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Venue: The Hawken Engineering Building,
The University of Queensland,

St Lucia, Brisbane, QLD
Telephone (07) 33541963.

5-SApril 1996

Frtulay - 5 April 1996

16:00 to 18:00

18:30 to 20:30
20:30 to 22:30

Registration at the Junior Common Room, Emmanuel College, Sir
William Maccregor Drive, St Lucia 4067
Cocktail Party
Delegates Meeting

Saturday - 6 April

08:00 to 08:45

09:00 to 09:30
09:30 to 10:00
10:00 to I l:00

11:00 to 12:30

1996

Registration continues at Hawken Building, Theatre 2, The University
of Queensland
Paper Sessions Bdefing
Official Opening of 17th NACAA and invited opening paper
Moming tea and opening of Astronomy Expo trade display and poster
paper exhibit
Session lr Papers I to 3

L Astronomy: How Much Do We Know and Why Should We
Ilave A Knowledge Of lt - Mehryar Nooriafshar

2: The Making Of Australian Astronomerc - Ragbir Bhathal
3: Optimising Colour Negative Film Performance In

Astronomical Imaging - Siegfried Manietta and Luke Dodd
17th NACAA Luncheon
Session 2: Papers 4 to 5

4: Arother Unusual Telescope - Barry Adcock
5: The Cookbook C8245 CCD C^metu - ht Pujic

Workshops I and 2
1 : Computing In Astronomy - Nick Williams
2r Bringing Astronomy To The Public - Mi&e Mo)

lTth NACAA Dinner at the Dining Hall Emmanuel College, Sir
Wiiliam MacGregor Drive, St Lucia. The Be.enice Page Medal Award
Presentation by ASA President, Dr Elaine Sadler. DrB.S.Nivenwill
speak about the early yea$ of amateur astronomy societies in

Queensland.

12:30 to l3:30
l3:30 to l4:30

14:30 to l5:30
15:Cn to I ?:30

20:00 to 23:0O



Proceedings ofthe lTth )\"ACLA, Brisbane 1996

Sunda;-7April1996

08:00 to 08:45 Registration continues at Hayken Builditrg, The Universitl of
Queensland

09:00 to 10:00 Session 3: Papers 6 aDd 7
6: Centenar,v Of The Perth Observatory - John Pertlnx
7: Scientific Supernota Surte;' - Ian llilsort

10:00 to I l:00 Mordrg tea
I l:00 to 12:00 Session .l: Papers 8 and 9

8 : Imaging The LuDar Su-rface - B]r"or So?t1sr,l

9: Short- Alrd Long-Term Chatrges Itr lmpact Sites Of Comet
Shoemaker-Ler,1 9 Oa J!.pitet - Zac PuJtc

12:00 to 13i00 l Tth NACAA Luncheon
13:00 to 13: 15 Convention Photograph
I3: 15 ro 14:30 Sessioo 5: Papers l0 alld 11

10: The Visual Obsenation OfAsteroidal Occultation
- Peter Anderso

11: Amateur PhotoDetrl Of A Suspected Black Eole
- Brian Crook, Tint Leach, lgor Lukaslk. Patnck Purcell,

Steven Rug, L'ello Tabur and Kerth Ward
1.1:30 to 15:30 Aftemool Tea
15:00 to 17:30 Workshops 3, ,l and 5

3: CCIrs lD .{stronomy - Zac Pulic
.l: Amateur Telescope Nlakhg - Graham Mackav
5: Control OfThe Obtrusive Effects Of Outdoor Lighting

AS .1282 (Int) - Darr ian Ousley
l7:30 to 17:35 The Austral Anard Medallion presmtation
l7:35 to l7:45 Official closing of lTth NACAA and Astronomy Ex?o
t 8:00 to 2l i 30 Barbecue at the Junior CoEmon Roonr Emmanuel College. Sir

William MacGregor Drive. Sr Lucia 4067. (SeNing srarts at l8:30)

Mondry - SApril 1996

08:30 to l1:30 Visit and Itrspectiotr ofthe Hlpersonic Test Tumel conducted b]' Dr
Richard Morgan. Faculty ofMecharical Engineering, The Unir'ersiq, of
Queensland. Meet at the entrance ofthe Hauken Building. (tour to be
cotrducted in sllall groups. i.e. l0 to 15 persols at a time.)

AAer I l:30 Obsen ato+ \,isits. Visits to local obsenatories mal be arrarged during
the Monday aftemoon or the follo\litrg \r'eek by arrangemeu $ilh rhe
respefiive obsen.atory directors. List ofobsenatodes pro\ided uporl
regisration at the lTth NACAA.

6



Proceedings of the 17th NACAA, Btisbdne 1996

Other Events Held After The 17th NACAA

Name Tags
Name tags have been provided for all Full and Day Registrants.
Registrants must wear their name tags, or carry them, in order to gain
entry into the Cocdail Pany, Convention Dinner, BBQ and all
presentations.

I mmediately fol lowi ng N ACAA

The lnternational Union of Amateur Astronomers

will hold a one-day seminar on

AMATEUR ASTRONOMY IN THE INDO.PACIFIC REGION

on Tuesday, 1996, April I
at The Universjty of Queensland

NACAA attendees are invited to stay over for the extra day to hear from and discuss
with their counterparts developments and activities in thls region.

Venue: Kyle Common Room Emmanuel College
Costsi Registration $5-00; Lunch (optional) $7-00 (approx.)

Further details from:
John Perdrix. Executive Secretarv IIJAA

PO Box '107

Wembley, WA 6014
Australia

Telephone: +61 I361 4410: NH +61 9 387 4250: Facsimile +61 I361 4418

sth Photoelectric Photometry Conference

Trans-Tasman 1996
A Scientific Conference held triennially for Professional

and Amateur Astronomical Photometrists

7th - 11th July 1996

Venue: The University of Southern Queensland, Toowoomba
Queensland, Australia.

For fufther infotmation contact: Dt A.A. Page, Chairman, Local Organising
Committee, P.E.P. 5, l\,41 Kent Observatory, P.O. Box 1167, Toowoomba, Qld 4350.
Australia. e-mail: paqea@ usq.ed.au; Phone: 076 320137, FAX: 076 31174A.
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Orncral Operutruc

DAML{N OUSLEY

CoNvENoR, 17nr NACAA

lruvrreo Operurruc Plpen

THE RoLE Or THe Govenruvrrur lru THE
DEvelopurrur Or THe Scteruce Or Asrnoruouv lr.r

Qurrrusuruo

Btr-L KITSoN
Museum of Lands, Mapping and Suneying. Queensland.

Abstract

This paper traces the history of astronomy in Queensland as practised b.v

Govemment Agencies. prima ly the ofhcers of the Suraeyor-General's
b.anch of the Lands Departrnent.

Suffeyors in Qr.leensland have been actively engaged in the applied
fields of Astronomy since the first surceys were carried out in i839. They
used the sun and stars to fix their positions on the Earth.

Govemment astronomy has been mainly concerned firstly with the
provision of time standards for Commerce and secondly with the
calculation of latitude and longitude for Geodetic Surveys and the
compilation ofmaps.

This paper reflects the constant low priority accorded to government
astronomical services, as well as the progressive decline in service
provision, caused by technological changes. These days, such services are

limited to the provision of rising and setting times of astronomical bodies
- principally the sun, moon and planets.
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AsrRoruovv: HoW MucH Do Wr Kruow Aruo WuY
Srroulo W= Hnve A KruowleocE OF lr?

N{EHRYAR NooRLAr,sr R
Dr Mehrya/ Naoriafsha. a amateur astronomer, is cutrcnttt tecturing in Ingistics a .t Operuians
Manaeeme t at The U itetsir- oJSauthern Queensldnd, Toowoomba, ALstratia.

Abstract

Almost everyone is aware of the fact that our world (planet) belongs to a
"family" of a countless number of celestial objects scattered around the
universe. But, how often does the avemge person, pulposely, look in the
direction of these "shiny objects" in the nighr sky and think about their
sizes, distances from us, conditions, ages ard so on? Why should we
disrupt our eanh-based lives and activities and stan thinking about these
things? This might be a typical corlment or question by someone who
does not regatd astronomy as a hobby or profession.

This article investigates and dete.mines the level of arvareness and
interest about the universe. It then paves the way towards establishing
relationships between our attitude to our world (Earth) and general
krowledge abour the unrver.e

lntroduction
Ancient astronomy was very closely associated with astrology and, possibly, mythology. The
Egyptians were quite accomplished in stargazing. The orientation and position of the Giza
P-yramids, in relation to some prominent stars such as Sirius and the stars of Orion's Belt.
demonstrate that the ancient Egyptians rvere actively involved in astronomy.

Ancient stargazing was not carded out only for the purpose of predicting events and
resulls, such as floods, harvest conditions or the outcome of a battle, it was also used and
approached in a scientific manner.

The movements and positions of the celestial objects were also employed in design aad
development of sophisticated calendars. For instance, Omar Kha)ryam, the poet,
mathematician and asronomer ofthe 1lth Century, designed the sophisticated Jalali calendar.

KhalTam's Rubaiyat (verses) reveal his knowledge of asffonomv. The following Khayyam
Rubai (Quatrain) is the Fitzgerald translation:

We are no other than a moving row
Of Magic Shadow-shapes that come an l go

Rountl with the Sun-illumined Iantem hew
In Midnight bl the Master of the Show.

The author's translation from Persian is:

mis revol\,i g set-up about rNhich we tNonder
can be described as a lantem

ll



vhoseflatue is the sun, and we wander
arou d it like the shadons cast by the lantem.

Khayyam's message that we (on Earth) are revolving around the sun is quite clear. Il is
interesting to note that Omar Khalyam lived four cenruries before Nicolaus Copemicus, the
great polish astronomer of the late 15th (early 16th) Cenrury who put forward the idea of a

sun-cenffed system.
So, it would not be inappropriate to rcgard astronomy as one of the oldest branches of

science.
This investigation, which aims to detemine how much the average person knows about

astronomy, is based on the results of a survey. The survey explored issues such as: ho\', often
does the average person, purposely, look in the direction of the celestial objects and wonder
about them? How often questions such as'What is that one called?', 'How big is it?', 'How
far aivay is it?', and 'How old is it?' are asked. The issue of whether our perception of the
planet we live on is differelt from reality is aiso dealt with and, finaliy, relationships between
a basic knowledge of astronomv and our eanh based activities are raised.

The Survey

The survey for this investigation was conducted by asking the participants to complere a

specially designed questionnaire. The questionnaire was designed in such a way that it did not
require a great deal of time to complete. The participants were specifically instructed not to
refer to any sources in answering the questions.

The participants were chosen randon y and they represented people from differen!
backgrounds. The main findings were as follows:

l. ()ver 959o of the respondents indicated that they regard astronomJ as an
interesting subject.

II. Almost 587o indicated that they observe the night sky more than 20 times a year.

Itr. Nearly 847o of the respondents claimed that they can identify and point to
the Southern Cross constellation.

IV. A further, 867o ofrespondents have, at some stage, observed the Milky Way.

These relatively large percentages suggest that there is definitely a great deal of interest in rhe
subject area. Let us find out how much people, really, know about out Solar System-

V. Atrout 4270 of the respondents believed that tbe planet Jupiter (one of the brightest
objects in the sky) is not visible with the naked eye - 407o of this group belonged to
the category who claimed that they obsen'ed the night sky more than 20 times a year!

VI. It is interesting to note that about 447, ofthe respondents have decided that the
sun's diameter is unknown and about 287o regard the sun,s diameter to be larger
than I million km.

VII. Further, 637o of the respondents thought that the distance b€tween our
planet and our natural satellite is greater than 500,000 km.

.12
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VIII. Only 25 7, indicated that Venus has no moons. About 49 7o of the sample
thought that Venus had two moons.

IX. Finally, only 58% think that Mars is smaller than Earth.

Hence, we can conclude that although many people are interested in rhe subjec! of
astronomy, and possibly, make a casual obsen'ation of the night sky every now and then, the)
do not seem to be very knowledgeable about our "backyard" of the unive$e. whether the
aaerage person really needs to know thai Venus has no moons and Jupiter is visible with the
naked eye is debatable. What is really important and necessary is to have a basic knowledge
about our ou'n planet. As will be discussed in the conclusions, some kro\r'ledge of other
celestial neighbours would help us have a berter appreciation of Earth. This knouledge can
only be gained by starting to ask questions. and by hnding out about these other worlds.

Well over 9070 of respondents believed that the diameter of our planet is much larger than
il actualiy is. This finding would support the view that most people's perception of the
capacity and tolerance of our fragile planet is very different tom reality.

Conclusions

Although we are well aware of lhe general shape of our planet, \r'e can easily get the feeling
that we live on an infiniteiy large and flat piece of land which we refer to as the "u,orld".
Astronomy and its related fields can help us gain a completely different oven'ie\r of this
world. When we discover that our planet (Earth) has a diameter of about 12,750 krn, we
realise that there are dehnitely limils on everything. This kind of knowledge should help us in
taking environmental issues, such as the effects of pollution and ovelpopuiation. more
seriously. When we study other planets, we leam a great deal about looking after our own
world. We do not have to go \€ry far, we can simply siudy our celestial "next door
neighbours", the planets Venus and Mars. We have two extreme situations on hard. \,Iars
with its thin atmosphere and an appearance that suggests the $ater on its sudace has

disappeared or frozen; and Venus with its ver-v thick atmosphe.e and conditions which suggest
that an extreme green house situation must exist.

Hence, it can be concluded lhat an awaJeness about the conditions of other planets \\'ill
help us to understand and, more imponantly, accept the fact that conditions on our planet can

also change towards any ofthese extrcme cases.

Astronomy may also prompt us to gain a different outlook on life itself. It lrouid not be

inappropriate to quote the following translated verse from the master of the an of wdring
apborisms and prcverbial expressions, the 14th Century Persian poet Hafizi

"In the green sky I saw the new moon reaping,
And minded was I of my awn life's field:
What hanest wilt lhou to the sickle J-ield

When through thy fields the moan-shaped knife Boes s,,teepitg?

The source for the above translation of Hafiz's verse fiom Persian is:

Fifty Poerns of llafiz by Arthur J. Arberry, Sir Thomas Adams's, Professor of Arabic in the

University of Cambridge, published by Jonzadeh, Tehran, 1986.
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Pick ap a copy ol SKY & SPACE Magazine at yout
local newsagency, ot sabsuibe dircct hy wtiting t0:
SKY & SPACE [.4agazine, PO Box 1233, Bondi Junction,
NSW, 2022. Tel: (02) 369 3344 Fax: (02) 369 3366

Amateur astronomers
everywhere know that
the hest views in the
universe are found in
SKY & SPAEE Magazine

SKV&
SPAGE
mageilne

' Congratulations to Queensland's amateur
astronomers on celebrating their 100th year.'

SKY & SPACE Magazine gives you:
,/ \\il - r\edr. hcd ee.\' lo rcJd lealure.

/ Highll rcspecred. leading aulhors - expens in their fieids

/ Stunning colour photographs and professional productron

/ Tcs! reports and reviews of the latest books and equipment

/ Readers reports and photos from around the \Norld

/ The right blend of locai and overseas informalion

/ Proudl) published in Au\tralia for nine vears

SKY & SPACE Publishing has been a
prime sponsor of the past four NACAAs
(1988, 1990, 1992 & 1991) and u'e are
rerl proud to continue that tradition. rs

a prime sponsor of the 17th National Australian
Convention of Amateur Astronomers. held at

the University of Queensland. April 5-8, 1996.
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THE MAKTNG Or AusrRRlrAN AsrRoNoMERs

RAGBIR BHATHAT
Te bbutt As t ronom ica I Soc ie n

Abstract

The paper looks at the early life ard formative experiences and scientific
achievements of 18 of Austalia's elite astonomers. The paper is based on
extensive int€rviews of the astronomers conducted by the aurhor. The
intervie*,s not only explore the early lives, formative influences and the
reasons and the paths that led these individuals into astronomy but also
their discoveries at the moving frontiers of asronomy.

Australia is a world ieader in astronomy. This eminent position has been gained through the
astronomical work of a few brilliant astronomers who have scaled the heights of international
astronomy. Their coltributions ha\€ been recognised by their peers. They are either fellows of
the Royal Society of London or the US National Academy of Sciences, or the Australian
Academy of Science o. the Australiad Academy of Technological Sciences and Engineering
or heads of major scientific and astronomical institutions in Australia.

Who are these asfonomers and how did they become eminent? Interviews were conducted
with 18 of Australia's top astronomen to find out what elements entered inro making them
great. Are there special qualities of peNonaliq, background or upbringing that mark a person
for this calling or did they become asfonomers bv chance or even by force of circumstances:)
Did they muck around with telescopes or things of a scientihc nature or did they show an

interest in astronomy when they were young?
This paper examines their eady experiences and formative years- Their astronomical

achievements are deait in my book Australian Astronomers: Achievements at the frontiers of
astronomy whichis due for publication in April this year.

The astronomers reviewed in this paper span the ages from forty-six to eighty-two. Tfuee
of them (Bart Bok, Ronald Giovanelli and John Bolton) have passed away while slighrly over
half of rhem are still actively engaged in major astronomical projects. Although a few have
retired, the rest exert an influence on Australian and intemational astronomy.

The majority came mainly from middle class or professional homes where money.
although not in plentiful supply, was sufficient for a comfortable life and for p.oviding access

to a good education. A couple came from low socio-economic backgrounds bu! this did not
srop them from scaling the heights of the scientific estate. Slighdy less than half of them went
to private schools. There was no preponderance of private over govemment school
attendance. A couple attended both private and govemment schools.

IMy farily werel rclativeL\ \eeLI to do: there 
'/as 

enough monej to send m) sister and n\self to pritate
schoob, \!ih some sactifce. We alwals had a car and most of the time Ihere was no reriaus shortage of
mone) . I nean \re ceftainlf had to watch \|hat \9e spent.

rve nerc not poor but I vould not desctibe us as well.to.do... M\ nother cane fron afa ibthathada
snall anount of mone); het fa&et had run the local store in Clunes in victoia.
IDonaA Melrosel

l5



Bhathal R.

Mr fathet and t@thet herc not panicul.otl, well ofl. M, natemaL Snndpa.ents, ry' grandfather, had
tun a snw| business and so he woud be desctibed, 1 8uess, as nildle class, but m! parcnts ,-ou woud're
said tere standad wotkinS cl.tss parcnts.

IRonotd Btuwn]

All the asfionomers were either top students or amongst the top students in their schools.

l puta lot of enphasis on schoolvo/ka dthe results sho\|ed up. Ico ected quite a lot olpn.e! orcr m\
school careet... I was dut oJ Xatier.
IJercn) Moutdl

1 war ali,4"s in the top bunch excepr in Lan|uages, French and latin -.. I alwqs danaged to cone frst
in one ol tu,o subjects, such as English ot phtsict ot chenist\.
IRen Gascoigne]

I vat in the topforn of nr prcp school and I got a scholttship. ves. I have al||ar's been Eoodatschool
||ork. One of the rcasons fot thal is I had an efircnelt good neno4.
IHanbur' Brcwn]

The occupations of their fathers were valied. No single profession held the monopoly for
producing an envircnment conducive to the development of a would-be astronomer. The
fathers included teachers, an accountant, a nurseryman, an architect, a fatmer, a postman, a
soldie!, a company director, a congregational minister of religion, a banker, a manager, a

cutlery manufacturer and an electrical engineer. Except for one mother who was trained as a
lawyer. lhe rest were eitier leachers or housewives.

Science does not respect sex, race, socio-economic status, national boundaries and political
or religious affiliations. It is, thus, oot surprising that scientists in general come from diverse
backgrounds and have diverse experiences on their way to becoming top scientists and
astonomers. Science is a hard task master and it only respects me t. The scientific
conununity is the most meritocratic society. Meritocracy in science is measured by the qualily
ard quandty of research papers published by ihe individual. This is evidenced clearly by the

frequency of citations of research papers in intemational joumals. In any given year, around
35 per cent of all existing papers are cited not even once, .mother 49 per cent just once, 9 per

cent twice, 3 per cent three times, 2 per cent four times, I per cent hve times, and only the

remaining I per cent six times or more. Science is dominated by intellectual leaders, making
the enterprise morc elitist than democratic, albeit a meritocratic elitism.

Some of the astronomers were bom in Australia while others weae bom oveneas and have

come lo live here. Some a.lthough bom here spent a considerable amounl of time in overseas

institutions. Most viewed this as essentia.l for their development as top scientisrs. In each

case they became nomads of science and in the process built up their intemational network of
scientific colleagues and became members of the visible and invisible colleges of science.

Others came here and remained a lollg time but retumed to tbe land of their forefathers or to

a newly adopred homeland. For example, Ron Ekers worked overseas for almost nventy thjee
years before retuming Io take up the directorship of the Ausralia Telescope Nalional Facility.
On the other hand, Hanbury Brown who was bom in India represents the classic example of
the nomad of science. A. C. B. Lovell remarked at the seventieth birthday conference !o

honour Hanbury Brown, "Maybe there are a few who might remember that he once worked at

Jodrell Bank. Whether he is to be regarded as an Austlalian now visiting England or an

expatriate Englishman whom we are glad to welcome back to this country, or as a national of
India, who has spent his research career in England, America and Ausualia I must leave you
to elucidate." Ben Gascoigne ard Richad Manchesler came from New Zealand to carr,a out

l6



The Making of Ausft alian Astronomers

astronomy in Australia and they have stayed on ever since. Ban Bok was bom in Holland and
came to Australia for a period of about ten years before retuming to rhe United States. He had
before he came to Australia decided that he would retum to the United States after a spell of
ten )ears he!e. According to Bok, "When we came to Australia, we told trvo people about our
plan to retum after ten years. Russell Cannon, John Bolton, Jeremy Mould and Paul Wild
were bom in England but made Ausralia their home. Aust.alia opened up unlimited
opponunities for each of them. According to Wild, "I have absolutely no doubt whaEoeve(
that I would never have had the opponunity that I did in Britain." Ten of the ast.onomers
were born in Australia, viz: Ken Fre€man in Penh, Donald Melrose in Hoban, Har), Minnett,
Bob Frater and Bemie Mills in Sydney, Ron Ekers in Victor Harbor near Adelaide, Chris
Christiansen in Melboume, Roo Giovanelli in Grafton, Ronald Brown in Melbourne and Don
Mathewson in Brisbane. Most of them developed a very strong interest in things mechanical
rather than in natural history when they were young.

