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ANSTO's new 
Tandem Accelerator·. 

It was b ing scrapped in the USA, 
but Aust alia's Nuclear Science and 
Technol gy Organisation bought it, 
rebuilt a d updated it. Now it can be 
used for ultra-high resolution mass 
spectroscopy, including radiocarbon 
dating fl much closer accuracy than 
previously. Peter Murtagh tells the 
story, be inning on page 10. 

'Chea & cheerful': 
Rob'jnew audio oscillator 
Kit sup liers tell us there was a very 
warm esponse to the low cost 
18V! 1 power supply that Rob 
Evans d1 scribed in the August 1991 
issue. N w he's produced a compan­
ion audw oscillator, which should be 
just as opular. Turn to page 58 ... 

On th cover 
No, it's ot a baby flying saucer, but 
a multi le beam antenna for cellular 
radio b se stations, being developed 
at Tele om's Research Labs in Mel­
bourne. Researcher Stan Davies is 
shown t sting one of its lens feeds. 
(Pictur courtesy Telecom Research 
Labs, t ken by Andrew Lucas) 
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LETTERS TO 
THE EDITOR 
Type II cassettes imposed has made it a burden in most 

I have just finished reading the Challis businesses. There is hope but the attitude 
Report on cassette tapes in the November to make it work is essential if we as a na­
edition, with considerable interest in the lion are going to become a major force in 
test results. It occurs to me that the com- electronicproduction. 

ti I hi h m Sam Wallace, para ve Y poor g equency response Alexandra Hills, Qld. 
of the IEC II type tapes could be at· 
tributed to using 70us replay charac· n· d "th ' 
teristic, while using 120us time constant ismaye WI review 
with IEC I tapes. Electronics Australia is to be com-

Derek Williams, mended for excellent technically based 
Queens Square, Sydney, NSW product reviews. However, I was totally 

Comment." Louis Challis agrees that the dismayed with the review of Philips 
poor response is indeed due to the /EC's Matchline 'IV receivers in your Decem· 
choice of a 70us replay characteristic, her i~ue. There was no mention of 
Derek. With the benefit of hindsight, the resolution or linearity at all. 
/EC made an unfortunate choice. With big strides forward in the resolu· 

tion game being offered by SVHS, 
Editorial response separate chrominance and luminance s. 

After reading your editorial in connection, Laserdiscs, etc., a statement 
November, I would like to make a 

1 

of resolution becomes a vital statistic in 
couple of points. I don't think that most any meaningful review of a screen. You 
people think electronics is dull or appeared more interested in exact weight 
boring but most people just don't under- and dimensions and even dimensions of 
stand it. They want what electronics can the remote control -all minor considera· 
give them but are apprehensive of the tions. About the only reference to screen 
technological. perfonnance stated' ... well defined colour 

This is in part our fault because we talk areas.' I wonder what that means! 
in tenns that are not understood, and also Disappointing in relation to your usual 
a lot of electronic items come with high technical standard. 
Japanese English instructions. As for Don Mantack, 
Australian made there is a feeling that if Palm Cove, Qld. 
it is worth making, it will be made over- Peak f:actor 
seas. Australia has, I believe, a good 
chance of becoming a force in the 
electronic field if we are able to use the 
talents that we have well. 
· Rather than make people coming up 
with a new idea struggle to get it to 
market, fight government, then be told 
that you need to go to overseas to get it 
made, we should be putting these ideas 
into production in Australia. 

It should be said that marketing is 
sometimes more important at this point, 
what is made must be required if the 
product is to be successful. 

We need to learn what the major com­
panies have learned overseas, that presen­
tation is just as vital to make a product 
sell. The local market is ready for picking 
by Australian enterprise, but is our at­
titude correct? 

In most cases the worst offender is the 
government. For instance I think· that 
quality control is a good idea, but the 
red tape and cost that government has 

I wonder if you could clear up a slight 
dilemma for me? I have always thought 
that to get PEAK voltage from RMS, it 
was only needed to multiply the RMS by 
1.414.I have now been told that it is twice 
that figure and this is causing a bit of con­
fusion! 

If I, my old mentors, Mr Tesla and 
others are wrong, then why should 2.828 
give PEAK? As an electrician, I always 
thought that 339.3V was PEAK value of 
240V and to get the PEAK to RMS was 
the inverse of root 2? Or are my text 
books and teachers wrong? 

I would like to have an answer from a 
reputable person such as is on your staff 
and clear this up for me. 

John Smith, 
Middelton, SA. 

Conunent: It sounds as if yozu confusion 
is due to a difference in terminology, 
'John. The peak value of a sinewave is in­
deed 1.414 times, or root-2 times the RMS 
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- value. Bw i1:ak;oj1COk ~. wMch 
... is twice theJpeak value, is accordingly 
:2.828 times he RMS value. So you were 
:right, and lwever told you otherwise E.. 
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war really krerring fl! .t/Je peak-to-peak .· 
value, not tlfi peak value. . 

;~. Valvefitaments · · v· 1EWPO.INT I was pl ed that 1The · Serviceman• · 
• found m contribution to be worth 

. publishing in the December 1991 issue. I 
must roWI up some more anecdotes. 

Comme t was made about the use of 
the tenn ' ament'. It still is the tenninol- ; · 
ogy used y valve makers when referring 
to directl heated cathodes although, as 
remar. in many cases 'wire' would be · 

. a more aPi description. . . . · • The next big boom in 
~~;:r~:rem!~ electronics technology? 
"' Some eaders may not be aware that 1!1· · 

"directly eated cathodes cannot be used m ! ·.It's become fairly obV.ious ~ the last Ye3! or so tha~ the personal ~omputer 
valves erating at high anode voltages 'boom' has passed its peak, and 1s now more like an ongoing rumble. PC.s as such · 
and/or urrents, and that many transm~t-· .· have now become established as personal workstations. and are bought J!ke many 
ters are till being produced with valves m · other appliances at the local discount store. New models keep on appeann~, to be 
their ti al stages. One reason is .that as · sure .but these are largely 'faster and bigger' versions of much the same thing. 
ye~ y high powered, high ~uency ' s~ what's going to be the next 'hot' produtt? This is still a little hard to J>!e<l!c~ 
semicdnductors are not readily ob· at least in specific tenns. But there are a huge number of develop!Den~ taking 
tainabie. Current practice with solid state: place within .the broad~ of digital infonnation.~s~g, man1pulauon ~ 
rransn1itters is to have a · number of communications. It's looking more and more as if thIS ~ill be the next ma1or 
modules working in patallel. Problems of growth area in electronics, both for consumers and profes.sionals. . . . · · . ·· 
·powet sharing at VHF can be imagined. ! ·I'm not just talking here about digital TV and videos, or IIDTV and radio ~ ·· 
· · Thd assumption that the mercury optical fibre cable, or personal satellite phones, or CD-RO~ based .ele;ctromc · 
· vapo1lt rectifiers in my story were directly ·· books or . on-line databases, or .video phones, or electroruc publishing, . or 
heated was correct. In fac~ to the best of elec~nic mail, or DAT/DCC/recordable CD/memozy chip audio recorders, or in-
my liiowledge, indirectly heated cathodes teractive computer-controlled audiovisual gmnes and learning packages. I'm real· were/ never used in mercury vapour rec-
tifiets, regardless of size. One reason was ly talking about ALL of these, and more- because it's bocoming clear that all of 
that~ prevent arc backs; it was essential ·these individual developments are now converging and building upon each other. . 
to hbit mercury vapour valves throughly President Bush has now committed the USA to spending around US$6 billion, 

··to · pourise the mercury before applying, · over the next four years, to develop a nationwide high~ digital network. This 
Hf . and obviously quick heating was was originally going to be purely for linking research labs and their computers, to 
n . No tears were shed when MV allow rapid infonnation exchange and pooling of resources. But now it looks like 
rec · iers were replaced about 30 years being expanded to allow th!Dgs ~~ instan~ access to heal~ infonnation by hospi· 
ag by plug-in solid state rectifier stacks. · taI worJ:ers, re~o~ education vm mteracttve computer VJdeo, and instantaneous 

Ii understand that the · tenn 'fllament' . efoctroruc pub1ishin¥· In short, a new and vastly strengthened 'infonnation ·~goes bac.k beyond ~rly·valves and has backbone'fortheenttrecountry. · .· 
n .attribu~ to Edison,. who applied it . This is just one example of the way things are starting to snowball There see 

lo Jus expetJllltllraI lrunps. . As valve lo be'!'> doiibt now dJat we're entering a new era, when a common cfigilal fecbn 815 · 
. ufacture evolved from lamp making, ogy will be used for worlc, play, entertainment leamin and . . 0 • 1~as almost a foregone conclusion that it telephone, . the· pager, the radio· the vcR/fV. the g commurucation. The 
w uld be used for directly heated machine, the calculator, the pock~toiganiser and thec:~:o player~ th~ fax 
c 0!1~· or C0!1f8e, the most appropriate come together, to fonn a new generation of persona] ~ ar.e,!1} be~mg to 

. dfscnption emitter' came with semicon- centres-or what Apple Com te , hairm Otmali0111entertainment 
d111ctors. sonal Digital Assistant' pu rs c an John Sculley has dabbea the 'Per· 

Peter Lankshear, ,Exactly what these ~w machines are · . . .. . · . . . 
InvetcargilJ, NZ. It .s also not easy to say just which of thl:g: look ~e JS sfi!1 hard tO pfedict. ·. 

Wi!J tum out to be the most useful and po. Bu~ :m: ~l'Vi~ and facilities DROP US A LINE! gomg lo he some really exciling developmem. in dUs g 8cerlain-lbereme 
Feel free to sehd us a letter ro the or two! . .· area, over the next decade .. 

Edi~. If it.'s clearly expressed and on 
a to1?1c ~f mterest, chances are we'll 
Jlllb!¥ l! - but we reserve !he right · · .,,,. a...,;,. · 
to edi! ,those that are over long or t11111 nu,," 
Potenually libellous. . 

. ELfCTRONICS Australia,. Marcil 19S2 5 

' fl'! : 



_ __;;~·-==~-="'.'~;-~·:":":":-:=.':".~'.'"~~-:-==::-=:::':':'~~~~-~,,~'.~ 

I 
•'\ 

\1 
' ' ' 

Moffat's· 
Madhouse ... 

' I 

by TOM MOFFAT 

Real arcades, .and mechanical music 
-- ~unny' how one .thought leads to 1Joint. lt was pretty gassy stuff, producing would make a most dreadful - -yet 
another, iSn't it? I was just reading a burps measuring at least seven on the somehow satisfying, noise. And then one 
column in a computer magazine about Richter Scale. Saturday night, in an arcade building I 
'arcade games'. And it occurred to me- At one comer of the arcade was a fine hadn't been to for awhile, the clunks and 
how many computer enthusiasts, espe- old' pub with a neon 'Michelob Beer' bongs suddenly gave way to the sound of 
cially young ones, have actually SEEN sign in the window. On arcade nights a band playing a Scott Joplin ragtime -

· an amusement arcade?. I mean, a Dad and all my uncles made a beeline for tune. Where was that coming from? I 
REAL arcade, not a video games par- -that pub, and didn't leave until closing found out soon enough. 
lour. _ Like so _many_ things, I guess time, or until they were dragged.out by · There was a big oak cabinet almost 
they're a dying breed. the women. __ _ filling one wall. Its front was mostly 

I mis-spent a good part of tny own Othetwise the women wouldn't set clear glass panes set into frames, inter~ 
youth in -a proper arcade. My family foot in the place. They went off window mixed with coloured .glass. The sides of 
had a summer cabin up in· the moun- shopping and later sat in the park next to the cabinet were fitted with what looked 
tains, in a· little settlement called Cas· the arcade, where they would spend the - : like . leadlight windows. There were 
cade, Colorado, in the USA. The nearest rest of the evening discussing the poor bright lights inside, shining out through 
town was Manitou Springs, which is habits of their husbands. From time to the coloured glass. Some lights se.emed 

\ 

nowadays a suburb of Colorado Springs. time they would also cast scornful glan- .to be pulsing in time with the music. · 
You've probably heard of that one; it's ces towards the noises ooming from the In the very centre of the cabinet was a 

the place where the US Air Force has a patrons of the mineral water fountain. paper roll mechanism, -much like on a 
command post buried deep within a My own companions were two girl player piano~ I guess that's what the 
mountain. If there's a nuclear war, and cousins, whose main interest was im- thing was; mostly -, a pianola, but 
we are all to be annihilated, Cheyenne . - pressing the various young dudes who with a fow enhancements. , 
Mountain is where the big red button will swaggered about .the _ arcade puffing Above the roll, at about eye level, was 
_be pressed. But_ ,back in. _ the. 19SO's, cigarettes and looking very, very tough. this contraption that obviously began life · s t f to d the as a violin. But irtstead of a bow there •Cheyenne Mountain was 3ust an innocent . 0 I ~as. e t on my own, ~~ er · were -four little abraSive 'grinding 
mountain that wouldn't hurt anybody. mfimte JOYS of th~ ~ade 8 intenor. wheels' that could be moved down to 
- S turday nights during cabin holidays Several lockable buildmgs were under gently ~uch each string. And on the 
- a ~ Ma . t ' nights The first the one roof, and each and every one finger board, no fingers ...;.. _ but pads 
-w~re go ~tJ> - ru o~ Man'~u Springs contained the fantastic marvels o! the wh1'ch could be. moved i __ down to 
tlung you d come to m ~ , world Mostly these were : pinball th ti 
was this big ram~ling white strUcture -- machines, to which I suffer an addiction -- squeeze the. strings against e i~ger 
called 'The Arcade . - --. to this verv day. . . - board af various places. The combma-

area you ~ 1 tlon of the correct pad and ·the co!fect 
It was -a covered-Over open . h Th - . But there were lots of other div~~ions, gn· nding wheel would produce a single 

could wander through day or mg t. 1 like the machine that was a miniature 
floor was of timber slats, and benea~~ bowling alley. You rolled a small ball and vi~~ili:~ght side of the ~binet, sumd· 
nm a mountain stream. I~ Y?U drop¥""" skittled the pins at the other end, ~d in vertically, weretheretnamsofaman~ 

ur monoy you oould Ids~ it g~by~ mechanical sensors and relays and logic ~lin, again with pads for the ~ngers but 
~d brave boys made it their b~:ess the circuits kept the score for you. . 'th things that plucked ,mstead Qf 
climb up under the arcade, g for There were also those soc~r machin~ ;ound at the strings. 
rocks in the stream, to prospect that still exist today, at least in Bnglan. ' On the left side were a snare drur~ .. a 
dropped coins. Spooky! _ . - where you push rods in and out and ~ISt tom-tom, and a cymbal, with mecnan~cal 

ln the very centre. of the arcade w~~ them to control th~ actions of little hammers to whack. them at the tight 
big concrete fountam; that plu~&etl the players on a boxed-m field. And thosf times. Down in the b_ottom, ~ong the 
an underground. spring con~ Or scoop gadgets, now making a m~~w~: lowest strings of thep1ano section, was a 
stuff we call mineral water Itink come re-appearance. You contra h ~ big bass drum. --· -.- - -
maybe it was soda water. Afl.yhow' . big scoop bucket dangling from a c ~ The entirety of this marvelous contrap--
ing from it was free, but you h~ to pay within a glassed-in box, hopefully to pick tion worked on air pressure. There were 
two cents for a paper cup ~ w~1ch you u a good prize and drop it into a chute little actuator valves everyWhere that 
could use as many times as you likedfueir :hich delivered in into your hands. d _snapped up and down, and bel1°Y!8 

Clever kids who wanted. to get af r Evecything weneding' and 'dong' an -·-_gadgets that puffed in and out, almost m 
two cents' worth would drink cup .re 'clunk' and a whole roomful of them 
cup of this elixir, right up to the burstmg , 
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time with ~e music. One of these had 
been paint green, with red eyes and 
white teeth o resemble an alligator, and 
it sat there qhomping away, beating time 
with Scott Joplin. 

As well as selecting the notes to be 
played on all the instruments and beating 
the rhythm~ on the drums, the paper roll 
seemed to ~ave control over the volume 
they produqed. So when a song started, 
everythingtould play full blast through 
the first c oms. Then the rest of the 
machine w uld back off a bit to let the 
violin have! a solo. Next the mandolin 
would com~ up, to play in harmony with 
the violin.ten when the 'middle bit' of 
the song me along the piano would 
jump in wi some thundering·bass notes, 
accompanieid with much thumping from 
the bass drdm. 

Since the whole business was co-or­
dinated by ~e paper roll, programmed in 
advance, the band-in-a-box had no 
choice butl to play together. Nobody 
could .ge~ost, nobody could lose the 
beat, nob y could start off in the wrong 
key. So th roll programmers had given 
the machirle some arrangements of ex­
quisite complexity. 

The thin would play along for awhile 
and then egin double-stepping, with 
part of the machine playing '90° out of 
phase' wi the rest of it, so it sounded 
like it was

1 

going twice as fast. Then it 
would come back into sync by throwing 
in little ond-beat 'stops', on beat number 
seven out f eight. 

I was ho lessly in love with a big oak 
box. From then on, on every visit to the 
arcade, I ed as many coins into that 
music m, hine as all the pinball 
machines hut together. In later years I 
learned tof Sniff out ·mechanical music 
contraptiorts no matter where they were 
hidden. Ni early discovery was a giant 
museum filled with them in another 
Colorado town, a wide spot in the road 
called Nederland, up .in the .mountains 
above Bodlder. (You've heard of Boulder 
- .that's here the National Bureau of 
Standards gs out.) . 

Still an ther gold mine . of musical 
gadgets i in Vlfginia City, Nevada, 
famous ft m the US gold rush days. The 
entire to has been kept as it was in the 
1880's, ri ht down to a large cathedral 
that doesn't have a nail in it - the 
whole J. ng is held together with 
wooden egs. The place even shunned 
modem ommunications, and stuck 
with th~ only completely manual 
telephonl1 exchange left in America. 
And it u ed to be my job to keep it 
going - ut that's another story. 

I lived in Carson City, just a few 
kilometre, from Virginia City, and it was 

to be the done thing to mosey right up 
there for a Saturday afternoon's gam­
bling in Virginia City's small and 
pleasant casinos. My friends would head 
for the tables, but I'd head for the music 
museum, to feed my hard-earned cash 
into big oak boxes that played thumping, 
bumping, old-time ragtime. 

That's a long way away now, both in 
time and distance, but it turns out 
Australia has a fair bit going for it too in 
the field of musical contraptions. In fact I 
even have one in my home now, a big 
noisy wind-powered organ thing that 
spent its early years entertaining the 
patrons of a brothel in Bendigo. It almost 
reaches the ceiling and plays itself from 
paper rolls. They're much like piano 
rolls, but the hole spacing is greater and 
there are fewer of them. The machine 
can startle guests with a rousing rendi­
tion of the Flying Dutchman Overture, 
just like the old spook in the original 
Phantom of the Opera played it down 
in that cave. Or it can bring tears to the 
eyes with the old-time waltz sounds of a 
Luna Park carousel. 

But all these things pale into insig­
nificance, as they say, when compared 
with the most amazing and fantastic 
musical contraption I've ever had the 
pleasure of meeting. It's called the Robot 

lot of it is that double-stepping style that 
the machine in the Arcade used so many 
years ago. 

In fact I was so taken with the sound 
that within a week after hearing the 
Robot Orchestra, I bought an old accor­
dion and introduced it into the jazz band 
where I was already playing guitar and 
piano .. The rest of the guys grizzled a bit 
at first about it being an 'old folk's 
instrument' - but I pointed out that ac­
cordions are becoming trendy again. 
After all, Paul Simon's band uses one. 
And people sit up and take notice when 
our own 'Burglar's Dog' band starts 
thumping out Zydeco and Cajun tunes. 
When will the Robot Orchestra learn 
some of that stuff? 

The Robot Orchestra was built, I 
believe, back in the 1950's, in Belgium. 
And I fear it was among the last 
mechanical musical makers to be 
produced. Nowadays things have to be 
useful to be built, and the Robot Or· 
chestra couldn't spray-paint motorcars or 
assemble televisions. It didn't have one 
useful pwpose - nothing! - other than 
to make people happy. 

Now televisions and video games are 
our 'happy .machines'. But myself, I'll 
take an old·time music machine any 
day. + 

Orchestra. and it lives somewhere in ir==========:::; 
Sydney, possibly the Powerhouse 
Museum. The machine is based on a 
flatbed truck which acts as a stage. On it 
are three musicians - a drummer, a 
saxophone player, and a guy with an ac­
cordion. As the music starts, again under 
the control of holes in a paper roll, the 
drummer starts tapping, the sax player 
stands up, and the accordion player rips 
into it 

The players, of course, are robots ....... 
life sized, or maybe a little bigger - and 
they're made of wood, in sort of a 
'blocky' style like robots from science 
fiction films of the fifties. The drummer 
twists around on his stool, using one 
drum and then another. 

The sax player stands up for his solos, 
and then sits down again. The accordion 
player does a lot of squeezing, but his 
hands don't really move; his fingers 
have been replaced with a mechanical 
actuator for each key on the keyboard. 
Hidden from view is what appears to be 
. the guts out of an elderly Hammond 
organ, to provide a kind of bass under­
carriage for the overall sound. 

When this contraption starts playing it 
will blow you away. Everything moves at 
once; the players nod and look around, 
and if you let your mind drift a bit you'd 
thing the robots were real players. A bit 
silly looking, but real. And the music! A 
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Mass spectrometer: 

New Tandem Accelerator 
for Lucas Heights 
A new tandem accelerator was officially opened last September at the Ansto facility at Lucas Heights 
in the South of Sydney. The accelerator will be used for both Accelerator Mass Spectrometry (AMS) 
and Ion Beam Analysis (IBA). AMS will provide a very sensitive mass spectrometer, while IBA will 
give non-destructive surface analysis of targets. Both techniques will be used in applied research, 
as well as for environmental, industrial and health studies. 

by PETER MURTAGH 

Ever since scientists discovered that 
the atoms of different elements have dif­
ferent masses, and even that the mass 
of the same element could be dif­
ferent, efforts have been made to 
measure these masses with ever increas­
ing accuracy. 

The machines which measure these 
minute masses are called mass 
spectrometers. They work on the basic 
principle that a charged particle (ion) 
moving through a magnetic field will 
move in a circular orbit, and that the 
radius of the orbit depends on the 
particle's mass, charge and velocity. 

The sensitivity of measurement has 
been improved by using more intense 

magnetic fields, as well as by accelerat­
ing the ions to higher velocities. The 
particle accelerators used to achieve 
these high velocities often use Van De 
Graaff generators to produce the re­
quired high voltage. 

With the newly commissioned tandem 
accelerator at Lucas Heights, scientists 
at Ansto can achieve AMS (accelerator 
mass ~trometry) with an accuracy of 
l:lOlS _for example, they will be able 
to detect one atom of radioactive carb­
on-14 from among one thousand-mil­
lion-million ordinary carbon-12 atoms! 

Historical development 
J.J. Thomson built what was really the 

first mass spectrometer back in 1912. In 
one of his experiments with 'positive 
rays' (positively charged atoms, now 
called ions), he fued his rays through an 
area subjected to parallel electric and 
magnetic fields, and then onto a photo­
graphic plate. Particles with the same 
charge-to-mass ratio, but with different 
velocities, fell on a single parabola along 
thefllm. 

But when experimenting with neon 
atoms, Thomson was surprised to find 
not one, but two parabolas. He was 
eventually able to explain these two cur­
ves when he realised that neon had 
two separate atomic masses, 20 and 22. 
He had discovered isotopes. But more 

The section of the beam llne /Inking the tank to the analysing 
magnet. At the right, the line enters another room which 
houses the switching magnet. Note the large cryogenic 
cooling unit to the front right of the magnet - the current 
producing the magnetic field can be as large as 300A. 

The ex/tend of the tank. At the tar left Is the RF source which 
charges the bett Inside the Van de Graaff generator. Beside 
It Is the large spring which appl/es tension to the Internal 
supporting columns which hold up the entire Internal 
structure. 
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The beam
1 
line emergos from the Ion source at the rlgh~ passes through the llJ}ectlan magnet, and proc8ids ta the main 

accelerator housed In the huge cylinder. Nate the corona of discharge wand on the tap right of the tank. · , 

on the naJ1"'° of isotopes and their im· deflects any without the selected . units for the energy imparted by such ac· 
portance i[re;, .. velocity, the radius of orbit now depends celerators - a million electron volts 

Other rientists like Aston and only on the remaining particles' mass. (lMeV) is the energy imparted to a par· 
Dempster · improved on ··Thomson's . Other methods use the electric and ticle with a single electronic charge by a 
design, an built more sensitive and ac· magnetic fields to send particles with the potential of one million volts (lMV). 
curate masS-measuring devices by using same mass, but different velocities, Van de Graaff used a fabric belt to 
focusing pnnciples to increase the inten· along different trajectories which meet transfer static charge to a metal dome, 
sity available at the detector. · .· at the same focus. AJ. Dempster built where the· electric charge accumulated, 

Box 1 sl~ows one method for measur· his mass · spectrograph using such a building up the very high voltages. 
ing mass. ~e radius of a particle's cir· design (see Fig.1). (See Box 2 for more detail on how it 
cular orbit in a magnetic field depends In 1931, Van de GraatI invented his works). Modem versions work on the 
on its mass, charge and velocity. So by generator, which was the first machine same principle, but because of various 
first passihg the equally-charged par· able to accelerate a particle to energies improvements can produce even 
ticles thro,bgh a velocity fiher, which greater than lMeV. Scientists use MeV higher voltages. 

I 

ELECTRONICS Australia, March 1992 11 



Tandem Accelerator 
For example, the newly-installed tan­

dem acceleratoruses sulfur hexafluoride 
as an insulating gas, and can produce up 
to lOMV. 

Isotopes 
The isotopes discovered by Thomson, 

like all isotopes; were atoms of the same 
element but with different masses. These 
different masses are caused by different 
numbers of neutrons in the nucleus of 
the atoms. The extra neutrons only af -

r
ll~. 

+ r-I' Ion source 
electric [_ 

field +2kV 

photographic 
plate 

feet the mass and not the chemical 
properties - the atom still remains the Flg.1: A.J. .· Dempstsr's mass 
same chemical subst.ance. spectro,,,.tsr used an arrangement 

However, too few or too many which focused Ions with the same 
neutrons in the nucleus can make the mass, but different velocities, to the 
atom unstable (radioactive), and it will SBme point. 
eventually 'decay' back into a stable each atom loses a proton, which means 
atom by emitting various forms of that the nitrogen atom is changed mto a 
radiation. carbon atom. But because it still retains 

The element carbon provides a good 14 particles in its nucleus, it has become 
example. It exists in the atmosphere as carbon-14. 
both stable carbon-12 and carbon-13, Measurements of carbon-14 are very 
and tadioactive carbon-14. The '14' important for calculating how long ago 
means that there are 14 particles in the something was alive. Living things ab­
mdioactive nucleus, two more than in · sorb carbon-14 from the carbon dioxide 
normal carbon-12 (the extra two par- in the atmosphere. Plants absorb the gas 
ticles are both neutrons). directly, and animals eat the plants. 

Radioactive carbon-14 is constantly So in all living things, the ratio of 
being formed in the atmosphere when carbon-14 to carbon-12 remains con­
the nitrogen atoms capture thermal stanL But after they die, the carbon~14 
neutrons which are formed by the born- slowly decays back to nitrogen by beta 
bardment of the atmosphere by cosmic emission - every 5730 years the num­
mys. In the process of gaining a neutron, her of radioactive particles halves. 

By measuring the ever declining ratio 
of carbon-14 to carbon-12, the age of a 
fossil can ·be calculated. With the 
1: 1015 sensitivity of the new Ansto ac­
celerator mass spectrometer, fossil 
ages up to 60,000 years can be accurate­
ly detennined. 

An important application ·for this 
carbon-14 dating technique is determin­
ing the source of Sydney's air pollution. 
If the source of the pollution is fossil 
fuels, like petrol or coal, then there will 
be practically no carbon-14 present -
the fuels formed so long ago that it has 
all decayed. 

But if the source is a bush fire, or 
· backyard burning, then the percentage of 
carbon-14 will be close to that found in 
the surrounding abllosphere. The 
isotopic ratio can thus detennine the 
source of the pollution. 

Ten years ago, it would have taken 
over a week to collect an air sample 
'large enough to be analysed by conven­
tional radioactive decay counting, but 
today it only takes 10 minutes because 
of the sensitivity of Ansto's new 
machine. 

Similar techniques use beryllium-IO 
to measure the movement of topsoil 
eroded from farms, and chlorine-36 as a 
groundwater tracer to determine age and 
travel time of water moving through the 
Great Artesian Basin. 

These isotopes, along with carbon-14, 
are also used to date the ice layers in An­
tarctica The layers, which date back 

· 100,000 years, contain trapped gas bub-

The beam line emerges beside the tensioner, then enters 
the analysing magnet which selects the now 
positively-charged Ions with the desired 'magnetic 
rigidity'. Note the large vacuum pump poking out to the 
left of the line. 

The director of the AMS project, Or John Bolderman 
stands beside the third large magnet. This Is the 
switching magnet which directs the Ions along the various 
AMS and IBA lines to the detectors which make the 
actual measurements. 
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, Flg.2 (left) :The various stages of the beam line. The negative Ions 
, are attracted to the high voltage terminal where they are convsrted · 

'analysing: ITlognet ~ · Into positive Ions. The Ions are then further accelerated through to 
IBA tine 

"--target · ~ selecflon magnet 

" ,, ,-.· , ''· , ' I', 

bles (a 'fo, silised atmosphere'),.so they 
form an · portant climatic record. For 
. example, . ey record the variation in 
cosmic rad ation levels over the years. , 

· the detection lines. 

•.. Flg.3 (above): In the 'sputter' unit, positive ~slum Ions dislodge 
particles from the target material as negative Ions. These Ions, e.g.,C 
Ions, are then accelerated on their way to rhe ln/ectlon magnet. 

The' All5to tandem 
The '.new' Ansto tandem is actually a 

recycled accelerator from . Rutgers 
University in the US. Because it was no . 

longer required at Rutgers,: it was sold to 
Ansto for approximately scrap value. 
But as well as being recycled, the unit 
has been upgraded and improved since 
arriving at Lucas Heights in 1989. 

But why a tandem? ,, . 
. The Van de Graaff accelerator, in' its 

simplest f onn, creates a high positive 
voltage which is used to repel positively 
charged atoms down a tube (refer again 
toBox2). · 

The principle of the tandem acw 
celerator is to use· this same high volt­
age to provide a 'double kick' --- to 
first . attract negatively charged ions 
towards the main voltage terminal, and 
then to repel them away from the same 
terminal. · 1 

It is able to do this by stripping off 
electrons frdm the beam of charged par· 
ticles flowing through the high voltage 
terminal. This converts them from nega­
tive to positive ions .. 

In the case of carbon, the +lOMV 
potential can give the atoms a total ener· 
gy of SOMeV - lOMeV when attracting 
the C-ions, and 40MeV when repelling 
them again as C4+ ions. .' , , 

DrAndtew sJlth points to the tlnyreceptacle which holds the speck (a feVI 100ug) 
of source ma er/al. Ht Is standing In front of a lens on the beam line at Its entry 

The stripper in this case has removed 
five electrons from each carbon atom. 
This total energy is five times as great as 
an ordinary lOMV Van de Graaff ac· 
celerator could have given the carbon 
atoms. However, . at any , accelerating 
voltage, there is a distribution of charged 
states. The C4+ state .is ·preferred ,be• 
cause it avoids various mass·energy 
ambiguities when interpreting results, 
but the greatest yield ,of C4+ interact· Into the tank. · , ,, · : 
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Tandem Accelerator 
ing with carbon foil occurs with a 5MV 
accelerating voltage. 
. So in practice, Ansto uses the 5MV 
level to produce carbon ions which 
emerge with 25Me V energy. . 

Let's follow the ions through their en- . 
tire .passage along the mass · 
spectrometer. Refer to Fig.2 for the posi­
tions of the various sections as we 
progress down the be.am line. 

corona rings 

high voltage tarmlnal 

carbon foff slrlpper 

vacuum 

lnsolotlng gas \_ tank 

Ion generation Rg~4: The Internal strut:ture of the main a~terator, viewed from above 
· (plan-layout). The whole Internal structure Is held up by the supponlng columns, 

This huge machine is built to analyse a which are tensioned by a powerful spring. The horizontal layout of tube and 
very tiny sample. About lOOug (micro- columns helps prevent lateral movement. 
grams) of the target material is inserted 
in a tiny well I.5mm in diameter and . only requires a few hundred micrograms .. sample, the magnetic field of this mag-
2mm deep. to do its atom counting. . · net is not adjusted. But nearby masses 

The frrst stage of the process is to con·. The other altemative, decay-counting, {isotopes) can still be selected, by mod-
vert the sample to be analysed into nega- detects the · products of the nuclear . ulating the energy of the ions before they 
tive ions. Unless the particles have an decay. Since these are random in nature, enter the magnetic field. 

, electric charge, they cannot be deflected .· larger ,samples . and longer counting .. ·.Because a magnetic field detects 
by the magnetic fields or accelerated by · times are required. A + 17.SkV voltage fons with a particular 'magnetic 
the electric ones along the beam line ... ·· provides .an extraction field which rigidity' {refer again to Box l), a 

The negative ions are generated by a propels the ions into the beam line, smaller mnss can be selected by giving it 
proces~ called 'sputtering' 1 which invol· where a further .+55kV pre-accelerator a higher energy. This process is called 
ves bombarding the sample with a beam voltage speeds them on their way - 'bouncing'. . 
of positive cesium ions; A pool of mol.. towards the selection magnet The anode , So, if the injection magnet is set up for 
ten cesium is vapourised and then fed of the pre-accelerator is actually at earth earbon-14, then carbon-13 can be ob­
into the sputterunit, .where it comes into , potential, which means that the bulk of rained with a slight energy increase, or 
contact with a cylindrical coil of tan· the sputter unit is a high negative volt· carbon-12 with a greater increase. An 
talum, heated to 1000°. , .. . age with respectto earth (see Fig.3 again electric field accelerates the particles 

This cylinder fonns the anode, where · for these voltages). · into the magnet chamber to increase 
positive cesium ions are first fanned by their . energy, then another field 
surface ionisation, and then accelerated Lenses decelerates them as they emerge, to 
towards the sputter target (cathode) by a Because the ions emitted from the ··maintain their original energy. 
6.4kV potential difference. {See Fig.3) source have transverse velocity com- 'Bouncing' allows rapid cycling of 

Some cesium ions penetrate the target . ponents, as well as the main axial ones; isotopes for injection into the tandem. 
surface .·and .dislodge target atoms. the beam will tend to spread out as it The magnetic field can only be changed 
Others fons fonn a deposit on the target passes down the line. 
surface, which increases the probability To overcome this,. various 'lenses' are 
of the target atoms being dislodged as placed along the route, and use both . 
negatively charged ions. . . . magnetic and electrostatic fields to bend 
, Such negatively charged ions will be the beam back together. These lenses 

accelerated by the same 6.4kV voltage, can also be regarded as devices to 
in the opposite :direction - out of the 'match' the 'emittance' of the ion be.am 
sputter unit.Sputtering only ionises a with the 'acceptance' of the following . 
thin surface layer, but AMS analysis section of the line. . 

... E1 E2 · Es .. E4 

Flg.5: The structur11 of the'gas detector 
which measures the Ions' energy and 
stopping power. All the previous 
devices are designed to allow only 
those Ions with the desired mass to 
reach this flna/detector. 
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The magnetic lenses will eventually 
be replaced with electric ones, as the lat­
ter are mass·independent in their focus~ 
ing. . This will simplify the tuning 
process when changing from one isotope 
to another. 

Injection magnet 
Flg.6: A three dlmenslonal ·. plot 

The injection magnet is a huge . produced by the computer when fed 
electromagnet using up to 300A of cur- with Information from the gas detector. 
rent and producing a field as large as Note that some chlorlne-36 has st/II 
1.55 tesla. The strength of this field is managed to accompany the deslrfd 
measured with 0.01 % accuracy by a su/fur .. 36 Ions. Ansto scientists use 
tesla meter, which works on the Hall multiple elimination and detection 
.effect. · · · : devices to Increase the sensitivity of 

Once set up to analyse a particular thelrmeasurements. . ·· . 

!. 



~ baslc Mass Spectrometer 
.~ "lritish scientist J.J. Thomson built the · 
first\mass spectrometer. He made use of 
the principle that charged particles (ions) · 
rn~vlng a~ right angles to a magnetic field, 
. will elxpenence a force at right angles to 
both eir direction of movement and the 
field. is will act as a centripetal force, . 
be11d1 g the stream of ions into a circular 
p~th. e radius of the circle will depend 
direct!. on the momentum of the ion, and 
invers ly on its charge. . .· 
. . U th velocity and charge are constant, 
then it ill only depend on the mass: the 
• l~ger e mass of the ion, the larger the 
circle. .: · · • 

mag tic force = ~ntripetal forro 
. qv = +mvir. 

Br \ = mv/q 
. ~erel m "" particle mass · · · · 

q = particle charge 
v = particle velocity 
B = magnetic field strength 
r = radius of circle 

.and Sr · = magnetic rigidity 
; The m netic rigidity is also referrea to 

·as· . 
(mass x energy I charge2) . . . 
which ~ · ctly the square. of the term 
(mv/q) = m.mv2tq2 

= 2m.{112 mv2)tq2 ·· 
·· = 2.mass.kinetic 

2 
.·. 

energy/charge 
· In order get a constant velocity, the 

,, 

0 

0 

0 0 0 
B magnetic field: 

. mass selector 
0 0 

film 
C12 Cl4 

0 0 B . .. .· 

} 
magnetic & e1ecttlc: 

"'""0 _·_0 .. E vel.octty selector /filter 

,.. ·-
.· ~ - }.electric field: 

...;_, + _. accelerator 
+ + 

particles can be sent through a velocity fil· 
ter (selector). A magnetic field acts out of 
the page, an electric field acts across. The 
two fields are adjusted until the tores ac­
ting towards the left caused by the electric 
field is counterbalanced by the magnetic 
force acting to the right. When this occurs 
only ions with the selected velocity {which

1 

,~ual? the ra~o of the two fields) will con· 
tinue m a straight line. 

magnetic force = electric force 
qvB = qE 
v = E/B · .. 

. . where i: =electric field strength 

Fig.4). An RF . switched power supply 
provides the charge, which is sprayed 
onto the belt. The belt then transfers the 
charge to a large metal sutface. 

This metal structure forms the high 
voltage terminal on which the charge 
ac~umulates, producing a voltage of up 
to lOMV. 

Very cleverly, this same belt is' also 
,used to drive an alternator located inside 
the terminal, to provide power for the 
accelerator circuits - Ws like a giant 
'fan beW. , ·However, a tandem ac­
celetator also has a low energy as well 
1as a high energy side in its accelera· 
tion tube. 

The low energy section is a duplicate 
:of the high energy one, but is positioned 
before the· main terminal. So the ion 
beam passes through two sections of 
evacuated acceleration tube, one on each 
side of the main terminal. 
·· · If you were to look down either 
section, you would see about 200 metal 
plates, aligned at right angles to, and 
projecting into, the tube. These are 
the accelerating electrodes, with holes 
in their centres for the ion beam to 
pass through. 

sloWly 'becau e of its large inductahce, 
whereas ·the energy can be. rapidly 
tnodulated. is allows precise measure~ 
ments with fr uent readings made ·over 
short time inte als. . 

'Which 1he stream of ions can be directed. 
They are carefully designed so that all 
the , secondary particles which are 
·generated as 1he ions, come to rest are 
contained within the cup. 

Outside the tubes, these ·accelerating 
segments are joined to column plates, 
which are connected together in series, 
via resistors, to the main voltage ter· 
minal. These resistors form a voltage 
divider chain. · · .. 

Each segment and plate is surrounded 
by a corona ring. This setup produces an 
almost constant axial electric field along 
the entire acceleration tube. The 

. The techniq e is useful for measuring 
the ratio of the~· ous stable isotopes of 
an element, wh ch is done by. measuring 
the ion beam c nts. Input and output 
ratios from 1he ain tandem accelerator 
can also be co pared. This measuring 
can be done at , veral places along the 
line by inserting •araday cups. 

These are me 1 'collection cups' into 

The Van de aaff Generator , 
The essential p rts of the Van de Graaff 

accelerator are a ollow metal sphere, an . 
insulated 1abric bet stretched over two 
rollers, and an ev uated accelerating 
tube. ~ 

Charge is ,•spray d' onto the rotating belt 
as it passes in the ~ icinity of sharp needle 
. points (A) canying ~high voltage. Positive 
, ions am carried up y the belt into the in-
side of the metal sp ere, where they are 
transferred through ther metal needles , 
onto the outer surta of the sphere {B). 
The charge continue to build up on the 
dome until the voltag is high enough to 
discharge to ground t rough the surround­
ing air. 

In order to minimis this discharge, the 
generator is enclosed in a shell containing 
a gas under very high pressure. . 

lo the traditional wa:. , to use this voltage 
to accelerate charged articles, positive 
ions are produced insi the sphere, and 

Escaping charged particles would con­
stitute a false current. The current flow­
ing to ground from the cup is a measure 
of 1he beam current. 

The main accelerator 
· The structure of the 'second half' of 
1he tandem ·accelerator is· typical of a 
modern Van de Graaff unit (refer to 

at the same potential as the ~phere. These 
ions are then accelerated down an 
evacuated tube to strike a target at ground 
potential. · · 

Ion .· . 

charge · 
generotor 

~ 
metoi 
sphere 

,,.,--..., 
evocuoted 
accelerating 
tube 

I • . '· 

target 

electrodes are designed both to acw 
celerate and focus the ion beam. 

The whole internal structure is· sup~ 
ported by two columns which are posi· 
tioned horizontally · alongside the 
acceleration tube. Tension is supplied to 
these columns by a powerful spring at 
the far end of the cylinder. The weight of 
the unit, and the horizontal construction, 
dampen bOth vertical and horizontal 
vibrations. . 

In order to prevent the lOMV potential 
from discharging to ground, the com· 
plete accelerator is ·housed in a large 
cylindrical pressure tank - 13.6m long 
and 3.7m high. This is filled with an in~ 
sulating gas, sulfur hexafluoride, at a 
high 680kPa pressure. 

Various controls are provided to main­
tain the high voltage at the required 
level. A 'coarse control' operates by ad­
justing the physical separation between 
a set of corona needles and the main ter· 
minal, allowing excess charge to leak 
away through corona discharge. ·. 
. 'Fine control' is achieved with a high· 

power pentode valve arrangement '."""' 
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· · t B e 1'ts mass i's 14 1't and ionising, thegas molecules in the .'Tandem Accelerator !{~::ri!ied.ecaus ' detector. , . . 
· But once broken up into . separate Electrons· aie collected by the four 

another area where solid state devices atoms, it can't cheat the analysing mag- anode plates, while the remaining posi­
have not. yet replaced the valve. This net (see Fig.2 for the positions of these tive charge induces on the cathode and 
.provides feedback control of the corona magnets). grid a· signal proportional· to the total 
current drawn by the needles. ·. . energy of the ions (Fig.5). · . ·. 

Note that in order to achieve control, ·Analysis So, .when a beam of ions enters the 
these methods must be balanced against ·· The· ion . beam. emerges from the ac· detector, the cathode measures the total 
the belt charging cmrent current, as well .celerator with its maximum energy, and . energy, while the four anodes ·measure 
as the load caused by secondary particle is bent through 90° by .the analysing · the fraction of energy lost under the 
emission· within the accelerating tubes, magnet. This works in a similar way to single plates. This data is fed into a com· 
corona discharge (other than at the need- the injection magnet - unwanted puter, which displays it as a three 
les) and the resistive divider current. · isotopes are simply bent out of the way. dimensional plot (see Fig.6) with the 
. In normal operation, the voltage drop The magnet is also set up with off- peaks in the spectrum displaying the 
across the pentode may rise to as much line Faraday cups, which are used to distribution of the ion energies and their 
,as 20kV. The maximum· voltage avail- ;collect other isotopes sent through the stopping power. · · 
able from the belt charging system is system when the selection magnet is The special AMS line which will be 
SOkV, though it is currently running at a :'bounced'. These currents allow· the used for analysing otherions also uses a 
considerably 'lower level. · ' relative numbers of the major isotopes gas detector, but preceded by a pamllel 
' In the centre of the high voltage tet- present to be measured. . , . plate, 22° electrostatic analyser. .. 
minal is the 'stripper' unit, whose ,main Yet another magnet is used to switch 'This device has a 22° sector of two 
function is to remove electrons from the the selected beam into one of several dif- co-axial cylinders, with a radial field be­
ions in the beatn. ferent detector lines. Different types of ··tween them, through .which the beam 

Once the electrons have been stripped detectors are used in each line in order to passes (similar to the curved .plates in 
off, causing the charge on the atoms to increase the measurement accuracy. Dempster'sdesign: see Fig.I). 
be reversed, ·the same potential which Each detector gives a typical rejection When the ions pass between the plates. 
originally attracted the ions now repels :rate of unwanted ions of I:HP. By they experience a deviation depending 
them through the second half of the ac- ,combining two or three dispersive only on the ratio of their energy-to· 
telerator. The· construction of the high devices in series, the accuracy improves charge. If they have the Wr<>ng ratio, 
energy acceleration tube is identical to to 1:1010 or 1:10ts, depending on the they will be bent away from the main 
the low energy one. sensitivity needed. beam, which alone is bent the exact 22°. 

At present, the stripper is a sheet of Because of the .. high . demand for . In .addition to these two lines, which 
very thin carbon foil, placed .in the carbon-14 dating, one detector line will are used to analyse samples to find out 
ion beam path. Because the foil is· be pennanently set up for··this isotope. what atoms are presen~ a third line ac­
quickly 'worn out', hundreds of these Fortunately, the most common element celerates a stream of known ions, such 
foils are attached to a belt, so that with the same atomic mass of 14, as hydrogen. With this line, the tandem 
they can be placed in tum across the nitrogen, does not form a negative ion is used purely as an ion beam ac-
beam path, as needed. - so 14N corrections are unnecessary. celerator. 
·· It is obviously very.important to ntini- This line currently has two additional ···.The ·. interaction between :the. ,ion 
mise the number of times the main devices added. 'projectiles' and the target enable scien­
cylinder has to be opened up for main· The carbon ions fll'St pass through a tists to investigate nuclear srructure. IBA 
tenance. This carbon slripper will even- :Wien velocity filter. This type of device techniques are highly sensitive and non­
tually be replaced by a model using {explained in Box ·l) balances the mag- destructive. They can be used for the 
re-circulating low pressure gas, such as .netic and electric forces acting on the surface analysis of targets drawn from 
oxygen or argon. ion, allowing only particles with the cor- many area .such as pollution, archaeol-

With the carbon ·foil, stripping hap~ rect velocity to travel in a straight line.. · ogy, electronics and medicine . 
. pens very rapidly, which can cause Other particles will be deflected into With AMS analysis the. sample is 
defocusing of the beam. · 1 the sides of the detector.' Because only placed in the ion source~ with IBA the 

A gas stripper works more slowly, ·ions with the same momentum have sample is placed in the detector. . 
giving greater control, but has the disad· . come through the system, any without These then are the advantages of the 
vantage that the re-circulating stripper the correct velocity must have the · new· Lucas Heights tandem accelerator: 
·gas has to be removed from the ion tube wrong mass. · its AMS is extremely sensitive and ac, 
to maintain the vacuum. The beam line After the velocity ftlter comes a gas curate; it .can . do . its analysis b: 
vacuum is maintained at around a few detector which measures ·the particle •sputtering' very small samples, in th 
:micropascals, so stripper gas molecules ·energy ·and stopping power. The ion ·order of IOOug; and because it can easH 
must be removed to prevent inter- beam passes through a thin mylar win- (and automatically) be switched r 
ference. dow into the chamber, which contains a detect different masses, it can be used 

The use of a 'stripper' has another low pressure gas (argon or isobutane are routinely analyse large numbers of <f 
benefit - it tends .to break up any commonly used). ferent materials. And it can also be us 
molecules present into their con- The chamber contains a continuous · for IBA. Industry and science sho1 
stituent atoms. For example, a carbon common cathode, a grid, and four both benefit greatly by its introductior 
hydride molecule which consists of ·separate anodes. The penetration of each Acknowledgment is ·made of the 
one .. carbon-12 and two hydrogen· I ion depends both on its nuclear charge valuable assistance given by .' 
atoms has ·the same mass as a carbon- ·and energy. ,Claudio Tuniz and Andrew Smith 
14 atom, and so can 'cheat' the injec- It loses its energy by colliding with, Ansto, in preparirig this article. 
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Eight Advanced Features Make 
Metrix ASYC® Series Safest 

Check these 8 important safety features only found in the Metrix 
ASYCSeries 

•Advanced housing design has screw-free assembly and is waterproof 
through a patented low-pressure, double seat design. 

•Housing is moulded in VO-grade sett-extinguishing material 
• VDE!GS certificated to international standards 
I Safe flexible test leads with shrouded plugs and large cross section 

conductors to reduce heating during high current measurements 
t Battery and fuse compartment are fully sealed, both internally and 

externaffy using a patented doubfe seal design . 
I Access to battery and fuse is only possible after removing test leads 
t SECUR'X lead locking device prevents leads from being disconnected 

accidentally 
t Safety alarm gives an audible warning if measured signal exc~eds 

specified range (10A ac or de, 750Vac, 1000Vdc) 

Quick Selection Guide 
Model MX20 MX50 MX51 MX51EX MX52 MX52S 

Fax : (02) 736 3005 
Fax: (03) 870 8972 

Fax : (07) 277 3753 

Basic Accuracy 0.5% 0.5% 0.1% 0.1% 0.1% 0.1% 
Bargraph • • • • • Zoom Mode1 • ·• • • • Zero Mode2 • • • • • • live Trend Memory3 • • • • • Logic Function • • • • • Min/Max Recording • • • • Store 5 readings • • .. • Relative Mode • • • • RMS Conversion • • Frequency • • dB level • • High Accuracy(O. 1 % ) 4-20mA • • Intrinsic Safety • EEx ib llC T6 
HBC fuse protection • • • • • • 

1. Zoom mode gives 5x magnif1calion 250 segment sliding scale bargraph display 
2. Zero mode functions as centre-zero meter tor rapid polarity change measurements and zeroing 
3. Live Trend made digital display shows stored value, bargraph shows absolute value (ie 
simultaneous display of current and stored values) 

SOUTH AUSTRALIA Tel: (08) 344 9000 Fax: (OB) 269 6411 
W. AUSTRALIA Tel: (09) 4701855 Fax: (09) 470 3173 . 

Soft 
Vinyl 
Carry 
Case 
worth 
. $25 · . 

.. ·· if you 
mention 

this 
advert 
when.·. 

ordering! 

'" ' '~ ·-
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·OBSERVING THE 
EARTH'S OZONE LAYER 

.. ' .' ··' 

There's still a lot of information needed before scientists will have a really clear picture of the exact 
mechanisms responsible for the breakdown of the Earth's ozone layer, and the global warming 
'greenhouse effect'. NASA's new LIARS satellite is expected to provide much of this needed data. 

by KATE DOOLAN 

· We are constantly being warned that . tion throughout the lower and upper at· 
our environment is changing, and not for · mosphere. The latter begins only 10 to 15 
the better. Mounting scientific evidence kilometres above the Earth's surface, and 
has indicated that our activities are af. plays an essential role in the global 
fecting the composition of the Earth's climate. It contains a protective ozone 
. thin and fragile atmosphere. layer which screens out high energy solar 

·Scientific measurements have docu. untraviolet radiation, the same UV radia· 
mented shifts in the chemical composi· tion that may cause skin cancer in 
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humans as well as causing ,damage· to 
animal and plant life. 

Some of the changes that are taldng 
place in the upper atmosphere are out of 
human control. Variations in the intensity 
of solar radiation, solar wind and cosmic 
rays from space influence the dynamics 
and chemistry of the atmosphere. Vol· 

!' 

.,./ 



ft: ~ Showf1 h~e Is the Upper Atmosphere Rsseamh Satellite (UARSJ bslng prepared In th~ P~ytosd Hazardous Servicing Facility 
. · st the Ke~nedy Space Centre, tor launch In mid 1991. · . 

~anic ~cti~ty 'such as the rece~t eruptl~n ozone depletion, directed the Nati~nal tlteoreti~,~ models of the ~pper abno~­
of Mount!inatubo in the Phillipine. sin- Aeronautics . and Space Administration phere. This will enable scientists to 
jected a assive amount of .dust, .. ash (NASA) to expand its research program predict the effects of change in the at-
and vario s chemical compounds Joto on the upper abnosphere. Rockets, bal- mosphere., . . . ,.,, ..•. . ·.··. " 
the atmogphere. As these events tend to loons and high altitude airtraft - along .. The Upper .. Abnosphere . Research 
be rare 2urrences, their effects pose lit- with laboratory and theoretical studies- Satellite itself measures nine metres long 
tie ~t the Earth's global atmos- have confinne~ that human-made chemi- and .~4.5 · metres ... wide: Jt ··weighs ~-
phenc bal ce. .. .. . . .. , . cals are depleting the ozone layer. proxtmately 31,000 .kilograms and is 
· Human ctivities tend to produce long- . powered by a 9m x 3m solar panel.The 

. ·term trenru that can lead to large scale- · Satellite sensing UARS observatory comprises of a stand-
and possi ly irreversible - effects on To study the global scale of upper at- anl design Multi-mission Modular 

,,,. the Earth'. abnosphere, if they are al- mospheric processes, remote sensing Spacecraft (MMS}, which is coupled to a 
··· ... lowed to c ntinue. from space is necessary and this is the module that includes the ten scientific in-

The b~· g of fossil fuels is reSulting tole of the recently launched Upper At~ struments; The MMS' Hydrazine Module 
in world ide increases in atmospheric mosphere Research Satellite (CJARS). · will power the orbital . adjustment 
concentrati ns of carbon dioxide, which The · Upper Atmospheric ' Research manoeuvres for the initial boost to orbit, 
transmits visible light but also reflects in- Satellite is the first major part of NASA's and also to maintain the spacecraft's re­
frared radiation back to the Earth's sur- 'Mission to Planet Earth'. This is a long- quired attitude. This system consists of 
face - I causing the so-called teim research program that will be using four llkg thrusters and 12 small attitude 
1Greenhou$e Effect'. Based on present ground, airborne and space based instru- thrusters, each weighing 200 grams. 
rates of atilnospheric carbon dioxide in- ments td study the Earth as a complete , · • · . 
creases, th~ Earth's surface· temperature environmental system. UARS will pro- Attitude control 
is expected to increase by 2°C by the vide scientists with their first complete .For the UARS ·spacecraft to make 
year 2050. · set of data on the upper atmosphere's changes in its orientation towards the 

Other ' nhouse' gases that· may be chemistry, winds and energy inputs. Earth - which is needed for the long 
individuall. less significant but may col- · To study ozone depletion more com- duration measurements of the abnos­
lectively uce a similar effect include pletely and to understand other aspects of · phere- the spacecraft must know where 

· nittous o ide, methane and chloro- our fragile abnosphere, scientists need it is pointed at all times. To do this, 
fluorocarbdns (CFCs), which are still the global perspective available from an UARS uses a system called Modular At-

... used in s1me countries as spray-can Earth orbiting satellite - one that can .titude Conttol System (MACS). 
propellants The industtalised world uses make simultaneous measurements of all The MACS system is a three-axis sys­
CFC's in aking plastic foams and in- factors of ozone depletion with state of tern made of flight ·proven NASA 

., dustrial mponent . cleaners, and as ·the art instruments. , components. .· 
working fl · d in refrigerators and air . The UARS science programs have , The system contains sensors that tell 
conditioner . Another contributor to al- been designed as a single experiment, · the spacecraft where it is pointed and·ac­
tering the per atmosphere is deforesta- with nine component instruments that tivators that point the spacecraft as re­
tion, whic alters the balance between will study the upper atmosphere's· quired. The MACS module originally 
emission t d absorption of carbon chemical, dynamic and energy systems. flew on the Solar Maximum Mission 
dioxide an other gases. In addition to the UARS instrument which was launched in 1980. Following 

·In ·1976 e United States Congress; in " •:science teams, ten other teams will use the spectacular retrieval and repair of the 
response newly identified causes of the gathered data to improve on the · Solar Max by the shuttle crew of STS 
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Ozone Layer 
41C in April 1984, the MACS was 
returned to Earth and refurbished for use 
aboard UARS. 

.· The Communications and Data Han- · 
. dling (CADH) system uses software 
· based on modular technology that has 

previously flown on Landsats 4 and 5, as 
·well as .the Solar Maximum Mission. 
This modular programming allows sec­
tions of the software to be repaired or 
rewritten without needing end-t~end 
verification of an entire new program. 
The CADH system consists of a CADH 
module, a high-gain antenna and two 
omnidirectional low-gain anteMae. Also 
on the CADH is a transponder for com­
munication between UARS and NASA's 
Tracking and Data Relay Satellite Sys­
tem (TDRSS). 

VARS uses a standard NASA 
spacecraft .·computer · which ···provides 
some autonomous . operation of .the 
spacecraft. It will perform some tasks 
such ·as command processing, power 
management and attitude determination 
computations. . . . .. . 
/ Instructions to .the Upper Atmosphere 

Research Satellite begin with the ground 
controllers .located in the UARS Payload 
Operations Control .Centre (POCC), at 
the Goddard Space Flight . Centre . in 

Greenbelt, Maryland. The POCC .is the 
focal point for all UARS pre-mission 
preparation .and on-orbit operations. 
For the UARS mission, the POCC is 
part of the Multi Satellite Operations 
Control Centre at Goddard - which·· 
provides mission . scheduling, telemetry 
data acquisition, tracking, command 

Capture Facility at Goddard. On arrival 
there, telemetry preprocessing will be 
performed; this will include time order­
ing, merging, editing and sorting of data. 
The output is then transferred to the 
Central Data Handling Facility. 

Onboard instruments 
and processing required for down· .· The Upper Atmosphere Researeh 
linked data. · · Satellite has nine scientific instruments, 
. A Central Data Handling Facility which will provide critical measurements 

(CDHF), again located at the Goddard to gain a more complete understanding of 
Space Flight Centre, will be processing the upper atmosphere. 
the UARS scientific data. The CDHF is . .The instruments will be concentrating 
linked to 20 remote analysis computers their . observations · on the . areas of 
at the Principal Scientific Investigators' chemistry, dynamics and energy input. 
home institutions, via an electronic Four of UARS' instruments will be 
communications system. This will measuring the concentrations . and dis­
make all UARS data available to inves- tribution of gases important to ozone 
tigators. The CDHF is also designed to · depletion and climate change. 
encourage frequent interactions between The Cryogenic Limb Array Etalon 
the different investigation groups, and Spectrometer (CLAES) will be determin­
Will enable quick responses to ·unusual . · , ing the concentrations and distn'bution by 
events such as volcanic eruptions and altitude of nitrogen, chlorine compounds, 
solar flares. methane, W'dter vapour and ozone - all 

Scientific data gathered by the tlARS of which take part 'in the chemistry of 
will initially be recorded continously on ozone depletion. .. . . . 
two onboard tape recorders, at a rate of . The lniprovecf :St:ratosi>heric and 
32 kilobits per second. On acquiring con- Mesospheric Sounder (!SAMS) will be 
tact with the Tracking and Data Relay studing .. atmospheric water vapour, 
Satellite, the recorded data from UARS carbon dioxide, ozorie, methane, nitric 
will be transmitted through the NASA acid and carbon monoxide .. This instru· 
Communications Network to the Data ment detects infrared radiation from the 

The Upper Atmosphere Research sarelllte Is hoisted out Of the workstand In the Payload Hazardous SBtvlclng Faclllty 
during preparation for flight and Installation In the payload bay of the Space Shuttle Discovery. 
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atmo!J)h re and uses it to gain infonna­
tion on atmospheric composition and 
temperat e. . 
'i The crowave Limb Sounder (MLS) 
will pro~de a global data set on chlorine 
fnonoxid , which is a key intermediate 
compou d ·· in· the ozone destruction 
cycle. D. ta will also be used to produce··· · 
three di~ensional maps of owne dis­
tribution and to detect .water va. pour .in 
the mi wave spectral range. . 
,, .'.The . logen {)cculation Expenment 

.'(HALO ) is to observe the vertical dis-
tribution of hydrofluoric acid, •carbon 
, dioxide, methane and members . of the 
·.nitrogen amily. Every day HALOE will 
:observe 8 occulations of ·the Sun, to 
,measure the .energy absorption of the 
iSun's ra by the above gases. · . : 
. The £ llowing . two instruments, . the 
High Re lotion Doppler Imager (HRDI) 
and . the~Wi.nd Imaging• Interferometer 
(WIND , will help scientists obtain a 
global p'cture of the horizontal winds 
that ·.dis rse chemicals and aerosals 
through ilie upper atmosphere ...... ,. , . 

The Sblar Ultraviolet Spectral 1 Ir~ 
radiance I Monitor (SUSIM) will : be 
tneasurink solar ultraviolet activity, . 
which is the most important range in 
ozone ch mistry .. Ultraviolet light from 
the Sun i. the driving force of the owne 
cycle, . di. sociating chlorine compounds 
into reac · ve chlorine atoms which in 
turn ·· 'r up ozone molectil~. · .. ·· · .. . 

The Solar Stellar Irradiance Com­
parison Ekperiment (SOLSTICE) ~1 be 
conductin~ in-depth ultraviolet studies of 
the Sun. USIM will compare the Sun's 
ultraviole energy to the ultravioiet radia-
tion of b~t blue stars in other regi. on .. s. 
ofourgal y. 

The P. ·cie · Eri\TiiOnment Monit6r 
(PEM) . · ·be· · assisting scientists ···in 
answering questions about the effects of 
energeti;.c articles from ~e Sun on th .. e 
upper attn sphere. PEM will use four dif-
ferent · ary instrument sub-uriits, to 
take de · ed particle measurements 'in 
different e ergy ranges. . . . · 
i · A tenth instrument, which is not teeh­
nically pa of the UARS, is the Active 
Cavity Rl diameter Irradiance Monitor 
(ACRIM). ACRIM is an 'instruinent of 
opportunit~' which was added .to the 
spacecraft after designers had determmed 
that a ten instrument could be flown. 
This expetunent will provide monitoring 
()f total ~OW activity for long~term 
climate st( dies, and will be important for 
other Mis ·on to Planet Earth studies. 
· · Expect to have a life span of three 
years, the Upper Atmosphere Research 
Satellite 'as constructed ·by .General 
Electric'$ Aerospace DiviSion .and is 
managed y the Goddard Space Flight 

An artist's Impression of the .Upper Atmosph~~~·~~sea~d~ ·~tel;,,, after being 
placed In orbit around the Earth by Space Shuttle Discovery. · . . 

Cenfr(fbr''NA:SA's '-Office of Splice orbit AStr0nauts.Geflllai-and ~tichii had 
Science and ·Applications. ·Surprisingly, · inade preparation to make a spacewalk to 
in the days of big '

1 
budget space unfurl the antenna of the UARS if neces-

progtams that cost more than intended, sary, but the deployment was normal and 
UARS came in at US$35 million under the astronauts stayed inside the shuttle ... 
budget- for an overall project cost of . ,With a flight inclination of 57°, .. the 
US$633 million. · .. .· UARS can cover nearly all the Earth's 
T.·· ·h·e ·l·a·· un· ch·' ·i"n' 'g: · .· · ·· surface for its :observations. During its 

flight, Discovery used the same flight in-
·'· The UARS was placed in· orbit 'Using tlination and was visible over most of 
the space shuttle Discovery, on its 13th Australia, being sighted making several 
flight ...... which was also NASA's 43rd early morning passes over Melbourne 
space . shuttle . mission. The launching and Sydney. .. 
took place from · the Kennedy Space 

1 

Following the deployment · of the 
Centre in Florida, on 12September1991 UARS, the remainder of the shuttle flight 
at 7:11pm. This provided a spectacular was uneventful - except for one oc­
nighHime launch event; which could be ~asion when the shuttle had· to dodge a 
seen from hundreds of kilometres away. , ~ent rocket stage. The astronauts spent 

·.· The five-man crew·; was commanded piost of their time doing medical experi~ 
by<astronaut John Creighton, with pilot ments, which .included observation of 
Ken . Reightler and mission · specialists ~ight young rats in an experiment on the 
Sam Gemat, Jim Buchli and Mark ~fleet of zero gravity. · . ·· 
Brown. All were space· veterans except · Discovery was expecied to make the 
for Reightler. Jim Buchli was making his first night landing at the Kennedy Space 
fourth flight into space and became only Centre, but the flight landed at the Ed· 
the· second person to make four ·space wards Air Force Base in California due to 
shuttle flights~ the trrst being former ·bad weather on 18 September 1991. It 
astronaut and Director· of the Kennedy · had been a six-day flight. . 
Space centre, Bob Crippen. . ·· . 1 , .. The Upper Atmosphere Research 
· On day three of the flight, Mark Br6wn Satellite is now in orbit, working perfect­
used the shuttle's remote armto grab the Jy. In the next several years it will hope~ 
Upper Atmosphere · Research Satellite fully provide a new insight in the ozone 
and deploy it into a 560-kilometre high layer and its importance to us ................. + 
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NEW BOOKS 
;Creative desigll . . Various as!Jects of a!11plification· ~ 
; . . . . · then covered: composite amps, audio 

'ANALOG ·ELECTRONIC DESIGN, and HF amplification (Ch.12-14). The 
by Jonathan Scott. Published by Pren· last six chapters (15-20) are devoted to 
tice :Hall, 1992. Soft cover, 235 x analog filters, oscillators, sampling ana· 
170mm, 554 pages.ISBN 0-13·033192· log signals, AD conversion, switching 
9. R~commended retail P.rice $46.95.. power supplies and noise. , .. , 
\ This book has ~en wntt~n for eng_i· Appendix A covers electronic CAD, 
neers and students mvolved m electrotuc appendices B·C tutorial problems and 
circuit development. It co~ers the funda- solutions, and appendix D laboratory 
men~ theory of ~lectrom~s, ~s well as problems. . 
the skills of practical apphcatton. Elec· ,. The book is well written and 
tronics is yery much a discipline bui~t illustrated, and easy to follow. It actually 
~pon previous ~owledg~ and expen- originates from a final university course 
en~e. ~e book ~s to stm~ulate a ere- for generalist electronic engineers, 
attve mterest m the topic. Author ·which explains its comprehensive cover· 
Jonathan Seo~ was former.ly on the staff age. As well as being an excellent text · 
of Ell, an~ IS ~ow a semor lecturer at for this group, or a very useful reference 
Sydney Umvers1ty. . book for practising engineers, I can rec· 

The 20 chapters give a good coverage . ommend it for anyone like myself, anx· 
of electro?ic circui~. Early chapters (1 ~ ' ions to expand their working knowledge T---.-..-....... ;_._:._;,---._!_...J 
6) deal with the vanous types of compo- ·· of electronics. 
nents,, differe~t met~ods -of buil~ing .. The review copy came·from Prentice 
prototypes,activedev1ceconfigurattons, Hall of Australia .PO Box 151., 
soltlenon-linearcircuits,andthetypesof Brookvale 2100. It is available from 
distortion found in amplifiers. . , .. · technical bookshops. (P.M.) 
·· Chapters 7-10 ·deal with multipliers 
and mixers, discriminators, phase~locked 
loops and amplification using opamps. 
Chapter 11 .covers · the use of 
macromodels like SPICE.' · 
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Vintage radio , .-
FIXING UP NICE OLb RAi>tos, by 
Ed Romney. Published by the author, 
1990. Plastic ring binding, 217 x 
282mm, 186 pages. Price US$25 plus 
$1.50 shipping •.. , . -, 
. ·Here's a book that will no doubt' prove 
irresistible to many of our readers inter­
ested in vintage radios _..particularly in 
repairing,them and getting them -going 
again. Author Ed Romney not only loves 
them; as the title of the book reveals; but 
he has spent 'many years repairing and 
refurbishing them. As a long-time in· 
· structor in radio and electronics, he also 
knows how to impart his knowledge in a 
friendly, easy to follow manner. 
. He's also apparently quite an expert on 
both tepairing cameras · and rebuilding 
vintage cars,,and in recent years has pub· 
Ii shed quite a few books on these topics 
as well. A man of many talents! 
· In this volume he works methodically 
through both the basic operation and re- , 
pair of 'tube' (valve) type radios, cover­
ing virtually every aspect from basic 
electronic circuit theory to the alignment 
of the complex sets (including communi-

( .. 

cations and ham ·rigs) produeed in .the 
late l930's and 1940's. And along the 
way he manages to provide a huge 
amount of infonnation on many sets that 
were common in the USA, and .still 
available .. today if you know where to 
look. There are circuit schematics, wir­
ing diagrams, alignment and component 

· rating data- you name it ... , . . 
. , Of course it's inevitably orientated to-
· wards US manufacturers and models, but 
some of these· have found their way out 
here over the years, and in any case a lot 
of the information given would .also 
apply to other sets available here.. . 

