRUCTOR 80 is prebuilt
and tested and the assembly of the
DGZ80 computer board Is a breeze
because sockets are supplied for every
IC and a top quality, solder masked and

lated through PCB will ensure a perfect
ob every time.

INSTANT PLUG IN
EXPANSION

ON THE

SIO0O BUS.

One of the strongest reasons for buying our
machine is that it gives you proven $100 expanda-

bility from the word ‘GO’ at no extra cost. We |

supply a full motherboard and S100 sockets— not
just 100 holes in a PCB board! All our boards just
plug into the S100 mother board. If you need a
printer just plug one into the DGZ80 powerful PIO
port. There are no hidden costs in expanding your
Super INSTRUCTOR 80 and the APPLIED TECH-
NOLOGY wide range of cost-effective $100 cards
make for exciting and painless expansion.

NEED MORE MEMORY? . . . Just plug in up to
64K of super reliable STATIC RAM. Choose from
AT16K block locatable RAM at $199 (assembled
and tested) or TCT16K 4 x 4K independently locat-
able blocks at $209 (kit form). The MW2516 S100
ROM card stores programs permanently in up to
16K of low cost 2516 EPROMS. Built and tested
the MW2516 costs $99 or $160 complete with
MICROWORLD BASIC in EPROMS.

NEED HIGH RESOLUTION GRAPHICS? . ..
You need our TCTPCG (programmable character
generator) which expands your graphics to a
fantastic 512x 256 bit resolution! You can
produce graphs, bar charts and even develop your
own TV games! The board comes with extensive
documentation, joystick interfaces and controls
an;l z\ben 2 game programs on cassette. Kit price
is $140.

INPUT/OUTPUT . . . The powerful DG750 1/0
card is now available. This connects 3 further
programmable 8-bit ports, 2 serial ports and on-
board baud rate generation. Kit price $195.
SERIAL TERMINAL ... If you need a remote
terminal then use the SCVT100 as described in EA
Oct 1980. This board offers a serial input and
output, keyboard port, cassette interface and
RS232 on one board for $190 (kit form).
MISCELLANEOUS CARDS ... Other cards
available include 2650SBC (see ETI Sept 81),
Extender card and wire wrap cards and the newly
released DIGITALKER card to give your computer
a voice for $149.50 (kit form).

COMPLETE

APPLIED TECHNOLOGY'S commitment to its
products means that once you get started, you
can get all the extras you need from us. One
stop computer shopping is here.
USCI CASSETTE INTERFACE ... Designed for
trouble free operation with the DGZ80, this
interface Is supplied tested and ready to go.
complete with test tape. Just plug into port
B and connect to your tape recorder. A built
in relay controls the motor. $30.00
MWI1550 10 SLOT MOTHER BOARD ... If you
intend expanding to a big system this is a
wise investment. Quality plated through
hole PCB with solder mask and easy access
terminals for power and reset ensure that
this is a quiet and trouble free mother
board. 549.50
MS SI0OO CARD CAGE ... This high quality
card frame accepts the MW1550 mother
board and MW SIOO POWER SUPPLY to
produce a solid support for your system with
excellent air circulation. $49.50
MW EURO STYLE DESK TOP CABINET ... Newly
released, this top quality cabinet houses
your system and matches any commercial
computer on the market. Stocks are
expected on September 22. The MW EURO
STYLE Cabinet costs $189.00 complete with
qQuality anodized front panel.




Give your computer a voice for less
than $150!1 Why pay over $300 to
experiment with the latest speech
synthesis technology?

The MICROWORLD DIGITALKER Is based
on a speech processing unit and en-
coded ROMS from NATIONAL SEMICON-
DUCTOR. Although it is on an $100, the
MICROWORLD DIGITALKER is port oriented
and can be readily adapted to interface
with virtually any microprocessor such
as INSTRUCTOR 80, TRS80, Sorcerer or
SYSTEM 80.

The DICITALKER is supplied complete
with technical application notes on the

state of the art in speech synthesis and
typical software to drive it under
machine code or BASIC. The DT-S100 has
a master word list of 143 individually
addressable expressions and these can
be combined to produce a vocabulary
limited virtually by your imagination.
National Semiconductor have given us
advance information on the soon-to-be
released expansion ROM set and the
DT-$S100 has provision to accept these
optional ROMs as soon as they are
released. These extra ROMs increase the
basic library to 256 expressions on one
board! Actually this is all stored in 32K

GIVE YOUR COMPUTER A VOICE FOR $150

bytes of ROM using the new maxiroms.

DIGITALKER type speech synthesis one
of the fastest growlng areas of micro-
processor technology now is your
chance to learn about this fascinating
area. Applications include keyboards for
the blind, control systems and com-
uter games. The DT-$100 is an ideal pro-
ect for school and is also sure to
impress all who hear the high quality
speech with natural Inflection and
emphasis.

DT-$S100 DIGITALKER kit complete with
technical notes and full instructions.
$149.50

Unlike other companies who either “buy in” ready
packaged software or give you little or no support,
we at Applied Technology realise that a computer
product is only as good as the software program
behind it. Subsequently, we support our products
with a continuing program of software expansion
and improvement.

The INSTRUCTOR 80 is fully supported with a
wide range of software available world wide. You
can select from the wide range of games and utility
programs in machine code, add the MICRO-
WORLD EDITOR/ASSEMBLER and write your
own programs. Or you can add the MICRO-
WORLD 12K LEVEL Il BASIC (available in ROM
or cassette) and enter the fascinating world of
BASIC using prepared programs or writing your

NEW MicroWorld Level Il 12K Basic.

New, incredibly powerful Basic. Has
advanced error reporting— you can
correct errors as you proceed.
MicroWorld Basic is fully interactive
and gives you a powerful tool whether

— g p

——
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you're learning or writing programs.
Cassette version $20 including tape
and manual. $100 ROM Basic $160

POWERFUL SOFTWARE-
WITH FULL SUPPORT

D2 D4 o7-65

MOVE: 82

As your needs may grow you can add disk drives
such as the 315K MICROPOLIS 1043 and enter
the world of word processors, business and other
data base systems. INSTRUCTOR 80 will support
CP/M 2.2 and consequently the world wide soft-
ware base associated with it.

No wonder INSTRUCTOR 80 is the fastest sell-
ing S100/Z280 based kit computer on the
AUSTRALIAN market today!

1

YOU NEEDTO

YOUR SYSTEM

Micropolis 1043 QUAD DENSITY DISK SYSTEM
Plug in SIOO card and you have 315K of
disk memory. Includes diskettes and
saftware/documentation package. (5995
complete).
PRINTERS ... We hove a wide range of
quality ITOH printers ranging from Madel
8300 dot matrix at $875.00, to 8500 dot
matrix with GRAPHICS for $895.00 right up
to the word processor quality 1500 DAISY
WHEEL unit at 51895.00

THE

ADVANCED
PRO

COMPUTER
SYSTEM

Expand your INSTRUCTOR 80O
to suit your needs. Beiow is
a suggested application as a
word processor. The
configuration uses 48K of
RAM, MICROPOLIS 10583 615K
dual disk, 1500 Daisy Wheel
Printer with the INSTRUCTOR
80 and is running WORDSTAR

under CP/M 2.2 Thisis more than a match for some of the

so-called professional systems and will

save you a

fortunel As a guide, this system with all hard ware and software

costs less than S6O0O0.




Series 5000

318 us and 75 us. These are shown on

PROPOSED RIAA PLAYBACK EQUALISATION the Bode plot, which is the dotted line in
Figure 2. It should be emphasised, how-
ever, that the introduction of this low
| I ”” ” | ||” i frequency time constant is not sufficient
+25 3150 us to remove severe cases of turntable or
e, I}\ é OLD RIAA tonearm resonance. Some preamps in-
corporate  multiple-order  subsonic
+15 filters that offer a very fast roll-off
+10 = | ' below 20 Hz. The problem with this,
"'NEIVIV )1 318 us vighll however, is that severe cases of tonearm
+5 ¢ Zim £ resonance or rumble generate distortion
0 —#" (H¢ harmonics well above 20 Hz, into the
. N audio spectrum. The only real cure is to
remove the problem at the turntable or
—-10 X, tonearm.

—15 \ Many different techniques are used to
h give the preamp the desired equalisa-
—20 N, tion. The most common is to include the
-25 ‘ RIAA equalisation circuitry into the
~30 feedback loop of the first stage. Figure 3
shows a very simple MM input stage of
(dB) the general type often found in medium-

priced amplifiers.

