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T'he Search For Earth-threatening
Asteroids:

WHAT WE ARE DOING, AND WHAT YOU COULD DO TOO

Dr Duncan Steel, Anglo-Australian Observatory, Coonabarabran, NSW

Author’s biography

Dr Duncan Steel is a research astronomer at the Anglo-Australian Observatory in Coonabarabran, NSW, and Visiting
Research Fellow in the Department of Physics and Mathematical Physics of the U. niversity of Adelaide. He is a Fellow of
the Roval Astronomical Society, a Member of the Australian Institute of Physics, and a member of the International
Astronomical Union, on which he serves as Secretary of the Commissions involved with Ph ysical Studies of Comets, Minor
Planets and Meteorites, and Meteors and Interplanetary Dust. In the present context he is a member of the NASA Workshops
on the Dertection, and the Interception and Diversion, of Near-Earth Objects, the IAU Working Group on Near-Earth
Objects, and is a member of the Board of Trustees of the International Institute for the Asteroid Hazard in St Petersburg,
Russia. He is also Director of Research at Spaceguard Ptv. Ltd., an Adelaide-based company dedicated to ascertaining the
hazard to Earth-orbiting satellites due to impacts by space debris and meteoroids. In the past he has worked for both NASA
in the USA, and ESA in Sweden. Amateur astronomers most likely know him best as a Contributing Editor to Southern
Astronomy magazine,

Abstract

As our knowledge of the population of macroscopic objects crossing the terrestrial orbit has increased over the past couple
of decades it has become clear that our planetary home is subject to large impacts, with potentially catastrophic consequences
for our species, with a disturbing frequency. This paradigm shift, whereby astronomers no longer look at the pock-marked
surface of the Moon and fondly believe that for some reason the Earth escapes such cratering, has also led to an alteration
in the view of many geologists, many of them now recognizing that impacts by asteroids and comets play an important role
in shaping the surface of this planet as well as those of the other planets and their satellites elsewhere in the solar system.
There is now a movement in particular in the United States to develop a program to detect essentially all near-Earth objects
(NEO's: asteroids and comets which may impact our planet), and Australia is certain to play a major part in that program,
both because of its geographical location and also the expertise built up over the past few years in searching for such objects:
of four substantial search programs world-wide, three are in the USA and only AANEAS (the Anglo-Australian Near-Earth
Asteroid Survey) operates from the southern hemisphere. Many other countries are also involved, but Australia is
well-prepared to take the number two position.

The discovery of a NEO on a collision course with the Earth would make a response essential, and plans for the interception
and deflection of such an object are also being drawn up. One of the problems, however, is that the planned searches
(concentrating on the region near opposition but stretching sixty degrees north and south of the ecliptic) may find almost all
asteroids and short-period comets larger than 0.5-1.0 km across with many years waming before an impact, and long-period
comets with about a year’s warning, but remain very insensitive to asteroids in Aten-type orbits (orbits with periods less than
one year, so that the asteroid spends most of the time within the Earth’s orbit and thus unobservable by conventional optical
techniques, but with aphelion outside of 1 AU). It is proposed here that one way of searching for such potential impactors,
and determining whether there is a substantial population, is to watch the Sun and look for them as they cross the solar disk
on straight-line paths taking typically 5-60 seconds to move from limb-to-limb. Such events will occur rarely, but automatic
observing seems an easily-achieved target for amateurs equipped with quite simple apparatus. It is recommended that
consideration be given to setting up an Australian Sun-Transiting Object Network (ASTON), with the intention of
ASTON-ishing the astronomical world.

I-INTRODUCTION

No-one who reads the popular press could have missed the excitement (and concem) which has been engendered over the
past few years by discoveries of asteroids passing close by the Earth (astronomically-speaking). At the time of writing the
record is held by 1991 BA which missed us by 170,000 km in January 1991 (Scotti er al,, 1991; Steel, 1991): despite its
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small size (3 © [0 m across, the smailest and intrinsically faintest natural object ever observed telescopically above the
armosphere, although it has since been equalled) 1991 BA would have caused an airburst with an energy of the order of 50
kilotonnes of TNT (five times the Hiroshima bomb) if it had struck the planet. In fact the "annual event’ upon the Earth due
to extraterresirial impacts, usually resulting in an atmospheric detonation largely-unnoticed on the ground, is a ~20 kilotonne
explosion (Chapman and Morrison, 1989). Larger objects such as the 50-60 m body. thought to be a fragment of the large
comet which produced P/Comet Encke and the rest of the Taurid Complex (Kresak, 1978: Steel eral., 1991), which detonated
above the Tunguska River region of Siberia on 30 June [908 in an explosion with a total energy release of about 20
Megatonnes of TNT equivalent (Turco et al., 1982) arrive on a time-scale of centuries, at the outside.