There seems to be nothing remarkable abour their faniiy backgrounds. They came from
families with between two and four children. ln slightly more than half of the cases rhel-
were the eldest child in the family and in a couple of cases they were the only child. Most of
the astronomers spent a happy childhood although a couple seem to have had an unhappy
childhood.

... an balance I d sq' I vas tendi e ta ards unhappiness rather than happihess as a chiu ... itf\
mother, unJoftunateb" discoutugedne naking ltiends and havinq hiends to plar.
IRonald Brcwn]

I dont rccall being a particulotb hapry child. I enjo)ed a lot of things but l ako i-as. l think. rcthet
serious and contenplative - I don't kno|| \tb.
lDonotd MeItusel

yes. I think I \ras hapb" enou*h. I had a fai\" nonnl rime thrcugh printry school and no paniculor
hatsles a, high schltol that I can recall.

IKenneth Fteenanl

Except for Freemal, Giovanelli, Bok and Christiansen who came fiom continenlal European
backgrounds the rest of the astronomers came basically from Anglo-Celtic proteslant
backgrounds. Only a couple came from a Catholic background. Unlike the Amedcan scientific
elite thele were no astronomers from Jewish backgrounds. This is partly because most
prominent Jewish scientists from Eu.ope settled in the United States; very few ventured oua

to Austalia. The majority of the asfonomers came from farnilies that were not religious in
the formal institutional sense. Only a couple have a serious interest in the church and believe
rhat God intervenes in the affai.s of human beings. Some, however, see religion in terms of
providin8 an ethics for morality. The fact that their parents subscribed to less rigid religious
doctrines meant that the majority of the astronomeF came from homes that toleraied a greater

diversiry of opinior- Most of the astronomers have adopted a non-religious philosophj' of
life, a couple see religion as having had an adverse impact on science while a couple see the

hand ofGod in the affairs of human beings.

I think religion hat tet back science enotmousr. So it has been a bai inpact. I think lhe Aogmatic
teachings and bhe lactl that thet burnt a fetr astronomers at the stake.. shows that the church is

refitictive on frce thinki E-

IDon Mathew'on]

I can see no eidence whatsoeret Jot the leligiaus Cad a! aq rcligion. In fact, I can see no evidence at
alllor an!- Cod\ehatsoe\ea so I alvqs class nJseLlas an atheis|

l7



BhathaL R.

I do no, beLiew in aGodwho takes died aclions affectine hunan bein|s andalfecting naturul things.

lDoMa Mebose)

At the tine, I thought oJ nyseu at a paitheist, and I think this is still nJ |iew.
lRan Ekersl

I'm quire ttronqr- of the belieJ that God cance s hinselften much hith the fates and actions of human
beings ann I thinkthis is one ofthe most visible nantknaions oJGo.l's prcsence in the ||orLd and in out

The homes of potential creative talents usually have intellectually and culturally stimulaling
materials. The asfionome$ cane ftom homes wherc they were encouraged to read and they
were all avid and voracious readers in their childhood. It was evident from the interview that
their pareDts did not push them to be the best in whatever they did: they were encouraged but
not pushed. In most cases their pajents did not have an irfluence on their choice to become

scientists. was their mother more influential than thek father: If there was any influence it
came either from the mother or the father but not necessarily just from the mother. The
decision to take up science was entirely theirs and they seemed to be driven by an inner
desirc to become scientists. However, one common thaead seems to be running through all
their backgrounds and that is they were influenced by a good teacher at school and were avid
readers of books and science magazines or messed around with technical things. Their eariy
extracuricular interests were moslly spent on physical gadgets, such as meccano sets, radjo
and expeimenting rather than accepting things as stated in books.

Besides eryeimenting to frnd out ho|| things ||o*ed there ||as a penod when I becane very interened
in electricir-. I can rcmenber disassembli B an oLd torch ... and then fnding out ho|| culrent flowed.
working out how ,ou could connect the battery to the globe with wnes, understanding how the switch
||orked anl deteloping a cncuit and building up things wirh lots of )riles antl batte et and lithts .. At
some stage I Bot a book about eLectricir- and I cLearb remenber m)" rcdctio to rea.iing this bo.'k - it
was one of innense sadness and a little disappointnent. All the wonlerful things I had discoveted for
nyself wrc thete ina book...I thoueht it spoibd thinss for ewDbod''.

I had a guadian, a LegaL Euaklian, whose nane was Etic de HoShtan ... he had a ldbordtory in his
house in How, to that from about rh. age oJ ten on||ards I d been ac custoned to being in the hous e of a
man \|ho had a \|orking laboratory and he nas a consuLting raAio enginee\ so I had ndia ... antl l
decided quite ea f on that ra-dio engineeting was ||hat I )ranted to do.

tHanbur! Brownl

I was sonebo\'who couA occupf nfselfvth technical things or building things ...1 had a neccano set

at a very earb age. I lired do\|n in the Riteriv in paft of nt ear4 childhood wherc theft *ere
irrigation $stems going in and I had an itigation s'-sten arau d the bacba that had all sotts oJ bits

As far as rors go, I ceftainb" had a meccano set ... \|hen I ras neebe ol thercabouts, I use.l to ness
arcund with electrcmagnets and noto$ and thtt sott oJthing-

IRichad Manchestetl

Scientific heroes did not appear a strong influence tunong the astronomers. Only a couple of
them mentioned Isaac Newton and Albert Einstein as scientific heroes. Aithough, of course,
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Newton and Einstein made an impact larer on in their lives. If they had any heroes they $ere
more likely ro be spo(smen rarher (han scientis!s.

We , I Suess Donau Brudnnn -.. the science bas taueht |ery badlt and I guess ahhough I ias good at phlsics
atd maths, I neterdeveloped ar'" rcalhetues in that subjecl
tDoMtd Mathe||sonl

If I had anrone at aherc it||ouLdbe Jack 4"e. the foorboller M!- fani\ had a histoD inlootball one aJ n)-
past relatives pla)ed lot the Richmond Football Club and q parcnts uted to re|ulatb go along to Jootball
natches every Saturdaf and take me \tith them.

I suppose Neiton became a herc in a \|q but n! specifc herc I think \|as an en|ineet \ith the splendid
nane ol kanbatu Khgdon Brunel who buih the Crcat Westem Railwal and a nunber ol fanaus ships .

the Crcat Wettem, the Gteat Bnbin a d the Grcat Eastern - which \|erc lat be)ond &eit time. He
becane a herolot lte 1fiink: one or tvo others like Einstein anA Beethovajoited latet o't.

It is rather surpising that for almost all of the astronome$ neirhe. the activities o! exhibitions
of science museums rlor popu]ar science programs on radio played any pan in inspiring them
to take up careers in science. Books, science magazines and mucking around wjth rechnical
things seemed to have far more influence.

Therc reaLb vajn t o scie There was the nuseun that had a technological section, bLt nat
dn'- scientifc section. I don t recanewt hoing set loot inthe nuserm||henIwos a schoolbo!.
lRonaa Brownl

I think rcading science frction ceftainL- did and I 6ed ro read popular scietce naga.ines. 1 \tasn l
ponicularlr' intercste.l in museuN as srch.

It is rather surp sing to note that most of the astronomers did nor show any panicular interest
in astronomy in their secondary school yeals. Their decision to become professional
astlonomem was usualiy not made until they were in their rhird or fourth year at r.rnir ersrty.
They became astronomers by chance, force of citcumstances or were influenced to take up
astronomy by attending a surnmer school or a sumrner vacation course, and in a couple of
cases after having completed a PhD in a different arca of physics. As Ban Bok, says, "At the
presenl time, for example, a large number of the best asEophysicisrs are people who start out
as physicists, who become good physicists and look for a bigger and better laboratory. \l'hat
they do is, thev look at the heavens and say, 'Cood Lord, there is the *,hole Milky Way, there
are the large nebula for studying the physical processes'. We atl come in by different routes."

Pawsef gaw ne the choi.e oJ e ither continuing ||ih the conputer or daing ttonory. AnA at that time
Boltan had nade his ftst discotet:^ of poi t radio sources, a cldts of poin, saurces, and *is rcdll)
intligued ne. Sa, as Jar o: 1 was concemed. therc was no chaice, I \|ent into that, aLthough I was b,' no

IBernie MilLs]

I \9ent on a summ.r \]acation cou6e ar ||hat's alwq"s called he Rotal Grcenwich Obse atory .-. I spenl
whaerer it ias - sit. eiBht weeks wotking donn therc. That ||as na-^eUous and I .eol\- enjo\ed tt and

suddenl'' thought. well. this is rhe subject I d li*e to do. So I vent back b n\ fnal )eot aI unM.Jr^,
al.ead, having decded hen thnt ast.otom! vas *hat I ||ould t^ to 8et into.

IRussett Cannonl
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To\|ad the end al mr PhD I stuned hinking about ||hot I \tould do having achieved ntis ... we had
atranted to neet John Bohon. He said thef \+ete about to take deltuery oJthefrrst computet at Pdrkes.

Sa the deal was that as I had a bit of computing experience he said, if \ou cane and prcgrum this

computet and \|ite prcerams to nnke it usefuL lor astonory, )re \|ill teach tou astrcnom)'.

IRichaftl Manchestet]

There are variations in the fo.mal training that each of the astronomers under\r'ent to begi. a

career in scienlific research. The era of "big science" has changed the pattem of recruitment
into positions of research either in govemment, universiry or indusuial laboratories. lt is
thus quite easy to assume tha! there is a conelation between earning a PhD and creativir-v in
science. However, this asseftion is not borne out in practice. One vividly remembels the case

ofEinsrcin. He did not get his doctorate by attending research seminars or working in white-
hot laboratories but obtained his degree by worliing as a clerk in a Swiss patent office. He
once complained to a friend that, "I shall not become a PhD ... The whole comedy has become
a bore to me". Yet in 1905 Einstein wrote four papers and sent the least important to the

Udversity of Zurich to obtain his PhD. when one consideG that the papers he wrote in 1905

included his revolutionary papers olt the special theory of relativity and the photoelect.ic
effect, one has to surmise that obtaining a PhD did not conribute to Einstein's capaciry for
doing creative work in science. Einstein is not atypical of the creative scieniists. studies have

shown that top scientists generally begil contributing to the store of kno\r'ledge before
obtaining their doctorate or in some cases even before doing their PhDs. This is amply
demonstrated by Mills, Chistiansen, Wild and Hanbury Brown. None of these astronomers
went on to complete a PhD but made exhemely creative, significant and inDovarive
contributions to intemational astronomy.

I n en ... to M an.hestet Unive6u)' as ai IC I rcsearch fellob' in 1949, \|ith the spec ifc purpose of takikq
a PhD and appuine this ercat dish to the ne\, tcience of rudio astrcnon . This ie did successfuU\, and
eventualb l never took the PhD again, of cou6e, because it tumed out I was an emninet for the PhD
and the registrar said it )ras not prcpet to be an enminet and a candidate fu the same exam

IHanbury Brc||n]

In rhe case of Mills, he had invented the 'Mills Cross' and made significant contributions to
radio astronomy,

This \|o* aho kd to m) tubmittine a thesis for a Doctot of Science in Engineering, based 1,./ge1-\ o the
tork oI this instrument, a descnprion oJ the insrrume anA the basic theory oJ the instrument- M\
Doctot of Sci.nce in Eneinee ng \'at a\'aded in 1959. Ako iA 1959 I |'as elected o FeUow of fie
Austrulian Acodent oJ Science.

IRemie Mills]

Paul Wild had a similar experience. Afte! ten years of research he collected a number ol his
papers and sent them to Camb dge and they gave him a Doctor of Science degree.

Chistiansen invented the 'Christiansen or grating interferometer' and submitted his

research papers for the award of the Doctor of Science degree. Roben Frater began
publishing significanr papers even before obtaining his PhD from the Universiry of Sydney.

The astronomers obtained their PhDs between the ages of twenry-four and thirty-one. A
Fellowship of an Academy of Science is a mark of recognition of the work of a scientist b!
his peers. It signals to the scientist that he has a-rrived. The astronomers were elected Fellows
of the Australian Academy of Science at an average of fony-seven. However, this average
obscures a wide variation. At the lowe! end, the Fellowship was awarded to Ronald Brown at

the age of thirty-eight while at the upper end the Fellowship was awarded to Harr.v Minnett at
irft_y-nifle. It is interesting to note that the astronomers (Wild, Bolton, Mills and Christiansen)
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who had Pawsey as their mentor were elected to the Fellowship of the Academ! beforg or ar
the average age of fofly-seven. Pawsev was a foundation Fellow of the Australian Academy
of Science when it was founded in 1954. Bolton, Mills, Wild and Pawsey were elected
Fellows of the Roval Society of London. Hanbury Brorvn was already a Fellow of the Royal
Society of London before he came to Australia. Frare., Minnel and Wild are not only Fellows
of the Australian Academy of Science but also Fellows of the Australian Academy of
Technological Sciences and Engineering. Only Wild has the honour of being a Fello\r,of rhe
Australian Academy of Science, the Australian Academy of Technological Sciences and
Engineeing and the Royal Sociery of London. Bok was a Conesponding Member of the
Ausralian Academy of Science and a Fellou of the US National Academy ol Sciences.

All the asuonomers had highly produclive mentors. What they lea.rnr from their menlors
lvas nol so much substantive knowledge but a sryle of rcsearch or a \r.ay of doing things.
Cannon speaks for many of them when he saysl

... in m) case I would sa) that what I gat out of
reseatch. nuch more than o\ specifc educatian on haw ta ptuceed in pafticulat dircctions.
[RusseLL Canno ]

According to Eke6 what his mentor, Bolron taught him was:

... that \au ha.d to eam the right to use an instrument like Pltkes He had a re^ dilfetent rie\'fton the
cu e t fie\|, his ie)t was tlnt )ou had b buiv up skilLs thtough doing things )ourcelf and n nj .ate
)!as buildine the inteterometer ... the big beneft ||as I was ako ituolted i the ptu&\s ofnaking it ||otk
an.l that is I an surc n b l deye laped a lanb deep k oi Ledee oJ hov an interfe rcmeter ||orks

The socialisation ol the asrronomers is an imponant aspecr of their apprenticeship. Ir is a
process through which they are inducted inro the cultu.e of astronomy or science. Early
exposure to top scientists or working at presligious institutions is important in this
socialisation process and the building up of intemational networks. Ken Freeman did his PhD
at Cambridge Llniversity ald Don Marhe*son had Hanbury Brown as his PhD supervisor at
Jodrell Bank in N{anchester. According to Ekers, Bolton had an intemational reputation and
because of this manv of the top astronomers *'ould visir Parkes where Bolton rvas based. This
had spin-offs later on for Ekers *hen he was looking for a postdoctoral fello\r.ship in an
overseas country. He was able to use Bolton's networks !o funher his astronomical caaee!. In
the ensuing years he built up his own network in the international world of ast.onomy. The
presence of overseas experts also created an exciting and interesting reseajch environmen!.

S.t as a student I had contact $ith sone oJ the eotLd s top scientkts ... I kter ditcovercd that \ fclloi
stulents at othet institutions ne|et had this kind of eryosure ... John |Boltonl\'ould ituite us to his ho e

fo. dinnet, fo, etunple. So that *as gteal me atuosphete !.rs yeat because ir w6 yery hands on
reseatch, tots oJ discussion ol probtems.

tRo Ekersl

Richard Manchester also benefited from his association with John Bollon. According ro
Manchester:

In earl\ 1969 I applied Jor, and wat ofe.ed, a research associate position aI the Nationol Radio
Astrcnon, Obse^atory in Charlones-i ., viryino. I eas surc, and just a fe! dats aqo Ken Kellernann
wrifed, that John urote a ftry good Ie et oJ recomnendation fot me, \|hich no douh \|as wh'- I gat the

lRichad Ma,rchestetl

2l



Bhathal, R.

Like Ekers, Mould spent a large paft of his working life in prestigious oveceas insliludons.
This helped him tremendously in making the contacts with the right people and in forming an

intemational network of asftonomers.

l'd sq' Kitt Peak \eas a place ,here I nade a lot of contacts i estronamf, the Ametican Astononical
Socier' is anothet. The tendencf of astrononical institutes to encourage intenational isitots and to
oreanise meetines, both fonnl and inlorn TL, is the kind oJ thing that buiAs up a larye network.
lJe.ery Moual

As a young man Fnter built up his network of scientific colleagues quite quickly. He \r'as on
talking terms with a number of em.inent colleagues and this helped him ftemendousiy as it
opened several doors for him. According to Fraterl

I stafted out \|ith a set of ver^ eminent contacts in Christiansen, MiLls, Hanbur) Brc||n and then Paul
wild. So, when I cane to eo owtseas fot the frtst time in 1969 I had a rean)- entree to all the najor
obsenatoties aryvherc thot l wanted to go.

Apart from having done their PhDs at prestigious institutions or working rvith productive
gaoups or working under intemationally well known supervisors, the astronomers spent a

number of years on postdoctoral research. The nomadic existence of the postdoctoral years
served to provide the long term li*s with other active astronomers and for future
collaborative projects across national borders and the wriaing of joint pape6 in intemarional
publications. The linkages have also meant that the astronomem are represented as members
or leaders on intemational committees or forums o. se.ve as gatekeepen in the field of
astrcnomy.

Almost all the astronomers (Bolton, Cbristiansen, Mathewson, Mills, Minnett and Wild)
who werc bom before 1930 owe thei. pre-eminence to Joseph Pawsey, the depury-chief of
Division of Radiophysics at the CSIRO. Pawsey who tained in the Cavendish Laboratory ar
Cambridge University under the watchful eye of Nobel P.ize winner, Emest Rutherford
introduced the Cavendish "string and sealing wa\" tradition into the Radiophysics Divisiolr.
This had a tremendous spin-off in the first ten years of the development of radio astronomy
in Australia. Improvisation and a spirit of "can-do" allowed the physicists and engineers to
push forward the frontiers of radio astronomy. According to Christiansen:

the field votk had a pioneering appeatunce ... At the fieA stations, the ahosphete was completeL)
infonnol and eqalitatu)n, \tnh *e dirt-j jabs sharcd bt all. Thelmionic rclves vete in ftequent need of
teplacenent and old andweU used co&xial connectots'|ere d constant saurce oftoubles.

Pawsey can truly be called the father of radio astlonomy in Australia and the scientist who led
Austalia's rcsurgence in astrooomy after the Second World War. Being an extremely creative
pelson he gathered around him a group of b.illiant physicists and engineers I'ho were to
dominate the development of astronomy in Australia for several decades. The group included
Christiansen, Mathewson, Wild, Mimeft, Mills and Bolton. Bolton in tum was to serve as a
mentor to Ekers and Malchester. ChristiaDseD came under the influence of Cambridge trained
Thomas Laby, the professor of physics at Melboume Universiq and Pawsey. Ch.isriansen in
tum served as a mentor for Frater who went on to desig! and develop the Australia Telescope,
Australia"s largest radio synthesis telescope. Both fuchard Woolley and Ban Bok played an
important role in the scientific development of a number of the astronomers mentioned in
this book. Bok and Bolton sen'ed as mentors for Ekers while Woollev was a mentor for
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Cannon. Freemal, Cannon, Melrose and Ronald Brown did thei PhDs in top overseas
institutions and in the cou6e of their careers their paths crossed. Both Frecman and Cannon
trained under Donald Lynden-Bell, an accomplished English astronomer and a prolific
publisher of research pape$.

Mount Wilson Observatories' AIan Sandage, who was at one time an assistarrt to Edwin
HEbble, also served as a mentor to Freenun. Accordiog to Freeman:

contact wi.h Sandage - \ras yery good for ry carcer ... Sandoge becane a nentor and a paffon and has
rcallt helped nf carcet erc6 y thtoueh his tuppon and I think I got tenurc fanb sy,ifily aler Jinishing
nJ Queen Elizabeth Fello\tship and I'n swe thdt Sandage's suppon was wry sisniJicant in aLL thar and
I'nwry gruteful to hin lor it.

All the eighteen askonomers establishcd linkages not only amongst thems€lves but also with
the intemational world of astronomers. They are a small select group ofelitc asEonomers in
Austalia with intemationa.l links. Intellectual isolation alld the tlral|ny of distance are a
thing of the past. These astonome$ are plugged into the ifternalional electlodc g.id and
have become the intematioMl astronomical surfies on the world-wide intemet and
telecommunication systems. They also belong to the intemational "invisible college" of elite
scientists. Thcy ale the gatekeepe.s and high priests of Australian astonomy.
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Oprrvrsrrue Coroun NeoRrtve Ftru PenroRMANcE
lru AsrnoruovrcAL lMAGrNc

STEGI,RED IUANIETTA AND LUKE DODD

Astronomical As soc iation of Que ens land

Abstract

Despite the increasing proliferation of charge-coupled devices in amateur

astronomical photography, conventional colour film remains the

recording medium of choice, panicularly $here accessibilitv, pictorial
qualilv and wide-field coverage are prime considemtions. Techniques for
sensitometdc evaluation of colour negative film performance u'ith
particular refercnce to low intensity reciprocity failure and forming gas

hypersensitisation are described. The outcomes of additionai techniques
aimed at optimising camera./telescope exposure and image reproducrion
are also presented.

lntroduction

The vast majo ty of colour negative film products are designed for picto al use in relatively
bright sunlight, Market forces driven by consumer expectations have caused manufaclurers to
develop materials which rely on elegant chemical effects during processing to achieve
subjectively "preferred" colour and tonal representations. (Hunt, 1995 p.236).