1 {Hz) 10 100 1k 10k 100k Transistor Q1 functions as a standard
common emitter amplifier offering a
voltage gain that is determined by the
total impedance from its collector to

— earth divided by the total impedance
Figure 2. Old and ‘new’ RIAA equalisation curves (solid line). The individual time constants (Bode plot — from its emitter to earth. Transistor Q2
dotted lines) to produce the response are also shown. is a PNP transistor but functions in an

% + identical manner. The product of their

two voltage gains is called the open loop
gain of the stage. If a current path is
now made available from the output of
Q2 back to the emitter of Q1, the voltage

+
——— PARTS LIST — ETI-478MM —
FOR STEREO PC BOARD
Resistors .. ... .. all YaW metal film
R1, R101 ... .. 47k
MR RM2, . a-v... 470k
Re.R103...... 120R
R4,R104 ... .. 1k
R5,R105....... .. 4k7,1%
REes,......... 270R, 1%
L T L L A e, 6k8, 1%
R8,R108 .. o 1k2,1%
R9,R109...... 470R, 1%
c104 R10,R110 ....... 47Kk 1%
W 1u 3 R11,R111 . .. 5k6, 1%
R108~1 2 ! R12,R112 ... ... 1M
‘ 470R . R10 47on R13,R113,R14,
2200.,. = 2 ' R114 ... ... . 47R
. " A R‘ 11 5k6 cus : Capacitors
~ E 1 7 C1,C101 ............270p ceramic
C2/6102 15 . 100k, 16 V electro.
C3,C103 .. ......22ngreencap”
Ca4,C104 .. ......1pgreencap
f le ; C5,C105....... .220p, 16 V electro.
¥ : v h C6,C106 ............56ngreencap
! AT _ ‘1‘:‘ : ":" . : C7.C107 . 33y, 25 V electro.
- i . 7 j €8.C108,C9,C109 . .. 100y, 25 V electro.
f y + Integrated circuits
= — S— . o S IC1,JC101 ...........NE5534AN
1IC2IC102. van i icvan NESS534AN
Miscellaneous
Component overlay for the moving l ;:;5;;7%3‘123 (:tz)algd' -
magnet stage (see page 39 for construc- OUT +VEOV -VE ! )
tion hints).
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gain will now drop to a new figure called
the closed loop gain. This is negative
feedback, and it has the effect of
decreasing the distortion and in-
creasing the input impedance of the
stage. (See Series 5000 MOSFET Power
Amp articles in ETI Jan., Feb., March
1981 for more information on negative
feedback.)

The RIAA equalisation is introduced
by applying the negative feedback via a
network with a frequency dependent
impedance. However, since this stage
relies on the presence of negative
feedback to ensure a satisfactorily high
input impedance, the input impedance
will vary as a function of frequency. The
cartridge, however, must be loaded by a
constant resistance if cartridge im-
pe’ance interaction is to be avoided.
Furthermore, since the negative feed-
back is coupled to the complex output
impedance of the cartridge via the base-
emitter junction of Q1, the negative
feedback and hence the frequency
response of the stage can be affected by
the cartridge itself. As a result this type
of stage can suffer badly from cartridge
impedance interaction.

In the development of the Series 5000
preamp several input stage configura-
tions were tested for noise, distortion
and cartridge impedance interaction.
When a medium-priced moving magnet
cartridge was connected to a stage like
that in Figure 3, severe cartridge
impedance interaction was evident. The
frequency response of the preamplifier
peaked above 2 dB at 13 kHz and rolled
off rapidly above 15 kHz. The same
cartridge when connected to the Series
5000 MM amp exhibited quite a good
frequency response to beyond 20 kHz,
and the frequency response graph ob-
tained was identical to that when a FET
buffer amp was placed between the
cartridge and the input stage, indi-
cating almost total lack of cartridge
impedance interaction in the 5000
stage. This is a result of the use of the
separate linear gain stage formed by
IC1 (see Figure 1) to isolate the
cartridge from the RIAA equalisation.

The Series 5000 Preamp conforms to
the proposed RIAA equalisation in
Figure 2. The 75 us and 7950 us time
constants are obtained by passive RC
filters at the output of the first stage.
Resistors R5, R6 and capacitor C3 form
a simple 6 dB/octave low-pass filter
with a —3 dB point at 2122 Hz, and

I 1 %
ont = 2m2123) T OMS
Capacitor C4, together with resistors

R7 and RS, form a 6 dB/octave high-
pass filter with a —3 dB point at 20 Hz,

t
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Figure 3. Typical moving magnet input stage found in medium-priced amplifiers.

which is equivalent to a 7950 us time
constant. The two remaining time con-
stants are introduced into the negative
feedback of IC2 and are formed by the
values of resistors R9, R10, R11 and
capacitor C6.

This method of generating the RIAA
curve offers a number of advantages
over the more conventional method.

Firstly there is low interaction
between the different time constants, so
that the RIAA curve can be optimised
for a particular cartridge more easily by

changing the resistor or capacitor
values slightly. If the 75 us time
constant is included in the negative
feedback of a stage, the gain of the stage
must decrease to unity at a suitably
high frequency, so the stage must be
compensated for unity gain to prevent
instability. In the Series 5000 MM stage
the gain of the second stage does not
drop below 10; since the NE5534AN is
internally compensated for gains of 3
or above, no additional compensation is
required.

Q@ _ ETI478MC

e

Full-size artwork for the moving coil input stage.
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Series 5000

Another advantage of the two-stage
approach is that the total gain
necessary in the MM stage can be
divided between the two stages, so more
negative feedback is available for each
stage. This will have the effect of
decreasing non-linearities in the stages,
provided the stages conform to the
criteria for the avoidance of SID (slew-
induced distortion) and amplitude
overload. Fortunately, in the case of a
phono input stage, both of these are
limited by the recording medium. The
RIAA standard sets a maximum re-
cording velocity of 25 cm/sec, and most
cartridges have output levels around
the 1 mV/ecm/sec figure. So maximum
output levels from such a cartridge will
be in the order of 20-30 mV. Even the
highest output cartridge produces
signal voltages usually in the 5 mV/cm/
sec range. Combining a worst case of,
say, 5 mV/cm/sec with the maximum
allowable  recording  velocity of
25 cm/sec yields an output voltage of
125 mV. To ensure that the input stage
cannot be overloaded we simply set the
gain of these stages so that this
maximum input signal cannot drive the
output of the input stages into clipping.
The NE5534AN is capable of driving to
within 2 V of the supply voltage, so a
supply voltage of *15V gives the
desired gain of around 75. We have
divided this gain between the two input
stages so that the first stage has a gain
of 8.3 and the second stage a gain of 9
in the midband region (the actual gain
of the second stage is of course a function
of frequency due to the RIAA equali-
sation).

As a result the total harmonic
distortion of this MM input stage is well
under 0.001%. The actual measured
distortion using an HP3580A spectrum
analyser was around 0.0005% at 1 kHz.
(At these distortion levels even the best
distortion analysers are practically
useless, since the distortion is well
below the level of noise.) Similarly,
intermodulation distortion (IMD) was
measured at well below the 0.001%
figure. i

Noise

Another very important parameter for
both MC and MM input stages is noise
performance. Since an op-amp is used as
the first stage of the MM input amp, we
have only limited control over the noise
performance of the stage. It is therefore
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essential that the op-amp used have
excellent noise performance. In order to
predict the necessary noise performance
for a moving magnet input stage we
must look at the sources of noise within
the cartridge itself.

It can be shown from the laws of
thermodynamics and statistical mech-
anics that every resistor generates
noise. This noise is a result of the way
nature works and is not caused by im-
perfection in a practical resistor (i.e: a
perfect resistor will still generate
thermal noise). This noise must be
added to any signal dropped across the
resistance. The equation for thermal
noise is:

&, = V(4kTRA)

where k = Boltzmann’s constant,
T = temperature in absolute
units (K)
A = noise bandwidth (brickwall
bandwidth)
R = resistance in ohms
€, = average noise voltage

This equation predicts that thermal
noise is raised by increasing resistance
temperature or the bandwidth of the
measuring equipment. So the frequency
response of the apparatus used to
determine thermal noise must be
quoted if the figure is to be meaningful.
Furthermore, the Af here refers to a
‘brickwall frequency response’, not the
usual half-power bandwidth, although
for many purposes this is sufficiently
accurate. To overcome this problem
noise performance is often quoted in the
form of total equivalent input noise and
expressed in units of nV/VHz
(1 nV = 10-9 V). This is justified by the
equation for thermal noise, i.e:

since g, = V/(4kTRAf)
then g, = (VAN(V(4kTR))

or &, = V(4kTR).