It's all Written in an easy, relaxed man­
ner, which should make it of value even 
to those who currently have little or no . 
knowledge . of either radio receivers or 
valve technology. In fact it would make 
an excellent introduction to the technical 
side of vintage radio. . 
. A book that will become quite a classic 
in vintage radio circles, I expect. . . _ .· 
···The author is not only happy to accept 

mail orders,. but apparently only sells his 
books this way. His address is PO. Box 
96, Emlenton PA 16373, USA, and he 
will .accept payment :via. Visa or 
Mastercard. You .can even order by 
phone, if you wish; his number is (412) 
867 0314. (J.R.) ,(• 

,,-



.New· 
100 

SERIES 

R1n1n . · 
Vdc<\OOmV, 4V, 40V, 400\I, 1000V 
Vac 400mV, 4V I 40V, 400V6 750V 

·Mc 400uA, 4m11. 40mA. 4 OmA, 
2A, 20A 

Aac 400uA, 4mA, 40mA, 400mA, 
. 2A. 20A 

Ohms 4000, 4k!l, 40k!l, 400k!l, 
1 aggg 1ount high 11101111/an 4Mn, 40Mn . 

lllplay . . frectuency 0·4MHz autoranging, 
1 Elmn lllnclla111- Vdt, Var 40MHz (500mV min) 

Adt, Aa~. oh1111, dlod1, to1lt.. Capacttance 4nf, 40nf, 400nF. 4µF, 
1onunu1.,, lr1qusnry, 40µF 
eapatllanrund 111111/llor hfl Transistor hfe 0· 1000 pnp/npn 

t Pe1t hold bul/on Continuity 2kHz buzzer, <50.Q 
1 Automalit paw11 oW · · .· ·Logic to 20MHz 
1 D.5% ba1/u1ruracy . • , Power Off alter 1 Smin 
, Short proof from 1.Sm drop 

$166.80, $13UOextax 

.• 





UNIDEN BEARCAT :70XLT SCANNERS 

0 II new ELECTRONICS Australia subscribers, or existing 
. subscribers who renew/extend their subscription, before March 

25, 1992 will be eligible to win one of these great 8-band 
"pocket" VHF/UHF scanners, made by Uniden. 

The Bearcat 70XLT uses the latest IC and surface-mount technology to 
provide high performance, reliability and the convenience .of 
programmable operation in .a very compact case measuring only 70 x 
155 x 25mm, and weighing a mere 300 grams. It covers eight of the 
most active VHF /UHF communication bands: 

66 -88MHz 
144 -148MHz 
406-420MHz 
450 · 470MHz 

Features include : 

136-144MHz 
148·174MHz 
420- 450MHz 
470-512MHz 

• High sensitivity (from 0.4iiV /66 • 88MHz to 0. 7uV /406-
512MHz for 12dB SINAD at +/·3kHz deviation) 

•Good IF selectivity (-55dB at +/-25kHz) 
• High audio output -140mW into 8 ohms (10% THD) 
• 20 memory channels, with easy channel programming 
• High contrast LCD display with switchable backlight 
• Built in search mode, priority and lockout functions 
• Manual channel selection, optional 2-second resume ·delay 
• Earphone jack for private listening (earpiece supplied) 
• Comes complete with "rubber-ducky" antenna, rechargeable 

NiCad battery pack and plug-pack battery charger 
• Limited 1-year warranty from Uniden 

Each Bearcat 70XLT normally selis for $249- but here's your chance to 
win one, simply by subscribing to Australia's leading electronics 
magazine! 

But don't delay- this offer ends on March 25,1992 
Subscribe or renew/extend NOW. 

HOW TO ENTER: Simply phone our toll free number 008 800 933 and 
have your credit card details ready. lf you do not have a credit card then 
fill out the coupon attached and post. If the coupon is missing, send your 
name, address, phone number and cheque to: Federal Publishing 
Company Reply Paid No. 3, P.O. Box 199, Alexandria, NSW 2015. Any 
enquiries can be made by phoning (02) 693 6666. Unsigned orders can 
not be accepted. 



Electrical safety: 

Shake hands 
with the devil • 2 
lnPart 1 ofthis article in the Oecember 1991 Issue; the author gave graphic details of the fatalities • 
caused by complacency when using electricity. Now, in Part 2, he describes the biological effects 
of electricity which help explain the causes of electrocution. Details are given of South Africa's 'killer 
fences' and Arnerica's 'electric chair'. 

by RICHARD WALDING 

The severity of an electric shock 
depends on the ctttrent, duration, fre· 
quency, skin moisture, surface area of 
contact, pressure exerted, temperature 
and the path through the body. A current 
passing through vital organs such as the 
brain or heart is the most dangerous. So 
the biological effects of electricity result 
from both the electrical resistance and 
electrical impedance. 

. the magnitude of direct current flow of 
· constant strength is two to four times 
greater than that of alternating current 

Impedance characteristics 
As noted above, the human body has 

.. both resistive and capacitive com-

Electrical resistance: Fortunately, the 
human skin is a fairly good insulator, 
which provides a protective barrier 
against injmious electric currents. The 
effective resistance between two points 
on opposite sides of the body, when the 
skin is dry, is in the range of 10,000 to 
one million ohms. A manual worker with 
dry, calloused hands could have the 
highest resistance. However, when .the 
skin is wet, the resistance may be less 
than 1000 ohms. 

Electrical Impedance: Other things 
being equal, a higher voltage will result 
in a higher current But AC voltages and 
DC voltages need qualification before 
being compared. Firstly, although 240V 
AC may have the same average value as 
240V DC, the peak AC voltage is some. 
what higher - an AC voltage of 240V 
RMS has a pe,ak value of 340V. 

Secondly, the human body acw as 
having capacitance in parallel with its 
resistance (Fig.1 shows the total im­
pedance of the body). A DC current can 
pass through the resistance, but not the 
capacitance. An AC current can exist also 
in the capacitive branch. Because of the 
additional path allowing current to flow, 
the current for a given AC RMS voltage 
will be greater than for the same DC volt· 
age. Thus an AC voltage is more 
dangerous than an equal DC voltage. Al­
ternatively, to produce the same effects, 
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· ponenm. The internal impedance can be 
considered as mostly resistive. The outer 
skin is different Skin is made up of a 
semi-insulating layer and small conduc· 
tive pores, and is thus a network of resis­
tances and capacitances. 

Changing impedance: At the moment 
when a high voltage is touched, 
capacitors in the skin are not charged and 
so the impedance of the skin is low. The 
internal impedance of the body provides 
the resistance to current flow. H the volt­
age remains, the .. capacitors continue to 
charge, and the impedance rises. 

However, if the voltage is over 50V, 
then the skin starts to break down, 
making 1he total impedance of the skin 
. just about zero. The total impedance is 
then just the impedance of the inter­
nal body. 

The value of total body impedance for 
living human beings and a current path 
hand·to·hand or hand·to-foot for palm or 
foot size contact areas and dry conditions 
are given in Table 1. 

The impedance from one hand to both 
feet is 75% of the values in the table, and 
50% if from both hands to both feet For 
contact areas wetted with tap water the 
figures am be reduced by 10.25% and 
for sea water the values are about half. 

For about 5% of the population who 
have a much lower impedance, the 
figures in Table 1 can be reduced by 50. 
70%. It is conceivable then that a person 
who has be.en swimming in the sea can 
have an initial impedance of 500 ohms at 

240V AC. Using .Ohm's Law, it can be 
shown that 500mA could flow - which 
is potentially lethal. 

Threshold effects: The following ·· 
describes the biological effects of a 50Hz 
or (i()Hz current, which are most com· , 
mon in electrical installations. The ef • 
fects of DC currents are also included but 
accidents are much less frequent than 
would be expected from the number of 
DC applications, and fatal accidents .. · · 
occur only under very unfavoumble con­
ditions, for example in mines. 

The threshold of perception is aboUt 
O.SmA. This is· the minimum current 
which causes any sensation. At about 
lmA most people can 'feel' a cwrent as a 
detectable tingling sensation. At 3 or 
4mA, pain is felt but rarely causes much 
damage in a healthy person. The DC 
threshold is 2mA. 

The threshold of let-go is lOmA. For 
currents approaching JOmA, a . person 
will feel pain and strong muscular con· 
tractions, but should be barely able to 
release the hold on the conductor. 

For OC currenw there is no defmable 
threshold below 300mA Only the 
making and breaking of current causes 
painful and cramp·like contractions of 
the mu,;les. Above 300mA DC, let-go 
may be impossible or only possible 
after several seconds or minutes of 
shock duration. 

Respiratory paralysis occurs with 
about 20mA AC, when the cmrent flow· 
ing from the hands to the feet produces a 
contraction of the chest muscles · that 
halts breathing. This paralysis of the 
respiratory system will lead to death by 
asphyxiation if it lasts a few minutes. Ar· 
tificial respiration can often revive such a 
victim. The major problem with this cur· . 
rent is that within a few seconds, the skin 
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: Voltages ~re stepped up for4ong dlstsrie1ftrariStrilsslo1{ .. Strilet transtormers usually step-down 11kV to 415V. Sarne 
;High voniges mean low currents and subsequently the PR . models used polychlorlnatsd blphenyls (PCB's} as the 
,power los es are minimised. : . . . ;: coolant snd now present a disposal problem. .. . , ... , , 

'1• \" ' '· I " ~ ,' ' , ; ' ' (', f' • .' ' I ' I ' ' /'I' ' ' ' ,• I • f ' " ' • 

.in contact . th .the conductor .will suffer mie. most,,' vulnerable part of the' cycle Ufrge cmrents's'uch as these bririg the en­
,burns and blisters. Such damage drasti- corresponds to the first part of the 'T- tire heart to a standstill - the nervous 
<,Cally redo s the skin's resistance, which wave' in the ECG, which is about 10% to systelll is blocked and respiratory 
can lead to a fatal increase in the current 20% of the cardiac cycle (see Fig.2). It muscles ·are paralysed. But upon release 

·occurs· about 0.2 seconds after the main of the cmrent, the heart often returns to 
Nentric larfibrillation i ·,,·' peak •. Some other times and.thresholds itsnonttalrhythm,andvittimscansome­
, The thre hold of ventricular fibrillation are: 3s,c 40mA; 0.5s, lOOmA; 0.Dls, ·times be' .saved . by prompt .artificial 
1s SOmA. I a current above SOmA passes .SOOmA; It ·may be seen that there is a :respiration.· Heavy ··burns ·resulting ·in 
'across the orso for a second or more, the considerable increase in the threshold of serious injury are common. · . . .. . 
portion pa sing· through the heart causes fibrillation if the current flow is les.s than At these high values of cturent, the ef-
~eeguhe1artarl ht. uscles to begin. to t~ntract 'One· cardiac cycle; . :rects of AC and DC are not very dif-
... y. . · / For OC, the threshold for ventricular ferent. But at lower values, a DC current 
: Thi~ces ation of the natutll rhythnrof .fibrillation for a falling current is about .poses less of a hazard than a comparable 
:the h t· prevents proper ·pumping twice as high as for a rising current.· For AC current, because DC does not trigger 
and oxyge ation of the ·blood. This con- hand-to·hand passage of current, fibrilla- the strong muscular contractions of AC. 
dition is ed 'ventricular fibrillation' . tion is not likely to occur. The threshold In the above discus.sion, we have as;. 
andwillcontinueevenwhenthevictimis .for·a'3secondcontactis 150mA; for 1 'sumed that the path of the current 
.removed from the electric circ~t. .The ·second it is 200mA·For shock durations !through the body is from hands to feet. 
consequentes are fatal unless medical as~ less ·than 0.2 seconds, the threshold 'The majority of electrocutions in 
sistance is available. It is the main cause values :are similar to corresponding AC . Australia and the rest of the world are of 
of death b electric shock. . , currents (about SOOmA). Above· 300mA :this type;· · .. , · 

ff the contact time is · below 0.1 .DC, current marks,: bums, dizziness and ... .ff the current path is ·in one leg and out 
·seconds,· urrent ·over 4 SOmA · .may ·. be sometimes unconsciousness occur. Stran- .the-other, the threat to life is lessened as 
:needed to cause fibrillation ...i..·but it can gely enough, if the current ·is much no vital organs lie in the path. However, 
vary, depe ding on the particular stage of larger,· of the order of IA, the ·damage , the intense heat tends· to kill cells, 1Uld 
the cardia cycle when the shock occurs. . may be much less, and death less likely. surgical excision of large amounts of 
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'Electrical safety 
dead tlssue ot amputation may be 
needed. 

Defibrillation: Heart fibrillatlon will 
occur when a body current of 50mA AC 
. or more passes through the heart. A 
potential of 220V to 450V generally 
brings this on. Even though there is m~­
cular activity by the heart, the chaotic 
motion prevents blood circulation and 
oxygenation. .·· . 

2 (skin) 

z (intetnal) Z (total) 

z (skin) 

· In Australia, electricity is distributed 
from the generating station at a high volt- Flg.1: Impedances of the human body.· 
age, say 22kV which is stepped-up to · The dashed line Indicates that there Is 
2,?Sk.V for statewide distribution. At a small capacitive component 
major towns it is steppe~ down. to .no~v .. Internally. 
and then sold to the reg10nal distribution placing the plates of a defibrillator on the 

· authorities at 33kV for their bulk supply. chest on either side of the heart When 
At suburban sub-stations, it is stepped the trigger is pulled, a 5kV DC pulse last-
down to llkV and then to 415V at the ing 1 to 50 milliseconds passes through 
street transfonners. Here, the three . the heart, causing it to stop. The defibril­
phases are 240V each, with respect to the · Iator has to recover within 5 seconds 
neutral or earth, .with 415V between the . (typically '2-3 seconds .in Australian 
phases. One of the 240V. phases and. a models) ready to deliver the next pulse. 
neutral is connected into · domestic The second step is to restart the heart, 

·. ·down· their · leads. Earlier inipbrted 
models were not optically decoupled, 
.and sometimes had a common earth with 
the defibrillator. If and when a fault con­
dition arose, someone holding on to the 
ECG could die. (It has happened.) In 
another case in the US, a two-pin ECG 
plug from the body leads was identical to 
:the 120V mains wall socket The patient 
died when the leads were plugged in and 
turned on. The nurse was touching the 
bed and was also found dead. 

Even without a fault condition, 
'leakage current', that is current along an 
unintended path, can be fatal. Leakage 
currents are often capacitively coupled; 
for example, a wire in a lamp forms a 
capacitor with the metal case - charges 
moving in one conductor attract or repel 
charges in the other, so there is a current 
. Typical electrical codes limi~ sue~ 

leakage .ciirrent to lmA, which . IS 

generally harmless. But to a patient with 
implanted electrodes connected to 
ground through the ECG apparatus, it 
. can be very dangerous. As little as 

premises. Some ·consumers and factories which is usually done with a second 
get all three phases and then have a 41 SV pulse, identical to the first Sometimes 
·line voltage. The problem is that the final the heart may resume its normal 'sinus' .. 
supply voltages are within the 220-450V rhythm naturally, without this second Shoulder 

range that commonly causes fibrillation. pulse. If unsuccessful, a third (and 
In the USA, street transfonners step final) stronger pulse may be used, but if 

down a 5.6k.V supply lo ·220V. This this fails, then cardiopulmonary resus- .. 
means that there . is 220V between the citation is cbntinued until the victim 
phases and 11 OV between any phase and reaches hospital. 
neutral,. although it varies from state to .. ·. In American . movies, you may ·have 
·state and even suburb to suburb. Both the ... noticed that only one hit is required. In 
'5.6kV, and·the llOV usually supplied to ... the USA, the HOV and 5.6k:V supplies 

Straps 

Chest Strap · 

Groin Strap 

· Arm Straps 

domestic premises, are outside the 220- are less likely to cause fibrillation. They 
450V AC range, and fibrillation is .Jess jusrstop the heart Only one hit with the . F/g.3:th1elsctricchslr. EteCtrOdessrs 
common on a per-capita basis. : .. · · ·· ·irons is needed to restart the heart (if it is strapp•d to each csN and a cap with an 
·,. If fibrillation begins, the treatment ...... -.going to start at all). . . . . , · .• : :electrode In It Is used to keep the he•d 
it's called being 'hit with the irons' ...... in- The standard procedure m the USA1s In place. 
volves two steps. ... , . . to give the patient a sharp thump· in the 0.02mA cari . ca\ise ·•:fibrillation. wheh 

·· FirStiy·, the fibrillation (ahd thus· the ;chest with your fist It is called a 'pre-
b rdial th ' (La· or: di th passed directly into the heart, whereas heart) must be stopped.·This is done•· y .co :. ump · tm:. c , ·cm s, e . thro gh 

.heart). This can shock the heatt intostan~ 50mA is required when entenng u 
luricles . ·~ ing. It is not standard practice in the hands; This <'wired' patient is in 
.1 ...... j(tl--R,,...;.,.., ...:...Ve=nt=n=· cl=~s._...1 . 1Australia .:...;there is no point 8S it WOn't .·dangerfromjuSt touching alight .• ·· .. · .. 
: · ·. : .. · · : . : : .. stop fibrillation. In fact if a paramedic or 1 . In· some people, an unusually sensitive 

. : .. / : . . · ' . · ·doctor uses this as .the first treatment; response of the nervous system·. to 
· ; . . . ·l . T • • they run the risk df being sued for an in- .electricity can lead to death from as httle 

1 .. • P 1 ·appropriate and time~wasting procedure. as 12V, although an unusually small skin 
··" · , . 

1 
· us panunedics have to· . be retrained resistance can be a contributing factor. 

when tJ1ey come to Australia. : · . ·· Killer fences 
Doctors .often use an · electrocar-

;diogram (ECG) in combination with the ' A typical electric ·fence produces 
defibrillation, so they can better monitor ·7500V DC pulses, lasting 0.2 ·mil­
'the bean's stopping and starting. The liseconds at intervals of 1 second. These . 

Vulnerable period of the ventrichs ECGhastohaveatracerecovery-timeof spikes are produced from either 240V 
L-.. ........ _.... ....... .;.,,_ _ _...........,, ........ ...._ · less than a few seconds, so it can respond ~C mains or from a 12V battery.· Alter­

quickly after being blanked out by the nating current units ·are outlawed. Al­
defibrillation pulse. ·· .. · though special deep-cycle batteries· are 
··. Modem ECGs are··· also optically available from manufacturers, · 90% ·of 

•Ffg~2: The occurrence of the vulnerable 
period of ventrlc/ss during the cardiac 
•cycle. It occurs about 0.2s after the 
main excitation a' R. . · · · ·· 
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Electrici authorities specify a condemned'ITian to decide if he is <lead, 
l O,OOOV. aximum for the battery units, . . or if another jolt should be administered. 
but the tes · g is not as rigorous as for the . At Sing Sing prison, New York, an ini-
mains uni . A 500-ohm load is placed tia1 voltage of 2000 to 2200V at 7-12A is 
across liv and earth and the units must used at half minute intervals over two 
'be able to eliver the specified voltage. minutes. Current flow in each leg and the 

For ins ce, a 7500V mains unit head is monitored. When the switch is· 
should su ply about 5000V under load. A ·first .applied, there is a sputtering drone 
good unif connected to a clean (on- .. and the body strains against the straps, 
loaded) fe ce should be able to maintain · smoke often appears under the helmet 
7500V ov r 20km of fencing. that holds the head electrode, there is the 

Fanners merely check the fence volt- odour of burning flesh, the hands tum red 
age with a small voluneter. They get to Jhen white; . and . the 'COnis ··of the neck 
know whal voltages should appear on the . stand out like steel bands. Mouths are 
fence at r:ifferent places, usually gate · ELCB's wl/I prevent csrtaln accidents. sometimes taped shut and in some instan­
openings, and can tell if the system is · Touch an active while earthed and ·· ces, the anus stuffed with cotton. Body 
operating normally. Animals that get you'll be safe; touch active and neutral temperature rises to 54 °C or so, and 

.•trapped in the fence do die, not so much· and you won't be. . .. autopsies have found charred .brains in 
' frosmouththe t·ecan~sbubort frderom sfetrnesces. t.~t'w" ;ee· ': 'n' ' ; ... 'Iri no tirtte at 'all, this sombie \varhlng' ' the victims. This may be gruesome, but 

~ .· · the physiological effects are inescapable. 
·Mozambi ue and Zimbabwe 'is no ordi- 'Was turned comple~ely around. In· 1888, · ·" In 1982, John Evans was given a half­
nary electric fence, but is a 'killer fence'. ~e New. York !egislature approved the minute jolt, ·but the leg ·electrode broke 
It carries nly 3500V DC, ·but even ac- dism~tling of its ~nows. and the con- and was re-attached. A second shock 

.. cording t official reports it has killed 89 . struction ~fan electric chair .. Th~ theory Jailed to kill him, and smoke came out 
'people in the past three years. Church was that m all. respects, scientific and :of his mouth and left leg. He was given 
,.leaders sa the figure .is closer to 200 per · ·~umane, exec~ting a m~ by electrocu- a third jolt. Ten minutes later he died . 
. year .. The victims have been women and tton was supenor t~ hanging. .. . . . . ... There is no reason .to believe that the 
.children feeing the war with Mozambi- In. 1890, after his lawyer had unsuc- victim doesn't feel pain. He is so frrmly 
,que. Lo s call the fence the 'Snake of ~essfully argued ~at thIS meth?d 'Yas .. fastened to the .chair . that he can't 
Fire'. In ontrast, . the .Berlin .Wall . only cruel an~ . ~usual ' ~d thus vmlating move, but the large amount of energy 
claimed 8 lives in its 28 year history. . the constitution, ,W~af!l K~mmler be- "in .the : shock paralyses the muscles. 
. . Electri ed fencing is common in South : came . the first cnminal 10. history to be Presumably it :was .the failure to move 
•Africa b t most is like our non-lethal ·put to death PY electrocution. Although . which led to the general belief that the 
domestic ype described above. Voltages eye"Yitness reports allege .that the .ex- . prisoner was not suffering pain. However 

·.up . to ~~OOOV . DC m:e common, .· ~d ecution was httle short of torture, the .it has been known for several decades 
even w1 .pulse durations of 20 mil- : fad had started. · . . . . ·that lack of movement does not mean 
Jiseconds 30 joules .of .energy can be The late Robert Ellio~ electrocutioner absence of pain. · . . · . 
· .. delivered ~ta current of 300mA. · . of . 387 men and women, assured the · A prisoner . ·being . electToclited is 
. · . The pr~blem with this border fence is 1 publi~ . that th~ cond~mned ~rson lost · paralysed and aSphyxiated, but is almost 
·that it c ·es a C()fitinuous (not pulsing) · consciousness 101mediately with the first certainly fully conscious and sentient Dr 
potential of 3500V DC, and is able to jolt of current. Between 1890 and the end Harold Hillman, writing in New Scientist 

:supply 8 mA of current: .Once the fen- : of the 1960s, several hundred people a (Oct 27, 1983, p278) said that the victim 
ces are touched muscle . contraction year have been executed in the US for . would feel himself "being burnt to death 

·.prevents · e vie~ letting go. With ordi- . rape, anned robbery and murder. : while he is conscious of his inability to 
. nary .. el tric fences, there is·: sufficient The prisoner is securely fastened to a ·breathe. It must feel very similar to the 
.. time bern een pulses to let go ... ., chair (see Fig.3) by his chest, groin, arms medieval trial by ordeal of being dropped 

This . ontinuous current Jevel .is and legs,. to prevent violent movements into boiling oil". . . 
often fa I. Those who have survived and to keep the electrodes in place. These In Britain, it is illegal tb aperate ex-
.have su ered severe bums and even . · electrodes .are moistened copper ter- JWtimentally on animals which have 
Jost lim s. The fences are installed by !. minals attached to each calf and ·a band . been: paralysed only by curare, and have 
a contra tot called Eclair, in Johan- around the head. · not been anaesthetised, because it is 
nesburg. , . . , 'Jolts' of 4-8 ampere8 at between 500 known they would feel pain. 

·· ··· · In the ate· 1880s, in otder to challenge 
·the gro ng success of the Westinghouse 
. Compan~f, then pressing for nationwide 
·electrification with alternating current 
the advobates of the Edison Company's 
· direct cuttent staged ·public demonstra­
. tions · inl New York '·to show .how 
dangerods ·their ·competitor's product 
really w . If alternating current could 
kill ·an· als - and ;awed ·spectators 
saw ·that it could - it could kill human · 
beings a. well. ·· 

and 2000V AC are applied for a . half 
minute at a· time;· A doctor inspects the Shock therapy··· 

In the late 1930s, electto-conWlsive 
! therapy was introduced for manic depres­
sion. It was soon apparent that patients 
had · to · be anaesthetised · before the 

1 therapeutic shocks were applied,· though 
this is standard practice today. . · · · 
· · So, understand the biological effects of 
·electricity on our 'body, and treat it with 
:the · uunost ·respect. Don't 'shake· hands 
with the devil'. Electricity is far · too 

! dangerous for· anyone to be complacent 
'about its potential. ', ' ' ' ' r' .•• (• 
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When .. , Think Bl1k .•. 
. ht.Neville Williams 

' ' ' • ' r 

.-Vintage·tadio receiver design-8: _ . . _. 
The evolution of table and mantel models· 
ThEf majority· of Australian mains· powered receiver$ in the 1930's were 4/5-vatve floor model 
· superhets as already discussed, _but the 'second set' concept generated a supplementary demand 
for 3/4-valve 'table' and 'mantel' modets. These shared much the same basic technology, but were _ 
·subjectto quite different design objecti\/es·. · . · 
. . ' 

~' • ' •' • ' '.' ' ' • I' ,"; ; ' ,· .' ' '• ,' 

• Before embarking upon this further 
dimension of receiver design, it may be 
appropriate to 'clear the decks' by com­
menting on an aspect of domestic dual­
.wave setS, large or small, which had to be 
_ held over from _the last article. :I re(er to 
tuning systems of the day, and Jhe fre­

, quent difficulty in locating and/or iden-
, _. tifying individual short-wave stations .. 

In place of the humble 0-100 ceUuloid 
. vernier dials that characterised console 
,receivers in the early 1930's, the models 
: that followed later in that decade were 
._commonly . fitted with comparatively 
. large, edge-lit glass dials that offered a 
.more striking and infonnative display. 
Blue/green sailing ships seemed to be the 
. preferred motif, surrounded by an array 
of local and interstate station callsigns. . 

.: . ·As well, multiband sets· carried 

. shortwave calibrations in metres and 
kilocycles, plus the odd overseas .trans­
mitting centre: London, •,.Paris; Rome, 
New York, etc ... : . .· , . 

Unfortunately, ·and despite the some­
-· times pretentious graphics, the shortwave 
: calibrations indicated, at best; where 
overseas stations would most -- likely '.be 
found - and then only by careful and at­
tentive tuning! Virtually all _domestic 
·shortwave ·receivers suffered from .this 
same limitation, .for which there was a 
· compelling technical reason: --· 
, To take in the broadcast band; multi­
: band receivers had to be fitted with a 
standard tuning gang of about 415pF 
; maximum,. in order to ·· cover from 
·around 550 to 1600kHz ....:.. a ratio of 
about 3:1, embracing a .total bandwidth 
pf aboutlOOOkHz. 

On a typical dial' scale, a loehl AM 
·broadcast band station might &'pread over 
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• 6mm or more, making it relatively easy 
to identify and to tune for the best sound. 

When switched . for shortwave 
.coverage, the same tuning gang would 
still span a ratio of 3:1 (e.g., 13.5 -40.5 
. metres), which represented a useful seg­
ment of the shortwave spectrum. But this 
was/is . equivalent to 22 ·~ 7.4MHz, 
. embracing .a _total. bandwidth of over 
14,000kHz-fourteen times that of the 
broadcast band . 

''• ., '. 

tnilliritetre, or the thickriess ofa pbinter 
' or calibration mark .. 
· · To make matters worse, neither the cir­
•- cuitry nor the mechanics of an ordinary 
analog (tunable) .domestic receiver 
could/can be held to ·an accuracy 
-equivalent to . the width of a line on a 
large dial. So a shortwave station of 
specified frequency will rarely coincide 
with the dial calibration - and even if . 
one goes searching for a particular signal, 
it will be less than a millimetre wide, and 
· therefore very easy to overlook. . 

It helps if the dial mechanism can be 
.made as smooth as . possible and free 
from backlash but, .at best, it is difficult 

. . to locate _and identify shortwave sta­
tions relying pl1rely on dial markings.A 
few .. models featured . double•vernier 
drive knobs and/or . _ supplementary 

_.'band-spread' pointers, but they could 
· offer only very limited assistance with 
what remains a fundamental limitation 

.. of ordinary tunable domestic multiband 
receivers. . . 
. Now to take up the rnain theme of this 

. present article: . , . 
Fig.1: A Kr/ester •compact' DIW Smaller, simpler, cheapet? · 
receiver, BS . advenlsed In .. ;OUf Scaled-down superhet receivers, using 
·November 1939 Issue. In s moulded mostly" three valves and a rectifier, were 

· cabinet, with s choice of five colours, · an integral part of the world radio scene 
··it retailed for around £13 ($26). for so long that, like the proverbial poor, 

they iseemed always to have been with 
Since ati AM shortwave station oc- us. However, when I began to reflect on 

cupies only the same 20kHz-0dd of the matter, I realised that such was not 
bandwidth as an AM broadcast transmit- the case. They had had a belated market­

, ter, it follows that with such a tuning ing · timetable in Australia, ·and a· design 
· range it will occupy only about one four- philosophy all of their own. -· 
· teenth of the dial space - even for a With hindsight; •it became evident Utat, 
strong signal. ' .- when mains·powered 4/5-valve super-

. That amounts to only about one·half hets won acceptance in the early 1930's ' 

,.,. 
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photostat showing the 'Airmaster' range 
of broadcast band receivers as marketed 
in 1935. At the economy end was a 3/4-
valve superhet which was offered in two 
cabinet styles: a slim and presumably in­
expensive free-standing console and a 
lone, relatively ,bulky table-top model, 
which I would estimate to have been 
about 20 inches (51cm) mll. 

I worked at Reliance Radio until about 
1936. A small company, it could readily 
have diversified into pint-sized models, 
but the management presumably felt that 
the demand for them was limited-or at 
best patchy. 

F/g.2: Fro Radlatronlcs 99 (July 1939), this circuit suggests the utt/mate In 
slmpl/clty I far a 415-valve .superhet. Ta that point In time, AWV had not 
encourag~d the Idea of dropping the first audio stage, possibly because they 
lacked a hfgh-galn output valve. 

The only economy model Reliance 
produced at the time, over and above 
their normal manufacturer-to-you range, 
was identified as the 'Series 14-B'. 
Adapted from their standard 'Series 14' 
4/5-valve superhet, it used a more com­
pact chassis, admitted . to .the odd 
economy measure and assumed the use 
of a cheaper cabinet While available as a 
table.top model, .its main appeal, as I 
recall, was as an economy domestic con­
sole - with much the same valve com­
plement . and circuitry as the higher 
priced model. 

as the op mwn design for an ·average 
Australian ome, polished plywood con­
sole cabin were entrenched along with 
them, freef-standing against the living 
room wall./ Perhaps I should add: with or 
without inibuilt record playing facilities, 
which became increasingly popular from 
the mid 19~0's onwards. 

To use 1! modem 'buzz' phrase, such 
receivers assumed the role of the 'enter­
tainment eentre', around which Aust­
ralian families would gather each 
evening iq enjoy their favourite serial, 
quiz show or drama. Anything less 
pretentiou: than a full-sized cabinet, 
bedecked with ornament or ·· family 
photograp. , would have lacked 
credibility 

That co pact models had not been to­
tally over ooked, however, .is evidenced 
by a letter from Ray Brown, an old-timer 
from N Haven, NSW. Ray remem­
bers havi g constructed what . Wireless 
Weekly sented in the early 1930's as 
the first s -called 'midget' superhet - a 
5-valve d sign (57 autodyne, 58, 57, 2A5 
and 80) in a 'boxy' cabinet measuring a 
mere 11 xi 7 x 6 inches (28 x 18 x 15cm). 

This Was followed by a 3/4-valve 
version using a 57, 57, 2A5 and 80 
combinadon - the 58 IF amplifier 
having been omitted, along with one IF 
transfonner. To compensate for the loss 
of gain, reaction winding was added 
to the re aining IF transformer, so that 
the sec nd 57 could function as a 
regenera · ve detector at 465kHz. . 

A pad er-type compression capacitor 
served aS a semi-fixed reaction control. It 
was an ~teresting combination of old 
and new technology, which Ray Brown 
says war ,ed well. In its day, the idea of a 

I 
I 

regenerative superhet, where the reaction 
could be preset, held a certain fascination 
for experimenters. But to the best of my 
knowledge, the circuit found little practi­
cal application. 

By chance, discussing the same era, a 
friend from the Blue Mountains area of 
NSW mentioned that his neighbour had 
owned ·an Astor 'Mickey Mouse' 
receiver. He can't remember much about 
it, except that the sound level seemed 
remarkable for the size of the set 

'Table' model sets 
Another reader/correspondent, Ted 

Baker of Bathurst, sent me an historic 

1

f/39
11 

After leaving Reliance, I worked for 
about three months in a factory at Re.d­
fern, Sydney, producing receivers for the 
Emmco/NST/Wilkes organisation(s). 
Again, the oulptlt comprised pre­
dominantly console models .. 

Lest I was being mislead by non-typi­
cal examples, I checke.d through my file 
of Radiotronics promotional bulletins, is­
sued by the AWV Applications Lab. 
Their job - and my job when I sub-

F/g.3: Described for home construction In the August 1939 Issue of R&H, the 
'4139' was noteworthy because it duplicated the stages of a 415-valve superhet 
using one less valve. It perpetuated the assumption that even small sets should 
be able ta receive Interstate and overseas stat/ans. 
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sequently joined the AWV team - was 
to identify designers' priorities Australia­
wide, and to complement them with tech­
nical infonnation about the Company's 
inventory. 

In my Radiotronics file, which covers 
from late 1935 to October 1941, there 
were several typical circuits for 4/5-valve 
superhets, circuits for up-market 
receivers using an RF stage and/or a 
more elaborate audio system, and a se­
quence of fairly ambitious battery 
powered receivers for country listeners. 

But there was title or no mention of 
physically small receivers or designs 
with fewer stages. Either the Valve Com­
pany Lab team had been remiss, or there 
was indeed very little local interest in 
scaled-down domestic receivers. 

That they were in production, however, 
even if in limited numbers, is evidenced 
by an advertisement in the November 
1939 issue of R & H for what Kriesler 
called their 'Dual Wave World Range 
Compact' receiver. illustrated in Fig.1, it 
came in a walnut or black moulded 
cabinet and retailed in NSW for £12/19/6 
($26), or slightly more in other st.ates 
and/or in cream, green or marble. 

Only just cheaper! 
The one deliberately simplified cirCuit 

I encountered in Radiotronics is shown in 
Fig.2. Taken from Radiotronics 99 (July 
1939), it minimises the number of com­
ponents and uses five economically 
priced valves. 

In practice the cost advantage would 
not have been great and, as in the case of 

the Reliance series 14-B, any substantial 
savings in the end price would have had 
to come from the cabinet, the dial and 
loudspeaker. 

Because of the special nature of the 
circuit, however, it may be appropriate to 
interrupt the main theme of the article to 
comment on the compromises which 
were deemed acceptable by the Valve 
Company engineers for an economy 
broadcast band receiver. 

The umial 1 OOpF oscillator grid cou­
pling capacitor was omitted, the circuit 
being so configured that the nonnal 
tuning capacitors blocked any direct path 
to earth for the grid current. The perfor­
mance of the 6A8-G was not adversely 
affected by the omission. 

The use of a back-bias resistor with ad­
justable tapping allowed three of the four 
cathodes to be directly earthed, and that 
of the 6B6-G to be bypassed only with 
an 0.luF. 

Simple AGC was specified, with a 
1.75M isolating resistor to minimise 
loading on the diode detector. Nowadays, 
2.2M would be a logical substitute. 

The circuit also exploited the novel 
idea of operating the 6B6-G (or other 
similar high-mu triode) with a lOM grid 
resistor and zero nominal bias. In fact, 
grid current through the unusually high 
value resistor (accentuated by rectified 
IF, noise and audio signal components) 
would generate sufficient bias to allow 
the high-mu triode to operate normally, 
presenting a nett input impedance of half 
that of the lOM resistor. This high figure 
explains the use of a O.OOluF (lnF) input 
coupling capacitor. 

An 0.25M grid resistor for the 6F6-G 
was mandatory by reason of the back-

6Vfa; 

Flg.4:, The origins/ 'Little General' circuit from the April 1940 Issue of R&H. 
Thousands of them were buflt by readers. To assist experimenters, options like 
fitting a dual-wave bracket or a loop antenna were detalled In subsequent issues. 
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bias, the .OOSuF (SnF) coupling capacitor •I:. 

being admittedly smaller than optimum. . 
A .02uF (20nF) would be a better choice ,, 
if the bass response was open to question. 
The 25uF electrolytic across the back-
bias resistor could likewise be omitted, if '1 .. 
a slight loss of bass and slight increase in 
hum could be tolerated. 

The circuit was deemed unsuitable for , 
the application of negative feedback 
around the output stage, but the combina­
tion of .0005uF (SOOpF) capacitors on 
the grid and anode of the 6B6-G and that 
of 0.005uF (SnF) on the anode of the 
6F6-G was sufficient to suppress the 
residual IF component and smooth out 
the treble response for routine listening. 

As an exercise in cutting comers, cir­
cuit No.RD44, which carries my initials, 
was out of character for the AWV Lab; 
but it may provide a handy resource for 
vintage enthusiasts. It would hold good 
for 1930's-style equivalent valve types 
as under: 

6A8-G/6A 7 /2A 7; 
6U7-G/6K7 /6D6/58; 
6B6-G/6Q7 n5/2A6; 
6F6-G/42{lA5; 
5Y3-G/80. 
So back to the original theme: 

Early R & H issues? 
It might be argued that valve manufac­

turers could scarcely have been expected 
to promote designs calling for a reduced 
valve complement With this in mind, I 
also thumbed through volume one of 
this magazine, first published monthly in 
April 1939 under the title Radio & Hob­
bies ('R & H'). It was produced by the 
experienced Wireless Weekly team, who 
should certainly have been able to iden­
tify the dominant interests of prospec­
tive readers. 

In fact, the initial four issues contained 
constructional articles on up-market 
receivers using six or more valves, plus a 
number of elementary battery sets for 
beginners. It was not wttil issue five 
(August 1939) that they got around to a 
'midget' mains operated receiver for 
everyday use: the dual-wave '4/39', 
described by (the late) Jolm Moyle. 

To my mind, that receiver and the 
designs which followed over the next 2().. 
odd years epitomised the thinking behind 
a succession of valve-based Australian 
'mantel' radios, as distinct from the ear­
lier and more bulky 'table' models- or 
scaled-down consoles. 

In his introductory remarks about the 
'4/39', John Moyle explained that 'baby' 
receivers were already very popular 
overseas. Some were even mass 
produced, at prices so low that it was 



. cheaper tO .replace them when they 
·.·failed, th to have them repaired. · 
, By . trast, John said, while local ·· 
·demand or small receivers was ·rising, 
.Australi listeners had become condi- ::. 
·• tioned td conventional receivers in large 

· · cabinets ~ so much so·that most would ···· . 1 

find it bbth 'amusing and interesting to · 
hear mut· c and speech coming from .a .. 
·small bo . only a few inches either way'. ..· 
·· Wirele. ~Weekly, h~ said, h~d featured'' 
the '4/38' mat1tel receiverdunng the pre-

.. vious yelir, -reducing the usual 4/5-valve 
comple ent by omitting the voltage 
.-amplifie and.driving the output pentode 
directly om the detector. As some local ·· 
. manufac rs had found, the resulting 
:gain was sufficient for day-to-day broad­

.. ' cast rece lion but insufficient for use on 
.. the short aves. This time around, R & H .... 
·wanted do better than that .~ : . , . ·· ...... . 

In a q est for higher gain, the editorial . . ,. 
team d considered resorting to a , ......... _ -· 
·reflexed JP/audio. . stag~,. but . were . Flg.5: The original 'Little General~ In Its Inexpensive leatherette covered cabinet 
-deterred by the di!ficulti~s that others · · The on•plece escutcheon and dial scale pushed In from the front, the 'pointer' 
had enc tered with the idea. (Reflex-· · being a white line on a drive dnJm fixed to the shaft of the tuning gang. . , : ·-
ing was f,scussed on pages 38-39 of our ,.. . .. · . , 

i:7i~~~'~g:e;.:set!--: -., .. · ....... ;····· .. -.:~.-r·· :!:O:ting directly from th: ~:~~~~~~~:=T~ 
. . In the 14139, however, the signal was ,providing self-bias for the multi-pliq>ose 

·· ·· .As it ti~ed.out, the R & H teani came passed back ·through the 6F7 ·triode sec- cathodes in the 6F7 and EBLI. The bias . 
up with ~f"1bitious 3/4-valve circuit, as lion for . prior amplification. With ·an levels were set to keep· the current drain 
shown in Fig.3, which provided the same amplication factor of 8, similar to that of ·..within ,the capabilities of the specified 
sequencd of stages as a normal 4/5-valve the early type 27 triode, the stage gain '40mA power transformer. · · -
superhet In short, it met what they saw, was,quite low. However,.when·feeding ,,-Superlatives were· ··not'.• spared'. in 
at the · e, as a minimum requirement .an EBLl, and in the absence of negative ' describing the appeal and perfonnance of 
for any ustralian family receiver- be feedback,. the overall audio gain would the 4(39: at lOW x 7D x 8H inches(25 x 
it large o small. The circuit is interesting not have seemed all that different to the . 18 x 20cm), it was 'small enough to take 
in its o right. . . user from a cofiventional 4/5-valve su- with you on holidays', ·· · ! • 

,~ 6K ~ served as ,the ,fr~uency .. perhet... . . " , · · ·· ·. Again: ~on the broadcast .band: there 
· .. changer, 1th a com~on feed resistor for An interesting aspect of the circuit was :appears to be nothing that it cannot tune 

,the sere n. and ~sc11l~tor anode - a that it used back-bias for all stages, in- in'. And: 'if there is anything on ·the 
<:onfigur tio~ which (m the case of the : eluding the AGC system. Witlmut going ,shortwave· bands worth listening to, you 
6K8) w s said to counteract the effect ' into details this allowed all cathodes to will hear it at excellent strength'. , 
of supplv voltage variations, minimising . ' . . . . . r 

oscillatot frequency shift and the as- 'A 'new star arrives' .: ·· , -
S~=_l_e ~o~erag~f co~~:~~:~ >Oegpite .. the. apparent enlliusrasni,·foss 
by repla~ng the single coils shown in the than a year . had passed (April 1940) 
circ. uitwtth a readily available dual-wave before John Moyle was waxing equally 

il b eloquent about a new midget receiver 
~°Fro~~ ~tfrequency changer, the signat Which the R & H staff had developed in 
passed t0 a 6F7, an imported American the meantime. 
double ~alve c6htaining a triode and a .. It would appear that a fewfoonth•s ex-
variable· u · pentode . section, inde· perience with 4(39 had confinned the ap· 
pendent xcept for a common cathode. · peal of a receiver .that could be carried at 
With pe tode characteristics very like will into the kitchen,. rhe sewing ,room, 
·those of a 6B7S/6G8-G, the 6F7 could the workshop or the kids' bedroom for 
serve as I . normal IF amplifier stage, With musk, news, race· results or whatever. 
AGC cot~trol. . . But what had also become abundantly 

"_ After~,IF. ~plific~tion, ... ~e ~ignal Flg.6: The completed ch~ssls of the clear was .that the set was rarely if ever 
pruised twmd10des ma European duo- .1946 'Little General'. It differed from tuned to interstate or overseas stations. 
~iode · ot tput pentode· ...::.. .. a· yaive ,with ··· , the oflglnal mainly by the Inclusion of For the role of a personal or 'second' set, 
aoout tw ce the transconductance - and .. . one of the options, the .fitting ,of a the 4(39 had clear~y ~n over-design~d .. 
theref0re power .. gain - ~f the 6V 6. ItS : . dual-wave bracket, accounting for the ... ~o the ~mphas1s 1~ .the ·~ew .~e1ver 
intended role was for use m 3/4-valve su- extra (central) control shaft. ' (F1g.4}was on portability, stmplic1ty·rutd 
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WHEN I THINK BACK 
· 1ow cost Gone was the dual-wave brack- . 
. et and AGC, the 6F7 and the EBLl, to be 
·replaced by ordinary coils, a 6K8~G 
frequency changer, a conventional 6G8-
: G IF amplifier and diode detector, and 
• a 6V6-G biased to limit the total drain 
:to40mA. 
. .Under the banner 1 A new star 
. arrives'' the simplified design was 
: presented ·as the 'The Little General 
. Mantel Receiver' --'-a title that someone 
• has suggested was intended to catch the 
. eye of hobbyists in uniform. 
.. · Yes, said John Moyle, the Little 
General will still receive the main inter­
.state stations at listenable volume, but its 
. main role is to provide intimate personal 
;listening to the local stations-without a 
hint of the audio noise and hum· that can 
•all too easily be audible in ·small 
·receivers used close-up at low volume. 

· Fig.5 shows the prototype, photo­
graphed for size· comparison with John' 
Moyle's perennial pipe. The cabinet was 
produced at low cost by numerous 
eabinet m~ers, but it·was well within 
:the capabilities of a handyman. 

Assembled from off-cuts of plywooo, 
composition board or softwood, the 
basic box was first sanded smooth, with 
·rounded comers. After a generous coat­
ing of carpenter's glue,• it was overlaid 
with figured 'leatherette', with a scrap 
of decorative· cloth backing the loud­
speaker grille. 

' r: I 

Phenomenal response· 
The Little General certainly 'hit the 

spot' with R & H readers. Backnumbers 
1of the April 1940 issue were rapidly ex­
hausted and, thereafter, a constant stream 
. of requests for copies of the circuit ar­
rived through the R & H 'Shilling Query 
Service'. 
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'tITTl.E GENERlll. roa 1946 

.F/g.7: The circuit of the 1946 'Little Genei'SI~ Which suggested using the new 
· 6JB-G converter, reverted to automatic gain control and encouraged the use of 
a lower voltage power transformer. 

perimenters could increase the .,gain 
'(April 1940), or provide a loop antenna 
(June 1941), or fit a dual•wave bracket 
into the original chassis (December 
1941). 
1 1 I recall also that someone discovered 
,that a quite healthy sound could ·be' ob­
tained by feeding the signal from a high 
output · standard groove crystal pickUp to 
the grid of the output pentode. 

Besides seeing a few Little Generals 
end up as mini-radiograms, the idea also 
gave birth to a one-valve· phono player 
:---- which was novel, to say the least 

Post-war Little General , 
In January 1946, as Technical Editor, I 

made my own contribution to the Little 
'General saga with an update of the earlier 
articles- which had long since gone out 

· .. Before wartnne restrictions put a brake · 
on the marketing of new components, it 
was evident that the sale of key items by 
the various suppliers had run into five 
figures. How many of them were ab­
sorbed by 'backyard' factories we will 
never know. 

Even without firm statistics, it is dif­
ficult to escape the conclusion that the R 
& H 1940 'Little General' played a major 
role in focusing the atterition of the in­
dustry and listeners alike on mantel 
model receivers for personal listening. 
Even during the war years, the Little 
General's very simplicity made it an ob­
vious choice for anyone who wanted to ·. 

· 
1knock up a set' from oddments. 

.. During this same period, follow-up ar­
ticles suggested ways in which ex-
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F/g.s: Breaking with tradition, the· .1952 'Little Gensrat' specified the use of 
all-glass miniature valves and matching miniature coils and IF transformers. It 
also saw the adoption of a permag. dynamic loudspeaker and a more energy 
efficient power supply - .all typical of contemporary commercial mantel 
receivers. 

.. -
' 
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of print. In those days, office photostat nominated as the preferred :IF ,once arid for all the dption of using con­
copiers ere still 30-odd years down amplifier/detector although, again, ventionally based valves and specified a 
the track . there were other options in the way of the new chassis to accommodate only the 

I expla ned in the preamble that, .while . P-based version, or the 6G8-G or 6B7S. new all-glass miniature valves, along 
smaller .alves and components· were on My choice at the time was to revert to with proportionately smaller coils and IF 
·the horiz n, the most realistic course as .the use of AGC rather than manual gain transformers. 
at Jan 1946 was to retain the chassis, control, the detector and delayed AGC . Using the same. size cha8sis and 
layout d cabinet of the original Little circuitry being exactly as might be found cabinet as previously, there was room 
General, adapting the circuit and parts in the front end of a full-size 4/5-valve above the chassis for ail the· major com­
list to ccommodate the components superhet Output from the· detector was ' ponents and also for. a modem edge-lit 
most lik ly to be accessable in this im- fed directly to a 6V6-G or 6V6-GT - glass dial, leaving ample space under­
mediate ostwar period. ·valves that by then were so plentiful that neath for uncluttered wiring. Notewor-

Fig.6 hows the completed chassis, alternatives were not even discussed. thy also was the use .of a dynamic 
which I ked essentially similar to the _ Jn .the power supply, a point of note loudspeaker with a permanent magnet 
original ersion. The dial kit, probably . was that a definite effort was being made rather than an electromagnetic field coil 
from R S Radio, involved a moulded to discourage the use of a traditional -a spin-off from wartime technology. 
drum, w ich attached to the gang shaft, a ; 385/0/385V secondary and to promote a · Despite their much reduced dimen­
knob spi dle with a tight-fitting rubber 325/0/325V rating for small receivers, to sions, the new miniature valves were 
grommet and a length of woven .drive avoid needlessly high voltages and heat .. well ahead of the older types in terms of 
cord witl tension spring. The matching dissipation. · gain and efficiency. The 6AE8 triode­
escutch n and dial scale fitted through a After several · ·years of wartime · hexode cdnverter had abOut twice the· 
cutout · the front of the leatherette shortages and uncertainties, the article conversion gain of the older types, the 
covered 'binet was very obviously intended to re-posi- 6BA6 offered two to three times the 

.The ecommended circuit (Fig.7) tion the 'Little General' as an important transconductance of earlier IF amplifiers, 
showed 6J8-G as the preferred frequen- and on-going feature in theR & H reper- while the 6BV7 was way ·ahead of the 
cy chan er, but other valves such as the toire of do-it-yourself projects. To bor- 6V6-G and even more sensitive than the 
6K8-G, 6A8-G or 6A7, which might 'be row John Moyle's phrase, it was a clear EBLl - once the pride and joy of the 
on hand~ere suggested as legitimate al- indication that Australians were becom- Philips/Mullard range. . 
temative, . . . . ing accustomed to hearing music and With overall back-biaS and delayed 

Pollo 'ng' the convention of the speech coming from a small box! AOC, the 1952 circuit invites obvious 
111agazin at the time, the circuit showed , According to EA 's old valve reeeiver comparison with those discussed earlier. 
only a s~gle set of coils, and in fact con- master index, which Jim Rowe kindly But allowing for a gain advantage of 
structors ad the option of installing a set looked up for me; the Little General around 2: 1 per stage, the overall sen­
of broad t coils underneath the chassis. popped up again in August 1947 .and July sitivity could be expected to be well up 

Howe,fer, the presence of three con- )951, with a ' totally new version on the earlier 3-stage versions. A further 
trols con s that the prototype carried a presented by Raymond Howe in Septem- point of note is tha~ with the use of a· 
dual-wa e bracket instead, on the basis her 1952. · relatively low-resistance choke in place 
that it in olved so little extra effort and 'M w , I of the loudspeaker field coil, Hf voltage 
outlay th t we had decided to do it that Ouern Va ves drop in the filter system was less. . . 
way, that time around. . .·· Climaxing the trend set in the previous . In addition, the indirectly heated 6X4 
.. An· octal-based EBF2-0 ·was year, the 1952 version (Fig.8) discarded miniature rectifier was much more effi-

;,, ' 

6800 ' 

SWITCH ON VOLUME 

~ENERAL 1961 ·· SJ
CONTROL .. 

. . 

' 1~v· ~· •··.· .•.. · 
': \ ' ~ 

' 
·, /' .···'" 

Fig.9: e ·fast of the 'Little General' series, using what was virtually the la~t 
generat n of mass produced valves. This .. series also featured widely m 
Australian monochrome television receivers, before giving place to solid-state 
devices 

cient than the old 5Y3/80, offering the 
further advantage that it did not call for a 
separate 5-volt filament winding. It per­
mitted the use of a simpler power trans­
former delivering much lower voltage, 
but with a higher current rating. · · 

Since all of the valves shown were 
Australian·made, along with virtually all 
the other components, the Little General 
for 1952 had a lot in common with 
postwar mantel receivers offered by 
Australian· manufacturers. Some even 
used leatherette-covered cabinets; but in 
line with overseas trends, those who 
could cope with the initial expense Caine 
up with a variety of moulded plastic 
designs. · · . , 

Occasionally, much to the delight of 
home constructors, production over-runs 
of such mouldings turned up . later in 
. surplus·· clearance dealers, giving enM 
thusiasts the chance to accommodate 
their handiwork in a decidedly 'non-
handyman' cabinet ··. 

Continued on page 83 
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Conducted by Jim Rowe 

Dangerous,clocks, blooming tellies 
and how to get more· young experimenters . 
I, have a·n intere~ting ·'mixed bag' of topids for you this month .. A couple of readers have written in 
with comments about my editorial in last October's issue, about the jmportance of hobby experi .. 
mentlng, and I'm sure you'll find their comments thought-provoking. There's also a letter from a 
reader complaining about picture 'blooming' in some of the latest up-market large screen CTV 
receivers, and another which raises the question of a possible health risk associated with a very 
common appliance: the humble bedside clock radio. 
~.I imagine many EA readers will be from E-M fields I've made it clear to all able audio on FM stereo, and to play 

aware that over the last couple of years, of my own family and friends that in my tapes at times .. 
there's been quite a lot of concern ex- opinion, they should not have their elec- By now I guess you have the general 
·pressed .about the possible health risks tric blankets turned on while they're in picture. /.am now set to wondering about 
associated with low-intensity electro- bed. They probably think I'm over-react- this doctor's theory-does a digital dis­
magnetic fields - the fields present ing, but so far they've humoured me .. ; play type of clock radio have any harm-
below high-voltage power distribution With all this in mind, then, I'd like you ful radiations? 
lines, or in the vicinity of neighbourhood to consider the following letter. It comes I've never even given this possibility 
stepdown transformers; or associated from a reader in Albury, NSW, who has any thought, but now I am questioning 
with things like electric blankets (and asked to be attributed simply as 'G.S.' whether there could be any credence to 

· perhaps even video monitors on comput- even though he has supplied his full it. As I have had (like probably many 
. ers). From what I've read, it seems that name and address as a token of good other people) a clock radio next to the 

there may well be a statistically signifi- faith. I think you'll find his letter inter- bed for many years- to hear the 7am 
cant correlation between the incidence of esting, pecause it raises an aspect of the news and gradually surf ace for the day, 
illnesses like leukemia, and prolonged health risk question I for one certainly am I and others all being exposed to an 
exposure to some of these fields -par- haven't struck before:, unwanted radiation which is harmful? 
ticularly in youngsters. I have been a pretty constant redder of We are in bed on average, let's say at 
. To be fair there's been a good deal of EA since it was Radio & Hobbies, in lOpm, then arise at 7am. So we are near 

skepticism expressed about .this too, and about 1957. There's a subject I'd like to this radio for about 9 hours each night ---
an apparent unwillingness by some peo- draw to your attention, which relates to a fairly lengthy exposure. 
pie (including some 'experts' employed clock radios; I must admit/ find the doctor's theory 
·by power generation/distribution author- I have a neighbour whose brother in hard to swallow, but what do you and 
ities) even to consider the evidence. I'm law has recently died from a brain tu- · other experts think? 
not sure why this is the case; perhaps it's mour. The doctor mentioned to her that Thanks for the compliment, G.S., but I 
due to people being concerned about the he has had a number of cases of brain .· certainly wouldn't claim to be·any kind 
kind of expensive changes that might tumours, and all cases had a clock radio of expert- least of all in this tricky area. 
tum out to be necessary, if the fields con- beside the bed! He now warns patients to · But hopefully your letter might prompt a 
cemed do represent a health risk. Or per- remove the clock radio from their bed- few people who really do know about the . 

· haps they simply can't conceive that sides. I wonder if you have heard any subject to write in, and we can all benefit 
such low-intensity fields could be a comment on this topic? . from their knowledge. 
problem - even-On a cumulative basis. I happen to have a Tandy clock radio · The question you raise is certainly an 

Whatever the reason, it seems to me with green fluoro display beside my bed, interesting one, and quite possibly te-
. that this is another of those situations and indeed I have had a clock radio of lated to the broad one of risks from low 

where the prudent approach is to assume some kind beside my bed since I was a level E-M fields. As I noted above, I , 
that there may be a subtle problem, and teenager, when I bought a Philips valve can't recall having read any references to 
investigate it carefully, thoroughly and type one. I later progressed to a radio risks from clock radios, but this doesn't 
as objectively as possible. Surely it's bet- with a flip-card type .clock, and now the mean that there haven't been any studies 
ter to do this than take the complacent present one which is an AM-FM type in this area. 
approach .and assume everything's fine with phone (although the phone hasn't I can almost hear the skeptics laughing 
- with the risk that a few years down yet been connected). already, and pointing out that probably 
the track, we might find ghastly and irre- . As well I recently installed a car radio every second person in most of the de-
versible evidence that we were wrong! cassette next to the bed on the side of the veloped countries has slept with a clock 

I know that on a personal level, since bedside table, and it has a green digital radio of some kind beside their bed, for 
reading the reports on possible dangers display. This was so I could get reason- decades. And of course only a tiny pro-

, 
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portion of is enonnous number of peo­
ple will ve developed a brain tumour 
(as yet, at tbast). . , · · 
.. Conversely, those unfortunate people 
who have veloped brain tumours may 
well have lot of other things in com­
mon as we l, besides having slept beside 
a dock ra · o. No doubt most of them 
also drank· ea or coffee, and ate red meat 
regularly.;; 

Easy to dismiss · · · 
It's easy heap scorn on any hyprithe­

sis like thi , and dismiss it out of hand. 
The probldm is that in many situations 
,where thisl was done in the past, only 
after many~eople have died or suffered 
needlessly as it been realised that there 
really was a significant health risk. Ex· 
amples tha . come to mind are birth de­
fects caus~by mercury and other heavy 
metals, em hysema·and the many other 
serious c nsequences of long-term 
smoking, · d mental problems caused 
by lead poisoning from paints. · · .•· 
. · · .In this c$e, as G .S. himself points out, 
most of u~o spend quite a high propor­
tion of o lives in bed. So if there is a 
risk from it ,ms such as clock radios (and 
electric blahkets), that risk could well be 
exacerbad. by the significant cumula-
tive expostlre times ~volved. . · 

· In many cases a bedside clock radio or 
electric clock is often no more than 30cm 
or so {rom our heads, so it seems to me 
not inconceivable that there could be a 
risk. Not so much from the digital dis· 
play as such, perhaps, because in many 
cases this will be a set of LEDs operating 
from less than 3 volts, and at a few tens 
of milliamps at most. But in most cases 
the radio or clock will have a small 
power transfonner, ·which might well 
have a significant 'stray' field. 
· In short, it seems to me that although · 

the story concerned may well stem from 
largely anecdotal evidence, from a single 
doctor and a small number of his patients 
who developed brain tumours, it's proba­
bly ·still worth further investigation. If 
there is a·risk from bedside clocks or 
Clock · radios, this could cause a huge 
amount of needless suffering. 

I know one thing: just to be safe, after 
reading the letter from G.S. my wife and 
I have moved . our . bedside electronic 
clock another 40cm or so further away 
from our heads. Working on the inverse 
·square law, that should reduce the risk of 
either of us being affected, by a factor of 
about four times! 

···· ·I hope that if there's anyone reading 
this with some objective research data on 
this subject, they'll write in and share it 

1: 'I 

·r 
I 
! 

' 

I 
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with ·us. But don't just .write ·in to heap 
scorn on the idea, or simply write off 
G.S., his neighbour's doctor or me as 
paranoidal half -wits. Things that have 
sounded just as unlikely when first sug­
gested have turned out to be true... · 

Pictures that bloom· 
And now let's turn to our second letter, , 

which raises another new topic: picture 
'blooming' or size modulation, in colour 
TV receivers - especially some of the 
latest large~screen models .. 

Before I reproduce the letter, which 
comes from reader S.S. of Glen 
Waverley in Victoria, I should perhaps 
explain what blooming is, for the benefit , · · · 
of newer and/or younger readers. It's es­
sentially an effect where the Bize of a 
TV's ·scanning raster, and hence its pic­
ture, varies with the brightness·· level. 
·Usually the most obvious symptom is 
that the overall size of the pictlll'e grows 
noticeably as the brightness is turned up. 
The· focus usually deteriorates at the 
same time . 

The relative size ct' brighter areas· -Of 
the pictlll'e also tends to increase, and 
these areas become less sharp as well, 

· although this effect is usually less appar· 
ent to the untrained eye. 
, Blooming used to be a common·prob· · 
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FORUM 
lem with the old valve-type mono­
chrome TV sets, when their EHT recti· 
fier valves became old and lost emission. 

· This would reduce. the efficiency of the 
. rectifier, effectively adding series resis­
. tance and degrading the regulation of the 

EHT fed to the picture tube's ultor. When 
. the picture brightness increased, either 
due to· a scene change or to a bright ob­
ject moving into view, .the additional 
beam current drawn by the tube would 
pull down the EHT voltage. This would 
in turn lower the beam acceleration,. and 
the· picture would expand or 'bloom' in 
an annoying fashion, often losing focus 
as well. ., 
. Although colour TV tubes tend to 
draw roughly three times the beam cur· 
rent, due to their triple guns, the ·effect 
has generally been less common in re· 
cent yws because at about the same 
time as colour came in, valve EHf recti­
fiers were replaced by rather more effi. 
cient solid state tripler-type rectifiers. 
While .these have .breakdown mecha· 
nisms of their own, loss of emission isn't 

·. oneofthem. . 
Hopefully that gives you a quick run­

down on the subject, which had almost 
slipped into history. But from . the letter 

. sent by S.S., it would seem that bloom­
ing may be re-appearing again, not as a 

•. common fault symptom but as a sign of a 
possible design limitation: 

·· I am considering buying a 68ctrrcol­
our 7V receiver for around $2000; _and 
have been surprised to find that the 'let of 
my choice displays an annoying charac· 
teristic caused by inadequate EHT regu-

• lation. I find it surprising as I had 
assumed (incorrectly) that for this price, 
such fundamental parameters in 1V de­
sign would not be found wanting. 