Although these qualities a.re diarnetrically opposed to astronomical imaging requiremenls.
colour negative films aJe none the less capable of producing beautiful images which reveal
otherwise invisible colour information. Colour negative hlm offers the amaleur
asrophotographer a number of unique imaging qualities. As a light detector and infotmation
storage medium, colour negative film is cheap, convenient aad universally available in a great
lariety of formats, light sensitivities and contrasts. Colour negative film processing is now

highly standardised and available throughout the world. Due to their exceptionally large
subject brightness rarges, coiour negatives, unlike colour slides, are not iretrievably lost
lvhen they are inadvenently overcxposed. In fact colour negative films exhibit improved
colour satuGtion and less granularity wirh increasing exposure (Hu 1995, p.406). Compared
lo electronic data capture, storage ard retdeval systems, film is still capable of remarkable
performance. A single 24x36 mm ftame may contain the equivalent of 90 megabytes of
information in a small, permanent and easily read package.

Perhaps the greatest beneht colour negative materials offer the amateur astrophotographer lies
jn their fundamental nature: colour negatives are intermediaries in the tone reproduction
sequence, not end-products. Colour negatives are therefore excellent input mate al for later
enhancement such as optical or digital techniques which may extract otherwise hidden
information or make aesthetic image improvements.
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In the scielrtific literature there exists a great deal of reliable, quantitarive dara re]ated to the

performance of black and white films employed in low-intensity long erposure time imaging.
(Millikan, 1977: J smith, 1989: Malin, 1990) The vast majority of this published information
deals specifically with the performance of hypersensitised black and white materiais. Although
colour film performance in astronomical imaging is extensiveiy dealt with in the amateur
literature. the data is almost exclusively anecdotal and qualitative. (Malin, 1990) Objective
comparisons ofreported film performance under low-intensity exposu.e conditions and reliable
predictions of performance in the field are therefore impossible.

This paper describes techniques derived f.om standard photographic sensitometry forobjectivel"v
evaluating colour negative film performance for low intensity imaging. These methods are

fundamental to tonal reproduction in all facets of photographic imaging including colour
separation photography. digital imaging and even conventional colour printing, particularly
where accunte and reliable exposure data is required.

The Nature of Colour Negative Films

In essence colour negative lilms may be regarded as rhree black and white hlm emulsions each
exclusi!ely sensitive to the blue, green and red portions of the visible specftum and coated onao

the same tansparent suppofi. Incorporated with the silver halides in each layer are three differenr
colour couplers. Those inthe blue sensitive iayerare capable offormingyellow (blue absorbing)
dye; while the green sensitive lavercoltains magenta (green absorbing) dye forming couplers and
the red layercontains cyan (red absorbing) dye forming couplers. Colour development proceeds
in an identical manner to black and white development. The exposed silver halides are reduced
to metaliic silver while the developing agent is oxidised. At this point the process deviates from
black andu,hite. The oxidised colour developer happens tobe chemicall,v active and reacts wiih
each coupler to fonn the required dye in each layer. It is interesting to note two points. The silver
image is only a vehicle for dye formation and all silver is removed in subsequent bleaching and
fixing steps ofthe process.leaving thiee images all ofwhich are negative in colour and tonality.

Layer Speed Relatiobships

A1l commercially available colour negative films have the relative sensitivities of their layers
matched forexposure to light of a prescribed continuous speclral distribution. With a fe\\' minor
exceptions, this is quoted as correlating to the spectral distibution of a black body radiator at
5,500K. Recognising ihat a significant proponion of all images on amateur films aje likely to be
exposed ro a mixture of daylighi and blue deficient tungsten illumination. manufacturcrs now
market "davlighf' balaaced film with increased blue sensitivity. Although this does nor
compromise print quality in typical pictorial applications. it $'ill laterbe shown ho\r' this condition
seriously degmdes astronomical print quality, particularly where faint image information is only
just recorded.

Film Contrast Considerations

Pictodal imaging practicalities dictate that films must rcspond to a great range of subjecr
bightnesses. This ensures adequate latitudetoexposure elrols. In orderto accommodate printing
pape. exposuie requirements the negatives must record the subject bightness range withirl a
relatively restricted densitl range. This tonal reproduction sequence may be summarised as
follows I A subject $ ith a 100: I (2log) brightness range is input to a colour negative. This negarive
records the subject tones in a "compressed folm of 10:1 opacity range (1 log), colour paper
responds to only l0: I ( 1 log.i brighmess range but forms an image with an expanded reflectance
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range of 100: I (2.0log) thus the original tones are first compressed and then expanded to again
match the original scene. The initial compression is achieved because the hlm has a low contrast
(garma). Paper. on the other hand has a high contrasl (garmna). Roughl-v speaking a photographic
material's garnma is calculaled by dividing output (density) by equivalent input (log subject
luminance). Thus rhe simple example cited utilises a paper garnma of 2/1 or 2 and a negative
gamma of 1/2 or.5. What is imponant here is the "multiplicatlon of ganmas rule" (Todd & Zakia
P.279) . The tonal reproduction of a system car be found by simply muitiplying the garunas of
each copying stage in a sequence.

Low Intensity Reciprocity Law Failure

Lighting conditions for the vast majoriry ofcolour negatiyes exposed ensure that exposure times
rarely transgress film designparameters of I /2 sec lo l/1,000 sec. Within the corresponding range
of luminances, hlms respond reciprocally as predicted by the Rosco Bunsen Law (1862) which
states that photographic exposure is the product ofiradiance ard time (E=IXT). However when
most light sensitive materials are exposedto low intensity lightiEadiance forperiods longerthan
1/2 sec. they fail to achieve the predicted density after development. The term 'lo$' intensit-v
reciprocity Ia$' failure" refers to this phenomenon. In fact the studv of reciprociry law failure
effects has been the source ofmuch of our corrent knowledge ofthe mechanism ofphotographic
exposure. Given that colour negatives contain a rninimum of three different emulsions, each of
which may fail differently at low light ievels, it becomes obvious that reciprocity lau failure in
colour matedals is likely to hal€ serious consequences for print qualit_v.

Throughout the history of photography a great variety of techniques designed to increase film
speed haveben developed. The term "hypersensitisation" refers to pre-exposure treatment while
post expostre treatment termed "latensification" is now rarely employed. what interests
astrophotographe.s is the fact that hypersensitisation treatments which include pre-exposure
xashing, flashing,low temperature exposure, exposure to ammonia and mercury fumes as well
as outgassing and immersion in dry nitrogen, ale generally most effective when the treated
emulsion is exposed to low light ievels for long pe ods.

The development of hy&ogen hypersensitisation pioneered by Babcock, Lewis & James in the
70s supeneded virtually all pre-existing hypersensitising techniques. The mechanisms underpin-
ning the effect appear to be partial reduction of unexposed silver halides and removal from the
emulsion ofexcess free halides, oxygen and water which could recombine with exposed halides
and eliminate the effect ofexposure. (Babcock & James. 1976)

Overview of Film Testing Method

S amples ofEst film srock werc rreated by Luke Dodd and uansported & iti control hlm of the same
emulsion batch to Brisbane in air-tight bmss cylinders. These were exposed and processed by
Siegfried Manietta. The resulting image densities were measured alld characteristic curves
prepared. Modelling of printing performance and prediction of corrective measures were
subsequendy carried our b_v'. comparing curve shapes when these were transferred to tracing paper.



Maniena, S. aml Dodd. L.

Hypersensitising Technique

The photographic material to be teated is placed in an ainigh! chamber which is evacuated to
approximately -70 k p (outgassing) to remove oxygen and \rater vapour. This is follo\r'ed by
filling the chamber with a non-combustible foming gas, a mixture of approximately 957c dry
nitrogen and 5% hvdiogen ar p(essure of approximately 200kp. This procedure is rep€ated to
ensure @moval of atmospheric gasses. Gas immersion times and temperatures are typicallv in the
region of 6-48 hours and 20-50'C. Limits to the effectiveness of the technique are set by the
formation ofchemical fog (non-image forming density) which at high lev€ls tends to mask fuflher
emulsion speed increases and the total elimination of reciprocit_v failure.

Sensitometer

Exposures were made on a sensitomerer based on a twin-chamber design $hich provides an
illuminance of 1(+/- .05) Iux in the exposing plane. (Fig.l). Light iltensity is monitored
innediately before exposure with a Quanrum Scientific lux meter. An automatic roltage
stabiliser ensured acceptablv constant lamp voltags during exposures. The sensitomerer's
spectral distribution is controlled via an appropriate mix ofcolourconvercion and light balancing
filters calibrated through a curve displacement analysis procedure based on the spectrai response
ofa daylight balanced transparency fiiin. Test fllm exposue times are controlled via an electronic

l. Baac
2. Covat
3. lrnrp
4, Colour Convorsion Filtors
5, Ape.tu.e
6. tran5luc6nt RelleclorrDifluset

7. qrrv.rl Belleclo?
8. Translucont Dlrlulor
9. Transfilasion Stap Tablol
lO. Te3l Fllrn S.m! r
tl. Hingad Covs.
12. Plsssure Catch

FIG 1. Sensitom€ter

timer localed in the electrical circuir between the sensitometer lamp arld the voltage stabiliser.
Due to the relatively ionS exposure times employed, variations in the lamp's spectral energy
distribution caused b\' lhe filament I^ arming and cooling at beginning aJld end of exposures is
assumed insignihcan!.

Lighr modulation at the exposing plane is achieved by "sracking ' a pair of Agfa Gevaen silver
step tablets of approximately .l5 density increments, Wedge calibration was caried out by taking
diffuse neuual densiry measurements of each wedge step and numerically adding the values.
Error accumulation due to increased light scatter (Caliier effeco when the densitomerer's light
receiving cone is not in contacr wirh rhe wedge is thus aroided. Thisprovided a single wedge wilh
approximately .3 density increments ranging from .02 to 5.0 densiq. Calculation ofdeviations
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from expected densities levealed a standard deviation of .03 densiry . This enor, although not
insignificant, equates to a camera exposure error of 1/10 f stop. When film is exposed through
the stacked wedges, exposure incrcments of approximately .3 log or one camera stop are
produced.

Film Processing

All exposed colour film samples were processed in ten litre sinkline taoks using slandard Kodak
C41 chemistry monitored with Kodak pre-exposed control strips. In each case the manufacturer's
reco[unended process monitoring {'as carried out immediately before test film processing- All
test mate al was processed within the manufacturer's specified tolerances. This was assured by
including additiona.l control strips with each batch oftest film.

Densitometry

Film samples were measured for blue, green and red diffuse rransmission density with aMcBeth
model TR524 densitometer fifted uith "photofinisher" standard (Wrauen nos 92.93. & 94 )
narow-cut filters. The measured integral colour densities $.ere plotted against log relative
exposure to yield charactedstic cuNes representing the film's rcsponse to blue. green and red.

Data Analysis

Objective analysis ofphotographic materials perfomance is traditionally accomplished through
the use ofH&D curves named after Huner and Driffieid, the early researchers whose rematkable
work established sensitometry. H&D curves are also refened ro as chamcteristic, D log E or
densiLv vs exposure where exposure, E=I (illuminance)x T (time). Dlog E curves are essentially
graphic represenrations of inputoutput relationships where frlm performance is indicated by the
relatiotrship between emulsion exposure (conmon log scale) and output as photographic density
(defined as log l0 of l/ransmittance) (Fig. 2).

Shoulder

I

t{rsrtr3r .inl

D. lll
Barc Fog

lnput Log Erposuro
3 idenlical inpur bnghness nnges I( I ). I(2). I(3) hale been recorded as
''compr€ssed densiq- ranges - Dr(l) corresponding to toe exposure and
Dr(l) shoulder exposure. Only on the sEaigbl line section is objeclivc
tone reproductlon possible.

FIG, 2 Characteristic Curve and Tonal Reproduction

Output Density
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The !esulting graphic plotis capable ofcorrnunicating aremarkable amoun! ofinformation. For
analysis and discussion sensitometists have divided the cun'e into a number of sections. The
"base fog" region indicates the film's densitv $here exposure was insufficient to create an effect.
Where light has a just noticeable effect and the cun'e begins to se and the input/output
relationships indicate a f'lat response is termedthe "toe" section. Afte!lhis the plot line normally
approximates to a "straight line" wheie inpuroutput relationships are constant. With increasing
exposure, a"shouldei'is reached where tonaliiy is again compressed.In general terms, film speed

and orexposure relationships ale indicatedb] curve location on the horizontal exposure a"ris. (Fig.

Log R.l E

.) Spo.d n.l.tid.hip. b) Cont..sr R.htlcn5hipr
9t.Cl.nt lncr.....

ot V.nlo.l DisFl.o.mGnt

d.n5llt lo.ilrlF lnl:gc

FlG. 3 Thre€ Connon Curve R€lationships

3a) Fast films or individual film layers will therefore plot funher left than relativel)- slower
emulsions. Film contrasr is indicated b,v cun'e gradients. (Fig. 3b) Plotting high contrasr film
leads to steep cunes while low contrast films generate flat curves. Overall density differences
arc shown by \enicai cun'e displacements. (Fig. 3c)

When colour negative materials are rcprcsented in this way thjee cuNes resuh. These indicate
the perfo.mance of each of the three layer sets refened to earlier. Convenrionally the separate
layers are not plotted in the colou.of d-v"e formed during processingbutby theirrespeclive spedral
sensitivities. For example ared cun'e represents the combined effect of afilm's red sensitive cyan
dye foming layers.

Given ideal conditions the thee cunes plotted for a colour negalive film exposed to the light
source fo! which it was designed would appear identical in shape and gradient and would be

located venically displacedwith theblue cun'e above the green and the greenabove the red. (Fig.
4) This lJenical sepalation represents the gross colour cast caused by the film's integral orange
mask. The mask colour is entirely calcelled by the combined effect ofcolour p.inting hlters and
photographic paper sensitisation during the pdnting process. The primary requirement for
accurate colour imaging is accurate gre! scale reproduction. Olerall colour reproduction is
therefore predicted by the degree of parallelism exhibired by the three cunes.

Hish Cohtr.sl
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Fig, 4

Modelling Colour Printing Effects

Contrast Relationships - Crossovers

Given the need for parallel curves. the colour printing conditions for any colour negative film
sample can be modelled by carefully comparing its curyes. Oprimum grev scale printing
conditions may be simulated by simply tracing the tluee D log E cun'es to uansparent overlays
and sliding the taced cunes vertically. (Fig. 5) Ifrhe curves do nor match then rhe film will nor
reproduce a scale of grcys on colour paper. This condition, known as "crossed cun es" results in
priots exlfbiting differing colour biases in highlight, mid rone and shador*.areas. is rhe major
factor affecting image quality in colour astrophorography. (Fig- 6) Even *,here cunes have
parallel straighr line ponions. crossoveE can occurifsubject mafter is exposed on the toe sections
where contrasts often diverge substantially. Crossovers are usually identifiedas anobjectionable
sky background colour which may appear green, brcwn, red, magenta or blue. In fact any colour
is possible. Calculation of a crossover's equivalent printing effect is a relatively simple matter.
If the cuNe disparity is .1 densiry after best possible matching rhen ir will prinr with a l0 ,,unit"

cast. Under ideal conditions, where sky-glow has not been recorded, the background should
appear neutral biack in a correctly exposed colour p nt and dark neutral grey in an underexposed
print.

log i.t E

FIG. S
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al Curvo3 aa plottod

FIG. 6 Crossed Curv.ds in Typicd Colour Negatiw filDr

Speed Relationships

If, after venical curve aligoment, it becomes evident that curve parallelism is improved by sliding
one or mor€ traced curves horizoltally, the degree ofhorizontal shift indicates filradon required
when exposing the film. For example, if the blue curve can be brought into good alignment with
a .4 log E sbift to the right th€n a 4OCC Wlatten Yellow (a density of .4 to blue light) filter in the
imaging lighr path will correct the speed imbalance. (Fig. 7)
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nG.7 FdiNHG400 (35mm format) hrTered 12 hours
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Calculating Reciprocity Failure

Iftest filrn samples given exposures of.6 sec,6 sec,60sec, and 600 sec are plotted as characteristic
cuNes on the same exposure axis of a single sheet of graph paper the cun'es will appear separated
from each other along the log exposure axis. (Fig. 8a)

FIG. 8-{ The cffect of Reciprociqv Law Failure on unhyp€rsemitised and Hyperser$itised
Fuji NHG400 3srnm f'lm.

In the absence of reciFocity failure. the separation \r.ill be precisely 1.0 log *hich corresponds
to increasing exposure factors of lOx. By measuring the disparity between the predicted aid
actual locations of these cun'es accurate reciprociry failule data can be established. It is
interesting to note that the horizonral cun e disparity vades with density. Thc failure is usually
greater at lower delrsities, resulting in steeper and often "kinked" characteristic cun'es. In rough
terms, ISO film speeds ofcolour negatives are calculated from a point on the curve located at a
density of.15 over fog. Piotting the disparity bet$een the actual and expected location ofthe
speed points against log exposure time tlrc reveals a film's lo* intensitt reciprocity failure at
intermediate and extrapolated exposure times. (Fig. 8b)

t'.
I

llHO aOO Alo C!n. Acig.ocity F.itu{.
lha v.rtiel .ri. indiqt.. tog .r..d t6.
in i .top l.3 rosl ln.r.mc.rr

Uniyp.6.tr.Itl..d trlm

FlG. 88 Reciprocit! Failure (blue layer) \HG400 (35rnm). Note that hypersensitising reduced
losses at 30 mins. expostr.e from 2 stops to approx. t/3 stop.
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The value of curve modelling becomes patently obvious when it is found that each of a colour
film's layers is subject to differing degrees of reciprocity failure. resulting in differing emulsion
contrasts (clossed cun es) and relative speeds. Modelling a film's colour and tone reproduction
characteristics by curc tracing and overlay methods can save many hours of trial and enor work
both in the field and in the darkoom.

The Role of Contrast when imaging at the lirnit of a film's response

What lhe majority of amateu! astronomical photographers are ultimately concemed with is
differendadng faint image information such as stars or nebulae (signal) from backgrounds such
as sky fog and chemical fog ([oise) at the extreme limit of the film's response. ff the surface
brightness differences between sky fog and imponant subject are siight it stands to reason that
image informarion extraction may be improved if this difference is exaggerated by the film. If
slightly differentiated subject and background are imaged on a film with a gradient of .5 then the
densit.v difference created on the film \rrill be half their brightness differelce. (Fig. 9)

FIG. 9 The efied of contrast on faint image recording. Tro equal irput brightn€ss rang€s
arc recorded as quit€ ditTer€nt densitr- rary€s depending on film gamma.

If, on the other hand. the film has a gradient of 2. the recorded densily differeoces will be two times
the brighhess differences. The minimum useful density above fog is ultimately determined by
film granulaity. The minimum image densiry must be greater than the random density fluctua-
tiols in the base fog. Obviously higher film contrast enswes more adequate separarion between
base fog and image information. (The concepi of "detective quantum efficiency" is fully
explained by Millikan (1977) and imerested readers are rcferred to this arricle.)

Improving the detecrionofsuch faint objects $ ith black and white materials is arelatively simple
matter due to the fact that overall hlrn contrasr may be determined by the degree ofdevelopment.
Simply extending development time will increase contlast. The populal:ity of technical pan film,
for example. can be attributed, in part, to its inherendy high contrast Because manufacture$
rarely publish development limes to achieve ma\imum contast (gamma infinity) with pictorial
black and white films, sensitometric tests must be carried out to find optimum development
conditions for faint object rccording.
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Unfortunately. colour negarive materiais do nor respond well to extended development. Un-
wanled cross-o! ers due to the fact that each layer in a tripack emulsion develops at a different rate
and unacceptably high levels ofchemical fog normall], resuh wifi extended C41 development_
This hascaused workeN to develop altemative solutions to the colour negative conuastdilemma.
The three most commonly empioyed approaches .[e: "crcss prccessing", "duplicating" and
"stacking".

Cross Processing

Cross processing refers to the technique of processing a colour transparency film designed for
Kodak E6, or some equivalent. in C4l colour negative solutions. Because colour transparency
films usually have gradients approaching 3. fie resulting negarives are extlemely contras!.v.
grainy, and lack the orange integral mask of srandard colour negarive films (Fig. 10A and 10B).

Regrettably this form of processing often produces exueme crossovers although occasionally
some film types are found which produce acceptable oreven excellenr results. (MarlingS&TJune
1994) Because rhe printing characte stics of cross processed negatives ma! be modelled in the
same manner as standard colour negatives. much lime nomallv spent in rial-and-elror freld
testing with new emulsions, exposutes and process variations may be savedby these techniques.

qrw.. .d-st.d tor oprimuh
c.r.!r Fintins ordlitol.

FIG. l0A Ada Chrome RS 1000 Cross Proc€ssed (E6 / C41 hybrid proc€ss)

Duplication

If a normal colour negative with a gradient (ganrma) of .5 is copied onto a colour transparencv
film $ irh a gamma of 2 the resulting image $'ill be a duplicate negarive wirh a gradienr of 1.0 This
is explained by rhe fact that gradients (gammas) are muhiplied in phorographic copying. (.5x2=l)
h is u,onh noring here thar printing from negatives is a form of duplicating and as such follo$ s

the ''multiplication of garomas" rule. This is supponed by the observation that amaleur
astrophotographers who print their own black arld white negatives tend to selecr the highest
available pdnting paper confiast when faint image information is imponant, Complete graphic
modelling ofduplication invoh,es the use oftonal quadrant diagrams and is beyond the scope of
this paper. However if the characteristic culves of anv duplicating materiai are found to be
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reasonably straighr and paJallel. the duplicated images will have theirgradients modifiedwirhout
excessive cross-over. A novel duplicating technjque was reponed by Marling (S&T June 1984).
This approach invoh'ed printing negatives to a colour print hlm with a gamma of approx imately
3 and only partially bleach-fixing the silver formed during colour processing flom the duplicate
irnage. Therefore thefinal image consisted ofboth dye and silver components. Unfortunately this
process rcduces coiow saturation in the denser image portions and the long-tem presence of
melallic silver in a colour emulsion probably accelerates dle fading.