I have recently suggested. partially on the basis of Maori mythology, that an event similar to Tunguska may have occurred
over southern New Zealand about 800 years ago (Steel and Snow. 1992), and there is a similar myth amongst the aboriginal
people of the Wilcannia region of western New South Wales (Jones, 1989), This relates the story of a foretold falling star
bringing fire and havoc as it shot through the skies, killing many people and depositing strange stones, with a following
deluge. The stones shown in that book are clearly non-meteoritic in origin (R.H. McNaught has visited the indicated site and
found those rocks to be marble) but this may be due to confusion after centuries of story-telling.

Tales of strange rocks falling from the sky bringing strange fires and floods are a common theme in the mythology of
widely-separated cultures, however, so that some basis in fact may be an appropriate assumption to make in interpreting the
legends. rather than being totally dismissive (Clube and Napier, 1990). There is also evidence in scientific records to suggest
that the mythology may be a reasonable record of variations in the terrestrial influx (Bailey et al.. 1990).

One other thing that deserves mention here, being connected with the previous paragraph, is that the majority of astronomical
researchers in this field assume that large impactors arrive at the Earth in a random fashion, with no temporal correlation.
This may be termed "Stochastic Catastrophism’, being due to a relaxed population of NEOs. My own view is that the major
hazard to the Earth, and hence mankind, is in fact through correlated impacts due to complexes which are formed by the
hierarchical disintegration of large (or giant) comets, this decay occurring over timescales of 104-105 years. This [ term
"Coherent Catastrophism” (Steel. 1991). The situation can be visualized as a large collection of debris of ~50-200 m sizes
accumulating behind the parent comet, which produces many (thousands-millions) such fragments as it decays, the larger
ones being recognized as individual comets or asteroids in their own right. At such time as a complex has a nodal crossing
at | AU impacts upon the Earth are possible: this occurs with cycle times of order a few thousands years. and would last for
a century or so. During that century whenever the complex intersected the terrestrial orbit when the Earth was at the same
point. a large influx of these Tunguska-and-bigger objects would inundate the planet; this would occur with a frequency
depending upon the orbital period of the comet. For example, in the present epoch the Taurid Complex (see above) is the
most obvious example: it is believed (Clube and Napier, 1990; Steel et al., 1991) that the overall cycle time is 3-4.000 years,
with four epochs of activity within that time of a century or so each. Since the period of the complex is about 3.3 years, about
once per decade (once per three orbits of the Taurids) the complex and the Earth are at the same place during those pericds
of activity, with multiple impacts occurring, then a hiatus of a millenium or so.

The above has dealt with the rate of impacts by relatively small NEOs. It is generally agreed that the threshold for global
effects by a single impact, dependent upon velocity and composition, lies somewhere in the region of 0.5-1.5 km. The mean
impact rate by 1 km objects, producing craters of the order of 10-20 km across, is about one per 100,000 years (Grieve, 1987;
Olsson-Steel, 1987; Chapman and Morrison, 1989).

II. WHAT IS BEING DONE NOW

After the first Apollo-type asteroid was discovered in 1932 there was little concentrated effort for some decades. Prior to
then there were several comets known with Earth-crossing orbits (such as P/Halley) so that the concept that the Earth might
be struck a devastating blow every so often was not unknown. It is interesting to note that the word disaster actually means
"bad star’, and obviously any comet (or hairy star) striking us would be very bad news indeed, at least in the present epoch;
in the earlier history of our planet we should be pleased that many impacts occurred since these apparently supplied the
globe's repository of water and other organics (Anders, 1989; Chyba, 1990a.b; Chyba er al., 1990; Zahnle and Grinspoon,
1990). Nor is the past contribution of materials to the planet by asteroids and comets, and the extinction of the dinosaurs
leading to the rise of the mammals, the only ways in which these may be beneficial to mankind: in the future we may anticipate
that NEOs will be a major source of raw materials for the exploitation of space (Davis et al., 1990).

Through the decades following 1932 a few NEOs were discovered by chance, especiaUy as widefield telescopes such as
Schmidts became available: asteroid 1566 Icarus was found in 1948 soon after the commissioning of the Mount Palomar 1.2
m Schmidt. However, nowadays it is amusing to note that throughout the 1950"s and 60’s there was much debate about the
origin of the lunar craters, and it was apparently a surprise to many when craters were found on Mars and Mercury; in fact,
over the past vear or so some have found it remarkable that the Magellan radar data show large craters on Venus, even the
extensive atmosphere of that planet affording little protection from 1 km-plus asteroids and comets.
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Impact cratering is now known to be a pervasive feature throughout the solar system. the Earth being no exception (see, for
example, the brochure Astrogeological Feawres of Central Australia, published by the Department of Mines and Energy.
Darwin. N.T.; and Grieve, 1987). Starting in the early 1970’s at Mount Palomar in California, using mainly the 0.46 m
Schmidt there, teams led by Eleanor Helin (Jet Propulsion Laboratory, California Institute of Technology) and Gene
Shoemaker (Branch of Astrogeology, U.S. Geological Survey) have expanded our knowledge of NEOs very considerably.
and this work continues, After development efforts throughout the 1980°s the team under Tom Gehrels at the University of
Arizona have completed a dedicated search telescope at Kitt Peak, called Spacewatch. This instrument has a 0.9m aperture
and a small field of view, and automatically scans the sky, with multiple CCD scans being compared using sophisticated
search software. This is the only non-photographic NEO survey now in operation. In Australia in May 1990 we began our
own program, the Anglo-Australian Near-Earth Asteroid Survey (AANEAS), from Siding Spring using photographs taken
with the 1.2m U.K. Schmidt, follow-up being accomplished with the 0.5m Uppsala Southern Schmidt and the Australian
National University’s 40-inch telescope. The successes of AANEAS so far have been described by Steel and McNaught
(1991).

