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2T YtrARS OF I\ACAA

"That this Convention may foster
kinship among the Amateur Astronomical
Clubs and Societies around Australia...."

- from the first NACAA

In 1966 two enthusiastic amateur astronomical groups, the James Cook Aslronomers

Club and the Canberra Astronomical Society met at Katoomba, NSW, and laid the

foundations of a National Australian Convention of Amatcur Astronomers (NACAA).

The first NACAA was held in 1967 during the Easter long weckcnd at thc Australian

National University. It was co-hosted by thc James Cook Astronomcrs Club and the

Pacific Astronomical Society. A1l subsequent convent.ions have bcen hcld ovcr Easlcr.

Up to and including NACAA '88, eighteen astronomical societies and associations have

hosted this Australia-wide representation of amateur astronomcrs. Over 1000

rcgistrants from 42 associations and societies have bccn entertained by more than 15t)

papers and numerous poster papers. Keynote addresses have been presented by scnior

political and academic figures as well as professional astronomers of intcrnalional

repute.

The Delegates Meetings, a t.vpe of loosely knit steering committee, representing all

amateur astronomical associations wishing to attend, convene during NACAA and

formulate future conventions and guidelines. Thesc meetings are always ful1 of

interesting ideas. But, distance, multipiicd by a little apathy, sometimes delay thcir

implementation. As any astronomer will appreciate, we hasten slorvly.

Host societies arrange visits to interesting astronomical and associatccl scicntific

establishments such as observatories, planetariums and tracking stations. Items of

general interest are also arranged for the familics of registrants attending each

NACAA.

At the official banquets, astronomers - robbed of their telescopes around which to

gather and talk- eagerly seize on the opportunity to gather round the Festive Board and

ta1k. It is a delight hear of the "graze that got away" or the "comet that didn't". Then

thcre are the BBQ's where we renew the fellowship and camaraderie of amateur

astronomy.

1988 is a momentous year for Australia and Australians. As amateurs we can be proud

of the part we play in bringing the science of Astronomy to the forcfront of Australia's

achievements.

D. Alan Yates, BAA (NSW BRanch), FRAS

Convenor
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Editorial
Nick Loveday, ASNSW

Modern astronomy has been in continual turmoil for the last thirty years with many

discoveries challenging many of the Iong-held hypotheses and raising many new

problems.

In previous centuries astronomy was a pastime of wealthy amateurs. When modern

science took it up with a vengeance after the first World War it was considered

impractical for the amateur to make a really serious impact on astronomy as a science,

mainly for want of expensive equipment and a big telescope. For many years it was the

amateurs' dream just to build a simple Newtonian in the tradition of those famous

books, Amateur Telescope Making.

In the last few years spectacular advances in film chemistry, electronics, computing
and telescope manuf acture have made it possible for amateurs to make a reai

contribution without too many sacrifices, wherever the key element is observation
either visually or with a simple photometer, without requiring the skills of a master

machinist or software genius. In addition, modern astronomical theories can be

demonstrated and tested by many types of observations or experiments which are

within the grasp of many amateur telescopes.

With the technical i*p.ou.rn".rt, now becoming commonplace and an increasing
understanding of the physical processes occurring in the heavens, the selection of
papers presented here maintains a trend of amateurs achieving results and an

eagerness to pursue some of the more theoreticai aspects of astronomy - largely as a

result of these changes. While the professional astronomers are usually several orders

of magnitude ahead of the amateur, there is no substitute for hours of observing time at

almost any observing site of choice, and it is expected that there will always be an

opportunity for contributions by amateurs.

The conffibutors ,have diverse backgrounds; -some are semi-professional astronomers

while one has barely ieft high school. Most of the authors have been, or are frequent

contributors to their local society journals as well as other more formal publications,

and several have been previous contributors to NACAA. The Proceedings have also seen

the beginnings of many well-known amateurs.

In addition to those ,authors who have presented papers for these Proceedings, the

Convening Committee of the 13th NACAA would like to thank the contributors who

provided less formal I presentations and poster papers. Many thanks are duc to our

typist, Judy Cauchi, foi her usual fine results.
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NAPO: 1982 TO 1987

by Geoff McNamara, SAS O{SW)
Introduction

I recently received a letter from Chris Russell, an investigator on the Pioneer Venus Orbiter
programme. Chris asked me if NAPO would be interested in promoting a programme of
observing Venus' Ashen Light in visible wavelengths. These observations, he said, would be

used to supplement data taken in the neighborhood of Venus. The goal of the programme would
be to solve the problem concerning the origin of the Ashen Light.

NAPO has been recommended to Chris by the Association of Lunar and Planetary Observers in
the United States, who had already agreed to take part in the programme. By December 1987 a

world-wide network had been established to monitor Venus for this purpose.

This is an example of one of the more glamorous aspects of a young and relatively small
organisation established by Australian amateur astronomers. But what is NAPO, and what
does it do?

Basically, NAPO exists to teach people about planetary observing. We do this in a number of
ways: by publishing predictions and observer's guides, conducting lectures in planetary
observing, and by promoting observing programmes run by overseas groups.

These aims may seem fairly obvious when it comes to an organisation devoted to observing. In
fact it's surprising that no-one thought of it before. In fact they had, but before 1982 the
Australian amateur astronomical community wasn't ready for it. What NAPO did in fact was to
bring together the cream of Australian planetary observers to form Australia's only national
amateur astronomical organisation. NAPO established itself, noi as an organisation competing
with existing societies, but as a service to them. NAPO focussed Australia's outstanding,
though widely dispersed, talent, and made their knowledge available to all who asked for it.

Underlying these basic aims, however, is a more important goal. A goai modelled after people

such as Peter Mason, David Suzuki and Robyn Williams. Before anything else, NAPO exists to
teach people about the wonder and skill involved in planetary observation. It exists to bring
this small branch of science down from a complex and forbidding collection of scientific
papers which only the very, very patient can read and understand to a level which ordinary
people can learn from. After all, science, any science, exists for one reason only: to help
people. NAPO provides a link bctween the novice and professional planetary observer. To
provide useful observations to professionals as described above, and to teach people about the
solar system. And this is how it all bcgan...

During 1981 I became fascinated by the eclipses and occultations of Jupiter's four Galilean
satellites. These so-called Satellite Phenomena were also being observed by a group of
observers in New Zealand under the expert guidance of Brian Loader. Wouldn't it be fun, I
asked myself, if Australia had a national observing programme of it's own? I sent out letters
inviting observers to take part in a programme which was not only new and interesting, but
also had the good fortune to be of some use to science. Dr Jay Lieske of the Jet Propulsion
Laboratory was at the time calling for observations of Galilean eclipses. These timings, he

wrote, would be used to update his E2 ephemeris of the motions of the Galilean satellites for
use in the forth-coming Galileo mission to Jupiter. The response was surprisingly good and by
1984 Jay had written to me saying that the Australian observations were "the major modern
source for my analysis".

Presented with such success I began to wonder about the possibility of extending the concept
of a national programme to other fields. I had been in touch with Jeff Wood, then Co-ordinator
of the Western Australian Melcor Search, for some time, and he was the obvious man to contact



for ideas. Jeff wrote back saying that he had often thought of extending his Meteor programme
nationally but was held back by a lack of time to devote to the idea. I spoke to Greg Hayward,
President of the Sutherland Astronomical Society, and Jon Little, Secretary of the same. They
gave me invaluable advice (and continue to give it, I might add). Clearly what was needed was

someone to handle the overall co-ordination of the programme promotion while the people
actually running the programmes got on with observing. For better or for worse, in sickness
and in health, I volunteered for the job. I was filled with enthusiasm which has lasted to this
day.

I next contacted Barry Adcock, Director of the Lunar and Planetary Section of the
Astronomical Society of Victoria. Barry wrote back saying that he would be pleased to
organise and run programmes on Jupiter and Mars.

Following the initial notices of the formation of Australia's first and only National
Association of Planetary Observers we received 27 replies. They were from amateurs who were
interested in receiving a copy of our journal - IRIS - for the grand fee of six postage stamps.
The name IRIS was chosen after considerable searching through magazines, books and journals.
I eventually found the name in a copy of Jay Gunter's "Tonight's Asteroids". 7 Iris was the
name of a featured minor planet, so what better way to relate solar system phenomena and the
method of observing? It souqded good. And so we started off. All three of us. And 27
subscribers.

There was a lot of correspondence flying around in those days as you can expect from Directors
of national programmes trying to kecp in touch. I remember back in 1983 when I phoned Barry
for the first time. Mrs. Adcock answered the phone - this is Geoff McNamara, is Barry there?
"Oh, yes, you're the one that sends all the letters down !" Australia Post made a fortune out of
NAPO in the early days.

The number of subscribers we had rose slowly. By 1986 we had about 80, to increase to over
100 by 1988. Each of these Members is active in some way. I'm very proud to be associated
with NAPO's Members - the letters I received from them are always encouraging, even if
they're sometimes critical of some aspect of NAPO's operation. I seriously doubt that they'd
bother writing if they didn't believe in NAPO the way I do.

As to NAPO itself, we now have eight Staff Members running five Sections and nine
programmes. NAPO also promotes three other programmes operated independently. Each of
these twelve programmes operated independently. Each of these twelve programmes has been
specifically designed for visual observation by amateurs.. These programmes range from
Meteors to Lunar Eclipses, from Aurorae to Jovian satellite phenomena. All the programmes
are active in varying degrees.

Australian Support

We now had four programmes under the
Directed by Jeff Wood, a Jupiter and a

Satellite Phenomena Section Directed by

NAPO was born. It was October, 1982.

The original Sponsor of NAPO, both financially
Society in Sydney. During the early days and

and Col Shepherd provided invaluable advice
provided financial support in the form of a $90
NAPO is also indebted to David Herald of the

support over the past five years.

Directorship of three Staff Members: a Meteor Section
Mars Section Directed by Barry Adcock, and a Jovian
the Writer.

and morally, was the Sutherland Astronomical
later, people such as Greg Hayward, Jon Little
as to just how NAPO could operate. They
annual Sponsorship until NAPO found it's feet.
Canberra Astronomical Society for advice and

was well received, and we are now proud to
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have nine such Sponsors. It isn't the money that means so much to NAPO in this case as much
as the moral support. It is clear that given the opportunity to sidestep the politics which so

evidently pervades Australian amateur astronomy and get on with the actual observing,
Australian observers are more than keen to help out.

Overseas Rap port

In 1986 a letter was received by the Meteor Section from Dr. Lindblad of the European Space
Agency. Could NAPO provide information on the pi Puppid meteor shower? The data were
needed ro help redirect the spacecraft Giotto, now finished with Halley, to observe comet
Grigg-Skjellerup. The ESA needed the data so that Giotto could avoid any major concentrations
of meteoroids. Well, NAPO did have thc data, and provided the same. In fact, NAPO was the
only organisation in the world rhat had the necessary information.

The use of the Galilean satellite programme, now co-ordinated by Brian Loader in New Zealand,,
has already been described. NAPO promotes this programme still, and publishes the results
in IRIS.

The Venus Ashen light programme mentioned earlier is being promoted now.

These are a few, and I could give you more, examples of how NAPO is active in the international
scene. Our rapport with overseas groups is improving constantly, and NAPO has been
frequently mentioned in professional journals.

Back Home

But I still like to think of NAPO as an organisation of peopie. It was once put to me rather
arrogantly, if truthfully, that if you want to do science, "become a scientist and do it
properly". This is a fair comment. NAPO doesn't exist primarily for the production of science
- it exists as a liaison between science and people. NAPO exists to educate people in a field
of astronomy which is much more accountable to society than any other branch. Planetary
science is the fore-runner of manned exploration and population of the solar system. The idea
of people living on another planet, or even mining minor planets or the Moon, is a very long
way into the future. But the effort must be made to dream of things to come.

Up until the formation of NAPO in 1982 there was no major effort to promote planetary
observation beyond local societies. NAPO has changed all of this, but never in such a grand
way as the human level. I'd like to conclude this paper by presenting you with a case study of
thc most important aspect of NAPO's work.

In 1986 a NAPO Member sent a $20 donation. He wrote that he is not as active as he would like
to be due to arthritis, but is always pleased to receive IRIS. This Member said he was still
following Halley: it had been an interesting experience, and had included a few observation
details. This Membcr is over 78 years of age - he was and is an inspiration to us all. I can
only hope that when I reach such an honorable age that I'll still be as keen as he is now. It's
people such as this that make the National Association of Planetary observers such a great
organisation to belong to.

Conclusion

More than ever, there is now a tremendous need to educate amateur astronomers beyond the
simple sky-watching of the novice. NAPO has the ideas and the people. If anything, our
biggest problem is finance. Our subscription rates have not been raised in three years to
maintain an affordable source of information for pensioners and school students.
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Future projects for NAPO include such things as lecture series', Observer's Guides, and
seminars. The only thing holding us back is funding. But this only slows these developments
- it cannot stop them.

NAPO intends to maintain and expand it's promotion of the observation of planetary and
related phenomena to an esoteric level. We have and will continue to avoid the trap of being
too complicated - too many papers are written in such a way that most people cannot
understand them. The idea that science has to be presented in an objective and impersonal
manner is merely the excuse of those engaged in an ego trip of being "scientific". NAPO
refuses to become like thar for the simple reason that if scientific material ever gets to the
stage where people cannot read it because of the way it's written, then it is being produced for
it's own sake, and to return to my earlier argument, science exists for one purpose only, to
help people.

12



CONTRIBUTIONS OF AMATEURS TO THE STUDY OF
SUPERNOVAE

byRobertEvans, AAQ

Introduction
In recent years amateurs have begun to contribute to the discovery and study of
supernovae in other galaxies. These discoveries have made a substantial impact upon
the whole of the understanding of the subject. A new class of supernovae has been
defined, new estimates of the frequency of supernovae have been made and amateur
discoveries havc been significant in a number of other ways. The future seems to hold
much scope for amateurs to share in the growth of knowledge in this most interesting
and important area of astronomical research.

The search for, and study of supernovae is one of the newest areas of astronomy where
amateurs have begun to make their mark. It is also an area where the contribution of
amateurs can be of considerable value to the progress of science.

Apart from the basic need to understand the physics of supernovae, their study bears

on such matters as:

. a better knowledge of distances in the Universe;

. the value of the red shift of galaxics;

. the age of the Universe;

. the origins and abundances of the heavy elements;

. the existence and nature of intergalactic gas;

. stellar cvolution.

Discoveries

At present amateurs are able to search for supernovae visually and photographically.
Electronic searches may be a part of the future. Of just over eighty supernovae
discovered between thc beginning of 1983 and the end of 1987, amateurs have either
made or shared in ncarl+-+verg*r+i,rc- BcJc€&t of the discovcries.'uaG
Of the sixteen discovcred visually by amateurs in that period, about forty percent were
found before the supernova reached maximum brightness. This is a great improvement
on the previous results of professional photographic searches.

The Value of These Discoveries

Since 1983 there has been a resurgence of interest in the study of supernovae. Some of
the amateur discoveries were major causes of this resurgence.

Two of the discoveries led to the upsetting of the classification system which had been
followed for forty years. A completely new class of supernovae was defined, and there
are now diflercnt ideas about distinctions between the older classes.

This, along with other factors, has led to a new flowering of theoretical analysis and
insight into the nature of supernova explosions.

The three brightest discoveries have been used as probes of the intergalactic space
resulting in new knowledge about the existence and movements of intergalactic gas

clouds between ourselves and the Centaurus group of galaxies, and between ourselves
and the LMC.

13



For the first time, spectro-polarimelry has been done on supernovae. Several of the
visual discoveries have been the only targets, so far.

Amateurs have been involved in describing visual light curves for some of these
supernovae, as there has often been a failure by professionals to do sufficient
photometry of these events.

It is hoped that, with the continuing advent of better and bigger amateur telescopes, it
will be possible for amateurs to be more involved in the UBV photometry of the brighter
supernovae, just as amateurs are increasingly monitoring other variables
photoelectri cally.

Supernova 1987A

This supernova has, of course, created landmarks in many areas.

Firstly the theory of core collapse as the mcthod of explosion in a Type II supernova
was dramatically vindicated. The theory required the formation of a neutron star as the
remnant of the explosion, and the emitting of vast numbers of neutrinos. Neutrinos were
conclusively detected from this explosion.

Secondly, it became clear that the star which exploded was a blue supergiant, as

opposed to a red supcrgiant. Suclr things had never been known or thought of before.

Thirdly, the very peculiar light curve was at first very hard to understand. It was
eventualiy explained as the natural result of a blue star exploding. Most of the type II
light curves we had prcviously seen were intrinsically much brighter, and came from
red stars, - or at least we hope so.

Fourthly, although 1987A is generally a type II supernova it has upset the
classification system even further than the system had been previously. As indicated,
the classification system had taken a thrashing when the new class of supernovae was
defined in 1984. 1987A gave the system a thrashing from which it may never recover.

It has become clear that supernovae have individual differences, depending upon the
previous history of each prccursor star. This is now known to apply not only to Type II
supernovae but to the Type 1 as well. Previously Type I had been thought to be very
uniform. Supernovae do not fit easily into any classification system that we know of at
this stage.

Many other great lessons will be learned from studying 1987A.

Oddly enough, ssveral of thc other visual discoveries had very strangc spectra, which
are not yet understood.

Supernova Statistics

The December, 1987 issue of the Astrophysical Journal contained a new analysis of the
frequency with which the different basic kinds of supernovae occur in the brighter
galaxies. Previous estimates werc found to be about three times too high.

Dr Sidney van den Bergh of Canada led this analysis, based upon my visual observations

of galaxies over a five-year period. The raw materiual was about 50,000 observations of
1017 galaxies in this period. A sub-sampie of 748 galaxies from the Shapley-Ames
Catalogue was finally used to create greater homogeneity. Of the 29 supernovae
discovered world-wide in these galaxies during that period, fifteen fell within the

14



scope of my search and eleven were my own discoveries.

According to previous estimates, 54 supernovae should have been seen, instead of the
fiifteen actualy seen. In normal spiral galaxies (Sa-Sd) the prediction was that 45

should be found, of which 39 would be Type I and 6 would be Type II. In fact I saw
twelve supernovae in these galaxies, equally divided between Type I and Type II.

It will be interesting to see what results flow from supernova searches now being made,
and others still to be made in future.

The Future

A good start has been made by amateurs in this field. Let us hope that supernova
hunting becomes an amateur activity practised as widely and as successfully as comet
hunting and variable star observing are at present.

RE}'ERENCES

1. van den Bergh, S., McClure, R.D. and Evans, R.."The Supernova Rate in Shapley-
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TWO MIRROR TELESCOPES
by Nick Loveday, ASNSW

Introduction

I have always been fascinated with reflecting telescopes. That it is possible to achieve
excellent images with just one or two reflecting surfaces always strikes me as

remarkable, compared to the results which can be obtained with two refracting surfaces
(a thin lens) ! It is always possible to eliminate two of the five Seidel aberrations, and
in some cases three (the Schwarzschild and Couder designs) using just two surfaces.

Many years ago I found an article somewhere in Amateur Telescope Making on
cassegrains and why not to make one - it had me intrigued as I could see nothing wrong,
optically. I was then only 17 and a tyro mirror grinder and telescope nut - I just had to

try one. Sadly I never finished it - the 10 cm minor was destined to become a short
focus finder instead. Later, discouraged by that articie and the apparent difficulties of
making a Schmidt or Maksutov corrector, I hatched the "Folded Newtonian" which had
three reflections. At the time I was put off the cassegrain by the dangers of the "coma"
which I was then unable to compute, but I could show that theoretically the folded
newtonian should be as good as a conventional Newtonian. Eventually I made one in time
for the 1978 NACAA; it worked well and that 15 cm f/18 telescope is still in Canberra,
I believe.

Later I acquired a Celestron-8, mainly for its compact size and drive. My doubts about
the fil0 design used by Celestron and Meade grew when I realised any good Newtonian
of the same aperture gave better images and I soon suspected that a properly made
classical cassegrain would achieve better resolution than my old C-8. The only major
advantage achieved by the Meade and Celestron designs is their size (the primary is
about f/2.5) and the tubc assembly is almost sealed, increasing the life of the mirror
coatings substantially.

Many years later the bug got worse. Out went the C-8 and I now have a 32 cm parabolic
mirror with the blinding speed of t13.1 - currently as a Newtonian it is known as the
"comascope". My cassegrain sccondary is complete at last, needing a mirror mount and
other hardware to finish it. Andrew James acquired a simiiar mirror at about the same
time, since sold and as yet unmounted. A cassegrain design for Col Bembrick (BAA) is
in slow progress, while John Sumner (ASNSW) has beat us all - he purchased a 25 cm
classical cassegrain mirror pair from Telescopics which was working very nicely at Mt
Kaputar Astrocamp last time I saw it.

In practice there turns out to be absolutely nothing wrong with making a classical
cassegrain optically, but the tube and mirror mounts must be well-made out of metal to
allow accurate and stable collimation of the optics - misalignment occurs easily with
terrible results. The same is basically true for any multiple mirror telescope; the
Newtonian is devastatingly simple (mechanically) in comparison. Anyone interested in
designing a cassegrain needs to know elementary trigonometry and no calculus. Making
a pair of mirrors takes a bit more theory and some equipment and I doubt if it is
worthwhile if you can acquire a set of mirrors reasonably from a reputable maker. The
Dall-Kirkham design is "cheap & nasty" and as it is a short-cut, bit it is not too bad if
the mirrors are properly made, though I suspect some of the commercial sets may not be
well made. A supplier advertising classical cassegrains probably knows what he is
doing and in particular the primary and secondary mirrors can be tested by an amateur
using good test equipment (homemade of course).
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A cassegrain telescope consists of two mirrors; a large concave primary and a secondary
which is generally convex but can be concave (X-Ray telescopes). There are a wide
variety of variations including those with image correcting lenses in various places, but
in general the lens has very little if any power, and the main work of forming an image
is done by the mirrors.

For small to medium telescopcs it is sufficient to regard the mirrors as conic sections,
ranging in shape from oblate spheroids to spherical, elliptical, parabolic or hyperbolic
mirrors, defined by their eccentricity. In large telescopes other shapes are considered
but rarely employed, because in practice it is actually quite difficult to do better
optically than the classical cassegrain design.

In the analysis that follows, the basic geometry applies to all cassegrain telescopes,
even those with corrector plates of negligible power (Schmidt & Maksutov varieties).
The aberration formulae are given for the classical and Dail-Kirkham designs, popular
among amateurs, and finally the section on the effects of misalignment of the mirrors
applies to essentially all cassegrains. A raytrace is sufficient to determine the actual
coma coefficients if desired for other designs.

Referring to figure I and ignoring the figures of the two mirrors for the moment, the
basic geometry can be determined by any four of the first 13 variables listed below and
the eccentricity of one of the mirrors must be specified as an arbitrary constant. For a
classical cassegrain the primary mirror is always a paraboloid (ep=1) and the
secondary made to suit, while for a Dall-Kirkham the secondary mirror is spherical
(es=0) and the primary mirror made to suit.

f p Primary mirror focal length
Fp Primary mirror focal ratio
Dp Primary mirror apcrture
Ds Secondary mirror aperture
Rs Secondary mirror radius of curvature at vertex (centre)
m Magnification produced by secondary mirror
p Distance from focus of primary to vertex of secondary mirror
B Distance from vertex of secondary mirror to final focus (back focal

length)
s Separation of the mirrors (vertex-vertex)
Bl Distance between primary mirror vertex and final focus
f Cassegrain focal length
F Cassegrain focal ratio
a Semi-minor axis of ellipse/hyperbola for conic mirror
b Semi-major axis of ellipse/hyperbola for conic mirror
e Ratio of mirror diameters DslDp
ep Eccentricity of primary mirror
e s Eccentricity of secondary mirror

m = F/Fp = f lfp
e = Os/Dp
p = e.fp
B=e.f
Rs= Z.e.f /(l-m)
g = f(1-e)/m
Bl = B-S

These formulae apply to all two mirror telescopes. If Rs > 0 the secondary is taken
as concave; if negative it is convex. The eccentricities of the mirrors (assumed to be
conic sections) are gencrally computed generally by means of the square of the
eccentricity; if this is positive then the surface is elliptical, parabolic or
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hyperbolic. If the square of the eccentricity is negative, take it's absolute value but
note, the surface is an oblate spheroid.