Perhaps you might like to pass c()m· 
ment on my findings, and indicate if I 
might be applying unrtasonable perf or-
mance standards. · 

One of the 1V sets I am considering is 
a Panasonic 68cm model named 'The 
One'. On viewing the unit with normal 
programme material, it is evident from 

. time to time that when a bright object 
moves near the edge of the picture, a 
distortion results that causes other sta­
tionary objects to move towards the edge 
of the picture as the bright objectmoves 
nearby. I have tested two · receivers at 
different shops and both behave simi· 
larly. A similar effect also occurs when 
normal programme pictures are faded 
out to black. · 

I emphasise that I first noticed this on 
programme material, although it is also 
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evident when viewing a test pattern, and measureable noise or distortion at all. 
then altering the contrast control from But in the real world, most of us only 
ininimum to maximum on the Tv. Under have limited money to spend, and we're 
these conditions the top of the circle on forced to accept compromises. 
the SBS test pattern moved towards the In reality, all engineering involves this 
edge of the screen by about 1 Omm. (The · kind of performance/cost compromise, 
bottom would also have moved about with manufacturers endeavouring to pro­
lOmm closer to the bottom edge, making · vide the best performance that can be 
the change in circle diameter about achieved for the price that an acceptable 
20mm.) Other brands I have tested in the number of customers are prepared to pay . 
same price range displayed about 3mm So I guess the only practical answer to 
movement (Sony and NEC). Further- your question is something like 'As sta~ 
more, my existing Panasonic portable . ble as is necessary for most customers to 
moved only about 3.Smm after allowing accept, for the price point concerned'. 
for the difference in screen size, by seal- ··. Due to the holiday season, I haven't 
ing appropriately for a 68cm picture had a chance as yet to seek a comment . 
tube. . from the CTV manufacturers about their 

.Just how stable should the image be attitudes to ,acceptable levels of picture 
.. under these conditions? I find that sets blooming, and the difficulties in achiev- · 
with about 3mm of movement are subjec- ing these levels. But hopefully one of 
tively OK on normal programme mate- their engineers will read this, and pro­
rial, but that a set with lOmm shift on the vide us with an official response -
test pattern is annoying on normal pro- · which I'll be happy to publish, needless 
gramme material, and may indicate in- to say. . 
sufficient regard to EHT regulation in I might comment, though,. that I sus-
the 1V design. pect EHT regulation becomes more of a 

Thanks for raising this subject, S.S. It's problem when CTV screen sizes get 
certainly an interesting and important larger than about 65cm - due to the 
one, yet one that has tended to ·be over- . higher beam currents required to achieve 
looked in recent years. . typical brightness levels. So it's quite 

Again I can't say I've come across the possible the problem that S.S. has drawn 
. problem myself, and I notice that neither . our attention to is one which has arisen, 
·Rob Evans nor Louis Challis seem to almost inevitably, with the latest breed of 
have noticed any untoward effects of this larger screen sets . 
type when reviewing large screen sets Of course it's probably a moot point, 
recently for the magazine. whether the CTV set makers started to 

·· Actually when I first read your letter, I produce all of those new large screen sets 
c6ecked the behaviour of my own CTV because the public really wanted them, 
on a test pattern, out of interest. By sheer or because the market for traditional 53-

. coincidence this is also a National 63cm Sets had slowed down and they 
Panasonic model, but a set that is now a wanted to create a new market ·sector. I 
f.ew years old and with a smaller 63cm don't really know the answer to this one, 
· tube (Model TC 2656). I've never no- but if the manufacturers are trying to tre· 
ticed any blooming evident ·on pro- ate a demand for sets with much larger 
gramme material, and it turned out to pictures, it could be that they'll have to 
.have an image variation of about 2.5- put more effort into achieving better 
3mmon each side, over the maximum EHTregulation; . . 
visible range of the contrast control. · I have to agree with S.S. that 1 Onun of 
· This tends to support your hypothesis blooming at top and bottom of a 68cm 
that this order of image variation is more picture sounds pretty unacceptable. But · 
or less acceptable; on the· grounds that it what do other readers think? 
is difficult to detect on normal pro­
gramme material. But I would agree that 
if a new 68cm set has a variation of 
lOmm on each side, or at top ·and bottom, 
that would be much more noticeable -
and scarcely in keeping with the level of 
performance one would ·expect from a 
set selling for around $2000. 
. Of course when you ask 'How stable 
should the image be?', it becomes harder 
to provide a specific answer. In theory 
one would like the image to be com­
pletely stable, and not vary to any 
measureable extent - just as we'd all 
like our hi·fi amplifiers to have no 

Hobby experimenters -. 
And so to our third topic for :this 

month: the need to encourage hobby ex­
perimenting in electronics, as I sug­
gested in my ·editorial last October. To 
date two readers have responded to. my 
comments on this, the first letter coming 
from MrJim Longmire of Gosnells, in 
Western Australia. Here's a somewhat 
shortened version of what Mr Longmire 
has to say: 

In the October editorial, you lamented 
the demise of the hobby· experimenter, 
citing this as being,fJartly responsible for 



; the ·'trend way from science ·and engi­
; neering as professions' .1 heartily con­
cur. The p oblem; as I see it, has to do 
. with perso al attitudes and the ex{Jecta· 
tionswe veof'technology'. 1 

• · 

. ·· Let's haJe a quick look at both; first 
the perso l attitudes. Our universities 
and techni al colleges give a fair reflec­
tion of wh t's going on, and what is the 
·preference of their students.· To a great 
degree (so ;.;..... couldn't resist iL) they 
are 'mar .t driven'. I do not think they 
would per,t,'st with 'Industrial Relations 
in 1imbuct o' if nobody bothered attend­
. ing; They ould, naturally, channel their 
:resourc~s nto areas of interest/need. So 
it comes a no surprise to find the 'Arts' 

1and 'H nities' well endowed, often to 
the detri~nt of the physical sciences. 
•.• Why ~~·stude~ts choose t~ 'arts' and 
, 'humamti s'? Simple-the in-exactness 
.. of these dre easier and suited to them 
more thah. the discipline of the 'hard 
.sciences' Not only are they told ·by 

ground, of proving· established thinking 
wrong. Whatever the technical specifica­
tions, we derived personal satisfaction 

from it .. And that needs to be nurtured if 
·. the hobby experimenter is to survive. 
· Thanks for those comments, ·Mr 
Longmire. As you can see I have taken 
the liberty of editing it fairly drastically, 
as you suggested.· (Mr Longmire had a 
further section with suggestions regard-
ing future amplifier project designs, and 
also ·a description of problems he had 
· experienced with an amplifier design de­
.scribed in EI/, taused largely by faulty 
components received from an Australian 
mail-order supplier.) 

.I can't really argue with anything Mr 
U1ngmire says. As he points ou~ a major 
:factor seems to be the falling interest 
:among young people in the . so-called 
i'hard sciences'. Just. how we go about 
'teversing this trend, I don't really know. 

New and different 
;'society' hat these are desirable, but ' I'm sure '.Mr Longmire is also nghfin 
'they lack the wisdom to discern they're ·~ointiJlg outthat a few decades ago, part 
being fed good dose of bunkum! ' of the aweal in experimenting with elec-

Techno gy- it's a wonderful thing. 'tronic gear as a hobby was that it was 
Give it enbugh money and you can have 'new' and 'different'. Nowadays this is 
anything. IA classic example is found in -somewhat less true, with electronic 
photography today. For only a few hun- equipment now being quite common­
dred dollars, one can have the latest place ·in most homes, offices and 
singing ~nd dancing 'point and .poke . ,schools. , ' 
plastic' c mer a. Auto load, autofocus, When I started playing around with 
auto exp sure, auto rewind, -auto flash, electronics, building your own gear was 
auto bat ry check, day and date and often the only way to get many items of 
time auta back- auto EVERITHING. ·equipment-either because it was oth­
Never b~ore have so many photogra- erwise too expensive, or simply not 
phers ~ the thinking done for them, ·· availa~le. This ge~eral~y isn 't.tru~ nowa­
and neve before have so many photog .. , days either - a situation which is good 
raphers roduced such rubbish! · in some ways (like cheaper equipment), 

You ditagree? Spend some time in a but not so good in others Oike adding to 
one-how{ processing shop, and you'll 'the appeal of 'rolling your own'). , 
soon unaerstand. And if the battery runs · For example I remember that some of 
low - o something goes wrong - the the first gear I built as a teenager was test 
cost is o en horrendous (assuming parts equipment: a simple oscilloscope, an RF 
are still ailable). oscillator, an R·C bridge and a vacuum· 

Tune oes have this habit of moving tube voltmeter or 'VTVM'. These were 
on, and ike it or not we need to adapt.···.· . all built from R & Hor EA designs, and 
Today t . hobbyist is less inclined to go they gave me great satisfaction because 
to the~lehgths of yesteryear for his inter~ at the time there was no way I could have 
est( s).:· an you· imagine the youth .of bought commercial gear. . 
these s stripping ex-computer boards But moving on again, the second letter 
for part ? It's easier to shop via phtJne or to arrive in response to the October edi­
fax. And herein lies ·a trap for the un- torial came from Mr Clive Davis, of 
wary,· J. many occasions I have been Wynnum West in Queensland. Here's 
caught y faulty components. Without what Mr Davis had to contribute: 
labourl g the point, the beginner does I applaud your editorial in the October · 
not need the hassles of dud parts which issue, and maybe you'll publish some of 
cost the proverbial arm and leg, whilst my comments. 
he's str ggling with the colour code! It I am well aware of how our youngsters 
does . 'ul things to their enthusiasm... show little interest in the sciences in this 
.. Perh s we should remember one of country. Two of my boys are in the elec­

the chi. joys of the electronics of yester- · tric and electronic field, and I have 
year: th t of doing somethingfeWothers ··channeled dozens this way myself Per­
did. Of being unusual, of breaking new sonally I am disappointed in how many 
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16 O'lndlr 1:1/ 2 tie ~ modue (16 x 2), wltnJt 
b!ICll\tlfhg: ...................................................... .$115,00 
24 Chrader 1:1/ 2 tie dlsP8Y module (24 x 2), \'t1ttoJt 
b!ICll\tlfhg: ...................................................... m.oo 

8eddaitrG M11Y Mt 1aaeo eaeti! sis 
· READER INFO NO. 5 

Some of the above Items are In LIMITED SUPPLY 
ANY OR AS MANY ITEMS FROM THIS LIST DELIVERED 

. BY SKYROAD EXPRESS TO YOUR DOOR: $10 

OATLEY ELECTRONICS 
PO BOX 89, OATLEY, NSW 2223 

Telephone: (02) S79 4985 
Fax: (02) 570 7910 

Certified p&p: $6 in Aust. NZ (Airmail): $10 ,v 

. Melbourne Distributor: Electronics World 
(03) 723 3860 or (03) 723 3094 
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FORUM out thecomponents and checking them .'· •.·. Pethaps we•n need 'to ·work 'Oil ·aur 
I ' . against their respective PC cards. pollies firs~ though, before we're likely·· 

Jn a state of frustration I spoke to·my tO get far with the teachers. Many of our 
· of tJur scie~ce t~achers know the funda~ Australian missionary/ guide: ~'What teachers seem to be overworked and try­

mentals of sciences, but fail to pursue the • hope ·have we in Australia? We ·could ing to work with very poor and limited 
electronics into building up items from . never compete against this enthusiasm!" ·resources. Not surprisingly they also 
kits of parts. I know it often costs less to • Many thanks for a great and enc our- · seem to have very low morale ... 

· buy the finished product made in Japan · aging publication in EA. , I suspect that many of their problems 
.. · and brought into Australia. Thanks also to you for your own com- . Stem from .the fact that our'politicians 
. · My wife and I visited Japan in· late ments, Mr Davis.I agree that we seem to , .have virtually 'written off' Australia's 
, September and early October. It was an be well behind the Japanese when it •·chances of building a solid technology 

experience I'll never for get. While there I ·comes to encouraging our young people ,base .i-despite the platitudes they mouth 
· was able to visit ·the location tailed to explore electronics and other areas of :at .appropriate times. How else can you 
: AKIHABARA - literally a street full of . science and technology. And like you, explain the paltry amounts allocated to 
· buildings, many quite a few flo'Ors high, , I'm convinced that this ·has played a ,upgrading science and technology edu-

all packed with electronics of every pos- major part in the fact that our industry is 'cation? It's an old tntism that actions 
· sible type. One , shop sold only valves, · still lagging well behind theirs as well. 'speak louder than words ... · · 
, and boasted that it had every type made. ·_. ·You may also be right in suggesting So I think we'll probably all have to 
· The next had only microprocessors, and that the situation is pretty hopeless; .but I work· on the pollies, to show them that 

.. madethesameclaimasthefirst. · ·hope not. I'd like to thiflk that there's .we DON'T want them to let what·re-
·. . My initial culture shock was not the some way we can rescue ourselves, even :mains of Australia's modestscience and 

language or the clistoms. It was to ob- though at present I can't see exactly how ·technology slip quietly down the gurgler. 
. serve the .. hundreds .of male students to start the ball rolling... .. . ., .... Needless to say, Electronics Australia 

kathered, not just looking but buying_;,, rm convinced that part of the answer will be continuing to do our bit as well . 
. and not finished products, but kits and lies in .changing ·the attitudes of our ·. ·As ever we'll be trying to come up with 
.. parts. True, it was a public holiday, and ' teachers, to get them to place more em~ as many interesting hobby projects as we . 
• · some were majoring on handcrafts. But phasis on the rewards and satisfactions can, to attract both the teachers and their 
·. the real culture shock hit when I noticed offered by 'hard science and technology' young students. All suggestions in this 
.: dozens ofteeliage girls, also mingling " .:,_both as hobbies, and as careers. Then regard will be happily considered, too . 
. amongst the budding technicians-also hopefully they will be· able to interest ,But that's about all we have space for, 

with circuit drawings and component more Australian youngsters in ,getting this month. I hope you'll pay a visit to 
. . . lists, and carefully but expertly picking 'into activities such as electronics. , the Forum again next time. + 

,,,'• ,1·_1( ,,' .• 

· ··., . •·· Talk to the Au~ralians . 
Who build theworld's most popular 
· · · data loggei: , · · ··. 

>·: 

',• ' .•,,. .I ··, '', '· ,.r 

,' There is a simple reason we are · 
'poptilarwith ourusers. Datatakers · ·. 

:: are the simple solution to the most · 
'.complex data logging ·and 
I 

'monitoring problems. · 
.. · ·If you need to record data 

from a few or many hundreds of sensors we have , 
) ' ' ' 
~a model for you.: If you need transportable memory stofage 
I 

:: we have memory cards. If you need to monitor processes and . , ·· 
; have and have alanns when setpoints are reached we 
! 

\can help you. If you need to operate in remote areas on. 
. i, battery power, with moderris or radio links we can help. 
1, 

READER INFO NO. 6 

, , If you need to me~ure thermocoup1~·, strain gauges,· 
, · .·., 1RID's, counters, voltages, currents, 

in fact any measurement, we can ·· . 
. help you. If you need an LCD' . ·.. , . 
display for data and alartns'we 

have the answer. · 
·. .Talk to us now. The solution to 

. your problem will be Simple, won't 
cost the earth and will be a joy to use. 

,, , : In overtwenty six countries . 
engih~ers tum to Datataker. In Australia you can talk · 
to the people whb designed them: 

.. •t- : 

,, - · D~taEiectroriiCs"7 Seismic Court, RoWville Vic. 3178. Tel: (03) 764 8600. Fax: (03) 764 8997.· 

... -'--·-··-""--·' ·- ,,., 



1·9boxea 10+ 1-9 boxes 10+ 

. 1·9+ .. 10+ .·· 50+ .. ,.100... ' 500+· 
$4.50 $4.40 $4.30 $3.25 . $3.95 
$8.50 $8.25 $8.10 

1

$7.50 $6.90 
s1.9o s1.10 s1.5o s1.oo· $6.60 
$14.95 s13;1s s13.5o s12:00 s1too 

.31/2''00 $19.95 $18.95 
31/2"HO $45.95 $42.95 
51/4"00 $14.95 $12.95 
5 1/4"HO $23.95 $22:95 

.3112"00 $23.95 $22.95 
I 3 1/2"HD $39.95 $37.95 
5114"00 $12.95 $11.95 
51/4"HD $19.95 $18.95 .-

KYOCERA 
tASER F-BOOT. . 
. B pages per minute! . : 

The EPL:4000.11 the latest EPSON high pei%rmance laser printer, combining . 
reliability andl a wide range offeatures. · . . . ( . 
The EPL-4ood combines a semiconductor laser with the electrophotog raphlc .. 
technology .u.ed in office copiers to give you high quality printing that is both faS\ 

, Compact & economlcal 8 page per miniite later printer. Ideal for a first time user or 
as a full featured laser personal printer for the PC user. The F.SOOT has 70 resident 
fonts.far more than any comparable printer.with all the major international character 
sets. PRESCIBE allows you to develop your own new typestyles, The F·SOOT also 

;~: ~~~~ng ~ysti!ni used tiy the printer Is driven by a powetful processor ihai anowi · 
the printer to compose an entire page In Internal memory before printing. The printer 
manipulates e page It holds In its memory to provide you with many features not 
found on oth r type& of printers, Including the ebility to mix text and graphics, create 
predefined fo~ms, and print with a range of fonts nonnally usociated with typeset 

material. I ·. . .. 
oDly$1695 I l •; l/•• 

1,' l,' 

INSITE 1325VM 20MB FLOPTICAL DRIVE ·· 
tlast a flopiy drive that ls truly multi.purpose. . . .. 
ou now can load and save all the 3.45" format software you are used to ind In the 
ame drive b ckup at 20 Mega bytes per disc. This truly remarkable drive Is 1 GIANT 

eap forward n removable technology. 
eatures:. . 
omes wlih "G'rassroots" SCSI hast adaptor cara:· ... 
as an on b ard BIOS, ao no drivers are required. · ·· · · 
ill BOOT M ·DOS using either 20MB, or 1:44MB or 720 KB disketts 
OS compat ble with MS·DOS 3.3, 4.01 and s·.oo 
IOS compa Ible with PHOENIX 286 and 396 ver 3.10 ... · · 1 

. AWARD 286 and 396 ver 3.02 , . 
MB Dlsket es can be bought pre~ow~evel formatted 

OW·level fotatting can be done with LFMTprogram supplied or Using DEBUG , ,. ·. 
·a~cDao:e" . ,. ; . . . .. • · · 
he Unit can B00t the 1ys~m as drive ''A:" or "B:" In elth~r 72DK, t44MB or 20MB 

ormat ..... J ... ;0,.;,.,,,.:,;''.""'''''"'~ ..... 0rtve $849.00 . 
o M Dl~cs to Suit.. ...................... $39.00 Each; · '· · 

'•'''· 1'','",'''"' :i."'l..r '". 

The MV·PO Ell 200 Isa pdeketslzed · ., · " · ~ ;._~<t?,, 
in.vert.er witl punch. My·Pow~r will pow~r . , ·· 

1

1 
• ' · .; ~; ~· .. , • 

a mynad of ~ppllances including TV'S, vid~os, . <J ';;v f' .' . · . 
drills, lights!; laptops and computers, fax machines .. · · :. ,. . 
to name ju!lt a few.Continuous power rating is 140 watts but we choose lo slze1hlii on 
Its lnterml~ttnl rating of 200 watts as It will run most sppliances with a name plate 

~~:~~~:,'.~ .~::~:;yt~al400 watts· inci~dibl~·f~r ~ iin1i th~t w~lghis le;. ;tia~ hali ~ .. 
kilo and flt 1n your pocket My·Power la convenient too, supplied ready to plug Into a 
vehicle clg!rette lighter socket :. , · • •. . . . , 1• • •• • : :· .• 

$199~00 ... • ,;. • ,1

, ; •••••••••• ·:·. I '.' •• 

' I ). '~ '• I ' ,, , , ! ' " 1." •\ ~, ' " . 

has the IC.card opllonavailable for storing and printing logos, forms and other 
images.It acts ea a HP LaserJet Series II, IBM Pro Printer, Epson FXOO, Oume Sprint 
II, NEC Spinwriter, Diablo 630 and as a Line Printer. . · 
You can print on paper, I.ables, overhead transparanclea and envelopes or slngle 
aheets. It al~o has the ability to choose how much of the memory you want allocated 
as standard RAM and as video RAM. The F'800T Is an advanced and reliable printer 
at an economical price, made by one of the world'• most reliable manufactures. 

only$1895 ... 

~ ,/ '. · 1, : 

Double your disk 
$torage with~ ... 

DRDOS·6~0 
i• 

The moil advanced, fully DOS·compatible .. 
operating system available todsy. It's everything 
you need to run your DOS, Windows, and networking 
appliacllons faster. To maximize hard disk perlonnance. 
To keep yoursystem and datasecure. Ansd to make your . ·· . · ·· · 
PC easier and more convenient to use. In addition to 1uperior DOS technology, you 
get 1 complete tel of fully integrated PC utllltieL . . 
MEMORYMAX: moves DR DOS buffers, drivers, TSRs end networking software 
outside the 640K memory area, leaving more memory for your DOS, Network and 
Windows appllcation1. · . . 
OISKMAX: Improves your PC'a overall perlomiance ilo you can get m~re work 
done in less time. Its optional automatic file compression feature 
potentially doublei your hard disk storage apace. 
TASKMAX:Lets you IMd up to 20 programs at thii lame dme and qufok1{iwltch 
from one to another 11 well 11 copy and paste text ahd numerical 

.data, ....... ,; •. $129.00 

THUNDER 
BOARD 

10!Wo 
Comaplble 
with Adlib sound : 
Blaster cards for PC gamH plus: 
Thunder Master: power, eesy to u.e 
Graphical sound Digital Audio 
,Sampling. Dynamic filtering. • 11 .Voice 
.FM Synthesizer , . 
................................... : .......... $1'09.DD 

SOUND 
COMMANDER 
• 11 Voice FM music 
• Software Volume 
Control• Playback... . 
Digitized Voice. 
• Includes hlg h quality llJ)eak~r' 
: Compatible with 100'• of music;' games , ;u 

and bu1ine11 101tw1re ·· 
,', ,'.:J { 

.................................. ,; ........ -$149.00 .... 

OD IRVING ELECTRONICS Pty. ltd. ACN.005428 437. 

HEAD OFFICE: 56 RENVER RD, CLAYTON. PH: (03) 543 2166. FAX (03) 543 2648 
crrv 48 A'BECKETI ST. MELBOURNE. PH. 663 6351 / 639164b. FAX: 63111641. 

Postage rates . 
$1 ·S9.99 ..... u.oo Tlie•po• .. oe -:·:· 
$10 • $24.99 .. $3.50 ra1eu111 bulc . 

• $25 • $49.911 .. $4.50 po• .. 9• only up lo 

TOLL FREE 
·. MAIL ORDER... . 

HOTLINE: 008 33 5757 : OAKLEIGH: 240C HUNTINGDALE RD, OAKLEIGH. PH: 562 8939 . 
·· ' ',·NORTHCOTE 425 1HIGH ST. NORTHCOTE, PH. 4808866. FAX: 4808131. . ' . 

YDNEV:74 PARRAMATTA RD, STANMORE. PH: (02) 519 3134. FAX: (02) 519 3868 
LUESTAR COMPUTERS: 271 MAROONDAH HWY. RINGWOOD. PH: (03) 8701800 

$50 • $99 911 $6 00 SKo. Rold lrtl9h~ 
• " • bulky & tra01i. 

$100. $1911 ... $7.00 11911 .. 11 be . 

$200 • $500. .. FREE chwgld 11 dll!Mnt 

$500 PLUS .. FREE ""' 



· RITRON QUALITY 3 year warranty! 
RITRON II 

(~86·21 .•....•.• J~· ...... .. 
\l: - · . .¥1\\\\\\\W~ :}!lW 

80286·16 CPU _.,_.. _ _.... 

1 MEG RAM EXPANDABLE"TO 4 MEG 
21 Mhz LANDMARK SPEED TEST 
1.2M JAPANESE BRAND F.D.D 

42M HARD DISK DRIVE 28ms ACCESS 
101 EXTENDED "CLICK" KEYBOARD 
JAPANESE KEYBOARD SWITCHES 

. MINI CASE & 200W POWER SUPPLY ·· ·• •· • 
SUPAVGA COLOUR MONITOR (1024 x 768 Res) 0.28'' DP 

2 SERIAL, PARALLEL, GAME PORTS . 
3 YEAR ''AUSTRALIAN" PARTS & LABOUR WARRANTY 

256K VGA CARD. IBM' COMPATIBLE 
SPREADSHEET, WORDPROCESSOR & DATABASE 

SOFlWARE INCLUDED. $1 19 5 
ASSEMBLED & ' . TAX INC. 

. . TESTED . 
. IN AUSTRALIA ·. $1,045 !A)( EX. 

RITRON . 

c~a6.$X·31 )~ 
80386SX25M 

1 MEG RAM EXP TO 4 MEG 
27Mhz LANDMARK SPEED TEST .·. 

,· 1.2M JAPANESE F.D.D. 512K VGA CARD 
43M HARD DISK DRIVE, 

·. 101 EXTENDED "CLICK" KEYBOARD 
MNl CASE & 200W POWER SUPPLY 

SUPAVGA COLOUR MONITOR 1024 x 768 Res 0.28" D.P .• 
SERlt.L PARALLEL GAMES PORTS 

3 YEAR "AUSTRALIAN" PARTS & LABOUR WAhRANTY 
IBM' COMPATIBLESPREADSHEET, WORDPROCESSOR 

& DATABASESOFTWAREINCLUDED. 

•SHAREWARE SOFTWARE $1' 49 5 TAX 
ASSEMBLED & TESTED ' INC • 

. .INAUSTRALJA. 

$1,290 TAX i:X 1 
c 

80:i8&SX.16CPU ""-'---
1 MEG RAM EXP TO 4 MEG 

27Mhz LANDMAJIK SPEED TEST ' 
1.2M JAPANESE F.D.D. 512K VGA CARD 

43M HARD DISK DRIVE, 
101 EXTENDED "CLICK" KEYBOARD 

.... MINICASE&200WPOWERSUPPLV 
SUPA VGA COLOUR MONITOR 1024x768 Res 0.28"DP 

SERIAL PARALLEL GAMES PORTS 
3 YEAR "AUSTRALIAN" PARTS & LABOUR WARRANTY. 

IBM' COMPATIBLESPREADSHEET, WORDPROCESSOR & 
... DATABASESOFlWARE ·. 

INCLUDED. . $1 395 TAX 
'SHAREWARE SOFTWARE ,· ' . . INC .. 
ASSEMBLED & TESTED · 

IN AUSTRALIA. $1, 150 TAX EX 

RITRON 
EXECUTIVE c 386·57)~ 

80386-33 CPU 64K CACHE ON BOARD MEMORY . 
1 MEG RAM EXPT016MEG 

57Mhz LANDMARK SPEED TEST . 
43 MEG HARD DISK 

1.2M JAPANESE BRAND F.D.O 
101 EXTENDED "CLICK" KEYBOARD 
SERIAL PARALLEL GAMES PORTS 

SUPA VGA COLOUR MONITOR (1024 x 768 Res) 0.28" OP 
MINI CASE & 200W POWER SUPPLY 

512K VGA CARD (256 COLOURS) IBM' COMPATIBLE 
. 3 YEAR "AUSTRALIAN" PARTS& LABOURWARRANTY 

SPEADSHEET, WORDPROCESSOR & DATABASE 

OPTIONAL EXTRAS 
ADD PRICE TO BASE SYSTEM COST. 

• 512K VGA CARD .. $50 JM VGA CARD .. $150 • 

TO CHANGE A 40M HARD DRIVE TO A 
85M HD add $175 !S2M HD .... $50 

: 126'M HD add $350 105M HD .. $225 
. 200m HD add $850 l80M m> .. $750 
EXTRA RAM .,, 
l MEG add .. $75 · ... 2 MEG add .. $150 · 
DOS 5.0 AN EXTRA ............ ,;,,.,,,.,;$100 • 

. DR DOS 6.00.$129 WINDOWS 3.00.$129 
.. ·SOUND CARDs 

SOUND COMMANDER~: ........ ;·, ......... $149 
THUNDER BOARD .......... ; •. ; .. ,; .. ,; .... $199 

·· SOUNDBLASTER Il ......................... $249 
.. SOUNDBLASTER PR0.~ ................... $389 
. FLOPTICAL DRIVE add .................. ;$839 
21 M/BYTE DISC TO SUIT ....... ; ....... $39 

. 8038640 CPU 64K CACHE ON BOARD MEMORY 
. 1 MEG RAM EXP TO 16 MEG 
. 65 Mhz LANDMARK SPEED TEST 

.105 MEG HARD DISK 12ms ACCESS TIME · ·· · 
1.2M JAPANESE BRAND F.D.D 

I ··.' 101 EXTENDED "CLICK" KEYBOARD 
SERIAL, PARALLEL, GAMES PORTS 512K VGA CARD 

SUPA VGA COLOUR MONITOR (1024 x 768 Res) 0.28" DP 
MINI CASE & 200W POWER SUPPLY 

3 YEAR "AUSTRALIAN" PARTS & LABOUR WARRANTY 
SPEADSHEET, WORDPROCESSOR & DATABASE 

SOFTWARE INCLUDED. 'SHAREWARE SOFTWARE 

. . .·.ASSEMBLED & TESTED IN AUSTRALIA. 
. SOFTWARE INCLUDED. . 

$2 095 TAX WITH 200MEGDRIVE ~HAREWARESOFlWARE $1 795 '''. 
: ASSEMBLED & TESTED · ' TAX INc: 

..JN AUSTRALJA. .. . 
386·33128K ..... $199S .. $1,495 TAXEX 

' .INC ... • $2,795 TAX INC. 

$1,775 TAXEX. $2,395 TAXEX. 

....... ----------------~~~-----

RITRON 
EXECUTl\TE 

(486•7_5) 
804865Jl,20 CPU 

1 MEG RAM EXP TO 32 MEG 
75Mhz LANDMARK SPEED TEST · 

43 MEG HARD DISK 
· 1.2M JAPANESE BRAND F.D.D 

101 EXTENDED "CLICK" KEYBOARD 
SERIAL, PARALLEL, GAMES PORTS, 1 MEG VGA CARO .• 
SUPA VGA COLOUR MONITOR (1024 x 768 Rea) 0.28" DP . 

MINI CASE & 200W POWER SUPPLY . 
3 YEAR "AUSTRALIAN" PARTS & LABOUR WARRANTY 

SPEADSHEET, WORDPROCESSOR & DATABASE 
SOFlWARE INCLUDED. 'SHAREWARE SOFTWARE 

ASSEMBLED & TESTED IN AUSTRALIA. 

RITRON 
. EXECUTIVE 

(486• 157 .·) . .,"""'~ 
80486-33 CPU : ... ~ '" 

256K ON BOARD CACHE. 1 MEG OF RA~ EXP T032M 
157Mhz LANDMARK SPEED TEST 

85 MEG HARD DISK 
1:2M JAPANESE BRAND f.D.D 

101 EXTENDED "CLICK" KEYBOARD 
SERIAL, PARALLEL, GAMES PORTS 

512K VGA CARO. IBM• COMPATIBLE 
SVGA COLOUR MONITOR (1024 x 768 Resolution) 0.28"DP 

MINI CASE & 200W POWER SUPPLY 
3 YEAR "AUSTRALIAN" PARTS & LABOUR WARRANTY. 

SPREADSHEET, WOROPROCESSOR & DATABASE SOF'TWARE. 

$1 ·995 TAX WITH 200MEGDRIVE ··$·2· .. s· 95 " 
' INC. $2,745 TAXINC. •• ' TAX INC. 

•• WITH 200 MEG DRIV~ 

.· $3,495 TAXINC 

$2,995 JAXEX $2,350 TAX EX. . ..• $2,395 TAX EX. · 

80486·33 CPU 25SK ON BOARD CACHE. 4 MEG OF RAM 
157Mhz LANDMARK SPEED TEST 

200 MEG HARD DISK 12ms ACCESS TIME . 
1.2M JAPANESE BRAND F.D.D 

3.5" 1.44M JAPANESE BRAND F.O.O .. 
101 EXTENDED "CLICK" KEYBOARD ·. 
. SERIAL, PARALLEL, GAMES PORTS 

. . .1 MEG VGA CARO. ,IBM' COMPATIBLE 
SUPA VGA COLOUR MONITOR (1024 x 768 Rl!S) o.28" DP 

TOWER CASE & 220W POWER SUPPLY 
.·• 3 YEAR "AUSTRALIAN" PARTS & LABOUR WARRANTY 
. SPEAOSHEET, WOROPRCESSOR & DATABASE SOFTWARE 

· ASSEMBLED& TESTED $3 895 . .,. , 
IN AUSTRAL/A. .. · · 

IDEAL CAD MACHINEi ·. ' TAX INC. 

$3,395 TAX EX.• 

.Est. 1977i FREIGHT CHARGE BASED ON 35KG All s•les tu exempt orders 

MAil ORDER HOTLINE: OM 33 57 57. (ORDERS ONLY) ENQUIRES: (03) 543 7877 
HEAD OFFICE: 56 RENYER RD, CLAYTON. PH: (03) 543 2166. FAX{03) 543 2648 

CITY 48 A'BECKETT ST. MELBOURNE. PH. (03) 663 6151/(03)6391640. FAX: 6391641. 
OAKLEIGH: 240C HUNTINGDALE RD, OAKLEIGH. PH: (03) 562 8939 

NORTHCOTE 425 HIGH ST. NORTHCOTE, PH. 489 8866. FAX: 489 8131. 
SYONEV:74 PARRAMATTA RD, STANMORE. PH: (02) 519 3134. FAX: (02) 516 5024 

MELBOURNE DEALER: BLUESTAR COMPUTERS: 271 MAROONOAH HWY, RINGWOOD, 3134. 
. PHONE: (03) 870 1800 FAX: (03) 879 3027 

COMPUTER SYSTEM 
Melb-Melro.$12.00 Vic country .... $19.00 
Sydney ....... $17.00 NSW country.$39.00 
Adelalde ..... $17.00 . S.A country .• $39.DD 
Brlbane ...... $24:00 OLD country.$55.0D 
Cinbetra .... $18.DO W.A country .. $74.00 
Darwln ........ $40.00 Insurance:· . 
Perth ........... $31 .OD . $1 / $100. Value. 
T11mania .... $53.00 ., · 

lo: RITRONICS WHOLESALE 
56 Renver Rd, Clayton, Vlctotla . . 

Ph: (03) 543 2166 Fax: (03) 1143 2648 
MAIL QBDER & CORBESPONQiNCE 
P.O BOX 620, CLAYTON, VICTORIA. 3188. 

Erron I omml110n1 e11tepllld. Plfcee & 1peclftc1don 
tublect to change. 'IBM, PC, XT, AT, Ire reolltered 
lr1dem1rk1 of lntern1don11 Bu1l111H Michl-. 

PRICES AT AUS S •US S0.74 



286-12/16 ............................... ; ........... $109 W' ~ 
286·16/21 .......................................... $159 ' --- ' ·-. ~· 

. . . r ' j '·,. 386SY.-16 ............ ; ................. · ....... ~ .... $295 · ·', •. , ,,. -, · 
386SX·20/27 ..................................... $325 - - .. -- VIDEO SWITCH BOX 
386SX-25 .......................................... $375 R5232 2WAY .................. $39 099 +5 PIN DIN .. ;.$69.95 ... ..... 
385·25 ............................................... $595 RS232 4 WAY ................. $59 VGA KEYBOARD 

' ;::·;; ~~T~~i~icAcHe"""'"'":~:~ - ~;~;g ~i~~ura'.·:::.::: SWITC~_B()~. ~---· ; ' ' 
• '""'""" · CENTRONICS 2 WAY .... $39 2 WAY ..... , ............... $59.95 

486SX-20 ....... : ........................ ; ........ $895 , CENTRONICS X·OVER.$59 4 WAY.: .... , ............. ;,$69.95 
486·33 64K CACHE ........................ :$1395 CENTRONICS 9 PIN SWTCH BOX --

SOU D BLASTER II 
. lncludel!i Free space quest I game!·.· 

The u1tlmate sound card that plugs into 'ant· 

2 WAY AUT0.$69 . 2 WAY ..................... $49.9~-
CENTRONICS 4 WAV.$69 4 WAY ..................... $59.95 NEW CATALOGUE OUT NOW! 

. 
" 

' 

1 '~ 

11:1111,1;n;ro;J•fl@ftj•JiU•---~---.. --------
' .'' 

23ms ACCESS WITH IDE/FDD - . 
CONTROLLER VOICE COIL. ................. $479' 

11=r1ri1;a;m;1•1•)®'i'J;r4• .. ~ .... jfii· 
18 ms ACCESS WITH IDE/FDD 

-·· . CONTROLLER VOICE COIL .................. $499 • 

·•''r11,1;tt;M;t•l•1®tJ(•1;r+19 
,, 18ms ACCESS WITH IDE /FOO 

CONTROLLER VOICE COIL. .......... ;~ .... :$595 . 

•nmmt1ih1i'·'·l®i'1·1;'J• . 
' ~l<'ll><ji_ 

- : M).fJOS' 16ms ACCESS WITH IDE/FDD 
CONTROLLER VOICE COIL ................. $795 . 

.• 1•r•lfll@iM;l•l•1§l;ti•1;!4• 
121\l'lACCESS WITH IDE/FDO 
CONTROLLER VOICE COIL. .......... ; ... $1,095 

:··:I: L'll'r.ide -----0055.0 
UPGRADE 
3 1/2" or 51/4" 
Only ......... $115 

• ."''' 
·· Interns slot In your IBM or compatible ... 

16BitCard · . • · ..•. ·' · .. 
• RCA Audio cable • Midi Cabl.es _ · .· , -..... 
• -5.25" & 3.5" dlsketfes · , , , .. ·, . 
• CD music player & much mork .. · .... :.1- $189 ,· ' • Spect to text syntheselzer & more ......... $249 

LX·40 Bo Col, 9 Pin Dot 
Matri , 100 Cps Draft 

1 30 Cp. NLO, Pull Tractor 
C2205 ................... $249 

" . ' ' 
, :· LX·B 0 SO Col, 9 Pin Dot 

Matri . 240 Cps Draft 
. 48 Cp, NLO, Push Tractor, 
· Smart Park Feature 

, C220 L ................. $365 

FX·B 0 BO Col, 9 Pin Oot 
Matri , 264 Cps Ctatt .· 
~4 Cp NLO Push Tractor 
Sma t Park F~ature 
............................... $750· 

FX· 1 'so 136 co1, b Pin Dot 
Matt r., 264 Cps Draft, 54 

Cps I LO, Push Tractor, 
Smar Park Feature. 

............... 1 ..................... $925 
·, ,, ,, ri 

SO· 50 80 Col, 24 Nouel 
ink j~ t, GOO Cps Draft, 1 gs ·-
Cps I 0, Push Tractor, : 
Sma1t Park Feature. 
......... : .... -.... ,, ............... $1, 225 

••• 4 ., 

LO-· O~ 80 Co1:24 Pin Dot MBtr;i ·, , ~ . . ·11· 192 ps Draft, 64 LO, Pull Tractor, , ·•· ;-
8 Bit Map fonts. . , , . .,::· . .,..,.. .. , · .. 
.......... : .............................. $475 ,. '.''· . ' •,_ . . ·:',,, " 

SQ-2550 so Col, 24 Nozzel 
ink jet, 600 Cps Draft, 198 
Cps LO, Push Tractor, 
Smart Park Feature,. 

' .................................... $1995 

LQ-400 so Col, 24 Pin Dot 
Matrix, 180 Cpa Draft, 60 NLO 
Pull Tractor 
C22070 .................... $43S 

LO·S70 80 Col, 24 Pin Oot 
Matrix, 252 Cpa Oratt, 84 
'Cps, NLO Scalable Fonte 
8 to 32 points, 11 LO Fonts 
360 x 360 DPI, Top, Rear, 
Bottom and Front paper 
feed paths, Convertable 
Push1Pull Tractor. 
...... , ........................... $575 

L0·870 80 Col, 24 Pin Dot· 

Mattlx,330 Cps Draft 110 .•. ·.· · : ' ', .· 
Cp1 NLO, Scalable Font!, 
8 to 32 points, 11LO Fonts, , ,,, 
360 x 360 DPI, Top, Reor, ' .. 
Bottom, & Front paper Feed .. , . 
paths Convertible PuthlPull 
Tractor. '. · ' · 

': ..................................... $895 

LQ-&66 iio Cot, 24~11 Dot Matrix' 
· 295 Cps Oralt,98 CPS LO, Colour . 
Standard,Pullh Tractor Smart Park • 
Feature ................................... $1095 

lQ· 1070 136' Col, 24 Pin Ool 
Matrilt; 252 Cpa Oral~. 84 Cp1 
NLO, Scalable Fonts, 8 to 32 
pain~ 11 LO Fonta, 360 x 360 
DPI, Top, Rear, Bottom, ind 

Front Paper Feedpatha, 
Convenable PuahlPulf Tractor 
........................................ $775 

LQ'l 170 13~ Col, 24 Pin Dot 
Matrix, 350 Cp• Drafl, no Cps 
NLO, Scalable Fonts, 8 to 32 
poin~ 11 LO Fonta, 360 x 360 
DPI, Top, R1t1r, Bottom, 1nd 
Front P•per Feedpath• • 
Convenable Puth!Pull Tractor 

. ........................................ $1114 9 ' 

~ 
lllliiii' 

Jail ...., 
lCl-1060136Coi;24Pii10otM~~lx', t!9' ' ' ·' . .: 
292 Cpe Dr.It, 98 Cpt LO, Colour · , 
Standard,Pulh Trtctor, Sman 
Perk Fe.ture. · 

' ............................................ $1,395 .. . 

L0·2550136 Cot, 24p1'n Oot Matrix'.\ · , 1,•><! 
400 Cpt Dr•lt, 133LO Colour - . · 
Si.nd1rd,Push Tractor, Smal1 " ,. 
P1rk Ft1ture. . , . 
........................................ $-2,049 ' 

• ACN,005 428 437 .. Postage rates 

· HEAD OF~ICE: 56 RENVER RD, CLAYTON:, PH: (03) 543 2166. FAX (03)543 2648 · · ' . ::; ~:2~~09:::~:: :~.::~~: 
CITY 48 A'BECKETT ST. MELBOURNE. PH. 663 635116391640. FAX: 6391641. $25 •$49.99 .. $4.50 po111guntyupto 

TOLL FREE 
''MAIL.ORDER.'•····· 

HOTLINE: 008 33 5757 OAK LEIGH: 240C HUNTINGDALE RD, OAKLEIGH. PH: 562 8930 $50. $99.99..$6.00 :~, :0:~':t9h~ 
.,, , .-NORTHCOTE425 HIGH ST. NORTHCOTE, PH. 480 8866. FAX:4898131. · • · , $1011-$199 ... $7.00 11,,,..,.1111 . 

, SVONEV:74 PARRAMATIA RD, STANMORE. PH: (02) 519 3134. FAX: (02) 510 3868 ,, $200 ·$500. .. FREE ct1•otd 11•""11 



1·9 10+ 

C20092 $9.95 $9.50 
Size: 210J11.S x 30m 
C20094 $9.95 $9.50 
Size: 210 x 25.4 x 50m 
C20098 $19.95 $17.95 
Size: 210x"25.4x1oom 
C20098 $9.95 $9.50 
Size: 216 x 25.4 x 30m 
C20100 $11.95 $11.50 
Size: 216 x 24.4 x50m 

102 $9.95 $9.50 

' STURDY STEEL CONSTRUCTION 
'MONITOR MOVER CAN ROTATE 360' , 
'LIFTS MONITOR WEIGHTS UP TO 
22KG 
'PLATFORM TRAV 13 3'4" X 12114" 
' PLATFORM CAN SWIVEL 360' •TILT 
25' 
'BOMM DESK CLAMP OPENING 
' SCREW CLAMP CAN BE MOVER 90' 
' UNIQUE CONSTRUCTION, LOCKS IN 
PLACE WITH MONITOR ON TRAY. 
C21082 ........................... $199 

CPF 
CONTINUOUS POWER , . 

, FILTER SPIKE ARRESTOR 

Give your 
computer that 
· proleuion11 
look, ·' , · . ,,' 
X11105 ........ ; ................... $199 
Power supply to suit (220W) 
·x11102 ............................ $199 

TOP OF THE RANGE 
MINITOWER ~ 
CASE 
200x415, ., 
,x 330mm : 
with 200W • 
power supply , · 
X11100 ......................... , $199 

RITRON EXECUTllVE CASE 
X11089. 
Includes power aupply.;; .. $119 

The Fortran CPF Filtered Electronic 
Spike Protector provides a protective 
electronic bamer for microcomputers 
printers, telephone systems and 
modems electronic typewriters 
audro and stereo systems and other NEW STYLE 

- ____ , __ _ 

KEYBOARDS 
~· 
~ 

Compatible · ~ · 

, . QUICK MOUSE ,, 
Microsoft o· , , . 

IBM COMPATIBLE FREE mouse · ' ·, " 
EXTENDED KEYBOARD house & mouse · · 

( 0 KEYS) . mat Plus FREE , , . 
· • 

1 1 $69 pop up-menu eoltwa'* , 
x12022 ................. ,.......... \ x19sss . ss995 
·~ ...................... . 

I :_1; ' " SUPER BUS M~USE 2 

10t KEY TRACKBALL 
. KEYBOARD 

Keyboard & mouse In on• 
X12030~. , , .. $199.95 

. :• __ ., .. 
KEYBOARD STORAGE 

DRAWER 

C21083..~!i! 

MINI VACUUM CLEANER· " 
C21087 .• ~i~ ... ~14.95 

KEYBOARD COVERS , 
C2t089 84 KEY ............ $4.50 : 
C21088 t01 KEY ......... $5:95 

DESIGNED TO 
ATTHE PA(M , , '~/ .. 
OFYOURHANOIV, 
GREATFOR , , 
SAVING A ; \."- , 
SERIAL PORTI '..:: -' , 
2 FREE TELEPAINT DiSKSl : 
X19951 ........................... $119 

MICROSOFT MOU~E 
·" The top of the range! · 

Support• 

hunderd1 or {)" 
applications. 
FREE , . , , 
MICROSOFT ' ' , , 
PAINTBRUSH , , 
SOFTWARE 
SRINGSYOUR 
COMPUTER TO LIFE. 
X19958 ........................ $179. sens1t1ve electronic equipment MINI 

I Tile CPF provides protection from TOWER ,·· ,"· 
dangerous fl/ectrical spikes that can , 
i:a11se anything from obvious damage ' A W H 

DISK BOXES IBM* CARDS 

iiiiiiN1 
PRINTER RIBBONS 

TO SUIT: 
• CP80, sxao, DP80, BX100, 
BX100, M8100, 

. 1.f 10+ 
!'.:22036 ......... St 9.95. $17.95 
• MxaO,FX80, RX80, FX8DD, 
MX70, MXBO, l.X8DD. 
:c2203t ......... S16.95 .$15.25 
'• MX100, FXl DD, RXl OD, LOl ODO 
C22002 .... ; .. : .. $19.95 St7.95 
• ucaD 
C22003 .......... $12.95 St1.95 
• CITOH 8510 -1550 · 
C22051... ....... $13.95 $12.50 

NATIONAL PANASONIC 
KXM110 PRINTER RIBBON 

C22034 ......................... St9.95 

··~ 
DELUX PRINTER STAND 

C21058 ........................ $89.00 , 

f,---~ 

.·\~ 

WIRE PRINTER STAND 
C21054 . .ao eolumrt ....... $29.95 / 
C21056.1132Colunn .... $34.95. 

il1ke1mmed1ateequ1pment•a1lure1to C SE IT " 
less obvious harm thal can drastically POWER [J ':,' .• shorten a systems life :__- ~-- . ' ' 

CPF s superior crrcurtry design and SUPPLY -f1..__ •- • I ' ,, . ' ,-----._ . ' semr CQnduetor technology responds x11103 ' $
149 instantly to any potentially damaging ........... ,,.,,; .. , I - ~· 

100 x 5 1/4" ECLIPSE . '"· , , ,' " -Over-voltage. ensuring safe trouble 
free operation 

Additionally CPF s filtering capabrlrty 
helps eliminate troublesome and 
annoying 1nterterence general hash 
cre.ated by small motors lluorescenl 
lamps.,and the like that threaten the 
perlormance and shorten equipment 
life of unprotected electronic 
comp0nen1s 

SPECIFICATIONS: 
Eleetrie•I rating: 220-260 volls 
, (AC) 50Hz tO Amp 
SpfkelRFI Protection: 4 500 amos 

for 2Qm1second pulses 
Maxirhum damping voltage: 275V 

d1fferent1al mode 

CatX10088 _, . .,,". $69.95 

RS232 BREAK OUT BOX 
. A simple wav of monitoring RS232 
, interface lead actrvrty lnterfa~e 
powered, pocket srze for crrcu1I 
testing. monitoring and patching 
1 O signal powered LEDs and 
2 spares 24 switches enables vou 
to break out crrcu1ts or~econfrgure 
and patch any or all the 24 active 
positions 

SPECIFICATIONS: 
Connectors: 0825 plug on 80mm 
ribbon cable and 0825 socket 

·Indicators: Tricolour LEDs lor TD 
RD. ATS. CTS DSR CD TC, 
RC, OTA (EllC 

Jumper Wires: 20 trnned end pieces 
Power; lnte~ar.e power 
Enclosure: Black. hrgh impact 

piastre 
Dimensions: 85 x 95 x 30mm 
X15700 .. ,,. $99.95 

51/4" x 100 DIS 
CAPACITY ONLY .. $6.95 

· 31/2''x ~,, ·,· 
40 DISK , "' . · .. 
CAPACITY , 
ONLY ... $6.95 

=)01k 
UV EPROM ERASER 

It will erase up to 9 x 
24 pin devices in complete 
safety, In about 40 minutes (less 
time for lets chips) 
• Chip drawer has conductive 
foam pad 

• Mains powered 
• High UV Intensity at chip • 
surface ensures EPROMs are 
thoroughly erased 

Without timer 
,X14950 ......... ~ ........... $99 

with Tlmer ....... ~$169 

Ct 6042 ......... : .............. $11.95 lCT HD CONTROLLER ...... : $129 
40 x 3 1/2" ECLIPSE AT HD CONTROLLER ....... $149 
Ct 6040 ........................ $8:99 RS232/SERIAL CLOCK ..... $49 
120 x 31/2" LOCKABLE , MONO COLOUR CARD ...... $76 
C16039 S2t 95 MULTI 110 CARD ................ $99 

........................ ' , "PRINTER CARD , $29 
100 x 5 1/4" LOCKABLE ............... .. 

. . EGA CAR0 ........................ $179 
Cl 6020 ......................... $13.95 : · DIAGNOSTIC CARD ........... $795 
50 x 5114" LOCKABLE TTLPRINTER ...................... $89 
, C16025 ......................... $11.95 6M AT EXIEXP.; .................. $325 
120 x 51/4" LOCKABLE FAX CARD .......................... $595 
C16028 ......................... $1 g;g5 .4 PORT SERIAL CARD ...... $199 

Z·NIXBUS 
MOUSE AND 
WINDOWS 
3.0 ~> 

Change , "'-
Packags \. . · r1· 
the way , 
you use 

your computer 

$189 

2 WAY FDD CONT (360) ..... $39 
RS/232 SERIAL CAR0 ........ $311 
GAMES CARD ..................... $29 
AT S/P/G 2 S/PIG ............... $49 
4 WAY FDD CONTROLLER 
(360-1.44M) ........................ $129 
2 WAY FOO CONTROLLER 
(361J.1.44Mj ......................... .$811 , 
,CLOCK CARD.; ................. $39, 
SMART DRIVE ADAPTOR 
IDE/FDC .............................. $49 
SMART DRIVE ADAPTOR · 
IOE 110 FDC ......................... $811 
512K/576K RAM CAR0 ...... $99 
VGA CARD 16 BIT 250K .... $89 
VGA CARD 16 BIT 512K. ... $129 
VGA CARO 16 BIT (1 MEG).$199' 

PC MONITOR EXTENTION IBM PRINTER CABLE, 
CABLE 9 WIRE 25 WIRE STRAIGHT 

. ITRAIGBT THROUGH DB25/CN38 11./M l.S M. .. $14.0li 
DBD M/M l.S M. ... $14.115 D821i/CN38 M/M 3.0 M. •• $19.115 
089 M/M 3.0 M. .. $19.915 D825/CN38 M/M 5.0 M. .. $24.95 
OBD M/M 5,0 M. ... $29.95 DB21i/CN38 M/M 10 M .... $39.95 
OBD M/F 1.8 M ..... $14.05 IBM PRINTER CABLE, 

--~~~~~---"i11 DB9 M/F 3.0 M .... .$19.95 25 WIRE RUGH? ANGLE Bu DG ET I ! 089 M/F 5.0·M ..... $29.95 DB211/CN36 M/M 1.8 M. .. $19.0S 

IBM ,' ' RS232 EXTENION CABLE 25 DB211/CN96 M/M 3.0 M. .. $24.95 
Lbt1ii. WIRE STRAIGHT nIROUOH ,DB25/CN36 M/M 15.0 M. .. $29.05 

Joy , r1~"!f' 0825 M/M 1,8 M .... $14,05 t>825/CN38 M/M 10 M.,.$44.95 
-\"''\ 0825 M/M 3.0 M .... $19.95 RB232 EXTENION CABLE . 

0825 M/M 11.0 M .... $24.95 ,25 WIRE STRAIGHT lHROUGH STICK' ~ ' 0825 M/M 10 M. .... $39.96 D825 M/M 1.8 M. •• .$14.95 
DB25 M/F 1.8 M. .... $14.95 1>825 M/M 3.0 M. .. .$19.915 Compiltlble with IBM, PC, 

XT, AT Elegant appearance 
& durable mochanlsm 
Auto return centering 

An lncredlble .............. $24.9$ 

0825 M/F 3.0 M. .... $19.95 , t>B25 M/M 5.0 M. ... $24.911 . 
0825 M/F 15.0 M.M .. $24.95 08211 M/M 10 M .... .$39.911 
08211 F/F 10 M ...... $39.915 DB25 M/F 1.8 M ..... $14.911 
OB211F/F1.S M ...... $14.95 D8211 M/F S.O M .... .$111.911 

~ DB211F/F3.0 M ...... $19.911 DB211M(F11.0 M .... .$24;95 
; 08211F/F5.0 M ...... $:24.95 0825 F/F 10 M. .... .$39,95 



COMPUTER 
CABLES 

LEDS 

~I= 
~I== 

QUALITY 3mm LEDS 
1-9 10-911 100+ 

: Z10140(R) $0.15 $0.12 $0.10 
: Z10141(G) .. $0.20 $0.18 S0.15 
: Z1014~(Y) .. $0.20 $0.18 $0.15 
·• 210145(0) .. $0.20 $0.18 $0.15 

:. QUALITY 5niin LEOS 
Z10150(R). S0.15 $0.12 $0.10 
Z10151(G). $0.25 $0.20 $0.18 
Z10152(Y) .. S0.25 $0.20 $0.18 ------.. ··---. FLASHING LEDS 
RED Smm 1·9 10+ 
Z10159 $1.10 $1.00 . m== 

'RECTANGULAR 
LEDS 

LOW PROFILE 
IC SOCKETS 

Savo a small fortune on 
these "Direct Import" low 
profile IC sockots! PCB 

mounting solder tall. All tin 
platod phosphorbronzo or 
borrylllum and dual wipe 

for rellablllty. 
1-9 10+ 100+ 

P10sso a pin 15e 12c 10¢ 

P1056014pln 20¢ 18¢ 15¢ 
P1osss 16pin 2oe 1ae 16e 
P105671Bpln 30¢ 25¢ 22¢ 
P10568 20pin 35¢ 30¢ 25¢ 
P10560 22pln 35¢ 30¢ 26¢ 
P10570 24pln 35¢ 30¢ 26¢ 
P10572 2Bpin 45¢ 35¢ 30¢ 
P10575 40pin 45¢ 40¢ 35¢ 

Designed to transmit at 
40kHz (l 19990) & recieve 
at 40kHz (L19991) withup 

: to 20V II P on the 
·: transmitter. These unlls . · 
.: can't be heard so are 

·• ideal for TV remote 
: controls, water level 
i dectectors, burglar 
·:• alarms, motion 

dectectors & Information· . 
carriers ae they can be 
either pulsed or used in a 
continuous wave mode • 

: : Transmitter 1-9 10+ 
.• :: L19990 ....... $2.95 ' $1.95 
: Receiver . 

••• L 19991 ....... $2.95 

1·9 10+ 100+ 
• OE9P Spin plug . 
P12166 $1.50 $1,20 $1.00 
• DA1SP15pln plug . 
P12168 $1.50 $1.20 $1.00 
• DB25P 25 pl11 plug 
P12170 $4.50 $3.95 $3.50 

, DTYPE 
IDCSOCKETS 

CHECK OUT NEW 1992 
MAIL ORDER CATALOGUE 

r---------------------------~ I PICK UP YOUR NEW1992 MAIL ORDER I 
l CATALOGUE AT ANY OF OUR ROD IRV ... G I 
I ELECTRONICS STORES or PHONl 008 33 5757 I 
: FOR YOUR FREE COPY or WRITE TO PO BOX 620, l 
I r CLAYTON. MELB. VICTORIA. 3168 .. . I 

L~~~--------------~---·----~J 
2 WAY ................ $59.95 r ·--
4 WAY ............... $69.95 

MONITOR & 
KEYBOARD 

SWITCH BOXES 
only $69.50 

Save a fortune 1>n 

<>,)!=;~~;:=::::0;a;;;;;~~~./·· expensive throw away 
/ batteries with these 

0825 CONNECTOR 
SPECIALS 

1-9 10+ 
P1088o Of;gp $1.00 $0.80 
P1088S DE9S $1.00 $0.70 
P10891 DA15S $1.00 $0.70 

••••• P10892 DA 15C $1.00 $0.90 
P10895 DA)SS $1.00 $0.80 
P10902 DB25C $1.00 SO.BO 
P10904 DB25P $1.00 $0.80 
P10905 DB25S $1.00 $0.80 

quslity Nicads tnd 
Rechargeral 

: Slilll AA 450mAH 
. 1·8 10. 

$2.95 $2.75 
Sli!llC 12AH 

. $9.95 $9.50 $8.95 
.'. Size D 1 UH 

We have a great range of 
. panel metera 111 great 

prices I 
010500 MU45 0·1mA $0.95 
010502 MU45 50/50UA $9.95 
010504 MU45 0·100UA $U5 · 
010533 MU52E O·SUA $12.95 . 
0105~8 MUGS 0·50uA $12.95 

$9.95 $9.50 

HEATSINK 
·COMPOUND 

010540 MUGS 0·1mA $12.95 :. Heatilnk comptiUnd 11 .. 
010550 MU650-100UA$12.95 . : applied ID the baae and .. 
010560 MU6So.20V $12.95 •. mounting stud$ of 

MOSFET 
SPECIALS 

·•• tranal1tor1 & diode•. It 
· maintains a positive 

heatsink aeal that 
1-9 10+ 100.i. 

• DE9S 8 pin '°cket . F/:Jb~:::::::::;:~[{.J 
P12167 $1.50 $1.20 $1.00 
• DA1 SS 15 pin 1ockel 
P12169 $1.50 $1.20 $1.00 
• DB2SS 1 S pin 1ockel 

~,. 
• improvee heat tran•fer 

.· from the device to the 
· heatsink, thu• 

P12171 $4.50 $3.95 $3.50 

1-ll 
2155 240V 6-15V 1A 
M12155 ........ $8.95 $7,95 
21562401/ 6-1SV A2 
M12156 ........ $13.95 $12.95 
2851 240V 12·6V CT 250mA 
M128S1 ........ $4.95 .. $4.50 
6672 240V 15 30vc 1 A tipped 
M16672 ....... $12.95 $11.95 

2SJ40 : $0.50 $8.00 
2SJ56 $10.00 $9.50 
2SK134 $8.50 $8.00 
2SK176 $9.50 . $8.90 

TOGGLE 
SWITCHES 

: · increasing overall 
efficiency. 
H1180D .. 10g ... $2.00 
H11810.150g. $29.95 

WIRELESS 
. MICROPHONE 



THE SERVICEMAN 
.......... ··----------------------------~·--------.... ~ ,••' 

: , , ,. '·"·I 

Fixing a power supply by.proxy,~.:. // . 
and other stories for newcomers to/servicing 

·This month I ·have , three stories to do with troubleshooting simpler faults, and designed -to 
demonstrate some of the basic techniques needed for any kind of electronics servicing. Hopefully 
they'll be of interest not only to those who plan to pursue servicing as a career, but also to readers .· 
who merely want to fix their own gear when it develops a fault. .. 

The stories related fo these' pages 
··· usually tell of a rather sophisticated ap­

. .. . proach to complex or difficult jobs. Un­
, fortunately, this treatment leaves behind 

many of our younger or less experienced 
' readers. The complexity of the stories 

hasn't stopped them from reading us, but 
I think it's about time that we gave them 
a few stories more suited to their 

. 'beginner' status. , _ 
- The first of the stories comesfrom a 

.. regular contributor, N.W. of Sydney. 
-N.W. is very experienced in servicing, 
. but in this tale he didn't .do anything 

more than show a beginner what to do. 
His student did all the work, and learned 

· a lot about solid state power supplies in 
the process. , . . . . 

N.W. calls his story· 'Service by 
·-' proxy', and it not only demonstrates 

some of the basic .principles of 
faultfinding, but offers- a few practical 
tips as well. He tells it thus: 

When a friend who works with photo~ across the DC output -terminals. The -
stat copiers won an unexpected reprieve , stated intention was that, if the output 
for my own· di.stinctly ancient model, I . voltage rose , sufficiently high to en­
insisted that he accept payment for his danger the equipment it was supplying, 
effort. He, on the other hand, flatly the zener would go into reverse break­
refused -- suggesting that, if I felt em- - down and hopefully take out the DC 
barrassed, I could return -the favour by· fuse. 
supervising the repair of a DC power Jn the ptocess, the zener might itself 
supply which he had been using to run a -be destroyed, but the designer had · 
CB transceiver in his garage/workshop. ' , reasoned that it would be easier and 

Called the 'VK Powermate', he had cheaper to replace a fuse and a zener 
· built it some years ago from a design than repair the possible damage to a 

published in the May 1978 issue of this transceiver caused by over-voltage. _ 
very magazine. He .still had the issue My tip was that my friend would find 
on hand, and was happy to do the zener diode to be a dead short. I sug­
whatever was necessary in the way of gested that he .go home and measure the 
benchwork and legwork. resistance across the output terminals. 

What he needed was a bit of guidance, To do this he would need to set the 
as to how to go about identifying and ohmmeter in turn to the variOus resis­
correcting a fault which had developed a tance ranges, and observe if the read­
few -days previously. I normally steer , ings differed when he reversed the 
· clear of this kind of situation, but felt · polarity of the test leads. What he would 
·obliged, in this case, to be as-helpful as be looking for was evidence that the 

-----'--------. he had been. So I said okay- but that .meter was looking back into one or more 

SadenaTC402 
Earn more from aerial work with 
Sadelta's TC402C calibrated field 
strength meter. Covers 40 to 870 
Mhz., incl. L.C.D. frequency indica­
tor and larger level meter. $750 r~~ 

Peter C. Lacey Services Pty. Ltd. 
P.O. Box 678 (74Fulton Rd.) Mount Eliza 3930 

Tel:03 787 20n Fax:(03) 787 3460 ACN006893438 
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_I'd need a copy of the circuit and semiconductor junctions - either 'that, 
descriptive article, so I'd know what it or a dead short. . _. _ 
was all about. This posed no problem He was on the phone shortly after 
and he turned up with a photostat copy doing this test, to report that there was 
next morning. no ambiguity in the readings. lrrespec­

The ·equipment -had been operating · tive of the range or polarity, the meter 
quite ·normally, -he said, when the .- showed a dead short. And, yes, he had 
transceiver suddenly went dead. So too long since disconnected the supply 
did the panel light on the power supply. leads to ihe transceiver. 
He had checked the mains fuse on the It was a safe bet, I told him, that the 
rear panel of the supply, but it was okay. • zener diode was 'kaput'. Although at 
_ Remembering that there was another ' this stage, there was nothing to show ·· 

fuse on the wiring board inside, he had whether the diode had broken down 
also removed the top of the case to · -spontaneously or had been the victim of 
gain access. another fault. All he could do was to 

It had blown but, alas, that apparently snip it out of circuit, clip the voltmeter 
wasn't the problem. When he replaced , (set to the 50-volt DC scale) across the 
the blown fuse, the new one lasted for output terminals and switch the supply 
about as long as it took to operate the on again briefly. ,_ 
'on' switch! What should he do next? , If the meter showed 13.BV, fine! If it 

Looking at the circuit, I noted that it' read higher than that, switch off again 
provided for a 16-volt zener diode immediately. "That shouldn'ttake more 
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rite clrc It for the original 'VK Powermate' supply of May 1978, which forms the subject of this month's first story. Our ,. 

:;r;:::;zz:s::::::::::::~pha::::~;;, r~g the orlgmd ' 
I'll do it riow." . .. . .. ·.. . ... . of volts on the base and emitter. . .. ,. . IC, I warned him to check on how it was 

He wal back on the phone .. in next w . "That suggests to .me", I said, "that installed: whether the replacement has 
no .time, ith ·the news that the supply the new ~N3055 is operating correctly in an .identical dimple to distinguish one 
was alive again -but the voltmeter had emitter{ollower mnde, but that it's get- end from the other, and how it cross~ 
swung t about half-scale, indicating ting only 2V on tht base - whereas the checks with tht diagram. ·· 
around 2 volts. · figure should be up around 14." . ·· That done, I told him, yoiishould prise 

Lookin at the circuit,/ noted thatthe ·· ·· · "That means ·that the board has to · ihe IC gently free from the board. Then 
output ]om the rectifier was marked come out and, if /were doing thejob,I'd with it out of the way you can check the 
'20-25V' suggesting that eith~r or both probably replace both the IC and the · ·e~p~sed copper patte~n under a mag­
the TIP. 2 or 2N3055 transistors had TIP32. They're less than $2 each, .and nifying glass for whiskers of solder, 
broken dbwn. ''My bet, I said, "is that for that price I'd rather replace them .breaks .in the trade ·or any other ir­
you'llfirid a short between the collector .both .at ,,one go than risk having to . regularity. Clean up the area with a 
and emiter of the 2N3055 power tran- .remnve and refit the PC board twice." . · squirt of CRC-226 or Electrolube, and a 

. sistor. lt ouldn't ~e thefir~tl've come ..... "Fair enough", he replied, "!'II h~e small paintbrush or toothbru.yh. Then in­
across uch a thing and zt probably to trek to one of tht places that sell bits '. sert the new IC and solder in place, as 
won't blthe last." ; :· for kits, anyway, and f d rather make ·per the original. 
· "It sh uld be easy enough to get at,; I one trip than two. By the Way, how do · .. I suggested that he again not soldet 
suggest oa disconnect it and check it . you go about unsoldering an IC? I don't .. the new zener into place until he had re­
out. If i's faulty, replace it with a new have one of those solder-sucker things." installed the board and checked the 
one, ta!cling care to give the insulating On the subject of de-soldering, I sug- supply, to ensure that it was finally. 
washer a fresh smear of heatsink '.gested to my friend that he invest in a delivering the requisite 13.8V. 
compo d." · .. i · . · spool of de-soldering braid rather than ·. · When next he rang, a couple of days 

"By t e way!" I added, :"!Jon't install a solder sucker - which in my .ex- later,· it was to say that he had followed 
a new z ner as yet. You can install one perience work best only for those the instructions to the letter and that the 
before y u reconnect the transceiver. But who've developed the necessary supply now appeared to be back in nor-
in the eantime, there's no poillt in risk- . .facility in using them. .... ·".mal working order. 