At the time of writing about 190 Earth-approaching asteroids are known (Apollos, Amors and Atens), and current discovery
rates are now climbing towards 50 per year world-wide, about a dozen from AANEAS.

III - WHAT IS BEING PLANNED

No doubt due partially to media coverage, in late 1990 the U.S. Congress directed NASA to form committees to consider
research programs for:

(a) Greatly increasing the present discovery rate of Ness; and
(b) Responding to the hazard of any NEQO found to be on a collision course with the Earth.

The exact language was as follows:

“The Committee believes that it is imperative that the detection rate of Earth-orbit-crossing asteroids must be increased
substantially, and that the means to destroy or alter the orbits of asteroids when they threaten collision should be defined
and agreed upon internationally.”

The chances of the Earth being struck by a large asteroid are extremely small, but since the consequences of such a collision
are extremely large, the Committee believes it is only prudent to assess the nature of the threat and prepare to deal with it.
We have the technology to detect such asteroids and to prevent their collision with the Earth.

The first NASA committee ("Detection’) was chaired by Dr David Morrison (NASA-Ames Research Center, California) and
both Ken Russell and myself served on that team. Our report is being finalized for publication in January 1992. I am also to
serve on the second committee ('Interception’), which is chaired by Dr John Rather (NASA HQ. Washington, DC), and is
to meet for the first time at Los Alamos National Laboratory in mid-January 1992. No doubt I will have news to tell of this
meeting at the NACAA conference.

Returning to the Morrison committee, it may be of interest to know what is to be recommended. A three stage project is
envisioned, to be named Spaceguard for the similar (although radar-based) project described by Arthur C. Clarke in his novel
Rendezvous u/ith Rama:

Spaceguard 0 is a simple continuation and expansion of the current search programs, so that over the next five years a large
enough sample of of NEOs is collected such that future searches may be optimized: it is esumated that there are at least
2-3.000 near-Earth asteroids over 1 km in size, and ~10,000 over 0.5 km, of which only a tiny percentage is now known. For
example, with $250,000 per annum I believe that we could find over 100 Ness per year from Siding Spring (a cost of below
$2,500 each!).

Spaceguard | is to be a coordinated network of at least six dedicated search telescopes. with a central administration/orbit
computation bureau to handle the incoming data. Wide-field (2-3°) telescopes with 2-3m apertures are planned, with mosaics
of CCD chips scanning the sky. These would be spread over all latitudes and longitudes, with the southern hemisphere
contingent being in Australia, Chile and southemn Africa. Narrow-field follow-up instruments are also required. It is
anticipated that the discovery rates will be huge: several thousands of NEOs (mostly very small: 10-100 m) will be found
each month. Despite this it will take 15-20 years to achieve the aim of essentially-complete discovery of all Earth-approaching
asteroids larger than | km (but see section IV). The aim here is that each object can be integrated forwards by computer so
as to find whether it may impact the Earth the foreseeable future: the next century or so. It should be possible to project any
impact many years ahead (unless we are unlucky), and then the plans laid by the Rather committee come into play. However,
long-period comets (LPCs) will only be found some 6-12 months ahead of potential impact, so that they pose an special
problem.
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Spaceguard 2 would partially solve this problem. This phase would encompass larger telescopes (4-5 m class) to look for
fainter objects. For LPCs, which spend many years passing through the giant planet region, most likely two telescopes. one
in each hemisphere, would suffice. If it is deemed necessary to try to build up an inventory of all smaller Earth-approaching
asteroids then more instruments would be needed: or a space-based system may be constructed. Such projects are very much
in the distant future: in the immediate future (next 5-10 years) it is desirable that Spaceguard 0 proceed immediately, and
Spaceguard 1 receive funding to allow operations to begin by 1995-96. The total cost for the six-telescape system with a 20
vear program is estimated at AWES million. These funds would need to be raised from several governments, Australia for
one if this country wanted to be involved.

It may have been noted that so far no role for radar has been mentioned. In fact, radar is not a viable search tool with
presently-available technology. Even with the most powerful radars available (Goldstone in California and Arecibo in Puerto
Rico) it 1s only possible to detect echoes from NEOs if

(i) An ephemeris good to near-arcminute accuracy is available; and
(ii) They pass within a fraction of an AU, for typical NEO sizes (Astray et al,, 1991).