Classical Cassegrain

The classical cassegrain telescope (and the gregorian for that matter) is a member of a

special class of optical systems, consisting of two mirrors which are conic sections
where the focus of one mirror coincides with the focus of the next, and so-on for any
number of mirrors. For such a telescope, the primary mirror is always a paraboloid. It
is possible to show that theoretically, for such a system, the aberrations present will
always equal those of a Newtonian telescope of the same effective focal ratio. For small
to medium telescopes of focal ratios f/8 or longer, this lpeans that a well-built classical
cassegrain should be pretty good optically, and indeed it is. In a sequence of mirrors
which are conic sections the third order astigmatism is also zero. In the classical
cassegrain, spherical aberration and astigmatism are zero, while coma ard field
curvature are present.

es = (m+1)/(m-l)
eP = I
Primary mirror shape : y = xzl (4.Fp)

Secondarymirrorshape: y=S -u*u.{1t + (x/b)2), 0<lxl <Ds/2

Dall-Kirkham

I always suspected this design was devcloped by some lazy opticians who didn't know
how to test or figure convex secondary mirrors, and weren't too good at making
parabolic primary mirrors either. It consists of a spherical secondary mirror, and an
elliptical ("partly parabolised" in certain jargon) primary mirror. Unfortunately it is
not a safe assumption that a secondary mirror will turn out perfectly spherical if
polished by normal means and it is necessary to at least measure its shape and
probably figure it - that is another story in itself. The primary mirror figure may turn
out to be elliptical or oblate spheroid.

The coma of this design is worse than in a classical cass. so if you get as far as making
and testing both mirrors properly you may as well go all the way and make it
cl ass i cal....

Anyway, on with the details. If we set, for convenience,

tu = Ds/Z
R=Rs
d = n-{(n2-n2)

then the sccondary mirror on its own produces an amount of spherical aberration
asa= d - [R.B/(2B+R)] +h.cot { 2.sin-l(h/R) +tan-1[h/(B+d)] ]

which equals, to a very good approximatron,

asa = [(R+B)/(R+2.B)12.h2lR

To cancel this spherical aberration requires an elliptical primary mirror with
eccentricity

I
ep = \t( 1 - (32.Fp.asa(Dp)z)l
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The formulae for the shapes of the mirrors are obtained as follows :

s€r b = 2.Fp/(t_epz)

a = u{(l-ep2)

Primary mirror: y = b.{l - {tf- (*/u)tl)
Secondary mirror : y = S + Rs - {1Rr'-*';

Aplanatic Cassegrain

Instead of the classical design, we can choose to eliminate coma, at the expense of
adding astigmatism. The result is better than the classical design for off-axis
aberrations, though the improvement is only significant for large telescopes. For
example, the optics of the Large Space Telescope are an aplanatic cassegrain. In general
the primary mirror turns out to be hyperbolic while the secondary can range from
oblate spheroid to elliptical or hyperbolic.

The figures of the mirrors are determined by their eccentricities, ep and es, where

ep2 = I +ze/lm2(l-e)l
es2 = t(m+i)/(m-l)12 - zmlt(l-eXl-m)31

Schwarzschild & Couder Designs

It was found that a ttrirC'aberration could be eliminated if the secondary is concave -

and both mirrors are made to a figure which is described as a bow, algebraically as

being of the form of an infinite serics:

y= a + b.x2 + c.x4 +dx6+....,

which is not. a conic section. A complex closed form solution for the shape can be found,
however for small telescopes these designs are indistinguishable from the aplanatic
cassegrain case where the secondary mirror is concave. This introduces astigmatism but
the net improvement is insignificant for telescopes under 30 cm aperture and more than

ffi2 focal ratio, and I would defy anyone to tell the difference on a small mirror (under

30 cm) from the true bow shape. An example of a Couder design is given by Steve Lee

elsewhere in these proceedings, using conic sections for the mirrors and many years ago

Ted Lumley (ASNSW) described one in his Brochure B1.

In these designs a rather large concave secondary mirror is used. Both mirrors have

fairly modest curvatures and would not be hard to make. Since the secondary is concave

the value of m is in the range 0 < m < l, and the telescope generally has a fairly fast
focal ratio, good for photography. Unfortunately, while third order theory indicates
good performance, raytracing shows significant higher-order aberrations which can be

reduced by overcorrecting the primary mirror, giving acceptable results with conic
sections. To be fair, we should really use the "bow" shapes but they are not tractable

mathematically.

Schwarzschild Telescope

Schwarzschild reported a design having a flat field in addition to no spherical
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aberration or coma with the values m=0.4 and e=0.5, with a F/7.5 primary mirror. This

leads to a hyperbolic primary mirror of eccentricity ep=3.674 and a concave oblate

spheroidal secondary with es= 1 .401 . This design is not well corrected for higher-order

aberrations (mainly spherical) but is much improved by raising the primary mirror

eccentricity to 3.830.

Couder Telescope

A choice of m=0.3075, e=0.385 and Fp=9.75 leads to a design free of astigmatism as well
as coma and spherical abcrration, to third order. Thip gives ep=3.774 (hyperbolic

primary) and es=O.7441 (clliptical concave sccondary). Again, raytracing shows some

significant highcr-order aberration which is improved by raising the primary mirror
eccentricity to 3.830,

Ritchey Chretien Design

This is vcry close to an aplanatic casscgrain (convex sccondary) but has a slight amount

of coma and a little lcss astigmatism.

Catadioptric designs

Where a corrccting lcns or platc is used, as in commercial schmidt cassegrain,
photographic "mirror" lenscs, and othcrs, the initial design usually starts with the

cassegrain mirror pair, desigrted to minimise the worst. off-axis aberrations - i.e. coma

and astigmatism. The remaining abcrration which are constant over the whole field,
(sphcrical abcrration, imagc curvilturc and distortion) are taken care of as far as

possible by the correcting lcnses. The dcsign is then raytraced and modifications made

whcre it appcars appropriatc. For thesc reasons the mirrors in Celestrons are not

spherical, and the design is not a true Wright-Schmidt cassegrain.

There are othcr cases, such as the corrccting lcnses used with parabolic mirrors to

correct coma only.

Aberrations

Abcrrations limit thc imagc quality that can be obtaincd, and in practice the

aberrations present will gcncrally bc worse duc to diffraction and misalignment of the

optics. In gcneral for two-mirror telescopcs spherical aberration, astigmatism, field
curvaturc, distortion and coma may all be present but in conventional small telescopes

the worst is usually coma. It is gcnerally necessary to compute the aberrations, either

by thcory or by raytrace, i{ you wish to compare the image quality of these telescopes

with other typcs. The following results are general characteristics and limits for the

major aberrations actually present in the design can be determined with a simple
meridional raytracc.

The primary mirror should be lested using a method which gives quantitative (not
qualitative !) data about the surlacc shapc, such as thc Foucault test. A variety of bench
tests exist for the convcx secondary, most of which require a concave mirror or lens
system larger than the secondary, and half the focal ratio of the primary as well as
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being of high quality. Altcrnativcly if a large flat is available the complete telescope
can be set up as an autocollimator. With some extra work, the secondary mirror back
can be ground and poiishcd optically flat and then tested through its back, though may
be necessary to do a raytracc to determine exactly how much spherical aberration is
required when the asphcric surface is correct. Finally, thcrc is nothing wrong with
testing a small telescope (undcr 30 cm) on a real star to determine the aberrations with
a knife-edge, although you may have to wait a while to have sufficiently good seeing
conditions.

If you use a Foucault tcst on the primary mirror, when testing a mirror which
supposed to bc a conic scction the familiar formula for the spherical aberration of
parabolic mirror (xzlZ.Fp) should be replaccd by

Knife-edge displacemcnL = epT.xzl(2.Fp)

All cassegrain tclescope dcsigns should have zero spherical aberration on axis. In
practice the amount that can bc tolerated (Rayleigh limit) is

asa(max) = 16.L.(D2

whcrc F is the wavelcngth of light, in length units. The classical cassegrain has no
third-ordcr astigmatism and the samc amount of coma as a Newtonian, the amount of
transverse coma is

ct = -3.x/(t6r2)

where x is the distancc (.lcngrh units) off-axis. The coma present in the Dali-Kirkham is
about 1.15 times this amount. The amount of coma tolerable (Rayleigh limit) is

Ct (max) = 3L.F

Most small classical cassegrain telescopes will easily have less coma than this over
their entire field of view using eithcr eycpieces or 35mm film.

The field of view is also not {'lat, having a radius of curvature cquai to f, concave away
from the secondary mirror. Thc focal plane for a Dall-Kirkham however is curved four
times more strongly but is concave towards the secondary mirror. While the field
curvature in the classical dcsign may not be a problem, that of the Dall Kirkham would
be noticeable photographically and possibly could be a nuisance with some wide-field
eyepieces if the focal lcngth o{' the telescope was less than 2 metres. There is a formula
in the professional litcraturc for the ficld curvature of an aplanatic cassegrain, however
it is not trivial.

Misatignment

Mechanically no telescope is pcrfeot it. secms, and usually it is possible to see minor
problems due to misalignmcnt ol the optics. These effects can be divided into three
categories:

- changes in the axial spacing (S) of the mirrors,
- a tilt of thc secondary mirror and/or its ceil,
- a latcral shift of the sccondary mirror.

The primary mirror may also shift latcrally or tilt, however these problems can be
treated as a tilt and/or displaccment of the secondary mirror, if the optical axis of the
primary mirror is rcgardcd as defining the optioal axis of the whole telescope.

is

a
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These misalignments produce a number of defects including :

- Iateral image displacement
- axial image displacemcnt
- Spherical aberration
- Altered image scale
- Coma

Of these the last is the most serious as the rest are frequently of little consequence to

the amateur. Coma is a problem, as any owner of a cassegrain, Schmidt or otherwise, will
attest if the secondary is tiited.

Axial Shift

If the spacing S between the mirrors changes by an amount AS, the position of the focal
planc moves axially by an amount

Az = AS.m2 (secondary moves)
Az = AS.(m2-1) (primary moves)

The focal length changes by an amount Af = -AS.m.f/p
and the image scale changes by an amount AIS = -(AS.m/p) .1004o

There is also a small amount of axial spherical aberration added, which is negligible
provided

AS/S < 1lQ.m2)

A lateral shift (x) of the secondary produces a lateral shift (L) of the image

L = x.[(Rs/2).(1+2.B/Rs) - 1]

and coma,

ct = 3.x.(m-t)2(m+1+es2(m- 1))/(32.f)

while a tilt (a, in radians) of the sccondary mirror produces a lateral shift

L=a.B

and coma,

Cr = 3.a.8.(m-1)2(m+l)/(16.f)

A lateral shift (xp) of the primary can be treated as a lateral shift of the secondary

where

x=-Xp

and a tilt (ap) of the primary can be treated as a tilt and shift of rhe secondary,

x = B.xp
a=3p

and then thc preceding formulae for the lateral shift and coma of the image may be used.
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In practice, the coma produced by a tilt of the secondary or a tilt or the primary is the
most significant problem.

Baffles

Traditionally the commercial designs invariably have a baffle tube inserted through the
primary mirror, and some have a small baffle around the secondary mirror; these are
generally entirely adequate for night-time use and good for daylight use. Figure 3a

shows the geometry involvcd. An older form of baffle seen occaisionally consisted of a

dewcap with an internal tube (figure 3b) but that type generally results in vignetting,
while the modern method does not.

Secondary Mirror

The value of Ds determined previously will generally lead to vignetting for off-axis
objects. It is left as an excrcise for the reader to determine how much larger the mirror
should be to avoid losing light for images off-axis, over the desired field of view.

Diagonal Mirror

A Nasmyth configuration can be chosen, where a flat mirror folds the beam out to one
side of the tube. This is vcry convcnicnt since most observers will use a star diagonal
on an ordinary cassegrain, and the focus is in a more accessible position. In particular
on an altazimuth or equatorial fork mount it is especially convenient to have the light
path folded out along the dcclination axis. In this case, if photography is performed, be
sure to mount the camera so it rotates with the tube in declination - if it is fixed on the
fork arm, a declination c[4ngc will appear as field rotation ! It is also useful when the
design has a very short back focus. if the diagonal mirror is elliptical, it should be
mountcd slightly off-centre as in a Ncwtonian (figure 4).

Setting b as the smaller semi-diamcter of the flat mirror, then:

k= (P+b)/(P-b) and hencc
b'= 2.b/(I+k)
b"= k.b

Practical Considerations

From the designs shown in Table 1 for similar Dall-Kirkham, classical and aplantic
designs, it is evident that the ccccntricity of the primary mirror varies only slightly,
while the eccentricity of thc secondary changes dramatically. From this it can be shown
that the performance of a cassegrain is heavily dependent on accurate figuring of the
primary mirror, while the figuring of the secondary may deviate substantially from the
design value without a major effect on performance.
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Figure 1 - Typical Cassegrain layout



Figure 2 - Typical Schwarzschild and Couder
layout



^rigure3-(a) conventional
consisting of two concentric
(The baffles are shown as

baffles and (b)
tubes in front

heavy Iines)

an older t
of the telescope.



Figure 4 - Diagonal mirror should be
off-axis



_TaUe 1 - Designs for 30 cm Two Mirror Telescooes

Dp
t
F
fp
Fp
m
P

Ds
Rs
e
ep
ES

S
B
BI

Item

Primary
Shape

Secondary
shape

Dall-Kirkham
t t12

30.000
360.000

1 2.000
1 20.000

4.000
3.000

46.656
18.001

119.0'18
0.389
a .271
0.000

73.344
216.017
142.673

oblate
spheroid

Spherical

Classical
U12

30.000
360.000

12.000
120.000

4.0 00
3.000

39.960
9.990

-119.880
0.333
1.000
2.000

I0.04 0
119-880
39.840

parabolic

Hyperbolic

Aplanatic
t t12

Schwarzschild
t/3

Couder
il3

30.000
89.944

2.998
292.500

9.750
0.308

1 12.613
1 1 .550

1 00.01 0
0.385
3.77 4
0.744

1 79.888
34.628

- 145.259

hyperbolic

elliptical

30.000 30.000
360.000 90.000
12.000 3.000

120.000 225.000
4.000 7.500
3.000 0.400

39.960 112 500
9.990 15.000

-87.185 150.000
0.333 0.500
1 .054 3.67 4
2.264 1.401

80.040 112.500
1 1 9.880 45.000
39.840 -67.500

hyperbolic hyperbotic

Hyperbolic Oblate
spheroid



TEACHING ASTRONOMY AND STELLAR EVOLUTION
by Andrew James, ASNSW

The author has been teaching 'Introductory Astronomy' and 'Stellar Evolution' at Strathfield-
Burwood Evening College and Huntcrs Hill Evening College for the last 2 years, and the paper

reflects the types of peoplc rvho are interested in doing such subjects and the structure of a

course around them. The aim is to create an interesting and diverse range of topics. Several

classes are offered in Sydney, and the diffcrences in theoretical or observational content are

highlighted

The nature and future of the dissemination of astronomical information is also discussed,
with respect to nature, aim and method.

The paper concludes with some guidelines for would-be teaches, lecturers and astronomical
group s.

The author has had a kecn inlercst in education and the teaching of Astronomy for many
years, and has cxperiences within societies and various Evening Colleges. The design of
these courses, their structure and the requirements of students attending such courses has

been a long drawn-out process. Scvcral ideas on the conveyance of astronomical knowledge
are presented, and thc relevance to students of that knowledge as 'Amateur Astronomers'.

"f he Amateur Astronomer' and the rAstronomical Society'

What do we see 'amateur' status or role being? Is it based on a level of knowledge or skill in
observational techniques? Or is it based on somcthing less tangible? Is there a role for the
amateur or so-called 'Semi-Professional Astronomer' (of which we have a number attending
this conference) whose skills or experiences are so important for guidance and assistance?

The fundamental basis of such queslions becomes the role of various amateur astronomical
societies and associations based on what we as peers see as important and useful to the
science. The newcomer to Astronomy, who may or may not be a member of a

society/association or may be considering joining one, is generally thirsting for knowledge
to either start observing, advancc their Observational Techniques or perhaps just
fascination of what Astronomy is all about.

It usually falls to the many experienccci membcrs to pass on their knowledge by simple
'word of mouth', which, (e.g. astrophotography) is readily organised and understood by the
student as simple 'a' follows 'b' follows 'c'. Most of the advanced members usually become
willing patriots to the cause. Most are dependent on the communicative abilities which may
or may not. have been developed elsewhere, but the majority (it is hoped) do contribute to
this type of education process, even if duress sometimes has to be applied to the unwilling.

However this is not necessarily the best way. It is not only time consuming but may have to
be repeated numerous times to diffcrcnt people. The member generally becomes bored with
this 'time-wasting' and ends up doing his/her own thing, avoiding the newcomers at all
costs. Groups of thcse people form 'cliques', and the process for the newcomer to learn

becomes more and more difficult, and essentially becomes secondary and isolated. This
leads to problems within a socicty, ending as 'us and them'- the old-hands and the learners

An Astronomical Course either within or outside a Society can become the training ground
for the newcomer who may wish to join up or be able to communicate with his existing
society. Evcnts such as the passing of Hallcy's Comet and the Uranian fly-by, that have
caplured the imagination of thc public who want, to question or find out more knowledge.
The societies represented herc, for instance, bccame inundated with requests for assistance
for which they may or may not have been prepared.
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)

The present increase in both numbers of courses and students available in Sydney are a

direct reflection of this. The courses which I give now stem from a request from the
principals of the colleges that students (and some teachers) wished to learn more than was
then available.

Out of all the astronomical courses in Sydney, only about lA-204o of students become society
members and end up buying or using a telescope. Most 'vapourise' into the population, and
never associate with societies again. This 'silent' group usually have other interests or
other priorities in life, most. subscribing to a society magazine or things like "Sky &
Telescope" or "Astronomy'r to keep in touch with the science. Judging by the number of
Ephemerides sold by the Astronomical Society of New South Wales Inc., about 307o of these
people are in a society in Sydncy.

The remainder, some 20Vo, <lo not continue any further.

The Astronomical Course

The first question is: "What should an elementary or specialized course in astronomy to be
?" Different teachers have different approaches and each student has his own desire for
particular topics or expectations. Essentially there is a basic set of topics and purposes
which the outline must follow, the tcaoher selecting the remaining topics that seem to be
important or that he or she is confident in presenting.

Three levels are available depending on the students;

t. General Astronomical Tbpics.
(General Knowledge)

Observational Topics.
(Use of a telescope and what to obscrve)

3. Specific Topics.
(Advanced lopics on Stellar Evolution, Cosmology)

(Advanced Observational or theoretical topics, for Amateur Astronomers).

Notes

1. In'General Astronomy', as may be taught in High School, the desire is to present the
size and naiure of thc Universe. We tend to present the Universe as an organized
structure, under the principle that it is ordered and understandable. This is to say
there is logic to it, under thc auspices of scientific principles and laws. All
courses must follow this simple idea and can be presented, for instance, by the
development from ancient Astronomy to the present day, to give the current level of
understanding perception of the Universe. Most students in this area have very
little observational expcrience, if any.

2. The second group is specifically for amateur astronomers, who need some technical
information to do their astronomy. Topics include, Setting Up an Equatorial Mount,
Astrophotography, Purchase of a Telescope, How to Make a Telescope, Use of
Eyepieces, etc. General information on problems and pitfalls in a subject is very
useful, as it can save lots of time, money and effort. For example, the choice of film
or exposure times for an astrophotograph. Also the reference to previous solutions
by written publications and books is also useful, especially in an Astronomical
Society library.
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3. The third group presents topics for the advanced amateur. Understanding of the

fundamental principles of many subjects, especially today, is important to grasp if
you want to contribute to the science, say to Variable or Double Star Programmes. In
the High School Physics courses the general ideas are presented for an

understanding of the evolution of stars and Cosmology, e.g. The H-R Diagram or the

expansion of the Universe. Most of these ideas are difficult to conceptualize,
especially if the student does not have a mathematical background. Regardless these

sorts of topics are often neglected, because they are too difficult to arrange in a

logical and/or a useful manner.

Many articles in 'Sky & Telescope' are often in the order of barely being understood. Most
amateurs tend to gloss over them, staying with observational sections of the magazine. Even

more academic journals, tend to be overlooked by amateurs, such' as the 'Quarterly Journal of
the Royal Astronomical Society', the 'Southern Stars' of the Royal Astronomical Society of
New Zealand or the 'Mercury', (Astronomical Society of the Pacific). All cover interesting
topics suitable for amateurs into Variable Stars or General Interest. Most of the 'Semi
-Professionals' do use thesc publications regularly, but most never read them thoroughly
unless it interests them.

An understanding of advanced topics is necessary just to gain comprehension .of guest
speakers at amatuer societies; we in Sydney arc fortunate to have regular speakers from the
Anglo-Australian Observatory or the C.S.I.R.O, Division of Radio Physics, etc. Most topics
from these institutions are complex, though many can be easily understood on principle of
basic spectroscopy or photometry, for example. Without a solid understanding of the basics,
however, the newcomer will usually be totally lost with these speakers.

Approaches of an Astronomy Course

Two courses in Sydney illustrate typical topics.

A. Sydney University: Continuing Education Programme: Introductory
Astronomy.

This programme has been running for a good number of years, based on the lecturers
used at Sydney Universities, Chatterton Astronomy Department and other
astronomical institutions, like Sydney Observatory and C.S.I.R.O. Division of
Radiophysics. In recent times, G. White (1976-1981), Dr. J. Durdin (1978),
Julienne Hartnett (1980-1984) and J. O'Byrne (1983-1987).

The courses have been 9 or 18 wccks long, for two hours per week. It is held at a

lecture theatre in the University. The Cost at present (1987) is around $85.00.

Size of the class varies, though typically between 60-150 (1986).

An example of the Structure is shown in table 1. This is generally followed by a

series of lectures in the 9 weeks after this for various speakers on topics
covered in the course. (Table 2)

Classes generally have an obscrvation session at a reasonable site in the Blue
Mountains during the course. Slides and other techniques are used extensively,
films on some topics have proved popular.

Follow-up topics were performed in 1986/7 for students desiring more knowledge.
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Table 1: Typical 1a week'Introductory Astronomy Course'

Lecture
1. Introduction to distances, times and sizes.
Z. Introduction to the Night Sky and Co-ordinates.
3. History of Geocentric and Heliocentric ideas.
4. The planets and satellites individually and comparitively, including formation

of the Solar Systcm.
5. Solar System.
6. The Sun and nuciear processes.

7 . Astronomical Instrumentation covering all spectral bands and Astronomy in
Australia

8. Today.
9. Stellar Astronomy.

observational properties of stars.
10. *intrinsic properties of stars.

*the HR diagram and Stellar Evolution
11. *Supernovae, pulsars and Black Holes

*Star Clusters, stellar populations
lZ. *The interstellar medium
13. Our galaxy 'collecting the pieces together'.
14. Extra galactic Astronomy.

*classification of galaxies
i 5, *Clusters and superclusters

*radio galaxies
16. *Quasars

17. Cosmology. ,

18. Life in the Utr'iverse
19. General interest topics, e.g. more night sky, amateur telescopes, photography.

Table 2. Guest spgakcrs. follow-up and detailed marerial

1. Photography and thc colour of stars.
2. Star Clusters and Stcllar Evolution.
3. Pulsars.
4. Infra red astronomy
5. History of Astronomy in Australia.
6. The Australia Telescope.
7. Motions in Galaxies.
8. QSO's and Cosmology.
9. Halley's Comet.
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B. W.E.A. (Workers Education Association)/Museum of Applied Arts and
Sciences, held at Sydney Observatory.

The Night Sky programme has been conducted over a number of years at Sydney Observatory,

using various lutors. Since it's closure in 1984 as a functioning astronomical facility, the

observatory is being developcd as the location for a Museum of Astronomy, under the

auspices of the Museum of Applied Arts and Sciences. It is now intended as an Educational
Institution for the general public and the various schools in Sydney, using displays and

various films, vidcos and courses.