. ing anorher fuse and another zener for For beginners, de~soldering braid .is .<.'.He had noted a brealc in !he copper 
no good purpose." · · . . · quicker and cleaner. You hold the end of . .. trackadjacentto one of the pins, but felt 
. He rang me next eiieninf to'sai that he , the braid over the joint, press it down sure that it would have .originally been 
had picked up new 2N3055 from a near~ .. with the iron tip and- zip! The solder bridged by the solder. To. make sure, he 
by Tandy store, but he couldn't get a new melts and disappears into the braid by had fashioned a tiny hook on end of a 
zener iere because they ·didn't stock capillary action. Snip 4 or 5mm off the single strand of hook-up wire, looped it 
one. . ..... · . end of the braid, and you're ready for around the pin in queslion, laid it along' · 
. He'd ·installed ·ihe ·n~W' .transistor · 'the next joint. the suspect track and soldered it in posi­
and it ad certainly made a difference: (Another advantage of de-soldering tion. The one thing that remained to be 
the D output voltage }Vas down to bmid is that it acts as a heat sink, limit- done wtts to install the new zener, and he 
aboutt,ovolts! · .. , ·· - . · .,,ingtheamountofheatthatcanreachthe · wasn'tabsolutelysurefromthemarkihgs 

Che ' ing .the fespeciiv'i!" pins 'of the · copper track and/or sensitive semicon- which way round it shoul~ go. . . . .. ·.. . .. , 
2N305 , he had verified 25 volts on the doctors -Ed.) Rather than try to interpret apparently 
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THE SERVICEMAN .. Seriously though, although the story is . I checked all the. components around 
.a simple one, it still reminds us that we the line output. I took out the transistor 
should adopt a logical sequence of tests but of course this tested perfect .. d 

ambiguous markings on someone else's ·.if a quick and straightforward repair is to couldn'r find a' fault . with 1,any of ;the 
say-so, I suggested he simply clip one be effected. capacitors or diodes around the area, 
end of the zener under the positive out- , and I began to wonder if I might' have 
put ferminal and measure · the voltage Overload problem :struck a faulty line output rransjormer. 
between the free end and the negative Now we come to another relatively . I may have just been lucky in the past, 
terminal. If he got a normal 13.BV read- simple story, from another contributor. ' but I have never before struck a problem 
ing, he would know that the diode was This time it's from A.K., of Blackmans · with Sony transformers.· Other brands, 
forward biased and he must NOT con- : Bay in Tasmania. . < ... . , yes, but never Sonys. It looked as though 
nect the diode that way around. Initead, .... · .The .story he tells is about a fault dlat ·. this was going to be the first time, so I 
reverse the diode end-for-end and try might have kept on recurring forever, if ordered a new transformer. 
again. No reading or a very low reading he hadn't gone out of his way to see the · Two days later I had the new trans-
on the meter would indicate that the faulty set at its owner's home. former and lost no time in fitting it to the 
diode was now reverse-biased. Con- Here's how A.K. tells it: . chassis. Line transformers are usually ' ' 
nected this correct way around, it would . . . This story concerns a Sony KV2764 . fitted with multiple .pins, and these are 
pass current only if the voltage across it stereo colour rv. The customer ·com- not easy to fit into the small space usual­
exceeded the breakdown figure of 16. · plained that it had been cutting out oc- ly allowed for them. This one was no ex-

And there the story ended, as far as I casionally, but now it had stopped ception, and I had quite a struggle 
was concerned, With my friend able once altogether. before I got it firmly into place. 
again to eavesdrop on the CB' ers-and On the bench, I found that the power I was also very unlucky, because the 
my own consCience cleared in respect to supply. had shut. down, meaning that new transformer was no better than the 

· my own refurbished photocopier. As to . either the power supply itself was faulty . old one .. After stamping my foot and 
what caused the power supply to fail in . ·or .else there was something that was .. saying a few. rude words, I did what I 
the first place, and if so how, I'm content loading it down. . should have done earlier.I looked again 
to leave that in the too-hard basket! · . My first test was to disconnect the line at the circuit diagram. This time I 
: Thank you,,N.W. That story not only output transistor, whereupon the power realised that there was more than one 

taught the youngsters about how to .go. supply started up and could be made to rail from the power supply. I hadn't 
about servicing ·a power supply, it also work well into a 75~watt dummy load. noticed the 30V rail before. . . , .. 
. had a lesson forus 'wrinklies' about how This seemed to place the problem firmly ' Once again 1 disconnected .the line 
to get our photocopiers fixed free! in the line output stage. · output transistor, .to remove that load 
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The audio section of a Sony KV2764 stereo colour TV, which uses an STK4362 stereo power amplifier IC. Our second story 
this month concerns one of these sets that 'cut out' from time to time-but the cause of the trouble turned out to be quite 
simple and straightfoward. . 
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; J·· • ~ from the ower supply . .Then I checked 
the 30V ail, only to find' that it was , A -<----o/o-· _...____.., ...... · ---------
down to 5V. .. 1 • ____ .-_-- 1 . , I 

__ This e lained why the power supply ,, ... , .. .... I 
shut dow . It couldn't manage the line ' · · I 
output lo d, plus the shorted 30V rail, · I 
although it could supply either alone.- _ I ·-
Now I w beginning to get somewhere,, _ I , 
1chec~ed diode D654 which supplies - .i 

the30V, utit was OK. Then tracing out < BreilJi'> ' _ i , 
the rail, found that it supplies only the __ . " \--- X ......;_y'o--_ ---+-___;,---~-----1 
sound ou put chip IC252, an STK4362. I ,;,Le 
pulled o t the chip and tried the supply ·, I ,~(----1.. r·"· :, -'

1 
.. ·_ ·;, 

again. It was back to the full 30V. I , .. _ . , ..,..--· .: . ! __ . ;;.L.._:_' 

reconnec ed the line output stage .and _ ,. ... . 
the set c me good,. with a first class pic-
ture -b t of course no sound. -- _ 
.-I orde d a new STK4362 and when it Here's B sfmptlfled version of the mains Input circuitry of the elderly Graetz CTV 

arrived, couple of days later, I _wasted which forms the subject of our third story. This one had stopped altogether, but 
no time n .getting it into the set. 1Sound proved to be a little deceptive when our Serviceman tried to find the cause ... 
and pict .re came good, and a so'ak test 1 -_ _ 

showed no sign of trouble. 
1
• Certainly Tlie small internal .speakers would everybody was happy. There has been no 

therewa no· hint of 'cutting out', as the have been fully driven with about} watt ,further sign of cutting out, and the sound 
owner h d originally complained. __ , , of power, and this is what the chip would .- chip runs far cooler now than it ever did . 
, These~ went home two days later, and normally .supply., The big extension While trying to feed the- big external _ 

I heaved! a sigh of relief. After all, a new speakers ·would 11ot have been over- ••;speakers. ft should last forever._ 
line·out~ut transformer for no reason is 'driven by a 50-watt amp, so the chip was ·_ Thanks for that Stoey, A.K. It just goes , 
an expe sive way not to find a fault! . : . really y1orking put of its class. I might . to show that for some people, a little 

But that wasn't the -_end of the story._ have been able to effect some improve- •knowledge is a dangerous thing. The 
Two d s later (what is it about 'two ment by fitting a larger heatsink, but that : ~wner of that.set was also lucky that it · 
days' :w · h me?) the owner called to say wasn't the right solution. _ wasn't a live chassis model. I've some· 
that the set was cutting out again. With ,.The owner had a reasonably good hi-fi : times found earphone sockets fitted to · 
the pro.pect of another shorted sound set in the same room as the television, so i live chassis sets, and the owners wonder 
chip, I t ld him not to use the set again 1 suggested that he run the 1V sound · why they gera tingle now and then. 
but to b ·ng it back to the workshop. _ through' that. He confessed thtit he ; · They were just lucky they didn't touch .-

In ,.th shop, I couldn't find a thing hadn't thought that to be possible, but he something that was earthed, at the same 
1 

wrong l ith it. There was certainly no was prepared to try, if I would tell him 
1 

.time as they were wearing their head- .• 
sign o it_ cutting -out, even _.when J how. , phones. Half mains voltage straight into · 
droppe I the mains supply to 200V. Two It wtis easi { 4Uickly rigged a lead 'your left ear wouldn't be very nice! --
days la er J was convinced that there with a 5-pin DIN plug at one end and , - - · -- --" _ .. 
was no hing wrong with the set, .. ,so I two RCA plugs _at the other. I plugged . :Deceiving glow' 
loaded t into the van and took it back to them into the AUX inputs on the hi{i and -' To finish off this collection of simple 
the ow er personally. I had begun to · the audio outlet on the television. stories for beginnets, here's one from 
suspect that there was -.something about Mrs Customer declared the new setup . -my own ~orkshop. In fact, I should be 
his hou, e that was causing the trouble. -_to be far better than the old one, so too ashamed to tell this one, but there's a 

--1 put the set back where it belonged,·-···- · · --- -- .,.,.'lesson in it for all of us, not just the 
attache the antenna and plugged it in -- -"·:.~Fault: ofth:e':Mo:ritli'' -beginners. So here goes. :, ! ' -

to the ower. Of course, it worked per- - - The set was· an old Graetz, a German · 
fectly. ut then the owner came over and · · :;~rivt<V1400ASc1V.i:::[, '.,,,'.iv::d--•:: i'.'.·~:·: -- ·set dating from 1975 when colour first 
Plugge in a lea'd to two large high · \-$YMPTOM: lntermittenf:cnarinsf&ang~::: started. I had maintained it for tiears for 

::ing (a) persistently to programme position••-• / 
fidelity peakers. --- .. , -- . - •·'1; ... and 'b)-persistently to .another• par·:' •.. its first owner, then reconditioned it and 
. He e :plained that his wife was ·hard · ·-~dtilarchannel • .. ,, ... ;, ,~::.::, : · - :. ·- •-··'· sold it for her. ._-.- -- , 

of hear'.ng and that she needed the extra , ·-PURE:·.(ar,Ariy·;1i1t~ffOpti6~;fo· .. fu~i'ris:.: _ · I gave _the new buyer a thtee-month · 
speake1 s to be ·able to hear clearly. - -"powar,no·mattef•howbrief~, Will resetto ·: ·warranty, but I didn't see him for ayear 

f. 
.:program'Me 1 po-sltion..::.:i.e;1;resetmode._: __ 

Someb dy had shorted out the load :::Check.:the<.pOwer,Jead~;:.plugs .etc.'.fot::, .and a half" So _I .must have done a 
resisto s on. the headphone socket so , <IOoseness. jbJAny confa~inaticm :of. reasonable job on it . _ 
that he ;nternal speakers were Jauch buttons, from duster.Sticky _fingers,· / An ·t am ba k la t --· -- k "th -• ."'" , -- . ,_ ,, ; yway, 1 c e c s wee w1 -

l d b h b. . .. S Will .make :cine·· :Position -more .sen-sitiv~ ·:. th ·· th · 1 rep ac y t e zg extension tmzts. o , .?than:.cilhers.:''Atmospheric moisture··:wm .: _- e complamt at itjust won dn't go. It 
that ex lained everything - at least to make the . problem position eveh :mote :•. __ had been cutting out occasionally, but , 
me. It was harder to ·explain to the Jouchy:'Clean the touch:panel With_a tag now it wa8 quite dead. The only sign of 
ownet, but Id.id my best: " '' :barely dampened With metho .. ;; ;:·<i .. :'.\.' <i::;, '. ~·life•" was,, the ·famp · inside,. ·the "power -

The TK4362 sound chip was never _,_This information is supplied by:courtesy _·_-,_ switch~ that still lit up, suggesting that 
·_·of rhe Jasmahian · Bran'ch ·of The· : 

design .d to supply this kind of load, :'.E/ectrdriics·:Technicians' :1nstillite ·of . power was getting into the set at least. 
and e1 en if it had been, the attached · :;':Australia ;(TETIAJ: . .Contribii!lons .:Should The way the owner mentioned 'cutting 
heatsi k was far too small to effective- ':.be--sent ·to: _J::Lawlet·- 16 Adina Street .. : out' suggested to me that the set had 
ly coo the chip. d3eilston·~aY, :;rasmania 7o15. ::':i:\::::.: '• been hiccupping, a not-unusual 
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LOOKING FOR SEMl 1S? 
We stock both Japanese & European 

types for TV, VCR and Audio · ~ 
applications. h1 1'! 

TRANSISTORS- 2SA 2sa 2sc 
2so 2SK BC BD MJ 2N etc. B 
INTERGRATED : IC. 

CIRCUITS- ... ... .. . : . . 
AN BAHA LA LB LC LM M MB STK 
TA TOA UPC UPD etc. 

Phone or fax for a price list 
Wagner Electronic 
Services Pty Ltd. 

305 Liverpool Road 
.. Ashfield, NSW 2131 
: .. Ph: (02) 798 9233 

f:ax: (02) 798 0017 

READER INFO NO. 8 

SUNSHINE DEVICE 
PROGRAMMERS 

. FOR IBM PC 
· •· EW-701 ~ l240ex 
. Ptr>M#lonll. &lial>M .. . .· . 

EXPR0-60 - $950 ex 
Progmm1 •VtJiylhtng 

HEP-801 ~ $400 ex 
F•ll I E•sr to UltJ . 

also 
lC TESTER - $1!J5 ex 

Plckllr·20 

Contact us for Price List ori Sunshine 
&otherspooialized PC Add-in Cards 

NUCL lUS COAll'U l ll/ Sf/IV/Cl S /'II 
111.!f qu1p1111·111H"1u11 Sp1'11.1ll',\•, 

111 Hl 10:)4 DMJIJ[ rJOrJG flOAD CAflW Gil 31()'.) 
Phone (IJ3)~>63 tt61111 I ax (03)~63 ttllt4 

READEf:l INFO NO. 9 . 

THE SERVICEMAN . 
symptom when components are in the 

·process of breaking down. The two most 
likely components to cause this prob­
lem are the line output transistor and 
the high voltage tripler .. 

First up I disconnected the tripler, but 
that made no difference. Then I tried to 
check the transistor, but the results were 
ambigtious. It could have been leaky, so 
to be sure I removed it from the chassis. 
That's not an easy job in this 'model, but 
I managed it in the end. It turned out that 
I had wasted my time, though, because 
the transistor was quite good. Yet it 

. . seemed that something had .failed, and 
· was shutting down the power supply. Or 
wasit? .. , , . . . .. . . 

It was quite possible that· the power 
supply itself was faulty. I had assumed 
that . the panel lamp proved that the 
power supply was running, but in reality 
it proved nothing of the sort. The lamp 
could be powered in any number of 
ways that dido 't involve the supply .... 

.So next I looked at the chopper tran· 
sistor and some of the parts associated 
with it. There was nothing that I .could 
find wrong with anything .on the power 
board. It was beginning to .look as 
though .the fault was even earlier than 
the power supply. · . . , 

That only left the bridge rectifier 
across the mains, and the relay switch in 
the ultrasonic remote control (URC) 
box. · 

I was hoping that I'd find a problem 
with the rectifier, because I had no wish 
to get ·involved with the complex cir-
cuitry inside the control box. .. . 

At this point I pulled out the service 

manual, to remind myself about the cir­
cuit arrangements. From away back I 
remembered something about plugs and 
sockets, and about it being rather com­
plicated. In fact, it wasn't anywhere near 
as bad as I had feared. The URC leads 
terminate in a small PCB, with a plug on 
one side and a socket on the other. It 
simply sits between the plug· on the 
switch panel and a flying socket on the 
power lead to the ~et. I unplugged the 
URC lead and reconnected the power 
wiring. Then switched on. 

There was still nothing. The panel 
lamp glowed invitingly, but nothing was 
teaching the power supply. 

The circuit diagrfun showed that there 
was a small resistor in series with one 
lead to the bridge rectifier. It was 
probably a surge protection resistor, and 
if it was open, then I'd get just the result 
I was seeing. So I set about finding the 
resistor, to test it. 
. One thing I've always found ·with 

.European sets is that nothing is where 
you'd expect it to be. This resistor is 
shown as though it were on the switch 
panel, but it's not - it's on the rectifier 
panel. And it was as good as gold. 

So where did that leave me? 
·With the URC receiver out of circuit, 

and no breaks between the switch and 
the rectifier board, there simply had to 
be power ·getting through. But there 
wasn't. . . . .. 

The panel ·lamp showed that }lower 
was getting to the switch, but it was't 
getting to the rectifier. I couldn't work 
out what was going on. . · 

I went over everything again; check­
ing ·the ·switch contacts and testing . for 
continuity right up to the rectifier. 

The WindowLite™ From. MMTAustralia p·· ·\ . 
WINDOWUTE from MMT Australia Pty Ltd and CommSonics Inc, is the first full function hand held signal level·· <F~ : ~~. .· : . 

~n~~~~~~~~~~J:~~~~~c~~~~~:n~n~y~:~~.CATV installers in trouble shooting, tuning and alignment of ''._~~.-.: .•. ·~·-··.·.· ...... ·.'.· ..• ~.~ .. :.-::c···.·'_~,,~A~."'.~_~.· __ i. , · 

Weighing a mere 1.1 kg, WINDOWLITE offers a high resolution LCD display with excellent readability even in ,., . _ 
direct sunlight. SIX modes-Sweep, Zoom, Tags, Memory and Define - allow detailed examination of video 
and audio RF signals with an accuracy of ±dB across a frequency range of 5 to 860 MHz. · · . '·:;~,-""-
The unit comes complete with a Nickel Cadmium 1.2 AmpHour battery pack and a charger. Priced at an · 
introductory $2115 ( +20% Sales Tax if applicable) .. This is an offer NOTto be missed. · 

Optional holster carry case ••• $100.00 inc of Sales Tax. 

for more information, 'contact MMT Australia Pty Ltd, 7 Amsted Road 
· Sayswater Victoria 3153. Phone: (03) 720 8000, or Fax: (03) 720 8055 

or Sydney Phone: (02) 906 7446, Fax: (02) 906 6844 . .. . . 

. READl:R INFO NO. 10 
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Everyth · g was perfect Yet when I tested for pciwer at the rec­
tifier, the was nothing. 

Then I tried testing for power at the switch terminals, and it 
was h that I found the clue that allowed me to solve the 
problem There was no power at the switch either. That left 
only the power lead, but it seemed there could be no fault 
with tha , because the panel lamp came on every time the 
switch as operated. 
Still,~ ihad to be something, so I tested the power cord for 

continui y. And found none! 
At leru , I found no continuity in the neutral (black) lead. It 

~as bro en, at the plug end. So that explained why there was 
no powe at the switch or at the rectifier. But it didn't explain 
how the amp could light up, when there was no power avail-
able to 1i ht it. . .· . . , , , \ 

. . The swer was that the famp was not the usual type of panel .. 
lamp ......... a miniature incandescent bulb. It was a neon lamp, 
fitted · tly across the switch contacts, in series with a multi-

' megohm resistor. What had happened was that the neon was 
connec~ between the mains active and the chassis metal­
work, w en the switch was on. :l'he capacitive reactance be­
tween the metalwork and ground was enough to pass the tiny. 
currentoeeded to light the lamp. r' ·· ..... · . . . .. . 

\ , It's in1bresting to consider what would have happened if the· 
active 1 d in the power cord had broken .. There would have 
been fo. Jfficient capacitance between the broken active lead 
and grm d to light the lamp. . . . , . . . , . .. . 

So I · ad wasted an hour or more; looking for the simplest 
possible fault All because I didn't appreciate the neon lamp 
for what it was. . . .· . . .. . . . . . . 
, That's! all for this inonth .. Back next month ~ith.morestories,· 

from my bench and yours. .. . , , . , · <• 

',: . 

WORLDWIDE 
, •• the ehoice is crystal clear when you 

want custom made quartz crystals FAST! 

"THE AUSTRALIAN COMPANY" -thtchoiceiscrynalctear, 

Hy-QinumatUmal,~ 
Be it a J~~bo Jet or a iocal couri~T'Hy·O adiiieciate that 
stand down time represents lost revenue·- so we have 
lailored our operation for efficient. fast service as a world 
leader in crystal technology with otl!' bases on four 
continents .... in Australia, Singapore, Great Britain, USA 
. . . we have the resources and technology to 
unequivocally guarantee our quality and service. 
Hy·O also manufacture and stock Crystal Filters, Di\ 

. Oscillators, MPU Cryslais. Clock Crystals, SPXO and 
TCXO Oscillators etc . 

. ·READER INFO NO. 11 

EXPREss111 
Our speeial · ' • • 
servli::e slips emergency 
to despatch into. overdrive 
h Within• -ours in sp , . six . ec1a1 . 
circumstances - . . 
for others. ~ 24 hours 
Normald . 

espatc11·1 · ··· 
I ROSELLA STREET, FRANKSTON, 
VICTORIA 3199 

.(P.O BOX256, FRANKSTON) 
TELEPHa'NE: (03) 783 9611 
FAX: (03) 783 9703 

custom qua1t or 
ten Working d1 y crystals is 
'P . ays 

rov1ding Ord · 
before 1Dam er received 

,i"' 

. Ram. ey Electronics Inc is a U.S . .manufacturer of quality, economicafly priced electronic equipment. Their cost effective instruments 

. . , . , . incorporate all the "mO$f ·used" features of competitive instruments and leave off the extras. . ..... . 

. coM3\S;ng~1~;n·tM~~1

itc>r\ s .. ··, 

Specifica ion 
Frequenc coverage: - 1 OOkHz to 999.!l®MHlt:on\inuous In 500Hz steps 
Display: I , ., . .7 digit LED , . . . 
Accuracy: ±0.0001 % ·' ·· · · 
RF Output. · ' "· ; o.1µVto 0.01V In 6ranges< 
Reverse P. wer Protection: . 1 OOW max , . . ... 
Modu\atio : 0:1 skHz peak FM, 1 OHz·lOl<Hz bandwidth, 

, .. AM depth 0 to 99%, 10HZ·10kHz bandwidth. 
. ·· CTS tones 50 to 300Hz all standard EIA ton9S,1kHnlne wave . 

Receives nsitivlty: -· liµV, 10MHzto999.999MHz,.usabledownto100kHz , 
1 

Receive easurement: FM deviation ±1.SkHz and ±7kHz, . ·. ·· 
Carrier error ±1.SkHz and ±7kHz . . . ..... , , · ... 

FrequenCJ Counter: 2 ranges 1 OM Hz to 999.999MHz (1kHz), 10Hz to 1 kHz'(0.1 Hz) 
Memory : , Up to 10 complete front panel set·ups may be stored 
Controls: Fully sealed membrane switch paMI 

•Direct entry keyboard' with programmable - · 
· .... memory. . · .. :·. , 
1 Audio and transmitter frequency counter ... 
·•LED bargraph frequency error/deviation display 

· '• Wide range of output levels _,. .. , ... . .. '. 
· '. •High receive mode sensitivity with full 

, continuous frequency coverage . 
· I Transmitprotection··_ '.- -· 
• CTS tone encoder 
• Versatile modulation I ormats 
e Portable, /ightweighf and durable design 

READER INFO NO. 30 , 

ROHDE & SCHWARZ 
ROHDE & SCHWARZ (Australia) Pty Ltd 
For NSW, OLD, ACT & NT enquiries: 

· · 63 Parramatta Road, Silverwater, NSW 2141 ... 
Tel: (02) 748 0155 Fax: {02) 7481836 Telex: 26372 · ·.· 

.· For VIC, TAS, SA & WA enquiries: .. , . , ... ·.·· , . , _ ·. 
..4th Floor, 320 St Kilda Road, Melbourne VIC 3004 . .. . . . 
·Tel: (03) 699 7922 Fax: (03) 696 2100 .. 'Pricessthjecttosalee r:Ui1~11cable 
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Basics ofRadlo Transmission & Reception-- 16 ·.·.· • 

· Phase·lock8d·loo·p·•···· 
FM demodulators:> . ,· ~ . \ 

,. i, 

,,1 

' '·'. 

1/'" 

, The Phase locked Loop is the modern state-oHhe-art ,demodulator for frequency , modulated 
• signals: It is a very old idea, made economically 'feasible by todays large scale integrated Circuits. 

; by BRYAN MAHER .. { . 

'•' .' • ' ' ,' ,I ', 

' ' ' . . ~ . 

: . The desirable properties of a circuits also required sorne detailed as- : rieeded in the FM delllooulatot, so mass 
; demodulator for frequency modulated sembly work in production. , production manufacturers and home 

signals you would probably list as: Sixty years ago a radically different , hobbyists alike loved it. Motorola and 
' (1) Linearity in response. FM demodulator called the phase-lock- ' Fairchild then produced the PLL on a 
' (2) Rejection of AM and noise ed loop or 'PLL' was invented, of course, · few separate building blocks. 

interference. ,,, using valve technology. , , Today we use the National Semicoh-
, (3) Sufficient audio bandwidth. , Because many discrete components ductor LM565N at about $3.60, the Sig-
(4) Economy in mass production. , ,, ' , were involved it was cumbersome and netics, or Motorola NE565N or the 

, (5) Easy to set up and align. expensive. Only one large receiver Signetics NE560B, all complete' PLLs. 
: 'G) :, Drift free. manufacturer used this circuit around Also you may consider .the National 
' 1932, calling it the Bradley Locked Os-· Semiconductor types LM1310 or the 

, (7) Selflocking onto received canier. _ cillator detector. second generation LM1800 at about 
(8) Ability to work on small signals. By 1934 it had more or less disap- $10. 
(9) Ability to follow drifting trans~ ,, , peared from commercial ,production. , -Alternately ·we - could use the 
, ntittercarrier(forapplicatlons ,,•, , The idea was good but the implementa- , •. Motorola CMOS family MC14046B or 

such as cheap walkie-talkies). · . tion in those days was clumsy. , .MC145*** series components. Many of 
. (10) Built-in de-emphasis. . :,·.· . , ,· the above have a wider range of uses 
(11) New orold idea immaterial.' · ,... · Enter LSI , 

1
•• / ,' than just demodulation (but more of that 

(12) Stereo output possible. The modem production of large scale , later). 
The,three·previously described FM , integrated circuits"(LSI) from 1970 on- , PLL demodulator 

demodulators all depended on critically wards breathed new life 'into ·this old 
tuned circuits for their operation. demodulatorconcept. Todaywecanpur- The essential block diagram of the 
Though they 'did work very well, they· chase over the counter a complete FM ,PLL demodulator is shown in Fig.1. 

: really only satisfied the first three of the demodulator in a single IC package for a . From the, figure it is immediately ap-
above requisites. . . . , modest sum. First came Signetics with parent that the PLL is a closed loop feed-

They required ,accurate tuning align- the whole <Iemodulatot on a single , back circuit. , · . .. _, 
ment, using a crystal controlled test gen- ,· silicon chip. This PLL integrated circuit · The phase comparator has two inputs: 
erator, and needed a fair sized IF signal , revolutionised radio receiver design. No the frequency modulated signal output 
input. Their dependence on tuned LC , longer were fussy LC tuned circuits , from the final intennediate frequency 

amplifier, which we call f(in), and the 

FM SIGNAL 2 
FROM IF ~...-..PHASE 
AMPLIFIER . 5 COMPARATOR , 

", r 
VOLT AGE . 

.__ __ ..;......-4C0NTROLLEO ........... _..._.____. 
OSCILLATOR 

vco 
FEEDBACK 
SIGNAL 

signal output from the voltage controlled 
. oscillator, f(vco). The phase comparator 

looks at both inputs f(in) and f(vco) 
simultaneously and senses the relative 
phase timing of each. The comparator 
then produces an output at G, propor­
tional to the difference in phase of the 
two inputs. (Recall that word 'phase' es .. 
sentially means a division of time). 

This difference signal G is amplified 
Flg.1: The fundamental PLL FM demodulator. ·The modulated IF signal f(ln) Is · and passed through a low~pass filter to 
compared with f(vco), the output from the vonage controlled osclllator or VCO. point 7. Here it also becomes the feed-

'· I,, Any difference In phase Is the error signal at G, which Is /ow-pass filtered to ,back signal to control the frequency of 
, ,become the control voltage for the VCO. This signal becomes a copy of the the voltage controlled oscillator (VCO). 

original audio modulation at the radio station. , ·, The effect of this feedback signal is 
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. such tha . it tries, to change ihe1reqiiericy . comparator now serises. this change, and , terentlfil~input rnode, the! second edition 
genera~.t ~. b~. they~o '.until f(vco) .the feedback signal falls to adjust f(vco) 1of my book Op Amps Explained is now 
matches f(m) m frequency. Even further, . . quickly downward. . . · ! on sale at a newsagent near you - sorry 
it atte pts to make them exactly in Hopefully a startled gasp can be heard ! for the commercial!). 
phase w th each other. I ., .•.••. ' • as' most readers ·Of this series (we do .i 

That eans voltages rising and falling have readers, ;don't we?) immediately •f'ree running .. 
exactly n .unison. While the system is «wake up to what is happening. (If not, :'.Probably by now you are .bubbling 
searchin for a perfect match we say it is try reading that last few lines again!) , . over with questions, such as what hap-
in the c tore state. : Yes, of course! When the radio station pens to f(vco) when our radio receiver is 

r· audio signal rises in the positive, direc- , not tuned to any station? And does it run 
No modulation tion, .increasing carrier frequency, our ,, at zero frequency, or perhaps go ber-
. If f (in. is for the moment unmodulated ,PLL teedback signal at point 7 will also · ' serk?. Well, it would go a bit silly if we 

. - say e fast-talking disk jockey has rise positively. negleeted that possibility. , , -
paused ·or a breath - then f(in) is a · Similarlytheonsetofthestationaudio .. Remember the PLL is driven by the 
pure s ady sinewave·at the centre fre- .. negative half cycle causes our PLL feed- .intermediate frequency (IF) section of 

· quency f the receiver's IF amplifier. .'back signal to go down also in a nega- our receiver. And you may recall that es-
Wi · a very short time the feedback · tive direction.Jn short, our little PLL sentially only one frequency is passed 

will adj st f(vco) to exactly match f(in), feedback control signal is simply re- , by the tuned IF amplifiers. _So the final 
in both frequency and phase. We call creating the radio station audio signal.... ·stage IF is nearly a constant except for 
this the locked state, There is now zero All we need to do now is take a the changes caused by the FM modula-
phase . ifference between' f(in) and . sample of that feedback control signal, tion itself.. .. .. .. . . . 

· f(vco), o the feedback signal at 7 is a ·suitably filter and/or adjust its DC level. . J3ut when you're Mt receiving a sta-
constan DC value, holding f(vco) exact- We thus end up with a near-perfect audio tiOn, there is no IF signal (except noise 

· 1y in sy c. · . signal, a replica of the broadcast music of course), so no sensible feedback sig-
1 · ' · " ., • or the disk jockey's voice. nal exists. So all we do is insert two little 

FM mbdulation· . . ! Fig.2 shows a more detailed circuit for c~m1~<ments Co and Ro into the VCO 
Now e FM radio station plays music a ~LL FM demodulator using an NES65 ~crrc~t .. ; ,, :: . . .... ... . , ; _: . : . 

or spee h, i.e., the RF carrier is frequen- chip ICl and an LM308 op-amp IC2. , ThlS external tim~ cons~t (CoRo) 
· cy mo ulated. The positive audio half The PLL feedback signal appears at pin keeps the VCO happily runmng at close 
· cycle i creases the carrier frequency. ..J of ICl, and a DC reference signal at . to the IF centre frequency when no sta­

·•· Freque cy change implies phase change •.. ·· pin 6.- -These are -used to drive the input , tion is received. This condition is called 
i The . LL phase comparator finds ·a of op-amp IC2, in differential fashion. the 'free running' state. 
phase ifference between f(in) and Four equal 499k ohm resistors Rl, R2, 
f(vco), so immediately the feedback ·· R3 and R4 give IC2 a closed loop gain 

; loop ntrol signal works fast, rising to of unity. . . 
·force a matching increase in f(vco), to Because IC2 is fed differentially, the 
. restore bquilibrium. final output carries only the audio signal 
' No sboner is that done than the audio content, ignoring the 4 volts or so DC 
, negati~e half cycle comes along, and level in the feedback signal. (If you've 
; decreases the carrier frequency. The PLL forgotten how an op-amp operates in dif-

Easy adjustment 
To ensure reliable circuit operation, 

good quality components should be used 
for Co and Ro. Both should have good 
. temperature stability. An NPO capacitor 
for Co and a metal film resistor plus a 

Continued on page 90 
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Circuit & :Design Ideas 
lnteres6ng circuit ideas from' readers and technical literature. While this material ha~ been checked as far as possible for fea$ibifity, the drcuits · 
have not been built and tested by us. We therefore cannot accept responsibility, enter into correspondence or provide further information. 

I '.'~ > ~ : • ~ ·' •' 

, Sptinkler timer 
I designed this circuit to use as a 

sprinkler cogtroller in conjunction with 
a plug-in .24 hour timer such as the 
Kambrook type. It allows four sprinklers 

at a time, between pins 6 and 7 of the , · without the Kam brook timer - by just 
555 by whichever analog switch has .... ,. switching it on when needed. 
been activated. Leo AravidiS, 

·to be activated in turn, each with its own 
adjustable watering time. 

The power supply is provided by the 
same 24V AC plug pack which runs the 
24 hour Kambrook timer. The connec- .. 
• tion is made after the main timing 
switch, so that the 24V fed to the circuit 
is switched. 
\ When the Kambroolc switches ofi, IC2 
,and IC4 • are .reset . from . the pulse 
produced by Rl and Cl, IC4 is a quad D 

· flipflop, .set up as a .shift register. In 
IC4's reset state, Ql-bar will tum on the 
first solenoid valve SLl, via relay 1, 
while the other valves will remain off as 
.they are connected to outputs Q2 -Q4. 

· · ... The 555 chipICl is set up as a pulse 
generator, with the pulse width being ad­
justable byRVl, RV2, RV3 or RV4. . . 

·. ... These pulses are fed into IC2 whkh is .. 
. a 12-stage binary counter. After 4080,, 
·pulses, the output of IC3 goes low, is in­
verted by IC5a, and clocks pin 9 df IC4. 
; . This pulse turns on 'both Q 1 and Q2, 
, and this turns off relay 1 (connected to 
.QI ~ar) and turns on relay 2 (connected 
to Q2), . , , , . . 

Subsequent pulses ·ro pin 9 'will ttim on . 
.relay 3 and relay 4 in turn. After the last 
valve is switched off, no valve will 
switch back on until the circuit has been 
:reset""'- when .the main 24 hour timer 
next turns on. ., . .. , . . , .. . , 

I used solid state relays (RLl - RL4) 
to drive the 24V valve solenoids, but it 
would probably be cheaper to use ordi- ,. 
nary relays or triacs .. The . ontime for 
each Valve can be adjusted via the ap­
propriate potentiometer (RVl -RV4) .. 

·These resistances are connected,.ohe 
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Of course the circuit could be used Carine, WA. 
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Capac tor leaWage tester economical way of obtaining the 180V ' light~ then extinguish as before -
DC supply is to use two small trans~ but because of the leakage, the capacitor 

With e increased interest in restoring formers with tapped secondaries, con- · will discharge to the point where the 
old valv radios, one of the most com- nected back-to-back, to give 120V AC, lamp will light up again as the capacitor 
mon pro lems ts leaky capacitors. In one which is then rectified and filtered. I charges up again. The frequency of the 
radio ich I fixed recently, every used a pair of the Arlee 7VA series trans- , blinking will be rela~ to the amount of 
bypass d coupling capacitor was leaky ·· formers, connecting their secondaries as ·, leakage and the capacitance value. The 
and had o be replaced. . • . shown. • greater the leakage, or the smaller the 

Using multimeter on the high-tesis- If a g~d capacitor is placed acros~ the,< capacitor, the fa~ter ~e lamp will blink. 
tance ra ge won't give a good indication terminals, the neon lamp will light as the . If the capacitor is very leaky,. or 
ofleaka e, as the multimeter only puts a capacitor charges up. A point will be shbrted, the voltage ~cross the capacitor 
low volt: ge across the capacitor. In nor- reached where the lamp will extinguish. ··~not !each the pomt where the lamp 
mal use it could have a couple of _ this time is proportional to lhe value · extingmshes. 
hundred olts across it. of the capacitor. When a slightly leaky Ian Johns, . 

A s· pie qualitative indication of capacitor is connected, the lamp will Dickson, ACT 
leakage an . be made .by placing the $35 

capacit , a neon lamp and a resistor in 
series ac oss a high DC voltage. 

The ca acitor to be tested is connected : 
to the t o 4mm sockets, Pl and Pl. A 
DC vol ge of about 180V is fed to it, 
via a 75 - 90V neon bulb such as the 
NE2, an a resistor of, say, 470k. (In the 
actual c· .. nit, this approximate 470k is 
provided by two . 220k resistors.) An 

':•I'•·'• 
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Transistor 
·teads identifier 
. This design is based on' a circuit pub­
lished in Elektor in March 1985, which 
allows the identification of the leads on 
unmarked transistors. 

It has been improved by adding ·a 
switching . arrangement, rather than 
moving the component leads around,· to 
try all combinations. 
· · Very few components are needed ~ 
three resistors, a pot, four LEDs, three 
switches and a battery; The only hard to 
obtain item is the three-pole, six-posi­
tion switch. 
. To operate the device, the transistor is 
connected· to the leads, and then ·the 
'base current and adjust' potentiometer 
is cranked up and down in each of the 
six switch positions of S3; 
· 1f tltming the potentiometer clockwise 

increases the brilliance of ·two LEDs 
simultaneously, then the 'base lead has 
been· identified and whether the transis­
tor is NPN or PNP. 
· If the rivo LEDs decrease in brilliance, 
rather than increase, then the wrong 
NPN/PNP switch· position has· been 
selected. If two or more switch positlons 
light up LEDs, then . lhe brightest is the 
correct position. . · .. . . . . . . ... ,, 

All other indicatfons, such as LEDs 
getting brighter individually, are invalid. 
Leads 1, 2 and 3 are then identified from 
the 'switch position' table .. · 

LenAheam, , 
Curtin,ACT. . $30 
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LOW cost ~ine/square 
w ve 'Oscillator · 

~ I ~ ; ,' : ' j ~· • • ' ~' , 

Need an inexpensive yet high--performance audio oscillator for your workbench? If so, our new ·· 
project should be just the ticket- it covers the frequency range from around 6Hz to 70kHz in ·four · 
ranges with very low distortion, and uses common off-the-shelf parts. · · 

by ROB EVANS 

.· In the· August 1991 issue of Electronics 
Australia we presented a low cost · 
18V/1A power supply, which we intro~ 
duced as 'mean, -lean and recession­
compatible' - an expression that in 
many ways descn'bed the design 
philosophy behind the projec~ rather 
than the unit itself. 
-. As it happens, this has proven t6 be a 
very popular project, indicating 'that 
many readers share our views on what is 
really needed from low cost workshop 
instruments. 

·· ·so here we are again, taking ~rhard­
rt6sed, tight-fisted view of another very 
useful piece of test equipment: the 
benchtop ,audio oscillator. Needless to 
say, we've taken the same .approach as 
with the abovementioned power supply 
by taking a careful look at what perf or­
mance and features are really needed 
from an ·oscillator, based upon how it is 
generally used. .· . . . 
.. The final result bears·many similarities 

to that earlier power supply, in that it uses 
the same small (and inexpensive) plastic 
instrument case, ,has no power switch, 
and delivers the same realistic and above 
all, practical level of performance . 
. In this case, the ,sine wave : output . 

produces less than 0.1 % distortion over a 
20Hz·.to 50kHz range (typically .0.07%), 
and the square wave offers rise and fall 
times of less than 50ns - more than ade-
quate for most uses... . . . , 
. At the very outset we decided to use a 

Wien bridge style of sine wave oscillator, 
due to its low cost, high performance and 
predictable characteristics. The very na­
ture of the·Wien bridge circuitmeans that 
some form of automatic level control cir· 
cuit is needed, as with most other low 
distortion oscillator circuits. 

This is generally based around·a·noI1· 
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linear· resistive element, and designs in 
·the recent past have used a glass bead 
thermistor, which nowadays tends to be 
rather expensive and (often) ·difficult to 
track down. 
. Our answer to this problem has been to 
use a common low·powered incandes­
cent lamp as the level controlling ele­
ment, and arrange the circuit to cope with 
a reasonably wide range of filament char­
acteristics. These type of miniature lamps 
can be purchased for just a couple of dol· · · 
lars, and are readily available. 

The unit used in our prototype is simp­
ly a replacement lamp for the common 
alarm warning lights~ and has a rating of 
12V at around 50mA. 
. Any lamp with similar ratings will do 

' 

•. (1 

Rl L,7nF 
33'8k 

OP AMP x 
__ v-oOUTPUT 

F/g.1: The basic configuration of a· 
Wien bridge oscillator using a lamp for . 
amplitude control. 

Gain 
Db. 

WIEN Temperature• 27 Pha!ie 

0. 00 ~r-· o-r-rTTTT-r---r--r""i'""T"l-n-rr---r--r--i-rrrm--r-...-.:,..,.,.,., ---.._I'll,, ............ "' .. ~~ " ... : .... .... '" .. ' ' "'""' ....... "". ''"""" '"' "'".'' ' 
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Deg 
90.0 

Flg.2: The amplitude and phase characteristics of the Wien network, when the 
component values are set to provide minimum attenuation at 1kHz. 



the job, a1though bulbs with a pbwer 
rating le, s than O.SW are preferable. 

Other an a few changes to the stand­
ard Wie bridge oscillator circuit to ac-

. commo ate the lamp as a level control 
element the overall design is really quite 
conven onal and uses time-proven cir­
cuit tee niques .. 

We . ave elected not to use any · 
· speciali ed close .tolerance components, 

althougl, some constructors may wish to 
follow is option. 

The , ien bridge 
, The a8ic configuration of this circuit 

is sho in Fig 1. It consists of a high-

the overall gain is greater than unity. For 
this to occur, the op-amp roust .be set for 
a gain of at least +9.SdB (or 3) to over­
come the reciprocal loss (-9.SdB or 
0.333) in the Wien network. 
. Now, since the op-amp's gain is deter­

mined by the level of negative feedback, 
which is in turn set by the resistive ratio 
of R3 and LPl, we can expect oscilla· 
tions to begin when R3 is twice the value 
·of the lamp's resistance: 

i.e., 1 + (R3/LP1) = 3. 
To keep the overall gain at unity and 

the oscillations at a constant amplitude, 
the circuit exploits the positive tempera-

:tnre· co~fficfont· (PTC)·. characteristic· 'of 
the lamp's filament - which exhibit~ a 
higher resistance as its 'temperature in­
creases. In tum, the filament temperature 
: will ·depend upon its power dissipation, 
which is determined by the output signal 
level (since LPI and R3 are effectively 
the op-amp's load). · . . 

,gain d' ferential amplifier (generally an ··· · · '· 
op-am with two· separatefeedback cir- · 

",: 

So in the circuit as shown in Fig.'1, as 
'the output oscillations grow, the filament 
will dissipate more power and increase 
its resistance, which then increases the 
,level of negative feedback .. and conse· 
'quently reduces the op-amp's gain. This 
will tend , to reduce the output signal 
level; and thus stabilise the circuit's out­
·put amplitude. 
, . Jf RI and R1a're equafin value, and 
Cl and C2 also have the same' value,·the 
frequency of oscillation will be equal to 
the reciprocal of 27tRC. With the values 
''shown in Fig.I, this calculates to lkHz. 

cuits; , e actual Wien network (Rl; R2, 
Cl an~ C2) which provides positive 

, f eedbaak, and a resistive network (R3 
and L;l) to control the level of nega­
tive feedback. 
· H w consider for the moment that the 
Wien etwork's 'input' is at point Y and 
its out ut is at point X, the transfer char­
acteris '.c will be as shown in Fig.2. · 
:As y, u can see from the diagram, with 

the co ponent values shown its response 
peaks i t lkHz and the phase shift passes 
throug zero at the same frequency . 
. ,. Sine . these characteristics represent 
Jhe o -amp's positive feedback .condi­
'tion, , e circuit will oscillate at JkHz if 

Citcuif deseriptio·n .. . , . . . 

SCREW , 

In . our final circuit as shdwn in ,the 
main schematic diagram, the oscillator is 
formed around op·amp ICI, with the 
negative feedback controlled by RV2, R3 
and LPl. .The capacitive sections of the 

Flg.3: .i.Jse. :this diagram as a 'guide :Wien bridge ,.are formed. by , C 1 ,to C4, 
~when ,you're . mounting the power · !depending upon .the position of ;the range 
'.transformer. Note the additional nut, to switch SWla, and CS to C8 as selected 
~nsure reliable earthing even If the by SWlb. , .... , . 
transformer should overheat .·. ··. The resistive elements of ~he bridge are 
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· · Sine/Square wave osciiiator 
· made up of Rt and RVla; and R2 and 
; RVtb, where RVl acts as the 'fine' fre­
quency control to adjust between the 
'coarse' settings of SWl: To adjust for a 
wide variety of lamp characteristics (that 

'.is, the nominal resistance of each type), 
• RV2 has been included in the negative . 
•·feedback leg of ICl. 
- --- _ Also included in this path is the pair of 

back-to·back zener · diodes, ZDl and 
·•- ZD2, which help to reduce the degree 
·.of amplitude 'bounce' as the 
·oscillator's frequency setting is changed. 
To understand the beneficial effect of 

··_-1he zeners, ·this bouncing effect may need 
-· some explanation. 

Amplitude bouncing occurs in all os~ 
· cillators which use a thermistor or lamp 
· as· a level control element, due to the 

-. thermal inertia of the device itself. As the 
:. lamp is (say) heating up in response to a This Inside photograph shows most of the Internal clreultry, mounted on a small 
-·.high signal level, it will take .a moment PC board just behind the front panel. The small lamp used for amplitude control 
]or its resistance to increase and conse• 
.. quently lower the op-amp gain. The sig- _ ls visible at the right hand end of the board. 

··.· nal will therefore continue to increase . 
. iri amplitude until the lamp resistance ef-
'. fectively 'catches up', and the gain is 
finally reduced. 

Since the output amplitude was far too 
high, ·-the stabilising circuit-will tend to 
overcompensate, the level will then fall 
too low, and the cycle continues. , ._ .· 

However, these errors will be smaller 
with .each overshoot, and the level will 
·finally stabilise - how long this actually . 
takes will largely depend upon.the ther­
mal characteristics of the lamp (or ther­
mistor). In extreme cases; the circuit may 
even lapse into . . 'motorboating' . or 
'squegging', where the output signal be­
.comes amplitude modulated .at some 
lower frequency. . 
·-.In our circuit, if ICl's .output signal. 

·rises to a high level the zener diodes 
.will begin to conduct, thereby increas­
ing the negative feedback and momen­
. tarily dropping the op-amp's gain .. 
· This limiting action of the circuit will 
,tend to break the bounce cycle by vastly 
reducing the degree of positive over­
shoot, and farcing the output amplitude 
to quickly settle at its nominal level. 

When the output is -- at ·this steady 
level, the circuit values are arranged so 
that the zeners are not conducting and 
don 1t influence the quality of the sine 
wave output. . _ . 

In practice, there will simply be an in­
crease in distortion· as . the output 
amplitude overshoots in·a positive direc· 
tion, which is generally preferable to a 
large positive overshoot - particularly 
when testing . audio· amplifiers .and 
loudspeakers. 
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Here's a view bf the components which are near the rear panel of the oscillator • 
·At far left Is the trigger output connector, with the IEC mains Input connector In 
the centre and the power transformer on the right. 

: As it happens there is a secondary, 
·and more subtle benefit of this system, 
since. it allows a wider variety of 
'lamps to be used without the risk of in­
stability or squegging. .· . 
It's interesting to note that while 

most lamps have a greater thermal iner­
tia than the glass type thermistors, this 
tends to result in better distortion 
figures at very low frequencies. 

With a relatively fast-responding ther­
mistor, the device tends to heat and cool 
'with the waveform peaks at these fre· . The only Items visible on thetl!arpanel 
quencies, which in tum modulates .the , are the /EC mains Input connector and 
op~amp's gain and increases the output thetrfggeroutputconnector. 
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This o era/I view of the Interior of the oscillator shows virtually everything, span from the slne/squarev1ave selector switch 
- whli h Is hidden underneath the frequency range switch. Note that the active and neutral mains connt1ctlons to the /EC 
.plug t rmlna/s should be either protected with heat shrink sleeves, as shown here, or via one of the proprietary 'boots'. 

:distortibn. As you would imagine, the . When die square wave. option is 3) ·.will swing high, and will then drive 
slow-rtsponding lamp is less susceptible selected on SW2, the sine wave signal . JoW when the input passes above+ l.SV. 
to this ffect. .. . .. . . from !Cl is disconnected from the main , The. resulting square wave (which 

The al sine wave output frohi ICliS output and passed directly .to IC2 via .. swings between about +/-4V) is then ap­
appli to the 'sync' output (used for an SW2a and R7. The 555 timer IC2 is ar- 'plied to the level calibrating attenuator 
oscillo cope trigger) via, RS,. and the 

1 
ranged as a simple Schmitt trigger, where composed of RV3 and its load com­

sine/s uare wave switch (SW2a) via R4. .· both Jhe trigger and threshold inputs · ponents (RIO and so on), and is passed to 
Wh n in the sine wave position, (pins 2 and 6, respectively) sense the in- the output circuitry via SW2b. 

SW2a passes the .signal . directly to coming signal. , When the square wave mode Is not 
SW2b and the output level control RV4. In this circuit the ·power supply rails selected, the input signal is removed by 
.This ·n tum feeds the output voltage have been restricted to about +/-4.7V by , SW2a, and R6 holds the 5S5's inputs at 
·divide composed of Rll to R15, which the action of ZD3 and ZD4 and their as- · a level which is between the two 
provi es voltage divisions of 1, 10 and sociated limiting resistors RS and R9. , changeover points (OV): This both iso· 
·100 r attenuations of OdB, 20dB and This effectively .increases .the sen~ .. 'fates the 555 and inhibits its action, so 
40dB espectively. sitivity of the trigger and threshold , -as to prevent any interference with the 

The various levels are selected as re- inputs to around -1.SV and +l.SV res· .. ,, ... unit's sine wave mode . 
. q · by the output range control SW3, pectively, since their respective change- · The remaining section of the schematic 
and p, ssed to the main signal output via over points are defined as l/3V cc and diagram shows the unit's power supply. 
isolatilng resistor . R16. Note . that a -2f3Vcc. This is quite a basic affair, .based 
groun · ng tap is· also supplied to SW3, So when the input sine · wavefonn ·':.·around .a· common 2851 ·type , trans-
for th . 'off' position. " ·· ·· "' swings below .. 1.sv the 555's output (pin fonner (with a 6.3-0-6.3 volt secondary 
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Sine/Square wave oscillator 
winding) and a full-wave rectifier com­
posed of D 1 to D4. The resulting split 
supply rail then is filtered by capacitors 
C13 and C14, producing an output of 
around +/-9V. 

A more complex {and expensive) fully 
regulated supply was found to be un- · 
necessaty, due to the excellent power 
supply rejection capabilities of the 
5534 op~amp.The final minor parts in· 
elude the power indicating LED (LEDl) 
and its associated current limiting resis­
tor R17, !Cl's compensation and bypass 
capacitors C9 to Cll, and the 555's con­
trol voltage input (pin 5) bypass cap­
acitor C12. 

Construction 
·. Building the oscillator is quite a 
straightforward process, with the only 
(slightly) awkward task being 'the /fwetrledtotetlyouthlswasnotthePCBpattein,yotlwouldn;tbelleveus, would 
wiring of the two selector switches SWl you? So we won't. As usual, It's reproduced here actual size. 
and SW3. All of the smaller components 
are held on a· single printed circuit board .. particular care with the orientation of any .. be avoided due to the· resulting ·increase 
(PCB) coded 92osc2, which measures polarised components such as the diodes, in cap-acitance between each wire. · 

· 120 x 63mm and is mounted into the ICs and the power supply filter ·This in tum will tend to cause·substan-
bottom of the case just behind the capacitors C13 and C14. . . tial scale errors.on the highest frequency 
. front panel. Once the circuit board assembly is range, as the stray capacitance adds to 

Begin the construction by fitting the · completed, attach appropriate lengths .·· the value of C8 and C4 (470pF). 
components to the PCB as shown in the of hookup wire to. each of the external Next fit the larger parts to the front and 
component overlay diagram, working connection pads, as shown in the over- rear panels, and mount the transformer to 
your way from the smaller devices (resis- lay diagram. While 'rainbow' wire could the bottom of the case. Note that one of 
tors) through to the larger parts be used to make a much neater connec- the transformer's mounting legs will also 
.(electrolytic capacitors). As usual, take lion between the PCB and SWl, it should serve as the mains earthing point; and is 

RV11) 
. 50k 

R1 
Mk 

,' ''', 

A!]·· 240V . ·. 
. :·AC .: : 

N ·.·· . ..._~_. 

E : , , 

~TRANSF:"ORMER 
FRAME , . 

RS 

100 SYNC OUT·.· '',· ,1;' 

r 

., \ ': 

,-',I, 

'V , , SWib 
• ., • l ' ' ;: ' l ~' ' I" 

i; I 

A~ you can see from the schematic, there's real/y very little In our new oscillator. Just two low co$t ICs and a handful of 
supporting components: Yet it provides virtually all of the facilities needed by most people ... 
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And thl ; be/levll It or n'ot, · 1s thf front panel artwork.::.. also actual size: .· 
,'_, •• •• ',' >,. ',' ·' 

directly 'onnected1 t6 tlie 'e3rtli pin bf' 
the IEC mains socket. 

In thi ,'case, a nut ·shOuid be:fittoo tO 
the moo ·ting bolt before the transf onner 
is ins , then a lock washer, the earth 
lug, an ' another nut fitted respectively 
(as sho in Fig.3). The idea here is that 
if the sformer ' overheats (due to a 
fault co 'dition) and begins to melt the 
plastic e, the two nuts will maintain 
the connection between the frame 
and the iug, · · · . · 

The clher essential safety procedure is 
to fully-fover any exposed mains wiring, 
such al the IEC connector pins. The 
easiest ethod here is to fit a matching 
plastic t to the rear of the IBC socket, 
howeve if this is not available the active 

and neutral pins should be carefully 
covered with heatshrink tubing. · 

Also, if the transformer at hand is fitted 
. with solder lugs for the primary winding 
connections (240VAC) rather .than the 
preferred type with flyirig leads, .. both 
connecting lugs should be thoroughly in­
sulated with heatshrink tubing. 
: The transformer secondary leads can 
now be connected to the PCB as shown 
in the overlay diagram, and the board 
screwed to the bottom of the case. 

Note that the transfonner's centre tap 
lead connects to the PCB pad which is 
closest to the side of the box, Md a 
screw, nut and spacer is used to locate the 
rear of the circuit board assembly. After 
that, the lengths of hookup wire can be 

Using this wiring diagram In con/unction with the Interior photographs, should 
allow · ou to wire up the osclllator with a minimum of hassle. 

trllnrrted' and soldered to the apiJropriate 
pins of the pots and switches; methodi­
cally follow the component overlay here, 
as wiring mistakes are difficult to trace at 
a later date. . · 

Once you are satiSficifwith th{neat­
neSs and accuracy of the final result, it's 
time to give the unit a test tun. · 

Commissioning·· 
With 1Cl and IC2 renio~ed frcim therr1 

matching . sockets, apply power to the 
unit and measure the power supply volt­
age at the appropriate ends of the rectifier 
diodes - this should read around+/-lOV 
while not loaded by the ICs. , . 
· Then check that the voltage aeross 

both ZD3 and ZD4 is around 4.7V, and 
the power LED (LED 1) is illuminated. If 
the LED is not active, or a zener is only 
dropping about 0.7V, the most likely 
cause in both cases is that they have been 
installed with a reversed polarity. 
If all is well, switch the unit off and fit 

ICl and IC2 . with the orientation as 
shown in the component overlay {pin 1 
towards the rear of the case). Then select 
the sine wave mode (SW2), a·frequency 
setting of around lkHz, a reasonably 
high output level, and reapply power 
while ·monitoring the output signal with 
an amplifier or oscilloscope ... 

Since 'RV2 has not yet been set · to 
match the lamp characteristics, the out­
put will be either a severely distorted sine 
wave if the trimpot is set too high, or 
devoid of signal if the setting is t6o low. 

RV2 can now be adjusted to correct the 
above situation, where a clockwise rota.:· 
tion will increase the gain. , ''.; ., , .· 

The sine wave i output level should 
finally be set to 2V RMS With SW3 and 
RV4 at their maximum positions, as read 
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·sine/Square wave oscillator ... Improvements 

by the most re1iable instrument at hand.· ' 
If a multimeter is used '(preferably digi­
ttl), adjust the oscillator for a frequency 
of around 1 OOHz so as to ensure that the 
meter is well within its AC bandwidth. 
· The squarewave output can .then ·be 
selected, and RV3 adjusted for a level of 
4V peak-to-peak (2V RMS) on an oscil­
loscope, or 2V on a true-RMS reading 
meter. A standard multimeter will indi­
cate about 2.2V on its AC range. . . 
. At this point it may pay to check the 
accuracy of the frequency control with a 
frequency counter or ·if nothing else is · 
available, the time graduations of an os· 
cilloscope screen. 

If you have usoo a stan.dard off-the­
shelf potentiometer for RVl, be prepared 
for the actual oscillating frequency to 
disagree with the front panel scale at 
· several points. This is mostly due to .the 
general non- linearity and .mistrackitig 
between the two sections of .a typical 
dual-ganged pot, .and is quite . un­
avoidable. . . .. . .• 

By the way,. the actual front panel scale 
that we .have used was theoretically 
derived and will match an ideal paten· 
tiometer. This is about all that can really 
be done, since the scale :markings will 

. then be at .the .mean of the .errors 
produced by a range of pots, rather than 
positioned to match the vagaries of· the 
device in our actual prototype. And clear-
ly, a perfect pot is not available. . . 

If the mistracking in your unit is only 
minor, you should be able to move RVl 's 
knob around so as to minimise the errors 
across the scale, or even adjust a com­
monly used marldng (say '10') to be as 
accurate as possible at the expense of the 
otherpositions. ., ...• ·· · , 

On the other hand; a particularly poor 
pot could cause the readings to be radi­
cally out of kilter, making the scale al­
most unusable. · 

In this case; double check that the com­
ponents which fonn the Wien bridge in 
fact have the correct values, and RVl 's 
. total resisrance is closr to its 50k rating. 
As you would expect from the way the 
circuit works, if the pot has a maximum 
resistance of only say 45k (which is quite 
possible), the· low-"frequency section of 

· the dial will be incorrect. 
With this pot, the (say) 7Hz calibration 

matk would need to be moved by about 
30° in a counter-clockwise direction to 
correct for the error. 

On the other hand, when RVl · is ad~ 
justed to .the top end of the frequency 
band (fully clockwise) the bridge resis­
tance is set entirely by Rl and R2, and 
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While the performance of our new 
the results are quite predictable.· So if the · ·· oscillator· is ·quite , impressive for the 
highest frequency is not close to '70', the , modest cost . involved, · and should suit 
error is due to errors in the value ·of the most people's needs, there are a few 
circuit's capacitors and fixed resistors, changes which can be made to refine 
rather than the pot itself. The theoretical its operation. i .. . 

maximum frequency by the way, is ac~ · .. As mentioned above, anomalies . in 
tually '72'. : RVl .can easily make nonsense of the 

unit's frequency scale linearity. The . 
.·•··•··•·•····:! < i\ > <i.·. : ··.<·<<... . Simplest (and cheapest) solution here is 

to . either recalibrate the markings to 
·suit the pot in your unit, or just ignore 
the dial and use a frequency counter to 
set the readings. . . 

''· Other 'than that, .. a high quality (read: 
· expensive) potentiometer which offers 

. accurate tracking between each gang 
.. could .be used for RVl, in place of the 
garden variety unit However, some con-

;i•~· ~5:::1: 
dFli~tii'orsi+ .;r ::;: ' i j r <<.. be applied to the idea of installing close-
/AU 0.25W 5%: 1 x1®k;Sx4/7k,~2x·1. ;;s tolerance components in the Wien bridge 

circuit, which would improve its ac-
.. i· Y:.\ curacy to .some degree. Nevertheless, 

""'"' these superior components are still quite 
<·5 reasonably priced ... and would be of 

some advantage if a high-quality pot is 
., :.;; ... \ > : .••.... used for RVl. . 

In its standard fonn;. the oscillator of­
fers quite respectable distortion· figures 
(generally less than 0.1%), which should 
suit most applications. After some ·te--

UOnF rr1~tall1sedpolyester .... >•·· · •·• "· search however, we found that this figure 

ll~i~f ;s~~!irn!i¥! 
·\:v~:::er'~·~r.11:./;';::.; :;';f' c ' ' :e:Jii~:~cts could be attributOO 

· ..•..•.•. :.•.•.•.•.•.•.· •. ··.~ .. 4··.• .. ··1·• .. ·· •.. :.i .• ~mr·~m00.•.•.;.·.r:e;2·a··~·:.•Eto .. ~ .•..•.... ·.~,:odu·.=s···es:•:.•·········!:u.t ... :.:ti!n)1;g'.~.: .. ;:~;iuftA.:····:.·• .. ·.· ... · ... : pr~~~~~n~i:e:~freur:~e!i~:; w~y:·· 
. i.l Iii I' mu 11 UO.lllfv \:ic:r increase the unit's shielding - as al-

,,,·.··.····ii•. :<·:;.·.· .. •.·.\.:•·.· ..•. ·.· :•• .. •.: .. ·:}•<l·.'/t:>···•· & ::; .:/:t··!.G'.; ·;; ways, the method will depend upon the 
resilience of your bank account. 

; "i" 

. . . . 1 The choices include using a metal box 
·. To check the influence of the capacitor for the complete unit, installing a metal 
values, note the maximum frequency on front panel in the existing plastic b6x, or 
each of the oscillator's coarse ranges (xl · using an external power supply to 
through to xlk). If the main figure is con- eliminate the effect of the unit's own 
sistently multiplied by the range scale · transformer. The cheapest· improvement 
(say 75Hz, 750Hz, 7.SkHz and 75kHz), however, is to simply eru1h the pot's 
you can. assume that the error is due to body and install a square of foil or metal 
the value ofRl and R2. , plate (which is also earthed) under the 

Alternatively, the mulilples could be , oscillator section of the PCB. 
quite uneven (say 70Hz, 680Hz, 7.2kHz, In practice though, the majority of con-
70kHz), which would indicate that there structors will find the oscillator to be an 
is some variation in the capacitor toleran~ . extremely useful instrument in its stand­
ees. In general however, you'll find that . ard, low-cost fonn. In keeping with our· 
.the fixed components are quite close to original ·concept, it provides.all:·Of the 
their required value; and most of the functions that most ofus really need in an 
oscillator's scale errors ·are likely to be . inexpensive benchtop sine/square wave 
due to variations in RVl.· ·· oscillator. '.• 
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, Fluke 10 Serles -The only thing Fluke skimped on is the price! 
perjonnance at the lowest prtce, get your hands on a Fluke i 0 Series... r 

Chek™ deter­
contlnuity /ohms, . 

.. If vol age is present auto­

. matl ally changes mode 
to m asure ac or de volts. 
Most 'of the time it's the 
only ettlng you'll need! 

~ y settle for 
in~erior qbality 
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1 a Fluke 
or such low 

1 prices? 

~ew Min/Max recording 
with relative time stamp 
and Continuity Cap­
ture™. Records highs 
and lows and when they 

·occurred. Continuity 
mode captures opens or ' 
shorts as brief as 250µs 

Fluke 10 

t\utorangtng With manual 
option 

. 4Eleep Mode shuts down 
automatically to prolong 
battery life 
Capacitance from 
0.00 lµF to 9999µF. No 
·need to carry additional 

. meter. 

Fluke 11 

4Elide switch.for easy:one­
hand operation 

· t\udible continuity - no 
need to watch display! 
l)afety to UL1244, 
IEC1010, CSA and VDE 

Wast and accurate fo 
600Vac or de plus ohms 
to40MQ 

Fluke 12 
4000 count digital display 
1.5% basic de volts accuracy 
2.9% basic ac volts accuracy 
1.5% basic ohms accuracy 
Fast continuity beeper 

V Chek™ V Check™ 
Capacitance 0.001 to 9999µF Min/Max recording with relative 
4000 count digital display time stamp . 
0.9% basic de volts accuracy Continuity capture™ , . 
1.9% basic ac volts accuracy Capacitance 0.001 to 9999µF 

Diode test 0.9% basic ohms accuracy 4000 count digital display 
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Two year warranty Diode test J1 .9% basic ac volts accuracy 
· $89.00 ex tax Sleep Mode 0.9% basic ohms accuracy 

. $105. OD Inc tax Two year warranty . fast continuity beeper 1 

$115.00 ex tax Diode test 
$134.00 inc tax Sleep Mode 

Two year warranty . 

luke quality - Made in the USA 
Holster $20.00 ex tax ($23.00 inc tax) 
Solt Case $19.00 ex tax ($22.00 inc tax)' 

$129.00 ex tax 
$150.00 Inc tax 

Flu e Upgrades 70 Serles ... Adds to 
. Ranlge ..• Lo\vers Some Prices! ,· 

80 Series • rapidly 8ln/llai/Avtrag1 recon11n, stores 
highest, lowest and tnie atJtragt of 

,.--.~----._ 
becoming the most a11 rea111n,. 