Having written, then, that radars are not practical search instruments, now it must be pointed out that they are invaluable
follow-up devices. In order to derive an orbit for a NEO which is sufficiently precise to make numerical integrations for
decades into the future meaningful, optical astrometry over several apparitions is necessary, since the uncertainty in the NEOs
position in space from optical observations may be thousands of kilometres in the plane of the sky. However, radar
observations can render both the distance and the velocity in the line of sight with high accuracy; a single radar detection
may be worth as much, in terms of improving the ephemeris, as ten years of optical astrometry. For this reason it is desirable
for project Spaceguard that more access to the Goldstone and Arecibo radars be obtained (sometimes at short notice), and
the present upgrade of Arecibo will also help to improve the detectability of small NEOs.

However, a southern hemisphere installation is also very desirable. Australia is the only southern hemisphere nation with
the technological infrastructure necessary to build a planetary radar of this type. again warranting for this country to become
heavily involved in Spaceguard from the outset. One possibility would be a bistatic radar, using one of the 35 m dishes at
Tidbinbilla for transmission and the Parkes 64 m dish for reception. Using the 70 m Deep Space Network dish at Tidbinbilla
for transmission would be even bertter. Since Parkes is a prime focus instrument it is unlikely that a transmitter could be
installed there.

IV - THE PROBLEM WITH ATEN ASTEROIDS

The searches described above are based around modeling by Ted Bowell (Lowell Observatory, Arizona) and Kaari Muinonen
(University of Helsinki. Finland) which shows that the most efficient search for comets and Apollo and Amor asteroids
comprises scans of the region 30° each side of opposition and between latitudes 60° north and south of the ecliptic plane.
The problem with this is that asteroids of the Aten type (Earth-crossing, but with periods less than one year) will be largely
missed. [It is also possible that LPCs approaching from near the ecliptic poles would be missed, and this is one of the
considerations for the Spaceguard 2 program].

In fact, any effective search program for Atens using reflected sunlight is difficult to imagine, since their aphelia being only
just beyond 1 AU means that they appear most of the time at large elongations, around twilight. The first Aten was discovered
only about a decade ago, and so far only a handful are known. It is possible that in fact there is a very large population of
Atens, which Spaceguard would miss. It is therefore imperative that some technique be implemented for discovering at least
a large enough sample to find whether they comprise a large part of the impact hazard faced by mankind.

There may also be other classes of object which are unknown at this time, but may pose a substantial hazard to the Earth.
For example 1991 DA, a 5-8 km asteroid with an orbit stretching from Mars to beyond Uranus, a period of 42 years and an
inclination to the ecliptic of 63°, may be the first object to be discovered in a large long-period asteroid population. It was
discovered as part of AANEAS in February 1991. Although it does not approach the Earth in the present epoch, numerical
integrations of its orbit over ~10° years into the past and future show that it may spend about 10% its lifetime in an
Earth-crossing orbit (Steel and Asher, 1992). If this is generally true for such objects then they should also be considered
when thought is given to defending the planer against large impacts.

V - SHORT-LIVED PHENOMENA IN ASTRONOMY

Qur knowledge of celestial optical phenomena of short duration (say, less than tens of seconds) is very sparse. Recently some
searches for optical flares and flashes have been carried out (Schaefer, 1985; Content et al., 1989), but we still remain
comparatively ignorant: we have become used to integrating for long periods, with photographic plates and electronic devices,
with short duration events passing unnoticed unless a specific search is made for them (e.g. pulsar flashing). An example
would be observations of a region in Perseus from where an apparent optical flasher associated with a gamma-ray burster

A-4 Adelaide 1992 Proceedings of the XVth NACAA



had been reported; later observations turned out to be negative (Schaefer er al., 1987a,b). There are also many observations
of transient lunar phenomena which have never been adequately explained, and recently a flash on Venus was reported
(Calves et al.. 1991). Two problems in this respect are confusion with glints from satellites, and head-on meteors. I reference
these events here not necessarily to provide support for the interpretations offered by the observers, but rather to point out
that we know little of short-duration celestial optical events.

Back in 1970 Professor Sir Hermann Bondi. best known to many astronomers as a co-worker of Sir Fred Hoyle on problems
of nucleosynthesis and cosmology back in the 1950’s, presented a talk entitled "The Astronomy of the Future’. Therein he
emphasized our ignorance of short-lived phenomena:

"I would just like to add a little plea here for one field of ground-based optical astronomy, where, again, our knowledge is
not even skin-deep vet... This is a subject which [ would like to Carl short-time constant astronomy. We have all been much
impressed by the integrating properties, first of the human eye and then of the photographic emulsion ADS: and of course
electronic detecrors since this was written], that there has been a concentration.Jon exploring further by increasing
integration times. But of course this has almost completely excluded observations of transient effects...I do nor know exactly
what | am looking for: it may be that one might discover that there are brick ends flying about space and obscuring stars
every now and then for very brief moments...

(Bondi, 1970)

What I would like to suggest here is that there are indeed rocks (if not "brick ends’) which are obscuring a part of a star every
so often: the rocks are asteroids, and the star is our Sun. I would also be remiss not to point out that Bailey (1976) suggested
looking for chance stellar occultations as a way of detecting comets beyond the planetary region and thus otherwise
unobservable.