VAaf
So the ratio:

e

VAT

depends only on temperature and re-
sistance, and this is just what we want.
In order to get from this figure to an
actual total equivalent noise figure we
simply multiply by the square root of
the bandwidth.

Most moving magnet cartridges have
a coil resistance around 500 ohms. This
resistance will generate thermal noise,
so the cartridge itself limits the best
possible signal-to-noise ratio. Using the

equation for thermal noise we obtain for
the noise of the cartridge:

€, = V(4 x 1.37 x 1023 x 290 x 500)
Hz
(assuming temperature of resistor is
= 290K).
ie: -
VHz
le'e, =28nV/\/Hz.

We can express this in more familiar
terms by converting the cartridge noise
figures into a signal-to-noise ratio
figure. In audio we can regard the
bandwidth in question to be around
20 kHz, ie: VAS = 140, and
140x 28nV/VHz=392nV. If the
average output level of the cartridge is
around 5 mV, the signal-to-noise ratio
is given by:

log 5x10-83 - go4p
20108 5% 1079

This figure represents the best signal-
to-noise ratio possible with most mov-
ing magnet cartridges, since this is due
to noise generated within the cartridge
itself. A well-designed input stage
should approach this noise figure as
closely as possible without sacrificing
performance in other equally important
parameters such as distortion and
frequency response.

The noise generated by an active
device is determined by a number of
factors, the most important of which is
the current flowing through the device.
However, since we have elected to use a
high-quality operational amplifier for
the input stage, we have no control over
device current. All we can do is choose a
low-noise op-amp and avoid degrading
its noise figure as much as possible.
The NE5534AN has a recommended
equivalent input noise voltage around
4nV/\/Hz, only 3dB above the noise
generated by the cartridge itself! In
order not to degrade this figure we must
keep all resistances in series with the
cartridge as low as possible. Any
additional resistance will generate a
thermal noise voltage of its own, which
must be added vectorally to that gen-
erated by the cartridge. From the basic
equation of thermal noise generated by
two individual resistors R, and R, for
example, we obtain:

€n; = VI4KTR,Af) and
€, = V(4kTRyAD

Here we assume that both resistances
are at the same temperature. Since
these noise voltages are not correlated
(i.e: they consist of ‘randomly’ changing
voltage) we add them using the vector
sum:

2.8x10-9



SPECIALS! SPECIALS! SPECIALS! SPECIALS!

JAYCAR'’S PURCHASE OF THE ENTIRE STOCK OF MICRONICS (RANDWICK) HAS ENABLED US TO PASS ON GREAT SAVINGS!

FERGUSON PLUG
ADAPTOR SPECIAL

Fuu{ Australian lgsroved PluE Pack. Type

PA 1024, Can supply 30V RMS AC @ 250mA!
These units normally sell for $8.50 but {f you
are quick you can grab one now for only

ONLY $3.00!!
SAVE OVER 60%

SORRY - due to weight onal sh nl;
0 500 weight personal shoppers only

FM CRYSTAL
CONTROLLED
TRANSMITTER KIT

Ideal for a high-quality wireless microphone
system. We__havg' taken the iq:n of the simple 1-

t toy P a step
further. The problems with the simple unit is
that they “dnft” to an appreciable amount
Evmg the AFC in the front end of the average
lM a(’;‘mner too hard a job to keep track of the
slgnal.

By keeping the design simple and using quartz
crystal control, we have produced what is still a
simpie transmitter but has the ability to send a
quality drift free signal. This means that you
can use this unit with a quality microphone and
modest Hi Fi tuner to produce a good quality
stage wireless microphone system!'{

Housed in 8 small all-plastic box measuring 85 x
56 x 29mm it is a compact unit, A common
type connector ¢an be fitted to one end of the
box for example enabling it to plug onto the
end of 3 su&: mic. Naturally the transmitter
has many other applications as well. You ¢an
11y one of these great little transmitters out for
only $29.95 including the box.

HARD TO GET
CRYSTALS

NOW IN STOCK

4.3361MHz

1
1
g b3
4.000MHz g
8.867238MH:z S

Demand for this kit has been high indicating a

strong need for a high-power ionizer, e
Jaycar ionizer runs directly from the 240V
mains and is capabie of producing a Mf"
intensity electric ficld. Output voltage of the
unit is around 7.5KV

This remarkably low cost ionizer has been
produced for the enthusiast who wishes to
experiment with the cffects of ionuzed
atmosperes. We must emphasise that whilst this
ionizer can be made to produce small quantities
of ozone It will not do so unless you
specifically configure it to do this,

The Jaycar lonizer runs directly from the mains
and therefore it is a kit for expericnced mature
constructors only. It does have a number of
built-in safety features however, along with a
multi-page instruction brochure.

Grab a Jaycar Ih-poxﬁal%izcr NOW for only

PCB SELLOUT

Listed below are many PCB’s which are not
commonly available. Check them out.
PROJEC{ NORMALLY THIS MONTH
ET1309 Car battery charger %o
ETI443 C ressor/Expander [
ETI414C :mv 31'1509\4 driver 414 iy
T su Meter driver mixer
ST~ iy $2.55

ETI4 14D Preamp board for stage mixer

’ $2.50
ETI419 100W Preamp PCB
.50 $4.00
ETI458 Peak Level Meter it
ET1480/50 Famous 480 50 watt amp 52'50
ET1480/100 As above but 100 watts 53'25
ETI480 2channel preamp for above 33.25
ET1482 480 stereo amp PCB 52'20
ETIS81 +/-15V 150mA PCB 53'25
Jaycar 2010 +/-15V (any current) PCB )
¢ FsLGy ; $1.00
ETI603 Sequencer PCB
- $4.00
ETI604 (we think it was the metronome)
4, $4.00
ETI1729 UHF masthead amp diks
ETI 735 UHF convertor 3
50 $1.50
ETI330 Car alarm
$2.50 $1.50
“"ELECTRONICS AUSTRALIA™
PROJECTS
75CD? Cap Discharfe Ignition
S8 $2.50
816A-3 Graphic Analyser
.50 $5.00
81CCS5 “PC Birdies™
5 $1.00
81A06 Low distortion audio oscillator 50
81SPS Sound level meter |
4 $2.00
81RC4A IR 2-channel switch PCB’s
81RC4B
81RC4C
ALL $2.50 NOW §1.50ea

TRANSISTOR
SPECIALS!

TRANSISTOR SPECIALS
More stock from our purchase of Micronic's
:)lgch, You reap the benefit!!!

beRoc THIS MONTH
b4,  ALL 10 CENTS
M8 EACH

Ni%s  (minimum 20)
2N439

Remember, stock can only be sold once. So
buy now!?

Call in to our showroom. We have literally

dozens of. specials from our Micronics buy

glyoiu cannot afford to wait until next month
at is!

CMOS SPECIALS!!

We have bought the entire stock of the mail
order company *Micronics’ of Randwick NSW,
They wanted to get out of the business so their
foss is your gain'

Most of the CMOS below are the ‘AE’ type
NOT *B*) - but they are prime spec. brand new
o¢

NORMALLY THIS MONTH
0.40 0.25

0.48 0.25
.10 i

&
(=1
[=3
I3
>
=

o

!

00,

0k i i

o
O
L]
-3
>
[
OO == ——ON—O—O!
ORI
LOO OISO WIO L
mO000000—~000000
OB WA AAND i AN
OO0O0OROOOOROOOS

4055AE
Remember! This CMOS will work in most *B*

suffix applications. We also carry the best range
of *B* suffix CMOS in town, v i

AUDIO AMPLIFIER
IC’s SLASHED!!

TYPE POWER NORMALLY THIS MONTH
TAA611B 2w $2.50 0.50¢
TBA810 6.5W 0.95¢

0.50¢c

50
TBA651 AM Tuner I~ $6.50
FREE DATA SHEET WITH EACH UNIT!

[
n
w

SN 76477 NOISE GENERATOR SPECIAL
Normally $6.75 each NOW $4.75 each

RACK
CABINET

ONLY
$45

19" black anodised rack boxes back! We have
had trouble keeping up with the demand for
these 5% x 19" rack cabinets. They feature a
magnificent 3mm black anodised and linished
front panel.