It's a.rd to improve on a classic · ~ 
multlm ter, but Fluke has risen to the . 30.10'" 
challen. el . . . . 

Thr new multlmeters -Top-of-the- · .. 
line Fl ke 79 and 29 offer capacitance, -
frequedcy. fast 63-segment bar graph and 
other features plus entry level Model 70 
delivers! unparalleled Fluke quality and 
safety. · . . _ . . .· 

Mod ls 73, 75, 77, 21 and 23 are all'·· 
upgrad - all now have Touch-Hold™ 

Ran_e 70 73 
Vdc . 0.5%+ 1 0.4%+ 1 
Vac : 2.0%+2 2.0%+2 
Ohms ' 0.5%+ 1 : 0.5%+ 1 
Ade NA 1.5%+2 
Aac NA 2.5%+2 
FreQu ncy ... ··NA NA ·. 
Price ex tax) $125 . $175* 
Price inc tax) $146 $203* 

75(21) 
0.4%+1 
2.0%+2 
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'• $260* 

$302* 

7723 
0.3%+1 
2.0%+2 
0.5%+1 
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·.NA' 
$295* 
$343* 

popular Multimeter · •1eetable respann t1mi tc1 iecon.! 
. tum-on surges or dr(ft etc , 

ever made by Fluke. 11"",,,a1c111nJMaxhcildons1to 

' The Fluke 80 series is the first capture etu.sloe transients or hatf..W 

multimeter that can be truly turges to 400Hz 
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----'1• only Fluke can bring you. Like 
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SWITCH .BOX 

NEW [(IT • 40 WATT INVERTER KIT · 

Batte .. y EllnHnators . When you are in your r.ar, use your cars power 
and save your telephones balleries. Simply slide !he battery pack oul of the phone and replace It with 
lhe Eliminator. ·n has a curly cord attached with a cigarette II Ohler plug. 
' Batteries Whynol kMp a 2nd balle~ charged up for your cellular phone.· You just 
don't know when you may need It. 

NEC P300 SERIES ' . 
Battery Eliminator . 
Cal MP:3116 $59.95 

.. Battery Pack (sv 1oomAl 

.Cat SB-2316 $79. 95 

.MOTOROLA 9800/9500 XL . . 
·Battery Eliminator catMP-3114$59.95 
~·Battery Pack caiss-2314$89.95 . 

... ,., 
I,'_'' 

;NOVATEL PTR~800SER!ES . 
'MOTOROLA MICRO TAC pf . Battery Eliminator ; '' i . ' 

500 FLIP .ca1 MP-3112 $59.95 
Battery Eliminator .. "~atteryPack 
Cal MP-3110 $59.95 . . Cal SB-2312 $99.95 

Battery 
Pack 



Construction Project: 

POWERHOUSE 1200: 
TWICE THE POWER' • 2 

• • • • • • 
In this second article describing his design for a 12V (or 24V) to 240V inverter capable of handling· 
1200W continuous and surges of2400W, the·author explains how to assemble the unit and get it 

.· going. We provide full assembly diagrams,·together with the complete parts list. 

·by PETER HARRIS .\, 

. . 

· Before we start the construction, are prepared to assist builders with ariy . ym}'re soldering the remaining pins~ In­
another warning: Because of the ex- aspects of its construction that may be spect the PCB for solder shorts as you 

· tremely high currents involved (up to of concern. . 1 go. Next install the capacitors, transis-
700 amps!) with this project, extreme . . .With all . that in mind,,.construction tors; crystal, regulator (metal part to the 
care and attention to detail are required· should start with the control circuitry. outer edge of the PCB), switches and 
to construct this project if it's to work .·This is virtually all on a PCB measuring terminal block. Install ·the LEDs by 
·correctly and without damage to the . 154 x 85mm, and coded K6780/90. bending the legs· at 90° with a pair of 
components. . . . . .·. Assembly of this PCB is quite easy. · pliers, approximately 6mm from the 

Also it can't be stressed too much that Start with all the low profile com- body of the LED. Make sure that the 
this project produces mains voltage that ponents, resistors, diodes; link$ and flat on each LED body faces away from 
is potentially LETHAL - again, please trimpots. Install all these parts, . the switches (towards R23). · 
read the warning box. making sure that they are all in the . Finally install the 35A bridge; The 

So this is a really 'serious' project, correct position, and the diodes are positive lug goes to the bottom right of 
calling for not only a great deal of care the right way round. · the PCB, with the negative lug nearest 
and commonsense, but also a Next install the ICs, making sure that . Cl4. The bridge has a 'U' . heatsink 
reasonable amount of experience in you are earthed ,and your soldering iron mounted against its upper sui'face, and ·· 
. electronic kit/project construction. If is earthed before you handle them and attached by the same central screw used ' 
you don't have this experience, 'it ·· solder them in, because some of them to attach the bridge to the PCB. Fit this· . 

. would be unwise to ,tackle a project are CMOS devices. ·Also solder the . .. screw and nut before soldering the legs, ' 
· this complex. · power pins on IC3 (pins 7 and 14) and and when this is done carefully check · 

•. However Altronics, who will be IC2 (pins 8 and 16), to allow their inter- all your work. 
providing a kit of parts for the inverter, nal protection /diodes to operate while With the control PCB· complete you · 

. ·•· ..• ·.· .··•· .. ·· ·.·. .·.· .··•·· > J • • •· . 

·•··,.··.···· ·<·· .ltiPUT · ·•·• 
· · . • li!1OR24V llt · 

< .• ·· .. · ... ·.·•· ;1:;;~ : 
. ·.cJ .. ·····. ': .. 

<Ji41)V !liilvf AC ·· I , •... 
. ' . >l .•: 
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Looking nslde the case towards the rear, with the cover off. The circuit breaker 
Is moun ed at top centre of the rear panel, with the power switching PCB and 
power FET mounting bracket below It. 

I 

can now tum to the power PCB. This board and its devices must handle ·very 
measure , 208 x 57.Smm, and is coded high currents, care MUST be taken -
K6790B. ~on it are mounted all of the any mistakes can be not only expensive, 
power Ts and their associated protec- but dangerous. , 
tion com · onents. The first thing to do is install all the 

AlthouFh this board is not particularly · resistors, .diodes, bipolar transistors and 
difficult o assemble, it is a little trickier . the LM334Z - leaving the power FETs 
than the control board. And as this out at this stage. Then inspect all con-

1,"1· 

nections, making sure there is nothing 
shorting. 

Next install the 4mm bolts for the 
hlgh current connections .. There are five · 
bolts, two for each bank of FET drains 
and one for the, positive battery input 
Screw each bolt through the PCB. into 
one ·nut - no washers are needed. 
Make sure they are TIGHT. Now solder 
the nut to the PCB track. You will need 
a lot of heat; make sure that the solder 
'takes' properly to the nut and PCB, to 
ensure a good electrical and mechanical 
bond. 

Now you should ·be ready for the in­
stallation of the power FETs. To do this 
first push all of the FETs into the PCB, 
with the flat heatsink surfaces of the 
two rows facing each other. Do not bend 
the legs just yet. Position the main heat­
sink bracket between the FETs, using 
the heatSink assembly diagram to check 
the correct positioning. 

Now ·place the strips· of insulation 
materialon each side, between the FETs 
and the heatsink btacket. Next place the 
clamping brackets on each side of the 
assembly, 'as per the diagram. Tighten 
the screws to just hold everything in 
position, ·adjusting the assembly .if 

Hefe's closeup of the control PCB, showing where everything goes. The Indicator LEDs and main function switch 'are at 
left, po Ing through holes In the front panel. All connections to this PCB are via the terminal block at upper centre. 
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Powerhouse 1200 . 
necessary; and then tighten .the clamp­
ing screws up TIGHT. 

Next comes the soldering of the FET 
leads.· Bend the centre legs (the drain· 
leads) .of the FETs outwards and hard 
down .against the PCB track, to give 
maximum .contact .area, before solder· 
ing. The gate legs (connecting to the 
470 resistors) can be soldered and cut 
as normal. Finally the source legs are 
.bent inwards,·and in the case of Q7 -Q34 
downover the earth wires. 

The earth wires are used to augment 
the current-carrying ability of the long 
earthed centre track of the PCB, as well 
·as to make the main earth connections. 
Each is prepared from a 180mm length 
of heavy duty multi-strand wire, with a 
90mm section of insulation stripped off 
one end. The bared sections are laid 
along the board track, with the first 
wire bonded to the track ,between 
FETs Q7-Q13 and Q21-Q27, and the. 
other between FETsQ14-Q20 and.Q28·· 
Q34.' See the main wiring diagram for 
more detail. . . . . . 
. Bend the FET source legs over each 

wire to hold it in place while you solder 
.the wire to the PCB, and at the same 
time solder the source legs to the two. 
Note that this may take some time if 
you have a low wattage soldering iron 
- but do not use a gas flame to melt 
the solder, as the heat may destroy 
the FETs. ' 
.Next solder a 200mm length of 7-way 

rainbow cable to the seven pads on the 
power PCB, to connect back to the con-. 
trolPCB. 

Now that all that is complete, double 
check to make sure that all diodes are 
the right way around; and there are no 
shorts between the pins of the FETs. 
Use a multimeter on the ohms range to 
make sure that there are ruso no shorts 
between the FETs and the heatsink 
bracket. . . 

The power PCB assembly can be 
tested at this stage if you have a current­
limited power supply. Connect the posi- · 
tive (12V) to the transformer bolts and 
the negative to the earth .wire. Set the 
current limit to 0.5A (or similar), and . 
switch on. Nothing should happen -
i.e., no current should flow . 
. Short the G 1 or G2 pin (pin 5 or 6) to 

the positive side .. of the supply. The 
FETs should turn on, shorting the 
supply. Note that the vo1tage will not 
go to zero, but sit at a couple of volts. 
This is because the gates are not above 
lOV any more; Check to make sure each 
side works. · 
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A closeup shot showing a glimpse of the component side of the switching PCB 
(centre). The power FETs are hidden underneath the metal strip which clamps 
them to the heatslnk coupling bracket. 

The same board as viewed from· a dlff erent angle, showing mainly the copper side 
· with the heavy-duty earthing wires soldered along the centre track. Also visible 
at right are the leads to the transformer primary, attaching to the terminal bolts. 



GENERAL WIRING DIAGRAM 

,,"', CIRCUIT BREAKER 
BRl)(E 
RS:IHR 

. ~, . 
r .Pc>WER PC& 

• :J:J.. 

'','''' 

• B2• 

• 10 WIRE FDR 12Y 10 WRE Fm 24V 
·. . CONNECT YEUDI 1 TO A1 . CONNECT 't'EUOW 110 A1 

YEUDW 2 TD A2 , llJJE 2 10 B2 
Ill£ 1 TO 81 · > · GREY 1 TO CREf.M 1 
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I ,•·~ • , '~ r ; 
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. ' ' ·' 
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CONTROL .PCB 

I 
j . 

' 

"· ' 
···!' ,'. 

TRANSFORMER 

/ 

C19 
0.1uf •' 2'!JN 

MAINS 
OUTlfT 

' •: .'· . 

re Is lhe main Wiring diagtam 'for the Inverter, showing how the main sub-assemblies and major Items are 
Wired together. Not~ that ,the wiring between the transformer primary and the power PCB, which varies be-
tween the 12V and 24V versions, Is specified In the table at upper right. .·· ... . . .. . 
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Powerhouse 1200 
If you don,t have a current-limited. 

power supply . for this test, connect a 
IOOQ 1-watt resistor in series with a 
12V source (such as a battery) and do 
the same tests as above. 
: But DO NOT, CONNECT THE . 
BOARD DIRECTLY TO A BAT~ 
TERY for this testing - your FETs 
will be destroyed, and probably most of 
the PCB tracks as well! 

Assuming your power board checks 
out OK, assemble the rest of the chassis. 
The input leads are from heavy-duty 
automotive starter type cable. The posi- . 
tive lead goes through the back panel 
(through a rubber grommet) directly to 
the circuit breaker. Remove a small 
amount of insulation from the end and 
insert the lead into the breaker. DON'T 
tin the wire with solder, as this .reduces : · 
the contact area (it won't crush down) 
and it may heat up and come loose! 

The power PCB assembly can now be 
mounted to the rear panel and heatsinks. 
See the diagram for the mounting 

_, ' 
• I I . 

I ·-~-----, ....................... ---..;.. 
I r•••·•••• 
t .• 

.4mm x 15mm' 
.· BOLT 

AFAR PN£1. 

. , n;Il 3mm NUT POWER . 
· .· ~ SfAR WASHER PCB 

m QJ.MP-+- RAT WAHi · 

Lr 
! I 

- . 

l l :£jl! 

c:::c:J-• ...__...._ __ FET 

I fl.AT WASllR. 

Jmm X25mm 
IK>l.T 

~EAtSINK ~EMBLY DETAIL 

details. Use a smear of heatsink com- This diagram should help youtosssemblethepowerswltchlngPCl3andltsairay 
pound lietween all mating surfaces of of FETs to the rear panel and main heatslnks. Note the need for strips of Insulating 
the heatsink and bracket, to ensure a material between each row of FETs and the L-shsped hestslnk coupling btacket. 
good thermal bond. 

The negative battery wire goes the lugs first, and then solder the wire At the other end of the power PCB the 
through the rear panel (lower hole) and into the lug: This provides good back-EMF suppression bridge needs to 
.to the main rear panel earthing point, mechanical and electrical connections. be installed. Bolt this to the rear panel 
above the power PCB on the rear panel. The lugs are then bolted to the rear using a 4 x 25mm bolt, smearing some 
The negative input lead and the two panel using a 6mm bblt, spring washer heatsink compound between the bridge 
earth wires from the power PCB need to .. and nut. This connection must be real- and the panel. 
have lugs attached. Crimp the wires into l y TIGHT. Wrre up the bridge using heavy-duty 
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'blu~ 1 wires connect to the ciicuif pen, then there is a problem ,with the 
breaker - again see the wiring diagrain power PCB. Disconnect power and 
for detail. . check again - make sure that the 

hookup wire, to <the three large PCB Finally screw the connecting wires polarity is correct! . 
pads nearby. The positive lug connects from the power PCB to the control PCB Assuming everything is OK, switch 
'to the pad nearest the end of the PCB, .. terminal blocks, making. sure that they .on to MANUAL START .. The 'ON' 
connectingto the drains of power FETs . all go to the correct place and are. LED should come on, and the inverter 
:Q35-Q38, while th'e two AC terminals , secure. Wire the transformer feedback ··should run. If all that happens is the 
:wire to the other .two pads which con- winding and the black neutral wire from fuse blows, or the current limit on the 
nect to the drains of the two main FET ··. the 240V secondary winding to the con- power supply comes on, then there is a 

·Powerhouse 1200 

banks. The negative is not connected trol PCB as well, as shown. problem with the control PCB. . 
{see wiring diagram). Mount the mains outlet socket on the Disconnect the·G 1 and G2 wires (ter~ · 

The next thing is to mount the power case front panel and wire the brown minals 5 and 6) .from the control PCB 
transformer and wire this in place. (active) 240V secondary wire, the blue and try again. If all is OK, then the 
Before wiring it, you must determine or black (neutral) return wire from the . problem is definitely in the control 
what voltage the inverter is to run from, control PCB, the green or green/yellow PCB. Check all tracks from IC2a to the 
12V or 24V. earth wire from the power PCB, the terminals, and all components along the 
, Pot a 12V system, attach lugs to the MOV device and the O.luF capacitor to way. Use the circuit as a guide. Check 
yellow and blue primary wires. Position the socket as . shown. Note that .the also that .there are no shorts on the 
the transformer so that all the wires brown wire goes to 'Active' on the power PCB from terminals 5 and 6. 
reach to correct points. Bolt the primary mains outlet, the black (blue) wire goes Once the inverter runs correctly, then 
wire lugs in position on the power PCB. to 'Neutral' and the green (green/yel· set-up can begin. iWith the inverter run­
The other primary wires (green and low) wire to 'Earth'. ning and no load connected, connect a 
grey) go to. the circuit breaker, along Check to make sure nothing has 'multimeter (on the high AC volt range) 
with the positive wire to the back~EMF been left out. That about does it for to the output. The voltage can now be 
suppression circuit on the power PCB. .the assembly. adjusted, using RV2, to read 230V. 

If the inverter is to run from a 24V · (This is close enough to 240V RMS, for 
battery, then the green and grey wires Testing the inverter's output waveform). 
are connected together at each side. The · Before rushing ahead and connecting The only other adjustment to be made 
yellow 1 wire connects to bolt Al on the ·· your inverter straight to a battery- and is the over-temperature cutout. The 
power PCB, with the blue 2 wire con- possibly hurting both it and your pocket easiest way to set this is by adjusting the 
necting to bolt B2. The yellow 2 and -a few simple checks should be made: voltage at pin 7 to read the correct volt-

Electronics Austrafia's /atest pubfication: · 

" PC·BASED 

CIRCUIT. 
SIMULATORS . 
AN INTRODUCTION 

by JIM ROWE . , 

Computer programs- capable of simulating · 
the performance .of complex analog cir- . 
cuits can now be run on many personal · 
computers, heralding a new era in the de­
sign of electronic equipment. In the future, 
much of the tedious design hack-work will 
be performed -on a PC, providing faster 
and more accurate results than bench 
testing. . · : . 
Find out more about this rapidly growing · 
technology, with our new publication PC­
Based Circuit Simulators. Based on a pop­
ular series of articles run recently in the 
magazine, it provides an easy to read in­
troduction to circuit simulators, plus an un­
biased evaluation of the main simulation 
packages currently available. 

Now available for only $2.95 from 
your local newsagent - or by mail 
from Electronics Australia Reader 
Services, PO Box 199, Alexandria 
2015. 
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1 Check with a multilfleter that there , age for the current ambient temperature. 
are no shorts between any pins of the The voltage is adjusted using trimpot 
FETs. This is IMPORTANT! If there RVl, and the reading should be: 

-:~ is a problem, 1ix it now. Vtemp = (Tamb°C + 273) x 0.0148 
2. Check that the cases of all FETs are For example if the ambient tempera-

insulated from the heatsink. ture is 25°C, this works out at 4.41 V 
3. Visually inspect that there is no metal at terminal7. -
. swarf down between the legs of the . The next thing to check is the auto- . 

FETs. Blow all loose material away .. - ·start section. This is done simply by , 
4. Using a multimeter on the ohms switching to AUTO START. The in- ' 

range measure between the positive ·. ' verter should not run. Connect a small , 
and negative leads. There should -be load (say a 25W incandescent lamp) to -
no shorts. You should measure a the 240V output, and the inverter should 

' diode junction in one direction and an fire up. , . , 
· open circuit the other. (A digital Switch the load off and the inverter 

meter may indicate open circuit in . should stop after a short delay. You may . 
both directions - the main thing is have to remove the SA temporary fuse, 

-that there are no shorts.) . . and/or connect a battery to run the load 
Also check that you have wired the · properly. But .this should only be done 

, transformer according to the voltage after passing all previous tests. 
that you need to run it from. Make sure The last thing to do is load test the in-. 
too that you have switched the voltage · verter. Securely connect the input leads , 
select switch SWl to the ·appropriate to a ·high-capacity battery (read truck 
Position: 12Vor 24V. battery!). Then connect a load to the 

-. Before applying full power, connect a inverter and check that it can deliver 
lQ 5W resistor in series with the posi- the goods! 
tiveJead, or connect the inverter to a .: Note, however, that all but the largest 
power supply which is current limited. batteries will 'die' after only a short ' · 
to SA - OR to a battery, but in ,series time at high powers, so unless you have , 
with an in-line fuse rated at 5 amps. ' a large battery stack, you will flatten • 

·Connect the power (the front panel your battery very quickly. 
power .switch should be OFF at this Your Powerhouse 1200 should now 
stage). Nothing should happen; no cur- be complete and ready for use - con-
rent should flow. If something does hap- gratulations! + • 

........... ,. 



E .perimentinJ . . . byPElE~MURTAGH :~ 
.1th Electron1es ·-~'I I~ .. 
' ·• 'I '.' , • , '_~ j• ~ ~ 

: : ' I "' ; (' 

This m , nth we are presenting the last of our different methods of switching a circuit on or off~ in 
respon e to sound. Because a·· microphone converts sau·nd into an· alternating current (AC) 
wavef rm, . a .sound switch cannot use the same amplifier circuits .of our previous projects. 
Modifi ation is needed so that such amplifiers can magnify the full AC signal.. Once amplified, this 
signal· an be rectified and used to switch a relay. 

'> ; •• •• 

J,,I ,: I ·', i, 
; ; ' 

!!::. )')·)/''/i·'.· .. .. f:ifaF: ::•:·:•. :':'i'"·•··.•·•:>'.',:',.:::.:·o·.''""·"'. ·'' '·· ., .. · ,. .. 1.,.,...., ... 1 ,., ., ·,., .• ··<·· ·:.:c:··.·:.:·· ... 

The pho~bs show tht PCB layout (dh ~he left) and the breadboard construction (on the right). The components on the · 

:S!~~~~:~:~h~s per~ 7bemark dl~~·SO ttcan ~ usM ta ~WUy~ny ~~ons rh~r are ~or •71 
A so~tacttvated crrcmt can be used m 240V mams power - this . project I 1s nucrophone, ·the amplifier can react to· 

a variety f ways. The phone rings in the definitely designed for low voltage use. . both the positive and negative· cycles of 
house - you use .the relay to activate a .. The ~ew feature in this month's circuit the signal. · . . . .. .. . 
bell or fl shing light in the garage. Or iS :the AC amplifier. T\vo transistors.(Ql With the types of amplifier in our pre~ 
someone· .. gs the front door bell-and and Q2) form an amplifier which is ·TIOUS projects, only half the microphone 
on comes a: courtesy light I , • • biased on, so that it is in the middle of its signal would be detected. And the shape 

As usru ' , for safety reasoris, . we don't operating range. When ·the alternating of that half signal· would also be altered. 
suggest ti at you use the relay to switch sound wave is detected by our These ~hanges to the signal are ~ailed dis· 

I • RI 
!Ok 

r-+:.------<.,__ _ ___,l'-__ -+----------------...----:Q +9V 

Cl 

.. 
Ml 

R2 
IOOk 

R3 
180k 

C3 

Pl 
1H4l4S 

02 

I : C:4 
470vr 
UV 

QJ 
ecso 

1)3 
IH4002 

Q4 
9C559 

l : ' "<~ "I ',' ' • ', '<" 'r,•" '· ,,, "• ' •' ,· ' ''' " •\' ' ,_(' '• 

The sche atlc diagram shows how the usual two-lead microphone Insert Is wired. If your intc ha's a third Wire, then connect 
C1 dlrec ,to Its 'signal' wire, not to a /unction between the power lead and R1, as shown. With .shielded cable, .the outside 
layer co nects to 'ground'. 
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:·Experimenting .. ·· 
· tortion, which is something to be avoided 
with AC amplifiers. Your aim is to make 
. the sound wave larger - not different. 

Avoiding distortion is obviously very 
important in circuits such. as intercoms 
and hifi amplifiers. . .. 

But, because our sound sWitch only ac-

.\ 

' i': '' ', ;> <'. ~) '' ', ,, ( ,, : 

),( • cut tr~k 

tivates a relay, it will still work even with .._ _____ .__ _ _..... _____ ......__.._ ____ _.... 
a distorted signal. However, we still want Flg.1: Str/p .. board construct/on. Whertverthe space for mounting resistors Is less 
to amplify both halves of the microphone than 10mm, mount the components vertically. 
signal in order to get a larger output 
.. ·Our circuit is designed either to switch relay. ..Just omit it, along with . its roughly doubles the delay time, and cOm· 
ori only while the microphone is picking ··protection diode Dl :-- the circuit will .. bining this with a ,trimpot five times its 
up a signal, or to remain on with a vari- ·· work fine without them~· original value, gives an far longer overall 
able time delay ofup to about25 seconds. Construction delay. It won't be the full ten times bigger 
The trimpot RVl varies the length of this · . . . . · , . · since the resistance of RS and RVl is in 
delay. If you wish to alter the delay time, Construction of this circuit is straight- parallel with that of R9 and Q3. (With 
. it is easy to do so (see the section on forward. First solder the more rugged these new values, our circuit stayed on for 
'Changes' for details). components like the relay, resistors and 3 min. 40 sec.) 
··For example, consider the circuit being trimpo~. followed by ·the more sensitive Of course, ·you could also teduce the 

used for an extension phone bell. With the components, values to achieve a smaller maximum 
shortest delay, you will still get the stand- If you are not using the· PCB design, delay time, but shorter times can easily be 
ard ring-ring of the phone; but with the solder wires to the relay contacts to make obtained by varying RVl. 
. extended delay there will be one con- it easier to connect it to your stripboard or It is also possible to alter the gain by 
. tinuous ring .which . will last until the breadboard. varying the ratio of R6: RS. If the switch 
. phone is answered. Take care with the orientation of the is too sensitive and turns on with back-

You probably wouldn't want a con- . electrolytic capacitors, the diodes, ground noise, then you can decrease the 
tinuous phone ring, but you could easily LED and transistors. Check with Fig.3 gain by decreasing the value of R6 and/or 
want a light to stay on continuously while to see which pin is which· for these increasing RS. Similarly, if the switch is 

·.ever an intennittent sound is being components. Also note that QI and Q3 . not sensitive enough and won't respond 
detected. Different delay times will suit are NPN transistors (BC548), while Q2 to your signal, then increase the gain. 

· different applications for the project . and Q4 are PNP transistors (BC558). It 
· And once· again, (as in previous cir~· · is quite easy to accidentally interchange · How it works 

ell.its), we have used a relay to control the the two types, especially as their E-B-C ·. Resistor RI provides a steady OC cbr-
circuit's output This isolates the switched layout is the same. rent through the condenser microphone. 
load from the sensor, as wen as making it Chan· es .· This current is altered whenever the 

. easy to switch on and off whatever you g .. , . . . , . . . : . microphone picks up sound, producing an 
like: a ligh4 a flashing indicator, a buzzer . As .mentioned above, trimpot RVl AC signal. ..· . . • .. 
or a siren... , . . . . . · , . . , · has been included to vary the delay time. Resistors R2 and R3 form a potential 

As in last month ;s circui4 we have in- It supplies the path for capacitor. C4 to divider to provide a constant DC voltage 
eluded a LED to indicate whether the discharge. So, to further lengthen .the across the base-emitter junction of Qt. 
relay is switched on oroff. . .... · .. delay time, C4 could be increased to say This voltage provides a steady .base cur-

If you don't plan to actually switCh lCXXluF, .and RVl could be increased to ren~ which is amplified by.QI plus Q2, 
another circuit with your sound-switch, . 4 70k. which together fonn a complementary 
then you may wish to save the cost of the . Doubling the size ·of the ·capacitor 'Darlington pair' amplifier. · 

..... ' "" ·..... ..:, . ,: ' ' ' . .': " : L.: 
Flg.2: .. The component layout on .the printed circuit , . . . . , . . . . , ..... 
board. The relay and protecting diode 03 can be omitted This 1s·a full size reproduction of the PCB artwork which can be 
If external switching Is not required. used to etch your own board. 
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BC648, B . 668 
' TRANSISTORS 

9C54 

· amplifier is quite high, about 600 {the cause the amplifier has a high input im-
tatio of R6 to RS). .· .. , , . pedance, and a high gain, a very tiny Q3 

Let's have a look at a few numbers to base current of less than luA {microamp) 

DIODE . 

· · · ·see the effect of this AC gain and the is sufficient to switch on the relay and its 
original DC biasing. With a gain of 600, a LED. (Diode 03 provides ·the . usual 
±5m V output from the microphone· will protection for Q4 when the relay turns off +~···'· 
. be amplified to a ±3V signal applied to .. and its field collapses). ·· 

M the left side of C3. · ·· · · · · 
But the DC biasing {via f{2- and R3) ·. Transparencies 

ELECTROLYTIC CAPACITOR · ·. means there is a steady· current of about . · ·A high contrast, actual size transparen- ·. ·· · . 
+ J Fi F*-< j · . · 0.3mA; which produces a DC voltage of cy (negative) is available for only $2 for 

_ l . • · -·about 3.5V at the same location. anyone wishing to make their own printed 
---±jjl-- ~--·- . So the AC signal can make its complete circuit board. This special price applies , 

·· · ·· + • anode·, ' '±3V swing; varying from 0.5-7.SV. ·'',for transparencies for projects· in this 
-·. • • cathode . With1thout therail~iasinhg, it ~bold 'c~h' mTh· to 'series only. Write to EA's reader services 

· e ground w en gomg negattve. e __ division. 
· · -- · AC signal passes across C3 and is rec- Happy experimenting :- please send 

Flg.3: Co ipbnent leads ldentlllt:atfon. , tified by diodes· Dl and D2, and then ap· th · · us your-comments on e crrcmts we 
·· - --· ·· - · - ·plied to C4. have published as well as ideas for fa. 

Let's I k at the p0rpose of resistor R6. ·- Such a setup is called voltage doubling, ture projects. <• 
This pro des negative DC· feedback, because its net effect is to add together the .--------------
which m s.Jhat any change in the . positive and negative pulses. 
amplifier' utput voltage is fed back to · During the negative halves of the AC 
its inpUt, ttt out-of-phase. ..· , signal, current flows through R7 and Dl, 
_ So, any increase in the output voltage, ·- making the negative side of C3 more 

produces 1decrease in the input voltage, · 'positive than' normal. This voltage, which 
which can els the original increase. Such is stored in C3, is then added to the posi-

, a system ves a very stable amplifier, be- 'tive halves of the signal, 'doubling' the ef- .- -· 
cause any ariations caused by transistor _fective voltage. This higher ·positive 
heating or aging etc., are automatically voltage causes a current to flow through 
corrected. , · 02 and charge up C4. ·. , 

Fore pie, suppose that the collector Capacitor C4 can now provide the cur-
current Qc of Q2 increases. This causes rent to switch on Q3; .and Q4. These two 

- an inc voltage across R7, which in transistors fonn the same type of com-
tum prod ces a decrease in the voltage plementary, Darlington pair amplifier as 
across R6. I. , Ql and Q2, but without the feedback. Be­
. The decifease arises because the voltage , , . . .,.. . , . 

, divider R2 and R3 provides a constant ---------........ 
;:ra~: ,tt~~!~~~ . '::':llSt,;;':; ~jt,U:::,;fn.,§fJ:,: 
~:1 Ji:!~== ;';f£5~~~;'\~',~t:~:t 
i{Q l's le) i less. This smaller current also 1 . PCB mount, SPD1'12V Min1Relay .i 

~~1 :::;; ::~a: ··· ':a~!:·~,;~':i~~~~ 
tr · to) · - · tn o·s·u· ··ts b AH-1t4W5%i ans1s r gomg ore p 1 ve; l -· ase _2>lOk .~. , • 

· current, d hence its collector current · 

&~·cw!~1:8~~ ~i:E~ 
is~~~ i~~sl ~~~~~sktoryw~tll an AC ·l .~ 

- 122k 

[ie~!i~, '~'.i~l-[l'~:Jj 

~:·~A~==1r= 1!$i&\~,~j~ 
' out-of-pha to QI. So the AC gain of the 

tt .,~ /# 
""'•no:r'" 

When glasses 
"carrf lielp : .. 

................. _ 

Royal Blind Society 
71te Olf,t to Set --

NOW AVAILABLE 
AGAIN! 

·1' '-

'; 

The first edition , -proved verJ 
popular , with . students and 
hobbyists alike, and sold out. If you 
missed this revised second e!dition 
on the news 'stands, we· still have 
limited stocks. " 

Avallabte··. for· 1'$5;95, .(Including' 
postage and packing) Jrom 

. Federal Publishing Co , Book· 
Shop, P.O. Box 199, Alexandria, 
NSW 2015 ... I I ·- ' 

(' 
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AL TRON I CS 24 HOUR EXPRESS DELIVERY 
'Our customers are 'often amazed at the speed and efficiency of our .. 

·Jets~rvice Courier delivery. Phone your order Toll Free 008 999 007 and 
.. presto we can deliver your order next working day (country areas 24-48 

hours later). Our famous 14 daysatlsfactlon money back guarantee protects 
, · your hard earned $$$'s should ever a purchase be unsuitable for your needs. ··' 

· 1 invite you to try Australia's best electronics phone order service soon.' 
Regards, Jack O'Donnell 

The All New Powerhouse 1200W Inverter 
(EA Feb '92) This new design of Power Inverter Wiii 'provide 1200 Watts of power from a heavy 

, duty 12 or 24V battery. Using the latest Mosfet output stage and toroidal 
transformer this inverter is efficient and will deliver high surge currents. ·· · ·· ~ , 
The Powerhouse has been designed not only for rugged bullet proof operation but 
for ease of construction, two PCB's hold all circuitry with one Inter-connecting · 
cable. (7 wires). . . · ! 
Thi• kit com11 to you In • fully drllltcl, pre punchtd ch1Hl1 compl1t1 with 1llk 
tcretntcl front panel. A1nmbly of the kit I• 11mplllltcl 11 the majority of . 
'component• mount on a alngle PCB. Thu• vlrtu11ty e11m1n111ng 111 exlern1I · 

. lermln111. Suitable for uni In camping, boating, tllhlng, mining, remote , 
· 1tttlement1 etc. . . . 
Fe1tur11: •Massive 1260W coniliiuous 2400W sorge will run almost Mythlng • 12 : 
or 24V operation selected via Internal wiring.• Low battery cut-out • Over temp . 
·cutout• Circuit breaker tor overload protection• Auto start circuitry for standby 
operation • Easy to construct $ . 

•••.._ ·... .. K 6790 Kit version 799.oo .. i. ·· , , 
MASSIVE . . .· . ... 999 .2

4
00W SURGE · · ... • ·. t< 6792 Fully Built & Tested 12V Input .00 

! · , ' KB793 Fuily'Buill '&Jested 24V Input 999 .DO , : 

Compact 40 Watt 
Inverter · 

It is Ideal for use with Incandescent globes; 
(note this model inverter will not run 
fluorescent lighting) electric shavers, small 
radios and some plug pack operated 
devices, le charging cordless drills and 
other rechargeable battery appliances etc. 
F11tul'if: • Operates off 12V DC • 
Battery connection leads provided • 
light weight • Uses Mosfet devices • • 
High efficiency • Low heat dissapatlon 

u110$79.oo Build 
this 

(SC Dec '91) 

Low Voltage Cut­
out for Cars and 
Boats 

Colour TV 
Pattern 
Generator ··,, Infra-Red· 

This simple project allows you to monitor a .: , . 
doorway or a path using an infrared light beam. 

·.· .. ·· ...... c When someone walks through the beam, It 
I' ' , ·' triggers an alarm tor a 1 second period. Ideal 

(SC Nov '91) 

Build this ~lmple little device, and avoid ; Thi• ntW colour TV p1tttm generator 

Light 
·•Beam 
Relay 

! • door monitor for shops or for security around 
1 ,t:.t"t• I home or office. Requires 12V DC plugback (M It . 9002). , ~::;:;J K 1120 $32.es ' . 

Digital Altimeter for, . TY Transmitter 'or 
.. Gliders Ultralights Video Recorders 

getting caught out with a flat battery . produc11 oven upar1te pettern1: 
during your holidays. It simply connects ,, .Checkerboard • White rasier • 
Into a 12V accessories power II ne, and Crosshatch • Red raster • Dot • Colour 
shuts off the flow If the battery voltage bars • Greyscale 
drops to a dangerously low level. Ideal , It will enable you to set your TV's . 
for battery powered camping fridges etc. . convergence and purity tor the best · · 
Adlu~ble Cutout Varlitile from 10.ev to ·· possible pictures. Requires 12v AC 
11.9V. lncludt• Automatic or M1nu1I plugpack M 9020 $16.95. 

(SC Sep/Oct '91) 
This compact digital a Ill meter e~~ · • 

, display altitude up to 19,990 feet with 10 
feet resolution. Accurate to better than 
3.5 percent. Operates on 9V battery. Voll•a• Rini Function. $115 

I( 2710 .00 

·· ·: K ~sao $299.oo 

·· (sc'oec'•91 
This TV transmitter enables you .to 

. transmit signals from the UHF output of 
your VCR to a second TV set in the 
house without !11ess splitters and cables. 

.·· K 5860' UHF Vdrsloh $ 74 ' 
.· ! K 5885 VHF Version .95 

> 
I ~. 



Wllh Wlrtl• Rimot1 Control 
125dB siren: Visible warning by flashing 
headlights en the alarm system Is 
triggered. 
The alarm a $tern wlll be triggered bY 
unauthorlse entrance through the car 
doors, booth,. bonnet (negative trigger 
Inputs) or re oval of the car sound unit 
(normally cl sed input to earth). · 
Automaticall resets after 60 seconds. 

u220 $9 .oo . ·· · ,.:. . High Energy' . .. . 

Strobe !1.Signal Lamps . Si .. ren.. . ..... ·.'.· ,.. .. ... 
Uses Xenon trobe tube for high energy 
flash output t a rate approx 1 per 
second. 12V C. 320ma. Absolutely ear • ,, . 
Dlmen1lon1: 7 diam SOH. splitting SPL 120d8. 

Ormally $27.e; 
20.oo ,'i ,. 

·Handy brack for wall 
mounting etc. 
12V 300mA. Ideal for industrial 
applications or alarm llyatems. ·· · 
Dlmen1lon1: 100mm Diam .. 125mm L. 
S 5177 Normally $29.95 

· ,Thia Mohth $22.oo 
ical Alarm· system Kit 

1 O Watt Megaphone 12" Guitar 
PA .... :Speaker 

( .,.'' . 

100WM11 
Attention all gul11rl1t1 
and keyb01rd 
mu1lcl1n1. Thlt !lne 
USA d11lgned •P .. k•r 
111upplltd 11 
1tandard tqulpm1nt to 
lht world l1mou1 

Excellent 
Clarlty 
And , brand name 11r111 of 
Performance au11er Amp1. 
Range: Depending on conditions approx. Impedance (300Hz) 8 
300M Requires 8 x AA batteries. Ohm, Senaltlvlly . 

$147 94dB/W (0.5m) Vole• Coll 50mm Nell 
A 1980 Normally .00 Weight 4000gm M1gnet 1420gm/50.:>z 

This Month $99.oo es102 $99.oo 
Two Channel P'ro .PowerAtnp "90 Watts 
Per Chann 
Thl11ttreo l1 ldt11 
for background/ 
foreground 
1ppllc1t1on1. 
F1nl11tlc for . 
rtllaurant1, 1hop1, dltco'1, 1troblC1, PA aound 1y1ttm1 and home. 
• 90 watts RMS per channel minimum Into 8 Ohms from 20 to 20,000Hz with less' 
than 0,05% THO• 2 large power meter indicators• EIA Panel with handle device• 
XLR socket for speaker terminal • Output relay .to eliminate turn·on and off 
transients• Dimensions: (W x H x D) 482 x 92 x 295mm • Weight: 10,5kgs • Ideally 