VI - SUN-TRANSITING DARK OBJECTS

Over the years there have been many reports of dark objects crossing the face of either the Sun or the Moon which are not
explicable in terms of terrestrial phenomena (such as birds, airplanes, seeds. dust, hail, satellites, insects, etc.). For example,
see Anonymous (1870); Anonymous (1927); Hopman (1898); Steavenson (1920); Corliss (1979). Chorales (1986) lists 76
documented events from 1758 to 1983. In 1984 an astronomy class at the University of Manchester observed a similar event,
a dark object crossing the face of the Sun on a straight line path and taking an estimated 15-25 seconds to do so (O’Sullivan
etal., 1985; Olsson-Steel, 1988).

If all terrestrial explanations are excluded, still many sightings remain which are apparently astronomical in origin. These
fall into three groups with respect to time. Some objects move very rapidly across the Sun or Moon, taking less than a second
to do so, and are therefore most likely very close to us (just above the atmosphere: boulder-sized objects like 1991 BA, or
Earth-orbiting satellites?).

Some take much longer - hours in some cases - and may therefore be intra-terrestrial planets like the imagined object *Vulcan’
of the nineteenth century. [After John Couch Adams and Urbain Le Verrier had both successfully predicted the existence of
Neptune from the inequalities of the motion of Uranus, Le Verrier suggested an intra-Hermian planet--Vulcan-—-which he
thought would explain the anomalous precession of Mercury. We now know that this precession is a General Relativistic
effect: but Le Verrier lived well before Einstein. In the present century the fictitious Vulcan has been of more interest to fans
of Star Trek; but note that there is a real minor planet named (2309) Mr Spock].

However, there are many transits which take from about 3 to 60 seconds, and therefore apparently they are dark objects
relatively close to the Earth: within, say, the distance of the Moon. Typical angular sizes of these objects are 10 to 60 arc
seconds, or sizes of 5 to 30m if at a range of ~100,000 km. Whilst our knowledge of the numbers of such objects is very
hazy, it is believed that there are ~10° asteroids larger than 10m in Earth-crossing orbits, and that one comes closer than the
lunar distance at least once a day, on average.

If these dark spots are, indeed, NEOs being observed in transit then they are of great interest with respect to our knowledge
of the population of such objects. Since no information is required on their albedo, their size can be determined if they are
resolved and their distance is known, whereas our knowledge of the sizes of NEOs observed from reflected sunlight is quite
poor. The dynamical aspects of their passage by the Earth are quite interesting. Kepler's Law of Areas would say that, since
they are at essentially the same distance from the Sun as is the Earth at that time, their tangential velocities will be the same.
This means that if they are coplanar then the only relative motion would be radial; for an NEO with orbital inclination i the
tangential velocities (of NEO and Earth) will differ by only a factor (1- cos i), which is very small for low-i objects. The
NEO motion perpendicular to the ecliptic will be small since sin 7 is small, this meaning that at such times the apparent
angular motion of a NEO transiting the Sun will be mainly due to the rotation of the observer about the Earth’s spin axis.
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Observations of such a transit from two different latitudes would therefore render its position in space with some accuracy
(from triangulation), and timings of its immersion and emersion from the solar disk would allow its orbit to be determined
with reasonable accuracy. From the distance would come its size, and if it were passing outwards from the Sun past the Earth
then optical follow-up using reflected sunlight might be possibie in the following days. In this way the problem of the Aten
asterotds might be solved.

VII - AN AUSTRALIAN SUN-TRANSITING OBJECT NETWORK

Clearly, then, verifiable and measurable observations of dark objects crossing the face of the Sun (or, indeed, the Moon)
would have considerable scientific value, and may also contribute to helping to save the human race from extinction: is there
an Aten asteroid on a collision course with us? To me, this is an area in which amateur astronomers could make a very real
contribution, and therefore [ would like to propose the establishment of an Australian Sun-Transiting Object Network
(ASTON); if our friends across the Tasman would also like to get involved then the first word could be altered to
"Austrajasian’. From the outset let me make clear that [ am not intending to organize such an effort myseif: my only
contribution will be this paper, plus maybe some help with analyzing the results.

Quite simple equipment would be needed. Each observing site, which can be your own backyard (so long as it’s not under
an airport approach path, or inundated with bird life), would need a simple heliostat to project an image of the Sun
continuously onto a screen, a calibrated clock hung next to the screen, white paper below the clock to show the date clearly,
and a video camera to film the lot.

Simply set up and film - preferably at low speed unless you can regularly change the videotape - then play back at high speed
in the evening after the Sun has disappeared for the day. Most of the time the film will be pretty boring (the screenwriter
doesn’t change the story very much) but every so often a dark object will be seen crossing in a straight line. Of course it will
then be necessary to exclude all terrestrial possibilities - and satellites too - but if there are many such sites spaced by hundreds
of kilometres then correlated sightings will prove that the object is thousands of kilometres away. Multiple sites with latitude
spacing would also allow triangulation to get the range of the object, and its three-dimensional motion and thus its heliocentric
orbit. Obviously operating as many sites as possible for as much of the time as possible would be the best bet.