BEWARE OF RACK BOXES THAT DO NOT
CONFORM TO STANDARD RACK
DIMENSIONS!!!

OURS AREONLY 845,00 EACH.

NEW 8 CHANNEL
MIXER KIT

We are completing work of our new 8-channel
stereo mixer, A few specs:

— 19" rack or console mount

Balanced inputs and 2 outputs
Equalisation on each input

Uses latest NESS34 Op amps

Very low noise

Effects (eg “Echo" etc)

Foldback send

Switchable line and mic level inputs with
scparate attenuation control.

2 CHANNEL
EQUALISER KIT
MODEL 2010

This truly magnificent equaliser kit the Jaycar
20101is clectrically {dentical to the ETI 485 &
comes in a 19* rack cabinet with attractive
front panel with push-button changeover
switches.
NORMALLY $162 NOW ONLY 5119

SAVE 34311111t

SAVE 843.00

Do not bu{ a mixer unit until you see this
Send SAE for more information’

ETI 489 ANALYSER
KIT BACK!!!

This is the *‘real-time** analyser with built-in 10
band LED bar graph display of the audio
spectrum, Completely portable and self
contained instrument. Ideal for live P.A. work
or home studios,
Now fitted with uniform brightness

BACK

rectangular LEDs for a more pleasing dispay.
BV POPULAR DEMAND. 8 415747
ONLY 8155

ONLY $155.00

SPECIAL
EA GRAPHIC
ANALYSER i

Now is your chance to grab this fantastic kit at
a bargain basemcntfncz. We are stocked to the
lr‘::fttrs and we need the space for more great
ts.
Complete kit including quality front pane:
ﬂbn%ass PCB etc. g Py
NORMALLY $89.00
THIS MONTH $69.00
SAVE $20.0011!
Colour option only $25.00. Horwood box to
suit onl{ $16.50.
WE NEED THE SPACE - SO YOU REAP THE
BENEFIT

&

¢
A

—

MUSICOLOR IV

2 Kkits in one! The lghtchaser kit and the
Musicolor kit in the one box and it’s the
original article box. 4 channels. Can be used
with the Jaycar Light Bank shown below.

ONLY $94.50
LIGHT BANK

4 x ESlamp fittings on a special pre-punched
mounting grack:t, Make your project save
where 240V AC is concerned and use this light
bank. Does not inciude globes.

ONLY §29.50

£ [/
b, U
-

BN

Nl e
ne

-

"ELECTROi NICS TODAY"™ eu

ET1-Car Burglar Alarm (July '81) $24 .50
ETI446-Audio Limiter $9.00
ET1480-50 watt Amp Kit (module) $23.00
ETI480-100 watt Amp Kit (mod.) $27.00
ETI466-300 watt Amp Kit (mod., $70.00
30025P-2 channel Speaker Protector  $13.00
3002PM-2 channel Power Meter

5-300 watts can be used as “VU™ $18.00

ETI473-Moving Coil Preamp absolutely comp
including power supply
ETI1729-VHF Masthead Amp Comp.

N

Eas

EA - “Le Gong™(3/81) Case extra $14.9
EA - “PC Birdies™ (5/81) Comp. $149
EA - 2 channel Infrs-Red Remote Control
(5/81) complete

“ELECTRONICS AUSTRALIA™

.0
EA - “Sound Level Meter” (5/81) comp.
$39.50

absolutely complete

aycar

Ph. 2646688 Telex 72293

NOTE! NEW

SHOP HOURS
Mon-Sat 9am-5.30pm
Sun- 10am to 2pm
Open Thursday night
until 8pm.

380 Sussex St Sydney 2000

Mail Orders To: Box K-39 Haymarket 2000

)

®
——

5

$95.00
$35.00

5
3

s

P&P $5-$5.99:$1.00;$10-$24.99: $2.00; $25 - $49.99: $3.00;

$50-

$99.99: $4.00



Series 5000

Le: €np2 = €2 + en,2

where ep.2 is the square of the total
equivalenTt noise voltage.

Therefore m = 4kTAf(R; + Ry)
or &, = VKTARR, + Ry)).

If R, now represents the cartridge
resistance and R, the value of an added
resistance equal to the value of R;, we
get:

&y = VAKTAR2R,))
V2V(4kTAR,)

= 146,

equivalent to a 3dB decrease in the
signal-to-noise ratio.

Figure 4 shows the standard tech-
nique for connecting an op-amp to a
signal generator such as a moving
magnet cartridge. Most op-amps, and
certainly the 5534, have input stages
that consist of a differential pair, pro-
viding both inverting and non-invert-
ing inputs.

or e"T

47k. Since the reactance of the capacitor
is given by the equation:

L)t
Xe= 5
we have:
el
C= omx.
In this case C - .

2mx5 x47x103
= 6.77 x 10-7 Farads.

So to obtain an adequately flat fre-
quency response a suitable value for C1
would be 680 nF (0.68uF), which is
convenient since a greencap could be
used.

When noise considerations are taken
into account, however, this value is
entirely unsuitable. The increasing im-
pedance of C1 at low frequencies, while
not sufficient to cause gross frequency
response errors, will seriously degrade
the noise performance of the stage. At
sufficiently low frequencies the imped-
ance seen by the non-inverting input
will be simply the value of R1. Using the

et [ 1

1 [

]

[ i

: i p——O OUTPUT
| ] DIFFERENTIAL
] ] PAIR INPUT

] | STAGE

| |

| i

| |

t i

! |

Lwm caRTRIDGES

R3

The effective signal voltage generator
of the cartridge is represented by e, and
the cartridge resistance by R,. Resistor
R1 in this case would be 47k, so that
the cartridge would have the correct
load resistance. (The input impedance
of the op-amp is very high and can be
ignored for this discussion.) Capacitor
C1 prevents any dc current flowing
through the cartridge from the non-
inverting input. Since the combination
of R1 and C1 forms a 6 dB/octave high-
pass filter, the value of Cl1 would
ordinarily be chosen so that the re-
sulting —3 dB point was well below the
audio spectrum, around 5 Hz for ex-
ample. This will occur when the im-
pedance of C1 is equal to that of R1, i.e:
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Figure 4. Standard technique for connecting an op-amp to a signal source.

equation for thermal noise given ear-
lier, we can calculate the resulting
signal-to-noise ratio. Since

€, = V(4kTAR,),
& = V(4 x137x10-23x 290 x
20 x 103 x 47 x 103) = 3.87 uV,

only 62 dB below 5 mV.

Furthermore, since the input stage is
a noise generator, a low source im-
pedance is necessary to minimise the
resulting noise at the output of the op-
amp. To overcome this problem we
increase the value of C1 so that at worst
its impedance at, say, 3 Hz is com-
parable to that of the cartridge, i.e:

Ly s T 2 -6
C= 5537500~ 106x 10-6F.

So a value around 100 uF should suffice.
Notice that this capacitor would have to
be an electrolytic or tantalum. Tan-
talum capacitors are not recommended,
however, since their capacitance can be
modulated by the input signal, pro-
ducing considerable distortion at low
frequencies.

The value of resistor R2 must also be.
low, so that the source impedance to the
inverting input of the op—amp can be
kept as low as possible. The limitation
here is due to the minimum load im-
pedance allowable on the output of the
op-amp. Since the gain of the stage is

given by the equation:
R2 + R3,
Av= TR

the ratio of R2 and R3 is determined by
the desired voltage gain. At the same
time, however, the total resistance
R2 + R3 represents the load on the
output stage of the op-amp. Since this
must not be less than a certain specified
resistance, determined by the individ-
ual op-amp used, a minimum value for
R2 is predicated. In the Series 5000 MM
input stage, for example, the required
voltage gain in the first stage is around
8.3, so:

R2+R3
“rz 08

The NE5534AN has a measured
minimum load impedance of 600 ohms,
and for minimum distortion it is
desirable to increase this slightly, for
example to around 1k2. Therefore:

. 8.30orR2 = 144R

R2

A suitable value for R2 would be
120 ohms, making R3 1k to give the
required voltage gain. Fortunately this
value for R2 is low enough not to have
significant effect on the noise perform-
ance.

Similar measures must be adopted
around the second stage. At low fre-
quencies the non-inverting input of IC2
(see Figure 1) has an input source
resistance determined by R7 and RS, i.e:
around 8k. The noise performance of the
second stage would be improved if this
value could be decreased. Unfortun-
ately this would entail increasing the
value of C4, which is not practical since
this capacitor must be a greencap if the
preamp is to conform accurately to the
RIAA curve. This is not really a
problem, however, since the voltage
gain in the first stage increases the
signal voltage at the input of IC2 to
around 40 mV for a 5 mV input signal,
ensuring a sufficiently good signal-to-
noise ratio in the second stage. »
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Call in to our showroom to see the great new EA
73 note touch sensitive piano kit!!