"rhe kit comes complete with the suited to A 221 o stereo tuner, 
, following components: • One Alarm $599. · · Panel • One Passive Infrared Detector A 2040 $625 11111 Month .oo 
.(P.IR) •One AC Power Pack• One B .---------------~--------'""'' 
~~~n~t?~i:~~a~rt~h~~r:e&,~rs of ·:PA' Sound ;·Column and··HI :Ff ·Eltenllon L:::::;<,:: 
12V /1,2AH Rechargeable Back Up , .. :.:s',p"·e' ;ak· e' r• .: :: > ......... 100 W1tt lnpufrallng ll\lkt tbtM ~ llil\PIY':!\"1'::: 
Battery• Emergency Panic Button :.~ o :;; .. : :;l>rlllltnl 11 txltntlon *Pflllm for flCllM,dvb, hollll tic. ,. ::; 

·· · ··· · ~ ·i: ;;;i' The New verai011• of the11e m0del8 Include a natty little·biiiii• . 
Alarm P1n~F11tur11: • 5 Protection Circuit Loops• Independent Cotin~ctlohs !Or 
N.C. and N. . Sensor Switches • Arm ·Disarm by Digital Access key·Pad • Multi 
Station Re ote Control • Warble Tone - Steady Tone Siren Driver• Adjustable 
Timers for ntry Delay and Siren Duration • "Latch" and "Timing" Output Relays • 
Remote M Local Alarm Status Indication 
This system fs esslfy Installed by the Homs Handyman.· No special tools or · 
equipment re required. Comprehensive Installation instructions supplied. 

s 5470 Nor :ally $349.oo Thia M~nth Only $299.oo Save $50.oo 
; 

Door trike 
Ideal for se orlty access '. 
areas, this h'gh quality 
.lock will flt ost door 
jambs. Ope tes off either 
12V AC or C making it 
Ideal for an type of 
system. 

Alarm Stickers 
: For the Houn 200mm x 75mm 
: S 5400 Normally $ 1 .95 

This. Month $1.oo 

i .. 
AURONICS SURVll~IANCI 

AIARMIY!llM 
fl!T!DHIRI 

$ 9
1 For your Car 70mm x 25mm 

S 4390 .95 s 5410 Normally $3.ss 

, *' • This MontH $3.oo 
Batte Operated Portable Passive Infra- · 
Red I trusion Alarm r .· ... · ·.·.. ···: 
Ward off lhll"" and Intruder• at home or when · ' · ··· ,, i , · · j 
~~r:\l~nl po ~Ille, battery operated passive Infrared ' 1 , ·~11, .. '. " .t.i .. , ·. 
intrusion ala m. It employs the most advanced I 
circuitry offering fully automatic operation and , . . : >:' , : 
superb per! rmance. The alarm gives over 100 s~ure" · . · , 
metre prote lion. · · · :Jilt. 

, ~ 
FHlut.1: • ready to use system, no installation • ~ 
Fully autom tic operation, very user friendly• Large ~ 
coverage, o er JOO square metres • Portable wall ,, ii: 
mounted • ng life 9V battery operation • Battery . . I 
low warning • Lightweight, compact and attractive • ,, · ' 
Recommend d for home. shop, caravan or when . , ,,, . :~::;; . I 
travelling · · . ...,,,, . ~ 

s 5305 No/any $69.oo 11111 Month Ont~ $49.oo db- . --: . 
Weathe proof Horn Pressure Mats 
Speake ~ Ultra thin switch mat for nder car et or 

· .. mat etc. 
10 Walt 8 Ohm ·. ·· (: S 5184 Normally $29.95 
C2015 Normaly $15.95 · · $2S 

$ 2 ·· ~- This Month .00 . 
This Month .00 ·· ~ 

•· • •. : .... ,,,, ::.·:.in ·protector allowing around 100 .w$tt input witholif.dam8Qll ::. 

..... :::~r;~~~~~~l~n:": :,:: ...• ··.,,:.;y:;}':';,.r::~. 
':'i::rhese vibration free enclosurasal~:coni!(~\eit:itb~:~l$.:·;;;!:i 

.>.«~.ex1ruded heavy guage aluminium and finished With ... / • .:it::::: 
.: :.increc;tlbly durable indU&trial powder coat enamel. The . :: •. · ,;:. 
:,;: )iJeeker ends are tealfd via g,.ket• ind tough lllQWded :>:i :t 
..,,!~LURAN S".VV resistant end capa •. ;nie end re1Ult ,ls "Good · 
, :t:ooks" .together with assured rugglm durability for.~hli . : ; . 

. .. ·Australian anv1ronmant.. ,, ., . ... ;.;, · · · ,, :.::: .•.•• 
;. 1xctn.11t 111proc1u011on • ·•· .. :: :,, :" · . ::: . .. :.::..:: 
:•>'The drivers have been thbsen 1or wide .tlmlli, :·:.•:t 
·:'.distortion, mid range "preunee"(eS1&1'1tlallor :;: 
: .. voc111 '.!'lork) and high efficiency In general. ,Weathtr proof ', 

.:: ,,Construction end uae ofi'.DopedcoMs".f091h pla111cand :'.'.'.' 
:. ;.<:toth is sandwiched b&tween baffle arfd front grfll to prllvenl' 

::: ~at~~ !ngr~s. :. . . ..::,, : :;·: · '(> ;;, :.:.:·::;; :· d:: 
·: .. JMll1l11lo11 Hardwlllt • ,,. ,, ., .... ,, . . ,,,,,,..... ... ,, .......... " ,,,,,, 

. • ."Each speaker system is 'auwtied wiUf'waH rilO\inting : · :·.· · · 
.•:b ®44 Whlfe ;;:;• .. brackets. ·.,: . .. , : . . 1, :; •• , : .• , • '.i: ;, 

.:.:.Nortnally$149.o'o~, or$280.0o:~irfhfa 1Mr)ntfi $100:oo1t '.·if ;";;!;;; 

Standard CB Type High Performance 
Microphone ALC Wireless 

Low Impedance Dynamic 
mic with curly cord (incl 
switch pair). Suitable for 
CB's, radio transcievers 
etc.·Does not include plug. 
Frequency Rttponn 300-
BKHz .. 
lmped1ni:t soo Ohm 
Sen1ltlvlty • 70d B 

C o3s2 Normally $17.95 

This Month $15 .oo 

.·Microphone 

(Autom1t1c I.Ivel Compl1110r) 
For high grade vocal entertainment 
• Cardioid-uni directional pick-up pattern 

., • C1rt11r frequency: 88·108MHz 
adjustable • Fitld 1tr1ngth of carrier: 
With souv /m at a distance of 15M from 
the mlc • 811t•ry compllmtnt: 1 x 9V 
C 0328 Normally $ 129 .50 

This Month $99.oo 
~Jtronics Aviation Headset 

" • High performance noise attenuating 
earphones • Noise cancelling ,, 
microphone • Cushioned head pad • 
Super sturdy • Great performance• 
Superb, professional pilot's headset will 
last a lifetime with reasonable treatment · 
• includes standard aircraft jacks. 

eeo10$189.oo 



Harris Four Channel Digital 
Recorder/ Announcer 

,ro~e(, 

~\0~~, 
G(elJ .... ~ 

,~ ~e 
r,t 

: The Harria A 2100 provides 4 channels of natural speech tecording ,and play-back. 
Recording time for each channel is Internally selectable to 10, 15, 20 or 30 
seconds. The sound quality is outstanding on the lower settings and '.'industrial" on 
the higher ranges. Channels can be used separately or linked to provide one tong 
recording/announcement. 
F1ctlltln/F11turt1: ,, · 
• Mlceophone Input• - Balanced line, low z. 5 Pin OIN socket (mates with 
Redford c 0372 desk mic) • Auxlllary Input - 100k, 0.2V sensitivity, eg for co .. 
tape deck, tuner, BGM line • Ch1nn11 Select Pulhbutton1 - A, B, C. D or all, 1.e.: 
when activated will playback which ever is selected • Timer Switch -
Automatically initiates the playback of the selected channel. Intervals are 10, 20, 30 
seconds, 3, 6, 12 and 30 minutes and off. 
Lllerally Dozen• ol Ar.pllc1tlon1: , . . · , . . , . 
• Mu11c on Hold Adv 1tr - Over 50% of phone calls are placed on hold - use this 
time to promote your business or products • Information '?Ulde - Gre~t for 
displays trade shows, self guided tours and even art galleries • A Security Guard 
- Good weather or l;iad holidays and weekends, Jt stays on duty 24 hours a day lo 
query and direct all personnel at siores, warehouse, plants, offices, hospitals and 
parking facilities. And for apartments, hotels, estates and more - whenever you 
wish to screen traffic• PA Sy1tem·feedb1ck Eliminator - With the Harris 
announcer feedback Is eliminated. Just operate on Paging Playback mode and 
once the announcement is recorded it wl II automatically page. Self resets ready for 
the next message. • Emergency Slgn111 - And/or security warnings can be 
generated automatically or al the push of a button • Ac1Y1rtl1tment. Announetr for 
Retell Stores - Either record your own ads or have them commercially produced 
- play through your PA/BGM system as often as desired with the i.1ternal timer. 

A 2100 Normally $799.oo This Monlh $599.oo 

·. :,:,·· .. · .:·.::.',/./;:\ ... · ·' .· 

Auto-Ranging Multlmeter with Dlgltal and 
Bar Graph Readouts and Memory Mode. 

.Just $99.oa 
. Compares very favourably to 

Fluke Tm or Beckman Tm at a ···· · 
fraction of the cost 

F111Urel: i 42 Segment Bar Graph Display '• Auto­
ranging on Voltage and Resistance • Memory Mode • 

Low Ohm Range• Hold Facility • Automatically 
. Indicates negative Inputs • Low Battery Indicator• 

. Continuity check with Buzzer . 
Sptclflc1tlon1: DC Volt111e Ranges: 5 (20bmv, 2V, · 

20V, 200V, 1000V) Input Impedance: 100m Ohm, 
200mV Range, 10M Ohm, the other Ranges AC 

Voltage Range: 4 (2V, 20V, 200V, 750V) Input' 
Impedance: 10M Ohm DC Current Ranges: 200mA, 

, 10A AC Current Range: 200mA, 10a Rnl1t1nc1 
Vi Ranges: 200 Ohm, 2K ohm, 20K Ohm 200K ohm, 2M 

:\
1 :7~1:

0

:0~~:1:;~·~·~.:~s: $99 .~~D . . 
• ·i· ·•· · Q 1077 Protective Holster $12.50 
.) Q 1076 Carry Case $12.50 ·· ·· · ·· ' ' 
I . 

Amazing Nicad 
Battery Bargain 
:From $2.00 

All full specification 
.premium quality. 
Good for up to 1000 
re-charges. 

.. S 5020 AA 500 MAH 

S 5022 'C' 1.8 AH 

S 5023 .. ;D' 4 AH 

Economy 
Parts 
Case 

Available In 3 sizes 

H 0246 .15 Way $10 
(260 x 175 x 43mm) .50 

H02476Way . $5 · . 
(210 x 110 x 44mm) .25 · 

H024B5Way .. ·$3 
: (175 x 95 x 38mm) .so 

1·9 10~24 25+ 

$2.es $2.so $2.oo 
$8.oo .$7 .oo : $6.oo 

$14.oo $13.oo $12.oo 
20MHz Logir Probe 
Q 1272 Normally $37 .50 

>~his Month $25.oo 

PCB Stands 
Screw one of these handy jigs t6 your . 
workbench and Instantly you have a third 
hand. Great for servicing, assembling . . 
PCB's, inspecting components soldered'·· 
joints etc. 

Wl'tlt·MAGNIFIER 

T 1480 $14.es · 
W/OUT MAGNIFIER . 

Tmo$9.so 

···1d~a11~ iil1tt!d io·.o··.iJioo'&i&il1J1·~J.• .... ·.· ....•.•• 
· supertiquality. tlC to 80 MHz . .Max.axr. 

VOits DC. Lead length approx t5m. ····.···: .... • :· . 

. ············.· .. ••ie> ::b~1!s$49.~. r ! : ..•.•.•• ·.:.;,: ••·••·· ·•· \. ·: ·.•• 

.Our Top Selling 17 Range Digital 
Multimeter 
for an Amazing $39.95 
With quality and features you would expect only 
on expensive meters the 0 1056 represents 

·excellent value for money. 

8peclflc1t1on1: 
DC Voltage: Ranges 2·2000V , 
AC Voll1g1: Ranges 200V, 500V 
DC Current: Ranges 200mA, to 10A 
Real1t1nce: 5 Ranges 200 Ohm, to 2M 
Ohm . . 
Diode Teat: Test Current 1.0mA· 
Test Voltage 3.2V Max . 
B11tery T11t: Ranges 1.SV, 9V 
.Loaded Current: 1 .5V 100mA, 9V 6mA 

a 1ose Normally $49.9s 

Thi~ Month $39.es 
Q 1057 Carry ca$e to Sult $12.50 . 

\; 



, . ~· TRANSFORMER SALE Save Up To .30% . .. 
Cilstomers '"" nofe -All Altronics Mains Transformers are now wound on segregated nylon:66 flame retardant 
bobbins. ode/s M 2851 - M 2855 and PCB Transformers M 7112 - M 7130 are fitted with primary thermal fuses; 

All comply to the latest (and very stringent) Austral/an Standard Code AS 3108 

ALL MAINS RANSFORMERS PRIMARIES 240V - '•, .. ·Toriod Power Transformers 
SPECIFICA IONS LISTED REFER TO SECONDARY 
WINDINGS . 

Multipur 
1 

ose 60VA 
9, 12, 15, 18, 2 i 24, Volts at 60VA output 

M 2185 Normal y $26.so Thi• Month $20.oo 

Multlpur · ose 100VA 
12, 15, 24, 27, , Volts at 100VA output 

M 2170 Normall~ $29.95 Thl1 Month $22.oo 

Multipurpose 120VA ·· · 
12, 15, 24, 21, , Volts at 120VA output. 

M 2175 Normal! • $39.95 Thia Month $30.oo .. 

Min.I/Med um· Mains Power 
Normally ' '. 1-911 10+ .. 

M 2851 150mA $7.30 ·.:$6.00 $5.00 

M2852 300mA $7.65 $6.00 .. ..•.. $5.00 

M2853 500mA $8.20 $6.00 $5.00 

M2854 .150mA c': ,,, $7.65 i. .• ! $6.00 \$5.00 

M 2855 150mA $7.65 . $6.00 . :·$5.00 

M2154 •1 Amp·.·. $1t00 $9.00 $8.00 

M 2155 --1•' 

.1 Amp $10.95 $9.00 $8.00 

M 2158 2Amps $17.95 $15.00 .,$13.00' 

M 8872 ·'!,',,''I• 

• 1 Amp. $16.50' ·.·.$15.00 ,' $13.00 

••••• 
;l;J'~ 

8fC 1 SEC 2 Model ·sEc. 
M 7112 6+6 
M 7115 7.5+7.5 ; 
M 7118 9+9 
M 7124 12+12 
M 7130 15+15 

·FUSE a.ov 

~~ • • • 
Normally All $12 ~5 Thi• Month 1 0 .00 • 

Or buy 10 or m for $8 .oo •ch. 

AltTft0"1') ,~E'll.6 .:.,'JJJ _ . 
1 oe St. Perth WA 6000 Phone (09) 328 1599 

PHONE TOLL FREE 008 999 007 . 
MAIL OR Ci- P.O. Box 8350 Stirling Street PERTH WA 6849 

STANDARD DELIV & PACKING CHARGE $s:so to 1Kg, $8 1Kg-5Kg AUSTRALIA 

,Dlmtn1lon1 end Weight 

80VAModel1 
1BOVA Modtl1 
300VA Modtl1 
600VA Model1 

SOVA 

90mm Diam35mm i-t 
100mm Oiam40mm H 
110mm Oiam55mm H 
135mm Oiam60mm H 

Normally All $49.95 

Now$45.oo. 

Model 
M 3020 
-M 3025 
M 3030 
M 3035 

. M 3040 

SEC.V 
12+12 
18+18 
25+25 
30+30 
35+55 300VA ·'· 

1SOVA 
. Normally All $65.oo 

Now$60.oo• 

Model SEC. V 
M 3055 18+18 
M 3060 25+25 
M 3065 30+30 
M 3075 40+40 
M 3080 45+45 

::>;,,)','., 
''',,,',,' 

No~m~lly All $89.95 

Now$80.oo ei 

MOdel' ·~ec.v 
M 3085. 12+12 
M 3086 18+18 
M3088 .25+25 
M3090 30+30 
M3092 35+55 
M 3100 40+40 
M 3105 ,45+45 

'> "'-' ,',; 

:>:,;J'. 
,'I', 

' /i' 

MU Metal .Shielded 
Audio 

Mlcrtiphone Type 
Primary: 200 Ohm 
Stcond1ry: SOK Ohm 

· · Normally All $129.oo 

,' Now$110~o. 

Modfl - SEC. v •.... · 
M 3120 . 30+30 
M 3125 35+35 

, M 3130 40+40 
M 3135 45+45 

. •M3140 So+so 
M 3145 55+55 
M 3150 60+60 
M3155 65+65 . 

Bridging t10l1lln11 Type· .. 
Used for coupling audio 
modules. Prevents earth loops, 
hums etc. Essential coupling 
device where DC isolating Is 
required. . . . " ... 
Nomln1l lmped1nce ratio: 
10K: 10K (1:1) 

M 0701 Normally $34.95 · ··· . M 0702 Normally $34 .95 · · 

'l'hl1 Month $25 .oo . Thi• Moniii $25.oo 

HEAVY HEAVY SERVICE -All orders of 10Kg~ tlr more musttravel Express Road- Pleas!! 
allow 7 days for delivery. $12.00 to 10Kgs. $15.00 over 10Kgs. . . . . _ , 
INSURANCE - As with virtually every other Australian supplier, we sehd goods at 
consignees risk. Should you require comprehensive insurance cover against loss or 
damage please add $1.00 per $100 of order value (minimum charge $1). When phone 
ordering please request "Insurance". · 
TOLL FREE PHONE ORDER - Bankcard. Visa. Mastercard Holders can phone ordet toll 
free up to 6pm Eastern Standard Time. Remember with our Overnight Jet1trYlc1 we deliver 
next day. 

AL TRONICS RESELLERS Chances are there is an Altronic Reseller right ~ear 
approx g days from ay you post order to when you receive goods you - check this list or phone us for details of the nearest dealer. 
OVERNIGHT JETSE VICE Up to 3Kg 1s $10.00. 3Kg to 5Kg 1s $23 oo - we process your Blue Ribbon Deater1 are highlighted with a• These dealers generally carry a 

WIDE - We proces~your order the day received and despatch via. Australia Post Allow 

order the day receive and despatch via overnight Jetservlce Courier for delivery next day comprehensive range of Altron1c products and kits or will order any reqwred item for 
Country areas pleas allow add1t1onal 24-48 hours you. 

WA COUNTRY AlBANY BP Electronics• (098) 412681 Micro Electronics (098) 412077 SUNBURY Micro Electronics (097) 216222 ESPERANCE Esperance Communications (090) 
713344 KALGOOR~E Todays Electronics• (090) 215212 MANDURAH Lance Rock Retravision (09) 5351246 Micro Electronics (09) 5812206 PORT HEDLAND Ivan Tomek Electronics 
(091) 732531 ROCK NGHAM TV Joe's (09) 52718tt!T ALICE SPRINGS Farmer Electronics (089) 522388 DARWIN Ventronlcs (089) 853 621llC Ali Electronic Components (03) 
6623506 BORONIA ay Cross Electronics a (03) 7622422 CHELTENHAM Talking Electronics (03) 5842386 CROYDON Truscott Electronics a (03) 7233860 PRESTON Preston 
ElectronicSI (03) 0191 COUNTRY BAIRNSDALE LH & LM Crawford (051) 525677 BALLARAT Ballarat Electronics (053) 311947 BENDIGO KC Johnson a (054) 411411 MILDURA 
McWllliam Electron~s (050) 23641QLD Delsound PL • (07) 8396155 WEST END B.A.S. Audlotronlcs (07) 8447566 WOODRIDGE David Hall Electronics 1 (07) 6082777 
MAROOCHYDORE ALS Electronics a (074) 436119 MARYBOROUGH Keller Electronics (071) 214559 NAM BOUR Nambour Electronics (07 4) 411966 Pl ALBA Keller Electronics (071) 
283749 ROCKHAM ON Access Electronics (East St.) (079) 221058 TOOWOOMBA Hunts Electronics (076) 329677 TOWNSVILLE Super Solex • (077) 7244fSA . Force Electronics• 
(08) 2125505 BRIG~ON Force Electronics 1 (08) 3770512 CHRISTIES BEACH Force Electronics 1 (08) 3823366 FINDON Force Electronics 1 (08) 3471188 HOLDEN HILL Force 
Electronics I (08) 2 17088 LONSDALE Force Electronics• (08) 3260901 ENFIELD Aztronics • (08) 3496340 COUNTRY WHYALLA Eyre Electronics (086) 454761AS HOBART 
George Harvey 1 (0 ) 342233 LAUNCESTON George Harvey t (003) 3165:l!ISW David Reid Electronics• (02) 2671385 SMITHFIELD Chantronlcs (02) 6097218 COUNTRY COFFS 
HARBOUR Coifs Ha our Electronics (066) 525684 NEWCASTLE Novocastrlan Elect.Supplies (049) 621358 WARNERS BAY Vilec Distributors (049) 489405 WINDSOR M & E Elect. and 
Communications (O 5) 775935 WOLLONGONG Newtek Electronics• (042) 271620, Vlmcom Electronics (042) 284400. 



'SHORTWAVE 
LISTENING , by Arthur Cushe~, MBE 

World Conference to lookaf Frequency Plans 
. . 

The World Administrative Radio Conference (WARC) is to meet again this year, to consider it~,,. 
frequency plans. Already there is good news for radio listeners, with better consultative discussions 
between East and West European countries. . . . . 

' . ' . . ··~ 

One of the basic subjects which affects 'ierence; .A practical demonstration· of one another's transrnifsion'S'when'beartted · 
radio listeners is the mediumwave band cooperation . was announced in the . to the same target area. For the shortwave 

· expansion from 531-1602kHz up to ·· November frequency change, when listener, this is most exciting news, as we 
· 1 BOSkHz. Already the Federal , Com- Radio Nederland, . after consulting with can look forward to the day when we can 
munications Commission in the United the Soviet Radio Services, moved some of tune to international broadcasters .and 
States has increased the band to its channels to avoid interference with every time, find them on a good dear 
1705kHz, allowing ~tations to operate in Radio Moscow. ·· _channel. This can be accomplished by 
that section since few domestic receivers The. Prague meeting· held _last year . using and sharing existing radio frequen-
cover that part of the spectrum. Listeners looked at interference, and in this context, ·. cies. 

' : with complete coverage communication interference means broadcasting on the ' 
1 

receivers will have no problem in finding same frequency into the same target area. Bethany celebrates 50 years '· 
those frequencies, but . those with the .. This first meeting gave broadcasters in . 
usual AM/FM domestic radios will find Western Europe the first chance to make ·. · ·The Voice of America relay station 'at / 
that . the frequency range ends at contact with their colleagues in Eastern . Bethany, Ohio is celebrating 50 years bf · 
1602kHz. • Europe. .. .· broadcasting with the installation of three 

In Australia and New Zealand some sta- Deutsche Welle in C:olbgne played a ·· , new 250kW transmitters and the issuing 
tions will have to move out of this new special role, because it had taken over the · of its own verification card. . ·· · , 
band. Here in New Zealand, there are two former Radio Berlin International transmit~ . My records on broadcasting in.Bethany 

. navigational beacons , on 1602 and · ters in East Germany, which it is now go back much further, when in 1937 _the 
1629kHz, while in .Australia 4AVA Gdld using in its worldwide services. . site which is near Mason Ohio, was used 
Coast 1656kHz with 20W has announced The success of the first meeting was by the Crosley Broadcasting Corporation··~· 
a planned moveto the FM band. such that conferences are now being held with studios in Cincinnati. . 

A second interesting proposal covers twice a year. European broadcasters· can ... · During the wartime years from 1941, it ·· 
the 41-metre band, which is shared by put forward their frequency plans for the was taken over by the Voice of America, , 
radio amateurs ~ind international broad- future, and endeavour.to make sure that but previous to .. that it was assigned 

. , casters. In fact, in region three, North and mutual Interferences does not occur to callsign WBXAL. In 1939, when ex- ·. 
South America,. there is no provision for 
international stations to use this band. 

The suggestion put forward is that the 
band should be split in two1 7000-

. 7300kHz for use by radio· amateurs and 
7300-7500kHz: by international broad­

... casters. Already this upper dart of the ·· 
· · band is being rapidly fille by short­

.. wave services .. 
The third itetn of interest is the most 

radical of all. The suggestion here is that 
all international broadcasters, by 2015, 

· should bperate .on single sideband (SSB) . 
. The reluctance 1of stations to even test in 
this mode has been noted, with the main 
drawback being the loss of audience .ih , 
third world countries, where mostre-ceivers 
are not equipped for SSB reception. · 

Close cooperatfon 
For the first time ever, couhtries df ' 

Western and Eastern Europe met in Prague A typical ·verlfcation from WLWO, Bethany Ohio Issued by th~· Voice of Amlrlca 
recently . to work out better frequency to confirm reception of the shottwave service at a site which has just celebrated · .. · 
usage and lo, attempt to avoid inter- 50 years of broadcasting. ' 

sf ·ELECTRONICS Australia, March 1992 
·t. 
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1perime tal calls were dropped, it became 
WLWO.• . ·. WHEN I THINK BACK 

Continued from page 37 
: At th heightof the 'VOi activity, 1943-
'45, the ollowing call signs were verified 
from Be hany- WLWR, WLWS, WLWO, 
WLWK, WLWL. On some occasions, a The final chapter . , . . . 
figure as added to the callsign to give . A detailed sequence of articles in the 
even m re transmitter facilities to be iden- Telecorrimunlcatioris : Ministry. 'This issues June-September described the 
tified f m the Bethany site. Reception . opened the way for the initial renting of construction of the 1956 version, with 
reports hould · be addressed tel' Bethany .. 19~ 1 /2 hours a day, using shortwave tranF the 1957 version appearing in April of 
Relay s tion, Voice of America, PO Box mitters with a capacity of between 200 that year. By that time, the situation had 
227, Ma on, Ohio 45040 USA, for the .a. t- and 1 OOOkW. Three transmitting sites are h ed TV br d · had · 1 ed · · c ang . " .. . oa casting .. ..com-
tention f John Vodenik. The new card · ··invo v in the Soviet Union for tranmis- · menced in Australia, and it was obvious 
shows a :coloured photo of the Bethany sions to Asia, and this has already resulted that radio .would no longer dominate 
Relay st tion with the VOA logo, and a : in an improvement in reception quality in , family entertainment. A TV set would in 

· commen 'half a century of broadcasting .·the Asian target areas. · . 
to the w tld 1940-1992'. · 1 A wide variety of languages ate being ' future take the place that had been OC· 

• ;· 1 , carried by the Soviet transmitters, indud- ' cupied for so long by the radio c6nsole, . 
Deuts he Welle uses ing German, English, Indonesian, Chinese, . ·.For sure, radio would still have a place 
• • · 'tt Bengali, Hindi, Urdu, Pashtu, Dari and for casual listening - provided the set 
Jamm1 g transmi ers . , , .. , .. Persian. Jhe .use of the Soviet transmitters didn't talce up too much room and could 

•Several years ago, at 'the heighto(the gives a wide variety of frequencies for lis- be moved.around,~ required. Quite sud-
Cold Wa , jamming transmitters through- teners in Asia, and this is backed up by denly, from being a second set, the 'Little 
out the. SSR attempted to block broad- the .transmitters of Deutsche Welle from General' type of radio had become .the 
casts f m Western EUrope. This Germany, as well as from its relay stations. only one that most families needed .... 
continue for many years; The end of the Deutsche Welle transmissions to . ,The finalchapterin the 'Little Genecil' 
Cold Wa meant that the USSR had a Australia in Eriglish ate heard twice dally 8aga came in a series of articles by Alan 
tremendo s number of transmitters which at 0900-0950 on 6160, 11915, 17780 and Nutt (March~June 1961), culminating in 
Were not being used, and rnany interna~ 17820kHz, as well as three freque'ncies in the design shown in Fig.9. Ironically, it 
tional bro dcasters looked on the~e trans- the 13-metre band. The second transmis-
mitters .a.s, potential relay· ·points to sion at 2100-2150 is on 6185, 9670, revertedtothebasicdesignwhichhadset 
improve eir service into the USSR. At 9765, 11785 and 153SOkHz. Transmis- the ball rolling in 1939: a four.stage cir-
the same ime the USSR used many trans- sions are· direct from transmitters in Ger- cuit using three valves - this time 
milters to arry in the Moscow area all the many; both in the West .and East German Philips· ·all-glass '9-pin · miniatures, 
programm services .from .the Soviet areas, as well as from the relay station .at manufactured in AuStralia and equally 
Republics. , . . . . , . Trincomalee, Sri Lanka. •. popular with commercial manufacturers. 

Last yea, the first definite .move .to use .. later :information indicates that trans- A 6AN7 triode-hexode converter was 
these surp us Soviet jamming transmitters missions carrying the OW programme fed from a ferrite-rod loopstick, in lieu of 
was taken by the Deutsche Welle :--- a from the USSR are being received and an antenna and antenna coil. This was 
rather iro le twist of fate, as instead of English has been noted at 0200-0250 on followed by a 6N8 duo-diode ·pentode, 
jamming ansmitters they· are now carry- 17620kHz. There is no station identifca- doing the .job of a 6G8-G/6B7S, but 
ing the brdadcasts which they were once tion, but the usual tone signal common to much more efficiently. Last but not least, 
intended ~ block out Iii July fast year an all Russian transmitters is heard before the the 6BM8 provided a high-gain triode 
agreement was signed in Cologne be~ programme originates from the Cologne audio stage and a high-gain output pen• 
tween De tsche Welle :rnd the Soviet studio in Germany. . tode, expressly intended for that role. 

AROUND THE WORLD 
FRANCE: Jadio France lnt~rnatiohal;'Paris broadcasts in English to the Far East at 1230-
1300on1~670, 15195kHt; 1400-1500 on 11910, 21770kHz; 1600~1700 on 17620, 
l 7800kHz; and 1800-2000 on 15300 and 17845kHz. · · · ·· 
INDIA: All l~dia Radi? Delhi in English to ~ustralia at '1000~ 1100 has made a frequency . 
change an 1s now us mg 15050kHz, replacing 15335kHt .. · .. . · 
JAPAN: Ra~io Japan's 'DX Corner',,which contains interesting news for shortwave lis­
teners on rtteption, equipment and propagation information, broadcasts on Sunday at 
0930-0950~n 11840 and 21610kHz. In recent programmes Ian McFarland, well known 
as the host f 'Shortwave Listeners Digest' on Radio Car1ada until the programme ceased 
last year, is heard on occasions with .his excellent assessment of the hobby in the DX 
Corner feat re. Ian is now owrking for Radio Japan's English Department. 
PAPUA NEW GUINEA: Port Moresby with its National Programme has been heard on a 
new freque cy of 6080kHz. Broadcasts originate on 4890kHz and this new channel has 
been noted from 2000 sign on. The 6080 frequency is actually allocated to Daru, 
Western P Vince, but this station has not been observed on the frequency. Daru also 
uses 3305 t r the period 0700-1400. (Leslie low of Queensland supplied this informa-
tion}. . . .. : . , .· : . , . . ,' ., . .1: .. · . ' · . 
PERU: The ell knowhlima station', Radio Cora del Peru, is heard on 4914kHz opening 
at 1000. Aft r a march sign on, full identification is given. At times this is followed by a 
hymn, arid en normalprogrammes are heard. Signals are good at the moment because 
there is no c -channel interference from Radio Gran Columbia in Quito, Ecuador, which 
generally us s 4911 kHt but has been silent for several weeks.... . .:-

The valve rectifier had disappeared, to 
be replaced by a pair of semiconductor 
power diodes - the first step to what 
was soon .to follow, with all valves being 
replaced by solid-state devices. 

In the meantime, what happened to the 
negative feedback, which was featured in 
the later 4/5-valve and larger receivers? 
In brief, negative feedback was/is fine if: 
(1) There is gain to spare; (2) The circuit 
is amenable to its use; and (3) The 
loudspeaker and baffle system is of suffi­
cient quality to justify it. Faced with 
lhese prerequisites, most small-set desig-
ners said: 'Forget it!' . 

Within a few years, anyway, Australian 
valve/mantel sets would be rendered Ob" 
. solete by imported transistor portables 
featuring optional mains/battery opera­
tion and multiband reception __... not in . 
response to Australian demands,· but be­
cause they were wtlversal designs in~ 
tended for world markets! . .. . ... . + 
ELECTRONICS AUstralf a, Mar'cli 199~' 8~ 
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For many vintage ,radio enthusiasts, rnuch of the pleasure fronrtheir hobby comes from restoring 
their receivers to full working order.T~e functions of Automatic Gain or Volume Control, incorporated 
in the majority of receivers made afterthe mid-1930's, are important, and an understanding of what 
goes on can be of considerable help in fault finding·. · · · 

' ' ' ' ' " ; ; ~ '' ' ' ',, 

•... First of rut, we need t6 Clarify· a long~ trol wh~n tuning across . Strong· signats 
St.anding confusion - should we talk of could produce some very. distressing 
nutomatic gain control, 'AGC, or of au- noises. Another problem for listeners re­
tomatic volume control- 'AVC'? Over mote from .transmitters was night-time 
the years the two terms have often been • fading. Some automatic ·control .of re-

trate on those most widely used, .and 
therefore more likely to be encountered. 

' .. : The first example of AGC .seems .to 
have been used in the .·RCA model 64, 
09e of the '60-series' all-triode superhet· 
erodyne receiYers which were very ad-. 
vanced at the time of their introduction, 
in 1928. It used a separate AGC valve 
biased to cutoff, but with its anode con• 
nected to earth via a resistor and the cath~ 
ode connected to a negative 1supply ·of 
100 volts. Signals ·applied to the grid 
caused a current flow in the valve, pro­
ducing a negative voltage afthe anode 
proportional to the strength of the signal. 
This negative voltage. was used to con­
trol the gain of the RF and IF amplifier 
valves. , . . , . . , ... • .. : . . . 

, used synonymously, but slrictly speaking ceiver gain to c~mpen~te for varying 
, , , ffie latter term (AVCJ is not accmate. "Signal strengths was needed.: · . , · 

'Volume' refers to the sound level from Virtually. all AGC systems encoun­
the audio amplifier and speaker, which is tered in valve radios vary control grid 
nonnally controlled manually, whereas it : bias proportionally to the strength of the 
is the receiver's gain that has automatic received signal.· Several methods of gen-
control. . · crating· a negative control voltage were 
. By the late·· 1920's, the gain of farge developed, and some of the earliest were 

receivers was nearing the· usable limit, the most complex. . 
and mains operation had made plenty of As there is no way that all the· systems 
audio power available - with the result and variations that have evolved can be 
was that careless use of the volnme con- . covered in two articles, we will concen-

"-------·-···-""' 
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.. RCA's AGC system was very effec-
··. , tive, and various versions were used for 

several years. Meanwhile,·a simpler sys­
tem was devised by H.A. Wheeler of the 
Hazeltine Corporation, and released in 

,. · 1929, to .be taken up by some of their 
Flg.1: The 1932 licensees - primarily Philco. 
model 71 was one Wheeler's AGC system resurrected the 
of .. ·Phllco's · most ... , valve ·diode, which had been largely ne-
popu/ar .. series of glected since the advent of the De Forest 
'Baby Grand' ·re- triode in 1906. After all, as valves were 
celvers. Advanced ' very costly, there had been little demand 
for Its time, It used for a function that provided no runplifi-
RF ·· pentodes as 'cation. However, diode detection has the 
well as a diode for · d f · 1· · 'th 1 both detection and · great a vantage.~ o sunp 1c1ty w1 ow 
AGC . ,_ a system, distortion- and as a bonus, can provide 
. Ph/lea first used In. . .. 'free'.AGC from the negative voltage de­
/ts 1930 models~ .. : veloped across the load resistor. Diode 
This simple and re- AGC . became universal within a few 
//able arrangement • • years and, adapted for solid ·state elec- · . 

· ·'rem al ned a favour- . i. tronics, is still in use. . . .. ·. ·· 
. fte tor many years. 

.:,'; -

·· A typica·I example 
I 

'·, ' cPhilco's model 71 is a typical example 
.•. ·of Wheeler's AGC system ... Referring to 

.. · Hg.2, the 'detector rectifier' is a type 37 
· · triode, with its cathode earthed and its 
· grid acting as a diode anode (anodes do 

.I 
.\. 

;~ 
l 
I 
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Phi co Model 71 Series 
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Flg.2: Th 11Phllco 71 used the type 39144, tho first varlable.,,,u RF pentode, which had Just been released. The autodyne 
mixer used a type 36 sharp cutoff tetrode, with a 37 triode connected as a diode for detection and AGC. The 42 output valve 
was a/so Jery new, and was to become a standard for many years. . . '. . r 

,1 •( 

not have ; be solid metal). The n-ormal wotild cut the anode currents right off. 
·anode is a so earthed, and serves as a This was a problem even with manually 
·shield. Rec · 1cation of a received signal · controlled receivers, and it was finally 
(in IF form by the diode causes a direct ·solved by 'the 'variable mu' or 'super 

'current, wi demodulated audio super· contror RF type 35 and 51 tetrodes, in· 
imposed, flow through resistor 27 and traduced in 1931. 
the volume control 28, producing a neg- ·· These two valves had been developed 
ative volta e proportional to the strength 'independently and were so similar that 
of the receiyed signal. . ·they were combined in the 35/51, essen-

tual change<>ver fo 6.3 volt from 2.5 volt 
-filament valves for domestic receivers 
and used them for their 1932 models, 
including their model 71. By now all of 
their sets were superheterodynes. 

For manufacturers who still preferred 
the 2.5 volt filament series of valves, the 

·_-type 58 variable~mu RF valve was ·in 
production by the end of 1932 and was 
one of the first group C>f valves made by 
Australia'sAWV Co. 

• j 

-Capacitot 30 is the 'reservoir' capaci· · tially a 24 'with the control grid wound 
tor charged by the rectification ·of the IF · with a variable pitch. Whereas an iiI· 
signal, -and capacitor 31 filters any IF crease in bias to 8.0 volts was sufficient 
from the au · o. The audio signal is cou- to cut off the anode current of a 24 com- __ --·-Using diodes --
pied out to the audio amplifier through pletely, the new valves took about 40 .. Other radio tnanufacfurers were adopt­
capacitor 3 . · · - volts to achieve a smooth reduction to ing .the simple and very satisfactory 

The jun~n-of the filter resistor and -_•_cutoff. This simple modification was diode AGC, .but using triodes was un­
the volume control is the source of the very successful and thereafter became . economic _and inevitably diode valves 
AGC volta · , which is connected to the -. standard for RF amplifying valves. ·were produced. The first American 
grid circuitslfthe RF and IF amplifiers. , Th-e'RF p· entode valves made for detector and AGC ser· -
Resistors 1 -and 23, together with by- vice were the G-2-S and G-4-S double 
pass t:apaci rs 5 and 21, have· a long The next improvement was the addi· diodes, made by Grigsby Grunow and 
time consta~and filter out any audio tion of a suppressor grid to the tetrode to first used in their Majestic · radios in 
component , leaving .a negative DC ·produce the first RF pentodes, the types · 1932. 
voltage to c trol the gam of the RF and ' 39 and 44. As with the 35/51 these had These were used for' full wave detec· .-
IF amplifie • : · · · , variable-mu characteristics, and again tion _and AGC, as used by Stewart 

The first eiVers using ;diode AGC · the two were very similar and were re- ·Warner in 1935 in their model 136 - as 
were TR.F's with sharp cutoff type 24 ~placed by the 39/44. . -- _ described in this column for June 1991. 
tetrodes as - amplifiers, but gain con· · i _ Although these pentodes had 6.3 volt -However, as will be described in the next 
trol of these by bias variation was not ; heaters and were originally intended for of these articles, the extra diode also 
very satisfac ory·as only a small increase car radios, Philco anticipated the even- ; made delayed AGC practical. 
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VINTAGE RADIO RAOIOTRON 6 VALVE A.C. OUAL·WAVE RECEIVER RC53 

Duo-diode triodes 
If two combined diodes were more 

·· economic,· why· not .include a triode as 
well -.. and provide a diode detector, 
AGC and audio amplifier all in one en- · 
velope? .. 

In the ·middle of 1932, a triode with 
characteristics similar to the proven 27 
and sharing a cathode with a pair of 
small diode plates was released as the 2.5 
volt heater type 55 and the 6.3 volt type 
85. These proved to be the successful 
progenitors of a. large number of dual· 
function valves.with one, two and even 
three diodes, combined with triodes and 

· with audio and RF pentodes. ·· 
· Even some sensitive output pentodes 
had diodes. The 55 and 85 were fine for 

CIRCUIT NO RC Sl 
O,i.t( 'JI•~-·· 

DA.l'fl'H l'I 8i 
CHl.C:K ~-Utl 

F/g.3: This A WV circuit was drafted 14 years after the Philco 71 appeared. The 
.. valves were of a later generation, but the 80 rectifier was still standard, by now 
repackaged with an octal base as the 5Y3-GT. Although there are differences In 

· .detail and refinements such as negative feedback, the A WV circuit arrangement 
Is basically the same as that of the Philco. The concept of a single diode detector 
also providing AGC is st/I/ used In many of today's solid state receivers. 

• transformer coupling to the output stage, 
but as resistance coupled amplifiers, 
with a stage gain of only about 6 times,. 
were inadequate for shortwave receivers. 

The solution was to incorporate the· high electrical activity, the sensitivity of . mg, still popular in some applications. , 
first really successful high-mu triode ·many receivers could. be sufficient to Last month's column described an ad­
with the diodes to create the type 75, raise inter-station noise to unpleasant · vanced motorised example, the Ekco 

··capable of providing aboudO times the levels, and local/distance switches were PB289. 
gain of the low·mu valves. So popular often fitted as a compromise. These sim-
was the 75 that variations and close rela- · ply desensitised the· receiver, generally . Diode· biasing 
tiveswere used:as long as valve receiv- by adding extra bias to the RF or IF ,·. Diode biasing of the first audi6'stage 
ers were made. Some of the better known amplifiers, and were satisfactory in made use of the negative voltage that is 
derivatives were the 2A6, 6B6G, 6SQ7 strong signal locations. developed across the detector diode load 
and 6AV6. · .. More sophisticated methods weremut- resistor, and was used in some instances 
. British and European valve makers . ing, quiet automatic gain control, or . by direct coupling to the grid of a Iow­

compromised with triodes with a mu in . squelch circuits which set receiver sensi- . mu resistance coupled triode. Usually 
the region of 30 to 50, popular examples tivity to a predetermined level by apply- . the diode load resistor was the volume 
being the EBC3 and EBC33. . .· ing a large bi~ing voltage to the detector ·•control, so that the bias at the grid was 

With the availability of dual . valves, . diode, audio amplifier or IF stage. When dependent·. on both signal strength and 
diode ·,generated AGC became increas- the threshold was reached, the bias was ·.control setting..... , 
ingly popular and eventually only very overcome and the receiver operated nor- .. . ·By simplifying loading on the diode, 
inexpensive and some reflexed receivers · mally. Most of these systems caused dis· direct coupling is beneficial in minim is-

.. did not have some form of AGC. . tortion, especially around the threshold . ing detector distortion and with low-mu 
· . One application where AGC is essen- level, and eventually were to be confined resistance coupled triodes, especially the 
tial is of course car radios. Not only must . to communication systems and radio ··types 55 and 85, was a reasonably satis-
. they have very good sensitivity, but also ·telephones. · . . ·factory system. However,. volume con-
the wide variations in signal strength en- Probably the most successful method trol .noise could be a problem, the 
countered, often at short intervals, .de- of coping with difficult tuning and be- ·· Iow·mu triodes often did not have suffi­
mand an effective AGC system. Car . tween station noise was pushbutton· tun· cient gain, and diode biasing was not 

· · radio development, especially in Amer- suitable for the high- mu triodes that re-
. jca where they -could be· afforded, in- placed them . 

. creased rapidly with the introduction of A variation of diode biasing was tried 
.6.3 volt heater valves and AGC. . . ·. . for a while, by using the resistance cou-

·. · pied semi-remote-cutoff pentodes 2B7 
;Problems for listeners .and 6B7. Plenty of audio gain was avail-
,. Although it make receivers more doc- . able and with the variable-mu character-
ile, AGC was not initially always an un- istics of the valve there was an element 

_ . qualified success. For one thing, it made ·of audio AGC, but noise· caused by the 
·accurate tuning more difficult for some · actionofmovingthesliderofthevolume 
users, by appearing . to flatten the . re· control was a problem. 
sponse cwve. Consequently, several dif- In the next article we will look at de--
. ferent types of tuning indicators ·were· layed and amplified AGC, and the prob· 
developed. lems - some which can be unsuspected 

· · 1 
1 In some locations, such as cities with . - that AGC faults can create. <• 
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BOOKSHOP' 
and projecis covering a very wide range of Interests, · supplkls for the eleetronlcs workshop. The designs provided 
including Radio, Audio, Household and Test Equpment ·are au low·voltage types for semiconductor circutts. 
projaets. . . · ELECTRONIC SECURITY DEVICES .. 
HOW TO USE OP~AMPS BP56 · , . , $9.SO 
. BP88 . . . ' $11.00 : This book, besides · .Including both Simple and more 
This bdo~ has been written a$ a d0s~ner's guide covering · sophisticated burglar alarm circuits using l~ht, Inf ra·red and 
many operational alllllifiers, serving both as a source book ultra"50nics, also includes many other types of circuit as 
of circuits and a reference book for design calculations. The . well, such as gas and smoke detectors, flood alarms, 
approach has been made as non·mathematical as possR:lle . doorphone and baby alarms, etc. 
and n is hoped, easily understandable by most readers, be ~ PRACTICAL ELECTRONIC BUILDING 
they engineers or hobbyists. BLOCKS-Book 1 
IC 555 PROJECTS . BP117 $8.50 
BP44 $9.50: PRACTICAL ELECTRONIC BUILDING 
Every so ofte~ a· device appears ~hat is r.o useful .that one BLOCKS-Book 2 . .. •, 
wonders how hie went on without tt. The 555 timer is such a · ep118 $8 SO 
device. Included in this book are basic and general circuits, • . , : . · . • 

__ ...,. _______ .. _ ... _. ·-· -. motorcar and model railway circuits, alarms and ~hese books ~re desig.ned 1.0 a1.d electronic enthus1as~ who 
noise-makers as well as a' section on the 556 558 and 559 like to expen~nt. w~h circuns and pr~d~ce their own 
timers ' projects. The cutul!S for a number of building blocks are 

· - · - . Included In each book, and component values and type 
50 SIMPLE LED CIRCUITS , numbers are provided in each case. Where relevant, details 
BP42 $6.00 1 of how to change the parameters of each circuit (voltage 

ELECTRON! HOBBYISTS HANDBOOK Contains 50 Interesting and useful circuits and applications, gain of amplifiers, cut-off frequencies of filters, etc.) are 
· BP233 . _ $16.00 covering many different branches of electronics, using one given so that they can be easily modified to suit individual 
·Mr R.A. Penfo has used his vast knowledge of hobby of the most inexpensive and freely available components • · requirements. No dltficult mathematics is invowed. 
electronics to ide a useful cottection of data for the the light11mitting diode (LED). Also includes circuits for the · HOW TO DESIGN ELECTRONIC PROJECTS ; 
amateur ~lectro~lcs en.thusiast, in a single source where it 707 common anode display. , BP127 $9.00 
can be quickly aM eas1~ located. _ 50 SIMPLE LED CIRCUITS ·BOOK 2 The aim of this book Is to he~ the reader to put together 

_ RADIO AND ELECTRONIC COLOUR CODES .. BP87 _ - $6.00 projects from standard building blocks with a minimum·of 
AND DATA C ART . A further range of uses for the simple LEO which trial and error, but without resorting to any advanced 
BP7 · . $4.00 ·. complements those shown In book number BP42. mathematics. Hints on designing circuh blocks to meet your 
Covers many co our codeS in· use throughout the world, !or 50 PROJECTS USING RELA VS, SCRs special requi~ements where no 'stock' des~n is available 
most radio and lectronic cor11>onents. includes resistors,. AND TRIACs are also provided. . . 
capacitors. tran rmers, tie1d coils, fuses and battery leads, BPl7 . $8.50 HOW TO DESIGN AND MAKE YOUR OWN 
speakers etc. I Relays, silicon controlled rectifiers (SC R's) and PCBs . . . 

, . CHART OF RADIO, ELECTRONIC, . bi-directional triodes (TRIAC'sl have a wide range of BP121 . . . . . . .. ·. $~.50 
· SEMICONDUtTOR AND LOGIC SYMBOLS . . applications in electtonics. , This book gives tried and Ch~ter 1 deals wi.th the simple math.ads of cop~ng printed 
BP27 \ 1 • $4.00 · practical working circuits which should present the minimum circuit board designs fro~ magazines and boo~ and 

.. · ll~strates the cotnmon, and many of the not so common,. ofdifficuttyfortheenthuslasttoconstruct. covers all .aspects of. simple PCB construction as 
radio and eleclrohic, semiconductor and klgic symbols that ·MINl·MATRIX BOARD PROJECTS comprehensively as possible. . · . · 
are used In book!; magazines and instruction manuals etc.,.. Bpgg $G SO Chai;ter 2 covers photog~h1c methods of pro~u~ng 

• In most countries hroughout the world. . Th' book id· lect' 1 20 . . 1 1 - d . t ~· PCB s and Chapter 3 deals wnh most aspects of designing 
.. 's. prov ~ase IO~O u~e.u an. inere .'"9 yourownprintedcircultboardlayouts. 
circwts, all of which can be bu1h on a m1m·matnx board 1ust 

CIRCUIT & CONSTRUCTIONAL 
'

1

PROJECTS 
24 holes by 10 copper strips in size. 

REMOTE CONTROL HANDBOOK 
BP240 $13.00 

S.W., AMATEUR ~ADIO . 
& COMMUNICATIONS 

IC PROJECTS FOR BEGINNERS 'Replaces our original book OP13 and Is aimed at the 
BP97 $8.50 i electronics enthusiast who wishes to experiment with COMMUNICATION (Elements of 
Offers a ranQe of i~le projecis basild around a nunter of• remote control in Its many aspects and forms. 
popular and ine nsive linear and d~ital integrated clrcutts. MODEL RAILWAY PROJECTS ' Electronics-Book 5) , 
With most projed$, complete layout an&or point to point ·BP95 . . $8 50 BP89 · · , .. $1Ul0 . 
wiring diagrams ar induded to help simplHy construction. Provides a nurmerof useful but reasonably simple proj~s A look a~ th~ electronic fund~mentals ~er the whole of the 
30 SOLDERLE S BREADBOARD for the model railway enthusiast to build The projects ~mmunicat1on scene .. This book aims to teach the 
PROJECTS B K .• . · . 1r11>ortant elements of each branch of the sub~d In a style 

• 1 covered include ~ch things as co~trol~rs, signal and as interesting and practical as possible • 
. BP107 . . · $11.00 so~nd effects units, and. to help SllTllll!Y construction, AN IMTRODUCTION TO AMATEUR RADIO 
·· Each project, whic • 1s designed to be built on a "Verobloc'. . stripboard layouts are provided for each prOJec!. . . 
breadboard, is pres ted in similar fashion with a brief circuit· ELECTRONIC PROJECTS FOR CARS BP257 . . . ;, . . · . $1 tOO 
dascriplkln, circult~diagram, component .layout diagram,\ .. AND BOATS Gets you started with the fascinating hobby that enthrals so , 

· nt l'st 1es 1 ,;· d h many people the world over . 
. compone s 1 an no on cons ru"'1on an use w ere· , BP94. . . . . $9.50 INTERN•'JIONAL RADIO STA'JIONS GUIDE·. 

necessary. Where . r possible the components used are· wi h " '"' 
common to severa~ro~cts. ... . Oescnbes fifteen fairly simple pro19cts for use t a car BP255 $t6 00 
30 SOLDERLE S BREADBOARD .. . .. · . . , .. an&or boat Each· pro~ct has an explanation of how the . ,T 1 11 ~-~d d rill" 1 la t'he ..... d:t. 

· circuit works as well as constructional details including a 0 a Y rev~ an rew .en o mp ce pr..,1ous e '~n . · 
PROJECTS. BOOK 2 · str~board layout.· . (B~155). ths boo~ ~onta1.ns con~derabf'/ ~re ln~orma!'°n 
Bp113 I . · . .. . $6. ·.so· POWER SUPPLY PRO. JECTS: · WJiich. s now d1vi'!9d into thirteen ,sections 1n~ud1ng: 

· · 1 · · · - · ·· • . . · Lstening to SW Radio, ITU Country Codes, Worldwide SW 
This bOok desctibesr1ariel1 of proiecls that can tie built on BP 76 , .. . .. $7 ~SO Stations, European, Middle East & N. African LW Stations, 
plug ·in breadboaras using CMOS logic IC's. Each pro~ct Mains power supplies' are' an essential part of . many :• European, Near East & N. African MW stations, Canadian 
contains a schemali¢, parts list and operational notes. · electronic projects. This book gives a nunter of power · MW stations, USA MW Stations, Broadcasts in English, • 
POPULAR ELECTRONIC PROJECTS · . ·· · · supp~ designs, including Sillllle unstabilised types, fixed Programmes for OXe~s & SW listener, UK FM Station, ·. 
BP49 , I· . · $9.50 voltage regulated types, and variable-voltage stabilised Time Differences from GMT, Abbreviations, 
. Provides a eoUectloh of the most popular types of circuits designs, the latter being primarily intended for use as bench Wavelength/Frequency Conversion 
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4CHANNEL 
LIGHT 
·cHASER 
·01MMER 

A superb 4-channel ·. 
·fighting controller. It's designed 
to take the rigours of commercial use in . 

... theatres, discos, stage shows, etc. Powered by 
a 240VAC 15amp outlet with a total lamp load of 2400 or 

, 3600 watts. The chaser can be operated automatically or 
manually. Complete with a fully pre-punched black case,· 

. silk screened front panel and all components. . .. 

.·DUAL sensational Value! ·. 
TRACKING . ,t1.:·,:;y.:'::···:\• ,,: ... , .• 11.::::;/•;:/~"'1/'t:1N<fi>::··YJ!..'\"f:">i·\,, +/-50V /,'.::~· ......... ~ 

·POWER· 
SUPPLY 

Save $50 witti this quality switch mode power supply. It 
has a variable output from 0 to 100 volts DC and a 
current output of 1. 7 A @ 0-87V and 1A@ 100V. With 
short circuit protection and a LED indicator for ripple 
exceeding 5mV p-p. Comes with a pre-punched, silk-. 
screened, front panel. .. 
Cat K-3465 ·.catK-3165 . N' .. 0 I s279 . . . .· . ow ny ... . Reduced! s1 99 

'compare our original kit prices to · 
our·current kit prices and save! DOWN, DOWN, DOWN! 

· DESCRtPTION ·. . ORIGINAL PRICE . (& YEAR) CURRENT PRICE" CAT NO . 
Touch Lamp Dimmer · .. . 
Dimmer Extension (suit K-3001) 
Stereo Control Unit 
'Transistor Tester 
Telephone Bell/Monitor 
.Battery Power Supply 
Fast NiCad Charger . 
Sprinkler Timer 
Lotto Selector · . . . 
Book Shelf Speaker Enclosures 
Car Interior Light Delay 
120-150 WATT Speaker Protector 
Car Tune Up Adaptor 

.·Brake Lamp Flasher 
•Vehicle Exhaust Monitor 
RF Attenuater Box .. 
200 Watt HF Linear Amp . 
HF Upgrade 40 mtrs (Suit K-63M) 
HF Upgrade 20 mtrs (Suit K-6330) 

· 'HF Upgrade 10 mtrs (Suit K-6330) 
··Morse ATTY Decoder 
Transistor Beta Tester · 1 

Beepo Continuity Tester 
30 Watt Stereo Amp S/Form 

. 30 Voft Variable power supply 
Egg Timer .. 
12V-100 WATT DC Converter 
Telephone Amp 
Portable AM Stereo Radio . ·. . 
Gel Cell Battery Charger (S/Form) 
Hands Free Phone Adaptor 
.Hot Canaries , 
4 Input Mixer Pre-Amp 
6 mtr FM Receiver 
420-450 MHZ Converter (suit K-6005) 
144-148MHZ Converter 

$ 34.95 
$ 14.95 
$ 99.00 
$ 46.95 
$ 19.95 
$ 49.95 

.. $ 99.95. 
$ 99.00 
'$ 59.50 
$212.50 
$ 24.95 
$ 39.95 
$ 29.95 

' $ ·29.95 
$ 59.50 
$ 79.95 
$379.00 
$ 39.95 
$ 39.95 
$ 39.95 
$169.00 

.· $ 19.95 
. '$ 29.95 
·$ 99.00 
$ 99.00. 
.$ 19.95 
$129.00• 
$ 39.95 
$ 79.95. 
$ 69.95 
$ 89.95 
$ 24.95 
$ 69.95 
$139.00 
$ 39.95 

. $ 49.95 

If the kit you want is out of stock, ask our staff to check on it's 
storewide availability. In most cases our mail order service 
can get it for you within days. 

''· / 

(1990) 
(1990) 
(1990) .· 
(1990) 
(1990) .. 
(1990) 
(1988) 
(1990) 
(1990) 
(1989) 
(1990) .• 
(1989) 
(1990) 
(1990) 
(1990) 

j1988) 
(1988) 

... (1988) 
(1988) 
(1988) 
(1989) 
(1990) 
(1990) 
(1990) 
.(1989) 
(1991) . 
(1991) 
(1991) 
(1991) 
.(1991) 
(1991) 
(1991) 
(1991) 
(1991) 
(1991) 
(1991 )· 

$ 19.95 
. $ 8.95 

.· $ 49.95 
$ 29.95 
$ 14.95 

. '.· $ .. 32.95 
$ 49.95 
$ 59.95 
$ 39.95 
$ 99.00 
$ 14.95 
$ 19.95 
$ 19.95 
$ 16.95 
$ 39.95 ·'' 
$ 49.95 
$199.00 

. $ 9.95 
$ ·9,95 
$ 9.95 
$ 79.95 
$ 12.95 
$ 16.95 
$ 69.95 

. $ 59.95 
$ 12.95 
$ 69.95 

i ~::~~ 
$ 49.95 
.$ 69.95 
$ 14.95 
$ 49.95 
$ 99.00 
$ 19.95 
$ 32.95 

K-3001 
K-3002 
K-3045 
K-3052 
K-3102 .·· 

.... K-3460 

K-3476 
K-3588 
K-3700 
K-4000 
K-4002 .. 
K-4008 · .·. 
K-4400 

... K-4500 
K-4610 
K-6323 
K-6331 
K-6332 . 
K-6333 
K-6337 
K-6339 · 
K-7200 

. K-7700 
K-5100 
K-3475 
K-3590 

.. K-3235 
K-3104 
K-5200 
K-3220 
K-3100 
K-3530 
K-3036 

. K-6005 
·' K-6008 

K-6006 

, STORE LOCATIONS: 
NSW •Albury 21 8399 • BanKstow~ Square 707 4888 • Blac1<t0wn171 7T22 • Bro01<vale 905 0441 ' 
•Bondi 3871444 •Campbelltown 272199 •Chatswood Chase 4111955 •Chullora 6428922 
•Gore Hill 439 5311 • Gosford 25 0235 •Hornsby 477 6633 • Hurstville 580 8622 • Kotara 58 2092 
• Liverpool 600 9888 •Maitland 33 7866 •Miranda 525 2722 •Newcastle 611896 • North Ryde 
878 3855 •Orange 81 B 400 • Parramatta 689 2188 •Penrith 32 3400 •Railway Square 211 3777 · 
• Sydney City 267 9111 • Tamworth 661711 • Wollongong 28 3800 ACT• Belconnen (06) 2531785 
• Fyshwick 80 4944 VIC • Ballarat 31 5433 • Bendigo 43 0388 • Box Hill 890 0699 •Coburg 
383 4455 • Dandenong 7!l4 9377 •East Brighton 592 2366 • Essendon 379 7444 • Footscray 
689 2055 •Frankston 783 9144 • Geelong 232 711 •Melbourne City 399 Elizabeth St 326 8088 & 
246 Bourke St 639 0396 •Richmond 4281614 •Ringwood 879 5338 •Springvale 547 0522 QLD 
•Brisbane City 229 9377 •Buranda 391 8233 •Cairns 311 51e • Capalaba 245 2870 • Chermside 
359 6255 •Redbank 288 5599 • Rockhampton 27 9644 •Southport 32 9033 • Toowoomba 38 4300 
• Townsville 72 5722 •Underwood 341 0844 • Sl •Adelaide City 223 4122 •Beverley 3471900 
•Elizabeth 255 6099 • Enfield 260 6088 • St. Marys 277 8977 WA· •Cannington 451 8666 
• Fremantle 335 9733 •Perth City 481 3261 •Midland 250 1460 •Northbridge 328 8944 TAS 
·•Hobart 31 0800 NT• Stuart Park 811977 
OfllER BV l'llONE: ·SYDNEY ME.I 888 22 6610 Dlf!SIDE m!llY jRIEE CAU.I 008 22 6610 

81293/PB 
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The Go-.~n-ywhere Receive · 
10 BA.ND 
PORt BLE ... 
SHOR WAVE I 

RECEI ER 

It's Portable! 
16 BAND .. 
SHORTWAVE 

·-. RECEIVER 

The Sang bn SG-789 is a neat and compact receiver Listeh to the world direcL Europe, Asia, America 
with the ~er to pull in radio bro'adcasts from around and Australia. Also covers local AM/FM stations, : , . 
the world! • . . , fongwave and 13 International Shortwave bands. ·· 
•Local A /FM bands (FM stereo with optionalheadphbnes) · •Incredibly compact & portable 
•Receives the B most popular international . , . 

1 
, • .,· •Large LCD screen showing major city times ... 1 •• 

shortwav bands •With dual alarms, sleep timer & tuning indicatbr 1 

'.•Bandspr ad tuning and LED tuning indicator .. .•. •Electronic band selection & volume_ controls s1··a· g·. . 
•Superb s und reproduction , . . . 7··._ ··9· SS 1 •.••• •Pop out stand for desk use , , • . 
•Sockets f r headphones & AC adaptor , · S . . Cat D-2839 1 • 

1 
• • •·• ._ ·_ •• •. _ · 

4 
. 

· Cat 0~283 · 

•. 1. :-, .. ,.. ., 

Hear thew 'rid news as it happens via shortwave, .. 
·or your foe I AM/FM stations. Listen to Commercial _ 
communic tions, Amateur, Marine, HF Aircraft and more: 
•Covers 15 kHz-30MHz, 87.5-108MHz . 
-•9 pre-set tation memories . ..· 
•5 tuning f nctions Including direct keypad entry 
•Backlit LC frequency screen & 24hr _clock · 
•RF gain c ntrol, plus BFO for SSB reception 
•Battery po ered or optional AC adaptor $

1

• 2&· 9 
bat 0-283i · 

1 •·'' ; 

46MEMORY 
·SHORTWAVE 
RECEIVER·. 

Tune Into the world via shortwave with the superb 
ATS·808 from Sangean. With 45 memories, stereo 
headphones and more! 
•AM & FM-stereo bands •ExtefMl antenna socket·& 

. •16 band divisions with · built-in whip antenna 
· direct access buttons . •Longwave: 150-519kHz .. · 
•Keypad, auto-scanning, . ·•Mediumwave: 520-1720kHi 
or rotary tuning •ShOrtwave: 1.711-29.999M Ht·· 

•Alarm, sleep timer & dual ·· continuous or in 13 bands 
time settings •FM: .87.5-108MHz. 

•LCD signal strength meter . cat D-2829 , 

·· ,, AUDIOCABLES ····· .·-.<:·· 
, • 

1 
• • Extremely high quality audio cables. ., 

OFC Spkr,. bx o.'12mm conductors, Figure ·8. . Audio, 'MUSIFLEX' Audio, Super OFC Single-Shielded; 
Cat w-2013 S0.95/m . . , · . ' Twin Shield Pro. Cat w-2032 $1.95/m 
OFC Spkr, ~15 x 0.12mm con'ductors, Fig'ure 8. ': · Cat w.2044 $2.45/m Audio, Super OFC Figure -8 twin Shield. 
cat w-2017 $3.95/m · . . . . . . . cat w-2033 $3.95/m . 
; .· .. · - · • SURGE PROTECTORS -····-- ·. ,.,. ·- ... : ... ,·.·: ·· · 

-_ .. _ · .. _~rotect.yourvaluableelectronic equipment from do. nge. rous voltage surges _ . 
· ' ·. . · and lightning spikes With our great range ofsurge protectors. . · · 

;HPMDO B(EADAPTOR ·- . . ... ufw··· CENSOR.PASSIVEPOWER,FILTER·.· .. · 
& SURGE PROTECTOR . . . . ff, A quality multi-stage L-C filter. Designed to give 
'A quality do ble adaptor with a built in surge -· affordable protection from transients for ,. .. 
protector. Th red indicator light tells you microprocessor equipment. With an attenuation 
surge protec ion is activated. Simply plugs into bandwidth from ' · 
any powerpo nt. S2Q95 100KHz to 4MHz 
Cat M .. 7153 , 1 ,~ and suppression 
~URGE S ii KE SAFETY PLUG . -· . , ot 4ods over this 

other valuabl equipment from voltage surges . 11
1 

Protect your omputer, fax machine, hi·fi ·and · .· , _· . Cat M-7iBs UfW "" i ~-fW . range. . 

and lightning spikes. It simply plugs into any ,
19

.
9 

~=~:=::::==::::::::::~ 
powerpoint a d automatically absorbs surges 
.and spikes. ith a green LED 'on' light. . 

9
. • 

Cat M-7157 .. '. .. _ .-. , S2 95 
IEC SURG . /SPIKE SAFETY CORD 
.A cord set which continuously monitors and 
automatically absorbs voltage surges and . 
'.spikes. With green LED 'on' light at both the · 
.plug and soc et. . s3995 
Cat M-7159. i' , · 

'J+ ·,',',' 
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: Cons~ruction Project: '. · 

'El Cheapo' Car Voltmeter . 
, This simple voltm.eter'gives a visual indication of the\foltage of a 12V car battery. It uses· three LEDs 
· and is packaged in a film container so you can mount it under your car's dash, .or slip it into your 
pocket. I~ couldn't be much simpler ... 

: by NORM BUSH and PETER: PHILLIPS 
. i . 

'',,, i 

: This project has been around before, ! 1.7Wa yellow'LED has 3.0V and a green fore, both Qt and Q2 are off, tk'are LEDl 
. and was first published in ET! some years · LED has 2.3V. . . . · (red) and LED3 (green). However, LED2 
ago. So why is it being presented The whole cirtuit connects to a· t2V ·· (yellow) will light via .RI. The voltage 
again? .. . . . . , . . · battery and when the battery voltage falls drop across IED2 in series with D 1 will 

There are several reasons, induding·a below 11.4V, zener diodes ZD1/ZD2 beabout3.7V. .· 
mOdification .to the circuit But the main (13.6V) and ZD3 (UV) are off. There-.· ····.· When the battery voltage rises above 

· reason is to present an interesting packag- 11.4V (zener voltage+ base-emitter vo\t-
ing method. A new' printed circuit board age of Q2), ZD3 will conduct,· tmning on 
has been developed, small enough to · .. · Q2. This will light LED3 and drop .the 
allow the whole unit to be built into a voltage across LED2 and Dl to about 

. 35mm film container. .2.3V .. This reduces the current in l.ED2 
The ··lead photo shows .the idea, in and it will start to tum off. In practice, 

which the LED indicators that show the ·· ... LED2 doesn't go out completely as even 
battery voltage are now fitted to the lid of ·· lmA of current in a LED is sufficient to 
the film container. The PCB fucks away_ cause it to light At this voltage, both the · 
inside and the leads to the battery exit green (normal) . and the yellow Qow) 
from the back of the case. To mount the . .. ., LEDs are on at much the same brightness 
unit, a· bracket such as that shown in the " level. As the input voltage rises, the green 
photo can be used. . LED will glow more brightly and at 12V 

The original design had the LEOs the green LED will be fully on and the 
mounted on the PCB, and was therefore yellow LED only partly on. . . 
larger than it needed to be if the LEDs . .··.When the battery voltage rises .above 
were removed. As well, ari extra diode·.· 13.7V, the series-connected zener diodes 
has been added in series with one of the ZDl and ZD2 conduct, tuming on QI. 
LEDs to give a better differentiation of ··, ·This causes LEDl (red) tO light, diopping 
the battery voltages. · the voltage across LED2 and Dl. How~ . 

The basic principle is that the LEDs in~ · ever, because the red LED is· only partly .. 
dicate if the battery voltage is low, correct on, all three LEDs will be on at around 
or high. We'll have more to say about that·· the same brilliance. 
later in the article, but the idea of such a Finally, when the battery voltage ex-
voltmeter is probably attractive to quite a ceeds ·t3;85V, the red LED turns on har-
few readers; After all, it could save you der, turning off both lED2 and LED3 as 
money by indicating that the charging there is insufficient voltage to cause these 

· · system is overcharging the battery, or that · LEDs to conduct Thus the red LED is the 
the battery voltage . is dropping sig- only LED on, indicating that the battery 
nificantly when the headlights are on. In voltage is too high. 
short, a simple monitor of the charging · In the original design, diode D2 was not 
system in any l2V vehicle. included. By adding it, we found that 

How it works 
The circuit seems simple enough, but as 

the designer points out in the original ar­
ticle, it took a bit of doing. The principle 
of operation relies on the fact that dif­
ferent coloured LEDs have different volt-
age drops across them. ... . ·. , . 

When a current of 20mA is flowing, a 
red LED has a forward voltage drop of 
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while the green and yellow LEDs are both 
on together at voltages arotind 12V, only 
the red LED is on for voltages over 14.2V. 
Without D2, the green and red LEDs are 
both on when the voltage exceeds 14.2V. 

. This might lead you to believe that the 
voltage is only slightly higher than nm- . 
mal, :when in fact both the green and red 
LEDs will remain oil for all voltages 
higher than 14.2V. Also, because the 

.. \ 

,) 

i 
) 



j of the green LED VlniC., as the . 
voltage riSes above ll.4V, a ·better indica- . 
tionisgi enfora 'nonnal'batteryvoltage · 
,of 12V. t this voltage the green LED is 
fully on,: and the yellow LED is partly 
!turned on , Without D2, the green LED is 
fully on ll.6V and the yellow ·LED is 
·off. As I most . auto-electricians · know, 
· 11.6V is ~bt a nonnal battery voltage. 
· Table . shows the indications for 
various . ut voltages, 'as meastired on . 

· the proto e. As you can see, there are , •.... ·. · ·· · · 
five distin t indications of battery voltage, ··This photo shows how sverfthlng fits lnsid1lths't11m container. 'the LED; and 02 
compared three in the original design. are glued In place and connect with hook-up wire to the PCB • 

. .Constr · ctiOn . , ... 
(:onstru tion is verf simple, and invol- ·· ... : .. .. .... ---..------...... -------.. 

ves stoc · g the PCB, fitting the LEDs to battery +ve ·· 
the lid of. the case then connecting the (at ignition · . 
LEDs to e PCB with hook-up wire. switch) 
The~is purposely small so it can fit · 

in a 35 ·film container, and the space 
between p ds for the diodes is ·less than 
usual. Be areful fanning the leads, to 
prevent u due . stress on .. the .diode ele­
ment Al ' solder them quickly to mini- · 
mise heat dissipation. Naturally, make 
sure they · mounted the correct way 
round befi soldering. . . 

... 
r, ; . 

. ' 

ZD2 
6.8V 

, ZDl· 
, .. '6.8V 

R2··. 
100 

~ LEDI 

" red 

Qt 

470 

. ,1, 

. LED3 

Q2 

R4 
680 

ZD 
llV 

The plas · c used to make, film· con­
tainers is rAther difficult to drill,· and we 
suggest ym~ cut the holes for the LEDs 
with a wad unch. If you mount the LEDs 
to one side f the lid, there will be suffi­
cient space o attach rub-on lettering. We 
used 5mm LEDs in the prototype, al­
though sm er LEDs will probably wotk 

BC549 ·· ·. BC549 

R3· · .. · 

lOk 

DI 
· 1N914 RS 

tok 
' . 

battery -ve . 

The ano&s of the three LEDs are con­
nected together and a single lead Vead 1). 
from this int goes to the PCB. ·The 
diagram of ig.1 shows the physical ar~ 
rangement or the components mounted 
on the lid f the .container .. Note par­
ticularly the rientation of diode D2. . 

The circuit llghts the three LEDs· to give a display that allow$ five levels df 
Interpretation of the battery voltage. LED2 Is on when the voltage Is less than 
11.4V. LED1 lights for voltages higher than 13.BSV. For voltages between these 
limits, LED2 lights in combination with the other LEDs. 

. Keep the I d lengths of the LEDs shon 
(3 or 4mm) 1and solder hook-up wire to 
the cathodes of the red and yellow LEDs. 
Another lea comes from the cathode of 
D2 and thes leads, numbered 2, 3 and 4 
connecta toe PCB ... A lead length of 
about 90 is suitable, perhaps held 
iogethei' wi a piece of plastic. tubing. 
Use 5-minu e epoxy glue to .hold the 
LEDs· and D2 in place. All connections 
should be cofupleted before gluing. . · .. , 

1he PCB artwork ls shOW/1 here full 
size so that you can make your own 

, board. 

.The ,only~ther connections are· the 
· leads that co ect to the battery, and these . tool clip with lhe outer parts of the clip 

exit from a ale in the back of the case. cut away and the sharp edges filed off. 
Although not ideal practice, you can tie a . With a bit of bending it will securely hold 
knot in .thesk leads to .prevent external the container without crushing it. The clip 

s
11 

~sts ru1·s1co~~~ting~em f~m. fue pe:B. :h~= ~::"~a ~:J/~1: 
ns a at1~n : ' ( ... : : .... I bracket.Weusedapieceofl8G(orthere-
' The metho used to fit .the case to a abouts) aluminium, bent to give a bracket 

dashboard .w · depend .ort the vehicle. able to hold the unit above the top of the 
Perhaps the iest way is to use a metal .. dashboard. Another .method is to use 

' ' ' . ·1 ' i ' '', ,-. , "'I ~· :, ' ,, "! > • <' ', 

The layout for the PCS. The numbered . 
leads connect· to the LEDs and 02 
shown In Rg.1. Be careful mounting 

, th& diodes as their pad spacing ·Is 
re lat lvely short. · · 

' •:i :• '> 

double-sided adhesive tape. You might be · 
able to locate .the unit on . the steering 
column, or somewhere convenient Ob­
viously itshould be visible from the driv-

, ing position . and out of direct light, as 
otherwise a high ambient light might 
make the LEDs difficult to see. ·· ··· ·· . . · 
. Of course, -there is no reason why the 
LEDs cannot be mounted separately. You 

. Continued on page 95 
' ' 
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lnformatian,centre 
Conducted by Peter Phillips 

·Mainly project queries, and.a ·'hot' topic 
.We're· 0. bifmore traditional this month, 'with mosfofthe· discussion concentrating on :projects: But 
J've also thrown in a few ideas and some questions from readers - including one ·On the subject 
of heat transfer. There's something for everyone, I hope .. ; 
'. ,.··, 

· I ~ently purchased a few additions to as mine, and we start with a few ideas ·· was used as a ·reference and the outfit 
my sound system, and consistent with ··· aboutheattransfer. could detect changes less than 0.001°C. 
;today's technology, each component has a Sp .. e'e .. d. ·of h. ea·. t ··.. . . . ' .. ~~eas'!::':. was found to be too short ·to 
remote control. Having never enjoyed ,,.... "'" 
annchair control of this magnitude The speed of electron and ion flow has The heat source was then changetl to' a 
before, I was rather anxious to taste the had quite an airing in .these columns flashbulb with an estimated power input 
delights of 'driving the system' from recently, and the next letter draws an in~ of about JOOkW, but again the same 
across the room. ··· · teresting parallel to this and the speed of tesult. Eventually an indirect method was 
. And it's great! Press ·this and that and a thennal disturbance in a solid. What is devised that actually worked. The find· 
before you know it, bells whistle and the speed of a thermal disturbance? Has ings showed that the interval between the 

·lights f'Wh- metaphorically speaking of anyone ever measured it? Om ~n- application of heat to one side of a solid 
course •. But there .is the odd drawback, dent has some interesting :ideas on the and the first rise in temperature on the 
I've discovered... topic... , <Jther face· a Jew centimetres away· was 
.• While typing this month's column, with I was interested it(the discourse· on the virtually instantaneous: too fast to 
the stereo blasting away ifi the back- speed of electron flow in the December measure with a stop-watch. 
ground, the phone rang. It seemed wrong ·· '91 issue, and the distinction between the ·.·So what is the velocitytJf a thermal dis .. 
to race over and tum the system down flow of electrons and the propagation trubance in a solid? How fast does a 
manually, so I grappled around for the. · velocity of a disturbance (or signal). Back .temperature 'front' travel? Another ques­
remote control for the amplifier. in the '60s I was involved in the develop~ ·. tion might be, 'how fast does heat flow in 
· Unfortunately I picked up my cal- 'ment of .a ·.continuous metal casting a solid?' This ·of course refers to the 
culator by mistake. (Phone still ringing ... ) · · process which featured the introduction of . steady-state ·condition and is perhilps 

I fumbled some more and found a molten metal into a water-cooled mould. analogous to the speed tJf electron flow. 
remote for something.· Not the right one, The partly solidified casting was then I conclude that if heat can be regarded 
although it looked the part. (Phone really withdrawn downward, at a speed dictated as a molecular agitation, its velocity of 
getting on my nerves, now). Eventually by the rate of solidification of the metal. propagation corresponds to the velocity 
commonsense prevailed and I raced over, For small round castings; it was desired of.sound ,in the material, sound being 
turning Jhe volume down in the old- to run two such moulds in parallel. The another form of molecular movement. I 
fashioned way. Then I raced back and ;._ mould construction (laminated materials have not noticed any reference to this 
you guessed it, .the phone stopped ring- were used) was such that the conduction · in the literature, but no doubt it has 
ing! of heat through the wall was not always been established by someone, somewhere. 
" .So what's my point? Like black wallets .,the same from mould to mould and the Any ideas? (R. V., St Georges BasinNSW). 
that are always getting lost, J . want to matching . of moulds in pairs having Thanks for these interesting thoughts 
suggest that remote controls should be similar thermal . conduction charac- R.V. I reeall an. experiment at school 
colour coded; Bright yellow, green, red, teristics became necessary. I needed to (many years . ago) where it was 
blue, luminescent, whatever ... so long . get some relative idea of the thermal con- · demonstrated that heat ttavelled more 
as they are easily located in an emer- duction of a solid. . . . quickly in copper than in aluminium: The 
gency. Good idea? Well, its all I can .··.·The first experiment involved uiing· 'ii method used was to fix two objects with 
think of to save the confusion I am JOOOW quartz-iodine lamp, placed in the wax tothemetalrods,atanequaldistance 
now experiencing; · · · · . · interior of a mould and measuring (with a from the point of heat application. The 
· · OK, I thought I'd get thatOffmy' chest stop watch) the time from switch"on to the object attached to the copper rod was al-
firs~ and where better than in this colwnn. ' first appearance of a temperatwe rise on ways the first to fall off. 
After all, this is a colwnn for ideas and the outside. A themwcouple was miJunted However the time taken . could ··be 
perhaps someone in the hifi industry will on the outside of the mould and connected measured in minutes, and the concept of 
agree with me. Fortunately not all the to a senSitive galvanometer. .. . . . heat travelling at the speed of sound was 
ideas expressed this month are as offbeat Another (heat-shielded) thermocouple certainly not demonstrated. But when you 
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think abou it, a thennal disturbance is . and well. It's also good to hear that the 
·,different to eating the object sufficiently 'laser engine' idea has proven successful. 

·· tomeltw Andthat'stheinterestingques- Thanks for this idea J.P., it has all the 
· .. tion. Whati: ·the~ofthedisturbance? · hallmarks I look for - simplicity, .·in­
., I'm prom~ted to ask a few more: does a genuity and low cost. I'm sure other ex­
. thennal di turbance .travel at . the same perimenters will be interested. 
speed in all heat conducting materials, or 'Wh , 240V? . . 
even in an . material, taking into account Y . . · · 
heat atten tion? ·. There are quite a number of things that 

After all, 1the speed of an electric cur- we take for granted, as we generally as-
rent is mu h the same in a '10M ohm . sume the reasons are all part of history. 
resistor as it is in a 1 ohm resistor. If The next letter asks a few questions that 
anyone can help us, I'd be pleased to hear when you think about it are perfectly 
. from you. : reasonable: , . , . 1 , .. . , 

IR remo 
'e ·c· 

0 
.. n: t.r

0 
... 
1
. , . ,. . . I have a couple of historical questions 

that. have intrigued me for a number of 
,, I've had enquiry on where the I Cs years and I wonder if you or any of your 

.used in the frared Remote Control pub- ; readers can shed some light on them. 
lished in J y 1987 can be purchased. One How were the values of the mains vol-
source I'v found is Farnell Electronic tages used in Australia arrived at? Why 
Componen , who can .. be contacted on .an odd figure like 240V, or 260Vin WA? 
{02) 645 8 88. They are located at 72 .Why not a round figure like 200V or 

. 
Femdell. S·It, Cheste.· r Hill, Sydney. · 300V? The same applies in the USA. Why 

110/115V, and not JOOV? , . 
Laser et' gine ., ' " ' ' ; ' On another topic, why were 78rpm <ind 
: .. In Septe ber 1991, a laser beam pro- 33.33rpm chosen as the speeds of gramo­
ject develo · by Oatley Electronics with ,phone records. (D.B.,Dandenong Vic). 
,a do-it-your If 'laser engine' was publish- Why ··indeed? Interesting questions 
ed. The · was to put laser experiments , D.B., and no doubt the reason lies in the 
within rea of mere mortals. Apparently , early development of both .technologies. 
this project has been very popular, and Usually these things are not arbitrarily 
the next I • tter offers a suggestion on chosen by a committee, they just seem .to 
how to im rove the laser engine. .. ·· happen and before we know it, they have 

After me sing about for months with become standards. 
. variable fa quency scanning circuits to .. , However, there is no doubt an interest­
. make a pa tern generator for my 5mW ing story attached to all these questions 
.laser, I m t confess that .the design and if anyone can provide some infonna­
published 'n the September '91 issue tion, I'd be pleased to publish it. 
is much impler, much cheaper and 
.more relia le . . ··. . . , , .. , , Power amplifier .. . .· .· 
··,, . However a feature I added to my '.laser . Although magazine space problems 
'.engine' t t is .not in your design ls a :have prevented my Basic Electronics 
:motorised hutter. To do this, I fued a . series from appearing regularly, I generaI­
Mechano heel to a motor. and placed · ly get a few letters seeking further infor­
, the wheel · h the path of the laser beam mation when each part is presented. And 
after it has passed through .the laser en- .it's nice to know that most readers seem 
· gine. The heel has eight .6mm holes ·to like the series. . , 
equally sp ced around the perimeter and . · The next letter asks for a bit more infor-
makes an i eal shutter. .. mation about the amplifier module that I 

,.The spee of the motordrzving the shut- described in the November '91 issue .. , 
ter is cont lied in the same way as the . I must express my appreciation for your 
motors dri1 ing the deflection mirrors in .Basic Electronics series. I wonder if you 
the laser e gine. The shutter has the effect ,, could give a bit more explanation about 
of breaking the pattern into dots or curves the power . amplifier ·described in the 
which cha each other. loop in and out ,November '91 edition. 
or form spi als, depending on the pattern My first question concerns the collector 

, and the spe d of the shutter. r voltage of Q2. Why is it only 0.64V? It 
. Obvious[ , experimenting With different would seem to me that Q2 is· therefore 

·hole patte s in the wheel used as the saturated (or very close to .it) and so 
shutter wo ld give .other ·effects. I also would seem incapable of performing 
wonder w , t sort of patterns would be . much in the way of an amftlijier. It it were 

· produced if another spinning mirror able to pass signals, wouldn't it be with 
· was adde after the other two. (J.P., ,considerable distortion? ., 
TemukaN ). , , Also, whatisthepurposeofR12? Isita 

I grew u with a Mechano set, and it's protective device to limit current? If so, 
good to h that this technology is alive as it presently stands it also adds to the 

----1.------ +Vee 

Ri 

. . 

... 1· .. 

resistance of the power supply and has 
the potential to cause instability 
problems, as well as limiting the power 
available on peak signals. I would have 

··expected either C7 or an additional 
capacitor to be located after, rather than 
before this resistor. , , 

I'd appreciate yow ·commen'ts: (J H., 
.·Nathan Qld). 

·Glad you like the series J.H., and 
thanks for. your comments. Dealing with 
your first question, the·answer lies in the 

· principle of operation of a transistor. Un­
like a FET (or a valve), a transistor is a 

, current · operated device and voltages 
·don't always tell the story. The circuit of 
· Fig.1 might illustrate the idea. 
· In this circuit there is no emitter' resis­

.. tor,. so the base-emitter voltage (Vbe) will 
··'always be around 0.6V - as this is the 
. voltage across a forward-biased PN junc-
tion. Therefore the base voltage (Vb) will 

, also be 0.6V. 
. If an input voltage of say 2V peak to 

, peak is applied to the input, the conun­
. ·drum arises of how can the base voltage 
. remain at 0.6V. In this case, the input sig­
nal will either be clamped at 0.6V, or a 

·· series resistor between the signal source 
, and the amplifier will be required. 

However, · i while .. the .. base voltage 
remains relatively constan~ the base cur­
rent will increase and decrease. Because 

. the collector current is controlled by the 
base current, the collector current will 
also increase and decrease, and the out­
put voltage of the · circuit will be 
developed across Re. ... , , , .. 

This is exactly what is happening in 
the power amplifier, and although the 

. collector voltage of Q2 is relatively 
constant at 0.6V, because it is connected 
to the base of a transistor similar to that of 
Fig.11 the current still varies and therefore 
amplification occurs. 
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INFORMATION CENTRE · that you are dealing with trequenci~ that 
extend from DC to several MHz. There-

Conceming Rl2, I seem to remember fore the circuit needs to be DC coupled 
: that it served two purposes. The first is , and transistors such as a BF115 or similar 
. protection as you say in your letter. The will be required. · : · 
•second reason is to give a simple means ' · As a suggestion,' you might try Connect-
: of monitoring the quiescent current in ing a single CC amp-lifier . as a buff er 
· the output stage. . stage to the CE amplifier. The extra CC 

By measuring the voltage across this · amplifier can then be used to drive the 
·.resistor, the quiescent . current can be · output CC amplifiers. This is rather 
! determined With Ohm's .law. While this similar to a conventional power amplifier 
: resistor might cause instability in a more which has an input amplifier stage, a 
;powerful amplifier, . none . of these driver then the output stage. 
'problems arose in this design. I remember In your case however, there are several 
spending many hours designing and test· . output stages. From this you can see that 
jog the circuit as my aim was tO produce a the design is relatively complex, as 
circuit that was fairly standard, yet stable you've already found. This might be a 
. in operation. . suitable project and is one I'll try and 

These are often contradictions, as text look into as time permits. 
book circuits rarely perform as they are 
described. Ideally, ,another filter RF preamp 
capacitor after R12 shOuld be included, . There are times when components from 
but it didn't seem to be necessary. · the past are a better aitemative than those 
However, providing you can measure of today. The Antenna Tuner and RF 

.. the quiescent current with a milliam- Preamp present by Jim Rowe in the 
meter, I can see no reason why R12 November 1991 issue is an example. 
can't be omitted. In this circuit, Jim had to resort to using 

a dual varicap diode and all the associated 
CC amplifier . circuitry because suitable .. tuning 

The topic of power amplifiers relates capacitors are no longer available as stock 
sotnewhat to the next letter, which again items. But what if you do have suitable 
. seeks further information as a result of the tuning capacitors? 

·.Basic Electronics series. ·. I've been a short wave listener for 
/' m writing seeking information a/J()ut . many years and a reader of EA since 

common collectoramplifiersasaresultof 1976.I've been waiting for a long time 
•your very informative Basic Electronics for a project like your Antenna Tuner and 
series' which discussed this topic in part RF Preamp described in the November 

. 12. Some time ago I tried using a CC issue, and although it /Mks great, I Would 
· amplifier as a video stage. I wanted to be rather use air-dielectric tuning capacitors 

able to take a video input and expand it to · in place of the BB212 varicap diode. I 
feed up to six outputs. However,/ couldn't ··have a number of tuning capacitors from 
get it to work. The normal level for a old receivers and if I could use them; it 

·video output is (I believe) lVP"P at 75 would save the cost of buying a kit. (JN., 
ohms and I wanted to be able to supply ··Mt WarrigalNSW). · 
this level of video to a number tJf outputs. As it turns out J.N., this is quite easy 

I set out by using a common emitter to do and if you have 'suitable variable 
. . amplifier connected to a number of CC capacitors, then why not You'll need 
. amplifiers as 1 thought this might make two air-dielectric tuning capacitors with a 

· up for lost gain. However I was unable capacitance range of 20pF to probably 
to get IV out, as the CC amplifier around 500pF. As I recall, most air die· 
loaded the preceding CE amjJlifier too · lectric tuning capacitors range up to 
much. Any help would be appreciated : .around 330pF, which may still be 
and thanks for. the series. (B.P., Hast· , suitable. If not, you could try using 
·ings NZ). 'the two sections of a two-gang 

An int.ereSting situatiolf BP., as the theory i capacitor connected in parallel. You 
tells us that a CC amplifier (or emitter fol- ·then delete all components associated 

. lower amplifier as they are often called} · : with the BB212. These are the BB212 
has a high input impedance; 'itself, resistors Rl6, Rl 7 and Rl8, 

While this is true, it is only in com- : capacitors en and C12 and the vari­
parison to other amplifiers and given an : able resistors VRl and VR2. · 
·output· toad of 75 ohms, a typical input The tuning capacitors are ' then con· 
. impedance will probably be less than lOk. . nected with one connected in parallel 

. When· several CC amplifiers are con- ·with Dl and 02 and the other from the , 
rtected to one CE amplifier, the load resis- · rotor of S2b to ground. i. ·· : · 

tance seen by the CE stage is quite low. Note that in both cases, the totor/fiatne 
. This is further compounded by the fact · of the tuning capacitor should be coa-
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m~cted to the· i earthy' side of the circuit 
·to prevent hand .capacitance· detuning 
effects .. · 

. Also, because the pdwef supply !e· 
1 quirements will no longer be s0 stringent, 
·•• it's possible that a simpler regulator could 
be used. For example a simple zener 
diode and a series resistor might suffice. 

What??· , ... 

This question · cornes from Don Law 
(I'umblong NSW) who has posed ques­
tions for us before. This one is rather math· 
ematlcal, and might prove a . bit of a 
challenge. The question is: .. . . · 

An experimenter has two resistors 
connected in parallel and is calculating 

' the resulting value. He is using the time 
honoured method of the product (xy) 
divided by the sum (x + y) on his cal-

.· culator. However, while performing the 
· calculation he . presses the add. 'button 
rather than the divide button, so that in· 
stead of dividing the sum into .the 
product he ·adds the sum to the product 
That is, he ends up with (xy) + (x + y) 
rather than (xy)/(x + y). The display 
shows 90. What are the values of the 
·two resistors? Incidentally, the resistor 
values are whole numbers, not decimal 
values. . . ,· ,·•' 

Answerto 
February's What? . . ..... 

If you didn't know that theVArating of 
transformer in a centre-tapped rectifier 
needed to be higher than that for a bridge · I 
rectifier, here's why. , . 
. In Fig.2, let's assume the turns ratio is 
1:1 and the input RMS voltage is lOV. 
Because the load resistor is 10 ohms, as- · 
suming no losses, the RMS current in the 
load will be _IA, the same as the 

. primary .. current. Therefore, because 
VA equals the RMS current times the , 
. RMS voltage, the VA rating of the 
··primary is lOVA. You'd expect the VA 
rating of each half of the secondary to 
therefore be 5VA. Not so! .. . 

In this circuit, each half of the . trartS· 
former operates separately, and the 

. waveform shows the current flowing in 
DI. The RMS value of this ·waveform 

·equals half the peak value (this is easily . 

DI 



'' I 

proven, b t I'll leave the proof out of 
this expla ation). Using the equation al­
ready ex~ained, the VA rating of the 
, top half f .the secondary is therefore 
·o.71.x 1 V, giving ,7.lVA. The lower 
half needs. 'to be the same, giving a total 
of 14.2V~. A bridge rectifier has AC in 
the secon of the transformer, , and 
for the e ample circuit, the secondary 
current w 11 be lA RMS, giving a VA 
for the se ondary of !OVA. <· 
NOTE : AND ERRATA ... 

I 

Automo ive Engine Control - 2 
(January l 92): On page 49, the range of 
typical op ning times given for injector 
needle val es was in error by a factor of 
10 times. .The range of opening times 
should be 1 from approximately · one to 
five millis conds. 
240V Po er relay (January 1992)! As 
explained n p~94, resistor R2 is used to 
decrease e sensitivity of the triac. For 
'those requ 'ng a further decrease in that 

'El Cheapo' Car Voltmeter 
.Continued from page 91 

-:,-.,,, 

Battery voltage 
Yellow Green Red ., Condition LED LED LED 

less than 1 iAV • fully on off off 
Battery voltage too low. Check battery and/or 

. charging system. 

11.4V -12V partly on partly on off 
Battery OK, but check charging system as . 
output could be low. 

12V -13.7V partly on fully on off Normal operation 

13.7V -13.85V partly on partly on partly on 
Battery OK, but check charging system as . 
output could be high. 

more than 13.85V off off fully on Definitely a problem. Check charging system 1 

'' . Table 1 " 

cotild use a fancier caSe~ such as the case ' 
of an old watch or similar. With a bit of 
imagination and rustling through the junk 
box a suitable case might be found that 
can fit directly to the dashboard. 

The PCB can then be fixed behind the 
sensitivity e.g., to stop the clock on your · ...-----------. 
video fro turning the relay on, when 

dashboard, protected by the film , con• . 
tainer. The method of connection ro the 
battery is also a matter of choice. The unit 
takes around 20mA, so it could be'·per­
manently connected to the battery.Other­
Wise, ·connect it so the ignition switch 
isolates the supply to the volt-meter when 
the ignition is turned off. For vehicles 
With a negative earth (most vehicles), the 
negative lead connects 'directly to the 
vehicle chassis, and the positive lead goes 
to the positive tenninal of the battery. , 
Reverse these leads for positive earth 

the video tself is off, try decreasing the 
value of e resistor. Start at around lk 
and, if ne , ssary, continue with decreas­
ing value ; until R2 shunts sufficient 
current ar 0nd the diodes to give correct 
operation. , 
Also the schematic diagram ·on p.93 , 
shows th ' top of the current~limiting 
resistor fo neon2 (R4) connected to the 
active wi e of the master socket. It 
should, of course, be attached to the ·ac­
tive of the slave socket . _ . <• 

PARTS LIST 
Resistors 
All 1/4W, 5%: 
·R1 470 ohm 
R2 100 ohm . 
R3,5 10k 

· R4 680 ohm 

, Semiconductors 
01 ,2 1 N914 or similar diode, 
ZD1,2 ··· 6.8V, 400mW zener 

.. (1N4736orequiv) 
ZD3 11V, 400mW zener 

(1N4741 or equiv) 
01,21 

·- · BC547 NPN transistor 
(or equiv) 

LEDs1.:S 5mm LEDs: red, green, 
.. yellow 

Miscellaneous 
PCB coded CVM, 25mm x-3Qmm; 
35mm film container; 
mounting hardware for container; 
hook-up wire; 
automotive qualify hook-up wire. 

•' -

red LED--'~·r.11-----. 

Flg.1 shows the underside of the lid 
and how the LEDs and 02 are fitted. 
When all leads have been soldered, hold 
everything In place with epoxy glue. 

vehicles. - / ' 
Ideally, the active Ieaa (positive lead for · . 

rtegative earth vehicles) should be fused. 
This protects against the possibility of an 
accidental short between the active lead 
and the metal chassis. You might be able 

· , to connect the voltmeter at the fuse box, 
· pemaps to a fused accessory such as the 

radio. Also, the leads from the voltmeter 
should have thick insulation in case vibra· 
tion causes the insulation to chafe against 
the metalwork of the vehicle. , 

Of course the voltmeter doesn't have td 
'be built into your car. You can use it as a 
· pocket battery test inslrument, if you 
·wish. 

'Display interpretation 
, As noted earlier, Table 1 shows the vol~ 
tages obtained from the prototype for the · 
various LED indications. These may vary 
· a little, depending on the components and 
we suggest you bench test the unit before 
installing it. . 

The conditions shown in Table l are 
generalisations, and driving conditions 
should be taken , into account For ex­
ample, if you 're using high power driving 
lights, the battery ·voltage could drop 
below . 12V. . The battt.zy voltage should 
recover under normal driving conditions, 
where a normal battery voltage is usually 
somewhere between12·14V. And this lit­
tle voltmeter will keep you infonned,. + 
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started preliminary ·prannil1g' for a· 'pos­
sible nuclear power station in the State 
by the mid-1970's. 
.. The SEC has appointed a study group 

.. 'Electronics Australia' is one of the longest running technical publications ilt . to examine the economic feasibility of 
·the world. We started as 'Wireless Weekly' in August 1922 and became 'Radio , nuclear power as a means of generating 
nnd Hobbies· in Australia' in April 1939. The title was chancred to 'Radio, electricity, and is discussing the project 

o with the Commonwealth Atomic Energy 
Television and Hobbies' in February 1955 and finally, to 'Electronics Commission. . 
Australia' in April 1965. Below we feature some items from past issues. The Commission has made it clear for 
' 1 h be · h' · 'ft some time that nuclear power would be 
March 1942 · • t as en presented to 1D1 as a gi considered, along with brown coal and 

Corrosion resistance: An ·invaluable . from the 'Red Heads of Britain'' who natural gas, as a possible power source 
invention is the increasing of corrosion have contributed SOOO pounds for its for development after the present brown 

·purchase. resistance in metals by impregnation . , . coal base-load program, which is 
with silicon. ·March 1967 definitely planned ahead until the mid-
• The silicon alloy forming the case has Ultraviolet laser: A tiny, transparent 1970's. 
valuable physical properties, and does platelet of zinc oxide - the phosphor · High-speed teleprinter: A teleprinter 
not ·part from the core. It is virtually free material with properties similar to· those ,with a print-out speed of 250 characters 
from the tendency to split or flake. used on the face of a television tube - per second has been produced by 
' . The·· silicon impregnation is no more has made possible the development of Motorola in USA. . · ·· 
expensive than ordinary case-carburis- lite first solid-state . laser to produce · Said to be a considerable advance on 
ing. Thousands of transport vehicle parts ultraviolet light. . . . existing equipment,. it achieves its fast 
have been used to replace expensive . The discovery is of both scientific and printout .time by using electronic pulses 
alloy steel parts when . treated in this practical importance, since lasers of this to form characters on electrically sensi· 
way. .. . ·. . . . kind might be used to produce novel tive paper. ·· . 
.. Private warplane: Red-haired Squad- types of TV pictures and radar displays The unit can accept a variety of input 
ron-Leader Keith Truscott, commanding as well as high speed computer printout codes, including those used in digital 
officer of Australia's most famous devices. computers and data processing systems. 
fighter squadron, will in future fly his Atomic power station: The ·State 'There are no impacting keys .and the 
'own Spitfire against the Germans. ·Electricity Commission of Victoria has equipment is virtually noiseless. <• 

EA CROSSWORD 
ACROSS 19. Region of a ferromagnetic 

·· · · · · . substance. (6) 
1. Small instruction manual. (8) . 22 .. Special yearly magazine. (6) 
5· Word indicating a number. (6) 23. Components in chains. (7) 

to. Charged layers, the Van 26. A magnetic compass does 

11 
;--,belt~.d(5d)f. (9) . this. (4) . 

· .we ve-si e inure. . 27. Non-trunk telephony, 
12. Miniaturised. (4) . · ·. the-call. (5) 
13 .. Electronic musical .. 28. Blue-green colour. (4) 

instrument. (abbr) (5) 32 Th d f 
14. Form surtace pattern. (4) · e stu Y 0 memory · improvement. (9) 
17. Frequency band. (7) 33. Symbol used with resistance. 

SOWTIONFOR 
FEBRUARY 

(5) . ·. .I 

· · 34. Compass component. (6) 
35. Portable. (4-4) 

DOWN 
.1. What's protected by a 

dosimeter? (6) 
'2. Tough thermoplastic 

~~~R polyamide. (5) 
3. Big-, a cosmological 

explosion. (4) . 
4. One using a gnomon? (3-5) 
6. Hald at fixed settings. ( 4) 
7. Such is a Fleming rule. (5-4) 
8. It's written extensively. (8) 
9. Summed. (5) 
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15. Unlock. (5) . . 
16. Put one's hand in contact. (5) 
18. Part of a telephone set. (9) 
20. One who does small repairs. 