The current course, entitled 'The Night Sky", runs for 9 weeks and covers a diverse range of
subjects for the novice. The cost is about $50.00, and participants are limited to a maximum
of 40. The course has an observational session in a dark sky site at Grove Creek
Observatory, near Bathurst in New South Wales (160km. west of Sydney).

Four lecturers present the topics; Rod Somerville, Dr. Nick Lomb (Curator), Alan Vaughan

and Des Barren in 1987. It is held on a Wednesday between 6 and 8p.m. The structure is

shown in Table 3.

The advantages of giving lectures at an Observatory location are excellent for the students,
as they get a much better 'feel' for Astronomy. The British Astronomical Association (NSW
Branch) also meets monthly at the Observatory, and is an excellent encouragement for the
students of the course to join an astronomical society.

In 1988 the course is to be expanded into 2 different related courses, in which the student
can participate in either, but is encouraged to do both. The course was expanded from 'The
Night Sky', as many of the topics discussed could not be covered thoroughly, even in a

superficial manner.

Evening College Astronomy Courses

I have been teaching at Strathfield-Burwood Evening College and Hunters Hill Evening
College in Sydney for the last 2 ycars. The colleges are similar to the W.E.A., aiming to give
adults topics which contribute to the general knowledge on numerous topics and subjects,
and is held within the local Primary and High Schools. My course is under the auspices of
the Evening College Association with Strathfiel.d-Burwood being perhaps one of the largest,
conducting over 100 different subjects ranging from Needlework, Languages to Car
Maintenance.

The classes are conducted on a non-profit basis, over a 4-term year. All classes run on a

minimum number of students, oI 8 or 9, to cover costs. If this requirement if fulfilled, the
classes run over 10 weeks, 2 hours per session. Students generally pay a standard fee of
between $34 and $50 per subject.

Teacher assessments are a condition of the college. Each college requests ihat a person

must be able to teach the subject which he or she is suited and the classes continue as long
as the students are satisfied with the presentations and there are sufficient numbers. A
'term by term' questionnaire is passed to each student with the Principal and the committee
judging the continuation of that subject. Other than this, the curricula and the information
taught is solely the responsibility of the teacher.

Strathfield-Burwood has also been the venue for those who wish to conduct courses within
local societies and other groups. In July, 1987, I conducted in conjunction with the
A.S.N.S.W.Inc., a "Steilar Evolution" course, over a 9 week period specifically for
astronomical society members. A small fee was charged by the college of $2.50 per person,
plus $3.00 for the notes supplied.
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Tahle 3 : 'The Night Sky' course (.as of Spring 1987)
l. Introduction - Astronomical Nomenclature, Using a Planisphere, Finding Stars and

Planets.
2. Exploration of the Solar System.
3. Celestial Motions.
4, The Telescope - History, typcs of Telescopes and selection.
5. Early Astronomy - Ancient Astronomy to Newton.
6. Astronomy Down Under - History of Astronomy in Australia.
7, Stars and Galaxies - Stellar Evolution and Cosmology.
8. Radio Astronomy - Importance of Radio Astronomy.
9. Einstein's Universe - Cosmology, Physics-Astronomy.
10. An optional observation session at Grove Creek Observatory.

Tqhle y'. 'Thc Nicht Slrw' nlnnnod nnrrrcp lQRR

Part 1. Introductory Astronomy I : The Solar System.
Part 2. Introductory Astronomy II : Stars and Galaxies.

Part 1 - 9 weeks in duration.

1. Introduction.
2, Time and the Seasons

3. The Moon and its Phases
4, Motions of the Planets.
5. Exploration of the Solar System - The Inner Planets.
6. Exploration of the Solar System - The Outer Planets.
7, The Telescope.
8. The Sun.
9. Astronomy Down Under.

Part2 - 9 weeks in duration.

1. Introduction Observation of Deep Sky Objects.
2. What Do Astronomers Do?
3. The Properties of Stars.
4. Life History of Stars.
5. Galaxies and Quastars.
6. Radio Astronomy.
7. Early Astronomy.
8. Cosmology.
9. Films and Discussion.

Each part has an optional Excursion.
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Tahle 5 : Introductory Astronomy - Strathfield/Burwood Night School.

1. Ancient Astronomy
2. Astrology versus Astronomy
3. The Fathers of Astronomy
4. The Earth and Moon
5. The Solar System
6. The Celestial Grid
7. The Philosophic Impact of the Sky from 1660.

8. Evolution of the Solar System
9. Evolution of the Stars
10. Overview of the Universe - Current Theory
11. The Night Sky - A View from the Earth
12. Observational Astronomy I
13. The Telescope
14. Purchase and Maintenance of a Telescope
15. General Observing
16. Eyepieces
17. Setting up an Equatorial Mount
18. Construction of Optics for Telescopes
1,9. Construction of a Telescope
20. Photography
21. Astronomicai Photography
22. Astronomical Equipment
23. Observational Astronomy 2

a. Star Clusters
b. Nebulae and non-stellar objects
c. Binary Stars
d. Variable stars
e. Planetary nebulae
f. Occultations
g. Eclipses of the Sun and Moon
h. Planetary Observations
i. Comets and Meteors
j. Other observations

24. Basic Astrophysical Concepts
25. Stellar Evolution - Overview
26. Cosmology 1 - The Distance Scale.
27. Relativity - Astronomical Proofs.
28. Cosmology 2 - Deaths of Stars
29. Modern Aspects of Astronomy
30. Cosmology 3 - Overview
31. The Modern Astronomer
32. Radio Astronomy
3 3. Observational Astronomy 3 (Advanced)
34. Space Science
35. Joining an Astronomical Society
36. Further Reading
37. Observation Session
3 8 . Tour of Sydney Observatory
3 9. Conclusions
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Table 6 : Stellar Evolution - Strathfield/Burwood Night School (Andrew James)

Introduction
l. The Stars Above.

Part 1: Stellar Formation
2. The Formation of Stars - a Brief History
3. The Formalion of Stars - Modern, Evidence

Part 2: Terminology and Stellar Phenomena
4. Magnitude and Colour
5. The Parameters of Stars

6. Stellar Spectra I
7. Star Clusters - The Colour-Magnitude Diagram
8. Binary Stars I - The Determination of Mass
9. The Mass-Luminosity Relationship
10. The Hertzsprung-Russel Diagram

Part 3: Stellar Evolution
11. The Life and Times of a 1-9 Solar Mass Star
12. Stellar Processes - Nucleosynthesis, Opacity and Dredging
13. The Dwarf and Sub-dwarf Stars (Luminosity Classes 5+6)
14. The Hcavyweight Stars (Luminosity Classes 1+2)
15. Variable Stars I - The Application of the H-R Diagram
16. Binary Stars 2 - Contact Binaries, Mutual Reactions
17. Novae and Supernovae
18. Stellar Spectra 2

19. Variable Stars 2
20. Advanced Stellar Processes

Part 4: Stellar 'Internal Processes
21. Stellar D;)namics
22. Application of Stellar Processes
23. Macro-Stellar Evolution - Galaxy and Super Cluster Development
24. Advances in Astronomy (Discovcries of Stars and Evolution in

Wavelengths other than Visible Light)
25. Future Developments.
26. Conclusions

Part 5: Ancillary Subjects
27. Mathematics and Astronomy
28. Stellar Evolution : Observation Session
29. A Voyage of Discovery
30. End.
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'Introductory AstronomY'

The 'Introductory Astronomy' course has had many changes throughout the numerous topics

presented. The present course is far removed from the original format. I selected a basic

number of 4 major groups of subjects and expanded them' They are:

1. Introduction to Astronomy - general aspects.
2. Observational Astronomy - knowledge for amateurs.
3. Cosmology.
4. Ancillary Subjects.

The selection of topics can be sccn in Table 5.

These four major categories are common to all courses on Astronomy as can be seen in the
previous examples. The topics on Obscrvational Astronomy have proved to be the most
popular, especially on telescopes, photography and observations through a telescope, i.e. the
'hands-on' aspects.

The classes conducted have had 8 to 25 people with 807o remaining until the end of the

course. Questionnaires amongst l.he students, on each Astronomy course have been used to
assess directions which have becn chosen for future courses. The complexity of each topic
varies depending on the audicnce's abilities. One class in Term 2, 1987, desired more

complex information than was given whilc the next class needed for more explanation and

assistance. Most were happy with thc prcsentations and the structure, though some did
question the need of several topics likc the 'Celestial Grid' and 'Setting Up an Equatorial
Mount", though most of these people did not yet have a telescope.

Notes have been distributed throughout the coursc, especially on topics which may be
needed for future rcference. Topics, like the purchase of a telescope, setting up a telescope
or the celeslial grid system are particularly important. Some of the notes have been
presented just to guide the students through difficult concepts, like the size of the Universe
and the distances between galaxies. Some of this information is directly helpful.

An observation session is also made using a Cclestron-8, to show the types and appearances
of some astronomical objects. Student.s are encouraged to bring along their own telescope,
with many problems solved on fte spot. The session is usually extended to between 3 and 4
hours and objects selectcd are depcndent upon the time of year. Most of the novice students

without a telescope are usually impressed and are most enthusiastic even before the event.
During the night the principles on sctting up the telescope are discussed, reiterating the
importance of the cclestial coordinatcs. Several videos and slide presentations are included,
selecting the specialized topics dcpending on the students' abilities. Most of these types of
presentation should be uscd to provoke more questions and thought on Astronomy and its
importance.

Severe restrictions are placed on giving all the information required in the 10 weeks in any

course. It is possible to expand out the course, within limitations, so that the course ends

up even more structured with many students on different levels. My idea of expanding is to
make the four topics into three major courses. That is:

1. Introductory Astronomy
2. Stellar Evolution
3. Cosmology

with the ancillary topics absorbcd into all thrce.
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The Introduction course is intended for the newcomer who would like to have information to

either start observing or have some understanding of what Astronomy is about.

The Stellar Evolution section is for the amateur astronomer wanting to find out more of the
nature of the Universe and the evolution of its component parts.

The Cosmology course is intended to present advanced information for the many who are

fascinated with this subjcct. Most of the older and those less inclined to observing
activities tend 1o favour these subjects.

Combined together these should make a year long course that should satisfy the
requirements that many amateurs seem to desire. An example of the Stellar Evolution topics
is given in Table 6.

Requirements of a llasic Astronomical Course.

As the complexity of Astronomy increases the amount of information that the student wants

to know or have explained also increases. This aspect gives the topic a dynamic 'feel', and is

the very reason that we see an increase of direct interest from the general public. From the

teacher's point of view, this prescnts a number of dilemmas that have to be solved. The

topics selected tend to ovcrwhelm the timc 10 present them all, so either you diversify or
have to eliminate what scems to be less important.

The basic astronomy course should aim to introduce the terminology used by astronomers

and us amateurs as its primary aim. As we cannot present all the necessary information to

become that 'amateur a$\tronomer' it is important that he or she can speak to others to find
out the knowledge to reach that elcvated state. Practical astronomical exercises have far
more effect than any amount of theory. Hence the astronomical course should be aiming to
present as concise information as possible with numerous references to books or visual
information, to extend the concepts and close contact with other people.

At the last Mt. Kaputar 'Astrocamp', for example, most of the attendees were of various
observational and theorctical levels. The most useful aspect of the whole camp was the

dissemination of knowledge on all sorts of astronomical topics, and contributed the

experiences of others to a common goal. Astronomical society meetings and society get
-togethers are also places where this happens. It is important for all societies to realize that
we must at least attcmpt to absorb the novices and newer members of a society and raise thei

standards of their knowledge, otherwise the efforts of some of the courses undertaken are

useless to a society.

In structural terms, the topics should also be organised in an interesting and direct way of
starting thinking in terms of observations through a telescope or the contributions of an

amateur or professional to the scicnce. The subject matter should be placed in the

convectional manner, that is moving from the Earth away into the far reaches of the Universe.
This mcthod is easily understood, and increases in complexity. I prefer to use the idea of
placing the student in a point of view of the universe from looking up to the sky as the

ancients saw it and then expanding the use of the scientific principles to explain the

current views and explanations on what is obscrved.

After this, individual descriptions on how we use telescopes and other equipment with

observational astronomy is usually the best follow-up, as it gives the ways in which the

student can develop the means of investigating the skies themselves. Most of the astronomy

in schools seems to neglect this aspect as the teacher generally has no information on

current events of interest or expericnce. Weaker professional courses in the past have had

this as the 'weak link in the chain', and tend to make anything past this point uninteresting.

As an amateur, I have tended to make this the strongest part of the course structure'
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Following this the 'bizarre' and different subjects in Cosmology and topics like Black Holes

and the size of the Universe must be tackled. An excessive use of examples must be used to
make this understandable. The prompting of questions can be used to judge their
comprehension, though logical progression of too many ideas can easily become lost.
Following this a summary of other related subjects can be used with the degree of use

dependant on the time remaining. A question and answer session can also be of use at the

end of the course.

Requirements of an Advanced Astronomy Course

Amateurs need Education too. After joining an astronomical society, advanced courses
should be on offer to the membership. This takes the co-operation of the advanced observers
and members, and is always fraught with some difficulty.

When basic subjects, like Stellar Evolution and Cosmology are understood, the pleasure of
what one observes can be directly appreciated. The numbers of articles surrounding such

topics are increasing in the last number of years, e.g. James Kaler's series of articles in 'Sky
& Telescope' on the Spectral Sequence of stars and the examination of the Harvard Scale,

sequence by sequence, in recent ycars.

The Stellar Evolution course in my case, indicated to me that most were not aware of many
aspects discussed. Some were interested in just filling the gaps in their knowledge. Most
became aware of the serious aspects of why a subject is being favoured by the professional
astronomical community.

Other subjects are equally feasible within societies, e.g. Astrophotography, discussing
methods of techniques etc. A once a year series of such a subject, by the experienced
photographers, would be of great benefit as most amateurs desire to do it.

Co nc lu sio n

Many discussions and debates continue on the teaching of astronomy. No one method is in
fact better than another except in that the means towards the 'ideal' way. The role and need
for the Astronomical Society to bc involved in education is paramount, almost to the extent
that its success or failure can depcnd on it.

It is hoped that even if some of the points are disagreed with, it may make people aware that
transmitting or teaching Astronomy is an important aspect to consider.
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PRBPARING AN ATLAS OF EXTENDED MILKY WAY OBJECTS
by Gregg D. Thompson, SAS (Qld)

Shortly after I received my first 30 x 60 telcscope when I was a boy, I began searching the
heavens for nebulous objccts. As I had no star atlas then I had to make my own maps to
remember where they were. I had no idea what these objects represented at that early age

but they nevertheless fascinated me - and they still do.

Throughout my secondary and tcrtiary education I developed a keen interest in art and I
applied my drawing skills to recording the basic forms of some objects that I found difficult
to describe in words. Having written descriptive notes for hundreds of deep sky objects
made with a 10cm reflector during my early teens, I found that words became insufficient to

describe the differences observed between objects of a simiiar type. Although many objects
have similar classifications, no two are exactly same, nor are their surrounding starfields,
yet verbal descriptions would suggest many are identical.

Afler observing large numbers ol objccts over a few years, it became very difficult to
remember what individual objects really looked like. To illustrate how poor one's memory
is, try sketching from memory even familiar objccts like M8, M42, NGC 4372, Eta Carina,
NGC 3293, The Veil Nebula, etc. and scc just how far short your sketches fall of their actual
app earance.

Recording Observations

I found the most practical way to record an observation was to sketch the object as

accurately as possible and support the drawing with short descriptive notes detailing
aspects of the object that were not apparent from the drawing, e.g. colour and the object's
appearance in the viewfinder or at other magnifications etc.. I found that if I made accurate
drawings I could always look back and know almost exactly what the object looked like. I
could compare brightness levels, sizes, shapes, field stars, and colours as if I had a high
magnification photograph which never suffered from overexposure.

I made many detailed drawings of galaxies with the intention of being able to detect
supernovae and, ultimately this lcd to the development. of the Supernova Search Charts.

Factors Affecting Observations

With continuing experience, I found that many variable factors influenced what an observer
could see so I began to note them. Not only was the aperture of the telescope and the
darkness of the sky important, but of greatly underestimated importance, was magnification.
Contrary to popular belief years &8o, high magnification not only provides far more
resolution than low power, regardless of the aperture, but it also, invariably, gives much
higher contrast if the object does not fill the field. Furthermore, high quality eyepieces
like the Naglers provide very wide real fields of view together with high powers and this
permits considerably more to bc seen than with the older makes of eyepieces. High
transmission coatings make a differcnce as well.

Telescopes with dirty or tarnishcd optics lose contrast and don't reveal subtle detail that is
detectable in telescopes of the samc aperture that. have good optics. When observing with
friends at field nights, it became obvious that poor collimation was repeatedly the cause of
the loss of detail especially with short focal length reflectors and Schmidt-Cassegrains.

Just as it was apparent that many variable factors related to the telescope were playing a big
part in what could be seen, so were other factors related to the observing conditions. Most
observers are aware that fine detail is lost when the air is turbulent (poor seeing) making
star images look like fuzzy balls of wool and poor transparency can hide faint objects. These
are usually the only sky factors that are generally noted however, sky darkness is just as
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important to the deep sky observcr and it should also be recorded. Obviously, if a faint
object is in a sky brightened by artificial lighting or natural zodiacal light, contrast will
suffer. A standard scale had to be developed to note this variable condition. (See Check
List, figure 2.)

It is often ignored that the altitude of the observing site can make a difference. Those who
have observed from sites like Mt. Kaputar, the Rockies or Mauna Kea for example, will
testify to the notable differences that altitude can make compared to observing near sea

level. There can also be very significant differenccs between what can be seen when an

object is low in the sky comparcd to its appearance overhead. So, the altitude of the object
and the altitude of the site were always noted.

Wind, dew and cold can affect the accuracy of observations. Under adverse conditions one
naturally tends to be distracted and usually rushes the observation. When this happens
there is a greater likelihood of overlooking subtle detail and one is less likely to take the
time to accurately plot all the field stars so it is meaningful to note those variable factors
also. It should be stated that it is much more meaningful to note how the observer perceives
the temperature (i.e. warm, cold or frcezing) rather than the air temperature itself. This is
because one observer may be well dressed for a cold evening and well protected in an
observatory from wind and dew. He will therefore feel quite comfortable and be able to make
accurate observations, whereas another observer working in the same air temperature out in
the open with inadequate clothing will be strcssed and unable to perform at his best.

The Observer

One of the major variable factors that is seldom mentioned is the observer himself. There
can be great disparity' between the vision in one eye and the other, let alone between
observers. Some people'ban sec stars no fainter than about magnitude 4 in a dark sky while
other keen eyed observers can readily see to 6.5. Age can make a difference to one's
threshold vision and it is known that the eye begins to act as a yellow filter from 50 years of
age onwards. Naturally, an observer who had poor lhreshold vision will not be able to see

very faint objects. A simple test has been designed for this purpose.

Similarly, Visual Acuity, the ability to see fine detail, is an important factor and it too
should be measured and noted (see figure 3).

It also became obvious that as one tires, the accuracy of the observation is likely to decrease
so a fatigue rating at the time of the observation should also be noted.

As with most endeavours, when one is inexperienced one is far less likely to perform like an

experienced person. Most incxpcricnccd observers only sce a couple of faint brown gas

belts on Jupiter even in large telescopes yct experienced obscrvers using the same telescope
and conditions may see a tremendous amount of fine detail and colour variations simply
because they have the experience of how to use their eye, telescope and conditions to
maximum advantage and they also know what to look for (see figure 4). Experience is a major
factor and should always bc noted. As one progresses at making drawings of objects it is

easy to be aware of the accuracy rating of the drawing which, as explained earlier, can be

affected by several factors. Artistic ability, time restraints or the complexity of the subject
may also affect the accuracy of a drawing. If the accuracy is given then it is apparent
whether the drawing is a rough sketch or an accurate representation of the object (see Check

List).

Although some of these variable factors are subjective, they are better than ignoring those

variables altogether. As I believed they were all necessary if I was to make a serious

attempt at scientifically recording objects, I designed a two part form lo record my
observations and research data. With the use of simple abbreviations both pages can be

filled out in only a minute or two. I find the drawings usually take from 5 minutes for
simple objects to no more than 30 minutes for the most complex'
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CHECK LIST

TELESCOPE TYPE - Abbrev. as: N = Newtonian, C = Cassegrain, SC = Schmidt Cassegrain,
D = Dobsonian, R = Refractor, B = Binoculars.

OPTICAL QUALITY - Express as a fraction of a wavelength of light.

COLLIMATION - Abbrev. as: E = Excellent, F = Fair, P= Poor.

TRANSMISSION -Abbrev. as: G = Good, F= Fair, P= Poor.

SEEING - Express in seconCs of arc.

TRANSPARENCY - Abbrev. as: E = Excellent, G = Good, F = Fair, P = Poor, B = very Bad

SKYDARKNESS-1=Perfect,2=Fairlydark,3=3-4daymoon,4=7daymoon,5=full moon.

WIND - Abbrev. as: W=Mndy, S=Slight, N = Nil.

TEMPERATURE - Abbrev. as: F = Freezing, C = Cold, M = Mild, W = Warm, H = Hot.

DEW - Abbrev. as: H = Heavy, M = Mild, N = Nil.

EXPERIENCE-Abbrev.as:1=Expert,2=Experienced,3=Casual observer,4=Alittleobserving,
5 = Novice,

FATIGUE - 1 = Fresh, 2= Little weary, 3=Very tired.

ACCURACY-1=Photographic,2=Obiectaccurate,fieldfair,3=Objectonlyfairlyaccurate,
4 = fairly rough, 5 = very rough, no detail.

DESCRIPTION - Note if (a) Visible to naked eye or in view-finder.
(b) Surface Brightness - HSB = High eg.M42,f uc 47, M17, NGC7009, M2.

tS 3 = ll"#':# i'1 # i,1'# lvli i'* *?1i J ff 3,'' il
California, M74.

(c) Shape
(d) Diameter
(e) Dark Lanes
(f) Peculiar Features
(g) Surrounding Star Field

GALAXIES - Appearance of nucleus eg. starlike, broad core. Dark lanes. Hll regions. Starclouds.

STAR CLUSTERS - Resolvability. Colors of Stars. Degree ol concentration. Star Magnitudes.
Open Clusters Globular Cluslers
C = Loose and irregular 1 = Very open, poorly populated
D = Loose but rouncish 3 = Sparse, slightly condensed
E = Moderately concentrated 5 = Fairly populated but no nucleus
F = Fairly compressed 8 = Rich, condensed toward center
G = Very rich, compact 10 = Very rich, very compressed

STANDARD ABBREVIATTONS - q = Bright(est), Bm = Brighter middle, DkLn = Dark Lane, El = Elongated,
lrr = lrregular, M = lvlottled, MW = Magnifies well, Nuc = Nucleus,
PR = Partially resolved, R = Round, Sl = Slightly, * = Star, * like = Starlike,
U = Unresolved, Vis = Visible, VF = Viewfinder, ! = Remarkable object.

Figure 2. The observing check list printed on the back of the form. It is a reminderfor abbreviations and features to rook for when observing.
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observing all the sKY ATLAS 2000 Deep Sky Objects

After having the forms printed I now had the means to begin a systematic plan to observe
and record the telescopic appearances of all the visible planetaries, open and globular star
clusters and bright and dark diffuse nebulae in our Milky Way. I made the drawing circle
on the form as large as possible so that the size and angles of objects would relate to those
seen in the eyepiece. This also had the advantage of allowing me to draw fine detail easily
which is difficult if the size of the drawing is small. I always draw objects at the highest
magnification that shows the object at its best. This permits the highest resolution and
allows the object to be the feature. (Small, low magnification, Iow accuracy drawings like
many of those in the Webb Society books that illustrate most objects as tiny featureless dots

or smudges amongst other specks are most inadequate and are unlikely to enthuse observers
to seek out even some of the brightest objects.)