JAYCAR TOUCH SENSITIVE
ELECTRONIC PIANOKIT

This unique 88 note piano is fully touch sensitive and offers 4
selectable piano tonal qualities plus tremolo, **honky tonk’ and
“phasing” effects. Complete with high quality sustain and soft

pedal mechanism, it is undoubtedly the best value electronic
plano available.

Freight $15 gSNBIS-)YOO

- Fuli 88 Note Keyboard! COMPLETE

== Touch sensitive. The harder you play it, the louder it gets.

— Realistic sustain and soft pedals.

—_ Mellow, normal and bright piano as well as harpsichord
sound.

- All timberwork done for you.

— Compact and lightweight.

- Power Amp can be built in.

The piano kit comes complete with a magnificent 32-page
assembly manual which includes comprehensive circuit
descriptions, component overlays and parts check lists!
This unit is remarkable for its tonal similarity to an
acoustic piano. If you don’t believe us send $5 for a copy
of the demo tape!!

And no, you don’t have to be a carpenter. All timberwork
is cut and jig assembled. You do need to do some
soldering though!

SEND S.A.E. FOR MORE INFORMATION

STRING SYNTHESISER

This unit will synthesise a string section of an orchestra (i.e.
Chorus); Single stringed instruments; brass, e.g. Trumpet;
Organ; Piano Accordion, ‘Wurlitzer”, etc.

Freight $10 $445

Kit inclides 49 note keyboard, all timber cabinetry, all
components, etc., a 35-page instruction and assembly manual
is included.

THE ETI 5000 AMPLIFIER STORY
A CASE OF BOMB — PROOF POWER!!!

The ETI 5000 1s the outstanding kit project of the decade. Using Power MOS-FETs, the output stage
produces 100 + 100 watts (RMS) at less than 0,0005% distortion.

The Power MOS-FETs are practically “Bomb-Proof” as they don’t need nasty distortion-inducing
protection circuits, or as some people coyly call them “Thennal Overload Protection™

Our MOS-FETs don’t suffer from thermal runaway or secondary breakdown as ordinary transistors
do. It has been said that money can't buy a better 100W amplifier. It is virtually the maximum
performance that can be obtained with current technology i.c. “'State of the Art'’.

Incidentally, valve amp affectionado’s should try this amp - it has that sweet *Valve Sound”.

Call in and listen to the 5000 amp.

Oy
Q %9( y

You can have a Jaycar quality 5000 amp kit In your home for only $289 plus $15 freight anywhere
in Australia, (Includes standard ETI front panel heatsink),

And whilst we're on the subject - DON'T compare our amp with INFERIOR substitutes!
=

5@/@@@@%@@%

The Jaycar
Front Panel

After feedback from customers we decided to produce our own version of the castheatsink front
panel as originally supplied by ETL

The Jaycar SuperFinish cast panel has a much finer finish and has a considerable amount of
machining done to the fine grain casting before receiving its tough baked black enamel finlsh, It is
thoroughly inspected at all stages of manufacture and is supplied completely drilled and tapped. It
mates with the special heatsink brackets as supplied with our MOSFET Modules.

You can have a SuperFinish front panel for your amp for only $49.50 or just $10 on top of our
regular kit price of $289 - $299 total.

PARTS AVAILABLE SEPARATELY

PF4361/1 Power Transformers to suit

$34.50
MOSFET Module Inc. heatsink bracket and prewound coil $59.00
8000/75V Electrolytics (new compact type $9.75
“SuperFinish™ Cast Front Panel $49.50
NE 5534 NOp Amps $1.50each NE 5534 AN's $1.98
Peak Reading Power Meter Kits REDUCED WERE $37.50 NOW ONLY $29.50

THE 5000 PREAMP

A case of “it was worth waiting for™, We are pleased 10 say that we have this kit now in stock. The
complete kit including 1% x 19" rack cabinet, linished, anodised and silkscreened front and rear
panels with specially imported knobs costs an amazingly low 5245.00.

1t, like the power amp {s gbout as good as you can make a preamp at the moment

ask Dave
Tilibrook!

FEATURES Moving Magnet Inputs x 2

Moving Coil Input

Aux Inputs x 2

“Low™ and “'High" Inputs

Tape Inputs x 2

4001z Calibration Oscillator

input Level Control

Dubbing Facilities to Tape | & Tape 2
PPeak [Average Level Meters

$HOF HOURS
Mon-Sst 9am-5.30pm ‘
A
en Thursda
Open Thursdey mihy =

til 8pm.
Mall Orders To: Box K-39 Haymarket 2000

380 Sussex St Sydney 2000

Ph. 2646688 Telex 72293

»

DON’T FORGET OUR FREE RESISTOROFFER —SEEETI/EAJULY



Series 5000

The moving coil input stage

The subject of noise performance is
particularly important for a moving coil
input stage. The moving coil cartridge
works on exactly the same principle as
the moving magnet. The signal voltages
produced are the result of relative
motion between a coil of wire and a
‘magnetic flux. In this case, however, the
magnet assembly is mounted rigidly to
the cartridge body and the coils are
mounted on the cantilever assembly;
hence the name ‘moving coil’.

In order for the total mass and
therefore the inertia of the stylus/
cantilever system to be kept to a
minimum, the coils are made with very
fine wire and a small number of turns.
Typical output voltages for moving coil
cartridges vary widely from one
manufacturer to another, but a figure of
40 uV/cm/sec is probably a reasonable
compromise. A gain of 25 is therefore
required to boost this voltage to that of a
typical moving magnet cartridge. Once
again we can calculate the best possible
signal-to-noise ratio for a moving coil
cartridge based on its thermal noise.
The coil resistance of a moving coil
cartridge with an output of 40 uV/cm/
sec would be approximately 20 ohms
(although this figure can vary widely,
typcially 5-50 ohms).

From the equation for thermal noise
we obtain:

\/'f;‘; = V(4kTR)’

V(4 x1.37 x 10—23 x 290 x 20)

z
= 0.56 nV/VHz.

The total noise over a 20 kHz noise
bandwidth is therefore:

0.56 nV x /(20 x 103)
i.e: 0.56 nV x 140 = 78 nV.

. €
et . =

Since the cartridge output voltage will
be around 40 uV/cm/sec x 5 cm/sec, i.e:
200 1V for a recording velocity of 5 cm/
sec, the resulting signal-to-noise ratio
will be:

200 x 10-6

78 x 10-9
or around 68 dB unweighted.

This figure is only approximate, of
course, but it is roughly correct and
represents the best possible signal-to-
noise ratio with a moving coil cartridge.
The object is to design a preamplifier
that will approach this noise figure and
maintain a flat frequency response, low
distortion and a constant resistive input
impedance. At these noise levels we
cannot use an NE5534AN in a circuit
like the MM input stage. The total

20 log
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The completed moving coil input stage (ETI-478MC). Note that this project could be used ‘stand-alone’ as

an MC head amp.

equivalent input noise in that case was
around 4 nV/\VHz, ie: 560 nV. The
resulting signal-to-noise ratio would be
only 51 dB with respect to an input
signal of 200 uV.

In order to achieve a satisfactory
noise performance it is necessary to look
at the various sources of noise in bipolar
transistors and decrease the total
equivalent input noise through opti-
mum biasing of the input stage and
choice of the first transistor.

One source of noise in the transistor is
of course thermal noise. We saw before
that to minimise thermal noise it was
necessary to ensure a low source re-
sistance over as broad a frequency
range as possible. In order to do this for
the MC stage the total resistance in
series with the source must be kept to a
similar value to the source resistance,
i.e: around 10 or 20 ohms, depending on
the cartridge.

The problem is that the resistance of
the base-emitter junction of most bi-
polar transistors, called the base
spreading resistance, is usually much
higher than this. One solution is to use a
large number of low-noise transistors in
parallel to form the input transistor,
thus decreasing the base spreading re-
sistance. This was the technique used in
the Series 4000 moving coil preamp,
published in ETI October 1979. Another
solution is to use a power transistor,
such as a 2N3055, as the input tran-
sistor, and the results using this method
can be quite good! The third alternative,
and the one we elected to use in this

design, is to make use of an exceptional
matched pair produced by National
Semiconductor. This device, the LM394,
has a low base resistance, very low noise
and a high hgg of around 500. (A data
sheet for the LM394 will be included in
next month'’s article).