(8). . 
21. Country rich in element 50. 

(8) 

24. Pertaining to sound waves 
. (5) . 

25. A device of course! (6) 
· 29. Waillist. (5) · 

30. Instrument facilitating· 
assembly, etc. (4) 

31. Group of characters. (4) 
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, ~ ADVERTISING RATES FOR THIS PAGE '. . · · ··. 
SMALL AD·: The minimum acceptable .Size of 2 centimetres x one colu'!1n costs only $50. Othersiz~up to 'a'rnaliimum 'of 1oeentimefres are··· 
'rated at $3 a centimetre. CLASSIFIEDS: $4 for 40 letters. Just count the letters divide by 40 and multiply by $4, ~OUN? UP TO THE . 
'NEAREST ~HOLE NUMBER. CLOSING DA TE: Ads may be accepted up to the tenth of the month two months pnor to issue date. PAYMENT: 
Please encl e payment with your advertisement. Adress your letter to: THE ADVERTISING PRODUCTION MANAGER, ELECTRONICS 
AUSTRAL! , P .0. BOX 199, ALEXANDRIA NSW 2015 FAX: (02) 693 9997 .. , .. . · .· ·· . , , ... 
C! : '. ' ~ ,. "I ' : ' ' t- ) • , \ ', ,., , ,,.,, ~, ~I , < i, '. ' : . ' ,, 

.''1';· ... : FOR SALE I 1 !, ' 

T.V.Y KE EXCHANGE 
. .. , , '· Prompt service. · . · ,. 
Ref er tra ' stormer rewinds this page. 

·~hone (065) 761 291 . . . . .. : · ... 
ax (065) 761 003 · 

CHIPSPEE KllS AND PARTS: All night 
hi-right ktt ( Nov 90) $67 plus $1 o P&P 
.or $5 Syd ey. Extended Pulse 'Burn 
electronic i nttion ktt (AEM Feb, 1Apr 87) 
$70, fully ~uilt and tested $99, includes 
P&P.6,9,1V 300mA plugpack .$17, 
.includes P P. Metal film resistors, 0.6W, 
1 RO to 1 0, $5.50 per 1 oo (can be 
mixed) plus $2 ,P&P/1 ooo.22onF 630Vdc 
polycarbonate $1.BUXSO $7.60. Send SAE 
for resistortample/prices of gates 2.5,5 
and 12,5 /H sealed lead acid cells. 
Chipspeed ledronics PO .Box 38 Casula 
Mall2170. · 

WEATHER FAX;PROGRAM~:.forlBM 
XTIAT's **\"RADFAX2• $35, 1s a high 
resolution, sfyortwave weather fax, morse & 
RTIY receiving program .. Needs CGA, 
SSBhf 'radi~ & RADFAX decoder. Also 
•RF2HERC, "RF2EGA•, & "RF2VGA", 
same as.. ADFAX2 but suitable for 
Herrul~. E & VGA cards· respectively • 
~·· "SA TF " $45, is a NOM Meteor & 
GMS weath r satellite picture receiving 
program. ses EGA or VGA modes; 
Needs EG or VGA color monttor and 
card, + . n-IER FAY: PC card. **~ All 
programs a 'on 525" OR 3.s• disks (state 
Which) + dodumentation, add $3 postage. 
ONLY from M.Delhunty, 42 Vilners St, New 
Farm 4005, OLD. . . .. 
Ph:(07)35i785. .. '~, .... .. . .· 
·' 'I ," : ' ., •... ' ·. ; ",I 

TELONIC b·1 A:' swe&p generator 1 .. 
1000 Mhz,C ntel square wave generator 
1Hz-1Mhz, rm~ modulation meter AM & 
FM, A.W.A1distortion & noise .meter 
M1932, HeWlett Packard 524C frequency 
counter all ttachements. Older type 
instruments i perf ed operating cond'ttion, 
$50.oo eooh, (02) 6881936", ,. , , . 

TRAN FORMER REWINDS .. ·. 
Au_ TYPES dF TRANSFORMER REWINDS 
: TRANSFORMER REWINDS , ·" 
Aeply Paid No , PO Box 438 Singleton, NSW 
2330. Ph: (06 761291, Fax: (065) 761003 

·if1AT HANoeoolC BY cH01ssER · & . CHEAPEST USER EVER?: we hav~ a 
f OSTER: .Pocket size· 92 pages • For good supply of some new and near new 
'Engineers & Programmers, & other serious ~ faser heads With minor beam geometry 
PC/XT & PC/AT users. A collection of 1 problems. They produce outputs from 1· 
hardware & software facts and data on the 2mW. We can provide our universla 12V 
PC compatible family and .tts operating laser power supplies kit and one t:A these 
system. Latest edition. This is the one heads . . . . ,.. . . 
advertised by Annabooks in U.S. mags ONLY$890ATI.EYELECTRONICS .. 
Byte Dr. Dott>'s Journal etc. $20 icluding LCD DISPLAY MODULES: High quality 
postage. 5 ot more ·S15 each. D,on '. L.C~ di~play modules with ~SI drive.r 
Mckenzie· 29 Ellesmere Cres T ullamanne arcultry included, at a small fraction of their 
3043. . . · real prices: 24 character t7t' 2 line display 
· (24 X 2)-$24, · 16 X 2 display with 
AMlobN FERROMAGNETIC CORES: .. . backlighting $22.50. All modules are 
For LFMFNHF/UHF applications. Send DL supplied wtth information, and we have a 
size SASE for data/price to RJ & US backlighting invener kit available: $9. 
IMPORTS, BOX 431 KIAMA NSW 2533. OAllEY ELECTRONICS. · , ·· 
Agencies at Geoff Wood Electronics, BARGAIN PRICED LASER!: A BIGGER 
Albury: Assoc TV Service, Hobbart: LASER! This SPECIAL priced kit includes 
Electronics Components, ACT: Truscott a brand new large 3-5 mW HE-NE laser 
Electronics,Meloourne T.V. tube, .and high quality potted 12V laser 
•• • • j .• , . • • • • • • , • • power supply .to suit Use them for effects, 
UNUSUAL.·,. BOOKS: · Fireworks, : surveying, holography, healing, etc. 
Locksmithing, Radar Invisibility, Oefinetly not for kidsl: LASER LIGHT.ANp 
~urveillance, Unusual Chemistry and More. , HIGH VO~TAGEDANGERSI The pnc:e IS 
SendSASEforcatalogueto:VectorPress, an incred1ble·$199 for the tube and a 
Dept E, PO Box 434 Brighton SA 5048. . supply" C~rtifie~ P · + P: · .Australia 

· . $5 .... N.Z.(a1r-ma1I): $10 Ma1or cards 
SECURITY ALARM COMPONENTS: accepted wtth phone and fax orders.Oatley 
Commercial quality alarm panels, Eledronics, P.O. Box 89 Oatley NSW2223 
detectors, cable, everything for complete . Phone: (02) 579 4985 · · 
alarm system. Discounted prices .. 4 Core Fax: (02) 570791 O. 
alarm cable $35 per ·1 oom. 2 core alarm 
cable fig.a $15 per 100m P.1.R. Detectors · 
pulse count $59 ea, Horn Speakers $12.50 • 
ea. Alarm control modules $69.50 ea. Mail . . . . 
OrderServk:e Send S.AE. forfreeprice list ' IMPROVED SERIAL 1/0 · 
to Security Distributors 141 Todds rd INTERFACE FOR PC'S 
Lawton OLD 4501. Ph: (07) 882 0002 Now :ivnilable as a Pre-built and Tested . 

module. THIS JS NOT A KIT. Re-designed 
KIT REPAIRS t111work nnd profossionalty constmcted on 11 

' ' Kits repaired from all magazines. bt111d only mcasuri~g 3x5 inches (75xl2.imm). , 
~Switchr:node power supplies r.e~aired. ~,()m!s c.oll1I?lcte with d11~, and software. • , 

· Design work from start to finish. .µJ.49.9S Pu~ounts available on quantity. 
Computer software consultancy. , Send cheque I M.O. to Victor Noweeki . 

·· Rlnganytlme9am-9pmMon·Sun .. P.O. Box6l2.1 BRIGHTON, 50481 S.A .. ···· 
' ' EEM Electronics ' : FAX (08) 377-1816 P.S. (08) 378-3758 

, ·· 10 Bo~verie Place, Epping Vic 3076 ' . . . ,. , . . , . , .. 
(03) 4011393 

ii /RfS. ll ~·~!10!1 ~,'-'~~·n ii/ 
Established 1933 

JS THE ONLY COMPANY WHICH 
MANUFACTURES & SELLS EVERY PCB 

& FRONT PANEL 
published in EA & Silicon Chip. 

651 Forest Road, Bexley 2207 
AUSTRALIA 

RING (02) 587 3491 FOR INSTANT PRICES. 

.. FIX·A·KIT · · 
. KIT REPAIR AND'CONSTRUCTIO~ 

· 3 ·months warranty on repairs· . 
12 months warranty on 'COflstruetion. · 

technical assistance. . , 

HVCAL ELECTRONICS 
Design, Manufacture, repair of electronic equipment 

(02) 633 54n , " .... , : . 



sas1csOtradio · · · ·· ·· ···· Amateur · 
.. · ·Continued from page 55 

conductive ceramic 10-tum pot for Ro 
would be nice. Notice that we split Ro 
into fixed and variable parts in series1 for · 
two reasons. Firstly this way the resis­
tance adjustment is smoother. Secondly 
we never want Ro to go to zero; The 
potentiometer part of Ro should be 
soundly manufactured and mechanically 
stable. None of those cheap miniature 
types, please! . .1 • . . · .. · 

···When no station is -being received the 
NE565N runs at a VCO centre freqoen-

~ cy fo given by: .. 
fo= 1{3.7RoCo ·· 

·where: fo is in Hertz .. 
Rois in ohms 

· Co is in Farads , 
and the VCC supply is +/·6V. 

.. · Assuming stable values for Ro and Co, 
this centre frequency may drift due to 
temperature change; . typically 
200ppm/°C (i.e., 200 parts per· million 
per degree C). . .. .. . ··.. . · . ·· . 
.. The supply voltage should also ·.be 
stabilised by simple zener diodes. Other­
wise the centre frequency may change 
by 200ppm for each 1 % change in supp· 
ly voltage. Fig.2 shows the NE565 work­
ing on+/-6V supply, drawing from 8 to 
l3mA. With suitable changes to the cir-. 

. cuit, you could use supply voltages up to· 
+/· 12V. This· unit works well for input 
signals f(in) greater than IOmV. RMS. 
The audio output ·at pin 7 will be in the 
low hundreds of millivoltli range (p-p ); ... 

·. ·.··More questions? .... · · . . · 
• I You may well have more questions 

.about the PLL demodulator, such as: 

' ' .. ' 

(1) Do we have to set the centre 
frequency with extreme precision? 

· (2) What if ourreceiver's local 
oscillator drifts? , 

(3) Or if the carrier of a cheap walkie-· 
talkie tranSmitter wanders? 

(4) How does the PLL reject AM? . . 
(5) How sensitive is the phase detector? 
'(6) What about stereo? . · 
(6) How about noise? : 
(7) Can we select the audio 

bandwidth? 
.. But for the moment,iwe'll leave it 

there until next time. Then we will delve 
deeper into the fascinating PLL, for it is 
truly one of the most versatile electronic 
building blockS, whose uses are limited 
only by your imagination. . . · : . . 
. Thanks. to Signetics, :Motorola,. Na­
tional and other manufacturers for data 
and specs on the chips mentioned in 
this chapter. ! .. <• 

I 
I 
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Radio News-
;" .~ f : /\ ' ti" 

Pirates caught,. fined·:: ... · ··· mtroduction. ofm~ to the Austritlian 
·A · · ,.,. br ~ .... .:.t . fro · armed forces, which should make the . ·' 

. . . . recent weeAly .. 00~ · m·.. book of considerable interest. VK2DYM 
VK2WI reported that the .DoTC. has describes· the stories it presents as 
prosecuted two users ~f CB tran~1vers 'enthralling'' and says it really makes one 
that ,had been modified for .. out of appreciate the trials and tribulations en- ; 
band use.. ·duredb th · 1 ed • · · this o e h ' '• te' · Perth · fiflcil y ose mvo1v m p10neenng 
·$3500 ~~e ili:the~on the a~: Coast highly technical and then secret develop- , 

. ' . . ment · 
was fmed $()00() - plus court costs m . CopiesofRadaiYdrnsareavailablefor 
both ~es.1f1e G~ld Coast user ~ had $Z4 posted, from Colin MacKinnon, 52 J 

all of hiS radio eqmpment and test. IDStru· Mills Road, Glenhaven 2156. · 1 

ments confiscated. . : .· ·. ·. ..... " 
, .... The VK2WI broadcast commented that N. v·· K. ·2·. s·· d.. . .. · ew· m .recor ,. ·· 
the prosecutions are part of a DoTC cam· 
paign· to 'toughen up' on people who use 
equipment, including illegally modified 
equipment, to operate out of their desig· 
nated bands. 

Antenna for WICEN use : 
. Also from a recent VK2WI broadcast 

. comes ·news that a dual-band 2mf70cm 
antenna has been installed on· the State 

·Emergency Service building'in'Homsby, 
Northern Sydney, for use by WICEN 
(Wireless Institute Civil Emergency Net~ 
work). . . . . : .. . . . ... · 

The . antentla was iinstalled .by Barry 
White VK2MB and Dave . Horsfall 
VK2KFU, and tests showed that it al· 
lowed contact with both Newcastle .-and 
Wollongong .._ giving a good .idea of its 
coverage. . . , . · .. . ·. ·· 
· The long~term plan is tO install WICEN 
antennas on all SES buildings, as funds 
allow. 

' A new VK2: recoro fot• contacts on · ~:+i 
SOMHz haS apparently been set by Mike 
Farrell VK2FLR, according to the NSW 
Division's resident VHF advisor Roger 
Harrison VK2ZTB. ..· .... · .· . , . > 

In late November .. VK2FLR used 
SOMHz to make contact with the Azores, 
a distance of arorind 20,000km - break· 
ing his own record of a week or so before, 
wherein he had worked GI4JCD, on the · 
island of Jersey in the English Channel. 
' Apparently VK2FLR then went on to 
work US amateur W5UN via 2m EME 
('moon bounce') on November 23, .with 
VK2DVZ in Northern NSW also making 
contact with WSUN on the same day. 
Congratltlations to all, and especially . 
VK2Fl.R. ·, ' 

• J' '.·' I 

• ',' ,': '" ~ > • I' (' j {•: '> ,' / ' A "1 ' ~ '· ,, I' : '. 

Mobile phbne users fined .... : .. 
: No dbubt most radio amateurs will be 
aware that operating a motiile transceiver 
wile· driving is not only very dangerous, 

lntereSting book · · ··· · · .· ··· · ·. bu=~~~obile ~llwar telephone 
on RAAF radar · " : , · ·· while driving is also illegal, at least in 

Colin MacKinnon,· VK2DYM has serit NSW, unless it is operating in 'hands free' 
brief infonnation .on a new limited-edi- mode (which all mobile cellular phones 
tion book called Radar Yarns, the first in a are required to provide). Despite this, it's 
series being published by a committee of surprising how often one sees motorists .. 1 
. ex-RAAF personnel to document the his-. driving along with a phone handset' in one 
tory of RAAP ground radar during WW2. . hand. . . . .. . . j 

Edited by Ed Simmonds and Norm·. : The NSW authorities are. anna~ntly · 1 
:1'1'""' ... J 

Smith, Radar Yarns is in the A4 format putting ·increasing effort into enforcing 
and runs to 230 pages. It gives an intro· the law, however. According to a report in 
duction · to RAAF radar, followed by a the Sydney Morning Herald, some 1057 
most interesting compilation of the ex· NSW motorists were fined during the first 
periences of operators and technicians eight months of 1991 for using a hand· 
while serving on radar stations. held telephonewhiledriving. .· . . . ·l 
· The book includes the most complete Another 99 were fined for either' 

known listing of RAAP ground radar sta· answering, or attempting to answefa call 
tions around Australia and in the Islands,· while. driving. ·either answering, or .at· 
plus photos of installations. . . tempting .to answer a call while driving. 

.. Very little has yet been published on the These offences carry a fine of $85 each.+ 
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NEWS· HIGHLIGllTS 
FCC BACKS 

,, MOTOROLA'S IRIDIUM ',,' 
PC'S CONTROL SA 
GUIN TERMINAL 

microcomputers at the core ......: starting , . 
with Acom BBC Model B's seven 
years ago - as they proved more 

The US Federal Communications Com- . One of the world's most advanced grain flexible to program and more user 
m~ion (FCC) has made a fonnal submis- · handling systems has been installed at friendly to the operator," said Earle , 
sion to the . Iniernational Frequency Wallaroo in , the north west of South Rowan, Intertech MD. 

. Registration Board (IFRB), requesting an Australia, in time to handle over half a The Wallaroo system is based on 10 
international . frequency reservation for million tonnes in the latest coming bar - Acorn Archimedes RISC systems. One is 
low earth orbit (LEO) satellite systems. vest located in each storage block, one in the 

The FCC action reinforces the US posi- One of the most remarkable features of central control room and one in the 
tion at this year's World Administrative · the Australian developed system is that it Manager'sofficeandAssistantManager's 
Radio Cooference ~ARC-92), and is relies totally on computer hardware avail- , office. The system is 1inke.d via a two-tier 
seen as strong evidence that the FCC in- able to most Australian schools. . · local area network so that any controller ,· 
·tend.9 to implement a LEO-type system - , Intertech won the contract to automate , · can control the total plant is required. . 

,', Jl'Ohtbly Motorola's Iridium system; . . the grain handling terminal's control The systems are connected to more than 
This is the first announcement by any ~,based on earlier systems the com- 5000 dimte signals, switches and analog 

country of its intention to implement this pany had installed in Port Lincoln and , sensing devices via 25 kilometres of sig-
innovative technology for radiodeter- Port Giles terminals for South Australian ,· · lla1 wire, and the display shows the exact 
mination and mobile satellite services. Co-operative BuJk Handling Limited. status of each block, or the complete sys-

Leo ,Mondale, vice, premdent of ,"Each of the solutions has been with tern in real time. 
Motorola affiliate company Iridium Inc., 
said "We applaud the FCC's foresight By 
mbmitting low earth' omit 'satellite fre. 
quencies for use within five years, near-

'. . term implementation of an Iridium type 
· , LEO system can be a reality." ., . 
. "Motorola has developed the Iridium 
· system to be owned and operated by an 
, international patlnership, uniting carriers 

, and equipment companies around the 
.... world to deliver 1Jniversal, truly portable 

commmtlcations to every corner of the 
,, globe." 
. , The Iridium system is a proposed global 

,, 'pttSOnal communications system, to per­
mit users of hand-held phones to com· 
municate with any other user at any time, 
and from anywhere in the world. Licens­
ing authority for the system is cmrently 
being considered by the FCC. 

AWA·RTAUND 
· llG HK TUFFIC 
CONTROL CONTRACT 

Australia's AWA has entered into a con­
~t with the Hong Kong .Government to 
implement an Advanced Traffic Manage­
ment System (ATMS) for the Kowloon 
and Tsuen Wan areas. The contract, which 
has a total value in excess of A$27 million 
is believed to be th~ Jmgest contract for 
such a system ever let , 

AWA chairman and chief executive Mr 
John Iliffe attributed this success in the 
main to the close cooperation between 
AWA and the NSW Roads & Traffic 
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Authority, which is supplying the SCATS , tion of the SCATS traffic signal system at 
traffic management software. . , .· , ,, 512 intersections in Kowloon and Tsuen 

"Not only will the NSW Government Wan. 
receive over A$4 million from AWA for The SCATS 8ystem has be.en installed 
software licences and support, but the in every major Australian city exceptBris­
contract also provides a significant export bane and in cowttries including New 
boost for A~tralian manufactured Zealand, Singapore, Philippines,. 
products," he said Malaysia and Ireland It now controls 

All of the equipment tO ,~ supplied 5,300 ~ts of traffic lights in 29 cities 
wtder the contract is to be manufactured ,around the world · 
by AWA at its Homebush, NSW factory. . '. A recent AWA cantract 'for its installa­

The contract provides for the installa- · tion in Oakland County, Michigan, is 



~garded 11

. a significimt lxtakthrongh .• iPltl.E PLANNING . mtotheU~tedStatesmartcet . CONSUMER PRODU·c· y·s··: 
·· The . cobtract, announced in· rnid-Oc- . . .. 

Jober of Wt year, represents the fll'St high- · · · 
·tech traffit control system of its type ~ 
ever installed in the US. ·. .. : 

FIRST (g SAMPLtS ··.• .·.···· " .. 
·oF 64 B DRAMS •· .· . , •. 

+ r' ·- ''"""• """ "~'"'" 

' 

users all over the world. The decision to 
include paging in Inmarsat's portfolio of 
services was taken by Inmarsat's govern­
ing Council at its 4 lst session that con­
Jcluded in London late last year. .. .1 

· The decision on paging follows a serie8 
. -of technical and commercial studies and 
experiments over the last couple of yem. · 
This new service is designed to comple­
ment ·.existing i and · planned terrestrial · 
paging systems by providing a very wide 

... area of coverage· at·. affordable . prices 
through the Inmarsat global satellite net­
wotk. · 
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NEWS HIGHLIGHTS tance testing .and" softW3re/haroware '•. Scientilic~Atlanta will develop 'tlre 
verification. . necessary transmission system and equip-

These milestones were scheduled tO be ment to allow secure satellite transmission 
, .. The ,system will. .provide 'for conven- . completed · earlier,· but · .there were of the ?tnith/AT&T DSC·HDTV signal 
tiOnal · tone . paging, as well as al· : problems with the printed cirCuit boards ·to make HDTV programming available to 
phanumeric messages and various forms . and electric motors in the MAPS. all mmkets and to support a timely market 

.. of data, to be displayed on. a small.LCD The EUVE will map the entire sky<to introduction . 

. screen. · . . . . . ·determine the existence, direction, bright- Under a separate $00tiientzeiiith Ad-
A variety of receiver models are ex· 1 ness and temperature of thousands of ob- vanced Television and Scientific.Atlanta 

pected to be available - from pocket- '· jects that are sources of extreme · have developed a common transmission 
sized stand alone units, to those integrated . ultraviolet radiation. · . . ··structure for carrying· the l.enith/ AT&T 

.. into briefcase-sized Inmarsat..C/M sat- The scientific mission of EUVE will 'digital HDTV .· signal . and Scientific-
coms terminals, and ,receivers designed ·consist of a six month all-sky survey, Atlanta's digitally compressed standard 
for installation on commercial vehicles. .· which will be followed by a spectroscopy TV signal from the television studio over 

. . . With satellite pagers integrated into phase of at least one year. · satellite and through cable television sys-
. ,their Inmarsat briefcase satcoms ter· In the spectroscopy phase, indi\lidual 'terns to the hbme. · · . · 
minals, subscribers can be paged and ad- , targets, whether discovered in the all-sky ... !he .ne~ digital ~gram delivery sy'S-
vised to eall ,their offices, even if their. survey or identified from other infonna- tern will mclude delivery over both satel-
terminals are turned-off. ·ti.on, will be analysed in detail through in- lite and cable and would allow tWo HDTV 

· dividual observations made with an signals or folir to ten digitally compressed 

WEEKLY CMOS IC .· 
PROTOTYPING 

Orbit Semiconductor is rto~ offering a 
:weekly prototyping service for CMOS in­
.· tegrated circuits, available to Australian 
. and New 1.ealand IC designers via In­
. tegrated . Silicon Design Pty Ltd in 
Ade1aide, South A0stralia. .· . . . . . .· . 
. Custom IC designs .can now be fabri­

. cated much faster than previously, in any 
·of Orbit's 22 standard CMOS processes. 

The new Orbit Foresight program is 
similar to the well-known MOSIS pro­
. gram .. A full custom design 2.4 x 2.4mm 
can be fabricated, and twelve 40-pin DIP 
packaged parts delivered for as little as 
A$2600. •. , . .. . • . . , . . 
. . Designs as large as 9 .6 x 9 .6mrri .cart be 
accepted, as .well as other packagirig (in­

. eluding PGA), at additional costs. Process 
options available include 1.2, 1.5 and 2.0 
micron double metal and/or double poly, 
Pwell or Nwell CMOS, and BiCMOS ... · 
· ··· Further details are available from ISD at 
· PO Box 99, Rundle Mall, Adelaide 5000; 
phone (08) 223 5802 ' 

NASA READIES 
U·V ASTRONOMY 

.SATELLITE 
, ,·' ' . 

NASA's Extreme illtraviolet Expl0rer 
(EUVE) satellite has been scheduled for 
launch on May 28, 1992, from the Cape 
Canaveral Air Force station in Florida. 

Originally set for launch on January 
16, the launch was rescheduled because 
EUVE had to accompljsh two critical 
milestones at the Goddard Space Flight 
Centre, Greenbelt, Md, before it was 
·shipped to Kennedy Space· Centre, Fla. 
The two milestones were Modular An­
tenna Pointing System (MAPS) accep-
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·. onboard extreme ultraviolet spectrometer. standard television signals in one satellite 
· · ttansponder and one HDTV and from two 
. US FIRMS LINK to five digitally compressed signals down 

.
: FOR HDTV R&D . a cable to a television subscriber's home. 
. • · The system will combine the powerful 

Vector Quantisation (VQ) compression 
system for standard·; TV signals, with 
'l.enith's rugged four level vestigial 
sideband (VSB) modulation techriology. 

· ThreC leading US comprurles - 1.enith 
Electronics Corporation, . AT&T 
·Microelectronics and Scientific-Atlanta, 
, Inc ~ have joined forces in the 
··worldwide race· on advanced television 
.•.• technologies. The companies are wortcing 
·together on all digital technologies to 
: deliver no~free HDTV images in tet· 
restrial, satellite and cable television sys-
· terns. · ·· ·· 
. In Eurdpe tind Japan, 'advanced TV ef­
. forts have focused on analog transmission 
' systems via satellite; In addition to digital 
: HDTY, Scientific-Atlanta and 2'.enith are 
, talcing ·a lead role in innovative digital 
··technologies f()r compresSing :and trans­
.· milting standard TV signals via satellite 
· .and cable television systems. ! • . . . 

NEWS BRIEFS 

'TAl/OLEI COMPLETE . 
.PAKISTAN F·O LINK . · .... ·. 
IN RECORD TIME 
, .... Telecom Australia Intematlonal (TAi) 
. and Olex Ltd have completed a 2000km 
optical .fibre . ~ystem in Pakistan in 
record ti.me. •. . . . ... 

After winning the coritract to lay an op­
. tical fibre trunk route from Islamabad to 
· Karachi, the joint venture partners took 
just 10 months to complete construction 
of the project, .which was ready for ac-

• PC:~2 ahd Communications & Office Technology 92 will both be ·held at 
.... Oarhng Harbour, Sydney on 10-13th March 1992. The PC show is Australia's 
· l~ngest running pe~sonal co~put~r show, and is held concurrently with a 

display of the latest m commumcat1on technology and office equipment. 
• The computer cable manufacturer Kooka Connections and the data com­

mu~ications p~oducts wholesaler Data Accessories Australla have merged. 
Jhe1r new business premises are located at 117 North Road, Denistone East 
2112; phone (02) 878 5344. . . . . .. .. . .. .. . .· . 

.. • The National Secretariat of the ·Austral/an· Eleetrlc Vehicle Association 
:· . (AEVA), and its publication EV news, have a new address: State Electricity 

Commission .of Victoria, Energy Services Department Monash House 15 
William Street, . Melbourne; GPO Box 4622SS Melbou;ne 3001 · phone 

1

(03) 
' 691 4094. • . .. . . ' I ' I 

..• Sydney-b~ed cornmunfo'~tion~ e.quipmertt SUpPli~r Sam I Technblogy ! has 
,. been appomte~ a~ Australian d1stnbutor of the Finnish T eleste antenna range · 
. . of TV comryiu,rncat1ons equip.ment, components and systems. · 
• The Assoc1at1on for l~f~_rmat1on and l~age Management will hold its 'inaugural 

Conference and Exh1b1t1on at the Darhng Harbour Convention Centre from 3-5 
.. March, 1992. The theme of AllM'92 will be 'Optical & Image Processing'. 

Phone {02) 954 5844. . . · · 



. ·,' ,, .. : i ; ' :' 

German educational product maker F/derllt:Mfldtts devtttoptda profealonal 
level training -system called 'COm,utlnO~ slrown here being uutJ by • rather 
young professional. -Tho system Is u11d tar IYJlnlng In fht operation of process 
controllers, guidance systems and robot•• Althtugh dncrlbtd as 'a proftsslonsl 
level construction Sit~ It Is also described •• ~an Interesting gift for young 
'people'. 

' ' r- ' : : .' ~ : '; •, i' ,, ·' ~ , '.' ', 

,, ', ,-

~ a global satellite system of nine 
;spacecraft. ' ·. . •. 
: The new lnmatsat~2 F3 spacecraft will 
'be deployoo ovet the Pacific <Xean 
icoverap region at 179° East longitude, 
and ~ s:heduled to enter commercial 

.,service on 19 January, 1992 .. _ + 
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LONGER· LIFE 
FOR NICADS • 2 

;.,,. 

,; ·' 

In the first of these articles we discussed the reasons why NiCad batteries tail,, and gave some 
practical hints on how to prolong their life. This month we look at several circuits which will achieve 
this result. .. 

by JAMES MOXHAM 

· The rate at which NiCads .are 
recharged is a compromise between too 
.small a trickle charge, which favours 
the formation of cadmium dendrites, . 
and too large a charge which produces 
too much gas and so causes the loss of 
electrolyte. _ 

A NiCad cell is characterised by a 
rated capacity C, which represents the 
number of ampere-hours (Ah) which it 
can deliver under nominal conditions of 
charge, discharge rate and ambient · 
temperature. Fig.l gives the rated 
capacity C. for various sized. cells. It 
also gives the current to recharge them 
at 0.1 C over a 14 hour period. 
, Fig.2 shows a simple ·circuit used in 
some commercial chargers. It is 
repeated for each cell to be charged. So, 
to charge three cells, build the circuit 
three times. Some commercial chargers 
only charge ·even numbers of cells, but 
this circuit is flexible. . .· . . 

To calculate the values for .R 1 and R2, 
use Ohm's law. I.e., resistance is given 
by voltage/current 
. ·For example; to charge an AA ~ell at 
O.lC (45mA) from a 12V supply with 
the LED current= SmA: 

·-Flg.2 --· 

'11 ' 

1Nl001 
+ Ic 

· Ni cod · · _ __]Cell 
·'' 
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Flg.1 

' 

Capacity & Charging 
Current for NiCad-Cells 

Size Capacity 

N .,150mAh 
AAA - 180mAh 
AA .. - 459mAh 
C .. 1.2Ah 
.D. 1.2Ah ' 
C _ .. 2.0Ah; 
(high capacity) ' 
D . 4.0'Ah 
(high capacity) 
9V llOmAh 

Charging .. 
··Current 

15mA 
18mA 
45mA 

120mA 
l20mA · 

. · 200mA -· 

· 400mA. 

11mA 

. Rl =<Js- Vo-VB)/(J.c-k) 
= (12 .. 0.7 - 1.3)/(0.045 -0.005) 
=250ohms 

<R2 = 0/s • VL· Vo~ VB)/IL 
= (12 - 1.8 .. 0.7 - 1.3)/0.005 
= l.6kohms 

.Note: Vs should be at least 5V for one 
cell, and at least double the voltage 
across the battery if cells are being 
charged in series - to ensure reasonab­
ly constant currents. 

If the only power supply available is 
less than twice the battery voltage, or if 
the number of cells to be recharged 
varies, then a constant current generator 
circuit is required. Fig.3 shows a -
charger of this type which can be used 
for currents up to lOOmA. 
. The LED provides the constant volt­

age reference and also indicates when 
the cells are .connected in the circuit. 

. For a 12V supply, typical values for Rl 
would be 47 ohms (AAA cell, 18mA); 
'15 ohms (AA cell, 45mA); and 8.2 
ohms (C or D cells, lOOmA) ... With a 
12V supply, up to six cells can be 
charged in series. 
· Fig.4 is an alternative 1circuit for 
charging·higher capacity C and D cells. 
The 22k pot can be replaced with a 

switched resistor chain. if charging is te~ 
quired at different mtes; for example -if 
you wished to charge 2Ah C cells at 
200mA and 4Ah D cells at 400mA. · 
· Although the best way to prevent 
overcharging is to fit a timeout 
mechanism, such circuits are more com­
plex and expensive. I have found it 
more convenient to build a series of less 
costly chargers, even though this re­
quires me to remember to turn them off ' -
after 14 hours. 

bend rites· 
, : If you 'are having persistent trouble 
with' dendrites, then it is worth trying 
the citcuits in Figs.5 and 6. 

Dendrites are threads oh:ad'mium 
deposited on the electrode during trickle ' 
charging, which can easily short out the 
cell and so lose charging capacity. 

Dendrite· suppression is widely . used 
in .the electroplating industry for metals 
such as copper, zinc, silver and cad­
mium. The idea is to use biased AC 
rather than DC current This alternately 

· charges and discharges, but the charg­
ing current is greater than the discharg­
ing one. 
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•REPL tE WITH SWITCH & 
FIXED RESISTOR IF DESIRED 

In Fig.5, ch cell charges through R2 
and disch ges through (Rl+R2) on 
each alterna AC cycle. The ratio of RI 
to R2 shoul1be between about 4:1 and 
5:1. 

Fig.6 sho s a constant current, peri­
odically reversing charger. Switch S al­
lows the .~btery to be discharged 
(position 1). DC charged (position 3) 
and AC ch eel and discharged (posi­
tion 2). The $55 timer circuit provides a 
series of sqJu.e pulses at pin 3 to con­
trol the rev!sal. The circuit shown 
gives a freq ency of lOOHz, although 
this is not cri 'cal. 

The first ge in using this charger 
requires the Wscharge and charge cur­
rents to be Set To measure these cur­
rents, insert a meter at point M, in series 
with the NiC~d cells. 

Firstly, set the switch to discharge 
(position 1).\ Adjust the lOOk trimpot 
VRl to diseharge at 0.025C (about 
12mAfor an 'AA.cell). 

Note thalt this circuit should 
NEVER be Used to discharge fully a 
multi-cell NiCad battery, as it will al· 
most certai~ly result in the reverse 
charging of some cells. 

MA~ 
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Rl 330/fW l50/2W 33/2W 
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I 

Flg.6 

22k 

Secondly, set the switch to charge 
(position 3). Now adjust lOOk trimpot 
VR2 to charge at O.lC. Finally, remove 
the meter and set the switch to position 
2, which will supply the AC charging 
pulses. 

Voltage monitoring 

Flg.7 

SW 

r~ 

I LOAD 

(2 CELLS) 

When using NiCads, it is important to 
know when the first cell of a stack has 
discharged - to prevent damage 
through reverse charging. The best way 
to do this is to monitor the voltage of 
the complete stack and display an 

F/g.8 
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1Nl001 

TIP32 
(on heotsink) 

1Nl.001 
12VDC 

M + -~BATTERY _, 
TIP31 -

lk 
(on 
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alann. Figs.7-9 show circuits designed 
for an end-point voltage of 1.lV per 
cell, as voltages tend to drop off sharply 
after this point. Diodes ·and LEDs are 
used for the voltage reference. 

Unfortunately, the concept of low 
voltage LEDs only works up to four 
cells. But a solution for up to eight cells 
is possible by effectively splitting the 
battery into two and monitoring each 
half block. 

Fig.IO shows a monitor for a five-cell 
combination. It uses the op-amp LM324 
as a comparator. Green LED Dl 
provides the reference voltage for the 
bottom two cells, while red LED D2 
and the two 1N914's are the reference 
for the top three cells. 

(This circuit can be modified for up to 
eight cells.) D3 is another LED which 
indicates that the battery is alright to 
use. H the positive and negative connec­
tions to the inputs of IC le are reversed, 
then the LED will glow when a low bat­
tery condition occurs. 

Fig.11 lists the voltages across typical 
diodes at various currents. Figs.7-10 
make use of this data to detennine the 
reference voltages. 

Flg.9 

SW 

r~ 

.l. 
T GREEN 
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ELECTRONICS Australla, March 1992 105 



Longer life for NiCads • 2 
Flg.10 

1M 

RED 
LED 

100k 

LOAD 

>-....._. ....... !Cl= LM32i 

GREEN 
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All of the above circuits suffer from 
the drawback that they require 
modification to the original equipment 
in order to insert them in series after the 
on/off switch. Fig.12 shows a solution 
to this problem. 

It is a stand-alone monitor with low 
quiescent current drain, which sounds 
an alarm when the load is connected 

lOM 

r .1 
1 ·V 

6 CELL 1 0 
BATTERY 

l 
+ 

.t. m 

l. 
R2 
10k 

47k 4 7k 

Rl 
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lk 

LEO 

AND the battery is low. It is suitable for 
six NiCad cells and was developed for 
use in a radio-controlled car. 

ICl (4011B) pulses the main circuit 
for approximately lms every second 
until feedback through Dl latches ICla, 
if the low battery condition occurs. 

Rl is a resistance of approximately 
0.02 ohms, which is provided by using 

!Cl • L011B 

1N914 

Flg.12 

lk 

1N914 

1N91/, 

GREEN 
LEO ,, 

+ 

-v 

IC2 = LM324 

-v 

20cm of telephone cable. This value is 
suitable for loads greater than 200mA. 
The resistance should be increased for 
lower loads. 

R2 is adjusted so that the output of 
IC2a (pin 1) goes low when a load is 
applied. Pin 7 of IC2b goes low if cell 1, 
2 or 3 goes flat and this pulls the output 
of IC2c low also. Pin 9 of IC2c 
monitors the voltage of cells 4-6, so pin 
8 goes low if any of these fail. 

The output of IC2d (pin 14) goes high 
if both pins 12 and 13 go low. This oc­
curs when the load if connected and any 
cell fails. Pin 14 both turns on the warn­
ing buzzer and supplies the feedback to 
latchICla. 

Finally, following is a list of refer­
ences which I have consulted when 
writing this article. Most of them can be 
found in university libraries. Generally, 
they cannot be borrowed, but are avail­
able for photocopying. 

Continued on page 119 
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Now there' · a 100 MHz 
digital sco e that handles 
just like a alog. 

Digital osci loscopes have 
certain adv ntages that are 
hard to ove look. But for 
troublesho ting, many 
engineers st ill prefer analog 
scopes. Sim ly because they 
like the wa they handle. 

The HP 546 0 changes that. It 
looks like a 00 MHz analog 
scope. All p imary functions 
are controll d directly with 
dedicated k obs. And itf eels 
like one. Thi display responds 

I 

instantly to the slightest control 
change. 

But when it comes to trouble­
shooting, the HP 54600's digital 
performance leaves analog and 
hybrid scopes far behind. At 
millisecond sweep speeds, the 
display doesn't even flicker. 
Low-rep-rate signals are easy to 
see without a hood. 

It has all the advantages that 
only a true digital scope can 
provide. Like storage, high 
accuracy, pretrigger viewing, 
hard copy output, and 
programming. And since it's one 

of HP's basic instruments the HP 
54600 gives you all this perform­
ance at a very affordable price. 

So if you like the feel ofanalog 
control, you'll like the way our 
new digital scope handles 
troubleshooting. To find out 
more call the Customer Inform­
ation Centre on 008 033 821 or 
Melbourne 272 2555. 

Fhpl HEWLETT 
~/!I PACKARD 

A Better Way. 

JWTHTM125/A 
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Silicon Valley 
NEWSLETTER 

US software firms 
sue UK publisher 

A group of seven US software com­
panies announced the filing of a copyright , · 
infringement lawsuit against the . British . 
newspaper publishing house of Mirror 
Group Newspapers & European Ltd. _ 

The seven are represented by the Busi· 
ness Software Alliance, a US software in· 
dustry group fonned to combat software 
counterfeiting and piracy. The group 
bases the suit on a recent search of the 
Mirror offices, during which some 670 
copies of illegally copied personal com­
puter software programs were discovered. 

The seven plaintiffs include Lotus, 
Autodesk, Aldus, Microsoft, WordPerfect 
and Symantec. .· _ , 

A spokesman for Mirror has so far . · · 
declined to comment on the suit. But rep- · · 
resentatives for the Business Software Al- -.. -· 
liance said the company has indicated to When NeXT Computer launchtd Its lnnavatlvs new machines a coupls of years 
them it would fight the charges. ago, company founder Steve Jobs personally prssented the product In a 

US catching up . 
marathon 2·112 hour press show at Davis Symphony Hall In san Francisco. Now 
the firm has an order for 100 workstations, to be used with Comnetlx pictorial 
database software by the Toronto Police Department In Canada. 

says Corrigan . 
. There are strong indications the· US -. substa11tial portion of. the · .. def~nce and vision pictures . were converted into full 
electronics "industry is on a course aerospace .engineering workforce in _the digital signals, transmitted (over cable) 
towards catching up with US Japanese face of cutbacks. . . using an advanced data compression tech­
competitors, according to LSI Logic Corrigan also forecast that by the end of . nology, and deciphered and shown on a 
chainnan, Wtlf Corrigan. Mr Corrigan ·· . this decade, chip companies will be put· digital television screen. 
gave the keynote address at the opening ting 100 million transistors onto a single While the prototype system has not yet 
of the 40th anniversary of the Wescon chip, an achievement that will introduce transmitted digital signals over the air, the 
Trade Show, held in San Francisco a few the age of 'Mega-integration' - where initial demonstration of the system repre-
weeks ago. entire computer systems will be built onto sents a huge boost for the US efforts and a 

This year's show displayed many signs a single chip and supported only by major blow to the Japanese, who have 
of the recession plaguing the industry, in- memory chips. proposed an analog HDTV system. 
eluding an attendance of less than 40,000 Until one ye.ar ago, it was thought in-
( compared to 56,000 in the early 1980's), US leapfrogs Japan conceivable that the us would be able to 
fewer exhibitor booths and few new 1.n HDTV technology develop an all-digital HDTV standard in 
product announcements. time for the 1993 FCC field tests. But in 

Conigan said his hopes for a recovery Signs continue that the US has 1990, General Instrument announced that 
of the US high-tech industry is based on leapfrogged the Japanese in the develop- it had been able to develop just such a 
the fact that the Japanese have lost several ment of the next generation of high capability, as a spin-off from its military 
of the key advantages they enjoyed while definition television. Almost a decade communications business. Since then, 
building up their high-tech industries - earlier than expected, General Instru· Zenith and AT&T have also announced 
including the cost of capital, labour and ment and its Videocipher Division gave plans to offer an all-digital HDTV stand· 
real estate, and availability of plenty of the first demonstration of its all-digital ard, and Thomson Consumer Electronics 
skilled engineers. HDTV technology, which it hopes will be in cooperation with Philips, NBC and the 

While Japan is beginning to experience chosen by the US Federal Communica- David Sarnoff Research Centre are also 
a shortage of engineers, the US commer • tions Commission as the basis for a US expected to enter the HDTV contes~ with 
cial industry is being flooded with a new HDTV standard. an all-digital system. 
wave of engineering talent, both from During the first demonstration, General The General Instrument demonstration 
abroad and from the redeployment of a Instruments engineers showed how tele- was seen on a rectangular, movie screen-
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/ik~·~J n set PiCtoles ~were' system, devetoped by .Comlietix Com· 
extremely cf ear and free from any Jagged · puter Systems, has allowed the Toronto 
edges, 'sno~, or other distractions. . police departments to scan some 130,000 
·. . .. With com titian from four all-digital mug shots into a database program on the 
.systems, mo t industry experts now agree . NeXT computer. . After scanning the 

ly memberfalid companies with retriote 
offices, or with employees working at 
home. "The most useless thing a person 
can own is the only picturephone in the 
world." 

.. that it is v ry unlikely that the analog · image into the computer, operators detail 
Japanese sy tem will be chosen by the .. many facial features. Besides .the colour . Computer chiefs lobby .. 

; :! 

FCC. Digi systems offer vastly of eyes, hair, skin etc., specific features B 
greater ~dva tages, including the ability such as 'two front teeth missing,' and ush for data highway .. 
for viewers to freeze, store, edit and 'prominent Adam's apple,' are added to AgroupohorrieoftbemostirifluenUal 
even com bi e, television· pictures with each file. ·· -· computer industry executives have called 
other data fi es on an attached or built· · When victims or witnesses describe fa~ on President Bush to dramatically expand 
in computer. · cial features of criminals, detectives can plans aimed at covering the United States 

Tl, Hitac i to share · · 
64Mb DR M costs '· . 

·· search the database on any number .of with a network of interstate high speed. 
specific facial features mentioned.·. Al- data 'highways', planned to allow· scien· 
most instantly, the computer will dis;. tists working with supercomputers in dif­
play , the . · digitised mug · shots· ·of ferent locations to exchange data at the 

Strengthen· g their already close ties in criminals , who fit . 'the description. rate of at least one billion bits per second 
the area o~f mory chip development, Toronto detectives are said to be im· -:- thousands of times faster than any ex· 
Texas Ins ents . and Hitachi have pressed with the ease of operating the isling netwodc. • .. . .. . . .. . , 
signed a 10 ear joint technology deve- NeXT machines, and the vast amount of . The , Computer .. ·Systems· ·.Policy 
lopment p~acaimed at bringing a new · · time saved fu1m letting people browse Project,· formed two years ago by the 
generation of -megabit DRAM chips to through huge volumes of mug shot books top executives of 12 of America's 
the market. e agreement is an extension in search of a possible criminal. largest computer companies, . said they 
of the 1988 a~ment in which the two The NeXT system is particularly well want the·.network to be in place .and 
fmns agreed to jointly develop a 16· suited for the task, as its optical disk drive operational before the end of this decade. 
megabit mem chip. , ·with 256 Megabytes of storage per disk is They emphasised that 1he program is 

The TI·Hitabhi deal is likely to be fol· capable of storing thousands of digitised critical to ensuring the US will play· a 
lowed by sitntar deals between other US photos onto a single disk. . major role in leading edge technological 
chip makers d Japanese or European : The ·Toronto Department .has ordered developments in 1he coming decades. . 
competitors. artier, IBM joined with 100 of the Comnextix systems, which The call to the White House came just 
Siemens in ah effort to develop next come with a colour camera that automat- days · after the US House of Repre· 
generation· m ory chips, and Toshiba . ically stores digital colour images of . a sentatives followed the US Senate in ap· 

·and Motorola also have a l&.megabit booked criminal into the computer's proving a Bill calling for the development 
DRAM develo ment pact. . database.·· A scanner also allows for older of such a network, a project that could 

The key fac behind the incteMingly file photos to be digitised •and stored cost nearly US$3 billion. . 
complex netw rk of joint development along with new entries. The White House is expected tO sign 
deals between US and foreign com· the Bill, ,although Bush has favoured a 
petitors is the s aring of R&D costs. Few . Nolan Bushnell somewhat less ambitious version of the 
if any, semico ductor manufacturers are· b" h program. However, funding for :the 
in a position to ingle·handedly develop a ·· S88S lg C anges project remains a question .as the Bill 
64·megabit chi ...... a product that will re· Nolan Bushnell, . father of the does not ask for specific funding com-
quire several illion dollars in invest· videogame industry, has predicted that mitments. . . 
ments in R& and · new production VCR movie rental stores will go out of , "This is really tile bUnding of the fowi~ . 

. facilities. Also eagreementwill assure business - .. soon after .consumers will dation for the economy of the future," 
· that at least tw or three US ~mpanies begin taking of new services that will said Apple chief John Sculley, one of the 

will .be playin· a role in the memory transmit any movie they wish to see founding members of the CSPP. . . • .. 
markets of the tute. It also assures the directly into their homes via satellite. To be sure, the commitment to build the 
US access to dvanced semiconductor Bushnell was the keynote speaker of data highway netwodc will tie the US 

.. manufacturing hnology. ·· : ' · · · the annual Multimedia Expo in San Jose. government closely to the sponsoring of a 
. According:to~TI spokesman, tl1e 64~ The man who invented the original number of research projects,. across a 
MB .chip will ntaili no less than 143 'Pong' vidoo game and founded Atari, broad spectrinn of technologies. Special 
rnillion transist , and linewidths will be · also said that IBM and Nintendo will lose communications and signal processor 
down to 0.35 mi rans. their position as industry standard setters semiconductors will need to ·be · deve· 

NeXT ·finds· iche' i , ' , • 

in fighting rime . , , ; : 
. Stephen Job's\ NeXT Computer triay 
have discovered a particularly suitable 
r~~::~~!i~ Ne~··. workstations: fight· 

. Recently, . the · Metropolitan Tot()IltO 
Police Departme t in Canada acquired a 
criminal 'mug shbt' identification system 
built around the NeXT Computer. The 

in personal computers and home video loped, years ahead of their anticipated 
games. uThe only time standards work is delivery through nonnal industrial evolu- . 
when things are standing still. And right tion. And while the hardware aspects will 
now, everything in PCs, video games and ·· have to be of breakthrough level,. the 
home entenainment is on the move." software to operate the system will be a 

·· Also, Bushnell believes that practical, massive undertaking. . . . . 
low.cost vidoo telephones will be enter· Sculley .said that a commitment frcim 
ing the market for the first time in 1992. the government to both the funding of the 
Market penetration, .however, will be research and the implementation of the 
very slow at first, limited only to small network is requited, to generate the inter~ 
groups of people· who benefit from the est and commitment from companies that 
videophone experience - such as fami- will participate in the development. · + 
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Solid State.Update .·· ............... El 
... : ··V .. • .... . 

. . . 
,., i' I 

KEEPING YOU INFORMED ON THE LATEST bevELOPMENTS IN SEMICONDUCTOR TECHNOLOGY . 

·Opto couples for logtc 
·· Quality · Technologies has taken die 
g\lesswork out of 'logic in' to 'logic out' 
compatibility over temperatute minimis­
ing the effectS of LED degradatioo, ·and 
obtaining high speed o~ration. 'fypicaUy 
this problem was approached by .select­
ing input/output resistors, often by trial 
and error. 

The new :()ptOiogic family of logic'-to~ 
logic . compatible, optically. coupled 
isolators offer LSITL-in to 'JTI....out oc 
LSTIL-in to CMOS-out The . device 
eliminates resistor selection, and fea­
tures guaranteed .DC .parameters over 
temperature. .. . . . .· .. · . . .. 
. •. As well as its isolated logic-tO-togic in­

terface function, the input amplifier offers 
solutions for high s~ data communica· 
tions and precise DC level sensing. 

For more infonnation circle 272 OD the 
reader service coupon or contact :KC 
Electronics, PO Box 307, Greenbomugh 
3088; phone (03) 467 4f>66. . • 

,. - : ' ' ' ,·, 

Dedicated voice · 
processor chip · 

National Semiconduewr ·has entered 
the single chip voice pr~ing mafket 
with a 32-bit voice proc.essor. , . . . 

,With built-in digital signal processing, 
the NS32AM160 is specifically designed 
as a single-chip voice solution for such 
applications as . digital answering 
machines, fax/voice phones, intelli1ent 
voice response systems and speech recog • 
nition systems, and can also add voice 
functions to any electronic product. 

··. The design of the AMUiO w~ op· 
timised for digital answering machines, 
from . inexpensive consumer models to 
full sized combination fax/digital voice 
systems .. With .the AM160, a complete 
digital answering machine sysk'm is pos­
sible with just three chips. This not only 
means a package smaller than a deck of 
cards, but also, because National Semi­
conductor provides full software ,and 
development tool SUAXJrt. a fast time to 
market. 
. Beyond · ,ans\\lering machines, the 

NS32AMI60 is expected to·pfay an im· 
portant role in a number of other emerg­
ing voice markets; including intelligent 
voice response systems, voice dictation 
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10BaseTfilters and, choke~'·. 
Newport Components has launched its 

1fl61 filter/isolators and 1662 common­
mode chokes . networks products, which 
ire compatible with IEEE 802.3 IOBaseT 
systems· and are highly effective. The 
l({)l filter/isolator provides I ?MHz low 
pass ·filtering and 2000V isolation· for 
both ttansmit and receive lines in a single 
16-pin, 0.3" pitch, dual-in-line packages. 
To complement the 1661, the 1662 com~ 

machines, voice. anriun~iato~ and ~­
notators, and speech recognition. 

For more infonnation circle 271 on the 
reader services coupon or contact Nation· 
al Semiconductor Australia, .16 Business 
Pait Drive, Monash Business Park, Not· 
tinghill 3168; phone (03) 558 999?. 

I '', .· 1' • ., ',,, ,·' , 

rnon-mode chokes provide 20dB reduc· 
tion in common mode noise with negli-
gible differential loss. . . 

These four winding devices are offered 
in 8-pin, 0.3" pitch, DIL packages. Both 
·devices comply with the industiy stand­
ard specifications. . . .. . . . . , .· ... · . . . . 

For more information circle 273 on the 
reader service conpon ·or contact Alpha 
Kilo Services, PO Box 180, Lane Cove 
2(}(j(j; phone (02) 428 3122. 

com~act 12-bit oAc ... · .. . 
1 The new Maxim MAX526 is a quad 
multiplying 12-bit voltage output, digital­
to-analog converter (DAC). . . The new · 
device replaces four DACs and four out­
put amps with a single CMOS monolithic 
IC, saving board space and simplifying 
design. It delivers the perfonnance .ex­
pected from expensive hybrid or module 
quad DACs: guaranteed monotonic 12-bit 
performance with . l/lLSB relative :ac­
curacy over temperature for all four out-
. puts, and lLSB total unadjusted error 
with no zero or full scale adjustments at 
25°C. 

Built-in, buffered·.· .. vo1tige-Outpllt 
amplifiers minimise part count by remov­
ing the need for external output amps, and 
provide the speed and drive needed for 
most applications. The output amps are 
optimised .for low .• power consumption 
(175mWtype), and offer low.noise (50uV 
RMS). and fast settling time (3us .to 
l/2LSB) .. The total hannonic distortion 



plus noise . less than 0.012% for lOV ' '• High speed clock driver 
reference si na1s up to 35kHz. The 3dB Motorola , ... has introduced the 
bandwidth i 700kHz. . MC74F1803 clock driver, a· high spew, 

The ~526's fast settling time is low power, quad D·type flipflop featuring 
. ideal ~or m tiple positioning applications separate D·type inputs and inverting out· 
.such as ro otics. Other applications in- puts with closely matched propagation 
.elude m · · urn component count analog ·· .. delays. ·With a buffeted clock input that is. 
systems, ~·tat offset/gain adjustment, common to all flipflops, the MC74F1803 
arbitrary aveform generators, in- is useful in high frequency systems as a 
dustrial .pr ess contro!s and automatic clock driver, providing multiple outputs 
test equip nt. · .. ' 1 . · ·. . that are synchronous. 
. For morelinformation circle 274 on the Th~ MC74F1803 is designed for 

reader servibes coupon or contact Veltek, general pwpose system applications, with 
22 Harker. treet, Burwood 3125; phone operating frequencies up to 3SMHz and 
(03) 808 75 1. · . I .· ." skew requirements of 2.0 nanoseconds or 

200MHz analog ·muftipHer more. The device is compatible with a 

Elantec as released a new IC analog' 
multiplier, e EL2082. It has a two quad­
rant, curren~-mode multiplier architecture, 
which exte~ds the bandwidth while main· 
taining ace cy. . . 

·Costing und US$6 (100+), the chip 
offers a full power bandwidth of 
lSOMHz. ost current analog multipliers 
are based n the Gilbert cell, which is a 
voltage-m e, four quadrant circuit. It 
sacrifices ome of its high accuracy at 
wider ban widths. 

The EL 082 uses current steering to 
achieve its wide signal bandwidth. In fact, 
its front e d resembles that of a current­
feedback plifier. 

An inpu current of +/·lmA produces a 
linearly lated output current of +/-
12mA, + %. Just one resistor, con­
nected be een the voltage signal and 
.current in ut, converts the voltage sig-
nal to a c ent. 

The EL~82 is a low cost device that 
brings all ut the most precise multiplier 
applicatio s to video-bandwidth signals. 
: For mo information circle 276 on the 
reader se · ce coupon or contact Reptech· 
nic, 3/36 Bydown Street, Neutral Bay 
2089; ph e (02) 953 9844. , 

Eight iglt LED driver • 
The 7219 eight digit, seven seg .. 

ment LE display driver is· designed to 
easily in~rface to any microprocessor. It 
has a us~·endly three wire serial inter­
face ·that ows multiple MAX7219's to 
be casca ed for larger arrays. Also, the 
serial in rface,has a fast lOOns access 
time that allows data to be directly 
loaded. ta is sent in 16·bit packets. · 
' The 7219 has a power•saving 
shutdo mode in which the supply cur-
rent is o y lSOuA. , 

The d vice powers ·up, in this mode 
(display fQ and enters normal operation 
within Ous. It provides six levels of 
digital b 'ghtness control. Maximum dis~ 
play c nt .. can be set with an external 
resistor potentiometer. 

Seven segment or no-decode mode is 
individually selectable for each digit for . 
more flexibility. Plus, the MAX7219 can 
be programmed to scan between one and 
eight digits with a typical scan rate of 
1300Hz for eight digits. 

For more information circle 277 on the 
reader services coupon or contact Veltek, 
22 Harker Street, Burwood 3125; phone 
(03) 808 7511. 