However, it must be said that most days absolutely nothing of interest with regard to asteroids will be discovered, and the
observer will have to console him/herself with watching sunspots moving slowly across the solar disk. But this is often the
way in science: that a null result is a useful result. The frequency of transits - the number of transits per day, week, year, who
knows? - will be a very useful result since it will allow the population of such asteroids to be determined, so long as the
observers keep scrupulous records of the observing conditions, minimum detectable size, and so on. Some simple experiments
with viewing imitation black spots of differing size crossing a big, round, yellow sheet of paper should allow the latter
parameter to be determined.
So, Icommend ASTON to you for your consideration. It may not be the sort of astronomy that you are used to, but just think:
no more staying up late at night. It is something that would provide some very useful results, and is well within the realms
of possibility for a group of enthusiastic amareurs.
Acknowlegement: This work was supported by the Australian Research Coungil.
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A brief history of the Astronomical
Society of South Australia

Brian Waters, 2 Railway Terrace, Bridgewater 5155
Astronomical Society of South Australia

I - INTRODUCTION

Within the few pages available in these proceedings. it is impossible to give more than a few brief glimpses of the one hundred
vears of history of the Astronomical Society of South Australia Inc. (hereafter referred to as the Society) and so I have chosen
to take one example from each decade, with an attempt to provide a variety of incidents, serious and amusing, rewarding and
tragic, our high points and our low. Nobody should consider this in any sense a history. Between the events described the
Society mostly progressed in an orderly if less exciting manner, with meetings as the focal point of its activities supported
by publications, field nights, and various business and social gatherings.

II - FORMATION OF THE SOCIETY - 1891

The British Astronomical Association was founded on October 24th 1890. One of its foundation members was C.C. Farr
who almost immediately travelled to Adelaide. At a meeting of the B.A.A. in February 1891 there was a discussion of the
rules relating to the admission of branches which included the statement, "...one of the earliest members to join the
Association, who has since gone to South Australia ... has written to say that some ten or a dozen gentlemen in Adelaide
and the neighbourhood were willing to form a branch there....".

There were a number of amateur astronomers in South Australia in the last quarter of the nineteenth century. Some were
members of the Royal Society of South Australia, others were members of the Port Adelaide Mathematical Society (name
changed to Port Adelaide Scientific Society in 1889) and others were professionally involved inrelated fields. Unquestionably
some of these people were among the 'ten or a dozen gentleman in Adelaide... referred to above and known to C.C. Farr.
He decided to do so mething more than merely query the B.A.A. about prospects however, and in December 1891 sent out
a circular to people he believed might be interested, as weill as advertising in the paper, inviting interested persons to meet
at the Observatory on December 22nd at 8 p.m., Mr Charles Todd (the government astronomer) would take the chair.

Fourteen people attended the first meeting with five more sending their apologies and one prevented from attending at the
last moment. Farr moved and Sells seconded that "An astronomical sociery be formed....." and this was carried unanimously.
Charles Todd was elected as president and it was decided that the Royal Society be approached to 'ascertain under what
condition the Society could become a section of that body’. Since the necessary business could not be completed that evening
the meeting was adjourned and resumed on the 15th February 1892.

I suspect that the Society was founded on 22nd December 1891 when the proposal "an astronomical society be formed...’
was carried. The Society never seemed to be quite sure. A memorabilia note in the first minute book gives the date as February
15th 1892 (which seems unlikely) while the first annual report states that it is 5th April 1892 (at which the rules of the Society,
drawn up at committes meetings, were ratitied). The Society was formally accepted as a Section of the Royal Society on
17th May 1892.

III - DISAFFILIATION FROM THE ROYAL SOCIETY - 1901

Early in the second decade of its existence the Society discovered that affiliation with the Royal Society was unsartisfactory
and it terminated the agreement and became fully independent. There were a number of contributing factors. Although a
Section of the Royal Society, the Society continued virtually independently in all but its financial business. It was thought
that some of the papers of Society members would be published in the Royal Society publications; none were. Of the seven
early members of the Society who were also members of the Royal Society, all had terminated their membership of the latter
society before the Astronomical Society disaffiliated itself.

More important however was the disagreement over funds. The Society was obliged to send all money obtained (e.g. from
subscriptions) and ask for grants when it required funds. A reason for association with the Royal Society was that this would
entitle the Society to receive a portion of the government grant; in fact the Society had difficulty in obtaining back even their
own submitted subscriptions. On one occasion the Royal Society declined to provide a grant and stated that they had every
right to know how the money was to be spent. A section, for example, might use the money for a picnic which the Royal
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Society 'could in no way countenance’. Strangely, the Society did hold a picnic later. for which a grant would have been
useful,

A meeting of presidents failed to resolve the problem and while the Royal Society believed that negotiations were continuing
the Astronomical Society had had enough. It called a special meeting, voted to disaffiliate from the Royal Society, and advised
them accordingly. In the Annual Report for the Royal Society tfor 1901 the Society rated only six words. "The Astronomical
Section no longer exists’. Not as a section perhaps, but as an independent body, 90 years later, the Society continues to
flourish.