Recent sensitometic uork has yielded stiil anolher duplication technique. If a high contrast
colour negative film (Kodak Vericolor Print film ) is processed in a reversal mode (E6) a high
contrast (garnma 3) lransparency results. Aralysis of the D log E cunes shoued these to be

remaJkably straight and paratlel (Fig. 1la). When a normal cont.ast colour negative (Fig. 1lb)
is exposed to this film. processed in reversal mode, a high conlrast colour negative results. (Fig.
l lc) With appropriate printing filteradjustment anegative withoutthe t_vpical orangebackground
is possible. (Fig. l ld)

FIG. 11A Charact€ristic Cure€s, Kodak V€ricolour Print Film proc€ssed in E6 chemistry
to form positiye images for duplicating colour n€gatives.

Stacking

Although negative sracking has become popular with colournegarive film the technique applies
equally to black and white imaging. Essentially this technique is an extension of conttast
increasing masks and relies on the facr that when two idendcal images are superimposed in
register (stacked) their densities and garnnas arc added. Thus if two different negatives of the
same star field (or a negative and its contact duplicate) are printed in register the rcsulting pdnt
will have twice the contrast ofa singie negative. Where two different negatives are employed the
number of grains (ortheirdye equiva.lents) perunit area arc doubl€d resulting in "smoothei'print
grain patterns. The sensitometric effect ofstacking is easily modelled by lhe methods previouslv
descdbed. (Fig. 12) Because densities are doubled by stacking, a curve can be re-plotted with each
measured density lalue doubled. Although faint image discrimination is enhanced by contrast
doubling, it is wonh remembering lhat colournegative hlms have three layers, eachofwhich may
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have differing contrasls. This means that where acrossoler is present in a negative. the effect is

doubled by stacking. when masked negatives are stacked, the mask delsities aje also doubled.

Pdnting conditions musr therefore be modified lo accormodate the additional mask colour. It is
wonh noting hele that there is no faint image recording gain where t\lo differently exposed

negatives are stacked. This is explained by the fact that contrast doubling cannot occur in the toe

region of the stacked image pair where it is needed.

FIG. T2A FIG.l2B

Th€ sensitom€tric etrect of'stacking' t'o unh$ered NHG400 (35mm) colou. negatiyes. The c.oss ov€r
€flectr ir€ doublcd, wh€n appropriate cam€ra hlteN ar€ emploled, cross overs are d.am.tic.lly reduc€d.

General Observations of Hypersensitised Colour Negative film Performance

A brief review of the amateur literatwe reveals that Fuji NHG 400 is the coiour negative film
prefened by most serious astrophotographers. The effect of hlpersensitisation on this emulsion
was therefore tested fimt. ln order to save cost. sensitometric testing was first carried out with
35mm film. The curves produced indicated a severe speed imbalance in the blue sensirive layer
which appeaJed to be approximately .5 log faster than the red and green curves (Fig. 7). Vertical
curve displacement suggested lhat these negatives would print with such extreme yellow / blue
crossovers that the results would prove unacceptable, panicularly if stacking were employed.
Horizontal curve adjustmeniusing tncad overia!'s indicated that excellent colour balance should

be achievable with 50CC ofyellow (.5log mirus blue) filtration onthe camera. This is currently
being field tested. when the authors tested the same film in 120 format the speed imbalance was

found to be significantly less. (.2 log) This suggests that 35mm film is designed for mixed light
sowces containing a significant proportion of tungsten while the 120 emulsion's spectral
sensitivig more closely approximates to daylightrcquiremenrs. Although these are early results,
the obsenations of emulsion formulation differences would indicaae that this manufacturer has

designed the larger format film for professional rather than amateur applications. This finding
indicates that, although manufacturers provide generic data sheets for film emulsion types,

medium format ard small formai emulsions will in furure require separate testing.

Il the process ofincreasing film speed, gas hypersensitising tends to effect the toe ponionofthe
characteristic cun'e theaeby flattening contrast in toe areas where contrast is often most needed.
Varying hvpersensitising by 6. 12 & 24 hours indicared that even primitive hypersensitising
techniques may prove remarkably effective. For example, it was found that 6 hours in fogging gas

reduced reciprocity failure in NHG400 for a ten minute exposure time to only 1/3 f stop (.1 log)
and that additional gas immersion time added only a marginal improlement.
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Concluding remarks

The image modelling techniques oudined in this paper have been presented in sufficient delail to
enable the reader to implement his or her own practical testing procedure. Ho\\'ever the real $ orld
is ahrays infinilel) more complex than the bes! models used to explain i! and it is limel"v to note

here that although grey scale reproduction is critical for good colourreproduction it is notthe onl]
determinant. For the sake of clarity and manageabili!], a number of imponant issues in
astronomical imaging have not been addressed in this work. sky fog. for example is not
'.91qu11s55 ' and rvill probably influence rhe grcen sensllive Iayer b! teducing contrast and thus

effecting colour balaace. The line spectral distribution ofastronomical light sources and holl the

lines relate to film spectral sensiti\i!)'-.. the potential effects of recentl) developed image

subtracting effecrs in colour films ard lhe effect of 'punch through" where. for example. blue

exposure effects green and red. are just some ofthe complicating factors affecling asronomical
image quality.
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ArlorxeR U ruusuRl TelescopE

BARRY ADCocK
A strofi otuic al S o c ie t t' of Vic t o ria

Abstract

A long focal length telescope with an unobstructed light path and a closed
tlrbe offers the best oppofiunity to obtain high resolution images of double
stals alld the Sun, Moon and planets. A large focal ratio is necessar]' in
p.actice because the optical figure is likely to be superior to that of an
insfument of smal]er focal ratio due to the increase in sensitivity of rhe

optical tests available. The classical refractor meets these requitements
and when the focal length is long, chromatic abenation, as rvell as

sphedcal aberation, and off a,\is coma and astigmatism can be broughl to
a very high level ofconection.

Unless the light path is folded, necessitating further reflecting surfaces,
a long focal length refractor becomes heavy and difficult to moun! and
operate. A solution to this ploblem is to use a lajge steerable optical flat
to reflect the light into a stationary insfument. The configuration can
suppon much heavier accessodes such as sp€ctroscopes and large
cameras and the image may be viewed from a comfortable room.

The author has constructed a 200 mm ach.omatic refractor with a focal
Iength of 6 metres (f/30) fed by a 300 rnln steerable oprical flar. The
instrument is driven by computer controlled stepper motors and ma-!
operate as a conventional telescope by night or as a solat telescope and
spectrohelioscope by day. The paper describes the design criteria for
constructioo of such an instrument and the special requirements to
optimize its use.

l lntroduction

The telescope described in this paper was originaily the result of an idea to make an

instrument dedicated to observiDg the Sun. The aim was to produce an instrument which
$,ould exhibit optimum rcsolving power with high image confast. In addition, good obsen'er
comfon ard tolerance to extreme temperature changes were desirable features. The instument
was to have a high dispersion spectroscop€ and was to double as a spectrohelioscope for
obsen'ing the Suo in specific lvavelensths of light. As work progressed (spanning man]'
yea$), it became apparent that to construct a telescope solely for observing one panicular
object was an unaffordable luxury. The project was extended to include the extra specification
that the insfument must function as a conventional telescope $'hen pointed at the rdght sky.
Fortunately the latter requirement is nor difhcult to achieve other than the facr thar an area of
sky much u'ider than a strip 23.50 eithe. side of the celestial equator must be coveled.
Although the project is not complete, the instument is functional as a telescope and its
constflrction has raised some interesting design points which will b€ discussed in this shon
paPer.
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Figure la: Siderostat mounting where light is projected upwards along
the polal axis to a fixed telescope.

2 Theoretical Considerations

Not withstanding the gross excess of light, observing rhe Sun is much fte same as looking rie
Moon and planets in that excellent resolving power and h.igh image contrast and good seeing
conditions are required to see frne surface detail. Recently much has been wrinen on the topic
of resolving power and image quality (Zmek, 1993; Suiter, 1995). It is not possible to cover
the development oi all the relevant p.inciples in this paper however a sufirnarv of the points
pertaining to this projecr is presented below. Optimum resolving power and high image
conlras! mav be achieved by attention to three points;

2.1 Minimize the Obstruction to the Light Path

It has been shown theoretically and in practice (Zmek, 1993; Suiter, 1995) that the presence of
a light path obstruction in the form of a secondary optical elemena and the mecharical supporl
to keep it there, are detrimental to image qualitv and the deterioration is a direct function of
the size of the obstruction. The effect may be minimized in a Newtonian or classical
Cassegrainian telescope by making the secondary as small as possible. This in rum implies
making the focal length long. The seconda4'suppon mechanism is eliminated in catadioptric
instmmenls such as the Maksutov and Schmidt-Cassegrainian telescopes by mounting ihe

Prima^ FIat
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Figure lbl Sidercstat mounting where light is projected downwards
along the polar axis to a fixed ielescope.

secondary directly on to the surface of the corrector. The central obstruction and its suppon
are avoided altogether in the refractor and the various forms of tilted component telescopes,
loo numerous to discuss here.

2.2 Optical Excellence

The most important feature of any telescope is that it must be optically excellent. The
consensus of opinion seems to be that an optical system with a wavefront elror of 1/20 ol the
wavelength of yellow light (approximately 550 nm) or less is necessary to attain an image
wherc ary further improvement to the optical quality would go unnoticed at the eyepiece.
Theoretically this applies to any optical design of any focal length but in practice simple
designs with few optical surfaces and long focal length work best. It should be.emembered
that the sensitivity of optical tests va-ries as the square of the focal length, thus a loflg focal
length telescope is likely to be optica.lly better than a short focal length instrument of the same

aperture.

2.3 Atmospheric turbulence

There are many aspects of atmospheric nrrbulence that lie beyond our conuol. It is apparenr
however that a telescope with a closed tube is less susceptible to tu.bulence than one wilh an
open tube. Refiactors, catadioptric telescopes with full aperture conectors and any other
instrument with an optical window will be less susceptible to poor atmosphedc conditions.

Nonh

Secondar!
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Figure 2: An exemal
vie!,! of the telescope
in its weather
protected conditiotr.
The secotrdary flat is
mounted belo*. the
wooden deoking at the
right.

Taking all the poitrts itrto account, it was decided to cotrstruct a very long focal length
refiactor in a stationary configuration and to direct light to the itrstrument by enployiry a large
optical llat.

3 Basic Layout

The advaatages ofusing a sationary telescope are:-

I The telescope may be made with a \€ry long focal length. The same telescope on a
coovetrtiotral mounting would be a very cumbersome instrument and probably very
difrcuh to use.

a The image nlay be piojected hside the house or garage where obsening comfon is
iryroved and the position of the e1'epiece is 6,red.

a Ex?eNive equipmetrt $rch as coryuters and CCD cameras oay be operated more safely.

o The telescope is more amemble to the use ofhearry accessories such as a specfoscope.

,I
.\

,..ru.
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Figure 3: The external cover has been pushed back over the top of the
struclure by a 12 volt dc motor. The ciosely fitting dust cover to protect
the secondary flat is op€n.

It is possible to direct light into a starionart telescope of any odentatio[ using an optica]
flaL In order to follow a particular object the primary flat must driven on lwo axes ln a
complicated manner probably under computer control. The movements ma-y be gread-v

simplihed by employing one ofthe following configurations.

3.1 Coelostat Mounting (Sinnott, 1985)

The coelostat mounting uses an equatorially mounted optical fla! sreerable on a polar axis bur
fixed in declination such that the normal to its sudace always points to the celesiial equator.
The mounting .equires a constant speed ddve of half solar or sidereal rate in light ascension to
foliow a si[gle object but a second moveable flat is required to collect light from objecrs of
different declinations. This conirguration has poor sky coverage but it does project an image
of the sky that does not rotate. The concept is used by many of the world s Solar
observalories.
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Figure 4: The brick pit is shown with the secondary flat mounted in
place. The dust cover is closed.

3.2 Siderostat Mounting (Cox, 1964)

The siderostat or heliostat mounting is simpler in many respects. In its simplest folm it is an

equatoria.lly mounted flat mirror which reflects lighr from a celesdal object either up or down
the polar axis. The fixed telescope may be placed directly in the light path or another flar ma,v

be employed to produce a more convenient operating position. The final configuration
depends on the position of ones house or fence or the placement of large trees, Figures 1a and
1b shows just two of many possibilities.

After taling into account the position ofthe basement of the holrse, its nonherly aspect and
other local constraints, the plallning and construction of the equipment proceeded along the
lines shown in figure lb. The construction of the mounting and its position control system
were described in a papgr prcsented at:rn earlier NACAA (Adcock, 1978). Figure 2 shows a

photograph of the assembly in its closed weatherproof position. The walls of the enclosure
arc fabricated from fibro-cement sheet in a steel fnme. The observatory has two shutters, one
at the front which is opened by a motor for normal observing ard another at the rear which is
opened manually for mailttenaoce. Both shutters have a steel frame covered with galvanized
st€el sheet. All walls and shutters are lined and packed with insulating bats and heat reflecting
material. Figure 3 shows the same equipment with the observing shufter open. The siderostat
mounting carrying the primary optical flat is clearly visible The mounring irself stands on a

frame of welded steel angle restirg on a concrete pad.
The secondary flat resides app.oximately 0.5 metres underglound in a brick pit. Figure 4

shows the secondaly flat with its protective dust cover in place but with its weather protecring

46



A o|her Unusual Telescope

cover removed. All shutters and covers are operated remotely from lhe observing position b_v

the use of automobile windscreen wiper motors.
Figure 5 shows a view of the eyepiece end of the telescope. The assembly is bolted to the

inside of the house wall aad is sealed around the perimeter to reduce drafts. The focusing lube
itself is l0O nun in diameter and moves horizontally on four phosphor-bronze wheels
although traction is achieved with a rack and pinion, a hybrid Crayford conveniional
mechanism. The focusser is equipped with a turret to carry four evepieces (three 1-114" and
one 2" diameter), a longitudinal scale for repetitive focusing and a graduated circle with hne
rotational control for accurate measurement ofposition angle.

The horizontal underground section of the telescope is fabdcated from the steel walls of
the kid's old swirruTring pool. The tube buried 0.5 metes underground with ample drainage.
It has soil and pot plants on top and does not need any further insulalion. It should be noted
that the presence of plants and shrubs in the vicinity of a telescope not only offers shade ro the
equipm€nt by day but also has a stabilizing effect on local atmospheric turbulence.

4 Optical Design

ln irs simplest form the telescope is comprised of a 200 rnrn objective lens and two large
optical llats. In the following sections fie basic oprical specifications of each element will be

described.

4.1 The Objective Lens.

The objective lens is an ackomatic doublet of 206 rnm (8 inch) clear aperture and 6096 mm
(240 inches) focal length making the f-ratio f/30 . The crown and flinr elements are BKTW and
F2 respectively and the blanks were purchased from Ohara glass company irt Japan. The lens
is an aplanatic design where coma and spherical aberation are brought to a very high degree
ofcorrection. The colour conection is optirnized for yellow-green iight (d line 587.6 nm). The
elements are designed to be mounted in "contact" with the crown element leading. Contact is
achieved in practice with a thin layer (estimated to be 0.005 mm thick) of microscope
imrne.sion oi]. The oil has a refractive index identical to that of crown glass * ithin three
decimal places thus the ioner two surfaces almost vanish as far as reflection of light at the

interface is concemed. This is importarlt because none of the surfaces are coated with an anlr
reflection coating. When considedng rgflection loss at a surface the pair may be thought of as

having 2.1 surfaces rather than four. when assembled in the above manner a small runount of
residual spherical aberation is left if all rhe surfaces are spherica.l. This is eliminated by
siightly figuring the front sudace to an eliiptical shape.

4.2 Primary Optical Flat

The primary optical flat referred to in figure 1b is made from zerodur (zero expansion ceramic
from Schott Glass company, Germany). The blank was purchased many years ago when the
price of such items was "reasonable". The optical flat is 300 mm in diameter, 50 mm thick
and is mounted on a nine point flotation system in a fiberglass cell. When tilted with respect
to the objective iens the projected cylinder of light on the flat defines an elliptical area. The
maximum tilt (while fully illuminating the objective) is therefore an angle whose cosine is
200 mm,/300 mm or 48o. The primary flat can therefore fully illuminate the objective lens
from the nonhem horizon to a declilation of -60. With a small loss of light the entire sky
from the northern horizon to the southem extremity of the ecliptic may be covered.
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Figure 5: Intemal view of the observing room in the basement of rhe

house. The focussing mechadsm is shown with the eyepiece tuffet
mounted in place.

4.3 The Secondary Flat

The secondary flat (also zerodur) is 200 mm in diameter and 35 rnm thick. It is mounted on a
nine point floatation system on a fixed mounting under g.ound (see figure 1b). The a,\es have
frne ad.justments for alignment purposes only.

5 Performance and Future Directions

The telescope saw first light in August 1995. At the time of w.iting rhis paper, rhe effecrs of
heating and ventilation during hot surnner days are not known. The effects of cold ftosty
mornings are known however. It must be said that a small heater installed close to each
optical surface to prevent the fo.mation of dew is essettial. The presence of dew is
intolemble during observing sessiorc and it also has a detrimental effect on the coated mirror
sudaces. The observer from a remote location is totally reliant on the eiectric motors and the
electronic drives and position encoders. This may be seen as a disadvantage but ir is a

characteristic of the design.
The telescope performs as you would expect aty f/30 refractor to work. Chromalic

aberation is negligible and there is no sign of astigmatism originating ftom the rilted mirrors.
Hopefully I will be able to present some sedous obse ations made with this insftument at
future NACAAs.
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Abstract

The publication of the book The CCD Camera Cookbook it euly !994
beralded a new era in astrophotography. Although CcD-based detection
systems have existed since the mid-1970's, amateur astonomers could not
access this type of equipment due to several factors, including high cost of
components and complexity of constructiol methods, The CCD Camera
Cookbook however has allowed amateur astronomers to construct a high
quality l2-bit sampling device with a 378 x 252 pixel field at an

affordable cost. Reviewed are several aspects of the camem's construction
and the results obtained with this camera.

lntroduction

Currently available commercially-designed CCD cameras for the amateur astronomer
currently cost between $1,400 and >$5,000. Although extremely elegant ar|d efficient
detectoG, their constuction is beyotrd the scope of many amateur asronomels. An
insufficient number of designs exist to allow beginne! electronics technicia$ the opponunity
to investigate and adapt designs for use in amateur cameras. The publicatiol of the book The
CCD Camera Cookbook (Berry et al.,1994) has filled this hole in the aiea of CCD camera
construction for the amateur astlonomer. The book details each step in the construction of the

separate systems of the camera (except the computer) as well as fabrication of the
components.

The "Cookbook cameras" are based on two chips from Texas lnstruments, the TC2l I and
the TC245. The TC2l1 chip has been used for several years in at least two commercially used
cameras. It has been incolporated illto self-guided CCD cameras as ao 8-bit sampling device,
however this has underutilised its potential since it has shown itself to be exfemely efficient
as a i2-bit sanpling device suitable for planetary photogaphy (Parker and Berry, 1992). The
Iarger TC245 chip possesses larger pixels as well as a larger chip size. As a rcsult, it is a more
seltsitive detector than the TC2l I aDd is more suitable for deep-sky imaging.

The use of two designs was done in order to allow potential buildels the option of building
a less expensive ve$ion of the camera (CB21l) before embarking on the larger camela, the
C8245. Furthermore, it also a.llows buiiders to construct the camera most optimised for their
f/ratio.

The book also details the use of the camem, its software and explains the theory of
operation of the electronics. Image acquisition softwarc is supplied in the book aDd is
upgraded to registered users ofthe book.

Materials and Methods

Construction
A Cookbook CB245 CCD camela was constructed according to the instructions in The

CCD Camera Cookbook, using pafis obtained frorn UniveGity Optics. The only a.lteration
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from the design in the book was ou! inclusion of a thermister probe of an electronic
thermomete. which we used to obtain the cold-finger temperature. Irnage acquisition was

achieved by the softwarc prcvided in the book (245Plux.exe) while dark field subtraction,
flat-fielding, unsharp masking and other image processing was achieved by the coqunercially
availabie image plocessing program SuperFix.

lmaging Procedure
we used a 0.01-m f/10 Maksutov telescope on a Zeiss mount for eyepiece-projection

imaging of the Moon. A mask was used to reduce the apertu.e to 2 cm and a 9-mm Nagler
was used to increase the focal ratio to f/200. A further reduction in light transmission \\,as

achieved using a #47 Wratten filter. Deep sky images were achieved usilg the prime focus of
either a 0.36-m f/ll schmidt-Cassegrain telescope (Celestron i4) at Stewart Observatory
(Queensland) or a 0.32-m fl10 Schmidr-Cassegrain telescope (Meade 12). Due to the poor
tracking abilities of the 0.36-m telescope mount, only ls-second exposures could be obtained.
These were stacked in order to increase the signal/noise ratio ofthe resulting images.

AII deep-sky images were dark-field subtracted, flatfielded (unless noted otherwise),
histogram-optimised and then suetched in order to ach.ieve oprimum image quality. Lunar
images were passed though an unsharp mask using a 3X3 pixel matrix (Berry, l99l ).

Results

lmages
Figure I is all image of the lunar southem highlands obtained with the 0.01-m Maksutov

using a o.I-second exposure through a 2-cm aperture and a #47 wratten fiite!. The #47 filter
was used due to its low tralsmission (37o at 463.8 nm). However since the peak of
ftansmission of this filter is in the deep blue, the image would be mosr susceplible to
atmospheric scattering. Consequently, the small resolving power of the 2-cm apenure and the

isolation of the most scanered wavelength in the visible spectrum mears that a poor set of
conditions was used to achieve the image shown in fig, 2. However fig. 2 shows that the

rcsulting image is better than, or at least comparable !o, results which can be obrained using
emulsion photography and apenures in excess of l0 cm. This figure also shows the distoftion
introduced irto the image by the off-axis placement of the sensitive surface of the TC245
chip.