Having drawn most of the globulars and planetaries that were not starlike, I decided to
observe all visible extended Milky Way objects that were plotred in the Sky Atlas 2000 or
listed in Burnham's so that I would have a visual reference for these 600 odd objects. There
were, of course, some objects north of +50o declination that I could not reach so I solicited
assistance from some of my Northern Hemisphere colleagues to provide all sky coverage for
the proposed atlas.

Drawings

To make the drawings accurate, I firstly aiigned the cardinal points on my blank drawing
form to approximate the north, south, east and west orientation of the telescopic field of
view. I then carefully plotted the positions of the brightest field stars and placed the object
accordingly. It was ,thcn a matter of plotting the fainter stars with respect to the bright
stars and shading the object to reprcsent its visual appearance as accurately as possible. I
found that with increasing practicc, not only was my accuracy improving but the time it took
to make a drawing was reducing. I would then touch up the drawings at a later stage to make
the star dots round which is difficult to do in faint light. I added neat spikes to the bright
stars in preference to having huge dots.

Many other observcrs who had their drawings published tended to pay little attention to the
accurate plotting of surrounding field stars and they frequently made all the stars about the
same size regardless of brightness variations. This practice combined with the small scale
of their drawings, typically made at low magnifications and with no orientation, made it
virtually impossible to use such drawings as a worthy reference. I was determined to make
mine easy to relate to the appearance of the object as seen in the eyepiece, usually with
medium to high powers.

Filters

Although I found little advantage in using a Meade Deep Sky filter, on recommendation from
Jack Marling, I purchased an 0 III filter in the hope that it would enhance some faint
planetary nebulae. When I firsr looked through the filter, the field was so dark I thought it
would be useless but after about 4 seconds my eye dark adapted to the darkened field and
the hitherto invisible planetary stood out distinctly! I found it greatly enhanced about 213

of all planetary and diffuse emission nebulae. This permitted me to observe these faint
objects from Springwood Observatory which was becoming affected by light-pollution. When
using the 0 III filter even the low surfact brightness of the Helix Nebula could be well seen

under full moonlight! The Veil and Filamentary Nebulas, low in the Northern sky, appeared

as very faint wisps without the filter but the detail seen with the filter in light polluted
skies was reminiscent of photographs.
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Figure 3. A test of visual acuity. Place this in broad daylight or light shade and

stand exactly 5 metres (16.5 feet) away. With reasonable eyesight you will be

able to detect that the square at the 9-o-clock position of pattern no. 10 is not
grey like the others, but chequered. Proceed to look for the chequered square in
the increasingly smaller patterns, and note the number of the pattern in which
all the squares appear grey. This becomes your visual acuity rating. As this test
is performed in daylight when your pupil is about 2 mm in diameter, there may
be significant deterioration for some people when their pupil enlarges to 7 mm
when dark adapted. The test should be done with the one eye used for observing
as considerable differences can exist between left and right eyes.

Photographic References

My drawings made with my 32cm, fls, ll20 wave, reflector were able to show more
resolution of globulars than amateur photographs but photographs could reveal faint
nebulosity not seen visually. As drawings and photographs often complement each other, I
started collecting high quality amateur photographs of all these objects with the view in
mind to publishing an Atlas of Exrended Milky Way Objects.

I was fortunate in being introduced to Steven Quirk who had photographed many Milky Way
objects using hypered UR 400 colour film at the prime focus of his 25cm reflector. The scale
of his photography was very similar to a low powered eyepiece view and, being colour, there
was little problem with overexposure. His well-guided photography magnificently revealed
the subtle colour differences of nebulae and stars. Steve was enthusiastic to provide his
work for inclusion in the Atlas. Other accomplished Northern Hemisphere astro
-photographers supplied colour and black and white photography of objects beyond Steve's
horizon to give whole sky coverage.

6.2.1.
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Descriptive Notes

I compiled detailed descriptive notes for every object with special attention as to how they
appear visually at different magnifications in various apertures, typically 7 x 50
viewfinders, 10cm, 20cm and 32cm apertures. Astro-physical data was also researched for
inclusion.

Many books give vague descriptions of decp sky objects but few give visual references
(photographs etc.) for any but the most popular objects and few books provide complete
coverage. Experienced observers are well aware that knowing what to look for is half the
battle when seeking elusive detail. It is hoped that the Atlas of Extended Milky Way
O b j e cts will provide an invaluable reference source for amateurs, encouraging them to
carefully observe the structure our Milky Way's wonderful deep sky objects.
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Figure 4. Two drawings of Jupiter. The sketch on the left is by an inexperienced

observer while the tt"t"tt on the right is by an experienced observer minutes

Iater with the same telescope. Inexperienced observers usually do not know what

to expect So they do not look for subtle features - fine separations between the

belts, streamers, low contrast polar gas belts or limb darkening'
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AMATEUR PHOTOELECTRIC PHOTOMETRY WITH SMALL
TELESCOPES

By Colin Bembrick BAA (NSW Branch)

Numerous designs have been published of photometers suitable for amateur telescopes. The
cost of equipment is not prohibitive, especially when compared with expensive cameras,
lenses, etc. which are common in amateur hands. Much of the photometer electronics can be
cheaply built by someone with appropriate experience in electronics. A project of this sort
is particularly suitable for a joint effort by members of an amateur astronomical society.

Many and varied observing programmes may be undertaken, including many types of
variable stars, minor planet rotation periods, Jupiter satellite eclipses, and occultations.
There are many relatively bright stars which still require investigation. Indeed, the
literature abounds with requests from professional astronomers for this type of data, and
opportunities exist for joint observing programmes, often of an international nature.

Introduction

Through the technique of photoelectric pholometry the experienced amateur can make a
significant contribution to the science of astronomy, even with a small telescope.
Photometry can be done with virtually any telescope from 20cm upwards, and examples
given in this paper include data from telescopes of 20 to 76cm aperture. Thus in this
context, we will regard any aperture less than 1 metre as a "small" telescope.

A number of sourccs of information concerning photoelectric photometry with small
telescopes are now published rcgularly and are thus available to the aspiring amateur
photometrist. One of the best sources is the iAPPP "Communications", published
quarterly in USA and available to members of IAPPP. A source closer to home is the column
"P.E.P. Taik" which regularly appears in the Australian Journal of Astronomy, published in
Perth. The "Bible" of small telescope photometrists worldwide is of course Hall and Genet,
1982. AnoLher very useful local publication is the Proceedings of the Second New Zealand
Symposium on Photoelectric Photometry, held in Auckland in 1982.

It should be pointed out that an amateur with a photoelectric photometer can obtain results
which are just as accurate and useful as any professional astronomer. Indeed, due to time
constraints on telescope availability, the amateur has the potential to do more photometry
than many individual professional astronomers. It is also worth remembering that
photoelectric photometry is surprisingly tolerant of light pollution. City and suburban
sites need not be ruled out by the amatcur photometrist.

Equip m ent

At the present time numerous designs have been published of photometers suitable for
amateur telescopes. With the relativc cost of electronic components and computers steadily
faliing, the cost of photoelcctric photometry equipment is not prohibitive. Most if not all of
the photometer electronics can be chcaply built by anyone with experience in electronics.
A project of this type could be undcrtaken as a team effort by members of an amateur
aslronomical society.

The basic photoelectric photometer consists of a deiector, fabry lens, filters and diaphragms
(or apertures). The detector may be a photomultiplier tube (PMT) or a photodiode. Power
supply, amplifier and display units are also necessary. If the detector is a photodiode, then
the power supply may simply be low voltage DC (dry batteries). However, if the detector is a
PMT then a stabilised high voltage supply is necessary (around 1000v or so). The
advantages of using a PMT are high sensitivity and usually broad spectral response, while
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the advantages of a photodiode include low cost, simple low voltage equipment and the

ability to work at longer wavelengths (into the near infrared). However, considerable
sensitivity may be sacrificed in using a photodiode as compared to a PMT, and this may be

critical if your telescope is of modest apcrture. The display unit mentioned above may be a
chart recorder, digital meter or computer. The latter is not essential but is highly
desirable for ease of data acquisition, storage and processing.

Specific designs have been published in a number of journals. For instance, a basic or
prototype photometer is described by Bembrick and Daggar (1982) and a telescope designed
for photoelectric photometry is outlined by Hickey (1986). Other systems for small
telescopes, including digital output, are described by Rowe (1969), Evans (1972), and Allen
(1972). All of these authors are experienced amateur astronomers. Numerous alternatives
as to the design of photomeler heads, amplifiers, and display units are to be found in Hall
and Genet (1982) and also in Genet ct al (1987). The compact photometer head described by
Hopkins (1982) has much to recommcnd it and is the basis of the author's system (see Photo
1).

For small telescopes as well as largc ones, the principles of good photometer head design
remain the same. It should bc as light as possible consistent with excellent rigidity.
Lightness is particularly important for the smaller amateur telescopes. Also, ease of use of
the knobs and levers in the dark should be carefully considered, as they will be used many
hundreds of times per night. A good viewing eyepiece with illuminated cross-hairs is
essential for centering the star in the diaphragm. Electrical plugs and cables should be of
the positive locking varicty and high voltage cables must be adequately shielded. For an
amateur telescope provision should be made in the filter wheel for a "no filter" position, for
use when you are trying to work with really faint objects.

The author's photometry system is based on an EMI 9781R side window PMT mounted in a
modified Hopkins photometer hcad. The original system is described by Bembrick and
Daggar (1984). Power supply, amplifier and display unit electronics have been built locally
by Daggar, who was also rcsponsible for intcrfacing the photometer to the author's 64K
Microbee computer (see Photo 2). Photomcter control and data acquisition is by means of a
BASIC program. At. prescnt 9cm disc storage is used for the raw data. Digital display and
optional chart recorder output. is providcd. The photometer may be powered by either 240V
AC or 12V DC. An internal clock provides timing pulses which may be synchronised with
real time. Thus each photometer reading is stored on the raw data disc with an associated
time. Timing pulses may also be optionally output to the chart recorder.

This system has now been used on both the 76cm Rcynolds reflector at Mount Stromlo and
the 40cm Boller and Chivens at Siding Spring (see Photo 3). In each case this system has
proved substantially easier to use and more reiiable than the on-site professional systems.
The system has the advantage that different lypes of observing programs may be handled via
the menu-driven software. The latter is of modular design so that upgrades and
modifications may be made by re-writing a limited number of small subroutines.

Observations and Typical Results

In this section we shall bricfly examine some typical observing programs and results
obtained by amateur photoelectric photometrists. These examples have been chosen to
illustrate the wide variety of observing programs available to amateurs. The author has
personal knowledge of several of these programs and several others have been undertaken
locally by amateurs in Australia and New Zealand.
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Minor planet photometry is one area where the amateur can find great interest and
challenge in the field of photomctry. Very few professional observers regularly
do minor planet photometry. Even fewer of these are in the Southern Hemisphere.
Thus the Southern Hemisphcre amateur will have little competition (either
professional or amateur) if he or she concentrates on minor planets with southerly
declinations at opposition.

The initial problem is to act.ually find the minor planet each night at the telescope.
Here a good atlas with faint stars or a photographic atlas is essential. One other
problem is that every few nights a new comparison star is needed as the minor
planet moves across the sky. Reduction procedures are also a little more involved as

the geocentric distance (and hence the average brightness) and the phase angle of the
minor planet will be changing from night to night. However, a good introduction to
minor planet photometry is to be found in Genet, 1983.

Photo 2: The author's 64K Microbee with disc drive - again showing photometer unit.
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Examples of minor planet light curves obtained on a single night are shown in figure
1(a) and 1(c). More commonly, these are stacked with respect to a trial period so

that a composite light curve is obtained. Composite curves of this type are
illustrated in figure l(b) and 1(d). Note that a telescope as small as 200mm
aperture has been used for this work and detectors range from a photodiode to a

cooled PMT. A clear, dark sky is an advantage here, not only for the photometry but
for finding the minor planet initially.

The observation of Jupiter satellite eclipses and mutual phenomena is a somewhat
specialised field of photoelectric photometry, but has been successfully attempted
by amateurs both in Australia and overseas (Mellilo, 1987). Accurate observations
of these events photoelectrically allows very accurate determinations of the
positions of the satellites for refining the orbital theory. This is particularly
necessary in the case of Io, to study the orbital heating effects and to improve the
orbital predictions for the Galileo mission.

The main problem in this work is to keep the satellite centred in the small
diaphragm for the many minutes ihat the event lasts. A good, long focus, well
aligned guidescope is ideal in this situation. Alternatively, the photometer
eyepiece can bc used to re-centre the object by interrupting the photometer readings
for a brief period every minute or so. A chart recorder is a useful accessory here
but not absolutely essential. The smallest diaphragm consistent with maintaining
the object centred for a reasonable time should be used in this work. Sky readings
need to be taken at carefully selected positions relative to the planet, both before
and after the event.

The light curve of figure2 illustrates the eclipse of Europa by Io in September, 1985.
Note that this excellent result was achieved with a 200mm aperture Schmidt-
Cassegrain using a photodiode detector. No chart recorder was available, and the
observations were rccorded every l0 seconds or so and later plotted. Sky readings
were taken before and after the event, as were measures of the ratio of brightness
between Europa and Ganymede, the satellite used as a comparison.

Millis (1983) outlines these techniques. Again, few professional observers
regularly observe these phenomena and the amateur can make a significant
contribution. The next period for mutual events begins in 1991, so you have plenty
of time to prepare!

Minor planet occultations are fascinating, if elusive, phenomena. Observation of these
events photoelectrically provides the most accurate method of determining minor
planet diameters and shape. Ideally, observing teams spread across the predicted
track are needed to obtain a number of chords across the diameter of the asteroid.

Queensland amateurs have had some success in observing these events visually, but
the rest of us have yet to strike it lucky. The main problem is in obtaining accurate
predictions for the Australian rcgion so as to be in the right spot at the right time
with your portable telescope. If you can also organise a portable photometer then so

much the better. These events can also be monitored from your own observing site as

the predictions are notoriously unreliable and large path shifts often eccur. This
state of affairs is being tackled by an astrometry team led by Graham Blow of Carter
Observatory, Wellington. Both amateur and professional astronomers in Australia
are assisting in this effort.

Although a portable telescope and photometer are necessary for this work, it need

not be alarge telescope as most stars in the occultation predictions are brighter than

mag. 10. Thus, rhis type of observing program may be undertaken with a 200mm

aperture telescope. Naturally, a larger telescope does help, but is is not necessary to

see the asteroid in most cases. What is necessary is a good solid mount, well aligned
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on the pole and/or with good guiding facilities. This enables the target star to be
kept within the diaphragm of the photometer for the 10-15 minutes or so necessary
for the monitoring period. A chart recorder is virtually a necessity, although
alternatives can be organised. Thus the telescope drive, photometer and chart
recorder need to be able to run off 12V DC (car battery) via an inverter. Also, as in
grazing occultations, a good map is essential so that you know accurately where you

are on the ground.

The light curve of figure 3 shows the chart recorder trace of a typical minor planet

occultation. This was obtained with a 350mm aperture portable Schmidt-Cassegrain.
The timing accuracy needed for this work is 0.1 sec., and a synchronised time source

or radio time signal is needed. If predictions for the Australian region can be

improved, then this type of observing program will become more feasible locally.
Considerable success has been achieved in the USA with a combination of amateur
and professional observing teams spread across the predicted track (Millis, 1986).

A good account of the theory and usefulness of observing total Lunar occultations
photoelectrically is given by Blow, 1983. However, in this discussion we are

concerned only with the more accurate timing of total Lunar occultations by means

of photometry. Photomcters with millisecond sampling rates (Blow, 1983) for
observing diffraction fringes (and hence stellar diameters) are seldom to be found in
the hands of amateurs.

In observing total Lunar occultations photoelectrically much of what has been said
concerning minor planet occultations also applies. Of course, portability of
equipment is not necessary, as 240V power is usually available at the permanent
site. Timing equipment may also be easier to organise in these circumstances.
However, tracking and/or guiding must still be of sufficient accuracy to enable the
star to be centred in a small diaphragm (to minimise scattered sky light) for several
minutes prior to the disappearance.

Similar to minor planet occultations, a means must be found to record accurate time
and the photometer readings simultaneously. Again this will be easier to organise
at a permanent site with 240V power available. For instance, a microcomputer may
be pressedinto scrvice (see Bembrick and Daggar, 1984), using a circulating buffer
arrangement.

The monitoring of flare stars by photoelectric photometry is an activity in which
Australian amateur photometrists have traditionally been involved from the early
days. Amateurs such as Arthur Page and Lionel Larsen were involved with CSIRO
personnel in joint optical and radio monitoring of a number of flare stars including
UV Ceti (Page, 1982),

The observation of flare stars involves continuous monitoring of the star in a

particular wavelength - usually chosen to maximise the chance of recording a flare.
Alternatively, as most of these stars are faint, you may have to monitor in that
bandpass which givcs you an acceptable signal level in your photometer. The star is
observed continuously for a number of hours with intermittent breaks to observe the
comparison star. If a good guidescope is not available, then frequent interruptions
will be necessary to re-centre the star in the diaphragm. A chart recorder is useful
for real time display of any flares detected, but is not essential. Ideally, the mass

of raw data is dumped straight onto a computer disc from where the relevant
information may be extracted at a later date.

The light curve of figure 4 illustrates a B band flare from UV Ceti in October, 1983

(Orchiston, et al, 1983). An EMI Gencom Starlight I photometer was used, interfaced

to an Hitachi microcomputer with disc drive and printer. The telescope was the

76cm Reynolds reflector at Mount Stromlo. Gaps in the data are caused by the time
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taken to re-centre the star in the diaphragm. The dramatic increase in magnitude,
the extremely short rise time and the total duration of several minutes is typical of
flare stars of the UV Ceti type. These flares occur at random intervals, so an hour or
two of monitoring may be necessary before you detect a single flare. For UV Ceti,
there are more flares per hour in shorter wavelengths, hence the choice of the B band
by Orchiston, et al, 1985.

The study of eclipsing binaries is a field where visual variable star observers have been
active for some time. However, as yet few amateur photometrists are observing these
stars. The work of Kennedy, 1982, stands out as an exception in this area.

The compilation of three colour light curves of eclipsing binaries leads to the
determination of many physical parameters of these systems. Also, single colour V
band (or even "no filter") observations allow the determination of time of minima for
study of period changes. Standard photometric techniques are employed here (see
Hall and Genet, 1982; Genct, et al, 1987), with observations needed all night for the
shorter period binaries. Longer periods can be handled by one or two observations
per night which may then be composited with respect to phase using a trial period.

The light curve of figure 5 shows one of these composite curves for UX Eridani
(Kennedy, 1982). A cooled PMT was used here on a 380mm aperture Cassegrain
reflector. Note that the primary and secondary minima are of nearly equal depth,
but in each case they are partial eclipses only as there are no flat bottoms to the
minima. Determination of good three colour light curves for eclipsing binaries is
often a prcrequisite for interpretation of spectroscopic observations and
observations in other parts of the spectrum - such as infra-red and ultra-violet
observations frdm satellites.

Suggested Observing Programs

Having looked at some typical observing programs and results, let us now briefly outline
some suggestions for interesting programs suitable for the small telescope photometrist.
The programs suggested here reflect a degree of personal preference by the author and are
only some of the many that could have been presented. I have particularly omitted mention
here of transient events such as minor planet occultations, total Lunar occultations and
Jupiter satellite phenomena, as these are somewhat specialised types of observing programs.

The eclipsing binaries of Table 1 are all of considerable southerly declination and all
are relatively bright. Their amplitudes are large by photometry standards (approx.
0.5 mag or more) and the periods are well known. They are, however, known or
suspected of having long term period changes and are thus excellent candidates for
accurate photoelectric timings of minima. Several cycles may be stacked with
respect to phase to arrive at a good composite light curve. A V filter is adequate or
even "no filter" if the star is faint. The V filter allows one to transform the results
to the standard UBV system for comparison with other published results. For the
shorter periods observations all night would be required, but for others once or
twice per night would be adequate.

The minor planets of Table 2, although not particularly bright, are nevertheless not too
faint for an amateur telescope of largish aperture. Remember, you can use "no
filter" to enable you to work with fainter objects.

All have unknown or doubtfully determined periods. One would normally use a V
filter and a few B-V observations would be useful. Measure them when near

opposition and pick those that have favourable southerly declinations at opposition.
A good ephemeris and star atlas (perhaps photographic) are essentials.
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Period determination by means of photoelectric light curves allows deduction of a
number of physical parameters of the minor planet, such as absolute magnitude,
albedo, phase co-efficient, scatter factor, and an approximate diameter. Light
curves determined at several different oppositions allow calculation of the
orientation of the pole of rotation. Also,light curves at various phase angles are
useful for minor planets which are the subject of shape modelling and radar studies.

Cepheid & Mira variable stars (Table 3) are all bright, of large amplitude, and of far
southerly declination. Here we are interested in three colour photometry
throughout the cycle. We are interested in colour changes {(B-V and (U-B) colour
indices] throughout the cycle and also long term changes in period in the case of the
Cepheids (Diethelm, 1987). For the Miras, observations at 5 to l0 day intervals are
adequate (ideal for Sydney's weather!). Also, observations in R and I bands are very
useful as few publishcd results are to be found at these wavelengths. For the
Cepheids, observe once or twice per night over a small number of cycles. This allows
a composite light curve with respect to phase to be obtained. Observed times of
maximum light can then be compared to calculated times from a recent ephemeris,
and thus O-C values derived.

Suspected variables - the list in Table 4 has been adapted from Bembrick (1986) where
further details and finder charls are to be found. AII are relatively bright and of
moderate southerly declination. AII are known or suspected variables not yet in the
catalogues. They are suspected of being chromospherically active or "spotted" stars
and the possible periods indicated are derived from spectroscopic data. They may
be RS CVn or BY Dra type variables. A V filter is adequate for these observations,
and one set of readings per night is required. This would make a good observing
program for a t'eam within one amateur society or a joint effort between two societies.

Table 1:

Star
Name

R Ara
V539 Ara
RCMa
TZMen
KZPav

Phe
TY Pyx
RS Sgr

V -Ma gnitude
Max Min

Period
(days)

4.425
3.r69
1 .136
8.569
0.949
1.669
3.198
2.4t5

Bright Southern Eclipsing Binaries (adapted from Mallama, 1987)

Co-ords (2000)
R.A. Dec
hmor
t6 39.7 -57 00
l7 50.5 -53 37
07 19.5 - 16 24
0 5 30.2 -84 47
20 58.7 -70 25
0l 08.4 -55 l5
08 59.7 -27 49
18 17.6 -34 06

6.0
7.7
6.0
6.2
8

3.9
6.9
6.0

6.9
6.2
6.7
6.9
10
4.4
7.5
6.9
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Table 2 : Minor Planets of Unknown Rotation Period (from Minor Planet Bulletins
1986,1986)

? = unknown period
amb = two or more ambiguous periods previously determined

Name Approx V Magnitude Period
at opposition (hrs)

l0 Hygiea 10.5 18/17.5 (?) (amb)
23 Thalia 10.8 6.U12.3 (amb)
26 Proserpina 11.5 10.6/13.1 (amb)
106 Dione 11.4 ?

266 Aline 11.9 ?''
455 Bruchalia 11.9 ?

690 Wratislavia 12.0 ?

Table 3 : Selected bright southern Cepheids and Miras
(source : Marino, 1987; also Herdman & Walker, 1982)

Star Co-ords (2000) V.Magnitude Period Type
Name R.A. Dec Max Min (days)

hmor
BH Cru 12 16.3 -56 17 7.2 1-.0 421 Mira
T Cru rZ 21.4 -62 17 6.3 6.8 6.733 Cepheid
AG Cru rZ 41.4 -59 48 7.7 8.6 3.837 Cepheid
X Cru 12 46.4 - 5 9 0 8 8. 1 8.7 6.219 Cepheid
RCen 14 16.6 -59 55 5.3 11.8 546.2 Mira
T Pav 19 50.7 -7 | 46 7.0 14.0 244 Mira

Table 4 : Suspected southern Variables (source : Bembrick 1986)

Star Co-ords (2000) V-Magnitude Period
Name R.A. Dec V AV (days)

hmol
10909 0 | 44.3 -24 15.0 8. I - 15.05
t7 t44 02 42.2 -25 04.0 8.1
34198 05 12.0 -26 15.5 7.1
158393 t7 27.3 -33 36.5 8.7 - 30.9
18109 19 19.9 -20 43.5 6.7 0.2s 13.03
188088 19 51.3 -24 03.s 6.2 0.2 46.8
195040 2026.9 -2r17.0 8.8 0.14 23.2
202134 2t 12.0 -31 23.s '1 .',7
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EVOLUTION OF ONE TO FIVE SOLAR MASS STARS
By Andrew James, ASNSW

Introduction

Stars vary in size, colour and age. Intermediate
examined, covering the range between one and
evolutionary paths are discussed.