Very fast SRAM 
Toshiba Corporation is introducing 

three families of I-megabit SRAMs, in­
cluding versions claimed to have the 
world's · fastest .access time of 12 
nanoseconds - 20% faster than the cur~ 
rent models. · · 

Based on 0.7-micromrucrolithographic 
technology, · the new · SRAMcl have ·a 
BiCMOS structure. ·BiCMOS combines 
two types •of ·widely used silicon tech· 
nologies on a single silicon subsltate: 
CMOS and bipolar. CMOS devices fea­
ture lower power consumption, less heat 
dissipation ahd higher integration density 
than bipolar devices. 

" 

variety of microprocessor. fypes and is 
available in both a standard 14-pin DIP 
.and an ·s01c package for surface 
mount applications . 

, · Because of the matched propagation 
· delays, the duty cycles of the output 
. waveforms .are symmetrical within 2.0 
nanoseconds. The MC74F1803 clock 
driver is extremely user friendly because 
any combination of 'Q or Q·bar' outputs 
can be used without compromising the 
skew guarantee. 
. For more information circle 275 on the 

reader service coupon or contact 
Motorola Australia, 673 Boronia Road, 
Wantima 3152; phone (03) 887 0711. 

On the other hand, bipolar devices 
generally operate faster than CMOS 
devices, and also have superior output 
drive capability. · 

By blending the merits of both struc· 
tures, the new BiCMOS SRAM achieves 
faster access time than CMOS SRAMs, 
and higher integration and lower power 
consumption than bipolar SRAMs. The 
new devices adopt a bipolar structure for 
peripheral circuits, such as sense 
,amplifier and word-lirie drive circuits. 

In addition to using the BiCMOS struc· 
tore, Toshiba has adopted a new pin 
layout to reduce noise generated by the 
ground pins and voltage supply pins.· 

This noise is one of the major causes 
of limited access speed.'The new layout 
allocates these pinsto the centre of the 
pin rows, instead ofpositioning them at 
the corner. r . ·. · 

This layout reduces wiring'lengths be­
tween the chip·. and these· pins, thereby 
cutting noise and is expected to enter the 
·mainstream of SRAM desigil. · .. : .. · .. ·.: .. , . 
· ·The sample price of 12ns access time 
models is US$320. · ; ·, + 
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Audio faults locator· , ·· 
Faults in audio equipment can I 00 lo­

cated quickly and in almost any location 
1 using a new instrUIIlent from Britain. Yib­
box, from Cyclone Systems, is a 9V bat- · 
tery powered 400Hz oscillator which 
provides a test signal for injection into the 
eq~pment u~der examinati~n. . ... , . . .... 

S mce the inStrUment provides balanced 
and unbalanced outputs at O; -20, -30, and 
-50dBm, it can be used to check miCll> 

Compact copier Density Control, which uses an advanced 
microprocessor monitor, and adjusts toner 

Toshiba· has· released a new compact density for every copy,· 
business photocopier, the 1210, which can Toshiba also offers an optional colour 
print 12 copies per minute providing ·. developer unit of either red or blue. 
edge-to-edge copying i and assuring a For more information circle 241 on the 
100% copy of the original, with a multiple reader service coupon or contact Toshiba 
copy function of up to 99 copies. · Auslnilia, PO Box 350, North Ryde 2113; 
. It is ·fitted with an Automatic Toner phone (02) 887 3322. 

Compact ferrite core . 
The new·~RM4 Low Profile' ferrite core 

from Siemens .makes it possible to 
produce even smaller transformers. 

It .is particularly ·~'table for DC/DC 
converterst but can a1s be used for trans­
formers in Telecom in aces. .. ' 

·. The new' core has bee developed for 
applications "with small space require­
ments, whose dimensions respond to the 
grid on printed circuits. · 
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phone fee.ds, keyboord feeds, broodcasters' .. 
eaipieces and musicians' hea&ets. It can · 

· , ' even test a standard 8 ohms lou&J>eaker. 
· .Two light ·emitting diode· indicators 

· show the presence of 'phantom power'..;... 
. the voltage supply required by certain 
microphones., The insttument itself incor-

. porates an electret microphone which al~ 
. . It oecupies a surface area of about lows the engineer to talk into the audio 
10Qmm2 and has a height of 7.8mm;it is system for test or ·communications pur­
available in two materials for power poses. · Yibbox · is conveniently portable, 
electronics 1applications {N47 ·and N67) measuring only 100 x 63 x .36mm .and 
and also in· the material T38 which is weighing just 200g. It runs from an inter- · 
suitable frir Tulecom applications. A sur- . nal 9V battery with a life of up to 24 hours 
face mounting version is currently . in . in continuous operation. 
preparation. · ·The company is seeking an Austtalian 
, For mote information circle:242 on the · agent for its product For more infonna~ 
teader service coupon or contact Siemens tion, phone the British Consulate-General 
Components, 544 Church ·Street, Rich· in Sydney on (02) 246 7521; or ·Cyclone 
mood 3121; phone (03) 420 7716. Systems in the UK, (OOH) 44 727 830479. 

'' 
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"@ur new COR-Series, 
designed to achieve 

1

superior frequency · 
cha cteristics for today's 

analog and digital 
si nal measurements" · 

READE~ INFO NO. 14 . . PRESIDENT, KIKUSUI 
I 

Kikusui's •ttention to advanced frequency roll·off perfor· 
mance res~lts in· superior analog and square wave charac· 
teristics: u~ique rE!assurance that what you see with a COR· 
Series scope is closer to what's really happening to the 
signal than 1

1
with any other affordably priced scope. 

The COR-Series is made up of 8 models in digital/analog 
and analog\ versions up to 100MHz. All models offer 
on-screen ursor measurement of voltage, time and 
frequency, with CRT readout. Storage models offer 
2-channel s multaneous sampling at 20MS/s and up to 

COR·5501U 100MHz $3,850 COR·5500U 100MHz $2,949 
COR-5561 U 60MHz $3,575 COR·5560U 60MHz $2,687 
COR·5541U 40MHz $2,811 COR-5540U 40MHz $1,986 
COR·5521U 20MHz $2,494 COR-5520U 20MHz $1,876 

·Excluding Sales Tax 

.EMOnA 
100MHz ca ure in the repetitive mode, 4kW stora~e ~nd Excellent ROLL-OFF char-
4kW ref me ory per channel and one ·touch switching acterlstlcs ensure accurate 
between rea and storage modes. and rel/able measurements. 

'THE TECHNOLOGY HOUSE' 

NSW VIC QLD 
(02) 519 3933 (03) 889 0427 (07) 397 7427 

Electronics 
orkbench® 

• 
0 
@> 

~~:.~~ 
~~~~=e.i ~~~~-~;1f~§ = g 

Bui and simulate both analog and 
digital circuits, complete with simulated 

inftruments on your computer! 

FEATORES READER INFO NO. 15 
I Quick nd simple circuit entry I Digital and Analog 
Modules in luded, complete with all components • Simulated 
instrumen : dual trace scope, spectrum analyser, function 
generator, multimeter, digital word generator and logic 
analyser Complete control over all component values and 
parameter t . Print: circuit schematics, parts list, instrument 
readings, acros • Logic conversion-truth table to Boolean 
formula to I gic gates t Customisable hypertext help system 

THREE VERSIONS 
• Professional Version: EGA/VGA colour display; 

unlimited components 
• Personal Plus Version: Monochrome display; unlimited 

components 
• Personal Version: Monochrome display; limited to 20 

components per circuit 

·-----------------I YES I I want ELECTRONICS WORKBENCH 
I • in my computer 

I 
I 

I 
I 
I 

Professional Version 

Personal Plus Version 
Personal Version 

$429 

$299 
$149 

Plus$7 I 
Delivery I 

I 
I Enclosed is my cheque/money order for$ .. or I 
: Please debit my . IJ Bankcard IJ Mastercard : 

I Card No.\ I I I \ \ I J I I j . j j I l I I 1 
I I 
I Signature Expiry Date _/_ I 
I Name I 
I Street I 
: Suburb/Town Postcode I 
I Send to: Emona Instruments, I 
I PO Box 15, Camperdown, NSW 2050. I 
I Tel: (02) 519 3933 Fax: (02) 550 1378 I ._ __________________________________ , 



NEW PRODUCTS 
Fast handheld · 
digitising scope 
. Tektronix haS introduced a very fast 
60MHz handheld digitising oscilloscope . 
:claiming it to be the fastest in the industry. 
The new 224 extends the capabilities of 
. the popular 222 family of ultta portable 
digitising . scopes into high speed 
·electronics testing applications. 

It combines the benefits of handheld 
portability with battery powered opera­
tion for troubleshooting high speed 
Tilcircuits. 

The 224, with its TV field trigger and 
compact design, makes seivicing such 
equipment easy. It weighs only 2kg and 
two inbuilt rechargeable batteries provide 
three hours of reliable operation. Its dual 
channel design allows input-~inputcom­
parisons. 

. ·\ .'."• 

Each channel of the dual-<:hannel 224 is 
isolated from the other channe~ and from 
earth ground. True isolation of channels 
and separation from each ground removes 
the risk of the operator receiving serious 
shock or electrocution. 

damage to senSitive electronic parts. For more infonnation circle 245 on the 
.reader service coupon, or contact 
Tektronix Australia, 80 Waterloo Road, 
North Ryde 2113; phone (02) 888 .7066. 

It also removes the risk of small voltage 
spikes or accidental grounding causing 

True floating measurements can be 
. made up to 400 volts per channel, or 800 

volte; peak to peak, in complete safety. 

We manufacture a wide range oflow·cost digital 1/0 boards. ltacb 
board features: 8 opto-isolated inputs (12/24/48V AC or DC), 8 
relay outputs (switching up to 10 Amps at 250VAC), LEDs indi· 
cate I/O status and IBM·PC software is included. An industrial 
version with plug·in relays is also available. 

The system features: External mounting (up to 30 mettes from 
computer) operating through any IBM· PC bi-directional printer 
port and capable of expanding to 2401/0. 

Applications: Home or business security systems, process 
monitoring and control, laboratory automation, quality control 
fisting, robot control and energy management. 

READER INFO NO. 16 

PrrOCONtechnology 
Box 655, Mt. Waverley, VIC. 3149. TEL: (03) 8075660 

FAX: (03) 5620503 
• Yes! High·sPffif drivers are available for GWBASIC, QolckBASIC, TomoRASIC, QulekC, 
TurboC and TurboPascal. Our Ille 1/0 driver also allows many other programs and lang.aps 
to be used. E.g. DBASE, Clipper, COBOL, FORTRAN, MODULA-2 etc. 
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Dual action PLCC extractor 
A new J-lead IC remover has a dual action to protect fragile 

PLCC packages when being extracted from carriers. 
Firstly its two steel fingers are inserted at diagonal comers of 

the package. Then as hand pressure is applied, the steel fingers 
lock under the PLCC body. Finally, as hand pressure is applied, 
the fingers apply a balanced upward pull to remove the package 
without damage. 

For more infonnation circle 244 on the reader service coupon 
or contact Scope Laboratories, ro Box 63, Niddrie 3042; phone 
(03) 338 1566. + 



When the world's most respected supplier 
of ~emory came to Australia looking for the 
mo t likely distributor for their fine range of 
pro ucts, they made the logical choice. 

Itjtel, the inventor of DRAM, chose NJS­
Aus~ralia's biggest supplier of memory. 

A11,nd now, as the Australian authorised 
distr

1

ibutor for Intel PCED desktop products, NJS 
can 1ccommodate any make, any model, all 100% 
compatible with the very latest technology. 

Sq, when you need more memory, more 
pow~r for vour computer, remember NJS for 
Intel PCED desktop products including 
Math CoProcessors, Intel Matched™ Memory, 
Intel \Above Board™ and Intel Snap In 386:M 

Wlhatever your needs in memory upgrade, make 
the 'teligent' decision. Call NJS. 

I 

Melbqurne: Head Office Suite 1 A, 37 Ricketts Road, 
Mt. "W\iverley 3149 Phone: (03) 558 9868 Fax: (03) 558 9929 
Sydney: Phone: (02) 956 3820 Fax: (02) 439 2451 
Brisbbne: Phone: (07) 262 6011 Fax: (07) 862 1962 
Perth:\ Phone: (09) 321 3122 Fax: (09) 321 3146 Adelaide: 

'1, Phone: (08) 232 5866 Fax: (08) 232 5877 
I READER INFO NO. 17 

Words At Work NJS 010 



PC Enhancements Feature: 

Handheld DMM 
has RS·232C port 
Digital multi meters capable of being linked to a computer for making automated measurements are 
generally 'bench type' instruments, carrying a fairly high price tag. However Dick Smith Electronics 
is now offering a low cost 3-1 /2 digit handheld model which offers this very facility - along with 
capacitance measurement, bipolar transistor checking and frequency counting to 200kHz. 

Time is money, according to the old 
saying, and even though we electronics 
people may not be paid as much as many 
other professions, even olU' time is be· 
coming more and more expensive. 

So much so that where a lot of repeti­
tive measurements have to be made, it's 
becoming increasingly more attractive to 
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have them carried out using a computer­
driven automatic setup, rather than 
·manually by a technician or engineer. 

The only catch, until now, has been that 
measuring instruments designed to inter­
face with a computer for this kind of 
automated teSting have generally been too 
expensive for use by small labs, 

workshops and factories. But that's now 
rapidly changing, with the latest genera­
tion of tem instruments- many of which 
offer built-in computer interfaces, for a 
price little more than that of their 'manual 
use only' predecessors. 

A very good example of the trend is the 
new Q.1570 handheld digital multimeter 



from Dick S ith Electronics. Superficial- • terrace, which lets the meter communi- data back continuously, without being fe.. 
ly this ma look very similar to many cate with a computer. quested, or only in response to a com-
other 3-1/2 digit instruments, but along The interface is bidirectional, and in· mand from the PC. 
with a full omplement of all the usual corporates optical isolation in both direc- Which of these two modes is in use is 
measming ilities it also incmporates a , lions, to allow the DMM to be 'floated' at selected via a front-panel button marked 
bidirection , optically isolated RS-232C up to 500V above or below ground during 'COMM', and when the meter is in the 
serial port capable of allowing the in- measurements, without risk of damage to 'automatic' mode the word 'COM' is dis-
snument to be readily interfaced with a· either itself or the computer to which it's played on the LCD. 
computer or automated testing and • coMected. The interface circuitry is com- . By the way the computer cannot con-

. data loggin . , .... ' pletely inside the meter's ,plastic case, ·. ·1rol the measurement mode or range set-
. And it co es complete with test leads, with only five small pin-jacks evident on ting of the Q· 1570; it can essentially only 

·user manu , .both serial interface cable the outside (on the right-hand side, near request measurement data. All range and 
and sample 'ver software for a standard the transistor testing socket). ·· mode selection must be done via the 
IBM-com tible PC, all for a retail price The serial data cable supplied with the manual controls. 
of only $21 . . .. meter has a special matching five-pin In both the 'auto' and 'polled' modes, 

. plug on one end, and a standard DB25 the meter sends back the measmement. 
· Many fe tures · · .. · socket on the other to mate with the serial data in the form of a 14-byte sequence. 

Even jud ed as a stanctaro handheld port of an IBM-rompatible PC. Six bytes are used for the reading itself 
DMM, the Q· 1570 has many attractive The interface is essentially of the . (four digits plus sign and decimal point), 
features. It 'a high contrast LCD dis- simple three-wire type, with no hardware preceded by a two-character code for the 
play, with clearly read 16mm~high handshaking .. However because of the measurement mode {DC/AC), and fol-
primary dig ts supplemented by a 41-seg- opt.a-couplers used at the meter end, the lowed by four characters representing the 
ment bar ph, and many smaller secon- computer port's D1R and RTS lines are measmement unit and multiplier. The 
dary annun iators. The maximum count is needed in order to provide power for the 14th byte is always a tenninating carriage 
1999, with uto ranging and auto polarity. receive data line. return character (hex OD). 

Alarge function switch is used to The software used in the computer .To assist users in getting the meter 
select one the instrument's 30 different must therefore set the D1R line positive,. going With a computer, the accompanying 
measuring ges. These include five and the RTS line negative. Luckily this is 5-1/4" floppy disk contains a sample 
each for D voltage (200mV/2VflOV/- quite easy to do with most MS-DOS measurement/data . logging program 
200V/1000 and· AC voltage machines, even from a BASIC program. . called MEIDEMO. This is actually sup-
(200mV/2 /20V/200Vn50V); three The serial interface operates at a fixed plied in two forms: one as a GWBASIC 
each for and AC current {2mN- data rate of 1200bps, with a format of source file, able to be listed and examined 
200mA{l0 ); six for resistance (2000/- seven data bits, two stop bits and ·no · as well as being run, while the other as a 
2k/20k/2 k/2M/20M); three for parity. . directly executable .EXE file (probably 
capacitance (2000pF/200nFJ10uF); 'two compiled BASIC). 
for frequen y (20kHz and 200kHz); one Two comms modes ·· ·.··. The disk also provides a helpful 
for diode ting (0-2V VF, at lmA) and The Q-1570 actually provities two dif- · README .file, explaining the basic 

for meas · g the hPR of a bipolar transis- computer: it can either send measurement meter's interfacing, and another BASIC 
continui~ for· less than 300); one ferent ways to communicate with the hardware· and software operation of the 

tor (0-100 ·at lB=10uANrn=2.8V); and 
finally logi level testing (ID/-/LO). The 
last of tht makes use of the meter's 
relative m urement facility, to allow it 
to 'remem r' the positive supply rail 
voltage of i circuit under test, in order to 
·make its ecisions about logic levels. 
Logic 'Hr s indicated for voltage levels 
equal to 7 % of the memorised supply 
rail, and 'f' for levels less than 30%; 
levels in b tween these two are regarded 
as undefin ('-'). . , . 
. Along w this full set of basic measur-. 

irig ranges, it also offers such niceties as 
data hold, imuin/minimum hold, and 
relative o t nulling. The latter can be 
used to m e ·measurements of voltage 
and current changes, to null out lead resis­
tance for w resistance measurements, 
and for celling stray capacitance for 
low"'Value qapa.;citance measurements. 

Another . · ce fearure is the ability to 
store up to ve measurement readings, for 
later recall. Incidentally most readings are 
made at th rate of about 2-3 per ·second. 
· But of c urse the main drawcard of the 
Q~1570 is ts built-in RS-232C serial in-

. A close up of the side of the 0~1570 multlmeter, showing the row Of five small pin 
jacks used for the serial Interface.-.. along with the mating five pin connector on 
the end the Interface cable. As you can see It's not polarised. 
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C~~OM .. POWER MODULES 

13A-150A 
SCA/DIODE CIRCUITS 

3SA-150A 
DIODE CIRCUITS 

CONFIGURATIONS AVAILABLE INCLUDE;-

. Single and Three Phase Bridges, (Full and ha~ contro~ . 
AC Switch; Common Cathode Centre Tap; Doublers. 

W~ CAN ALSO SUPPLY CUSTOM DESIGNED HEAT-SINK ASSEMBLIES 
WITH SNUBBERS/FUSING/THYRISTOR CONTROLLER AS REQUIRED. 

·. 14 Olngley Avenue Tel: (03j 794 5566 
Oandenong 3175 Fax: (03 794 6670 
Victoria Australia Telex: AA 37196 Fast · 

flU5TRtlllA PTY LTD 

READER INFO NO. 18 

120 WATT 48 VOLT 
. Power Supply 

AUSTEL APPROVED 
CCL No. A91 IPS/0017 
Low Cost 
Output 4BV 2·5A 
Fully Protected 
Low Noise 

MODEL: 
MPS2 

lt~lllll 
SETEC 

The high powered performer 
Setec Pty. Ltd. 6 Holloway Drive, Bayswater, Vic. 3153 Australia 

Ph: (03) 762 5777 Fax: (03) 762 9197 

READER INFO NO. 19 
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Handheld DMM .. 

source listing giving useful fragments of 
GWBASIC source code - both to il­
lustrate the concepts, and to allow incor­
poration into the user's own progriuns. 

In practice 
We tried the sample Q-1570 meter out· 

with a variety of common PC's, from an 
elderly IBM/XT to a HiCom 33MHz 486 

' model, and making a range· of different 
measurements. 

As a basic 3-1(1 digit handheld DMMit 
generally gave a good account of itself, 
producing stable readings that were com­
fortably within its stated specs (DC volts 
accuracy is 0.3% of reading, + 1 digit). 
And when used with a PC for simple data 
logging and similar low-level auto-mated 
testing, it also performed well - al­
though we did find that for some reason 
the '.EXE' version of the MEIDEMO 
program wouldn't run on about half of 
our machines (both the IBM XT and a 
President XT, and also an Epson AT run­
ning at 12MHz). This may be due to some 
kind of incompatibility between the com­
piler used to produce this program and the 
BIOS of these machines. The BASIC 
source code version .would run on the 
same machines, however, using their own 
BASICA or GW-BASIC interpreters as 
appropriate. . 

Our only other small gripe is that 
we're not too impressed with the five-pin 
connector system used .for the meter's 1 

serial port. This seems to us a bit flimsy, 
and lacks any way to latch or secure 
the connection. It also isn't polarised - , 
so it's all too easy for the plug to be in­
serted accidentally the wrong way 
around. A small .shrouded connector of 
the .· standard DB9 type would be 
preferable, we'd suggest. 

Overall, though, our basic reaction is 
that the Q-1570 is a very attractive and 
potentially very useful little meter. As 
well as being a well-made and flexible 
3-1/2 handheld DMM, the inbuilt serial 
interface ·and communications 'intelli­
gence' gives it the added ability to be 
used in a variety of simple data logging 
and automatic testing applications. And 
all for a price that is very little higher 
than many existing standard handhelds! 

The Q-1570 is available from all Dick 
Smith . Electronics stores, and many 
DSE dealers. It's also available via the 
finn's 'DS Express' mail order service, 
from PO Box 321, North Ryde 2113; 
phone (008) 22 6610, or in Sydney 888 
2105. (J.R.) + 



Lon er Life for Ni Cads • 2 
Continued from page 106 

Clarke, I , 'A deep cycl{ charger for . 1982' pp50-53. , 
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HELP 
US GET 
.· '.·RID 

0 F MS·. 

, A cure could be only .M· ~ 
dollars away. · · . .. I "-' 

COMPUTER SERVICES~··.·. · .. · .... 
AUSTRALIA \NIDE .. . ; . , 

.~\7 . I 4' YEAR' 'WARRANTY· . . Q . 

S STEMS .. · ADD ONS SOFTWARE . 
··~ ~~::: .. 1MB VGA WITH CEG · 1NStAi..lATION 
. 80486DX·25/33/50 . NON INTERlACED Hl·RES TRAINING 
. · ~· .. FOR .· 14" • 15'' - 17" • 20" NETWORKING: 

FIL SERVERS ' . . ' . . . NQUCJ I POWER' AIN ll1Q1AI Ail 
" C . STATIONS . .· · PAUNTSC TO RGBNGA. · 1vw. • U\ • ~ nu\11 

I :WO K STATIONS ' ' MULTIPLE MONllORS DIAGNOSTIC MATHS 
··· Nu~seR cRuNcHERs ·.·e·ou· c:A-r10N · 

... MODELLING 0 I'\ I 
. SIM~LATIONS. . . DESKT. P. PUBLISHING ON LINE SUPPORT . 

/SA ND EISA AVAILABLE MULTI MEDIA, , , & EXPERT.ADVICE 
' ' 

· A STRALIAN MADE·. MOTHERBOARDS & SYSTEMS· 

·· CALL FOR THE BEST PRICES NOW 
HORISED SERVICING ON: COMPAQ, ZENITH, & MOST MAJOR BRANDS 

·cc' ' ! ,, 

. . . 26 Fulton St., OAKLEIGH ·soUTH, VICTORIA 3167 · . . . 

Phon : ( 03) 562 9900 ReA11e11 INFO No. 20 Fax: (03) 562 9615 · 
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PC Enhancements Feature: 
. . 

Electronics Workbench 
. If you think you need an engineering degree to ope.rate a circuit simulatOr, or that simulators are 

only for professionals, perhaps our review. of Electronics Workbench will change your mind. As the 
name suggests, it's like having a complete experimental workbench built into your PC_..;. complete 
with power supplies and test instruments. · 

I ,'' i 

by PETER PHILLIPS >' ','' 

.. 
My fll'St foray into circuit sirnulatots user, while a simplified program· might 

was published in EA in February 1989. ' only be of use·to learners. 
This package was a simplified, low·cost · · Electronics Workbench . fits between 
version of PSPICE, produced for the these limits. It is certainly easy to use, it 
educational marlcet by Microsim and has a reasonable range of circuit sym· 
sold by Prentice·Hall. . bols and it can perfonn analysis of 

Since then, EA' s editor Jim Rowe his analog and digital circuits. 

. doesn ;t 'allow a digital· circuit to be inter· 
faced to an analog circuit. But I did say 
this package falls between the limits of 
having everything· and being merely a 
learner's program. 

We'll look at the analog module first; 
as this is the section most readers will be 
interested in. reviewed a range of more sophisticated The program requires a hard disk 

circuit simulators, and these have been . drive and is best suited to a VGA screen. 
published over. the last 12 months. In It has full colom, drop-Oown menus, is Analog module 
fact, a one.shot. booklet. covering these mouse driven and an interactive help To be honest, the analog module is the , 
reviews has since been produced. and is screen is available. In short, it is intuitive 

· d n1:1. w· d i· · more difficult of the two modules to probably still available at newsagents. It an not u Ul.e a m ows app 1cation to 
makes excellent reading if you're in the operate. . work with. Drawing circuits is easy, but 

A pal tte f · 't bol ( alled th getting them to work requires a degree market for such a product. ... . . . . : e o crrcu1 sym s c e . f . Th al 'th ~ 
' b' ') · di la ed th I £ f th o pauence. e gon ms 1or an 

·. In what seems to be a growing market, parts m 18 sp Y on e e t 0 e analog circuit are always more complex 
Emona Instruments has recently entered screen, and a circuit schematic is drawn b 'dra · 1 th · ed b 1 · than a digital circuit, as there are lot 
the field with a product from Canada. Y · ggmg e reqmr sym 0 mto ; more variables. Obviously, the more , 
Although . aimed at the educational the workspace. comp11·cated the ·citC' u1't the longer the 

. Th th ted b linkin market, Electronics Workbench (EWB) · · ese are en connec · Y g · computation time, with an increased 
really has something for everyone inter· the ends of the components. This task likelihood of your getting the message 
ested in electronics. is simplified in that you point to the . 

1 d d dra ' bbe 'check circuit configuration'. . . . There are several versions of EWB, component ea an g a ru r~ 
b d' to th t. Th to t I tried a number of circuits,· including· and the one rm reviewing here is the an e nex e program au ma· 

th l'cally routes the connecti'on to oive a the examples provided with the package. top.of· e-Iine version. The package is . .o• · · neat Iayou~ I found that op.amp circuits were· 
available for both Apple Macintosh and ... 

Th 'be h to ' h f · tru ·· generally the easiest. to get going, and IBM.compatible computers, and I'm e nc • P as a array o ms ~ 
ts h a di 'tal Itnn' te the circuit I'm describing is a simple op-reviewing the IBM version. men ' sue as gt mu e r, os .. 

cilloscope, function genetator and so on. amp integrator. .. . 
. An overview . . To connect an instrument, it is dragged The screen layoutofEWB is'shown in 

. . . . . . into the workspace and connected much ·Fig.I. The component library is on the 
. A errcmt simulator ~s a ~omputer .pro· as you would in practice. right of the screen, and those not shown 
gram that allows ~ crrc111t to be .either . An 'on-off' switch is p0sitioned in the are accessed by scrolling with the icon at 

. drawn or entered ~ . some form mt? a ·· menu bar, and by pointing to the switch the top right. .lbe instruments shown on 
~ompu~r. By press!ng the appro_pnate the circuit is then energised. The insttu· . the screen are the function generator and· 
but~ns , the operation of the.crrcwt can ments will then display the readings ob· · the oscilloscope. · 

be simulated and the results displayed.· tained by the simulation and include .. Those left on the workbench at the top 
· The quality of such a program can be .. waveforms, voltage readings and so on. of the screen are the multimeter and the· 
measured in .various ways, including . The .program .is in two modules: the· · 'Bode plotter. This latter instrument can 
ease of use, facilities provided,. the size . analog and digital modules. They ooth be used to view the frequency response 
.of th~ component library, speed of com~ have a different component library. and of a circuit and frequency measurements 
putation and so on. different instruments. The screen layout can be read from the display. 

The requirements . depend· heavily on is the same for both modules, but apart · The circuit of the integrator is shown, 
the application, and a design :engineer · from 'the operating procedures; the as is the resulting output as displayed on 
will need more facilities than a hobbyist. modules are vastly different. . the oscilloscope. Note the first cycle of 
In fact, a progriun suited to an engineer This is much as you would expect it{ ·· operation, in which things need to 
may well be too complex for the general .. the real world, although the program stabilise before settling down to give the. 
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I 

Flg.1: The\ Eltctronlcs Workbench screen display. The Flg.2: The digital module Is shown In operation here. The 
dlsplaylslnfullcolourandthlslmagelsfroma VGA screen. circuits were produced directly from the truth table. The 
An EGA s•n gives larger symbols, and a circuit requires word generator provides the Input sequence and the logic 
more screeh space. The 'scope display shows the first two analyser can display up to eight signals. 
and a bit cy:cles of circuit operation. 

usual triangular wave output for a square 
wave input. 
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Flg.3: This prlntc ut ls directly from the program. You can select whether the 
Instruments are Included In the printout. A parts list of the circuit can also be 
printed U you wl~. 

The 'scope and the function generator 
have all the usual 'controls', and these 
are adjusted by pointing to the control 
and moving the mouse. Referred to as 
'spin selectors', this operation takes a bit 
of getting used to, but is quite effective. 

Each component is represented by a 
model, and various parameters can be 
changed. For example, the op.amp has 
numerous parameters such as the supply 
voltage, input and output resistance, of· 
fset current and voltage, slew rate, unity 
gain frequency and so on. All of these 
can be set to suit 

Values must be entered for each resis· 
tor and capacitor, as the initial value is 
assumed to be zero. 

Incidentally, the rectangular symbols 
shown at the bottom of the component 
library are a voltmeter and an am· 
meter. Like all components in the 
library, you have an unlimited number, 
so voltmeters can be connected to vir~ 
tually any point in the circuit to help 
when troubleshooting. 

I tried a range of circuits, including 
various ttansistor amplifiers, oscillators 
and so on. While I got them all to work, I 
have to admit that in some cases it may 
have been quicker to construct them on 
the bench rather than ~ the simulator. 

The manual points out that even the 
order of component placement can upset 
the operation of the circuit so ·little 
wonder I had a few problems .. But to 
be fair, I suspect part of the problem 
was my inexperience and after a few 
hours, I learnt how to avoid some of 
the problems. 
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Electronics Workbench perfonn exactly as they would on the 
real thing. 

The computation time is reasonably 
quick, and once a simulation has been 
nm, ·voltage readings can be obtained 
immediately. The program supports a 
maths co-processor, and if one is 
present in the computer this is 
detected during . installation and is 
automatically selected. 

along .with the Boolean expression for 
the circuit. 

This program is aimed at the educa­
tional market, and in these tight times, a 
computer simulation is quite possibly a 
cost-effective way of providing the 
'equipment' required for practical ses· 
sions. However, to prevent lost time, 
the circuits being studied would need 
to be designed, proved and saved as a 
file before being used in a teaching en­
vironment The program can produce a printout of 

the circuit, the instruments, a list of the 
components used in the circuit (parts 
list)· and so on. A vast range of printers 
are supportOO, including my HP DeskJet. 
The diagram of Fig.3 shows the printout 
of the circuit, as well as the 'scope dis­
play and the function generator settings 
for the circuit. 

There are a number of options avail­
.. able to design a logic circui~ and I chose 
to enter a truth table in the 'truth table 
converter'. As shown, I wanted a logic 1 
for the binary inputs of 000, 100 and 
111. Pressing the appropriate selector 
then gave .the simplified Boolean ex­
pression as shown at the bottom of the 
'converter'. The apostrophe represents 
the bar usually found in a Boolean 
expression. 

But it doesn't stop there. The next 
thing was to get a circuit. Again by 
pressing the appropriate selector (con­
vert Boolean to logic circuit), EWB al­
most immediately produced the top 
group of gates. I then asked it to produce 
the same thing in NAND gates, shown 
as the lower group of gates in Fig.2. 

But given this, students could change 
component values and do all the usual 
experiments without the need for lots 
of equipment. , 

Site licences are available~ and those 
interested should contact Emona In· 
struments. (See address at the end of 
this review). 

The component library includes most 
of the usual analog components, al· 
though there are no thyristors or FETs. 
The components not shown in Fig.I are 
a fuse (partly hidden at the bottom), a 
relay, a positive output power supply 
and a negative output power supply. 

As already mentioned, each active 
component has a model to represent it, 
and the parameters of each component 
can be changed quite easily. This is fully 
described in the manual. 

Digital simulation 
The digital module in Electronics 

Workbench has some incredible featw-es, 
and would suit anyone involved in com­
binational logic circuit design. It has a 
limited array of devices, although ICs 
can be designed and saved as a macro. 

For example, a counter is not avail­
able in the parts bin, but one has been 
used in an example circuit supplied with 
the package. 

This component can then be bolTowed 
for use at will. Unfortunately, the 
manual only gives brief details on how 
to design an IC, although rm sure that 
given time with the program, this will 
become clear. 

To explain some of the features of the 
digital module, look at Fig.2, which 
shows two gate circuits connected to the 
'word generator' and their ou1puts con­
nected to an 8-(hannel logic analyser. A 
truth table is also shown in this diagram, 

0 ,.,,._.,. ~ 

~TO'¥ 

To prove their equivalence, I con­
nected the first three outputs of the word 
generator to both circuits, and connected 
the logic analyser so the output of both 
circuits could be viewed. 

Pressing the GO icon (switch on top of 
the screen display) gave the wavefonns 
shown, which are as they should be -
the same. The word generator is set to 
give inputs to the circuit that sequential­
ly COWlt in binary from ()()() to 111. 

The only other instrument available in 
the digital module is a voluneter, which 
acts like a logic probe. The parts bin 
contains the usual gates, an R-S flipflop, 
a D flipflop, a J-K flipflop and a half. 
adder. There is also a seven·segment dis­
play which will show a nwnerical 
display as the circuit is operating. As for 
the analog module, there is an unlimited 
supply of each component. Incidentally, 
for those into the DIN standard logic 
symbols, Emona have advised me that 
these are available on request 

Summary 
Compared to any other simulator, 

Electronics Workbench is certainly the 
mest I've ever used. This is a program 
hat can not only be a design tool, but 
also an excellent learning aid .. For ex­
ample, a circuit can be entered and 
modified at will without all the expense 
and mess. 

On the topic of equipment, a word 
about the computing system required is 
probably in order. There are three ver­
sions of the program, referred to as the 
Personal version ($149), the Personal 
Plus version ($299) and the Professional 
version ($429). 

The first two versions are basically in 
monochrome and can only operate with 
either a CGA or a monochrome screen. 
The Personal version is limited to cir­
cuits with no more than 20 components, 
while the Personal Plus version has an 
unlimited number of COOIJX>nents per 
circuit. Neither of these versions use a 
maths co-processor, although both can 
wOik directly from a floppy disk. 

The Professional version (the one 
reviewed here) uses either an EGA or a 
VGA screen and is in colour. A hard disk 
drive is required, and the program re­
quires around 2M of disk space and 
640K of memory. 

A Microsoft--00mpatible mouse is also 
required. The computer is specified as 
PC or AT compatible. The computer 
used in this review is a '386DX com­
patible and obviously the faster the sys­
tem the better. 

Summing up, Electronics Workbench 
is an attractive package with a good 
quality manual and many nice featw'eS. 
It is also well priced when compared to 
programs like PSPICE at $1200 (or 
$3000 for the full suite) and $1850 for 
Micro-Cap. 

These programs offer more facilities, 
but Electronics Workbench doesn't have 
too much that's missing. 

The review copy was supplied by 
Emona Instruments, and my thanks go to 
John South for his assistance in prepar­
ing this review. 

When glasses 
can't help ... 
Roy.ii Blind Society 

1/tt _JM to Set 

As I've already said, the analog 
module sometimes makes hard work of 
what should be a simple task, but this 
is also true of actually constructing the 
circuit. And how many people have ac­
cess to the range of instruments sup· 
ported by this program? Even using the 
instruments is instructive, as the controls 

For further information contact 
Emona on (02) 519 3933 or at 86 Par­
ramatta Road, Camperdown 2050. + 
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Is y~ur. computer 
a sitting duck? 

READER INFO NO. 21 

Yo r computer and its valuable 

data are .s sceptible to damage from ~LUMEN 
power spi es, surges, blackouts and Lumen International Electronics (Aust) Pty Ltd 

PO Box 543, 18 Amberley Crescent, Dandenong 3175 
. brownouts .. unless protected by an r - - - - - - - - - - - - - --, 

Uninterrup ble Power Supply (UPS). · I Please send me more information about the PC Might range I 

In he past UPS' s · have been I Name I 
1 

I Company I 
bulky, nois and expensive. Lumen s I I 

r 
Address 

P.C. Might range of new generation with all PC systems, compact, virtually I Ci~ Postrode I 

UPSs for st nd alone PCs and LANs silent and extremely reliable. And : Phone t ) : 

changes all \his. They are compatible amazingly, prices start at around ~400. L _____________ ~ 
VIC Tel (Ol) 706 9090 Fax (03) 791 3719 NSW Tel (02) 626 5089 Fax (02) 626 0337 WA Tel (09) 244 2272 Fax (09) 244 2271 QLD Tel (07) 252 8522 Fax (07) 252 5447 

I SA Tel (OB) 276 8877 Fax (08) 373 3004 NT Tel (089) 81 6602 Fax (089) 41 1166 Tas (003) 34 om Fax (003) 341712 Cook G"'" & Moo" lli9BR 



PC Enhancements Feature: 

Higher speed, resolution 
from laser printers 
Laser printers have been around for some years now, but for many people they remain a somewhat 
expensive replacement for a typewriter or dot-matrix printer. An Australian company has pioneered 
laser printer enhancement via standard PC's~ advancing the laser printer so that it now competes 
directly with professional typesetting systems, for a fraction of the cost. 

by BILL HALLIWELL 

Laser printers are here to stay. In com­
munications, commercial and media ap­
plications they have replaced the 
ubiquitous typewriter or the humble dot­
matrix printer that once happily raspe.d 
away next to everyone's PC. 

Like most new computer technology, 
laser printers were costly when intro­
duced. Although the price of a standard 
laser printer has dropped, they still don't 
come in much under $3,000. 

The early laser printers were also fair­
ly noisy and slow. So slow it prompted a 
US technology company to produce a 
PC-based controller card (the LC-2), 
which beefed up their output speed. 
That company, LaserMaster, is clawing 
its way to the top of the laser printing 
world by continually improving on good 
ideas and making them work better. 

Just after the introduction of the LC- . 
2 controller card from LaserMastet, an 
Australian company was formed to 
import and distribute LaserMaster 
products. That company, Precision Im­
ages was founded by Melbourne 
businessman John Blackett-Smith, in 
1988. 

John Blackett-Smith, having a back­
ground in ftlm production and the 
electronic media, was one of the first 
'computer buffs' of the late 1970's to 
turn his hobby into a profitable business. 

"With the constant improvement in 
desktop publishing (DTP) programs I 
could see, as LaserMaster did, an enor­
mous potential for the future develop­
ment of the laser printer and its 
applications.,, 

"But laser printers were still too slow. 
The more complex DTP programs be­
came, the slower and more inadequate 
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laser printers appeared in everyday 
use", he said 

For a long time laser printers , were 
confmed to an output resolution of 300 
dots per inch (dpi), which made for 
great looking office correspondence 
but 300dpi fell far short of true 
typesetting quality. 

LaserMaster then developed their LX-
6 Controller Card, which improved the 
resolution of any laser printer with a 
Canon engine from 300 to 800dpi -
while again increasing output speed. It 
was a major leap, and one which began 

to put LaserMaster, and Precision Im­
ages, on the map. 

But it was still impractical for their 
laser printers to compete with typeset· 
ters and fully exploit the ever-advancing 
D'IP programs such as Ventura, Page­
Maker and the like. 

Then, in 1989, LaserMaster intro­
duced their first stand-alone laser printer 
which came with its own controller 
card. The LXlOOO used a system, 
patented by LaserMaster, called Turbo­
Res which took the laser beam and 
placed toner more accurately and with 

LaserMaster's TX1000 ARI Personal Typesatter, which off1rs 1000 x 100/Jdpl 
resolution at a speed of eight A4 pages per minute. As you can BHn It comes 
compltts with Its own custom controller card. 



more fle ibility onto the page -
emulatin a .resolution of 1000 x 
IOOOdpi. . . . 
· Now, fi the first time, output from 

the Laser ter could be taken to a 
printer w o could make a plate directly 
from the I erMprinted page. .. . .. 
.. This a ance meant that expensive 
bromides nd other types of sensitised 
paper we no longer required in every 
pre-press cess. 

Given that bromides can cost 
anywhere between $3 to $12 per sheet 
and that ost conventional typesetting 
systems c have a six-figure purchase 
price, Las~rMaster was set to turn the 
publishint industry around in a radi­
cal way. 

Butac ding to John BJackett-Smith, 
there was till some, understandable, in• 
dustry_ res stance which hindered the 
growth o his aptly named company, 
Precision I ages. 

"We wo Id talk to printers and com­
mercial fi s which .did their own 
publishing and as soon as we said 'laser 
printer' th y would smile, scoff and dis­
miss us as we were trying to sell them 
some kind f high-tech toy.,, 

"Our fi t move to overcome this 
market resistance was to .begin a cam­
paign to . onvince .the computer and 
printing in ustry media that there was a 
'workablejternative to the conventional 
typesetter, and that not every laser 
printer w doomed to the unsatisfac­
toiy resolu ·on of 300 or 400dpi." 

"We hired a journalist to get oiir mes- laser printing world, because they are 
sage across to computer journalists, always looking for and finding ways·to 
writers for printing industry magazines improve their technology. 
and the general press." "Late in 1991 we were able to release 

"This was easier said than done, be- details of LaserMaster's Automatic Font 
cause even · these ·· industry specialists Management (AFM) system. Laser­
were .under the impression - initially . Master also released SmartSense to 
- that the best a laser printer could automatically switch between PostScript 
ever do was 300, 400 or maybe as and PCL printing modes. , 
much as 600dpi." Like all LaserMaster products, this 

"Our initial press releases were often relies on . the power of the customer's 
seen as 'just another stoiy about boring PC to enhance and improve the perfor­
old laser printers', as one top computer . mance of their printers." 
writer once quipped. It wasn't until "AFM means LaserMaster .units are 
1991 that the computer, communica- faster than ever before, because this sys­
tions and printing industries began to · tern allows the ·printer to .treat all the . 
take LaserMaster seriously", he said. fonts on the host PC's hard drive as if 

Meanwhile, during 1991, Laser- they were already resident in the printer 
Master, never a company to rest on its controller ROM. 
laurels, developed and released the ·This eliminates the need to pre-select 
first true laser-based typesetter: the fonts or to pre-configure . the printer 
LX 1200. This provided output on A3 driver, and because AFM stores fonts 
or A4 sized sheets at 1200 x 800dpi. :temporarily in the controller RAM the 
Now there was even more reason for virtual memory is cleared of all font 
the printing and publishing industries to data as soon as . the document has 
sit up and taice notice. finished printing", he said. .. . 

Midway through 1991, after a co- So now LaserMaster typesetters .and, 
operative deal with the US software laser printers are .all fully PostScript 
giant, Microsoft, LaserMaster's entire compatible with .the highest resoluM 
range of laser printers and typesetters tions, and offer the ability to . handle 

· went fully PostScript compatible - of- the highest number of fully manage­
fering 135 'fype I fonts absolutely free able fonts of any machine on the 
with each of.its units. This represents a market today. But John Blackett­
saving of around $5,000 over 135 fonts Smith . says there are even .. more 
purchased individually. . surprises from LaserMaster due in the 

John Blackett-Smith says LaserMaster early months of 1992. 
is destined to reach number one in the "When Precision Images opens its 

new Sydney headquarters in late 
February we will release details of a 
new . range of LaserMaster imaging 
products which will use the PC to speed 
up· and enhance the functions of scan· 
ning devices. . , . . . . · 

This opens , up a gigantic field . of 
potential in the areas of high speed data 
communications and document storage 
and retrieval", he said. . . . .. 

Precision Images offers . the Laser­
Master range of typesetter and .laser 
printers. beginning with the TX 1True­

'* ·Tech Controller Card for HPII/111 
(800 x 800dpi) at $4,990 (ex-tax); the 
TX800 AFM laser printer (800 x 

. 800dpi at eight .pages per minute) :at 
$9,990 (ex-tax): the TXlOOO AFM 
Personal Typesetter (1000 x 1000dpi 
at eight pages ... per minute) at 
$15,250 (ex-tax); , and the top of the 
line TX1200 AFM A3 Typesetter (1200 
x 800dpi at 20 pages per minute) fot 
$37,990 (ex-tax). .·. i 

' ' 

Precision Images has a nation-wide 
network of ·authorised dealers, which 

· .. The t.aseti ster Cantr0111r CBrd Is sJso svallilble ·s8parstely, to op11rate With 
. standard H LaserJet 111111 printers. It comes complete with software for automatic 

font management, Including PostScrlptlPCL switching. 

· can be contacted on Melbourne (03) 
811 9934 or at their new Sydney head­
quarters on (02) 954 0040. Ct 
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Computer News _ -__ -­
and New Products 

Single channel data logger 
Designed and manufactured in 

Australia, the · Datataker 5 is · a single 
channel data logger for recording · 
temperatures, events or voltages. The · 
logger has a stainless steel housing and a 
memory capacity of 2000 readings. 

Records are held in non.volatile 
memory, which can maintain data for 100 
·years without power. . . . . 
. Battery life is one year with an alkaline 

battery, or up to five years with a lithium 
··battery. The unit is 210mm in length and 
50mm wide by 25mm deep. . .. 

The Datataker 5 is programmed using 
menu driven software which runs on an 
IBM computer. The recording interval 
can be from one second to 18 hours. 
Recorded data can be time and date 
stamped. . . 

The software provides . graphing of 
data, production of reports and produc· 
tion of Lotus 123 compatible files. 
Models are available for event logging or 

Frame grabber for Macs 

voltage · logging with custom versions 
available for specific sensors; . 

Applications include ·food trimsport 
logging, energy monitoring,· production 
counting, machine monitoring, electricity 

One ·sample allows · .control settings 
such as brightness and contrast to be 

The MR Grabl from Display R.esearch adjusted interactively, while a VCR·like 
Laboratory is an extremely low cost, 8· control panel permits video images to be 
bi~ real time black and white frame grab· captured and saved. Another sample 
ber for Apple Macintosh computers. . · demonstrates various special effects and 

It is implemented as a short NuBus · transitions commonly found in TV 
card, and because it is so fast, it can be programs. . . 
used in place of an overlay card to create Also released for use with MR Grab 1 is 
single monitor presentation or ·corn· MR 8C, an extender card that plugs into 
seware, with real time video and com- its tail and converts it into a colour frame · 
puter graphics. . . . grabber. · . 
... Externals for HyperCard . 2.0. and MR 8C accepts Y/C separated video or 
sample H~rCard sfa7ks prov1~ r~dy- " analog 'RGB for high quality colour. Its 

. made buttons for copymg to applicattons. TV quality, while psing only eight bits 
·,,,,'. 

and gas consumption monitoring. For 
more infonnation circle 161 on the reader 
service coupon or. contact Data 
Electronics, 7 Seismic Court, Rowville 
3178; phone (03) 764 8600. 

per pixel, comes · as a result of a 
proprietary digital two dimensional and 
time..ctomain error compensation circuit 

Additional to the frame grabber family 
is the MR Split. This is required when 
the MR Grab 1 and MR 8C are to be used 
with a composite video source. It is a 
Y/C separator that separates the bright­
ne~ and colour component of a com~ 
posite video signal to give S-video . 
format output 

For more-infonnation, circle 162 on the 
reader services coupon or contact 
Anitech, 52{l Railway Parade, Lidcombe 
2141; phone (02) 7491244. 

DO YOU NEED A FAX MACHINE AND A MODEM? 
GET IN THE PICTURE WITH THE . Also the MAESTRO 2400 XR 
MAESTRO 9600XRFAX /DATA MODEM Here's a fully-featured, Hayes compatible 1200 & 
$399 Incl tax Telecom approved 2400 bps full duplex modem for just 
price includes Fax Software for etther PC or . . . 299 (inc. tax). 
Macintosh This modem uses the latest in DSP chip set 
Send and Receive . Technology and microprocessor 

.. .. , · .. . . .. · control, bringing you the future today . 
. Maestro Distributors • ca1oo1 St. South Klncuner, NSW 2258 Ph: (043) 88 2277 Fax (043) 88 2731 

READER INFO NO. 22 
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24-pln Jinter . . - - ... 

has inbLilt feeder 
A new -pin dot matrix printer, f eatur- i 

ing a bu' t-in automatic sheet feeder 
(ASP) has n released by Siemens. Ac­
cording to the company, it is the only 

·· printer in i class to offer an integral ASP 
at no extra[ost. · · ·. 

The ma ine is priCed at $695. Called 
the · MT8 it is targeted at small to 
medium s· ed businesses and education 
and govenlrrient departments.· · .... 
Continu~us paper handling is f eatuted, 

as push ttiictors come as standard. The 
printer als~ offers users a paper parking 

'

facility w~ h requires just a single button 
manoeu . In draft mode, the MT82 
prints at 1 2cps and in letter quality at 

· · 64cps. Ito ers an 80 column width, and a 
selection of resident fonts including draft 
and LQ S~s Serif and Roman (LQ). A 

·' range of p\ig-in fonts is also available. 
Compatible ·with · most PCs and 

software, the printer ·provides . ffiM 
Proprinter X.24 ·and Epson LQ850 

· emulation as standard. A parallel 
Centronic interface comes as· standard, 

386SX Uilt' 
. into ke board ... 
·. · CCI of Melbourne has· designed and 
manufac ed the 'Joey' - . a 386SX 
computer uilt in a keyboard. In the base 
of a 101 ey Trackball Keyboard .is a 
386SX m therboard with 1 -8MB RAM, 
onboard GA, 1/0 and hard and floppy 
disk con Iler, an 80MB hard disk drive 

. and a!· floppy disk drive; 
The it incorporates CCI's own 

. 386SX otherboard, using the VLSI 
: 'Scamp' hipset, and will take the full 
. range of Ihtel and AMD SX CPUs. With 

room inside to talce a full-sized card, the 
Joey can configured as both a stand 
alone m hine or network tenninal (with 

. or witho disks). At the end of a day's 
· work, it be disconnected from the 

While ·· an ·optional RS232 interface is 
:available at $69. 

For more informatlon, circle 163 on the 
:reader service card or contact Siemens, 
544 Church ·Street, Richmond · 3121; 
phone (03) 420 7254. 

monitor and taken home to be used on· 
another monitor . 

Also, with the addition of a battery 
pack and a transmitter, the Joey becomes 

. a remote PC able to broadcast to a TV 
screen or a VGA monitor. With a nine 
metre range, and the ability to broadcast 
· to more than one TV screen at once, this 
• is claimed as the 'ultimate' in flexible, 
.. portable computing. 

Conneeted to an external power pack 
and a VGA monitor, it serves as a nonnal 
·desktop computer. Then, disconnected, it 
can be used in a classroom, boardroom, 
on site or, indeed anywhere there is a TV 

.·. or monitor. 
For more information circle 164 on the 

reader service coupon or contact CCI, 26 
Fulton Street,. Oakleigh South 3167; 
phone (03) 562 9900. . 

nnJ[~~[OO 
Polypropylene · ·· 
l uF - l OuF 5% (radial) 
Bi Polar Electrolytic (axial) 
l uF - l OOuF HJ'lo 
each rated at l OOVolts AC. 
Prices lower than polyester & 
50Vott BP's .. All values ex stock! · 

Designed for Speaker Cro~~ 
overs, Audio and demanding 
electronic applications. 
Ask for prices/data sheets. 

ME Technologies 
(on ME Sound P1y Ltd subsidiary) 

P.O.box50,DyersCrossingNSW2429 
'If 065 50 2254, fax 065 50 ll41 

READER INFO NO. 23 

DNA 
For 10 years the major Australian 

supplier of . 
DTMF Equipment 

We have the largest range ofDTMF microphones and 
DTMF keypads in Australia. DNA stocks a full range 
of CES, and our own DNA MK II microphone 
conventional or high impedance. Microphones and 
keypads can be supplied with rlugs to SUit Philips or 
Motorola equipment. Call us for your requirements 
regardless oftlie quantity you can't beat our prices. 
AUSTRALIA1s No 1 supplier of 

Cellular books 
1. The Ollular Radio Handbook: 

The best selling and most infonnative book on 
cellular radio for professionals. In its second printing 
after only 6 months. It's a must fur anyone who really 
wants to know the business. 520 pages $260: Review 
EA Nov 1990. · 

2. The Ollular Rmlw Al1Mnac: 
A valuable reference for the industry. A veritable 
who's who for the industry. $160. 

3. The Ollular Installation Handbook: 
An invaluable guide to the installation of cellular 
phones. 220 pages $75. Review· EA August 1990. 

NEW! 
4. The Ustr's dflik to Otlular Radio for Asia Patifit 
A complete reference for the cellular user. C.Overs in 
detail what you should know if you are about to 
purchase a cellular phone; 100 pages $9. 95. 
Attractive quantity prices available. . 
All prices include postage in Australia, NZ, Asia. 

DNA·· 

. IO W~~ ~7~)9\~~ti 4215 
· FAX (07S)914 848 ·' 
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COMPUTER PRODUCTS 
, Mightier !Mights' 
, Continually releasing newer and better 
·· products within.the computer industry is 

hard at the best of times, let alone during 
' a time of quiet ecc>nomic activities. 
· .~· Yet international· UPS manufacturer 

Lumen· Electronics claims to have done 
·• just that, ;with the release of three new, 

more powerful Upsonic UPS systems -
i. 800VA; 1400VA and 2000VA ~inti:> its 
: existing range of PC Mights. 
, ·.With six units - 250, 350, 550; 800, 
: 1400 and 2000Va - in the range and 
· · more to come, literally every computer . 
i from the desktop 286 through to the most 
. powerful mini system is now catered for. 

More users can now afford the added 
safety and assurance that only a UPS can· 

"""" • """""'•~O .... M ""I"• .......... ,.,~···• >"'I• • '""""'~ 'o'"""'""" "• 

NeWIBM · 
386SX processor· 

give. The Upsonic PC Might formulas of 
equality and reliability are also well ,. IBM · Austmlia has introduced a ·new 
. proven, with well over 100,000 units sold custom, high speed 386SX microproces­
worldwide in the last 18 months. · sor as an upgrade to its popular mid-range 

Every Upsonic PC Might is built to ex- Personal System/2 Model 57 SX. ·.· 
acting international standards, and in · The new upgrade option uses the 
Australia comes complete with either a · powerful new IBM 386SLC processor. 
12 month or 36 month warranty. · The new optional upgrade boosts perfor-

Locally, Lumen International , mance of the model 57 SX by up to 88% 
Electronics (Australia) is changing its . without requiring a new system. 
name to Upsonic, to retain corporate in- Customers can run popular programs, 
ternational marketing uniformity. There such as Lotus 123 or AutoCAD for OSfl,, 
'are . no changes at all to existing faster than many 386DX ·systems. The 
product, personnel, location or phone 386SLC has the same 32-bit internal, 16· 
numbers. · bit external design as the Intel 386SX, 

For further information circle l80 on and is fully compatible with Intel 386 ar- , 
the reader service card, or contact Up- chitecture. · .. · . · 
sonic, 18 Amberley Crescent, Dan- It is priced at $1320 (ex tax), .and in-
denong 3175; phone (03) 706 9090. · stalls easily in the math coprocessor sock­

. et on the Model 57 SX system board. 
IBM designed the 386SLC with eight 

kilobytes (KB) of internal cache and an 
. internal cache controller, which improves 

performance by accessing data from high 
speed cache memory rather than system 
memory, whenever possible. 

Performance has been further enhanced 
by optimising commonly used instruc- 1 

tions. .· . 
For more information circle 171 on the 

. reader service coupon or contact IBM 
. Australia, PO Box 400, Pennant Hills 
2120; phone (02) 634 9111. 

VGA image to 
TV/video 

Business World has released a new PC 
enhancement product for outputing a 
·VGA image to TV or video. 

, The PC-Video Adaptor converts . the · 
RGB signal from the VGA output into a 
composite PAL signal, but presents the 
. graphics onto a TV, VCR projection TV, . 
or large screen TY. 

.Australian Computers & Peripherals from JED ... Call for data sheets . 
. ----~ 

-~-,...,~ ····· .......... : c . 
The JED 3B6SX embeddable single board computer can run wtth $300 PC PROM"'-·<. _"11~/ . 
IDE and floppy disks, or from on-board RAM and PROM disk. It Programmer. ~/ 

·has Over 80 1/0 lines for control tasks as well as standard PC 1/0. 
Drawing only 4 watts, it runs off batteries and hides in sealed Need to programme PROMS from yout PC? 
boxes in dusty or hot sites. , This little box s1111piy plugs into your PC or Laptop's parallel printer 
It is priced at $999 (25 off) which includes 2 Mbytes of RAM. port and reads, writes and edits PROMs from 64Kb to BMb. 

JED Microprocessors Ptv. Ltd.· ltdoesitquicklywithoutneedinganyplugincards. 

Office 7, 5/7 Chandler Rd., Boronia, Vic. 3155 .. Phone: (03) 762 3588 Fax: (03) 762 5499 
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PC-Vid is a box type unit It connects 
your exis · g VGA card through a cable 
provided. e unit designed for Laptop or 
Notebook mputers as well as desktops. 

For mo infonnation circle 168 on the 
reader semce coupon or contact Busi­
ness World, 1352 Femtree Gully Road, 
Scoresby 31119; phone (03) 764 2222. 

Colour ~CD 
panel for OHP's 

In Focu~ Systems' new 1600LC PC 
Viewer, pilojects 16 true VGA colours 
using a re~olutionary new LCD technol­
ogy. The unit sits directly on an overhead 
projector and connects to the PC graphics 
canl. , 

It displays computer generated screen 
images directly from a personal computer 
onto a sc~n or wall, via a standard over­
head projootor. 

The bre8kthrough colour technology 
uses a :recently discovered LCD 
phenomen~n called 'birefringence'. 

It also uinsmits up to 50% more of the 
overhead Eojector's light than com­
parable c lour panels, allowing far 
brighter co our images to be presented on 
standard o erheads projectors. 

and CGA graphics, as well as Apple II, 
Macintosh, Macintosh II and Macintosh 
LC computers. 

with Electroboard's LiteShow II to be­
come a remote controlled, fully port­
able, presentation management system. 
The Viewer PC costs under $5000. 

The 16do PC Viewer operates with 
IBM and dompatible desktop, laptop or 
notebook mputers with VGA, EGA 

The 1600LC has 640 x 480 resolution 
and 'loop through' that allows a monitor 
to be connected with no additional com­
ponents or wiring. 

The 1600LC can also be combined 

For more infonnation, circle 170 on the 
reader service coupon or contact 
Electtoboard, 275 Alfred Stree~ North 
Sydney 2060; phone (02) 957 5842. 

• • • 

Introducing the Prate! advantage. 
Protet®f or Windows': 

Prate! for Windows is an entirely new Printed Circuit Board design system created for Windows 3. Prate! for Windows 

brings the professionalism of Protel's proven PCB design software to the high{y productive Windows 3 environment. 

New Protel users will start designing sooner and experienced users will work more efficiently than ever. In 386 

advanced mode, Windows 3 provides virtual memory capahili~y, which allows advanced PCB users to design without 

restrictions on the total number of components, nets, tracks, etc. Pro tel for Windows supports the multiple document 

Coppel Trace Layers 
~Top •DMid8 • 

0 Mld,1 • DI.lid g [;] 

0 Mid 2 • 0Mid10 B 
BDt.i1d11 O 

0Mld4 .0Mid12 • 

0 Mld~S Kl] 0 I.lid 13 • 
0Mid6 •Dl.lld14 II 
0 Mi . 7 • l2l Bottom • 

Special [lsiblc 
0 Drill Gulde• D DRC Errors• l2l Grid 18 
D Drill Draw • D Rats Nest • lZI Grid 2B 
0 Keep Outs • Selections D 
12J Multi Lnycr!ilil Background • 

l.l hanical Layers 0 Transparent 

ech 1 • D Mech 3 • 0 Dithered Colors 
ech 2 • D Mech 4 II 

I Po1tScripr Print or on LPTl: 

Bitch Mode 

0 Soperolo Pogo For Eoch Print 
0 Compooit• Print 

@ Ponel• (Mulli.,io LOJloll Pot Filol 

PM""·M~;;;~;;;I BMdor Between Prints~ 

inteiface (MDI) standard. Any number of files can he loaded 

at the same time, using standard Windows routines, to move 

information between different files or different applications. 

The Protel for Windows family consists ~( Advanced PCB -

advanced level PCB layout-$1990. Options: Advanced Place 

$995, Advanced Route $995. 

Advanced Pack* $3490 

I 
Technolf!gy 

Protel Technology Pty Ltd 
PO Box 204, Hobart Tasmania 7001 
Phone (002) 730100 Fax (002) 730944 
Tollfree 008 030 949 

All 'Advanced' O(iions. Protel is a tegisleted tradematlc.. Advanced PCB and 
ProfBSsiona/ Schematic ate registMfld tradomarks of Prate/ Technology Pty Ltd 
Windows is a registeted tradematlc. of Mictosolt Corporation Inc:. 
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EA DIRECTORY OF SUPPLIERS 
Which of our many advertisers are most likely to be able to ,sell you that spocial 
component, instrument, kit or tool? It's not always easy to drodE!y because they can't 
advertise all of their product lines each month. Also some are wholesalers and don't sell 
to the public. The taDle below is published as a special service to EA readers, as a guide 
to the main products sold by our retail advemsers. For address information see the 
advertisements in this or other recent issues. 
Supplier State A B C D E F G 
Acetronics NSW • 
Altronics WA I I I I I • t 
Dick Smith Electronics ALL t I I I • • • 
Electronic Component Shop VIC • • • • • 
Emona Instruments NSW • 
Geoff Wood Electronics NSW e I I I I t 
Jaycar Electronics &stern I I I I I I I 
Kalex VIC I 
RCS Radio NSW I 
Rod Irving Electronics VIC e I I I I I I 
Scientific Devices VIC • 
Wagner Electronics NSW • • I I 
KEY TO CODING: D Components 
A Kits and modules E IC chips and semiconductors 
B Tools F Test and measuring instruments 
C PC boards and supplies G Reference books 
Note that the above list is based on our understanding of the products sold by the firms ooncemed. If 
there are any errors or omissions, please let us know. 

Electronics Australia Reader Services 
'Electronics Australia' provides the fol- take special research or advise on projec! 
low1&rvices: modifications. Members of our teChnical 
SUB PITONS: All subscri2tion en- staff are not available to discuss technical 
~uiries should be directed to: Subscrip- problems by telephone. 
tions Department, Federal Publishing Co. OTIIER QUERIES: Technical queries out-
PO Box 199, Alexandria 2015; phone (02~ side the scope of 'Replies by Post', or sub-
6939517. mitted witliout fee, mar De answered in 
BACK ISSUES: Available only until the 1nfonnation Centre pages at the dis· 
stocks are exhausted. Price $5.00. cretion of the Editor. 
PHOTOSTATCOPIES:Whenbackissues PAYMENT: Must be negotiable in 
are exhausted,J~hotocopies of articles can Australia and payable to 'Electronics 
be supplied .. 1·rice $5. per project or $JO Australia'. Send cli~e, money order or 
where a project spreads over several IS· credit card number (American Express, 
sues. Bankcard, Masten:ard or Visa card), name 
PCB PATTERNS: Histli contrast, actual and address (see form). All prices include 
size transP.arencies for printed circuit i:rnstag_e within Australia and New 
boards anO. front panelS are available. Zealana. 
Price is $5 for boards up to 100sq.cm, $10 ADDRESS: Send all correspondenre to: 
for larger boards. Please specify negatives The Secre~ Electronics Australia, P.O. 
Ol"_pos1tives. Box 19'1'"Alexan~~RW2015. 
PROJECT QUERIES: Advice on projec_ts PLEASt NOTE rHAT WE ARE UN· 
is lirilited f? postal coITespondence only ABLE TO SUPPLY BACK ISSU!~t 
and to projects less than live years old. PHOTQ .. COPIES OR PCB ARTWO.Kl\ 
Price $5.l'lease note that we cannot under- OVER TIIE COUNTER. 
·····~······································································ .. 
MEIBOD OF PAYMENT: (Please ciicle correct method). 

Credit Card: Mastercard Expiiy Date: ...................... . 
... Cheque : American Express 
Money Order: VISa 

Bankcard 

1111WW_llllllll 
NaII1e:.................................................................. No.of issues required: ........ .$5 = ................... . 
Address:.............................................................. N f pi required .$5 

P tcod o.o co es :....... = .................... . 
.............................................. OS e: .............. . 
Back Issues:......................................................... No of copies ......... iw.A. $10-• '"'1"'"""""""" - ................... .. 

Total Payment Enclosed $ ===== 
Photostat Copies: .............................................. . 

----~------------------, __ , __ . _____________ ....,. 
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Get the little things right 
and the big things 
take care of themselves. 

"Think big" is what we are all exhorted. 

But strangely that isn't the way 
Siemens works. 

In fact, quite the opposite. 

For instead, we concentrate on the 
details. 

Such as rP,sponding to our clients' 
every need (no matter how small). 

Being or, time. 

And building every single little 
semi-conductor, passive and 
electro-mechanical component with 
meticulous precision. 

In other words, as if it were the only 
one we made. 

Be it a simple relay or a mega chip. 

Which is precisely how we became 
one of the world's largest designers, 
manufacturers and distributors of 
electronic components. 

w 
iJj 

I .·' > ~ 
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Proving that whether you're building 
a car, a communications network 
(or even a company) ... look after the 
little things and the big things surely 
look after themselves. 

Siemens 
n r1 

Little things make a big difference. 