Figure 2 is a go-second exposure of NGC 2261, Hubbles Variable Nebula obtained using a

0.32-m Schmidt-Cassegrain. Faint nebulosity is visible which is normaliy obtainable $ith
exposures in excess of l0 minutes using 400 ASA ftlm. Figure 3 is a sum of two 15 second
exposures of the inner region of M42, the Odon Nebula obtained using the 0.36-m Schmidc
Cassegrain. Some blooming has resulted from saturation of the detector by the b.ight sta$
present in the Trapezium. Figure 4 is a sum of two 15-second exposures of the Eskimo
nebula, NGC 2392. Using image processing techniques (histogram optimisation and

suetching), two faint shells of nebulosity alound the central star are shown.

Characterisation of Peltier Device Cooling
To cool the TC245 chip, the camera uses a Melcor CP1.4-71-06L peltier device $hose cold

side cools a cold finger which is contact with the lower surface of the TC245 chip ceranic
housing. The hot side of the peltier device is coolgd with a water-heat exchanger, The peltier
device is designed to run up to a maximum of 8.5 V. A linesr remperature (T) vs voltage (V)
relationship exists between 0 and 4 V. Above 4 V, the efficiency of the device decreases and a

further increase of 3 V (VTotal = 7 V) produces only a further looc drop in cold hnger
temperalute.
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Operation of the peltier device without a water heat exchanger is possible up ro -1.5 V.
Beyond 1.5 V, the hot side of the device may fail due to melting of the low melring
temperature solder used in its construction. At 1.5 V, we found a reduction of the cold-irnger
tempemture to approximately 5oC while ope.ating under room-temperature conditions.

Once set to 7 V, a 6T of 50oC was achieved in approximately 15 minutes. When the

voltage was then reduced to 0.5 V, the temperature rose rapidly due to condlction of heat
from the hot side of the peltier to the cold finger. When reduced to 0 V, the temperature
overshot the ambient temperature and then retumed to ambient temperature levels.
Consequently, the camera can be used within 15 minutes after the peltier is turned on.

However more tirne is required for the entire camera head to thermally stabilise if thermal
noise is to be reduced to a minimum,

Noise Levels
Noise can be temporal, varying in a certain pixel over time, or it can be spatia.l. varl.ing

over the surface of the chip. Thermal noise cal be reduced, though not entirely eliminated
though the use of thermal signal subt action. Quantisation noise can be reduced though the
use of a high-bit analogue-to-digital convefter (ADC) such as the l2-bit AD1674JN conYerter
used in rhe CB245. Readout noise can be reduced through the use of correlated double-
sampling which is also used in the C8245, while photon flux noise can be reduced lhrough
the use of long exposures, or stacking exposures (Berry, 1993t Buil, 1991). A more difficult
source of noise to eliminate routinely is RF noise resulting from poorly shielded electronics
around the camera. We shielded all electronics in faraday-cage cases and found the resulting
noise is usually below 2 RMS pixel values.

During testing of several Cookbook carnelas, the original designers produced a software
ald hardware upgrade. The hardware upgrade produced significantly reduced dark cunents.
thus allowing longer exposures of I hour, with reduced thermal noise being present. The
theory ofthis Low Dark Cu.rent (LDC) modification exploits the fact that the signal produced

by the photoelect c effect is generated deep within the silicon substrate of the CCD chip.
while the fiermal noise arises chiefly in the surface of the sub$rate. The LDC modification
allows a bias to be set up between the upper ald lower layers thus isolating the electrorls
produced by the photoelectric effect from those produced by thermal effects. Once installed,
the LDC can be toggled on or off using the upgraded software, 245Plus.exe. we have nol yet
tested rhe Low Dark Cunent upgrade.

Discussion

The CCD Cookbook Camera is an inexpensive CCD camera which can be built by amateur
electronics technicians with access to a lathe ard basic electronics equipmeot- lt's construction
is supponed by an excellent technical manual (The CCD Camera Cookbook), a ne\r'sletter
plovided by one of the authors of the canera's constnrction (Richard Berry), and lechnical
suppon via e-mail with one ofrhe authors of the came.a's construction (Richard Berrt)-

The 12-bit digitising level of the camera's ADC ensures that sufhciently accurate
quantisation of light levels is providgd to allow for accurate photometry, while slill keeping
the cost of the ADC low. The 6.4 X 4.8 mm chip size ensures that a relatively large sampling
area is provided (for amateur sized telescopes), while still keeping the cost of the CCD chip

small- The cooling system, though cumbersome, is capable of achieving a 6T of 50"C and

together with the LDC upgrade, ensure that exposures of up to I hour are possible with a

minimal contdbution from the thermal signal. Both the C8245 and the CB2l I (not reviewed
here) cameras can be further modified to function as autoguiders. similar to the ST-4 and ST-
4X, \r'ith instructions provided in the manual. The higher quantum efficiency of the TC245
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chip in the blue region of the spectrum ensures that long exposures with blue filters during
tricolour photography are not necessary. Tricolour photography with currendy available
conrnercially built CCD camera's utilising the Kodak KAF0400 chip display a poor blue
rcsponse and require extremely long exposures with the blue filter, usually a Kodak Wratten #
47.

The C8245 camera can be used in two modes. The original foIm of the chip contains 755
x 242 pixels with 8.5 mm X 19.7 mm pixels. By combining adjacent pixels, the pixels can be

binned to achieve a 3'/8 X 242 prxel format (17 [m X 19.7 pm pixels), suitable for pjanetary

imaging, or a 242 X 252 pixels format (25.5 pm X 19.7 pm pixels), suitable for deep-sk.r
photography.

A misconception among CCD users is that a greater number of pixels is more favourable
for the quality of an image than a smallgr number. Although a great number of pixels is more
likely to capture all the information present at the focal plane than a small number, it is
possible to oversample the image arld rhereby end up with a large file despite the fact that a

smalier sampling rate would have sufficed. For the CB2l1, the optimum f/ratio required to
satisfy the Nyquist sampling theorem is fl40 @erry, l99l). Above f/40, oversampling occurs
and the amount of data ffansfered by the camera from the focal plane to the file is increased
unnecessarily. Even at half the optimum f/ratio of f/20, enough data is transfened to capture
most of the information. For the CB245 operating in a 252 X 242 pixel mode, the optimum
f&atio is f/65 and f/52 in the 378 X 242 pixel mode. Thus, for planetary photography. the
CB211 canera is most suitable. Nevertheless, when operating in the 378 X 242 pixel mode,
an f/ratio of even f/25 wi still capture a significant fraction of the infomation supplied by
the telescope, and is a far easier f/ratio to achieve than the >f/100 required using fine-grain
film like Kodak Technical Pan 2415, still the film most suitable for high-resolution planetar)'
photography. Conversely, it is obvious that CCD users using a camera with a grcat number of
pixels should be operating their camera at a large f/ratio to adequately sample the image at the
focal plane, a situation which rarely occurs.

We encount€red one minor problem duriDg the constnction of the camera. Despite the

desigoers insistence on the p.oject being suitable for most individuals who aje adept at

handling electronic components of small delicate insfuments, the project requircd more
knowledge of the theory of electronics and electronic circuit construction. Problem solving
through the use of an oscilloscope is necessajy.

A minor design flaw is that the off-centre placement of the sensitive area of the TC2.15
chip in the head of the camem meart that the focal plane was sampled slightly off-axis and as

a result, showed the optical flaws present in nearly all telescopes operating at a high f/!atio.
This design flaw can be alleviated by incorporating an e.vepiece tube slightly off-centre in
order to place the sensitive area back on-axis, however this requires further custom designing
and machining by the builder. Plans for this modification are not included in the manual. This
situation arose because the TC245 chip is a frame-transfer device with a non-sensitive slorrge
area adjacent to the sensitive surface of the chip. Neither the sensitive area nor the storage

ajea are on-axis. An example of the image distortion resulting ftom this is demonstrated in
fig. l. and is evident only when using high flratios- However significant vignetting can also

occur in deep-sky images. This can be alleviated through corect flat-fielding of the images
which we were able to achieve easily.

The sofrware is exEemely easy to use. It is MS-DOS-based and does not rcquire a mouse
and call be run on an lBM-compatible 286. Furthermore, the software enables the camera to
achieve functions which more expensive currently available cameras cannot. For example. the
m kiple ifiages command allows the camera to obtain images consecutivel,v and
automatica.lly with a predetermined interval. This is invaluable for following the progress of
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cvL'nls such as ilsteroidal or planetary occullatlons of surs, fltre star photontetrv and
pholo-qraph,v of rapid corlel motion_ In generill, thc C82,15 is suitable lor usc in tnv ol rhe
obscnalions lbr which CCD canleras are \lell suited to. These jnclude thc patrol of planerrry
featurcs. aslrometry. exttemeiv accllrate fhotomctn' and, assnming the tclescope/CcD
opcration is fas! dnd uutomated, a rival 1o visual supcrnova seirchins.

Figure 1: '1he lunur
soLllherD l)rLhllrlld5.
i\ 0.I 5r'c .\pojtlr'.
Sonrc di'tor Lion is

\ isible nerr rhe

l{r\!cr rilhl

Iiigure 2: NGC
exposure inxse
Thj! inage \', as

ll6l, Hubbles Varirble
obtrined using a 0..12-nl
rot farfiel(led

ncbula. A cropped g0 second
Schmldt Cessesrain teiescope
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liigure 3: The cenrfc
of lhe Ori(D nebula
T*'o li-\erond
exposure\ stacked
afiL'r hi\loqrl}nl
oplimisation rnd
strelching. Obtain!-d
using the 0.i6 nr

Schn]idGCassegrain
leles!'ope ct SteNart
Obser\ at(n1.

Figure 4: Thc Eskimo
nebula. \CC 1391.
The Ieti inllgc sho$.\
the inner h]lo and

central slar. The
image \\ as then
streiched to leveal thc
outer halo. Obtained
using ir 0.36 m
Schmidr-Crssegrain.
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CeruteruRny Or rHE PERIH OesgnvRroRy

Joh'PERDRA
Astronomical Socie+- of Westem Ausffalia

Abstract

Most of the Colonies in Ausralia founded astronomical obseFatories in
the nineteenth century, with two reaching centennial celebmtioos and only
one remains as an active, state-funded astronomical observatory. Western
Australia was the last Colony to establish an observatory in 1896 on Mt.
Eliza, West Penh, sufficiently removed from the heart of the city at that
time.

Because of its global remoteness, Perth Obsen'atory was destined to
specialise in positional astronomy. It produced the Penh 70 catalog[e, a

southem hemisphere catalogue of excellence. With Rio Janerio unable to
carry out its pafi of Lhe Ca e due Ciel, Pefth Obset\atory was invited to
participate and photography of the designated zone, 3lo to 4lo S

declination began i[ 1901.

The growth of the city of Penh and the incumbent light pollution
caused the relocation of the Observatory to Bickley, some 32 kilometes
east of Penh, in the mid-1960s. This achieved increased activity for nearly
two decades, when the Observatory was thJeatened with closure. Today.
wirh increased staff and work load, we look forward to celebrating its
centenary in 1996 September.
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Permanentlv secures and houses your telescope,

Built of industrial strength fibreglass.

The dome provides protection from \rjnd and stra_v lisht.
Very easy to use - simply open the door. lift the batch and moments laret you are
viewing the stan in tranquillrty and comfon.
Transportation and assembly is simple - all fittings included.
Special inroductorv prices.

Guaranteed quality and satisfaction.

STATISTICS

Blmson4500
4.5m

3.34r'],

Rolates on 2.1 horizontal and 2,1 vertical nllon wheels mating it very easy to use by hand or elecrric
motor. Electrical sbutter i s operated by 12v barrery- . Shelves or table top can be secured to the inside of
the dome or tables can be fixed to the floor rcruming backwards inro the sphere. leaving tull floor area.

For further information call Colin Blumson on (074) 467 449 or Fa\ on (0741 468 544
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Tse ScrerurrFtc SupERNovA SURVEv

IAN WrLsoN
B risbane Asrronomical Socie n^

Abstract

Ten SEQAS amateur asffonomem have fomed a g.oup to conduct a

supemova search with a difference. This search will be used to confirm
whether or not the properties of the underlying galaxy plays an important
role in the likelihood offidding t)?e Ia alld type Il supemovae.

The main aim of previous supemova searches has been ro find
supemovae. ln these searches, little regad has been given to the possibiliry
that the supemova rate may be critically dependent on the propenies of the
underlying parent gala\y. As a consequelce, the strategy for conducrrng
these searches has been to obseNe as many gala\ies as possible in the hope
of fltrrding one or two supemovae. The sheer number of galaxies $at must
be obsen'ed to successfully conduct these tvpes of searches has been bevond
the resources and time of most amateur groups-

We repofi on a method which can be used by a small but well disciplined
group of amateurs with 20 to 32 cm telescopes to target those galaxtes
which are most likely to produce supemova events. This method greatly
reduces the number of gala-\ies thal must be monitored in order to
successfully find supemova phenomena.

A. The lntrinsic Supernova Rates ln Late-type Spiral Galaxies

Data published by Van den Betgh et al. (1987) car be used to estimate the intrinsic
supemova rates for Type Ia, Ib and II supemovae in late-type spiral gala-xies (i.e. Type Sbc-
Sd). Their paper indicates that the overall supemova rates for all galaxy types in the Shapley-
Ames Catalogue are 0.20 S\"U for type Ia supemovae (SN Ia),0.24 SNU for Type Ib
supernovae (SN Ib). and 0.70 SNU for Tlpe II supemovae (SN tr) (one SNU is defined as one
supemova per 10r0 Ls{o t per century and a Hubble constant of 80 kms 

I Mpc I is assumed).
Unfortunately, the .esults published by Van den Bergh et dl. (1987) are for all galaxy types

(including ellipticals and lenticulars). This means that, if we are to get the true rates for Sbc-
Sd spirals, we need to correct their published rates for rhe fact that SN II are only found in
spiral galaxies (i.e. tnes Sa-Sd) while SN Ia are found in both elliptical and spiral galaxies.
we know that this correction does not significantly affect the roul SN rate, since Va[ den
Betgh et al. Find that the total SN rate for Sbc-Sd spirals (-1.0 Sr."U) is very similar to the
lotal SN rate for all galaxy types ( 1.14 SNU). However the conection does affect the ratio of
SN tr rate to the combined SN Ia and Ib rates (hereafter referred to as the SN I rate). All we
can say in this case is that the value of -1.6 for the ratio of the SN II to SN I rates for rll
galaxy types must be a lower limit to the true ratio for Sbc-Sd spirals, since the SN tr late in
late-t-vpe spirals is likely ro be significantly higher than the rate for all galaxy gpes.
Recognising this source of error, we adopt the rates from Van den Bergh et al. (1987) for all
Sbc-Sd spirals.

If we assume thar the average blue luminosity for Sbc-Sd spirals is similar to that of our
own gala'(y i.e. 2 x l0'0 t{. then tie expected supemova rates for these type of galaxies are
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-1.4 per century (or once every 71 years) for SN tr, -0.5 per century (or once every 208 years)
for SN Ib, and -0.4 per century (or once every 250 years) for SN Ia.

This means that, ideally, we would expect to see rougtlly 1.4 SN tr,0.5 SN Ib and 0.4 SN
Ia if we were to monitor a sample of 100 Sbc-Sd spirals for a period of I year.

B. The Relationship Between Supernova Type And The Underlying
Parent Galaxy.

Work by Richter and Rosa (1988) aad Wilson and Schultz (1996) has shown that there is a

sub-population of lare-type spiral galaxies thal have SN II mtes that are enhanced b.v 5 ro 70
times the nolmal supemova rate. I'he enhanced SN II rates are a dirccr result of a recent burst
of star formation in these galaxies. Wilson and Schultz (1996) have discovered that the spiral
galaxies which exhibit the enhanced SN tr rates (i.e. burst ga.laxies) can be distinguished from
their non-bursting counterpans by the fact that they have:

i) an atomic (HI) to molecular hydrogen (H:) gas mass ratio > 2.0
ii) a HI gas deficiency index (as defined by Haynes ard Giovanelli, 1984) < 0.0

or iii) aHlindex (=Bro - m2ro as defined by Boninelli eral. 1984)<2.0
and a total (B-V)ro colour index < 0.60

provided thai galaxies aJ9 not located in dense cluster environments like that found in the
Virgo cluster.

While it is possible to use aly of these th.ree parameters to distinguish between burst and
non-burst spirals, we have used the Hl index, since it is the one which is mosr widely
available, with Haynes and Gionanelli (1984) listing HI indices for o\,.er 800 disk gala-\ies.
The success of this index as a distinguishing paranete. can be gauged by looking at hisrorical
supemova data and seeing how well it discriminates between Sbc-Sd spirals which have
produced SN Il and those that have produced SN Ia.

Figure 1 shows all Sbc-Sd spirals in the NGC and IC catalogues:

i) wift recession velocities < 3,500 krn/s
ii) that are not located in cluster environments (i.e. the Sculptor group, M83/Centaurus

group, Mlol group, or the Virgo cluster)
iii) which have had historical supemova prior to 1988M

and iv) whose type (tr,Ia) has been determined spectroscopically.

Figure I clearly shows that the HI index is a good discriminart.

If we conservatively assume thal the SN II late in burst spirals is enhanced by a faclor of 5.
this means that these galaxies would have supemova rates of -7.0 per century (once elery
14.3 years) for SN tr and -0.5 per century (once every 200 yea$) for SN Ib and -0.4 per
century (once every 250 years) for SN Ia.

This means that, ideally, we would expeci to see roughly 7.0 SN II,0.5 SN Ib and 0.4 SN
Ia if we were to monito! a sample of 100 Sbc-Sd spirals for a period of 1 year. Clearly, an

amateur suNey which specifically targeted bursr spirals:

i) would have a good chance offinding a significant number of SN tr
ii) could be used to confirm the presence ofthese burst spirals
iii) could be used to measure the lelel ofenhancement ofthe SN II rate in the

burst spirais.
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Hl INDEX Non-Virgo Sbc-Sd Spirals
with Historical SN Prior to t988M

0.4 0.8 t.2 t.6 2 2-4 2.A
Hl lndex

% sNil ffi slr
Figure l: h\umbers of lvpe I and rype I SN in all Sbc-Sd spirals in the
NGC and IC as a function ofHI index.

C. Problems Associated With Conducting The Scientific Supernova Survey

a) You must have a sample size that is small enough so thal a group of amateurs can
successfully monitor all of the galaxies in the sample but laJge enough to be scienrifically
useful. If you assume that you have a network of 5 active amateur astronomers who can
observe 5 galaxies per hour and are preparcd to obsen'e for 2 hours per session. then
collectively, you car cover 50 galaxies on any given night. During their 2 hour obsen in,e
period, the amateurs could effectively observe over 8 to l0 hours ofright ascension, gil ing
a realistic limit for the survey size of 120-150 galaxies. This figure would p(obabl!'be
reduced to -100 if rve allow the normal difficulties associated with astroromicai
obse ation.

b) la order to measure lhe enhancement irl the SN II late in burst Sbc-Sd spirals compared to
non-burst spirals, you must observe roughly an equal number of both rt?es of galaxies.
This means that we q'ould ha\€ b obsene roughly 50 burst and 50 non-burst spirals.

Note: This reduces you discovery rate for SN II to rougt y 4.2 per year (3.5 per year in
the burst sample and 0.7 per year in the non-burst sample).

c) You must have sufficient coverage so that you do not miss any supemova in your suney
galaxies.

Civen that SN tr and SN Ia reach maximum blue absolute magnirudes (MB) of -18.I and -
19.1, respectively (assuming a Hubble constant of 80 km,isMpc), and that both types of
supemovae decline by -0.8-1.0 rnagnitudes in blue light (i.e. roughly 0.1-0.5 magniludes in
visual light) over the following two weeks, it is possible to calculare expecred magnitudes
for supemovae two weeks past maximum light, for any given redshift.

N5
u
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Table l: The number of supemovae which would be discovered under
ideal conditions.

Supernova Type

Enhancement factor = 10X
Year of survey

sN SN la SN Ib

'1

2

4
5
10
15

3.1

9.3
12.4

31.0
46.5

5X

1.7

5.'t
6.8
8.5
17.O
25.5

0

0.56
1.l
1.7

5,6
8.4

0.20
0.40
0.60
0.80
1.0
2.O
3.0

o.32
0.48
0.64
0.80
1.6
2.4

If you use these magnitude limits and you ensue that you obseNe your sample galaxies
at least once every two weeks, you can then guarantee that you have full coverage of all
supemova events in your sample gala-ajes, provided they arc closer than a cerlain
redshift Iimit rhar is set by your rclescope size.

The redshift limit for SN tr can be calculated by multiplying your telescope apenure
(in inches) by 100, to obtain fte maximum recession \€locity of the galaxies lou cao

fuiiy cover with your insffument. For example, if you have a lo-inch telescope, you can
observe all of the SN tr events in gal&\ies Bhich have a recession velocity less lhan
1,000 km/s, provided you observe them at least once every two weeks.

d) In order to successfully compare statistics fo. SN tr and SN Ia, you must be able to detect
both supemova types in your sample galaxy. Since SN 1I are int.insically about i
magnitude fainter than SN Ia at ma\imum light, this translates into the restricrion that the
galo(y must be close enough for you to observe its SN tl.

e) You must rest.ict youl observations to altitudes greater than ,15'so that the magnitude lirnit
of your observer is not too severely affected by atmospheric extinction.

0 You need some way of ascenaining how faint you c.m see on a given night. This can be

done by monito.ing stars with magnitudes bet$'een 5.5 and 6.0 so that vou can ascertain the
visual magnitude limit for the unaided eye. Once this is known, you can use this number to
estimate the limiting magnirude ofyour telescope for lhe night in question.