Stars (the median of the population) are
five solar masses. Nucleosynthesis and

Stellar Formation

Stars are formed in stellar hatcheries, in the vast majority of cases, in groups of twenties to
several hundreds. Areas of such formation are well documented,e.g. the clouds of Orion, the
Taurus OB-1 complex, the Chameleon cloud, most of the constellation of Corona Australis
and the M8-M20 area in Sagittarius, just to name a few. In these areas 'proto-stars' are
formed. These stars are the embryotic stars embedded in the 'inter-stellar fluid' of
hydrogen gas and dust. The nebulosity of these regions indicates a compsition of 85-95Vo
hydrogen, the remainder being helium and dust. The dust is usually carbon grains (or soot)
and other heavier elemcntal material. The total mass of such a cloud may be 100,000 times
the mass of the sun, though sevcral globules within the cloud may be only 10-20 solar
masses. The cloud is believcd to collapsc by several possible so-called compression
mechanisms:

(1) Galactic Spiral Arm Shocks
(2) Cloud to Cloud Collisions
(3) Expanding H-II Regions
(4) Supernovae Remnants

These mechanisms are self-explanatory, in that the interstellar cloud is rapidly compressed
and collapses, to the stage where a protostar literally 'precipitates' out of the nebula. The
protostar then starts to heat up as it is compressed, so that the star becomes hot enough for
the thermonuclear reactions to start. The densities of such an object must exceed a mind
-boggling 1014 atoms/cc, a density beyond the human's feeble comprehension. The star
continues to pour out its encrgics into the inter-stellar gas and nebulosity, surrounding the
star and the proto-stars, eventually clearing a space around the star, so it can shine in its
full glory. Somewhere in this stage, when the thermonuclear reaction begins , the star starts
its life as a so-called 'ZAMS' (Zero Aged Main Sequence). Quickly after its inception,
estimated to be about 1000 years, the star appears to vary erratically in brightness due to
its surrounding nebulosity. These stars are the so-called T Tauri Stars and appear very
bright to the infra-red observer, about 2.2 microns in wavelength, indicating the cool
nebulosity around the star.

Star Clusters; Groups of ZAMS.

By examining star clusters and assuming the same distance for all its members, we can plot
their colour and brightness in an array called a 'Colour-Magnitude diagram' ( figure 1a).
Plotting these ZAMS on such a diagram, we can see a line forming on the left-hand side of
the array, this line is called the Main Sequence. If we assume that all the stars formed at
the same timc, we say the group cxhibits "isochronal" behaviour. The position of the star in
the array depends on its stage ol' cvolution only, thus the evolutionary status of a star can be
roughly dctermined from this I'igurc. Thc line position of the star on the main sequence
depends on two functions, namely the mass of the star and to a lesser extent the chemical
composition of the hydrogen, helium and metals (the so-called XYZ parameters). By metals
we are referring to any clement heavicr than helium as a metal.
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Figure 1(a) - Colour-Magnitude Diagram of open cluster NGC 6231

Surprisingly, each of the intcr-stellar clouds does vary in its composition and the stars

formed also vary accordingly. The difference between the two populations in the galaxy, for
instance, Population I and II, also vary chemically, with the older Population II containing
less metals.

The sections of

Type

Lightweight
Intermediate
Heavyweight

rhe zAMs and Main

Mass (Sun=1)
(M.)
0.006-1.0
1.0 - 5.0
9.0 - 100

Sequence stars are subdivided into the following groups;

Examples

Centauri/S ol.
Virginius/Vega
CarinaclRigel
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The sun lies about three-quartcrs down thc Main Sequence.
Timescales

The characteristic variable, mass, is the main influence on the rate at which stars evolve:

<1.0 M. stars exist for a time greater rhan 1010 years, called Hubble time.
5.0 M. stars exist for some 20 million years, that is 1o say from the time of reaching the

stage of being a ZAMS to the end of the red giant phase.
9.0 M. stars take about 100,000 years for gravitational collapse and exist for only 2

million years.
>15.0 M. stars will burn out in 200,000 years or less.

Stars about 40 M. may exist, but have never been observed. Theory predicts stars to about
170 M. - 210 M. being as the maximum in size. Such stars should not last more than 5000
-8000 years, ending, before old age, in gigantic supernovae Type iI explosions.

Physical Size

In size or radius, they vary even more dramatically. The smallest are about 20Vo the radius
of the Sun (Solar Radius being about 650,000 kilometres), while rhe largesr stars end their
evolution at the size of the orbit of Mars! The exceptions are the largest slars known such as
p cephei, which has been estimated to be the size of the orbit of uranus.

Figure 1(b) - Colour-Magnitude Diagram of open cluster NGC 6230
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Figure 2. Herzsprung-Russell disgram (general)
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Luminosity

Another important measure of a star is its intrinsic luminosity, that is its total energy

output, measured in Watts.m-2 or Joules.sec-i. Compared to the Sun, some stars produce

more energy, but the majority produce lcss. The Sun, for instance, has a luminosity (L.) of

3.86x1026 Joules of energy every second. A related parameter is the measure of Absolute
Magnitude, which compares all the stars at a distance of 10 parsecs.(32.6 light years). By
lining up the stars in this way, absolute magnitude becomes a convenient way of measuring
the true radiative power of the stars.

Absolute Magnitude is related to luminosity by:

Mabs = 2.5 x log L

Where L = relative Luminosity (in terms of absolute luminosity, Labs , L =Labs/L.)

The H-R Diagram

If you plot the Absolute Magnitudc versus the Surface Temperature/Spectral Class, another
diagram is produced called the Hertzsprung-Russell Diagram (H-R Diagram). It was named
after its originators, E.J. Hertzsprung and H.N. Russell in 1923, who discovered this
relationship between the stars which proved a change in the course of stellar astronomy and
astrophysics.

Using the H-R Diagram (figure 2) we can predict the evolution behaviour of a star by mass,
luminosity, density and radii alone.

The majority of stars foliow predictable trends and a particular mass star. can be plotted on
such a diagram, and the shape and relative movement across the diagram can be observed.
Figure 3 shows lhe movement of a 15 M. star down to a 0.5 M. star.

A closer inspection of figure 3 shows that the tracks of a particular mass star move left to
right, but differences do occur. Why?

The differences are due to how the star is using its nuclear fuel. About 2.25 M., the star

actually moves in the opposite direction (see figure 2), indicating an increase in total
luminosity or energy output. Such changes can only be attributable to a phase in energy
production which is not the normal means, for instance, as the Sun does.

These evolutionary changes or tracks away from the Main Sequence are relatively fast
compared to the duration it stays there. Some 807o of the star's lifetime in fact will occur on
the Main Sequence, indicating a pcaceful consumption of energy. Such existence although,
cannot last forever as the hydrogen fuel is dwindled away. The star must now meet its fate
or destiny, as if crossing the turbulent water of the river Styx, to end on the other side as an
inter-stellar ember, the bleached bones of its former entity.

Energy Crisises

We have already seen that the Sun consumes its hydrogen at a rate that extends its lifetime
to about 1910 years. At prcscnt it is about half-way through its evolution, still on its
peaceful existence on the Main Scquence. In the Sun the major energy production mechanism
is the process of nucleosynthcsis. Nucleosynthesis is where energy is distilled from the
matter in the core of a star, manufacturing heavier elements in the process.
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Most of the energy is produced by the Proton-Proton Reaction, a proton being the nuclei of a

normal hydrogen atom. The proccss converls 4 of these hydrogens into helium-4 (4 times
the mass of hydrogen), as well as 2 protons to neutrons:

4.1H => 4He + Energy

In the process, energy is emitted as gamma rays, which are produced in the conversion of a

small amount of matter into pure energy by Einstein's famous Equation (E=Mg2;. When on
the Main Sequence the change is not dramatic, except for a gradual depletion in the amount
of hydrogen available. Eventually the star must react to this everthreatening loss of fuel by
some reorganization of ntaterial. It does this by not only changing its shape and size, but in
some cases even its energy sourcc.

The Helium Flash and Helium Ignition

If a star weighs less than 2.3 M. whcn on the Main Sequence, say 2.25 M., 8 single star will
develop a core comprised of mainly hclium, with some carbon and oxygen, and depleted of
hydrogen, As a consequence, the hydrogen burns in an ever decreasing shell around the
heavier elements. The outer layers then expand due to an increase of temperature from the
core due to thermal pressure. Two possible actions can result. Either the star dies of sheer
exhaustion of hydrogen or the helium starts another series of thermonuclear reactions, by
converting helium into carbon.

This process is called the Triple-Alpha Ignition where:

3 4He => l2c + energy

The outer layer of the first option, of the dying star, produces a red giant and then quickly
passes to the white dwarf stage, lcaving the stcllar core exposed after ejecting most of the
outer atmosphere. The red giant may vary like a Mira variable, slightly periodic and
unstable in magnitude.

The second option is far more exciting, as the helium ignites after the core reaches a
particular mass. This event is not passive, but flashes in one go. This helium core flash
produces a violent amounl of energy which the star must dissipate. Following this, the star
converts to a born-again stellar object, increasing in luminosity and surface temperature.
During this phase the star starts to pulsate with a period of several hours as a RR Lyrae
Variable star. The cause is thought to be due to instabilities during the hydrogen and
helium burning, when they occur at the same time. Such variabilities have been placed to
the thermodynamic properties of thc hydrogen and helium, in zones or shells in differing
amounts. The densities will thus vary and be different, due to a property called opacity and
henceforth will acoustically vary or echo in pulsations of several hours. (Opacity should be
considered as the ability to hold radiation from within the star to escape, the higher the
density of the star the more resistivity. This property causes the photons of energy
generated in the core to take up to one million years for it to escape from the surface of a
star like the Sun!)

The limiting factor to decide if helium ignition is to occur is solely mass, and a star of 2.25
M. hydrogen dcficient or depleted necds a core 0.4-0.5 M. to do this.

What happens if the star is greater than 2.3 M., say 3.0 M.?
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Figure 4. The nature of compact remnants
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Helium Shelt Burning

If the star is 3 M., it will nol experience this flash, but continues heating up the core, acting
like a born-again star. The core contracls and the helium is ignited, but this time in a more

regular and conservative manner. The star will pulsate like the RR Lyrae type variables,

except the pulsations are more slower and regular. This area is called the Cepheid

Instability Strip. The pulsations are due to acoustical echoes with a period of a few days to
several months and the pcriod is a direct measure of the mass of the star. Such stars are

called Cepheids, after the brightest exponent of this variable class, B Cephei.
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Cepheids are important in the cosmological sense as they can be used to measure distance of
the nearby galaxies and clusters containing cepheids, providing data on the extra-galactic
distance scale. The only proviso on the variables is that the helium ignition can only occur
when the core has a mass lU%o rhe entire stellar mass, but less than 157o.

The rate at which the helium burns, and thus the lifetime of the core of helium determines
the mass at helium ignition. If the core mass is the same for all stars that experience a

helium core flash, they are expected to burn helium for some 198 years. The luminosity of
these stars is 50 - 100 times that of the Sun. (L.)

Confirmation of these theories is shown in the Open Star Cluster NGC 1866 and numerous
Cepheids in the L.M.C. and S.M.C.

Asymptotic Giant Phase

(i) Structure

AII stars, including both the Ccpheids and RR Lyraes, at this stage become thermally
pulsating and enter the so-called Asymptotic Giant Phase or the Asymptotic Branch, which
is located on the H-R Diagram (ligure 3), at the end of the evolutionary paths. The reason for
the title "asympototic" is the dramatic increase in luminosity. For a star near the end of its
evolution an increase in luminosity may seem a paradox, but as the star expands the area
increases faster than the decrease in the surface temperature of the star, so although the
output of the entire star per unit metre squared decreases, the area increases even faster so
the total energy output of the entire star is in fact more. The true cause is the exhaustion of
helium and the predomination of carbon and oxygen in the core.

As carbon will not ignite (except at about 15 M.), a loss of energy output begins at the core.
At this stage the core is still several millions of degrees in temperature, but energy is
transmitted due to convection of material. Such mal.erial can be seen on the surface of the
star using a spectroscope and identifying the elements from the spectral lines obtained.
Energy from the core may be made by nucleosynthesis, but energy can now be also made by
gravitational collapse.

The energy rate of loss is equal to the burning of two shells (one helium, and higher up, one
of hydrogen) and is proportional to the mass of the core.

Above these shclls, which are both relatively thin, a mixture of material exists in the
convection zone. This can be considered as a halo of stellar material several astronomical
units from the shells. This matcrial on or above the stellar surface extends as a bright
coronal halo and is driven away by the pressure of energy generation of the star as thermal
pressure. Most of this coronal halo is eventually lost to inter-stellar space.

(ii) Nuclear Burning

In the asymptotic stage the rate of 'burning' becomes unstable. The two outer shells
interchange as the primary power producers. Ultimately 90Vo of the helium does not burn,
and the rate of helium consumption decreases until rhe reaction ultimately stops. It is
important to reaiise that thc sheli's luminosities change inside the stars, and ultimately
cause the stars to vary erratically in brightness.

Eventually 'leaking' occurs where the energy escapes and the star is doomed to termination.
At this stage the star is thought to be a so-called carbon star, where the carbon from within,
is carried by convection to thc surface. The star appears as highly red and highly variable
in brightness. Carbon Stars arc strong in their spectral emission lines of both carbon and
nitrogen, an example is the star W Orionis (Spectral Class; N5(C5)3 which exhibits strong
carbon lines.
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(iii) Convection

At some time some burning relies on the recycling of energy of sunburnt materials by the
process of convection. This "dredging-up" may be the reason why such heavy and
unreactive elements .as Iron, Calcium appear on the surface of the Sun. These elements can
only form in the nuclear furnace in the core of the star.

In Mira or carbon stars this process may explain the amount of free carbon being released to
the interstellar medium from these types of stars. The R Corona Borealis (R CrB's) type, are
thought to have a clump of carbon as soot or graphite orbiting the star, which occasionally
eclipses the star. The star suddenly drops in magnitude, as a so-called Anti-Nova. Such
stars, it seems, have somehow released this material from their cores to an orbit around the
star by some process, which although is not fully understood, at least confirms that internal
convection must take place. Neutron rich elements can also be seen on the surface of some
stars, including elements such as Zirconium, Mercury, and the rare radioactive Technicium.
Although the percentage of such elements is between 0.02 to 0.5 Vo of the stellar surface,
they appear obvious in stellar spectra. The explanation of the presence of these elements is
unknown, but they can be thought of as pockets or shells of materiais, under the correct
conditions of temperatures and prcssures generating exotic materials.

During 'dredging-up' in the internals of the star, the material is turbulently remixed. After
this process declines gravity begins to sort out the elements by density again, the heaviest
sinking to the core. Whcn the amount of helium reaches a certain concentration, the helium
will burn (assuming that the temperature is just high enough). The energy that is generated
will disorganize the material again and a second 'Dredging-Up' process begins.

The star is now literally starving for fuel, and each dredge becomes less and less effective
against gravitational collapse. Eventually the star relies on non-nuclear processses to
generate energy, that is, gravitational coilapse.

The Final Stages

(i) Wind

By now the star has only a very short time before it ends its life. The internal core becomes
increasingly hot due to the gravitational energy literally crushing the star together. Such
energy is redirected to force the outer atmosphere to be expelled into space, eventually
exposing the core.

Stars less than the 2.25 M. solar masses, lose mass as so-called 'ordinary stellar wind'. The

mass lost is between 1g-10 sn6 1g-13 solar masses per year. A process called 'superwind'
occurs with stars greater than 3 M., in which rhe core can become much hotter and therefore
force the atmosphere away far morc cffectively. Mass loss has been predicted up to an

enormous 10-4 M. per year! The change for these stars between the red giant and a white
dwarf phase may only be several thousand years, fast even on our astronomical scales.

An explanation of the White Dwarf of Sirius has been suggested. In the past, Sirius was

described as being redder than Mars, and the loss of material could have been caused by a

red giant, recently extinguished. The wisps of gas as seen by the IRAS satellite could be the
remains of such expulsions, though no other evidence has been found or suggested.

The core mass is the determining factor on the type of wind : the bigger the core, the higher
the velocity of the wind.
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(ii) Planetary Nebula Phase

When a star leaves the Asymptotic Giant Phase, it can experience new helium flashes and

thermal pulses. The prerequisite of such an event is mass above 2.5 M. Solar Masses and

with a slight difference in the X, Y, Z parameter, than normal stars.

Such new flashes can become so violent that the 'superwind' does not occur, but the problem

is solved by eliminating the outer atmosphere, by a sudden outburst of matter into the

surrounding space.

In such events the star appears to be a born again star, but this is only temporary. The

outer portion appears as a brightly illuminated nebula, while the central star appearing as a

bright, hot star or, as named, a Planetary Nebula Nucleus (PNN). The surface temperature

can now reach over 100,000'K. and appears as a Wolf-Rayet spectral class star (W) showing
predominently spectral lines of nitrogcn and carbon.

The material ejected from thc slar, when the strong burst of energy occurs, appears all at

once, eliminating about one thousandth of the total mass of the star. As the core is now
slightly exposed, this illuminates the gas that is rapidly expanding away from the star. The

star also appears more intensc in the ultra-violet, and the nebulae now shines in the visible
wavelengths, by the process called fluorcscence.

The hotter atmosphere eventually cools and the star appears 'normal' for its evolutionary
status.

White Drvarf Stage

After the planetary nebulae phase for stars above 3.5 M., and those stars less than 3.5 M.
which did not produce a nebula, the star contracts rapidly. Having no energy supply via
nucleosynthesis, there is little choicc other than energies from gravitational collapse.

As this collapse phase continues, the dregs of the spent nuclear fuel condense to the core.
As we have seen the composition of this core will depend on the mass of the star. Stars like
the Sun at the end of their evolution, produce cores composed mainly of degraded helium.
Stars above this mass will produce mixtures of helium-cores with some higher elements like
carbon and oxygen. The quantities of which, decreases in the case of helium, and increases
in the case of carbon and oxygen, is. solely dependant on the mass remaining. The
proportions change as the mass increases or dccreases as the case may be. (See figure 4)

Eventually a star around 2.3 M. solar masses, ends up with a total carbon-core.

During this gravitational collapsc thc dcnsities of the core continue to rise. The core has

now become vcry dense while thc star burns, but by this time the core has collapsed to an

object the size of rhe Earth, and thc dcnsity reaches colossal proportions. Such analogies as

a match-box full weighing several tonncs or a pinhead weighing 50-100 kilograms, still do

not project how dense this rcally is. It is only on a sub-atomic level can we picture the

atoms being arranged next to cach othcr, stacked neatly as if being prepared for shipment.

The white dwarf can still generate energy by gravitational collapse. The surface may still
have an atmosphere above it, composcd mainly of hydrogen and helium. In fact, a

predominently helium core should have a hydrogen atmosphere, while a carbon core should
have a helium atmosphere. Such matter can be ignited by nucleosynthesis, but if it does it
wilt not, last for any lengthy duration, except if fed from an external source, like a

companion star.

It is the hydrogen and helium wc see gives the description of a white dwarf, for it is the
atmosphere that we see through a tclescope. Eventually the matter that was convected during
the helium burning phases appears at the surface, composed approximately of 90Vo helium
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and I0Vo carbon. As the white dwarf ages, gravitation causes the elements to settle. The
surface helium and carbon then stop convecting to the surface and the elements reorganzie
themselves. Heavier elements then sink, with the lightest moving upwards. Surprisingly
further nuclear burning can still occur, but as the temperature falls below a certain
threshold even this ceases.

The matter finally liquifies, then crystallizes, until it is in equalibrium with the

environment. The ember cools in about 191 2 - 1914 years, eventually reaching the
temperature of the surrounding spacc of 2,7"K., the 'intcrstellar background temperature'.
The white dwarf has been converted 1o a black dwarf.

Neutron Stars

Although out of our specific range, hcavier white dwarfs do exist, but can have a continued
and different evolution. Looking at figure 4, a star around 8 M. at the end of its evolution
produces a core about 1.3 M.. The carbon-oxygen core reaches a maximum point where the
nature of the core changes. Higher than 1.4 M., depending on the mass of lost during the
'wind' phenomena earlier, a ncutron star could form. (This is not totally correct as some
theorists think an oxygen-neon white dwarf could form instead.)

At this stage, if a neutron star is formed, the gravitational pressure has become so strong in
the white dwarf that the incredibly dense matter is crushed even further. The electrons and
protons that exist as individual entities in the atom are converted to neutrons by the
gravitational forces, by a process called degeneracy. Some energy is released in this
process, but the core on the whole degrades into a seething mass of atomically neutral
neutrons. We also sce thc elimination of the electronic and nuclear forces between the
particles and because of this the core compacts even tighter together the remaining mass,
forcing it to collapse to an object the mass of a star larger than the Sun to an object tens of
kilometres in diameter.

Between 8.8M. and 10.6 M. cither a ncutron star or a white dwarf may form. Above 10.6 M.
masses, all stars convert to neutron slars.

The cut-off point between the white dwarf and the neutron star is a division called the
Chandrasekhar Limit, that is a maximum of 1.4 M. for the core. The total mass of the
original star to get below this 1.4 limit is not absolute, due to the nature in which the star
eliminates its outer atmosphere and its nucleosynthesis process during its lifetime.

Sometimes aftcr the gigantic supernovae explosions, the core of a star can still remain. This
object is exactly like a neutron star except that it spins very rapidly exhibiting strong
magnetic properties. For the radio astronomers, magnetic fields produce synchrotron
radiation, and radio telescopes pick up periodic and regular flashes or pulses of radiation
from the spinning neutron star, making them stand out as beacons or lighthouses in
interstellar space. These stars are called Pulsars, due to the extraordinary flashes. The
spin is proportional to the light flashes' period, and as the star loses energy the flashes get
longer and weaker and the period increases, and the star probably returns to being a

"normal" stars after several million years.

Stellar Evolution and the Fate of the Universe

This glorified title may seem rather more suitable to the 'stage and screen' as a title for
some production or for an actor who overdoes his part, but it is the essence of the pursuit in
the understanding of the natures of the Sun and the stars. Such topics cover the subjects of
Cosmogony and Cosmology. Cosmogony studies the evolution of stars whilst Cosmology
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studies the large scale structure of the Universe, covering its birth, life and eventual
demise.

We have discussed the evolution of the intermediate stars and see that the 'cinders'
remaining are the by-product of the hydrogen clouds that once produced them and the
energies which are dispersed into space. In this process the Universe, as time marches on,
has less and less hydrogen and can only produce a gradual decreasing in total energy
production.

The implications of this are profound, in the fact that the expansion of the Universe, if in an

Infinite or Open Universe, may leave more and more stellar remnants, leaving our
decendants living in an evcn bleak and colder Universe. If the Universe is closed, in which
the matter that has been expanding can be halted by gravitational forces and crushed back
together, the process may repeat itself. Either way, understanding of the way matter has

been created (or may evenlually reform) is partly solved by the understanding of the
processes in the internal sections of the stars or by the distorted physics in the internals of
their remanents.