Another source of noise in bipolar
transistors is shot noise or base current
noise. This is a white noise generator
(i.e: the average amplitude of the noise
current is constant with frequency), but
the noise is increased if emitter current
is increased. The base resistance, how-
ever, is also a function of the current
flowing in the emitter, and is given

roughly by the equation:
i L0
Igma)-

The resistance of the base decreases
with increasing emitter current, so
noise voltage produced by thermal noise
across the base resistance is decreased
by increasing the emitter current. In a
bipolar transistor, therefore, we have
two distinct sources of noise, one in-
creasing with emitter current while the
other decreases. For this reason an
optimum emitter current exists which
represents the best compromise
between these two noise sources.
With an LM394 operated from source
resistances typical of moving coil
cartridges, the optimum emitter cur-
rent is around 8 mA, much higher than
would normally be used in an input
stage. The result, however, is a very low



L1 WINDING DETAILS
BALUN CORE: NEOSID TYPE

1050/2/F14 or 42-002-31
6 mm long by 13 mm wide

/\
7
TWO TURNS AROUND

CENTRAL ‘LEG’

INPUT O=

(]
MOUNTED BETWEEN
EARTH ON INPUT
SOCKET AND CHASSIS

stereo control preampp

Figure 5. Circuit of one channel of the moving coil input stage. Components

O OUTPUT

-1ov

for the other channel are designated R101, C101, IC101, etc. Note that data
for the LM394 and NE5534 devices are included at the end of this article.

value of input noise for source resist-
ances around 10 ochms.

The complete circuit diagram for the
moving coil input stage is shown in
Figure 5. The collectors of the LM394
are connected to the input of an
NE5534, which functions as a high-gain
differential  amplifier, providing
adequate open loop gain to ensure low
distortion and a flat frequency response
when negative feedback is applied. The
input choke is used to minimise the
stage’s susceptibility to RF noise.

The input impedance of the stage is
determined by the parallel combination
of R1 and R2, around 65 ohms for the
values shown. This should be suitable
for most moving coil cartridges, but is
easily changed if required. The dc
operating point of the LM394 is
determined by the constant current
source formed by Q1, Q2, R3 and R6. So
the current in resistor R2 is determined
by this constant current source and the
dc current gain of the LM394. Hence the
value of R2 can be increased, in order to
increase the input impedance, over a
fairly wide range of values without
affecting the operation of the circuit.

Once again the input coupling
capacitor C4 is used to prevent dc
current from flowing through the car-
tridge. Capacitor C4 is shunted by C3, a
10n capacitor, so that the base of the
first transistor in the LM394 is de-
coupled for RF, through C2. Capacitor
C2 represents a shunt capacitance to
ensure correct loading of the moving
coil cartridge. The value shown should

be suitable for most cartridges, but can
be changed for optimisation with any
particular cartridge.

To prevent loading the 5534A, the
feedback resistor R8 is kept above 600R,
i.e: 680R. Resistor R7 effectively in-
creases with the cartridge and must be
kept as low as possible for best noise
performance. The value of 6R8 chosen

The input from a moving coil cartridge is fed
via LT and capacitors C3 and C4 to the base of
one of the transistors In the LM394, which
functions as a differential input stage.

Q1 and Q2 form a constant current source,
which stabilises the dc operating point and
ensures a high impedance source to the
emitters of the ditferential pair. The constant
current source works by ensuring that a
constant voltage is maintained across a fixed
value of resistance. Resistor R3 is used for
this purpose, with the base emitter voitage of
Q2 expressed across it. If the current through
R3 were to try to increase even slightly, the
voltage on the base ot Q2 would be increased,
turning Q2 on harder. This causes the voitage
on the collector of Q2 to decrease, decreasing
the current through R3. So Q2 provides
negative feedback acting to correct any
deviations in the current flowing through the
ditferential pair.

The collectors of the LM394 are shunted by
the 1n capacitor C5. This decreases the gain of
the first stage at high frequencies and heips to
ensure stability (Le: freedom from high
frequency oscillations).

The input stage is operated in tull ditferential
mode by connecting both collectors to inputs
of the NE5534AN. If this is not done the voitage
gain of the input stage is decreased and the
signal-to-noise ratio is degraded. Because
differential pairs have two base-emitter junc-

HOW IT WORKS  ETI-478MC

inherent linearlty of a ditferential pair offers a

gives the stage a gain of around 100,
which is too high. This is corrected,
however, by a simple passive voltage
divider at the output, formed by R9 and
R10. Capacitor C9doubles as a feedback
isolation capacitor to ensure that re-
active components in the load cannot
cause a phase shift sufficient to cause
oscillation. »

tions in the input circuit, their total equivalent
Input noise is inferior to that of a singie
transistor. However, since it is possible using
a differential pair to obtain noise figures of the
same order of magnitude as the thermal noise
of the cartridge, the marginal decrease in the
theoretically best signal-to-noise ratio is of
little consequence. On the other hand the

significant advantage over a single transistor,
improving both distortion and high frequency
stability.

Capacitor C7 ensures stability of the op-amp
by providing adequate compensation for the
increased gain around the stage due to the
ditferential pair. C9 provides dc isolation of the
stage. The resistors R9 and R10 form a
potential divider to decrease the signal level to
that suitable for the MM input. If the particular
moving coil cartridge used requires a different
amount of volitage gain than is provided, the
value of R9 can be changed accordingly.
Replacing R9 with a short circuit (i.e: a piece of
tinned copper wire in place of the resistor on
the circuit board) Increases the voitage gain of
the stage to slightly over 100.

The two RC networks R11, C10and R12, C11
provide Isolation of the supply voltage from
other stages using the same power supply.
This decreases interactions between stages,
thereby improving crosstalk and the overall
stability of the preampilifier.
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TOP VIEW % ﬁ
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The noise performance of the stage is : 31.05}.[2"%86_}-
extremely good. The total equivalent -
input noise was measured at 83 nV 2 | L|NK 1"
over a 20 kHz noise bandwidth. This is cr c107
equivalent to 0.6 nV/\/Hz or a signal-to- 700p 100p{}
noise ratio of 68 dB with respect to an ; 220p c110
. . . R12 A112
input signal voltage of 200 uV. This 100R Q 47u,| l100R
might sound like only an average noise i +r 25vL

this order of magnitude! :

figure compared to that attainable with R11 é‘

the moving magnet preamp, but it —2 / Hmoj_
should be remembered that the noise n 2 %_ku‘.
generated by the cartridge itself is of ol N OB :

)
9 . C109 v’

Ou, 18V 10u, 16V 111
R110

Another point worth mentioning here

is that all the noise figures quoted so far
in this article are flat or unweighted
measurements. This means that the
measurement was carried out with a
noise and distortion analyser with a flat

\—-VEOV +VE,

SUPPLY

e ——
-up
Overlay the moving coil input stage
(see page 36 for construction hints).

ﬁ}//
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frequency response over the quoted [ ETI-478MC PARTS LIST FOR STEREOQ PC BOARD =y
noise bandwidth, usually 20 kHz. This Resistors ......... all %W metal film, 5% c7,c107 100p ceramic

is convenient and meaningful for the unless noted otherwise C8,C108 .......... 220p ceramic
analysis of electrical circuits so long as gg‘g:g;h“" """ = g?'(%??o' = 10716 Wselsclrajytic

the frequency distribution of the noise is A111,R12,R112 ... 100R c11.c111 .. 47u25 V electrolytic
also known. Probably the most useful R3,R103 ..........39R Semiconductors

way to quote noise figures at audio 22 g:gg ,R5,R105 .gggn Q1,Q101,Q2,Q102 . BC549

fr.'equ.encies, however, is to graph noise R7,R107 ........ ..6R8 Integrated circuits

circuits of nV/\/Hz against frequency. R8R108 ......... 680R IC1,IC101 ....... LM394CH

The problem with flat noise measure- ROIRNOD . o5 s sma 3k3 IC2,1C102 ....... NE5534AN

ments is that the human hearing R1GA110........ e Miscellaneous _
mechanism does not detect all fre- | capacitors b gvmye ng":'ggs?gx&“e e
quencies with equal sensitivity. For C1,C101,C3,C103 . 10n greencap 1050/2/F14 or
example, a noise generator with a high C2,C102,C5,C105 . 1n greencap 42-002-31

average noise voltage in the 1 kHz to C4,C104 .......... 470u 16 V electrolytic ETI-478MC pc board; shielded cable; assorted
5 kHz region will bs perceive 5 R C6,C106 .......... 680p ceramic mounting hardware, etc.