Was the Astronomical Society justified? Perhaps. In all $160 was paid to the Royal Society who received $120 in government
grants on that amount or $280 in all. Only $134 was ever returned.

IV - THE PICNIC COMMEMORATING MISS PROCTOR’S VISIT - 1912

In 1912 Miss Mary Proctor, daughter of a well known astronomer of the time, made a lecture tour of Australia. Advised
of her forthcoming visit by Dodwell (the then govemnment astronomer) the Society agreed to assist her during her stay in
South Australia. Just what assistance is given is unknown but presumably related to the talks given by her in Adelaide. These
were "popular’ astronomy talks illustrated by lantern slides.

The Society invited Miss Proctor to join them on a picnic (apparently the only picnic the Society has ever organised). The
following account is taken from an unidentified newspaper cutting (probably the Advertiser).

"Miss Mary Proctor, the well known astronomer, was the guest of the South Australian Astronomical Society at a picnic to
Long Gully on Saturday (October 15th). The party comprised between 30 and 40 members and friends and included
Professor and Mrs Chapman, Mr Dodwell, Dr Sweetapple, Mr Hiscock, Miss Ringwood, Mr Henderson, Captain Reid and
Mr Glastonbury. They left Adelaide in drag at 1230 and had a most enjoyable drive though the hills. Miss Proctor was
delighted with the scenery and her first experience of an Australian picnic.’

Due to the changing meaning of words with time [ should perhaps point out that 'in drag’ refers to an open horse-drawn
waggon with many seats.

V - ADDRESS BY PROFESSOR W.G. DUFFIELD - 1923

In January 1923 there was a talk to the Society by Professor W.G. Duffield of Reading University who spoke on "Some
Problems of Solar Research’. Regrettably, one of the few periods for which we do not have minute books for the Society
(1918-1925) includes this meeting. There is thus no record of what representations the Society made to the federal government
in relation to solar research and an Australian Observatory, but a newspaper cutting records Professor Duffield as saying,
"Solar Research in general owed much to the South Australian Astronomical Society, in that they had affected the importance
to the Commonwealth Government who had undertaken to establish a research observatory at Canberra.’

Professor W.G. Duffield subsequently became the first director of the National Solar Observatory (which later became Mount
Stromlo Observatory).

VI - THE YEAR OF ZERO GROWTH - 1937

The membership of the Society had fluctuated from when it was first established, but gradually grew to reach a peak of
around 70 in the early twenties. Because of the liberal interpretation of what constituted membership, or more particularly
how far in arrears could a member be before he was formally struck off, it is difficult to ascertain exact figures. The Society
itself was often somewhat in doubt. From the peak however the numbers gradually declined. It was not uncommon for
membership loss to exceed new members recruited in any one year, but in 1937, so the secretary records, no new member
was recruited to the Society. According to the report this was the first time since the Society had been founded that this had
occurred, and I believe that it has not happened since (excluding the period 1942-1947 when the Society was in recess).

There was one member in 1937 who must forever possess a certain notoriety in Society history, indeed in the history of
amateur astronomy in South Australia and perhaps in other places. He was only occasionally mentioned in our records and
seems neither to have held office nor given any talks to the Society. His impact on observational astronomy however appears
to be unfortunate, His name was James Cyril Stobie, B.E. and his address c/o Adelaide Electric Supply Company. At least
to those peaple from South Australia the 'Stobie pole” will be all too familiar.
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VII - THE RECESS 1942-1947

The Society ceased operations for a period of about five years. probably from early 1942 until early 1948, A minute book
ends with a report of the meeting of 23rd September 1941 (leaving only one blank page). The next minute book known to
exist commences in 1935, Fortunately a pre-war member of the Society was able 1o provide some information, and other
details were available from various records.

The Society had been in a decline since the early thirties. partly as a result of the depression and then put under further
pressure by the outbreak of war. By the end of 1941 few attended the meetings and Society funds were almost exhausted.
Nevertheless the Society might have struggled along for another year or two had not Professor Chapman, the then president
of the Society, died in January 1942, It is my belief that the Society never met after the summer recess of 1941-42 until the
war was well over. I doubt that there was any formal suspension of Society meetings, merely that no further meeting was
called. This was. of course, the time when Japan entered the war and a real threat was seen to Australia. The Australian
Journal of Science, in its issue of August 1942 gives an obituary to Professor Chapman which might almost be taken as one
for the Society itself (albeit a temporary one):

"Like so many other of the smaller scientific bodies the Astronomical Sociery - at one time quite a flourishing little concern
- was hard hit by the advent of the cinema with its cheap emorional appeal and by the creation of new professional societies.
Still, to the very last Chapman kept it alive by his never failing presence (as president) at its meetings and by the attraction
which his excellent popular ralks on astronomy exercised on all who heard them.’