Conclusions

In conclusion, the purpose of this article is only to illuminate the evolution of the stars.
Although such studies have been questioned since the early astronomers, we have had a mere
50 years to develop our current scientific knowledge of the stars. Investigation will
continue as more observational evidence refines our options and theories. The next 20 or 30
years should see more truths and fallacies that could give answers to the fate of the
Universe.
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SOLAR SYSTEM GRAPHICS ON A PERSONAL COMPUTER
By K. Forbes, R.M.I.H.E., Wagga AS

Introduction
Jupiter and Saturn with their rctinue of satellites are always impressive sights for amateur
astronomers and interested friends, but are made more interesting by a knowledge of what
is being seen and why. Some periods of viewing are of course more interesting than others
- to see a satellite apparently materialize from nothing over a period of a couple of minutes
as it emerges from the shadow of Jupiter is something everyone should experience.

Accordingly, this paper discusses a computer program which accurately predicts the
positions of the satellites and occurrence of phenomena and graphically displays the
appearance of the planetary system, along with an "above the plane" view of the positions of
the satellites to help explain what is secn through the telescope.

Overview of the Program

The program operates on a Commodore Amiga and is written in AmigaBASIC(4).

At a certain date and time entered into Lhe program, or at the date and time on the real-time
clock, the positions and certain other facl"s about the planets are calculated. These include
the position of the planet in its orbit, the apparent size and brightness of the planet, the
celestial co-ordinates of the planet as seen from Earth, and the altitude and azimuth angle
of the planet at that time from the choscn location on Earth. For Mars, Jupiter and Saturn,
information about the position of their satellites is also given and a graphical image of the
planet and the satellites displayed.

The details of the planetary positions are useful to amateur Astronomers who wish to know
whether a planet is local.ed suitably for observation at a particular time and also whether it
is apparently passing close to another body. However, it is the relationship of the satellites
to the planet which is really interesting and which produces an important range of
fascinating phenomena. Firstly, the position of the satellites with respect to the planet can
be very useful if one is searching for the fainter satellites of Saturn through a moderate-
sized amateur instrument. Of greatest interest, however, are Jupiter's 4 major satellites
going in front of Jupiter (transit) and thus being difficult to see, disappearing behind
Jupiter (occultation), going into and coming out of the shadow of Jupiter (eclipse), and
themselves throwing shadows onto the face of Jupiter. Some of these phenomena will also
occur in the Saturnian system when the rings approach the "edge-on" condition. The
program calculates whether any of these phenomena are occurring at the given time, prints a
report on any that are, and then produces the graphical display showing them. To help
explain the view we get through the telescope, and on the computer screen, the orbits are
also shown from above, with the direction of the Sun and Earth indicated.

Program Details

Calculations for the Planets:

1. The heliocentric longitudc and latitude of the planet and of the Earth at the chosen
time are calculated.
This rcquires the solution ol Kepler's equation for E,

E-e.sinE=M
Where e = eccentricity of orbit and M = the Mean Anomaly.

The Newton-Raphson iterative method has been used to solve Kepler's equation.

The True Anomaly, U, is thcn found liom
tan (U/2) = tan (EIZ) {{tr * e)/(t - e)J
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and the longitude, L, found by adding the longitude of perihelion to the true
anomaly (See ref. 1, pp. 5l to 53 and ref. 2, pp. 93 to 95 and 122).

The heliocentric latitude is then found from
sin(latitude) = sin (L-W).sin(i)

where W = longitude of ascending node, and i = inclination of orbit of planet
ecliptic plane (zero for Earth). See ref. 1, p.66.

2. The geocenrric (i.e. as seen from Earth) longitude and latitude of the planet and
distance from Earth are then calculated.

Some 3-dimensional trigonometry is used to do this (see ref. I pp.66 - 71). The
calculations in reference I have been extended slightly to allow for the case where
the body being orbited has non-zero ecliptic latitude. This generalized case is
required for later calculation of the geocentric co-ordinates of a satellite.

3. The Right Asccnsion (RA) and Declination of the planet are then calculated from
the heliocentric longitude and latitude (see ref. 1, p.29 or ref.Z p- 44).

4. The altitude and azimuth from the particular point of observation on the Earth's
surface are then calculated (sec ref. 1, pp. 23 to 25 or ref.. 2, p. 44)

5. The phase angle, apparent diameter and visual magnitude of the planet are then
calculated (see reference 1, pp. 74 to 79). The apparent inclinations of the
equator of the planet to the ecliptic plane, as seen from Earth, and also as seen
from the Sun, are also calculated. The former is needed to give telescopic viewers
a reference point for the e cliptic plane, since the equator can normally be
inferred from planetary markings and since apparent angles of satellites refer to
this plane, and also to predict precisely when occultations and transits of
satellites occur. The latter is nceded to determine the exact shape and inclination
of the shadow of the planct so eclipses of the satellites can be predicted more
acurately.

Calculations for the Satellites

l. The longitude and latitude of each satellite about the planet is calculated for the
time the light left it. It is assumed that the satellites travel in circles in the
plane of the planet's equator. This is so nearly true for the Jovian system that no
change appears necessary. It is not so true for the Saturnian system, but two
factors have made it futile to add the enhancements to the program to cater for
this. Firstly, I have bccn unable to obtain official data for certain orbital
paramcters of Saturn's satellites (sce Future Enhancements). Secondly, I have not
observed the phenomena of transit etc. for Saturn's satellites. Such phenomena
will demand the data be accurate and would enable me to improve the data myself
so as to agree with the timcs of observation of the phenomena. These will occur
when Saturn approaches the "edge-on" position of the rings in 1995.

In the case of the Jovian system, the

to allow for gravitational interactions
- 181).

positions of the satellites have been modified
among themsleves (see reference 2, pp. 180

2. The geocentric longitude and latitude of each satellite are then calculated.

3, The differences in latitude and longitude between the satellite and the centre of
the planet are then calculated and converted into a number of planetary diameters
in the horizontal (ecliptic) plane and the vertical plane respectively.
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4. The visual magnitude of each satellite is calculated. For the satellite lapetus, the

variation of brightness caused by the differing albedos of the two hemispheres is
allowed for.

5. The occurrence or otherwise of one or more of the phenomena mentioned below is
calculated.

(a) A transit or occulrarion is checkcd for. When the planet and satellite are

displayed graphically, a transit can be ignored and an ocultation means the

satellite will not be drawn in. However, certain information is printed out to aid
the observer. The times at which each phenomenon started and will finish are
given, along with the co-ordinates of the point on the edge of the planet at which
the events occur. (These assist the observer in knowing when and where to look.)
Also given is the time the satellite wiil take to traverse the edge of the planet.
This depends on the diamcter of the satellite, the speed of the satellite and

whether the traversing is bcing done near the equator or near a pole (entering or
leaving at near-grazing angle).

In order to calculate the occurrence and thc starting and ending times, the shape

and inclination of the visual ellipse of the planet needs to be considered. In
addition, the slight change in size of this ellipse when projected onto the position
in front of or behind the planet is taken into account.

(b) An eclipse of the satellite by the planet is checked for. The sizes of the umbra
and penumbra of the shadow of the planet at the distance of the satellite are
calculated. The time taken for the satellite to traverse the edge of the umbra is
calculated (as for a transit or occultation), as is the time to traverse the
penumbra. These facts help the observer understand the time taken for fuIl fading
or re-emergence.

As for a transit or occultation, the starting and ending times of the eclipse are
given, along with the co-ordinates at which fading or re-emergence will occur.
Observers can then concentrate on a particular spot on the image, at a particular
time, to see this remarkable event.

(c) A shadow of thc satellite falling on the surface of the planet is checked for. The
program then checks if the shadow is on a visible (from Earth) part of the surface.
If this is the case, the position of the shadow on the surface is calculated and this
is then converted to whcrc that point appears to be on the flat two-dimensional
surface that is secn by thc cye.

6. The position of Thc Grcat Red Spot is calculated, bascd on a siderial period of 9

hours, 55 minutes, 40.65 secs..

Graphical Display

On the Amiga, a screen 620 pixels wide by 220 pixels high has been used.

1. Saturn and its rings arc displaycd.
Because Saturn is an ellipsoid, with bands of colour circling it latitudinally, and

bccause its axis of rotation is inclined at 27o to the perpendicular to the ecliptic,
its appearance varies considerably depending on where it is in its orbit.
Graphically displaying its appearance to the eye is quite complex and requires

considerable computation5. Of course, the most obvious difference in appearance

as a function of position is thc vicw of the rings. At times they will appear almost
edge-on and very narrow, at other times we will be looking from above the planet
and the rings will be very open (the current situation), and at others we will be
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looking from below. Considerable calculation is required to display the rings
correctly. (This is the only rather slow part of the program, taking about 40
seconds to draw the rings when Saturn is shown full-size.) Two sections of the
ring, of different reflectivity and separated by Cassini's division, are displayed.

2. Jupiter, with two bands of colour and The Great Red Spot, when visible, is
displayed.
Because Jupiter's axis is less inclined than Saturn's, it is drawn more simply. If
The Great Red Spot is visible, it is displayed in the Southern Hemisphere about
l/3 of the way from equator to pole. When it appears on the central meridian it is

shown as an ellipse whose vertical axis is 0.6 of its horizontal axis. As it moves
towards the edge, its vertical axis remains the same but its apparent horizontal
axis shrinks.

3. The positions of thc satellites as seen from Earth are displayed on the screen. If a

satellite is being occulted, it is not shown. If one is in eclipse, it is shown very
faintly (it will of course not be seen through the telescope, but this allows the
viewer to know where it is anyway). Any shadows of satellites on the planet are
displayed.

The "above the Solar System" view shows where the satellites are in their orbits in
relation to the directions of the Earth and the Sun. The correspondence between
the satellite in this display and the one in the "through the telescope" display is
indicated on the screen so the observer knows which one is being seen.

After the full view has been shown, the image on the screen can be magnified to
show only lhose satellites which are within a certain number of planetary radii of
the planet or are involved in one of the interesting phenomena. The planet will be
shifted around the screen to maximize the permitted magnification. The viewer
can then "zero-in" on the event of interest, e.g. a shadow on the planet or a
satellite just emerging from occultation

Galileo Revisited

One of the more interesting uses of the program is to see how a planetary system appeared
to an early Astronomer. Most famous, because of the controversy it created about the
Copernican system, was Galileo's announcement that Jupiter had a retinue of four satellites.
It is possible to see what views he had during his historic observations from which he
calculated the parameters of their orbits. Reference 3 has produced some readily-available
data against which to check the program's display. The detail produced by his telescope
was far inferior to that produced by a typical amatuer's instrument and to that shown
graphically on the computer screen. For example, he usually could not see a satellite if it
was within one Jovian radius of the edge of the planet. These factors should be considered
when trying to imagine what was seen by Galileo.

Perhaps some degradation of the image could be arranged for in the computer program.
Similarly, it may be desirable, in a suitably enlarged image on the computer screen, to
incorporate data which we now know to exist but which can never be seen through Earth
-bound telescopes. The effect may be interesting as telescopic observers may imagine they
see things which are on the computer screen (the Martian "canals" may be seen as something
quite different).

Future Enhancements

It is expected that the graphical image of Mars will be improved before the very favourable
opposition of Mars in the coming months. The obvious improvement is to show the phase,

the changing size of the polar caps, and perhaps some very broad surface features.

4.

5.
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Other enhancements should come in the program, as they do with all programs, after people

with imagination begin to use it.

At this point, the author wishes to ask for help from fellow astronomers - professional or
amateur. Some data have so far proved impossible to obtain. Most astronomy books give

information on periods, angle of inclination, eccentricity of orbits, and so on but do not
specify these parameters in time or space. That is, they do not give longitude at an epoch,

longitude of ascending node, longitude of perigee, and so on. These data have been obtained
for the planets, but not for the satellites, although it has been possible to obtain values

indirectly for the Jovian system(2).

I would like:
1. Siderial longitude at an epoch of all satellites;
2, Longitude of ascending node of all satellite orbits from the equatorial plane of the
planet;
3. Longitude of perigee of all satellites;
4. Longitude of ascending node from the ecliptic plane of the equatorial plane of the planet.

If some of the above change significantly with time, these changes should be supplied also.
Any other modern figures to considerable accuracy would also be useful for checking
against the values currently bcing used.

Allowing for the ellipticity of the orbits and the inclination of the orbits to the plane of the
equator will not be difficult.

Conclusion

This program can be run on a relatively inexpensive personal computer. Moreover,
computer hardware performance is increasing very rapidly and prices are falling so the
future for personal computers in amateur astronomy is enormous.

There are several fruitful areas for computerisat.ion:

Selective access of astronomical data can be fast and meaningful and the data can be
displayed graphically if desired.

The telescope drive can bc controlled by the computer, enabling automatic finding of an

object(6).

Data can be recorded straight into the computer if the correct measuring instrument, such

as a photometer, is svailsSlg(6).

All the above can be combined and then computer programs written to undertake various
rcsearch activities without operator intervention.
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Appendix

Data Used

Most of the figures below have been taken from reference 2. Some have had to be guessed
from observation. Some values quoted in the literature vary sufficiently to have a
significant effect on the results produced by the program.

For the planets, the parameters are:

1. Semi-major axis of orbit (in A.U.'s);
2. Eccentricity of orbit;
3. Inclination of orbit to ecliptic (in degrees);
4. Longitude at epoch 0.5 1975 (in degrees);
5. Number of degrees that longitude changes per century {36525 days) - another way of

expressing the period;
6. Longitude of ascending node at epoch 0.5 1975 (in degrees);
7. Number of degrees that longitude of ascending node changes per century;
8. Longitude of perihelion at epoch 0.5 1975 (in degrees);
9. Number of degrees longitude of perihelion changes per century;
10. Diameter of planet (in kilomerres);
1 1. Brightness factor;
12. Inclination of equator to ecliptic (in degrees);
13. Longitude of ascending node of equator (in degrees).

The data are;

MERCURY.
0.3870986
149474.0'1078
1.5554889

?

VENUS
0.7233316
5 85 19.21 19 1

1.4080361
?

EARTH
1.0

36000.76892
1.7191700

0

MARS
1.523688
19141.69551

1.8407584
?

JUPITER
5.20256r
3036.301986

1.6099617
315.5 ?

4.2056296
48.0348357

4840

0.00678494
76.454516

12400

0.0167197
0.0
12756

0.093382
49.3646669

6800

0.a4845762
100.2014853

142740

7.004276
1.1 852083
1 .9 I 8x 10-6

3.394386
0.8998500

1.?21x10-5

r.849834
0.77099168

4.539x 10-6

r.304466
1.015300

1.99x10-4

320.662994
77.066448
0

3r0.97 453
t3r.2r9282
1',l 7

99.53430r7
102.5104481
23.44253

249.61608
335.598807
23.99

355.2r357
13.929003
3.07

0.0
0.0
0.0
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SATURN
9.554747 4.05563279 2.489571 104.171847
1223.509884 113.4452046 0.8731951 92.567 452
1.9584158 120800 1.?4x10-4 26.'t3
180.0 ?

For the satellites, data are not available for 6, 7, 8 and 9 and 12 and 13 are not needed by
the program. The semi-major axis of the orbit is in kilometres.

The data are

PHOBOS
9370 0.015 1.1 ?

41231000 12 I .747x I 0- 8

DEIMOS
23520 0.001 1.5 ?

10415540 7 1.053x l0-8 ?

IO
422000 0.0 0.0 7 6.567

7432435.448 3220 9.996x10-6

EUROPA
671000 0.0 0.0 18.399

3702713.172 2880 8.706x 10- 6

GAI{YIVIEDE
1071000 0.0 0.0 7 9 .3 12

1837852.032 4980 1.202x10-5

CALLISTO
188400 0.0 0.0 I 1.814

787884.7788 4500 7.582x10-6

MIMAS
187000 0.2 1.5 ?

13952377 .92 400 1.025x10- 6

ENCELADUS
238000 0.004 0.0

9596269.212 500 L025x 10- 6

TE-THYS

295000 0.0

6965239.487 1000

1.1

3.243x|0'6
i81 ?

DIONE
378000 0.002 0.0 66 ?

4804312.591 1000 3.097x10-6

RHEA
527000 0.001 0.4 14 ?

2910678.753 1300 4.275x10- 6
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TITAN
1222000 0.0289 0.3 238 ?

824624.0557 4800 7.779xr0-6

HYPERION
1481000 0;104 0 .4 ?

618001.1336 480 5.382x10-7

IAPETUS
3562000 0.02828 r4.7 r97 ?

165748.8858 1200 2.5'1 6xl0' 6
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A NEW DBSIGN FOR AN OLD OPTICAL SYSTEM
By Steven Lee, SAS (NSW)

When astronomers think of widc field photography at a fast aperture they invariably think
of the Schmidt camera. I wish to bring to the attention of amateur astronomers an alternative

design whose origins are older than the Schmidt - the Couder Camera. Its performance is

similar but is easier to construct.

. It is fast; geometrically f/2

. Moderately wide field; 4.5o diameter

. Only 2 concave mirrors

There are several drawbacks with a Couder camera, some more serious than others, but for
amateur telescope makers I believe that none are serious enough to deter any would-be
Schmidt builder from considering the Coudcr camera first.

Introduction

Many old books on telescopcs rcfer to the Couder camera (or its precursor, the
Schwarzschild camera) (see e.g. refs.1,2,3,4). The widely read "How to Build a Telescope" by

Texereau even contains a dcsign for one (5) (and suggests that it would be very useful for a

photographic search for extra-galactic supernovae!). Despite the advantages of the Couder
camera, nobody (as far as I am aware) has ever built one.

The design originated with Schwarzschild in 1905 (6) with a study of two-mirror, coma-free

systems. The camera he designcd consists of two concave mirrors, one of moderately long

focal ratio and the other, much faster, placed inside the focus of the first to demagnify the

image. Schwarzschild aimed for a flat focal surface and an aperture of tl3. He adjusted the

figures and separation of the mirrors so that spherical aberration and coma were removed,

but astigmatism was not correctcd. Unfortunately, the astigmatism is rather severe, being
l8 arcsec l.5o off axis.

Couder (1926) (7) modified the design to remove the astigmatism at the cost of using a

curvcd focal surface and managcd to providc better than 1 arcsec images 1.5" off axis (still
at f/3). Couder made the opiics for a 0.8-m camera but never used them (8) possibly because

he thought that the disadvantages of the system outweighed the advantages, and that

Schmidt's (new) design of camera that gave a wider field at a faster focal ratio was superior.

Nothing more was heard about thc Coudcr camera for over 50 years, until 1983 when the

British astronomer R.V. Willstrop start.ed investigating the "next generation telescopes"
(9' 10). He looked at the Couder camera and was able to modify the original design to
produce an 112.5 version with 0.4 arcsec images over a 3.6" field and an f/2 version with 1

arcsec images over a 4.5 field. He has also carried the design further to an f/1.5 system, but

this is a specialized dcsign with a rcduced field of only 2.0'. Willstrop was thinking of
professional systems with apertures of several metres, perhaps l0-m, where it is not
feasible to produce a Schmidt camera system. However, we will look at the alternatives

available for more modest aperturcs.

My desire was for a fast camera that rvould cover a moderate field with high definition. The

Schmidt is obviously the choice ivith its large angular field, but the difficulty in figuring
and testing the corrector had always detcrred me. I built a "lensless" Schmidt camera (11)

but to make the star images small enough either the aperture is too slow or the focal length
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too short.

necessary

modification

the advent of very fine grain films (like Kodak TP 2415) it became even more

diffraction limited pcrformance. And then along came Willstrop's
the Couder camera.

I became interested in the Couder camera mainly for its ease of manufacture compared to the

Schmidt. While the primary needs careful testing, the secondary, being an ellipse, can be

null tested at its conjugate foci. This all seemed quite easy on paper, so I decided that I
would "have a go" at it.

Optical Design

For amateurs, the f/2 design of Willstrop is the most useful, so all details presented here
refer to this system.

As already stated, the design is quite simple. The primary is an f/6.5 concave, but the
figure is an extreme hyperboloid with an ecccntricity of about 3.8. The secondary is also
concave, placed inside the focus of the primary and so demagnifies the image. It is about
50Vo the diameter of the primary and is an ellipse with an eccentricity of about 0.74. The
focal plane is curved, convex to the light as in a Schmidt camera, but faces the sky. Refer to
figure 1 for a layout of the f/2 Couder camera.

In Willstrop's design (as with that ol Couder), both mirrors are not simple conic figures of
revolution but have complex curves similar to those required for a Schmidt camera.
However, for amateur sized instruments (say less than 30cm primary mirror diameter) the
additional figuring can be left out and the mirrors left as simple conic sections, with
resultant images still less than 2 arcsec in diameter which corresponds to only a few
microns at the focal plane and thus not resolvable.

Table 1 is the dcsign for my 20cm version of the flZ Couder camera. This was scaled
directly from Willstrop's f/2 design (9). Thcre appear to be subtle effects in removing the
additional figuring on the mirrors. By raytracing, I arrive at a slightly different radius for
the focal plane than that given - 196.0. The difference is small but may just be noticeable.

If one doesn't. like the curved focal plane it could be flattened by a suitable plano-convex
Iens, but this would detract from the simplicity of the system.

The spot plots of figure 2 show the theoretical performance of the Couder crrmera. Plot 2a is
on axis,2b is 1'off-axis whilc 2c is the maximum 2.25o off-axis. The rays traced are 12 at
0.5 radius, 24 at the full radius and 18 at an intermediate position. No rays have been
removed after vignetting by a small secondary mirror (aithough no rays were traced that
would be vignetted in the entrance pupil by a 0.5D secondary mirror). The scale bar is 1

arcsecond while the circle corresponds to the diameter of the Airy disc. The boxes are 10
microns square.

With such a large secondary obstruction, less than 50Vo of the light will fall into the central
disc. All this means is that while the Couder is not a perfect visual telescope, it is not bad
for a photographic (or CCD) system, With the finest grain emulsions, the best resolution
that might be expected is of the ordcr of 20 microns, and the Couder's images are far better
than this.

Advantages

In a comparison with the Schmidt camera, there doesn't seem to be too many advantages for a
Couder camera. I think that two mirrors are easier to construct than one mirror and one
corrector and this, for me, is its main advantage.

With
for

of
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Other advantages occur in getting rid of the corrector. The Couder camera is perfectly
achromatic; there is no deteriorat.ion in the images at different wavelengths (this is why
large Schmidt cameras require an achromatic corrector). While this isn't a serious defect in
amateur Schmidts, it would allow 'U' and 'I' band photography where Schmidt performance IS
starting to deteriorate.

Ghost images from bright stars occur in Schmidt cameras both from internal reflection
within the corrector and from reflcctions off the emulsion back to the corrector (via the
mirror) and back again to the emulsion. This is a problem that can't be fully cured,
although it can be reduced by careful selection of the curves for the corrector. The Couder
is entirely free of ghost images.

Problems

At first glance, there seems to be many more disadvantages than advantages with a Couder
camera. While these may account for the lack of attention that has been given to the Couder
camera amongst professional astronomcrs, I will attempt to show that they should not deter
amateur users of the system. The problems with a Couder camera can be summed thus:-

* Large secondary obstruction
* Non-uniform illumination of the focal plane
* Curved focal plane
* Focal plane pointing at the sky.

Let's examine the above problems in more detail.

The first problem is that the secondary mirror is fully half the diameter of the primary.
The resultant light loss IS moderately serious. But first consider the case of a Schmidt
camera; it is necessary to make the primary mirror larger than the corrector by twice the
diameter of the film holder in ordcr to avoid any vignetting. And then the centre of the
primary is obscured by the plate holder. In iarge systems, the cost of a telescope is
determined by thc size of the primary mirror, so there is little to chose between masking the
inner portion of the primary with a Couder secondary, or the outer portion with a Schmidt
corrector. While this objection is less valid in an amateur instrument, the principle still
holds true.

Unfortunately, the Couder suffers from a more serious effect than simple obstruction of the
incoming light; that of non-uniform illumination across the field. While you can make
Schmidt cameras that have uniform illumination across the field (by following the above
formula for mirror size), the Couder cannot be so made. This is mainly due to the reflected
beam from the primary bccoming incrcasingly vignetted by the plate holder as the angle off
axis increases.