‘noisier’ than one with an identical un-

welghted noise measurement but wlth FREQUENCY RESPONSEOF'A' WEIGHTING NETWORK

higher average noise voltage in the l ’

100 Hz to 1 kHz band. To overcome this - 4

problem the frequency response of the _

measured equipment can be modifiedto £ ! t ] = —1~ —
accent or ‘weight’ the appropriate & | |

frequency bands. The most common 3 + T [ T
weighting curve used in audio measure- 3 1 ' [ |

ment is shown in Figure 6. The use of & ° 4111 - | ! o
A-weighting gives a better indicationof & [ | | [ 1]

the apparent loudness of a noise voltage 3 11] 1 ' | I I

than do unweighted (‘flat’) measure- 2 _, | | AR
ments, and this is the reason almost all 2 A l BRI |
manufacturers quote A-weighted noise 3 _3 #% -+ i
figures. A-weighted noise measure- © | | |
ments for the Series 5000 MM and MC ~40 + —F L

stages are quoted with specifications y, l [ ]| | !
elsewhere in this article. -50 . .

20 50
» Figure 6. A-weighting curve.
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Construction

Construction of both boards is relatively
straightforward, since almost all the
components are mounted on the pc
boards. Resistor R1 and capacitor C1 on
the moving magnet board are intended
to be mounted directly across the back of
the input socket. Order of construction
is not critical, although it is probably
easier to mount small components first,
followed by the larger components such
as the electrolytic capacitors and IC1.
Be careful to watch the orientation of
the electrolytic capacitors, ICs and
transistors; these components will be
damaged if the unit is powered up with
them inserted incorrectly. Shielded
cable should be used on all inputs and
outputs. We have used mono shielded
cable rather than the stereo type for
ease of soldering.

Each of the pc boards is a stereo input
amplifier, with each channel sharing a
common input earth track running
down the centre of the board. The power
supply wiring from each channel on the
MC board can be connected in parallel,
so only three wires (+, 0, —) need to be
brought out for power to the MC amp.
The MM board is similar, but the power

supply wiring for the two boards should
be kept separate, since they run from
slightly different supply voltages. If you
are using these boards in a different
application to that of the Series 5000
preamp and wish to run both boards
from the same supply voltage (i.e: 15 V-
0-15 V), the value of resistors R11 and
R12 on the MC board should be in-
creased to around 270R, to decrease the
power dissipation on the LM394.

The input earth is not connected to the
0V line from the power supply at any
place on the pc boards. This means that
without a separate 0V connection
added to the input stage they will not
work. This has been done deliberately to
ensure that hum present on the earth
line, due to supply bypass capacitors for
example, cannot modulate the signal
earth, producing hum in the output. The
0V line on the pc boards is in fact a
separate supply bypass earth line and is
not equivalent to the signal earth. Full
details of the signal earth connections
will be given in Part 3 of this series of
articles. For the purpose of testing the
stage, however, a separate wire should
be run from the centre point (0 V point)
of the power supply used to the signal
earth at the input sockets.

Metalwork details for the low-level stages’ shielding box. It may be constructed from tinplate or 1 mm
galvanised mild steel plate. It must be steel to provide shielding from magnetically induced hum fields, such

as from power transformers, turntable motors, etc.
10+

=
®=1.smé__ i T
&

ALL MEASUREMENTS IN MILLIMETRES
MATERIAL IS 1 mm MILD STEEL

Stereo control preamp

Both boards should be mounted in a
steel box which can be mounted as a unit
inside the main preamp chassis. This
greatly improves the rejection to 50 Hz
magnetic fields generated by nearby
power transformers or 240 V cables.
Details of the metalwork for this box are
included with this article. Note that one
end is left open to facilitate easy entry
and exit of the shielded cable and power
supply wiring. The MC stage should be
mounted at the closed end of the box
with its input end closest to the steel end
panel. The input to the MC amp should
be made through a small hole in thisend
of the box (see photo, p.24). The MM
board is mounted closer to the open end,
again with its input end pointing to-
wards the solid end panel of the box (i.e:
adjacent to the MC output).

Powering up

No setting-up procedure is required for
either stage, but make a final check of
all components before applying power to
the unit. After a few minutes’ operation
the LM394s should be reasonably
warm. These devices dissipate around
160 mW, so some heating should be
expected. Similarly the NE5534s run
slightly above ambient temperature. ®

(Next month we continue with the high level stages,
completing the construction and data for the LM394
and NE5534s.)
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Electronics Australia/

DICK SMITH

If, like me, you are fed up
with purchasing built-up
products, here's your
chance! Justimagine being
able to tell your friends
that you ACTUALLY
BUILT your own full size
computer — they probably
won't believe you!

Very advanced design - but
works with any TV set!

The ‘Super 80’ offers a specificatjon that we
believe just cannot be bettered at the price. It
uses the popular Z80 Microprocessor IC, a
professional keyboard and has a direct RF
output so that you can use the computer with
any TV set (you don’t need to purchase a
special video monitor).

Easy to build.

Even though we would not recommend this kit
to the raw beginner, this kit is extremely
straightforward and easy to build. Any person
who can use a small soldering iron and can
solder neatly should have no difficulty in
construction. This is because of the unique
double side board design which means there is
virtually no other wiring. The board is covered
with professional ‘solder mask’; this makes
soldering much easier without the problems of
bridges, etc. Once the components are
soldered onto the board in their marked
positions over 98% of the construction is
completed. Even if you cannot get the
completed kit to work, we have a special
“Sorry Dick it doesn’t work™ repair service to
assist you.

Lower price, higher
specification - how is it done?
Most computers sold in Australia are
manufactured in the U.S.A. where extremely
high labour rates prevail - and you pay dearly
for this on built up units. With this computer
kit, you provide the labour and therefore save
a fortune. And remember, this computer does

not have a small toy-like calculator keyboard
but a full size professional typewriter

SUPER 80
Computer Ki

- S289°%

4 P 4
/
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Cat. K-3600

Inbuilt power supply: just add a transformer

Enormous 16 K RAM on board lets you load
large programs (pcb allows for up to 48K)

Inbuilt cassette interface: 300 baud Kansas City

Standard allows you to load your BASIC interpreter
from any cassette player. You can also swap programs

Full size professional 60 key
keyboard allows ease of operation

THE ABOVE PHOTO SHOWS THE BASIC BOARD WITH THE FOLLOWING

Advanced programming
capability.

One of the most popular computers in the
world (the Tandy TRS80 Level 1) only has
4K of BASIC. The BASIC we have with this
unit is a large 9K. When you consider that
our popular Sorcerer computer (over 2,000
sold) only has an 8K BASIC and sells for
over 31,000, it is obvious that by building
yourself, you are saving real money.

Electronics Australia/
Dick Smith design.

This is not a half baked design with no back
up. The resources of Electronics Australia,

Imagine how much you
will learn!

Most computer enthusiasts can program a
computer but would have absolutely no idea of
how to build one. By building this kit you will
learn both the technical side of construction,
how it works and then how to program. What
a fantastic background for a future . . .

Sectional construction.

We have designed this kit not only for the
serious computer user but also for first time
users like the student or hobbyist. This is why
we have a short form kit which may be added

Australia’s most popular electronics magazine, to as you build (and as you have the money!).

and Dick Smith Electronics have combined to
design and bring you this kit in the interests of
computer enthusiasts actually building and not
just buying. The design is fully Australian.

For example, you may build the computer
originally and operate it with ‘BASIC on tape’
and then add ‘BASIC in ROM’, add the

S-100 and provide other parts at a later stage.



slay to operate cassette unit automatically ’Comprehensive manuals\

2K Monitor program supplied available:
The construction details will be given in

Character generator giving a full 64 characters Ele;‘_m"fif: Aé‘;“a“? lmagailzitx)le and f“l‘lj
. . copy® of the article will be supplied with
32 character x 14 line screen each kit We also have available two very

comprehensive manuals to assist in

ol J construction and programming:

Spare IC positions for prototyping  § o0 pined construction, assembly
and user customising and technical manual

Cat B-3600

IC sockets available as
an optional extra

RF modulator inbuilt: connects
to any TV set.