Whether the words 'to the very last’ refer to the Society or Professor Chapman isn't clear, but the obituary does suggest
how important the man was to the Society, and how serious a blow to it his death would have been. The Society came back
into operation in 1948 after several of the pre-war members made contact with each other. Unfortunately this period is poorly
documented although some news-sheets for 1948 survive. In examining the Society records for another purpose it was found
that the Society continued to use the old bank account, providing a more tangible link across the years than the mere
continuation of a name. Regrettably, by the time the value in documenting this link was seen it was too late, the bank records
had been destroyed.

VIII - POPULATION EXPLOSION, THE L.G.Y. AND MOONWATCH - 1957

In 1955 the membership was 101 with an average attendance of 36, in 1956, 147 with an average attendance of 54 and in
1957, 176 with an average attendance of 78. This increase in membership was directly attributable to the publicity given to
the International Geophysical Year and the proposed launch of earth-orbiting vehicles.

Nothing was ever quite the same again. The increase in membership required a change in meeting place from the Royal
Society’s rooms to the Physics’ lecture hall and finally the Observatory lecture hall, Both lecture halls were at the University
of Adelaide. No longer were there a couple of dozen people present, comfortable in cane chairs and in each others company,
so that there was an air of informality. With the larger Society came the requirements for more formalised business
management, incorporation and an expansion of services. Moonwatch recruited from the Society although it later became
an independent body and soon, because of the better control of the launches and tracking Moonwatch shrank to two or three
people, all that were necessary. However in the first year or two it achieved considerable publicity because of its success in
acquiring objects early, largely because of the launch track from Cape Canaveral passing over southern Australia. The
meetings were changed in format. Instead of business followed by the main talk of the evening there was now a 'Sky for the
Month’ talk each month, members were encouraged to speak about their own observations, and films were frequently shown
at the conclusion of the main talk or, on occasions, supplanted it. Few current members now perhaps, will recall the evening
when the film for the night was, 'The Milky Way'. I still recall the deadly hush when the main title appeared with the notation
"produced by the Dairy Board’, or something similar, and led into a film on how to manage cows effectively.

IX - THE SOCIETY’S FIRST OBSERVATORY - 1964

This was brought about, primarily, by the offer of a fabricated steel framing of a dome by a D. Rumball. Various members
of the society offered assistance with the construction of the telescope and observatory building, and after A. Clarke had
negotiated an agreement for a site with the Education Department and the principal of the Norwood Boys Technical High
Schoal, work was begun. Star parties and other forms of obtaining funds were common and donations were solicited from
various companies. Most of the observatory construction work was carried out by volunteers. The optics of the telescope, a
300 mm Dall-Kirkham type reflector, were built by J. Grafton. The work culminated in an official opening on February 15th
1964. The observatory served the Society well for the next quarter of a century, mostly in introducing members of the public
(including school and special interest groups), through a series of public viewing nights. Viewing nights for Society members
were also held but little serious work was possible because of the urban location of the observatory. Recently the observatory
and telescope have been relocated further out from the city centre.
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X - DECADE OF THE COMETS: 1972, 1974, 1975, 1976 (twice) etc.

In 1972 W. Bradfield discovered his first comet, using visual methods. In 1974 his second discovery was reported, in 1975
his third, and in 1976 two more. In subsequent years other discoveries continued to be made, and were the subject of reports
and taiks to the Society. These discoveries, by a member of the Society, led to increased interest in observational astronomy.
In a sense the series of comet discoveries typify the contribution of members of the Society to observational astronomy over
the vears. from the 1890’s Nova Search program of Sells, through the positional astronomical observations of Shearer at
Mannum twenty years later, the extensive solar and variable star observations of Shinkfield spanning some fifty years and
the more recent observations of variable stars, aurora and lunar occultations.

XI - SPACE DAY - 1981

Space Day 1981 was originally proposed by Miss I. Brooks as a special meeting of the Society for one evening only. It would
be referred to as a "Starday’, the public would be invited, telescopes would be available and posters, slide viewing and other
exhibits would be presented. The idea took hold and very quickly became a major activity of the Society. It became "Space
Day - 1981 and was held on 9th August. Arrangements were made to obtain assistance from various other organisations
and the event, the first of its kind in Australia, was held at the South Australian Institute of Technology (Levels Campus).
Some people outside the Society were involved in the organisation committee as the activity grew in size and scope, and
contributors included DRCS (now DSTO), OTC, Tidbinbilla Deep Space Communications Centre and Monash
Astronautical Society Engineering Faculty. The meeting proved to be a remarkable success. Some 1000 to 2000 visitors were
expected and 5000 or so turned up. Lengthy queues formed at the Planetarium and the exhibits but the popularity of the event
was undoubted and brought the Society favourable publicity and an increase in membership. A second 'Space Day’ was
held the following year. Many of those involved in the first activity were unwilling to be involved again and the organisation,
although supported by the Society was rather more independent of it. Although the second "Space Day’ wasona larger scale
than the first and extended to include other exhibiting groups it was not the success of the first, and subsequent events of this
nature have not been held.

XII - CONCLUSION

Now with a century of history behind us, we have the problems of the future to face, problems which could never have been
foreseen. I make one small plea. May we take greater effort to preserve our records, and make the task of any future historian
a simpler one than it has been for me.
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