D. Conclusion

If we could monitor a sample of 50 burst and 50 non-burst Sbc-Sd spirals and gnsure that we

had complete coverage fot rhe -40% of the year that the gala,\y is visible ftom Brisbane, our
survey should produce the discovery rates shown in table l.
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luRe rrue Tne LuruRR SunrRce

B] Ro\ 11. Sor LsB\
Caln e ll Lunar Obsentton. Ctnbtrra .lstrttttonricul Sot itn

Abstract

A moderalelv sized lelescopc has been uscd $ith an imase intensilier.
CCD surveillancc camera. \'ldeo recordrns eqLripnrent irnd a l\{acinlosh
colrlpuier. to obluin high resolution irnages of the lunJr surliice. The
captured lmase\ are erlmined and processed \iith computer soft$arc ro
achieve increiiscd resolution lbr lrxnsienl lunar phenonrenl (TLP) slud)
and fbr comparison s rth project C/rrx.rrirc \atellitc inlage\ of the \1oon.
Thc Association of Lun.!r and Planerar) Observers lALPO) havc analyscd
scveral of these images and thcl repon a possiblc TLP. Thc equipmenr
irnd xna-qing tcchniques are dcscribed :rnd lhe Cal$ell Lunir Ob\en,aton
imaues arc conrpared s'ith those from C1.,rr.,?lir?.

lntroduction

Durin! r program of colhboration \\'irh the Associiltion of Lunal lnd Planetarr Oh.crrcrr
(ALPC)) dnd lhe Cl.ne tinc survey of the Moon, a tcchnique rc cnlarge and enhtncc hrgh
re\olrrtion imirces of thc lunar surface by computcr \\'as de\eloped at the Ctl$cll Lunat
Observeton (Soulsbl, 199.1, 1995). The prinlln insrrumenr uscd \!!s a l5-crn l/l l
\e$tonran tclescopr sho\n in Figure l. Thr'telescope \\'as qurrlz c[rck dnven on .rn

cqualorral nrottnt and \\'as lltted \\'lth an imase inten\iller consisting of a I X Barjo\ lc'ns and
6 mnr orthlr,icopic e\,cpiecc $hich magnified lh!'imagc Io 350X.

Thc inrages \\'ere recorded bv a monochrome survcillance CCD \ ideo clmerii of 650 line\
rcsolllion. The image intcnsit_r' was controllcd bv an iris taken from r camera l('n\ lnd
nlounr(-d bcl\rccn the sccondan tlat and the rmage intensifier. Tht'iris \a5 man0all\ \er h\ ir

remotc c()ntrol rttachcd lo the telescope .Ll\o sho$ n in Figure L

ccD vlDEo

tFlS -

Figure l: lnslrument used for enhrnccd inragcs of the Moon s surfacc.

l.
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Figtrrc 2: Cultell Lrnar Obsenaton \\'rth the Image Inrensifier and the
countenveight Son,r Handycam and Binoculars.

The instrumentation was housed in a slide off roof obsen'utory and r\ide anglc imales
$erc obtained fb. cdlibration purposes. using ir Sony Hand.vcam nlounred behind one hali ol ir

scl of binoculars to fbrm a counlcrweight, as sho\!n in Figure f.

Crater Imaging

Observation of the Mare Crisiun aJea *as conducted for thc ALPO Clemcnline Proiect
(Soulsb!. 1994, 1995) to caplure images of the craters Proclus and Picard. The area ol intere\t
is sho$n in the lunar surtace char! in Figure 3 belo$.

An imase obtained bv ll.s.mm eyepiecc projection, \\'as enhanced and enlarged br
computer solt*ure to around 6l0X as shoun in Figure 4 belo$. However. later usc r,l Jll
inrilse inlensifier provided grealer magnillcarion, and \r.hen images liom this s].srcm \ !-r!'
:rnul)"\ed \rilh lhe National Instirurc of Healrh soliware lmage (Vcrsrons 1.55 FPL and l_5S
6liKt. r grc!scirlc surface plot from the software proyided up to seven limes iurther
cnllrgemen!. lt was lbund thal rhe u\elul magniflcation could be efl'ecrivel] pushcd r.)
:.,{50x.
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Figurc 3: t'iercr-. Proclus
ITantltn Atltt: of tht Motnt

and Picrrd in lhe \irre Cri:iurr alel. ilronr
bv Antonin [iiikl).

Figure J: Grc\ Scale Surface plot ol Proclu! lcft oicentre anci lts 3.661 nl

high pcak at righr with the depression K iunher righl. llith u 12 5 nu

t \tpi(.! (nldrgel to 610 X tith \IH Inngt Yer ) 55.
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Transient Lunar Phenomena

The first high resolulion images obrained b) computer enhancement lr'erc of thc crater Picard
as part of thc AIPO I995 Program for TLPS. A possible transient lunar phenomena evenr \\'as
obserled lisuallv and r*as captured on a \'ideo record at the same time. Analysis of thc \ ideo
gevc irn interesting result which showed brightening of the image on the floor of \4x.e
Crisium to the lrest of the crater. This is sho\rn in one lypical image in Figure 5. raken liom
the onc minute video sequence which has been recentl) independently analysed by the ALPO.

1 li Z/95 10:33:?9

Figure 5: Grey Scale Surface plot of Picard with the image intensifier at

350X. enlarged to 2,450 X (by NIH Image Ver 1.55) note the brightcr
area to thc risht of thc crater.

lmage Comparison

Some crther Calte[] Lunar Obserratory images were compared rvith those front the
Clenentine dala base found on the Intemet at http: //A,$ y -nrl.nd\'\'.mil/cltDrcntine/c[ib. Of
pimiculur interest was the panial image of Proclus identified as 1ua427l'1.151 and siro*n in
Figure 6. including mv computer generated con(our surface plot to allo\r a comparison Nith
orher inages oi this crater in hgures 7, 8 and 9 below.

Ml first imaging of Proclus with the image inlensifier processed wirh NIH lmage is sho\n
a( a reduced scale in Figurc 7. The surface plo! of the marked area on the right can be

compared t\ ith lhe Clenrcntine image above- This image is saturated at tbe cenue of Proclus
\ here a llat plateau $as produced in that ilrea of lhe contour plo!.

From another series of images of Proclus, figure 8 was captured from ir vldeo scan of the
Nloon usins the same instrumenntion on 1995 September l2 commenced at 2 t: l5 (t'T) \\ hen
the crater was near the terminator.

With a lo\\' angle of incidence of sunlight this imaee produced less saluration of the \\'est
crater rim. as can be seen in the excellent soft$are contour plol in figure 9.
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Figure 6: Intemet Cletnentine image lu l27lrl 151 (56 K) of n section of

Figure 7: lmalle inten\ifier capture of Proclus and Picrrd on 1995 Februarl ll
ir i lh 45m (LrT) \l ith the MH Imase contour plot of rhe boxed rea on rhe

righr.
Figure 8: Proclus nrel
imagcd on 1995 Septenhcr
l2 from 2l:10 (LT) fhe
boxed area has bl'en
anal)_sed using \lH lnrirge
(Version j.-58-6tKr l(i
produce the ercellent
enlar:red surface plol 'hoNn

FFECLUE
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Figure 9: The software analysis gave a contour plol with an effectile
enlargement ofjust over 7*350X = 2,450 magnifications. Note the bright
crescent on the righl - slightly over-saturated.

Figure l0: The DSPSE - Clementine Spacecraft Logo.

Oiher Clementine lmages

Do$nloads of Clementine fealures are compared with other Calbel1 Lunar Ob:cnntrn't
images. Some of these ftatures werc not pan of the aulhor s ALPO TLP Project. bur ha\c been
exanined lo help establish the usefulness and accuracy of this imaging melhod tor tltLre TLP
searches. Such docLrnrented 'hard copy" lecords would verify visual observations nrade br
othe$ in the program. and act as a back up to these yisual TLP reports.

Prsclus
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Figure I l: Clementine image of the lunar crater Kcpler. The NllJ
soiiware processed contour oI lhe rvest wall is shown below.

Figure l2: NIH Image Soliware processed contour of the west \!.rll
of the Clemenrine image of the crater Keplcr.
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Figure 13: Mosaic of lhree Ckmerrire images of Plato at a reduced scale.
using Claris MacDraw Pro- The images are (rop ro boftom) lua0548l.(X0
(47K) at (9.3W,52N), and adjacenr images 1ua05607.039 (40K) and
1u005450.040 (42K),

Figure 14: Part contour plot of lhe mosaic of three Pl^to Clementitrc
images. (NlH lmage and slighdy improved using Photoshop Version 3.0).

The Clefientine images of Plato are far superior to the Calwell Lutnr Obsenrll.r'! image
taken on 1995 September 12 shou,n below. This was due in pan. (o lhe high anglc of
incidence ol tbe Sun leading 10 saturation of the image alrd poor conlrast. Howeler. the
contour plot in tlgure l5 does show the crater ar a relatively high resolulion, and sLlfficientl,v
eniarged to detecr any TLP activiry.
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Figure l5: Cal\\'ell Lunar Observatory crater Plalo and NIII Image
contour plot of lhe marked area.

ALpO Anatysis

An ind.pendent malvsis of some ol ntY images has been conducted by the ALPO. Theu irsl
anal\sls concerned mv star likc llash reporled in Picard. Davc Darling and Gilben l_Llbckc
(Darlins. 1995) found a bright spot inside Picard on my second jmagc (see figure 5l $hjclr
cxused lhem some excitement. However, the spot look on the form of a crescenl I,e. tt:lure Lrl

and \r'hen fLrnher cnhanced the! identified this as a normal iealure in the HunL\)t Atla! ol thc
.l/. J,r n\ \nlL'nrn Rukl 'cc f,g! lq- pholojrrpn I Pr,r 1r.. . llo\\<rrr. ir m\ ..rl\ .,t r,r'
Hdr \tl ,!tlct.\. there does not appear to be a crescenl, but only a bright rlng.

Thcv conclLrded tha! thc possible cause of the flash reporred on the inner terrace of picard
and imaged bv the high resolution systen described here. rvas a high albcdo ltaturc lntxged xt
r momen! of hiSh clarit)' \\'hich appearcd to flash on mv screen (r'ideo monitor).

The second ALPO report concemed nrv earljer low resolution obser!alions of Grimrldi
durins thc Clcrr.ntir?., mission lsoulsb\'. 199,1. 1995). Winifred Caureron a TI-P sp..lxlr\t.
mrrde rhe followins coiunenrs in her recent paper (Darling, 1995):

''fhe lesr noted phenonlena was on April 28 in Grimaldi in Blron Soulsb!s llara. IIe
proviclcd profiles liont his vidco camera CCD equ4)menl on a 152 mm ldjameter] l09l rnnl
[ibca] lengthl reflector, in Cal$ell. ALrstralia in A-l (excellent) seeing. lr $as norcd rhar rn
one proillc, one of the absorption bands lconlour traces] \\'as deeper than the other tro
UotllL's. thus suggesling a possible anomaly occurred and ma_y constilule a real phenontena.
lhus \\'eight is qiven at I (possible to probablel. Grjmaldi \\as imaged from l2h 08n1 ro I2h
-rl m [tJT on l99,1April 28 ].

ln the BAA adr.rr" Sectian Circuktr lot 1995 Ocrober (Cook. 1995) sone emtil rccei\ed
fiom the ALPO (not sent ro me) \\'as publishcd $ith the same conclusion on the Prcxrd repcrrt.
xnd discusscs the use of the soft\\'arc MIRA used bv lhe ALPO.

PLATC Ie!,FE
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Conclusion

Following the favourable AIPO report on the examination of the Proclus,Picard image and

the "possible to probable" TLP conceming Grimaldi, it is considered that the insrrumentation
and software desc.ibed here, has proven successful in producing high resolution images and

surface contour plots of adequate dehnition to document obs€rved and possible transient Iunar
phenomena.

It is planned to use the technique for future lunar observations, including a recent
improvement of remote control of the telescope tlacking by the addition of a simple
declination motor drive. Images can now be captured in "real time" at the computer, with
remote control coEection of both axes of the equatorial mounting of the telescope.
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Abstract

The morphological evolurion of the impact sites produced by the collision
of Comet Shoemaker-k\y 9 into Jupiter was assessed by visuai
observation in the first lour weeks after the event. Observations indicated
that although most impact sites produced circular and./or crescent shaped
impact sites, these were quickJy sheared into features with high
longitude/latitude ratios- Observation of fine structure in the impact si[es
and changes in these features on the time scale of days suggested the
presence of turbuience in the atmosphere. By I yea. after the event, a daJk
belt u'as detected by visual obse.vation and photography at visual
wavelengths at latitude -,17o. This feature may reprcsent the rennants of
the impact sites which have been dispersed by the Jovian atmosphe.e over
the longitudes observed.

lntroduction

The collision of Comet Shoemake!-Lery 9 (SL-9) into Jupiter in 199,1 was the first u'idely
obse.ved collision between two solar system objects- The collision of cometary fragments into
the Jovian atmosphere produced impact sites composed of compounds which absorb strongl],
at visual waveiengths, allowing their visual observation using small telescopes. It was
unknown prior to the event whether any detail would be visible in the impact sites using
ground based telescopes ope.ating in integrated lighi since the evenr was unprecedented-
Fudhermore. mathematical modeis of both comets and of the Jovian atmosphere were not
refined enough to predict the outcome of such an event. Model predictions ranged from no
obsen'able effects (Weissman, 1994) to larye atmospheric features, explosive plumes (Zahnle
and Macl-ow, 1994) and waves (Harrirgton et al.,1994).

Observations of the event have been difficult to interpret. This is due to the lack of detailed
knowledge about the composition of SL-9, the composition and structure ofthe armosphere of
Jupiter, and the thermodynamic and mechanical mechanisms associated wirh such high speed
impacts. The dark material present in the impact sites was produced by rhe effect of enomous
heat released during the collision. Although spectral and photometdc studies have afforded an
elucidation ofthe molecular species present during and after the impacts, Iitrle is known about
whether the dark material produced by the impacts originated primarily from comeran ices
and silicates, or from material presellt in the Jovian atmosphere. Fufihemore, it is sti]l unclear
whether the matedal is hydrocarbon in narure, or whether it is composed of simpier
compounds such as silicates, metal oxides or sulphides (West ?t al., 1995).

The material did, however, provide a means by which the turbulent natute of the Jovian
atmosphere could be probed (West et a/., 1995). Despite reaching temperatures of at leasr
10,000 K, the impact sites quickly reached themal equilibdum with the sunounding cloud
deck (<300 K). The majority of the residual infrared enission observed was due to reflected
suniight (which would otherwise have been absorbed by methane lower in the atmosphere)
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and not decaying themal energy. Thus it was possible to follow their evolution both in visual
and infrared wavelengths.

Using visual observations obtained between July 1994 and February 1995, and
photographic observations obtained in June 1995, $€ have attempted to assess some of the
morphologica.l changes which occured in these extraordinary planetary features as a result of
their interacrion with the Jovian atrnospherc.

Observations

Visual
Visual observation of Jupiter rvas done rvith a 0.32-m Newtonian reflector (Brisbane.

Queer$land). A 383X image of Jupiter in imegrated light was obtained using a 4.8-mm Nagler
eyepiece. Figure I sbows the staldard nomenclature for the designation of Jovian belts and
zones. Observations of three white ovals BC, DE and FA, the Great Red Spot (GRS) as well
as of the transient white nodules Zl and Yl are aiso made. Visual estimates of longitudes
were obtained using the conventional method ofcentral meddian transit timing (Benron er dl.,
1988) and are in the system II (SII) which represents a rotation time of th 55m 40s.

Photographic
All photographic observatioN were made by Zac Pujic onto Kodak Royal Gold 100 fiim

using a Pentax Z-10 camera on a 0.36-m Celestron Schmidt-Cassegrain (Celestron 14) ar the
Texas A&M University Observatory, Texas, U.S.A. A 4mm Celest.on onhoscopic eyepiece
was used to provide a focai ratio of 180 which produced 3"/mm at the focal plane (the image
of Jupiter was about 15 mm on the film). Exposures were 6 seconds in du.ation and were
made during moments of good seeing (>7/10 ALPO scale).

Results

Drcwings
Figure I shows the approximate positions of the major belts, zoles, ova]s and GRS of

Jupite!. Figures 2, 3 and 4 are drau,ings ofJupiter and show the impact sites made during, and
shonly after the collision of Comer Shoemaker-Leq, 9 into Jupiter. All frgures show nonh ar

the top and west (IAU conveotion) to the left.
Figure 2 shows the G impact site. Many of the impact sites possessed the moryholog,v

shown in this image shortly after thefu formation The G impact site possessed a small dark
spot, the impact site proper, surounded by a ring of varying darkness. The D impact site was
located a few deg.ees wesr of this site.

Figure 3a shows the K impact site (eastem limb), the L impact site and the GD site (the

indentation in the apparent limb of Jupiter is shown). Figure 3b shows the L site atld the GD
site following. Figure 3c sho*.s the same region approximately I hour later. Figure 3d shou's
the H, Ql, R, GD and L site. A shadow transit is aiso show in the nonh ropical zone on the
westem limb. Figure 3e shows the KW site (to the southwest ofthe oval DE) and the C site.
Figure 3f shows the E impact site and an arc (near the CM) \thich appeaJs to sunound the C
site, which was at this time poorly visible.

Figure 4 shows the sites between 6 AUG 1994 and 28 FEB 1995. Figure 4a shows the
white ovals FA, Yl and DE. The small white oval Zl is to the south and preceding oval FA.
The L site is coming into view over the westem limb while the KVy' site is transiting the CM.
It has now assumed a long appeaJance with several projections at its preceding end, Figurc 4b
shows the area approximately 30 minutes later.
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Short' and Lon!-Ten1t Chtutqet In Catnet InpeLt Sit.s

Norlh polar reEon

North north north tempe Nodh north north temperale zone

North north temperate beh North north temperate zone

North temperate belt North temperate zone

North equalorial belt

Equatorjalba Equatoia zone (north and south)

South equatorial belt zone
Soulh equatorialbelt
(north)

South equatoial be
(sorJlh)

South tropicalzone

South temperale
South lemperate zone

Soulh south temperale zone

South south south temperate belt South south south temperale zone
South polar region

Figure l: Standard nomenclature tbr sortc of the major belts and zoncs ol
Jupiter'. Also shown is the appearancc of whilc olals. Other fcalures nol
shoqn include lhe rare Nofth Tropicrrl Belt (see. llg.,1c and d). ancl
Olivarcz Blue Festoon, (see e.g. 3d. c. .1a. l ).

Figure 2: l8 JUL 199-1 09.-,.i'10.l0
LT. Impac( site produced br rhe C
liasment is \isible in rh!' \ourh!-rn
hemisphere. Jo.'.ian north ut lop. e!\r
to rhe right (lAU convenlion).

The KW sire rs dis.rppearing over the preceding limb (easrern) whilc the L sire is ncar rhe
CM. The DC silc is appearing on the wesrern linrb.

Figurc 4c sho$'s (lcii ro right) the white olcls Yl. BC and DE. Thc long dark bcnd south
oi these ovals is the remnant of the KW site $hich appears to exr.nd to thc posilion of the C
site (\\'hrch hal dissiparedt. Figure:+d sho$s (lelt ro righrJ the olals FA_ BC and DE. The L
sile is \isiblc appeuring on the western limb. The K\\' sitc. seen around the C\'1. no$ c\(!' d\
lo the eastern liDb. Figure -le shows the KW site lwo lreeks later !rirh lhe o\,rls tsC lnd DE
near the C\{. Figurc -1f sho* s the o\.al FA Just past the CNl.
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l'igure 3: A: 20 JUL i99.1 9.55'10.17 LIT. B: 20JUL199.1 10.55-11.18 UT. C: I0JUL
199"+ 11.50- 12.20 UT. D:21 JI-L 1994 07.55-{J8.12 tiT. E: JUL 22 199.109.50 10.l0 LrT

li: l.1JUL 199.1 09.30-09.45 UT (observations conrributed on Fis.3fb\'\lichael Horn)



Shott- utul Long Tent Chd ges In Co rct lmpdct Sit!:

Figure,l: A: 6 AUG 199,+ 08.25-08.39 UT. B: 6 AUG 199,1

i99.1 07.21-07.,15 UT. Dr l3 AUG 199,108..1.1-08.56 UT. E:
l8 FEB 1995 17.10,17.18IrT.

09.00 09.25 UT. C: 1l AUG
I SEP 199,107.59 08 l2 LrT

t-j

F:
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Table l; Central meridian transit timings of Jovian cloud feature system
tr longitudes. In chonological orde!.

Site/Featu re Dale UT Time h:m LJT Svstem ll Lonoitude
p edqe of D/G 18 JUL 1994 09:58 298.6
middle of D/G 18 JUL 1994 10'.20 31 1.9
f edoe of D/G 18 JUL 1994 10r41 324 6
D edqe ol L 20 JUL 1994 '10:43 266.1
middle ol L 20 JUL 1994 10:55 273.2
D edqe ot D/G 20 JUL 1994 11:37 298.8
m ddle ol D/G 21 JUL 1SS4 08:04 320.1
m ddle of R 21 JUL 1994 08:20
m ddle of O l 21 JUL 1994 08:58 352.7
m ddle ot H 21 JUL 1SS4 09:55 27.2
m ddle of E 21 JUL 1994 11 .21 79.2
m ddle of C 22 JUL 1994 09:14 1527
D edqe of K,A/V 22 JUL 1994 10:11 187.O

dark centre of K,^/v 22 JUL 1994 10'.44 207.O
D edoe of L 22 JUL 1994 12:06 256.5
f edoe ot L 22 JUL 1994 12:41 277.7
cenke of Great Red Soot 22 JUL 1994 07:58
m ddle of E 24 JUL 1994 08:53 80.1
m ddle ot oval 21 6 AUG 1994 08:34 220 1

f end ot l(/W 6 AUG 1S94 08:40 223.a
middle ol oval FA 6 AUG 1994 08:43 225.6
p edqe of L 6 AUG 1994 09:06 240.0
middle of oval BC 13 AUG 1994 07:14 142 4
rniddle of oval DE 13 AUG 1994 07i42 15S.3
middle of oval Y1 13 AUG 1994 08:08 '175.0

f edoe ol K/W 13 AUG 1S94 08:53 202.2
middle ol oval 21 13 AUG 1994 09:10 212.5

The oval Y2 is visible on the southem edge of rhe South Equatorial Belt. The dark belt near
the westem limb at southerly latitudes, exr€nding to lhe CM, is the remnant of the DG and L
sites approximately 7 months after the impact.