Optional S-100 provision: simply
add socket and IC’'s

Super 80 Basic does this:

: . . Over 50 separate versatile commands.
Professional double sided PC board with Features: arithmetic and integer functions

plated thru holes for ease of construction, | yser-defined functions, machine language

fully masked and with component overlay | routines, text editing, string operations.
Also contains 25 error codes to assist you
in programming.

Special design allows keyboard to be ‘Super 80 Basic’ reference manual
mounted remotely: simply cut board here ShOI't FOI’ITI Klt

12MHz quartz crystal Designed for computer appllcatlons
where ‘Basic’ programming is not $289.50
required. Kit supplied with Eprom 1
Monitor and 16K RAM. Cat. K-3600

Optional 9K SUPER BASIC in ROM simply
plugs in here Add these items to make a fully operating
; . L computer system to your own requirements:
. *Copy of articles will be included
amous Z-80 microprocessor as used in when available from EA. THineformar -l /sid: M-2325 $22.50
andy & System 80 computers BASIC program (interpreter) on cassette.
...................... K-3602 $24.50

OPTIONAL EXTRAS ADDED: S-100 EXPANSION, IC_SOCKETS, FULL 48K RAM gagggkggosgi{agﬁ,ﬁ%";;0Mi;ggggg; =

1 DAY SAT|SFACT|0N S-100 Expansion . . ......

GUARANTEE Yes, this makes the full 16K
Purchase this kit and inspect it tor up to 7 days. computel’ WIth gK haSIc on
If you do not wish to go ahead and construct Fhis ta pe’ tra “s'ormer a“d |C

D|Gks
e

but
sted and new:
are guaran(ead l':“ provided by You-

i this kit conte ay A 4 . -
Al parts Wi antue the labour rate, you™ kit. simply return to us in condition as supplied
\s to ope! K 3 ¥ k s |
we gannot guar v Super 80 1a sn't Wor and your money will be refunded in full. ockets on H
it aﬂevcompleﬂon vou “Sorry Dick. 1t Do# N b Y V
cake advantage © 80 for
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DIP SWITCHES SPST 18 Pin I ! 22,000ut
T N I S P/N No. Switches Price 20 Pin - ! 22,000ut
D3 3 g 22 Pin g Y 27.000ut
: 5 ; % gn 2 - ggggg:ﬂ 16
425 HIGH STREET, NORTHCOTE 3070. MELBOURNE. (03) 489-8131. $0 : §6 P?: 2 : oeo00u 16V
ELECTRONIC COMPONENT SUPPLIERS, DESIGNERS & MANUFACTURERS. . 4PN 2.90 . D i
. 03) 481-1436. d COMPUTER GRADE RIBBON CABLE
RITRONICS WHOLESALET(gi)Egs ZOAQ%SNQI;IL ORDERS (03) : %?):r'no. " RIBBOK '"e"fg
U ¥ -
For heavier items add additional postage. Extra heavy items sent Comet 4 6800ut 18V : 10 Way 80
freight on. Prices subject to change without notice. Send 60c and SAE for free s 19 1 :88333; ;gg . :g m; :gg
catalogues. Minimum pack and post $1.00. Bankcard Mail Orders welcome. 14 Pin y g 10/000ut 40V i 20 Way 160 y
18 Pin J i 15,000uf 40V 12, OD 40 Way 20 300

DISCOUNT COMPONENTS — SUPER SPECIALS [.s0  soleriser 210 nss7e 10| TRsec

1.
2732 $13.00 10 2708 at §50.00- TSR ' ENEEEES Lo RlEmn L
2114 $2.50 100 2114 at $230.00 .00 | 2NG57 80 [ 26027 60| TIP24B 1.
2716 $6.90 100 4116 at $195.00 R IR Sy TR ).

F
1
1,
2,

00 25.00
0 DMB578  3.50
0 Ay-5-2376 19.56
0 MM5104N 10.00
0 MM55106N10.00
0
0
0

A012N1613  1.10 | AC127 70| TIP110
2708 $6.90 100 BC548 at $9.00 . 2N1711 501 AC128 . ngo
9.00 5512N1833  1.00 | AC187 I 955
4116 $2.50 100 Red Leds at $ | Fol AR v g LG
3 .55 | PN2222 2 .50 | VNBBAF
tMOS 74C04 . LF356-AN  1.10 | UA4558TC 1.40 ’ .60 | PN2222 3 ; MICRO CHIPS
4000 - 74C08 ’ LF357 1.10 . 3 .45 | 2N2463 ] : ADCO 800 12.00
4001A i 74C10 p LM358 70 . 4 .50 | 2N2484 | ] DACO 080 2.00
40018 y 74C14 3 LM373 4.10 4 . .50 | 2N2646 J / 2012 200 NS2.00
4002 ) 74C20 4 LM374 5.40 . ! .00 | 2N2647 X 3 2102 350 NS2.00
. 74C30 ; LM376 .70 ; r .00 { 2N2894 | . 2102 450 NS1.40
7432 I LM377 2.90 ) . .50 | 2N2904 ’ : 2102 650 NS1.40
74C42 . LM379 5.70 ' : .70 | 2N2905 y i 211 8.60
74C48 v LM308 8PIN1.30 F g .90 | 2N2906 ! 1 2114 150
74073 [ LM380 ! ! .80 | 2N2913 = . NS 11.15
74074 . 14PIN  1.50 ! . .65 { PN2507 . 15 2114300 NS3.90 !
LM318A-N 2. !l .55 | 2N3053 4 4 2114 450 NS3.50 CTi 3.30
) 74500 ] 2N3054 : I’ 8 ! MC275 1.50
L . .60 2N3055 | i R MCC671
74504 ! ‘ .60 | 2N3301 J [ : 4N28 y
74510 ! . .65 | 2N3440 . y ! 4N33 1.20
74511 3 . .50 | 2N3502 ] 3 ¥ 4N26 1.00
74532 3 : .50 | 2N3503 3 4 4 VOLTAGE
75551 3 ’ .75 | 2N3563 y ’ nzcuumns
74574 ! ¥ .50 | 2N3564 X y
74586 §
745112
745135
745138
745157
745158 d ¢ 3 \ " .
745182 3.30 o : ! ] ] 78HO5KC
7400 SERIES : / Y | 4 LM341p-8
2.50 | 7400 40 ; . . ] Y 78L12CP
1.50 | 7401 4 . : : d ! 79L12
ES 6.50 | 7402 3 . 4 [ 4 X LM341P12
LM709 14PIN.70 | 7403 s . B : 7812
UA7 1 7404
7405
7406
7407
. : 7408
74C915 : 723 . 7409
740922 J 1 7410
740923 f 7411
74C925 Y : 7412
74C926 . g 7413
74C927 y 7414
74C932 . : 7416
80C SERIES : 7417
MM80C95

ﬁ‘OCQG

M80297

80C98

LINEAR

LH0002 9.50
LH0022CD 16.60
LH0042CH 8.60
LH0070 12,70 a E . o . 7 0.70
LHO071 3 d 5 . J 5 K 280 510/0 56.90

280 510/1 56.90
%BO §1072 56.90

SAK140 : . . B F I 4 S10/0  63.00
UAA170 8 1 o . E g o 280A

UAA180 J ) 4 B i o L 63.00
TCA220 i 280A

LM301

v/18/8113
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2.00
74LS SERIES
74LS00 40
741501
74502
741803
745290
7405293
7405295
7415298
7418352
7415353
7415365
7405366
7418367
7415368
7415373
7418374
2 : : g ) .40 7418386
40098 . X 2 ‘ .40 J74LS670  2.70
40175 . J y ] 40 |81LS95  2.10
74C SERIES 1.10 A 5 40 J95H90-  11.50
74C100 1.80 y : 50 11C%0  19.50
74C02 : LF351-N .70 1749 60 §'74L538 )
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Project 607

q‘
e Ct S Phil Wait
down in pitch at quite a rapid rate —
somewhat faster than we did in the
Alarm unit. The pushbutton is held
down to start the effect, which takes
several seconds to complete. The
explosion is heard following a period of
the phasor sound. As with the other
units, if you wish to vary any of the
parameters of the effect, it is best to
vary the resistor values.

Take care with the orientation of the
electrolytic and tantalum capacitors
during construction. Note that, as with
the ETI-607A Bomb Drop & Explosion
unit, there are two links on the board;
make sure you don’t miss the small link
at the ‘notch’ end of the IC.

Simple sound eff

THIS MONTH we complete the series of
Sound Effects projects with the descrip-
tion of how to construct the Phasor &
Explosion <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>