Figure 3 shows this effect. It is a vicw of the entrance pupil as seen from the image; (a) on
axis and at angles (b) 1", (c) i.5", (d) 2", (e) 2.25" off axis. The edge of the primary mirror
is indicated by Ml, the shadow on it by the secondary mirror by S, the shadow of the plate
holder on the secondary mirror by P, and the edge of the secondary mirror by M2. The
degree of vignetting is modified by the size of the secondary, being smaller the large the
secondary. Unfortunately, the larger thc sccondary, the less light gets to the primary. The
best compromise is a secondary around 0.5 - 0.6 the diameter of the primary. Refer to
figure 4, curves a,b,c for the vignctting versus field size for the Couder camera with
secondaries of 0.5,0.6 and 0.7 thc diamcl.er of the primary (10).

All is not lost, though. Commcrcial Schmidt cameras often have the mirror the same size as

the corrector and nobody complains about the resultant vignetting (which amounts to some
207o al the edge of the field). Does that mean wc can live with the Couder's vignetting? The
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answer, at least for amateur instrumcnts, is probably "yes". For professional sized
instruments it is questionable, although some degree of vignetting is allowable, e.g. the UK
Schmidt camera has a |.24-m corrcctor and a 1.83-m mirror, coupled with 35-cm square

plates the resultant field is 6.4" on a side (9.1 across the diagonal), but the unvignetted

field is only 5.4" (12).

For comparison, let us consider two alternative tl2 Schmidt camera designs each with 20cm

diameter mirrors. Figure 5a shows a "true" Schmidt (designed for no vignetting) while that
in figure 5b has the primary the same diameter as the corrector. The systems each have
32mm diameter focal planes. Table 2 shows the relevant parameters of each system along
with the proposed Couder camera, while figure 4 (curves d and e) compares the vignetting of
the systems.

The vignetting of the Couder camcra rvith a 0.5D secondary amounts to nearly 307o loss at the

edge of the field, and the axial imagc is already 25Vo down on the unobstructed primary!
Increasing the secondary mirror's diameter yiclds less severe vignetting across the field at

the expense of less light getting through on axis. But look! Even with the apparently severe

vignetting, there is still more light getting through the Couder camera than through the
"true" Schmidt. So perhaps a Coudcr camera doesn't lose too much light after all.

Curve 'e' shows, howevcr, that there is always more light gctting through the 'alternative'
Schmidt design. The astute Schmidt buildcr would probably not make either of the designs I
have shown, but would go for a camera with, say, 75Vo throtghput on axis and an unvignetted
field of 1.5o radius and tapering off to around 65Vo at 3.0o radius.

So we conciude that as far as focal plane illumination is concerned, the amateur's Schmidt is
a little better than the proposed Couder but not by as much as it would appear at first
glance.

Schwarzschild thought that a curved focal plane would not be acceptable and so designed his
camera for a flat focus. Couder, whilc introducing a curved focus, still thought that it was a

problem. Today, many telescope systcms have curved focal planes and nobody objects.
While the Couder's focal plane is more curvcd than a Schmidt's, it is not so extreme that film
can't be bent to suit.

The final objection with a Couder camera is that the focus points at the sky, thus
necessitating extensive baffling. Willstrop scts a limit to the length of the tube to 2.5 times
the focal length and so needs baffling around the secondary to properly mask the focal plane
from seeing the sky directly. If we simply increase the length of the tube until the focal
plane is hidden we can adequatcly bafflc thc focal plane, but we must also increase the
diameter of the tube so as to not vignettc the ficld. For a 20-cm primary mirror, we need

about a 30-cm diametcr tube 1.2-m long. So the Couder camera can be adequately baffled
but becomes less compact than the Schmidtt a problem only if portability is desired.

Practical Considerations

At the time of writing, I had not conrplcted my Couder camera. However, both mirrors had

been ground and polished and thc task of figuring them had begun. No mechanical work had

been done, although detailed plans had been drawn up and much thought had been given as to
the task ahead. The following is a run down on what I consider to be the more important
points to consider in the construction ol a Couder camera.

The first practical problem with a Couder camera is figuring and testing the mirrors. Both
the primary and secondary mirrors rcquire large amounts of glass removed; the primary
because it is highly hyperbolic, the secondary because it is fast.
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The secondary is easiest as it can bc
conjugate foci of the ellipse, given R

f '=Rl( I +e)
f"=R/(1-e)

more easily tested. The formulae for calculating the
the radius of the mirror, and e - its eccentricity are:

(1)
(2)

Once R is known accurately, f'and f" are calculated (the ideal radius yields f'= 26l.8mm
and f" = 1780mm). With the light a[ f' and the knife edge at f", figuring will be complete
when a "null" is seen. Alternatively, one could test the secondary with a zonal mask and
Foucault tester, but this is far from ideal.

The primary mirror, unfortunately, is far more difficult to test. Being a hyperboloid it does
not have two real foci, so it can't be null testcd. Zonal testing would be very difficult and
probably not very accurate due to the large knife edge movement required. The formula for
Foucault testing a mirror is (according to Texercax (5)):

aX= b.[r2lR + r4112u.311

where r is the zonal radius, R is the mirror's central radius of curvature and b is the
"deformation co-efficient" which is thc eccentricity squared. For the Couder's primary
mirror, this yields a total knife edge movement of over 57mm! For a 10mm wide edge zone,
the change in knife edge movement across thc zone is more than the total movement that
would be measured when testing the same mirror as a paraboloid.

There are other options open to us to test the mirror. There is a test devised by Mr. E.
Lumley(13) for calculating the shape of Ronchi bands when viewed at the centre of
curvature. (For this to work for our hyperboloid, we must substitute equation 3 for the
zonal change in image position.) Once the calculations are done, one constructs a wire mask
that sits over the mirror and figures the mirror until the perceived Ronchi lines match the
mask. While I feel this test isn't very accurate for figuring paraboloids, the exaggerated
shape of the Ronchi lines should help in gening one close ro rhe right figure.

There is also the inverse of the above test. A simple version of this test for figuring
'normal' telescope mirrors is called the Mobsby test (14). One calculates the inverse shape
of the lines and makes a new shape Ronchi graiing that will show straight lines when used in
the correct position. This is as close to a null test that would be possible for a hyperboloid.
Unfortunately, the simple method of Mobsby will not work for us and we must go to some

lengths to calculate the actual shapc rcquircd to null the pattern (15). Again this is not as
sensitive as a real null test, but would be the easicst method of testing the primary of the
Couder camera.

Altering the separation of the two mirrors has the effect of altering the total spherical
aberration of the system, so one can get by with being a little 'off' with the figure and
correct it by changing the separation of the mirrors. (But not by too much; changing the
separation also changes the effective focal length of the system.) I have traced the effcct of
incorrect figures on the mirrors and havc been able to bring the system back to good
performance. However, the secondary is much more sensitive to errors than the primary. I
have similarly traced the effect of incorrect radii of tl%o on both mirrors and have been
able to bring back almost ideal performance by suitable changes in either or both the
separation and figures of the mirrors. I would recommend the secondary's radius be held to
within 0,5Vo and the error in its eccentricity to tess than 0.02. The primary's radius could
be wrong by lvo and not introduce too serious a problem, and its eccentricity could err by
0.05 .

(3)
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It would be desirable once the mirrors were polished and their paraxial radii known, to re-
calculate the optimum figures for best performance (except in the unlikely situation thai
the radii were exactly correct!). The same can be said for rhe focal plane; altering the

separation of the mirrors will change its radius.

I will make only brief comments on the mechanical construction of the system as everyone

will have their own ideas.

I plan to construct a cage of threaded rods, held at one end by the primary mirror cell and at

the other by a ring which would define the entrance pupil. The secondary and film holder
spiders are allowed to move axially along the cage arms to their optimum positions.
Focusing the system will be done with a microscope system similar to the one described by

Ashcraft(11). It is important to have some means of viewing the final image to allow quick
adjustment for optimum performance.

Conclusion

Despite the list of objcctions to the Couder camera being much longer than the list of
advantages, I hope that I have shown that in its new configuration it is a worthy option for
the amateur telescope maker.

Acknowledgements

I would like to thank Dr. Willstrop for permission to use two of his diagrammes, as well as

the optical raytrace routines he had developed, and finally for his encouragement in my
attempting to build the first Couder camera.

Table I - Dimensions of f/2 Couder camera.

Surface Raclius Separation Diameter Eccentricity

I mirror 2626.0

2 mirror 456.5

3 focal plane 195.7

e.f.l. = 408.75

Primary diameter
Secondary diameter
Corrector diameter
Focal plane

Angular field

200 200

136 200
32 32
6.7 4.5
132 r97

202.0 3.8 3 85

10r.0(r) 0.7 435

32.1 | (2)

notes: Dimensions in mm.
This table was scaled directly from Willstrop's f/2 design.
(1) Diameter of secondary for no axial vingetting is 77.7

Diameter of secondary for minimum vignetting is 141.0
(2) Willstrop specifies a paraboloidal focal surface, but spherical would

suffice if necessary.

Table 2 - Comparison of Couder and two Schmidt cameras.

Couder Schmidt#l Schmidt#2

808.0

157 .2

200

100

32
4.5

Effective aperture on axis I73
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FORMATION OF CHONDRITIC METEORITBS AND THE SOLAR
SYSTEM.

"It is the thunderboll that stccrs the Universe"

By Wal Thornhill, CAS

Heraclitus, 5008C.

Introduction

Some of the puzzling features of the largest class of meteorites, the stony chondritic
meteorites, are examined. Chondrites are so named because they contain chondrules or small
spherules of olivine, enstatite or another of the meteoritic minerals. The chondrules are

embedded in a matrix of similar material. A new theory of chondrite genesis is outlined and

an experiment proposed which may test its most important ilspects. The implications of this
theory for the formation of rhe solar system, and wider topics, are discussed.

Current theories on thc formation of chondrites see them as products of the condensation of
the solar nebula, very early in thc history of the solar system. Their irregular form,
different sizes and evidently complex history create many problems for the nebular
hypothesis. However, despitc thcir wide range of composition and structure, there are some

regularities that suggest a common origin. It is of fundamental importance to understand the
process of formation of meteorites bccause it is believed that such information will shed

light on the dynamics of the formation of the solar planetary system.

Results of meteoritic studies over many years, and recent work by Dr. David Wark, at the
Lunar and Planetary Laboratory, University of Arizona, Tucsonl have provided the following
puzzles which must bc answered by any theory of chondrite formation:

i. There are 4 identified concentric zones within the asteroid belt which yield 4 distinct
types of chondritic mel.eorite. Each type has few, if any, components that are identical

to those in other typcs(2).

2. Chondrites contain refractory inclusions (Ca-Al rich inclusions or CAI's) which
characteristically have thin shells or rims surrounding them.

3, All refractory components of chondrites appear to have suffered some "flash" heating

evenl of unknown origin(3) and consequently show a complex and "unearthly"

chemistry and morphology.

The high and low temperature components of chondrites are well mixed, generally as

separate entities. They have not grown from a refractory core outwards to a less

refractory rim. The chemistry of the components is complementary and must have

originated in a closed system(4).

The rhickness of the CAI shells does not seem to vary much from one inclusion in a

specimen to another.

6. Despite the often complex shapc of the inclusions, the shells follow the surface faithfully
with little variation in thickncss.

7. The rare earth 'signature' of the CAI shclls indicates that they have been formed from the

body of the inclusion rather than being deposited from some external 5su1ss(5).

4.

5.
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8. The CAI shell is enriched up to 5 times in the refractory rare earths and have a

Europium/Ytterbium anomaly which indicates that the inclusions have been strongly
heated and 807o of the surface layer sublimed away.

9. The heating was brief, <100 sec(6) as evidenced by the sharp inner edge to the CAI shells

and the fact that thc CAI corcs arc largely unaffected by the heat pulse. The retention

of volatiles in chondrulcs also indicates that the heating was of very short duration,
measured in seconds(7 ). Thcre fore the zone of formation must have been highly
localised; it could no1 have taken place in an extensive solar nebula(8).

10. The growth of the refractory components (CAI's) was interrupted while they were still at
high temperature.

11. The temperature requircd to give thc observed Eu/Yb anomaly in the CAI shells is 1500

degrees C. or more.

12. Since the most refractory componcnts are found in the most distant chondrites from the
Sun, solar radiation was cvidcntly not the source of heat for their formation.

13. The cooling period must be mcasured in minutes or hours. It shoukl also be noted that
the chondrules which are glassy drops of silicate, show evidence of rapid chilling.
Strangely, they are almost all non-spherical(9).

14. The inclusions are surrouncled by a halo of very fine grained matrix material for several
millimetres, then the chondrules and coarser, more volatile components enclose that
halo.

15. The core of the inclusion has an excess of heavy Mg isotopes, while the shell has normal
Mg isotope ratios.

16. Many chondrules contain relict grains, indicating that they are not formed by
condensation. Relict grains largcr than 0,2mm are inconsistent with formation from
interstellar dust which is belicved to have a very small percentage of grains of such

size( I 0).

17 , The existence of compound chondrules is cvidence for collisions between molten
chondrules. Also some relict grains may have been incorporated into fully or partially
molten chondrules by collision.

Currently there is no single lheory that can account for these observations.

Proposed Mechanism for the Formation of Chondritic Meteorites

Introduction

Current main-stream astronomical theory has not been able to offer a fully satisfatory
explanation of the puzzling message from chondrites which is assumed to concern the
formation of the solar system. In ordcr to break through this impasse, three guiding
principles have been used.

Firstly, it is necessary to rclcr to cxperts who in rhe past have argued against currently
fashionable theories.
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Secondly, Newton, genius though hc was, is not assumed to have given us all we need to
describe the formation of thc solar system when he published his Principia. He knew
nothing of elcctricity or its associated magnctism.

Thirdly, some of the most imporlant breakthroughs come about by taking an

interdisciplinary approach. ln this instance, elcctrical engineering provides the major clue
as well as a possible test for thc corrcctness of the theory.

Origin of Meteorites

Comets, asteroids and meteoritcs arc assumcd to have a common origin. It is not assumed

that these bodies have anything to do with a highly problematical primordial solar nebula.
Therefore, for cxample, the "Oort shcll" of comets surrounding the solar system is
considered an unnecessary fiction. Inclccd, Professor R.A. Lyttleton has described the Oort

shell theory as "a piecc of trasn"( 1 1 ) . Prof . S. Vsckhsviatskii, Director of the Kiev
Observatory, and Head of thc Faculty of Aslronomy, University of Kicv, has concluded from

his stuclies of comets( l2) that:

1. Celestial mcchanics, the ciistribution and statistics of cometary orbits, and consideration
of the kinematics of the comctary systcm lcave no doubt whatsoever that all comets, and

therefore the products of their dccay, werc formed inside the solar system, and wcre formed
a little later, on the average, than wcrc the planets.

2. The existcnce of the families of short-pcriod comets of Jupitcr, Saturn, Uranus and
Neptune, and the peculiarities of thcir motion and nature - their chemistry, the presence of
ice in their nuclei, thcir closc association with Jupiter prior to discovery, etc.
demonstratcs the recent origin of comcts.

This is in accord with thc thcory ol thc eruptive development of planets, as developed by
Lagrange, Proctor, Crommelin ancl Vsckhsviatskii. Recent, comprehensive investigations by
Everhart (1969) conlirmcd once morc that pcculiarities of the observed distribution of short-
period-comet orbits cannot be cxplaincd on the basis of the gravitational-capture
hypothesis. On March 7, 1919, Voyagcr I unexpectedly discovered a faint ring of dark rocky
dcbris circling thc planct Jupiter. In the words of Dr. Bradford A. Smith, head of the
Voyager photography leam: "Now Jupitcr is fbund to havc a ring and we must invent a theory
to explain it".

Two months after thc discovery ol the ring around Jupiter, the Soviet Union claimed joint
credit for the discovery, contcncling that Vsckhsviatskii had predicted the ring's existence
as early as 1960 in the journal callcd Izvestia of the Armenian Academy of Sciences. The
passage from the rcicvant papcr is as follows: "The existence of active ejection processes in
the Jupiter systcm, demonstratcd by comet astronomy, gives grounds for assuming that
Jupiter is encircled by comet and meteoritc material in the form of a ring similar to the ring
of Saturn"(l3).

Despite the fact of his priority, Vsekhsviatskii's name has remained conspicuously absent
from the scientific literaturc pertaining to comcts and planetary rings. Given that
mathematicians secm to be thc final arbiter on astronomical theory in this age, it is not
surprising that Vsekhsviatskii's work has bccn ignored because they immediately calculated
that the energy rcquircd to cxplosivcly crupt matter from Jupiter would be sufficient to
totally atomise thc ejccted matcrial. A more scientific approach would have been to examine
his promising findings and considcr ot"hcr mechanisms. It has been left to two astronomers
with a particular interest in elcctric discharge phcnomena to propose a promising ejection
mechanism, which may expiain tire fcatures of comcts and meteorites.
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But first a brief word about the state of electric discharge theory in astronomy, from a

recognised authority:

Professor Hannes Alfven whcn he received his Nobel Prize in Physics in 1970 spoke of
studies of the electrical dischargc phenomenon, "most theoretical physicists look down on

this field, which was complicatccl and awkward... not at all suitecl for mathematically elegant

theories". Alfven felt that, "the cosmical plasma physics of today...is to some extent the
playground of theoreticians who have ncvcr scen a plasma in a laboratory. Many of them still
believe in formulas which we know from laboratory experiment to be wrong...several of the

basic concepts on which thcories of cosmical plasmas are founded are not applicable to the

condition prevailing in the cosmos. They are 'generaily accepted' by most theoreticians,
they are developed with the rnost sophisticated mathematical methods, and it is only the
plasma itself which does not 'understand' how beautiful the theories are and absolutely
refuses to obey them...".

It is for this reason, I belicve, that the burden of explanation for all energetic events
observed in the universe falls to Newton and his simple theory of that weakest of forces,
gravity, which although mathcmatically tractable, leads to the somewhat weird idea of "black
holes" and the problem of "missing mass", when applied uncritically. Instead, the
astronomers mentioned havc attempted to explain various enigmatic and particularly
energetic astronomical phenomcna in terms of the phenomenology of electric discharge in a

plasma.

The Mechanism of Ejection

Dr. C.E.R. Bruce (1902 - 1979), F.R.A.S., who was a member of the Electrical Research

Association, England, set out a numbcr of laws concerning electric discharges(14), two of
which are of importance in explaining the formation of comets and meteorites:

1. Aggregation of atmospheric malter.
Slow accumulation of clectrical charge takes place in astronomical atmospheres and the
subsequent relatively rapid elcctrical atmospheric discharges similar to lightning
produce a magnetic field which compresses the channel of the current. When this
occurs in a prolonged discharge in astronomy it causes aggregation of large volumes of
thinly distributed gas and matter into relatively narrow channels, so that when the
current dies away the comprcssed gas expands and coo1s, condensing into stars in
galactic atmospheres and cither planets or companion stars in stellar atmospheres.

(Orthodox astronomy, as Prof. G. Burbidge has pointed out, has no physical
understanding of the situation where dense objects condense out of an initial cloud of
matter and radiation which is cxpanding.)

2. The generation of gas jets.
Variation in the discharge current or current density along the discharge channel will
give rise to variations in the axial pressure and hence to a flow of gas. As both of these
parameters will decrease outwards in atmospheric electrical discharges, all will thus
give rise to gas jets.

Following upon Bruce's work, Eric W. Crcw (F.R.A.S.), claimed that the longitudinal voltage
gradient, acting on positive ions, is probably an adequate mechanism for producing jets. He

also suggested( 15 ) that large quantitics of matter could be ejected from the solid or liquid
cores of large gaseous plancts (this also applies on siellar and perhaps galactic scales). A
brief description of this theory in rclation to large gaseous planets is that the core becomes

highly positively chargecl by a gravitationally driven pressure ionisation process. The free

electrons, being consiclerably morc mobilc than the positive ions, are likely to migrate

towards the planetary surfacc rcgions and most or all would be neutralised by positive
charge from cosmic rays - in othcr words, the planet will acquire a net positive charge.
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While it is at thc centre of the gaseous planet the growth of the core in mass and pressure

will causc its total charge and thc voltagc gradicnt at the core boundary to increase steadily.
Only the high pressurc of the un-ioniscd material surrounding thc largely ionised core
prcvcnts an explosivc expansion ol thc corc, but evcntuaily a condition of breakdown may be

attained.

Thc increasing prcssure ancl tcmpcraturc is likely to cause a sudden change of state,
foilowed by a contraction and incrcasc of spin of the core. The peripheral friction and

turbulence would incrcasc the iocal vollagc gradicnt and where it exceeds thc breakdown
value thcre would be a radial dischargc in thc I'orm of a flow of positive ions. In other words,
a discharge jet would rcsult.

It is worth considering the fatc ol thc clcctrons clisplaced frorh the core in more dctail. Even
if they largely rcmain surrounding thc corc, oncc thc dischargc bcgins, elcctrons under high
pressurc conditions rvill not bc ablc to movc rapidly cnough {'rorn other parts of the planet to
qucnch the outburst. In the low prcssurc rcgions of the planel's uppcr atmosphere, where
the elcctrons arc more lrec to movc, thc accclcration and rccombination of clectrons with
positivc ions in the rcgion of corc clischarge anci probabiy also a cascadc ionisation process
caused by cncountcrs of reiativislic clcctrons with atmospheric atonls? would produce a

planet widc stccp rise in radiation output. ln other words, thc planet (or star) would
undergo a nova phase. Thcrc is intcrcsting cvidcnce that a nova is associated with an electric
dischargc as indicatcd by thc broadening of spcctral lines from such an outburst. The
broadening follows thc lanrbcla squarc law ol thc Zecman (magnctic) effect and not the lambda
Iaw of the Doppler effcct. It should also bc notcd that radial velocity data show most novas to
bc invisible companions of ordinary sta.s( 16). Also scvcral novae have been observed to
virtually extinguish around maxinrum briglrtncss. This is casily explained by another of
Bruce's laws whioh ooncerns thc sclf -cxtinct.ion of a discharge at maximum current due to
the high prcssurcs gcncratcd by it in thc discharge channel.

To continue, oncc the discharge starts, it would bc scll-sustaining, fed by the charge stored
in thc core until most of its chargc is dissipated and the elcctrical field in the discharge
channel falls below a critical valuc. Thc strcam of positive ions represcnts a massive flow of
matcrial out of thc ccntral rcgions of thc planct and a conversion of much of the charge
encrgy into kinctic encrgy of the dischargcd mattcr. Some of the material at rhe head of the
column would be discharged by l'rcc clcctrons in the surrounding medium, so the neutral
material would ccase to acceleratc in thc voltage gradient, causing the following material to
pile up against it, forming a stcadily growing mass procceding to the outer regions of the
planet's atmosphere and cventually emcrging from the atmosphere.

The ejccted material woulcl arc away from the planct. The variation of velocity and position
of componcnts of the arc would causc niatcrial to go into different orbits. Some would be

capturcd by the parenl as a ring of debris, some would follow asteroidal orbits and other
objects would bccomc comcts, mctcoritcs and interplanetary dust.

Formation of Meteorites

The arc of matcrial lcaving the fissioning parcnl body would be composed of ionised gases,

liquids and solids ranging in sizc from nricrons up to asteroid or planctoid dimensions.
Electric dischargcs rvould take placc bctwccn thc parenL planet and the highly charged
departing mattcr. Thesc powcrful plasnra dischargcs would give rise to a number of effects:

Hcating u,ould be most intcnsc along thc axis of thc discharge, falling off with radial
distance from thc axis.

This might explain somc of the chcmical diJ'fcrences between CAI's by varying degrees

of evaporation of prc-cursor clust( 1 7 ). Such <iiflcrcntial heating would have the more
rcfractory typc A CAI's condcnsing and cooling last along the discharge axis and
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having inclusions of less rcfractory type B CAI's, which formed and cooled earlier,

further from the axis. The magnetic "pinch" effect of the discharge would accelerate

the type B CAI's radially inwards and lhus cause implantation by collision of type B
CAI's within type A, as has been discovered. The converse has never been seen.