Visual ObseNations of G and K Plumes
At approximately 7.41 UT 18 JUL 1994 (about 10 minutes after the G fragment impact).

Zac Pujic, Peter Marples altd Greg Bock nodced a small extension from the Jovian limb. The
extension was located at approximately -47o latitude and leached a maximum size of
approximately I arcsecond in diamete. at 7.47 AEST. The feature was apploximately of the
same b ghtness and colour as the STB. By 7.53 UT, the feature disappeared. A similar plume
produced by the impact of the K fragment on 19 JLIL 1994 was also observed. These
observations were relayed to the Central Bureau for Astronomical Telegrams and were

eventually published in IAU Circular 6029.
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Short- and Long-Term Changes In Comet Impdct Sites

Photographic
Photographs obtained using the 0.36-m telescope at Texas A&M Unile6iw Obsenatory

on l\\'o separate nights by Zac Pujic sholved a dark belt close to.17o south latilude $hose
visual intensiw was only slightiy less than the surrounding cloud features. (The difficultv of
reproducing these photographs in these Proceedings has precluded thei inclusion in this
paper).

Discussion

The G, K rlrld L sites were amongst the darkest and largest of the impact sites produced b]
the collision of SL-9 into Jupiter (Hammel et al., 1995). Both the G and L sites $ere
composed of a central black spot (the impact sile proper) surrounded b) a crescent \\'hich
appears to be ejecta produced b) the impacl in lhe Jovian armosphere (see fig .la. ib. lcj.
These structures sunived for several days before turbulence in the Jovian atmosphere bcsan
to smear them into long dark features. Some confusion was generated \\'hen fra_smenls of SL-9
collided with Jupiter at approximately the same SII longitude. The G site \\as formed slightl)
eastward of the smaller D site. while the W site was formed near rhe K sire We shall refer to
these complexes as the DG and KW sites.

Sizes Detetmination
From the longiludes of the features. obtained soon after their formation. it is possible ro

determine the initial size of the impact fealures. The equatorial diameter of Jupiter is 14:.796
km. At fie equator, one degree of longitude extends 1.246 km, however this value decreascs
as a lunction of cosl3, rvhere L.J is the planetocentric latitude (ihe term is nor accurate due ro
the oblateness of Jupiter). Consequentlt at the lariludes of rhe impact sires (bet$een -4io and
47o), one degree of longitude equals approximately 881 km. The impact time of the G
fragment has been determined to be 7.33 UT 18 ruL 199,1 (Harnmel er al., 1995). Our cenlral
meridian transit obsenation of the p.eceding edge ofrhe G site at 10.20 UT and its middle a!

10.41 shou,s this feature to have fo.med an ejecta arc of 12.70 radius (see Table l). At this
time, the radius of the arc was 11,000 km. From ou. obsenations. it is not possible ro
determine the radial veiocity of the ejecta since we do not know exaclly when the ejecta $as
formed. Our earliest obsenations of the G site l\'ere at 8.15 UT, b1 $hich time the ejecta
seems to hale reached its full size. Ho\r'e\'er olher obse ers estimate tull loamarion of the
ejecta crescent wilhin 20 rninures of lhe impacl (Fitzsimmons et al.. 1996, Hammel €r .r1..

1995).

Zonal Wind Velocities
The zonal (i.e. east-west) wind velociry at the latilude of the impact sites can be determined

reiative to the SII ftom central meridian transit timings. The L site ex(ended 7.2o bet$een rts
preceding edge ald its central dark spot on 20 JUI- and its diameter \r'as 21.20 on 22 JUL. or
19,000 km. Although irs cenlre continued to remajn a! 2?7.70, its preceding edge had moved
9.5o eastuard and by 6 AUG, its preceding edge lay ar 240.00. an eastward movement of up
to i.so/da-r, or 55 km,& relative to fie s)stem II. These results obtained using \isual
obsenations agree moderately well with the 108 krn& zonal \r'ind field velocities obtained
using Hubble Space Telescope observations (Hammel et al.. 1995) at -49o. B1' comparison,
the small oval ZI, which is at a smaller solrthem latitude, is seen to move eastward aI a lo\r'er
Yelociq . Its position on 20 JUL 1994 was u,est of the oval FA (see fig. 3a) but by 13 AUG. it
had moved east of it. Betrveen 6 AUG and 13 AUG, its movement *'as 1.08o/day or .10 km/h.
Consequently, the zonal $'ind velocily at the latitude of the oval Z is lower than lhat of the L
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site (approximately -440). It should be nored however that the short baseline of these

observations, between 20 JUL and 6 AUG, would have allowed the eror introduced while
making visual obsen'ations to significaotly affect any velocities obtained from them.

La rge- scale I mp act A tcs
A poorly observed feature of some of the impact sites was the appearance of a large arc

subtended between latitudes 35o and 450, in the case of the C site (see fig. 30 and similar
latitudes for the B site (Beish and Hemandez, 1994). Although clearly dehned symmetric arcs
and circles were present alound impact sies R, Ql, A, G and E, these were sma.ll scale
features, of <4,000km diameter. These do not appeal to represent ejecla ma(erial rhich
formed the larger asymmetric arcs visible in figs. 3 and 4 and instead are thought to be due 10

atmospheric ivaves tlavelling at up to 454+/-20 rn/s as a result of the impact (Hammel et al.,
1995) . The dark nature of the waves may arise from condensation of debris material as it rises

in the Jovian atmosphere on the crest of the wave, and subsequenr evaporation as it falls Io

lower altitudes as the wave passes (Ingersoli and Kaoamori, 1995; Hammel et al,, 1995).

However this would suggest that the dark material of which the lalge arcs \r'as composed must
be different to that present in the impact sites, since they were well outside of lhe ejecta
malerial area. Funhermore, these small arcs dissipated within several thousand km of their
formation, and so the nature of the large arcs (see fi9. 30 is still unclear.

Evolution of lmpact Site Morphology
Visual and photographic obsen'ations can allow a qualitative assessment olthe wind forces

operating in the area of the impact sites. Fig. 4b shows the L site tansiting the CM on 6 AUG,
approximately 2 weeks after its fomation. During this time, it had become a long dajk feature
approximately 4,000 X 40,000. Se!'eral extensions were noted at its eastem and westem ends.
lts eastern end became involved with a smajl $'hite oval (possibly 24) and by now had moved
to 2400. By 28 FEB, 1995, the DG and L sites had merged to form a dark bard which
traversed a large range oflongitudes centrcd approximately l80o from the GRS.

Soon after its fomation on 18 ruL, the K site (see fig. 3a) possessed a morphology similar
to the G site. On IUL 22, apprcximately 4 days later, the distance between its preceding edge

and da.rk centre was 20o- By JLIL 22, it had become associated with the W site and the C site
(see fig. 3e). A long s[eamer of dark malerial now connected the KW and C sites. On 6 AUC.
it had disintegrated into a linear feature with several p.ojections and a dark condensation near

its central region Gee fig.4a). These projections gradually disintegrated in the Jovian
atmosphere by 13 AUG at the leading edge (see fig. 4c), although the westem edge still
showed evidence of stlucture (see fig. 4d). By I SEP, the KW site had lost any fine structure
visibl€ in our telescopes using visual observation. This belt was evident on photographs tal(en
approximately I year after their fo.mation as a low contnst belt with no intemal slructure.
Furthermore, the DG and L sites had also become sheared into long dark features and *ere
indistinguishable by 28 FEB 1995, appearing only as a long dark belt following oval FA and

zt.
Other impact sites such as H, Ql, R, A, E and C were too small to exist for more than 2

months and were quickly tom apan in the Jovian atmosphere. We did not lecord any detail in
their appearance except their positions (see Table I and figs. 3d, e, f and 4c).

The impact sites were formed over a finite range in latitude at the time of formarion and

consequently subject to wind shear forces which caused the rapid disintegration in their
sructure. Little meridional elodgation (nonh-south) is evident in figs. 3 and 4, indicating that
meriodional wind forces are insignificant at the altitudes at which the dark material was
presenl.
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Ar the impact latitude, we observed the winds to be weakly eastward, an observation
supponed by HST observations (Harrunel et al., 1995). although rhe eastward velocity ar the
latitude of the Zl oval was less that thar at the latitude of the impact sites. Funhermo.e, the
ambienr vorticity is cycloric (clockwise) however the expecred vonicity of a wann cloud
fearure would be anticyclonic. Anticyclonic acrivity would only exist until the temperalure of
the impact siaes attaincd anbient cloud deck Iemperature at which poinl it would rcven lo
cyclonic activity. This would funher disrupt the impact site- The slow decay in rhe cenral spot
of the GD and KW sites indicates that the inirial morphology of rhe impacr aJea was rhar of a

dense cent a.l core of dark materia.l which was eroded mo.e slowlv than the larpe diffuse halo
ol dark marerial-

Conclusions

l) Observations exist to show that the impact of a comet into Jupiter cat produce fearures
rvhich are easily visible to grcund-based visual obseners.

2) Impact sites quickly evolved into diffuse lineal featu.es due ro high velociry wind in fte
Jor.ian atmosphere.

3) These sites za) exist for as long as I year after their formation.
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THe VrsuRr- OeseRvRtroN oF ASTERotDAL
Occultnrrorus

PETER ANDERSoN
Taylor Range Obsentatory, Astronomical Association oJ Queenslantl

Abstract

A small group of southem Queensland obseryers have for more than a

decade been timing stellar occultations by asteroids and planets and have
achieved considerable success.

The paper explores the methods used in such obseftations and
describes the successes achieved by the group. It also touches upon rhe
interp.etation of the results.

lntroduction

The history of the Lunar and Occultation Section of the Astronomical Association of
Queensland and its predecessors can be traced back over 35 years but it is only in the last 25
years with the uptake of Lunar Occultation work that contributory obsenations of measurable
scientific value have been conducted. Some 15 years ago asteroidal and planetar-v occultations
were added to the list and for more than a decade a small dedicated team has monitored these
events. Cornraonly around 25 events pe. year are actually observed disregarding those
thwarted by the weather.

Theory

The moon being the nearest asronomical object to the eanh passes in front of and 'occults' a
band of objects roughly ha.lf a degree $'ide lying between 28 degrees nonh and south
declination at the extrcmes. Asteroids, planets, and comets, being within the soiar system in
tum pass in fiont of and occult more distant objects in the same manner.

The timing of occultations helps refine the orbital data for these objects. refine the position
and perhaps determine duplicity of the occulted star, and in respect of the occulling asteroid
can detemine the size and profile of the occulting asteroid as well as perhaps detecting any
attendant moons. (The issue of secondary occultations is a whole neu, area.)

We arc all familiar with the concept of observing occultations of stars that 'graze' the lunar
limb. Observers cornmonly travel to a favourable graze site and set up their insfuments
preferably at right angles to the track along which the gaze is due to occur. Timings are made
as the star disappears and reappea$ behind the mountains along the rugged southem or
nonhern limb of the moon and the resolution of the lunar profile that is achieved is essentially
that of the spacing of the telescopes. Lunar detail as small as 30 metres is not uncornmon
which is a hundredfold increase of what might othe$,ise be expected ftom small ponable
instruments.

A similar situation occurs when a number of observers are fortunate enough to time an

asteroidal occultation. As in the grazing lunar example, the exact time of the event records the
precise posilion of the asreroid. Funher the size and shape of the asteroid can be detemined
by plolting each observer's position and their recorded disappearance and reappearance
relative ro rhe direction and speed of the asteroid's rrack.
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Figure 1: A representation of the approximate size, position, path and

surmised shape of the shadow of the asteroid (230) Athamantis at the time
of reappearance for Terry Hickey - l0h24m 16.3s, May 11,1984.
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The Visual Obsenation Of Asteroidal Occultations
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Figure 2: Occultation of SAO 158162 by (230) Athamantis on May 11,

1984. Inset shows the path of the asteroid over rhe star.

Practical Considerations

Whilst an occultation by the moon or a major planet is cenain, occulrations by asteroids
involve a great amount of uncenainty as to the actual track.

The predictions which are distributed locally by the Rolal Astronomical Society of Ne$
Zealand Occultation Section on behalf of IOTA, the Intemational Occultation Timing
Association, contain a dotted line either side of the predicted path showing a one arc second
vaiation. This one arc second commonly will bracket the continent of Australia and
considering an asteroid with a diameter of 100 kilometres may only have a 0.05" apparent
diameter, a slight inaccuracy in a stal position o! asteroidal orbit could cumulatively result in
a.n erlor as great as one arc second. This would mean that there u'as around a one in fon] or
2.57. chance of viewing the event. Of course the chances of obsen'ation are greater nearer the
predicted central line. Steven Hutcheon has developed a computer program to assess ihe
likeiihood of success on observation of specific events, but such predictions rarely climb over
the l07o mark.

Another factor that needs consideration is the brightness of the star to be occulted
compared with the asteroid. Unless the star is at least of compalable brightfless to the asteroid,
its drop in brightness as it is occulted will not be easy to detect uniess electronic help is
employed.

Even if no occultation occurs (as happens in over 957c of the cases), the obseryations are

valuable in that the appulse of the asteroid and star can be accurately measured and timed. For
example a calculation based upon when the images merged and separated will render the time
of closest approach. (Negative observations may also reveal other informarion as in the (15)

Eunomia and (48) Doris cases which are dealt with later in this paper.) The angles of approach
and depanure will rcnder in which direction the 'miss' occurred and with experience one is
able to gauge the distance of separation at closest approach. No.ma]ly separation of the

asteroid and star must be at least two arc seconds before it is visible.

h"4"...
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Of course for some evenis the asteroid is too faint to be seen and one must simply monitor
the star over a short peliod when an event is likely to occur. (Monitoring should be ready to
commence flom 30 to 10 minutes before the stated time of the event depending upon
circumstances.)

These events have no respect for our desire for easy obsen'ations. They will occur early in
the moming, near the horizon, at dusk and dawn, near the full moon etc. but they are an

interesting form of astronomical observation because, unlike so many othe6, movement of the
bodies is actually seen to occur.

An ultimate aim $ould be to have a network (or net) of observers spread across Austmlia
to 'catch' as many events as possible. In the meantime, one of the AAQ'S team Steven
Hutcheon has fiavelled on a number of occasions to appropriate 'vacant' spots to 'close the net'
where an asteroidal track might othe.wise slip th.ough b€tween alerted obseNets. In some
cases this travel has meant a round trip of over 2,000 kilometres. One of Steven s notable
successes lvas the obsefl,ation of 90 Antiope from Port Alma near Rockhampton on I I June
1988. In addition to the asteloidal occultation two possible brief secondary occultations were
rccorded.

Method of Observation

Some observers (e.g. The University of Southern Queensland) use a photometer/CcD but my
paper conhnes itself to visual methods.

The follo*,ing equipment is necessary:

( 1) A telescope, generally of at least 15 cm in aperture, but the larger the better. The stars to
be occulted are conunoniy between 8th and loth magnilude and the asteroid occulting
them are commonly between loth and l4th magnitudes. (It is obviously very desirable to
be able to follow the asteroid as well.

(2) A short wave radio capable ofreceiving VNG or another time signal b.oadcaster. (VNG
broadcasts on 2.5, 5.0, 8.638, 12.984 and 16.0MHz.5.0MHz generally produces a strong.
convenient signal.)

(3) A tape recorder is desirable and/or a stopwatch capable of recording two events or two
stopwalches.

Commence at least one hour before the time of the predicted event so that there is plenty of
iime to locate the star and, if possible, watch the asteroid as it approaches. (If 

"vou 
are nerv to

this rype of observation, please tr1' to iocate the star on the previous night.) The subjec! star is
located using the chan supplied by the Occultation Section of the RASNZ. (Contact via PO
Box 2241, Wellington, New Zealand).

When the star has been located. I always double check ideltification. Too many times have
I been rushed and started monitoring a star only to discover late. that I was observing the
wrong staJ! Also ensure that the telescope has sufficient movement to follow the star during
the course of the event withour fouling anything, and that your observing position $il1 be
comfortable over this period.

VNG is then tuned in and your electronic stopwatch(es) started and the accuracy of theit
setting is checked by the lap timer against the second pulses. The cassette recorder is srarted
recording just before the monitoring cornmences. Coinments can be made into the tape. Il an
event occurs the stopwatches are triggered as well as comments being made. Stopwatches
generally 'click' or 'beep' when triggered and this is audible on tape. After the observation ir is
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Figur€ 3: Pluto, from an occultation on June 9. 1988.

simply a matter of noting down the stopwatch readings and playing the tape back. Your
'pelsonal equation' or reaction time must be taken into account when reporting positi\e
occultations. All repots from this part of the world are made on a standard form to the
RASNZ Occultation Section.

lnteresting Results

The occultations by (230) Athamantis on 11 May 1984 (figures 1 and 2) and Pluro on 9 June
1988 (figure 3) are examples where interesting profiles of the occulting body have been
produced from local observations. The plols of rhe (230) Athamantis observations indicate
considerable iregularities in the profile ofrhe asteroid.

The occultation by (31) Euphrosyne on 24 August 1993 is a case where, from separate
locations, both Steven Hutcheon and myself recorded a gradual fade of at leasl one second
upon occultation but a shary 'nomal' retum to full brightness. Was the fade caused by a deb s

field associated with the asreroid?
The previously mentioned two possible secondary occultarions observed by Steven

Hutcheon for the (90) Antiope event on 11 June 1988 are interesting though unconfimed. The
presence of some light cloud also raises some questions. The star in question was an optical
double and one component exhibited the phenomena whereas the other did not. Also of note
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was the gradual re-appearance lasting 0.7 of a second whereas ihe disappearance had been the
normal' instantaneous one. If, (as suspected) the asteroid does not have a regular and near
spherical shape, this event could have been due to a sympathetic slope on the 'following' limb
of the asreroid. This possibility is supponed by the 7.9 second duration of the event which
places it as a far ftom central occultation.

For the (15) Eunomia event on 26 April 1989 [o occultation was recorded at Bundaberg.
(Bundaberg A.S.) However Steven Hutcheon travelled to the Sunshine Coast some 120
kilometres north of Brisbane and recorded arl occultation lasting I1.4 seconds. Terry Hickey
who had favelled nonh as well also lecorded an event. Wben the Hutcheon4lickey
observations werc matched to the 261 kilometre nominal diameter of the asteroid it meanr rhar
I should have recorded aa event from my obsenatory slightly west of Brisbane. I did not.
Therefore the obvious conclusion to be drawn is thal the shape of the asteroid is fa.r from
sphedcal. Put simply, a depressed southem edge was presented to us at the time of the
observation, and this is why I did not obseNe an occultation.

Charlie Smith's one second occultation by (48) Doris on 20 March 1992 indicated a near
graze since the maximum duration was predicted as 16.9 seconds. The nominal track was to
the south through Westem Australia and Victoria and as Steven Hutcheon slightly to the nofih
saw nothing, it appears that Charlie recorded the northemmost edge of the asteroid.

Asteroidal / Planetary occultations observed by South East Queensland Observers
Object Date xTypical Duration

( 10) Hygiea
(230) Athamantis
(2) Pallas
P/Halley (of BD+20d53 l)

( 121) Herrnione
Pluto
(90) Antiope
MaJs (of SAO 93195)
(15) Eunomia

(5) Astraea
(48) Doris
(31) Euphrosyne

8 October 1983

I I May 1984
24 October 1985

19 November 1985

8 March 1988
9 June 1988
I I June 1988

l7 February 1989
26 April 1989

2 February 1991

20 March 1992
24 August 1993

6.7 seconds
8.0 seconds
28.5 seconds
Fluctuatiorc over a period
in excess of 2 minutes
5.3 seconds
96.6 seconds
7.9 seconds
4 minutes 37.5 seconds
11.4 seconds
re-appea-rance, & ring fluctuations
for approx. 45 minutes
17.4 seconds
1.0 second
16.0 seconds

Sarum&Rings(of 28 Sagiftarii) 3 July 1989

*These are examples from one of tle observers. (e.g. for the Athamantis event the dumlion
observed ranged between 8.0 and 12-0 seconds.)
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AvRteuR PHorouetnY OF A SuspEcrEo
Bmcr Hole

BRrAN CRooK, TL\t LEACH, IcoR LuKASzrr(, PATR.TCK PURCELL,
STETEN RnJG*, VELLo TABUR AND KErfi WARD

Canb e r ra A s t ronontic al S o c ie t1.

* The lealn leader can be conucted via e-mail: srnJ@mso.anu.edu.au

Abstract

From Februa.ry to August 1995 a group of amateur astronomers from the
Canberra Astronomical Society used the 30" Reynolds reflector at Mt.
Stron o Observatory to observe the lecently discovered X-ray nova in
Scorpius (designated GRO1655-40).

During this pedod, the team observed on every clear night and
obtained over 900 images of the l5th magnitude object using an SBIG
5T6 CCD camera equipped with an infrared filter. Dara from these images
were then rcduced using custom developed programs written by one of the

team members.
Instrumental magnitudes were obtained for the nova and six (6) field

stars allowing differential magnitudes to be calculated and plotted.

Consequently, we have been able to obtain a complete light curve,
confirming professional findings, that the object appears to be an

eclipsing binary system. By timing minima events we were also able to
significandy improve the accuracy ofthe orbital period, a value originally
determined by professionals working in Chile-

Professional spectroscopic obseflations suggest that the system

compises a massjve compact object, probably a black hole, orbiting with
a main sequence star every 2.61 days. Matter drawn from the star onto the

accretion disk of the black hole gives rise to iNtability and outbursl of
energy observable in the light curve.

This paper describes the work of the Canbena amateur team and the

results obtained to date. It highlights the potential for
amateu/professional cooperation and describes further photometric
obseavations planned to assist professional astronomers in determining the
physical processes taking place in this fascinating object.

lntroduction

Cooperation between amateur and professional astronomers was highlighted in the theme of
the l6th NACAA held at Mt Strornlo Observatory in Canbera and hosted by the Canbera
Asrrono[rical society.