At some distance from thc clischarge axis low melting point minerals would melt to form

chondrules, trapping relict grains or partially melted solids. The consensus is that

chondruies are formed by melting o1' pre-existing solids.

3. Refractory particles woulcl have their exterior surfaces evenly 'flash-hcated' to

temperatures of the ordcr of thousands of degrees Celsius for the short period of

discharge, probably measurcd in seconds or minutes.

Volatile elements woulri bc prcfcrcntially vaporized in the discharge channel and

accelerated along the discharge axis, causing somc refractory/non-refractory element

zonation aiong the channcl as wcll as radially. It is found that some chondrites are

rich in volatiles whilc othcrs arc dcplctcci in a complcmcntary fashion. The gaseous

"blast" along the dischargc channcl wouid also deform cooling molten droplets.
Chondrulcs are found almost without cxceptioll to bc non-sphcrical.

On quenching of thc dischargc, cooling would follow rapidly, in minutes, giving rise to

the sharp inner boundary bctwccn thc refractory particle shell and its core. It is

difficult to providc such rapid hcating and cooling in an extended nebular cloud, as is
widely believcd to bc thc birthplace ol mcteorilcs. Also, when the discharge ceases the

magnetic "pinch eflect" ccases, accompanied by an cxplosive fall in gas pressure

lcading to thc obscrvctl interruption lo growth of the CAI's while still at high

temperature(18).

4.

5.

6. By rhe electric discharge mcchanism all
under fairly uniform, highly localisctl
thickness which does not vary much from

shells should be formcd at the same instant,
conditions, thus giving rise to shells of a

one specimen to another.

8.

7 . The plasma dischargc hcating would bc unilorm over all exposcd surface s, unlike
ballistic heating in a gas, and therelore the obscrvation that the shclls follow the

complex surface featurcs of the refractory inclusions may be explained.

After the dischargc has cxtinguishcd, the sub-micron particles will cool most rapidly
and have their chargc ncutraliseil by solar wind elcctrons, bcfore that of larger

particles. They will then bc clcctrically attractcd to the charged larger particles, thus

giving rise to the obscrvctj halo o1' vcry fine graincd matrix material surrounding the

inclusions. Electrostatic attraction betwccn thc vcry smallcst partioles before the

discharge takes placc might also hclp cxplain the observation that ths CAI formation
mechanism discriminates against small bodies.

The magnetic pinch effect of the clischarge will cause the dispersed material and gases to

accelerate radially inward towards thc axis of the discharge, so that after the

discharge is quenched therc will bc collisions of molten chondrules giving rise to the

formation of compouncl chontlrules and relict inclusions. This also fits the observatiotl

that regions of chonilrule fornation we re homogeneous ovsr small distanccs( l9) ' Gas

pressures will be highcst ncar thc discharge axis causing volatiles also to be included

in some meteorite prccursors. The metcoritic bodies may then be formed by

agglomeration near lhc spent dischargc axis, of the various mcteorite components;

chondrules, refract.ory inclusions, volatilcs, matrix material etc. The mixing would be

chaotic, with probablc collision induccd splintering of the material, giving rise to the

observed irregular forms of chondrites. This mechanism explains thc mixing of high

an{ low temperature components in chondrites as separate cntities'

9,
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10.

11.

It is expected that some evidence of the electric discharge and its magnetic field would
be found in remanent magnetism of some meteoritic components. Brecher (1977)
showed that carbonaceous chondrites and ureilites had surprisingly large ancient

magnetic-fieid intensities(20)

Such giant elecric discharges would probably be, of sufficient power to cause
nucleosynthesis, transmutation of elements and the formation of isotopes and
radionuclides. Wood and McSwcen (1977) say that the chondrule evidence strongly
suggests origin in an unspecified energetic event, definitely not pre-solar system(21)
and Van Flandern (1978) confirms that "the presence of isotopic anomalies in
carbonaceous meteorites implies the action of nuclear processes, not just chemical

ones"(22). The observed anomaly of isotopic composition of the shells of refractory
inclusions when compared with thc core might be eiplained by ion implantation of
transmuted atoms. More importantly, meteorites exhibit many other isotopic
anomalies, chief among them bcing the appearance of isotopes of xenon and iodine
which are known to be the decay products of relatively short-lived, heavy radioactive
parents. This poses problems for the conventional view in that it requires the
formation of meteorites shortly aftcr a stellar nucleosynthesis event, possibly as

remnants of a supernova(23). Yet neither tektites nor meteorites have been found in
any ancient geological formation, which suggests that most surviving meteorites are

relatively quite young(24). Also it has been found that the quantities of spallation
rproduced Ne-21 in irradiated grains from some meteorites exceed that plausibly
attributable to either galactic or present-day solar cosmic ray irradiation, and

associated solar wind neon scems to be undern6u16nn1(25).

12. The electric discharge mechanism would render radiogenic dating meaningless and
obviate the need to have chondritic components formed millions of years apart and
"parked" before being brought togcther somehow to form the final chondrite.

13. It should be noted in the case of chondrule formation that lightning within a solar nebula

has been proposed as a plausible mechanism(26) Uut the argument betrays a lack of
understanding of plasma dischargcs. The elcctric discharge theory does away with the
problematic formation of bodics from a solar nebula and introduces a new evolutionary
picture, with thc birth of objects from the size of stars right down to meteors by
elcctrical parturition, This is consistent with the fact that the non-volatile
components of chondrites have approximately solar proportions.

14. T. Van Flandern has proposed thc formation of comets, meteorites, asteroids and tektites
from the explosion of a large formcr planet in the solar systemQ7) by some unknown
mechanism. He shows how many anomalies in the characteristics of our solar system
may be simply explained by such an event. The stratification of chondrite types
within the asteroid belt certainly indicates at least four separate events in that region
of the solar system. The differences in composition of meteorites from those regions
may be diagnostic of the parent bodies.

It should be remembered that all of the giant planets have ephemeral ring systems, which by
this theory are indicative of past expulsion of matter. Saturn's rings would appear to be the
most recent.
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Proposal for an Experiment

There is a simple experiment which may be performed to validate two critical aspects of this
theory, that is the mode of formation of the CAI shelis and the creation of the observed

compositional anomalies of such shells:

1. Isolate some refractory inclusions from a chondrite and remove carefully their outer,
flash-heated shells.

2. Place the refractory "cores" in a plasma furnace, such

laboratory, Cambridge, England.

3. After heating in the plasma furnace, rapidly cool the
structure and composition for the formation of shells

as that used by the TI research

cores and examine their surface
with the observed depletion of

volatiles.

4. Selectively introduce ions into the plasma furnace to see if the observed isotopic
anomalies in the shells can be reproduced by ion implantation.

I expect, based on the currcnt use for plasma furnaces to provide uniform toughened surfaces

by ion implantation on complex metal shapes(28), that almost all of the observed features of
the rims of refractory inclusions in chondritic meteorites may be reproduced in the
laboratory.

Conclusions and Implications

The electric discharge hypoth'esis appears to offer, for the first time, the possibility of an

explanation for all of the peculiar features of chondrites. By extension it offers a more
plausible mechanism for the creation of asteroids, comets, moons, planets, planetary rings,
and companion stars, than does the nebular hypothesis. It follows that the history of the
solar system has been one of continual evolution rather than creation, roughly as we see it
now, from a nebula 5 billion years ago followed by relative peace since that event.

The ubiquitous planetary rings of the gas giants are not explained by the nebular
hypothesis. Micrometre sizcd grains in Jupitcr's rings have a lifetime measured in

thousands of years(29). By the core discharge hypothesis, the material in the rings should
provide a sample of the parcnt planet. Saturn, as evidenced by its extensive rings, may have

been the last to erupt.

Meteorites and comets should provide us with data about the conditions in the cores and

atmospheres of the outer planets rather than a hypothetical early solar nebula. It is

interesting to note that organic molecules have been discovered in the tail of Halley's comet.
This is to be expected by the ejcction thcory due to the presence of organic molecules in the

atmospheres of the giant outcr planets. Electric discharge fissioning of giant planets or
stellar cores is an extremely effective mechanism for creating highly condensed planetary
bodies. It also sidesteps the angular momcntum problem of the solar nebula hypothesis. It
should be noted therefore that gcologists have proposed that the Earth's mantle composition
is comparable to that of chondritic or stony meteorites. Maybe in years to come we will be

able to deduce the parentagc of the inncr planets and moons by comparing material from
them with ring material from the outer planct.s ?

On a larger scale, it may be seen that theories of neutron stars and black holes have been the

result of an over-simplification of thc fate of gravitating matter. Energetically it is

infinitely more simple to strip off the outer electron of an atom in a stellar core than it is to

force all of the electrons into the atomic nucleus. In other words, long before degeneracy

could begin, compression ionisation would lead to instability and fissioning. Pulsars, X-ray
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bursters and other periodic outburst phenomena should be looked at from the point of view
of stellar tuned electromagnetic circuits, probably involving close binary partners in charge-
discharge cycles. Explanations of pulsar pcriods in the millisecond range involving
hypothetical singlc rotating dcgcneratc objccts stretoh credulity to the limit. It is
interesting that pulsars are associatcd with nova rcmnants and that radial velocity data show

most novas to bc invivible companions of ordinary stars(30). It would be expected that nova
fissioning of a partner in a closc binary system is more likely than in single or loosely
bound star systems since perturbation ol the charged cores by external forces and
consequent triggering of a core lission cvcnt. would be a feature of such a system.

Confirmation of some kind of the discharge theory may be forthcoming from observations of
the famous, recent supernova 1987A whcrc a bright object, the "Mystery Spot", has been

detected to the sidc of the supcrnova. Thc discharge theory predicts a highly directed,
filamentary outburst as well as a possible shock front from the steep rise in radiant energy
of the star's ionosphere.

Electric discharge on a galactic scalc rcrnovcs thc need to postulate invisible, supermassive
black holes to generatc thc energctic bchaviour obscrved at the centre of galaxies. Quasars
are presumably an indication of thc powcr of a galactic discharge at or near maximum when
the charging cycle has reachcd thc point ol brcakdown. Evidencc of galactic discharge along
our arm of the galaxy is providcd by the hclical magnetic ficld discovered to be wrapped
around it. The "missing mass'r problcm which appears when the orbits of stars about the
galactic centre are considercd gravitationally, may be found to disappear when
electromagnetic forces are includcd. The non-gravitational interaction between some
galaxies may be simiiarly explained as an attraction or rcpulsion betwcen two parallel
discharge paths. Long, thin strings of stars or galaxies and galactic jets can be interpreted
as evidence of discharge channels.

It seems to make sense to invoke the strong electric force to mediate the formation of
galaxies, stars and their planetary systems. Astronomers have restricted themselves to the
infinirely weaker force of gravity despite the fact that magnetic fields in the cosmos are
direct evidence of the net movement of charge, that is electric currents, which in turn imply
potential differences over vast distances. A moving plasma with zero net charge will not give
rise to a magnel.ic field.

Philosophically it is pleasing to find an escapc route 1'rom gravitaional death, the notorious
"black holc" beloved ol writers of sciencc l'iction and "fact", particuiarly when that escape
suggests the elcctrical fissioning and birth of new cosmic bodics. Nature propagates by
"budding" on our puny scale, and I fccl confidcnt that it does so on the grander scale of the
galaxy.

Thomas Van Flandern writes, "As scicncc progresses we will eventuaily unravel the mystery
of our origins, and the solution wili come sooner if our minds are prepared to accept the
truth when it is found, however fantastic it may be. If we are guided by our reason and our
scientific method, if we lct the Universc describe it.s wonder to us, rather than telling it how
it ought to be, then we will soon come to the answers we seek, perhaps even wilhin our own

lifetimes."(3I)
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MEASUREMENTS OF MARS' POLE CAP AND ASSOCIATED
ATMOSPHERIC HAZ,E.

By Barry S. Adcock, ASV, NAPO

During favourable apparitions of the planct Mars its south polar cap is ideally placed for
observation. Measurements of the size of the polar cap may be made directly from
photographs. Photography of the planet through coloured filters indicates the size of the
polar cap as a function of the wavelcngth of the light and it is postulated that this is directly
related to the amount of material at diffcrent leveis in the planet's atmosphere. Further
supporting results may be gained from photography using coloured emulsions. Results
collected in 1986 are presented, showing strong evidence of a blue clearing about the time of
opposition. Further analysis shows evidence of the terraced naturc of the polar caps.
Photographic and analytical techniques are discussed.

Introduction

The planet Mars movcs around the Sun in an clliptical orbit with an eccentricity of 0.093(l).
This comparativcly large figure results in a pcrihclion distance of 206.7 million kilometres
(1.38 A.U.) and an aphelion distance o[249.2 million kilomctrcs (1.67 A.U.). The Earth on
the other hand has a rather more circular orbit and the nctt result is that somc oppositions
of Mars with the Earth are more favourable (closcr) than others. The respective orbits of the
two planets are drawn to scale in figures la and 1b as viewed from north of the ecliptic. By
careful examination, it can be seen that close oppositions occur during the Southern
Hemisphere winter on Earth. During this pcriod Mars is well south of the celestial equator,
high in our winter sky. The cffect is l'urthcr enhanced by thc fact that. the orbit of Mars is
tilted at an angle of 1.9'to thc ecliptic. Figurc 1a shows the orbit of Mars as a dotted line
when it is south of the ecliptic as markcd by thc line of the nodes. It is possible for Mars to
assume an altitude of about 78' in Meltrournc's sky at a favourable opposition when its
apparent diametcr is aboul 24 scconds ol arc. At the same time the altitude in London would
be l3o above thc southcrn horiz-on.

Figure 1b shows that during a I'avourablc opposition, thc Southern Hemisphere of Mars is
emerging from wintcr anci thc south polc cap is starting to shrink. Thc oppositions of 1984,
1986,1988 and 1990 olfcr an iclcal opportunity for Earth bound astronomers to study the
evolution of Mars'south polc cap at dif'fcrcnt stages betwccn winter and summcr. The
follorving papcr describcs the obscrvational techniques used to measure the latitude of the
northern edge of the Martian south polar cap as it recedcs. The results collated so far are
pre s ente d.

It is well known that the atmospherc ol Mars is more opaque to shorter wavelength light
(violet) than it is to longcr wavclcngth radiation (red). When viewed through a blue or violet
filter, the surface fcatures of lhc planci are concealcd eKcept for the pole caps and
atmospheric haze and clouds. Thc lattcr appear white in high contrast to the featureless
surroundings. lt does indicatc however that not all of the polar matcrial resides on the
surface. By mcasuring the siz-e oI thc cap through different coloured filters, the
distribution of material on thc surfacc and in the atmosphere may be inferred as the Martian
seasons progress. This expcrimcnt. was conducted in 1986 and the results are also
presentcd. Data was recordcd using Kodak Tcchnical Pan 2415 (black and white) film and
Kodak Ektachrome 200 positivc colour f ilm. Thc obscrvations uncovered an extra bonus in
that a "bluc clcaring" was dctcctcd firr scvgral days just aitcr opposition. These results are
discussed thc linal scct"ion.
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Measuring the Pole Caps.

The true latitude of the edgc ol eithcr polc cap can only be calculated after the apparent

orientation of Mars in the sky is understood. Mars'axis is tilted at an angle of 25o to its

orbital plane. As scen from the Earth thc north pole of Mars may be tilted laterally and

towards or away from us. Thc respectivc angles for any particular date are presented in
astronomical ephemerides such as thc Astronomical Almanac, the BAA Handbook and the
ASV year book (and others).

The most convenient frame work on which to base a drawing of Mars in the east-west line.
This is most easily identified at thc telescope by watching the image drift as the instrument
is moved on its polar axis. On paper this direction is defined as p (preceding) and f
(following). Figure 2a shows the oricntation of Mars on June 1, 1986. The p.f. line is first
drawn as a daium and the north-south dircction lies perpendicular to p.f. The lateral tilt of
the pole is defined in the ephcmcriclcs as P and is measured from north through East (F) in
the same way as position anglc. Whcn drawn on the disk the line shows the position angle of
the axis of Mars markcd n.s. Thc angle P dcscribcs the lateral or projected angle of the axis
of Mars as we see it. Thc angle markcd "tilt" (t) in the tables gives the tilt of the north pole
towards us (a negative tilt indicatcs that the north polc tilts away from us). Figure 2a shows
how this angle may be projectcd on to the disk of Mars.

The relative positions of the Earth, Mars and rhc Sun result in Mars exhibiting a gibbous
phase, this effect being a maximum when Mars is at quadrature with the Earth. Figure 2c
shows the phase of Mars drawn on June 1, 1986. The phase (u) is defined mathematically as

u = d'd"/dd'. For the definition of these symbols see figure 2b. This ratio can be shown to
be equal to the ratio visible area to total arca of the projected disk. Due to the angle of Mars'
orbit to the ecliptic and the relative positions of the planets, the axis of the phase of Mars
(line drawn through the cusps, cc') does not coincide with any othcr axis or N.S. line. The
ephemerides list the information under the columns "Q" and phase. The angle Q defines the
direction of dd', and is layed out in the same manner as P as shown in figure 2b. The phase
may then be scalcd off along this line. The finai eiliptical section describing the Martian
terminator may be drawn in by hand joining the cusps cc' through d" (see figure 2c).

The development of these angles is shown i4 detail because it is our aim to measure the pole
cap from photographs and to calculate the latitude of its edge. It can be seen from figure 3a
that if a measurement was taken with a .ruler the true size of the pole cap would not be seen.
The terminator would hide some portions of the cap and it would always appear smaller than
its actual size.

Consider the diagram in figure 3b where Mars is shown at opposition with a phase of l00%o

and no tilt. The latitude of either pole cap may be calculatcd by two methods. (It is assumed
that the globe of Mars is exactly round, but in actual fact its oblateness is 1/193 (1).)

Note that in the cliagrams of figure 3, thc phase and tilt has bcen exaggerated for the sake of
c I ar ity.

a. Pole-to-Polc Mcasurements:
Any feature may be measured from the north pole limb g and from the south limb h.

Latirude L = arcsint(h-g)/(h+g)l
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The method has problems bccause
presence of a phase is difficult to

b. Measurement of Width.

Latitude L = arcos(a/d)

Figure 3b shows an exaggeratcd
symbol u represents the phase as

L = arcos (a'lde)

Figure 3d shows
shown in figure
size is given by

t (d/2).

h is a small measurement
takc into account.

phasc but the latitude may stiil
a figure bctwecn zero and one.

and as shall be seen soon, the

be readily calculated. The

= itrcos ( measured size of visiblc cap )
visible equatorial diameter

L = arcos (a'lud)

= arcos ( Measured size of visible caB )
full or polar diameter

a furthcr developmcnt. The
3c and lhe south pole cap

sin(L) cos (270"-Q).

north pole cap is now slightly larger than that
is slightly smaller. The approximate change in

This is a very small corrcction but should bc taken into account for completeness.

The last complication is shown in figurc 3c where Mars has a tilt (t) olher than 0o. If the
pole to be measured is tiltcd towar(ls us a truc measure of a' may still be made. If tilted
away a'must be correctcd by a'lcos(t). Thc latter measurement is probably rather
unreliable from a physical mcasurcmcnt point of view because it is difficult to judge the
extent of the pole cap on the print.

It should be noted that if a pole cap is very small it may be completely visible even though a

phase and tilt exist. Tests should first be carried out to establish the extent of the phase in
comparison with the pole cap. The method is eimenable to computer solution where the whole
exercise may be performed painlessly. For another account of the measurements, readers
are referred to rcference (2).

Results from Illack and White and Colour Photography.

Photography of the planets with any tclescopc and film is a situation of compromise. Film
speed must be compromised with "grainincss". Film speed, aperture, and image size
determine the exposure. Too long an exposurc lcavcs the image at the mercy of atmospheric

turbulance and drive fiuctuations. A short exposure demands a small and intense image

which must be enlarged during processing; thus the grain problem again. High contrast is
best achieved with slow films; thus requiring a long time exposurc - atmospheric problems

again; and so on.

From many years of experimentation thc author has used two films which give results
superior to other films.

Ilford XPI (black and white {'ilm using colour cmulsion technology) may be used at a speed of
ISO 400 !o 800. Eyepiece projection is used to give an effective f/ratio of 200. The
disadvantage of the XPI systcm is that the chemicals are very expensive and they must be

used within a month of mixing. This makcs XP1 less attractive from an amateur point of
view.
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Kodak Technical Pan 2415 developed for
in an ISO of approximatcly 125 to 200.
slower material. The grain is exceptionally
high enlargements in the darkroom (up to
latter combination.

10 minutes in Ilford Microphen developer results
An effcctive focal ratio of 100 is used with this
finc and the contrast. is very high, thus allowing
x30). For these reasons the author favours the

During the i986 apparition of Mars, exposures were takcn from May through to October. The
telescope was a 3l0mm Schiefspiegler and the image was projected using a 30mm Plossl
ocular to give an effective f/ratio of 100. Kodak Technical Pan 2415 was employed and
exposures of the planet were madc in

White light 1.Osec
Yellow 15 I .5 scc
Orange 2.0scc
Red 25 3.0scc
Light blue 80b 6.0scc

Positive enlargcments wcre mcasurcci using thc procedure describcd previously and the
results
are shown in figure 4. Thcse arc plottcd as a function of thc position of Mars in its orbit
(heliocentric longitude) and arc thus indcpcndent of the position of the Earth. It is
interesting to compare the results {'rom 1986 rvith those of 197 I when Ilford FP4 was used.
The latter film is more blue scnsitive than Kodak 2415 and probably had the same influence
as a blue filter. Some cxamples of thcsc imagcs are shown in figure 5.

A further set of exposures were takcn using Kodak Eklachrome 200 force processed to ISO
400. Eyepiece projection was again employcd using a 20mm Plossl ocular to give an effective
f/ratio of 200. The pole cap may bc measured from the positive transparency by projecting
it on a screen or printing it on Cibachrome paper. A further advantage may be gained
because according to Parker (3), thc ooloured image contains the same information as the set
of black and white images taken through filters. The information may be extracted by
placing the colour transparcncy in the enlarger and projecting the image onto a piece of
black and whitc film through the appropriate filter. The procedure results in a negative
image of course and this may bc further cxposcd on to a piece of black and white
photographic paper. The abovc mcntioned film is best hcld in the camera (lcns removed) and
an exposure of 20 seconds may be neccssary whcii the violct filter wratten 47B is used.
(This filter cannot be used at the telescopc because of excessive exposure times - 20 to 30
seconds.) Results using this tcchnique arc shown in figure 6.

By examining figure 4, it can bc seen that ihe latitude of the northern edge of Mars' south
pole cap changes rapidly at timcs. The rcsults are consistent with other authors (4) and are
reminiscent of a terraced pole cap as is known to exist from spacecraft photographs.

The reader must realize that the analysis assumes that. the pole cap is centred on the true
pole of Mars. Any offset would producc a similar cyclic effect as that exhibited in figure 4

but with a period of about 38 days.
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The Blue Clearing.

Other atmospheric phenomena may bc dctectcd using photography through colour filters. As
discussed previously high level clouds and polar and morning haze may be readily seen by
employing a blue or violet filtcr. The phcnomena of the "blue clearing" may also be detected
using this method. It is beyond the scope of this paper to describe the history of the theory
and observation of the blue clearing and readers are referred to reference (1), (5). In
summary, the atmosphere of Mars is quite opaque (very opaque considering the small amount
of material it contains) to bluc light. SurJ'ace features seen in white light or with a red filter
are not visible with a blue filter. Instead the disk appears rather featureless except for the
pole caps and clouds and haze which are presented as white areas in high contrast.
Sometimes the capacity of thc atmosphcre to absorb short wavelength radiation clears (blue
clearing) and the surface featurcs may bc secn as clearly with a blue filter as without. The
blue clearing often occurs close to opposition with the Earth or Venus or Mercury, however
blue clearings at othcr times have been observcd. Figure 7 presents a series of photographs
with dates spanning the 1986 opposition time. It may be seen that the dark areas are more
visible and the North polar haze togethcr with haze along the morning limb has completely
disappeared on July 12. Our weather prcvenLed a more complete set of observations, however
the existing results should be significant in future assessment of the blue clearing.
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