Following the success of the l6th NACAA, Professor Jeremy Mould, Dircctor MSSSO

invited the local amateurs to use the 26 inch 'Yale columbia' refractor for videotaping the

impact of P/Shoemake.-Le\T 9 on Jupiter in July 1994. That project yielded some 50-hours

of high-qualify Super-VHS video of the event and demonstated that a team of amateu$ could
be trusted to operate a professional instrument.
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X-ray Nova

Shortly after the Jupiter event there was considerable excitement among the ranks of
professional astonomers when a new X-ray source in the constellation of Scorpius was

detected. The discovery was announced by the Compton Ganma Ray Observatory BATSE
reem in IAU Circular 6046 dated 1994 August 4 which stated thar an X-ray nova had been
observed at RA = l6h 55m, Decl = -40".5 (equinox 2000) and that no previously caralogued
source was knowl at that location. The source first became appajent in data taken on 1994
Juiy 27.

By 1994 August l1 LA.U Circular 6050 alnounced that professional astronome$ from Yale
Unive6ity, using a CCD camera on the 0.9 meter telescope at Ceno Tololo had detected the
likely optical counterpart for the X-ray nova. Duncan Campbell-wilson and Dr. Richard
Hunstead (University of Sydney) at the Molonglo Observatory Synthesis Telescope
subsequently observed the object brightening at 843 Mhz (radio wavelength) to become one of
the brightest radio sources in the sky.

The LrS National Radio Astronomy Observatory a,1d observations using Very Large AJra_v

Array (VLA) rcfined the position to RA=16h 54' 00".13, Dec.= -39" 50' 45".2 (equinox 2000)
while optical images taken by Hunstead at the Angio-Australian Teiescope and the Yale group
at Ceno To1o1o, Chile identified a 1,1th magnitude star as a possibie optical counterpart for the
high energy nova.

Recurent outbuNts in X-ray and radio wavelengths were rccorded by professionals over
the ensuing weeks and by August 25 evidence for 'twin-jet ejection of relativistic plasma' had
emerged in radio observations repofied by J Reynolds and D Jauncey (ATNF) on behalf ofthe
Southem Hemisphere Very Long Baseline Interferometry (SHEVE) ream.

Meanwhile optical spectroscopic obsen'ations had confirmed the association of the X-ra-u"'

nova with the with the 14th magnitude star.

Amateur Observations

On 1994 September 22, the authors used a Celestron C8 telescope and an 5T6 CCD camera to
record the field of the X-ray nova. We identified the optical counter?art and measured its
magnitude and colour. These results correlated with those obtained by the Yale team in Chiie.

Encouraged by this, Dr. David Jauncey of the ATNF (CSIRO) and Duncan Campbell-
wilson (MOST) rccommended further amateur monitoring of the object. Dr. Jauncey was
keen to obtain photometic data to see if these conelated with the outbursts seen at X-ray and
radio wavelengths as these would have significance ior the interpretation of the underl-ving
physics. He approached the director MSSSO to see if time on the Strornlo lelescopes cor. d be

allocated to the amateurs.
Professor Mould approved the project on the basis that the amateurs provide thet o\r'n

detector. with assistance from MSO rvorkshop staff the 5T6 camera was mounted on the 30

inch Reynolds reflector (of furchey-Chretien design) at Mount Stromlo to monitor the obiect.
Vince Ford very kindly acted as liaison ofhcer and provided initial training in use of the

telescope. It soon became apparent that a larger team would be needed and, in all, eight local
amateurs were trained. The Revnolds Amateur Photomet Teatu was bofi.

Our Equipment

The 5T6 was equipped with a motorised filter wheel and a set of standard fihers (Cousin
BVRI) developed by Dr Mike Bessel (MSSSO) specificaliy for the 5T-6. The 5T6 was
connected to a surpius Toshiba Tl600 286laptop computer.
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Figure la: Finder chans of
CROJI655-40 showing the
constellation of Scorpius. South is
up, east to the left. The rectangular
region near p2 Scorpii is sho$n in
grcater dctail in Fig lb. Chart
produced using fre S/.} software
from Soltvate Bitque.

Figure lb: The region near I and

( Scorpii. The rectangular region

near the open cluster Tru24 is lhe
field shown in Fig lc. Chart
produced using Trre s,b soflware
ftom SoJtu'are Bisqae,

Figure lc: The 5T6 field on a C8
telescope (15 X ll arc minures).
South is up, east to the right. The

brightest star is 9th magnitude.
Chart produced using rr'. Sb
software from sa.6vare Birqze.
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ligure 2: CCD Inlale of tbc held
sho\\'n in ig 1c. GROJ 1655-.10 i'
rrro\ved. This 20 second {]xnosllre wrs
lakcn by the authors usins rn S'f{r
camera on r Cclestron Ct telescoae.

Figure 3i CCD image of GROJl655
,10 (label X), lhe other ietters denole
the stars uscd as standards lbr
diftirential photonetr\'. This 5 nlinure
cxposure we\ ritdc \\'ith dre l0
Revnolds reflector rl -\1t Slromlo
Observaton using en 5T6 CCD
camera. Sourll is up. easl 1o the righf.
The tleld is 2.lXl.? arc minutes.

Thus equipped, thc tcam comn'ienced observations in earnest. Typicallr'dre obserrrng rnLrtLne

involvcd evcning and moming shifts (t$ o shifts per u cck lbr each membcr oi the tern ). Drtil
colleclion conlinued irom April through to Alrgust 1995 at which pojnt cquipment frilurc
interrupted the project.

Observing Routine

After opening the dome. bias franes, flat fields and dark frames $ere obtaincd:rnd thc
telescope was then lbcused on the bright slar pl Scoryii. Wjth precisel) kno\rn coordinetcs.
this star was also used to calibrate the telescopc's pointing s)stem- \\re thcn moled the sccipe

I degrees south Io acquire the field of the nova and commenced tilking obiect l|xmes". A
finder chart for lhe object is prolided in Fiq 1.

Fortunatel) the field containcd several other stars \\hich could bc Lrscd tirr differential
photometry. The infrared fllter \\'as used $,ith the CCD camera in 1o$ resoLlrrion nodc rr rn
operatlns lemperature of minus 25'C. Tvpically exposures ol5 minLrles were needed. Alter
cech group ol6 exposures the fieid $as checked lo monitor thc ielescope s trackins accLrrilcv
Linder ideal conditions almost .10 frlmes of data could be ecquired on elrch clelll night.
Ho\\'evcr, most nighls terminated rvith cloud cover noving in lfter rnidnight.
Not$ithsranding this, a largc amounr of data was amassed and the necd fbr data reduction
bccamc urgent.
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Obiect Frames

The 5T6 was placed at the Cassegrain focus of the 0.75m Reynolds reflector. Operating at its
f/18, the 375\,242 pixel CCD produced rectangular flames covering a relatively tiny 2.2xL7
arc minutes. To improve sensitivity the camera was opented in low resolution mode lvhich
"bins" pixels in the ratio 3:2x2:l yielding 250x121 pixels. Each pixel covered 0.8x0.5 arc

seconds of the sky.
Seeing at Mt. Stron o Observatory is only occasionally better than 2 arc seconds and,

despite the relatively large pixels (54x34.5 micron), star images were nicely distributed over a
number of pixels. We chose to use an aperture of llxll pixels to perfo.m differential
photomeLA. There were several sta$ in the flame with comparable brightness to our larget -
these would act as our comparison stars (see Fig. 2).

Data Reduction

In all the team gathered almost 4,000 CCD frames during the observing run. Very soon into
the project, like so many asronome.s before us, we encountered the problem of dala
reduction. How to ttJm this mass of data (exceeding 125 Mb,4es) into a relatively small set of
well filtered and standardised numbers which could be plac€d on a graph?

At this point we had two options, both of which were technically difficult. We could eithe!
choose to lean to use the IRAF software cor nooly used by the professionals or a.ltemativel)
develop our olrn soflware. Having trvo prografirmers (Sleve fung and Vello Tabur) on the
team we chose the latter option aDd we soon had software capable of batch processing the
data.

The software, written by Vello, was designed to be used with a specific file naming
convention developed for the project. The prograrn would first average all bias frames for the
evening and then de-bias and average the flats alld the daJks. This resulted in master bias, dark
and flat fields for the evening. Each object frane was then processed, first de-biased. then
dark subtracted and finally divided by the flat field to ensure a uniforn response across the
ccD.

During the last phase of operation, the program *ould display each object field on the
screen and match it with a template to locate the centroid of our object and the comparison
stars. Instrumental magnitudes for each object *ere then automatically calculared and

displal'ed after sky background and any hot pixels had been systematically removed.
In rcviewing the scrcen, the operator had the choice of accepting, reprocessing or rqecung

the results. Conhdgnce factoG and a measure of the average signal-to-noise ratio assisted rhe

operator in making this decision. Accepted results were written to an output hle in a standard
format which could be cross-checked with the observer's manual log.

Period Determination

During our observing rutl, the Yale team continued working at the Ceno Tololo Obsen'atory
by performing spectroscopy and photometry on lhis object and found it !o be an eclipsing
binary system compising a F to early G-type star of 0.4 to 1.3 solar masses, and an unseen

companion of4.0 to 5,2 solar masses.

As the system was emitting short telm X-Iay bursts and included an object which was too
massive to be a white dwad or a neuton star, it was strongly suspected that the unseen object
was a black hole in the prccess of accreting matter from its companion. They calculated the

orbital period to be 2.62 ! 0.03 days.
An analysis of our dara confirmed the professionals' findings and provided the opportunity

to improve tbe accu.acy of their results. On 1995 June 27, around midnight local time, Brian
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Minmum of GR0J155540
June 27, 1995
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Figure 4: Eclipse of GROJ1655-zl0 recorded 1995 Jun 27.5 provided
times for the calculation ofthe period of the binary system.

Crook and Vello Tabur took data during a pimat:y minimum of lhe binary system. Later
anal_vsis fixed the time of mid eclipse at Julian Dare 2449896.04 ! 0.02 (see Fig ,1)

Using this minimum together with phorometric data provided by the Yale team (IAUC
6056), taken ten months eadier, a baseline of 120 complete orbits was established and timed
at 314.43 t 0.04 days. Simple division gave rhe orbiral period of rhe sysrem as 2.6203 !
0.0003 days.

This result also correlated with a maximum redshift observation timed by the Yale team at
1995 May 1.538 (reported in IAUC 6173, May 13) $'hich, when compared $ith rhet earliet
minimum. gave a period ofl.o20l days.
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GROJ1655-{0 Light Curve
Apr - Aug 1995. (c! RAPT, Mt Stromlo Observalory
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Figure 5: Ligh! curve of GROJI655-40 showing pronounced primarl
mioimum and shallow secondar! minimum. The period is 2.6203 da]'s.
Scatter of data is mainl.v due to longer term instability in the GROJ1655-
40 system.

Light Curve

With a period firrnly established for the system we were able to "fold" our dara collected over
the entire obseNing run into a single phase diagram (light curee)- The final light curve is
shown in figure 5 and 5a.

The dorred line represents a best fit to data taken during the last month of our run. A disiincl
p mary minimum and a less pronounced secondary can be seen. Data scatter is evident
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Figure 5a: The light curve.

and results from the system 'flicke ng" \\'ith short outburst on the lime-scale of several
minu!es.

Outlying data points are conributions from obsenations taken some months eaJlier in the
run. They suggest rhat lhe svstem is undergoing signihcant changes within the time ftame of
months.

Tbe cluster ofpoints around rhe zero line represent the difference betu.een the instrumental
magnitudes ofrhe two comparison stars (A and C in fig 3). The orhers stars (8. E, D and F in
fig 3) u'ere found to be variable and therefore unsuitable as differential standards.
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Amateur Photometry OfA Suspected Black Hole

Future Directions

The project has been exhemely educational as an introduction to CCD phorometr,v. The
refined estimate of the orbital period should facilitate accurate prediction of phases for future
observatioos needed to complete the light cune. An equation of best fit will then be de ved
to corelate with the light curve and allow an ephemeris of the eclipsing binary system to be

calculated.
Over the longer tefm we hope to collect funher photomerric data incltrding longer lerm

changes in the bdghtness and colour of the system. By subtracting the light cun'e equation
from the recorded data and examining the residuals, our professionai colleagues might be able

to unravel Ihe exotic behaviour ofthis fascinating object.
The authors encoumge other amateurs with modest telescopes to monitor this object in the

tuture. Hopefully, further projects of this type, involving amateurs collaborating with
professiona.ls, will be fonhcoming.
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A synopsis ofthe history ofobservations ofGRoJl655-40 can be gleaned from the followin8
IAU circulars:-

6046
6050
6051
6052
6056
6060
6062
6063
6073
60'15
60'1',7

6078
60'79

6080
6086
6094
6to'7
6128
6t43
614'7

6t52
6 t'73

1994 Aug 4
1994 Aug 11

1994 Aug I I
1994 Aug l2
1994 Aug 1?

1994 Attg 24
1994 A.ug 26
1994 A.ug 29
1994 Sep 8
1994 Sep 9
1994 Sep 13

1994 Sep 15

1994 Sep 16

1994 Sep 21

1994 Oct I
1994 Oct 12

1994 Nov 22
1995 I^n 2'7

1995 Mar 2
1995 Mar 8
1995 Mar 23
1995 May 13

Contact
Reynolds Amateur Pholometry Team (RAPT)
41 Somerset St
Dufry ACT 261I
email: smr@mso-alu,edu.au
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Sove RecENT VISUAL Resulrs ON VRnIRSLE STARS

PETER F. WLLIAMS
Sutherland Astronomical SocietJ, Variable Star Section, Rolal AstronomicaL SocietJ of New

Zealantl and Astronomical Association of Queensland

Abstract

The study of variable stars is one of the fe$' remaining fields of astonomical observation in
which the amateur can still make a genuine contribution to reseaJch. Unlike his professional
counterpart, the amateur variable star observer has essentially no restriction on telescope time,
apart from weather constnints, and is therefore ideally positioned to obtain brightness
measurements over an extended period of time ald on a regular basis. Such data can cor€r
idtervals of several weeks to ma[y yea6. Collectively, amateur observations can sp,m many
decades.

An experienced individual observer can obtain a homogeneous series of measurements
capable of revealing subtle changes in a star's bdghtness which may othe.ivise be masked b1
lhe 'scatter' inherent when the results of maay different observe$ are combined. Conversely,
when the results of nany obseners of wide geographic distribution are presenred as daily
means, a near continuous aecord of a star's behaviour over a shoft time span can be acfueved,
thereby overcoming local weathe! conditions which may prevent observation from any single
location.

Visual light curves are p.esented for a variety of stars showing both long-term behaviour,
based on observations by a single observer, and averaged data from many observers coveDng
specifi c shon-lived phenomena.

Each method is well suited to revealing accurate and useful information from the
respective data sets. Brief notes describe the stars under observation aJld the results obiained.

Sournenru Queerusmruo SretcHaoor
Jo\ BRANDIE

Abstract

The visual observation of the night sky - be it on a casual or systematic basis - rewards the
skywatcher with his or her own appreciation of the scope and beaury of the universe in which
we lir€- Phorographic techniques and elecEonic imaging technologies - no$ staples in the
arsenals of professional and amateur observers alike - offer astronomers the opponunity to
record what they see in an accurate, accessible and permanent way for dissemiDation to ihe
wider comrnunity. As these imaging techniques become more sophisticated, however, so too
does the potential for anomalies between what the uninitiated expect to see and what they are

able to see develop. Many people observing visually th-rough the telescope e)epiece aJe

frequently disappointed when confronted with a photograph of the object beforehand, and the
proliferation of threats such as light pollution in recent decades has done little but augment
this problem.

This poster paper aims to demonstrate the diversity in size, form and bightness of a

selection of deep sky objects visible from southem Queensland latitudes, executed at the

telescope eyepiece using nothing more thad paper, pencil and the desire to experience and
record the night sky firsl hand in an objective way.
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Two EownRorRru SIRR Guroes

]UARIA J. HITTCHEoN
A s tr onomi ca I As s oc i ql i on of Quee ns I and

Abstract

In the early years of this centur],, two books r'"ere published by the British firm of Gall and
Ioglis. for the altipodean residetrt or traveller. Otre is a large-format monthly guide to the
"starry hea\,ens". the olher is a pocket-sized publication gi\ing the anatomy (as it u,ere) of
indiridual consellations.

Beautifi l"v illustrated and containing the most up-to-date scientific hformation, as then
Ioro\lq they remrin usefirl a:rd enjoyable books a cetrtur} on.

UQES: Frene Feo EcnrllE SpecrnocnRpH

}IARTIN J. PoRTER
Astronomical Association of Queetlsland. The Unir,ersity o:f Queensland

Abstract

In recent years there has been a trcnd toward the autootation of modest sized obsen'atories.
especialll those involved nith photoelectric photometry. Althougl undoubtedly usefrl. ttrere is
clear\ a need for more advaaced instrunentation such as spectrographs. It is for such an
application tlat The Universi4, ofQueensland Echelle Specuograph is being developed.

The protot]?e insttument design r'"'as originall_r presented by M J Porter as an M.Sc. thesis
io 1993. Although spectrographs of this qpe are not uoique. features which distingrrish rhis
design ftom others are its intended use with telescopes of only modesr apemrre, fired format
design covering the visible spectrum in a singe exTosrre, and shofi ex?osules.

Because ofthe relatively sEall telescope sizes. Light is coupled to the spectrogaph via an
optical fibre where the eod of the fibre acts as an entrance slil. Once collimated, the light
passes into the two dispersing wstefis. the main being the echelle grating. A pair of LIBKT
prisms operate in a direction perpendicular to the gating dispersion resulting in a 2-
dimensional format for the spectrun A commercial camera lens images the spectnrm otrto a
cooled, large format CCD caoera. The camera. u'hich I'as generous\ firnded bl the
Astronomical Associatiol of Queenslald, is curretrtly under developmett.

Wfth a l-metre lelescope. objects to l2tl magnitude should be measr-rable with a spectral
resohing power ofnear l5 thousand.
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QuerruslRtto Asrnoresr
DAnflAN OUSLEY

Astuonomica I Assoc tation of Queens land

Abstract

The paper presetrts images ofthe Queensland Astrofest which has been run for the pas four

lears and held at the Lions Club lntemational "Camp Duckadang ". The camp is situated on

rhe Brisbatre river near Lilville. approximatel-"- ll0 km i! a direct line north-u'es fiom the

centre ofBrisbatre.
The evelt has grown of a srull beginning as a weekend long event to that a fi.rll week. The

initial camp sufered overcast coaditioas, but since then the camp has been blessed with a

reasonable number of good clear nights for obsen ation.
The mah actilities ofthe camp are a amateur telescope makhg coDpetitiotr. with a variety

of au,ards presented for origiualiq and effon in cotrstructing telescopes atrd telescopic
accessories. The maio dra* card is to have tle opportunir,v to observe and photograpb the
Saginariusi C1'gnus arms of the Milb' Wa-v-.. and deep s\' objects in the Sculptor/Fonax
region, and the SMC atrd LMC. ftonr reasonabl,v- dark skies. free oflight pollutioD.

The facilities prorided at the camp include bunt style shared accoomodation with firll
kitche! (including fieezers) and shorver facitties. (Roughing it in the country has oever been

easier.) There is also a dining area. a main assembly hall. and on site is the Stewafi
Obsen'ator) with a 35-5.cm Celeslron telescope housed in a dome. Visitors *'ith or without a

telescope are welcome to anend the cary.
The comminee has in the pas been able to sponsor lisits to the caqr of noted aoateur

personalities zuch as local extra galactic supemova obsener Revd Bob Evatrs and Americar
telescope maker John Dobson-

I trus the following images uill encourage vou 1o attend the Queensland Astrofesl. The
nex:t Astofest will be held bet*€en August l2atrd l8 1996.

Jnrues DUNLoP's 1826 CnrnlocuE oF
SouTHeRru NTeuLAC AND CLUSTERS

GLEN CozENs AND GRAEME L. WI TE
Westen Sydnq' Amatev Astronom) Gftnp and the PlrLsics Depallment

Faculry^ of Scienee and Technolog, I)nivrci4 of Whstem S)dne)

Abstract

Io 1826. James Dudop made "A Catalogue of Nebulae ard Clusters of Stars h rhe soutlem
Hemisphere". For this *ork- he obsen'ed Aom his house ia Huarer Street, Parramatta- *ith a

23.cm (9 inch) diameter metal mirrored Ne$toniatr reflector.
When Sir Joh Herschel was at tbe Cape. South Afiica, fiom 1834 to 1838. he found only

2ll of the 629 objects h Dunlops catalogue. Herschels obsen'atiors were made with a far
superior instrument- Io this paper, we attempt to answer the questioD. "rlty is there such a

Iarge discrepancl betweetr the obsen'atiotrs Erade by Dulop atrd Hercchel?".
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WSAAG - AN EXAMPLE OF AMATEUR AND
U t t tvERstw CollneoRArtoNt

JoHN JARMANI. cRAxm L. Wrurel'2 Lm cr,rr Coznxsl'2
I =Western Sydne Amateur Astlo otny Group, 2:Ph).-sics Depafbnenl,

Facul4 of Science atul Technolog, U iwrsiy of Wtestern S!"dnet"

Abstract

The Western Syd:rey Amateur Asronomy C'roup (WSAAG) is a group of aoateur
astrolomers fomed h late 1991 fiom a llWS Nepean Continuing Education West program
(CEW). The Group was originall_v conceived by a handfirl of members ofthe CEW class as a

snpport group for the planned obsenatory at the Udversit!. Ho*'ever the interest shorm by
the commulit-v soon outstripped this odginal intention and the group quickly developed iato a

getreral amateur asfionomical societl'.
The formation meetilg rlas hgld on 19 November, 1991 alrd the ftst regnlar meeting ofthe

Group $as in Jaruary 1992 when Revd R Evans gave the inaugural lecture on his supernova

search proglan
From the formation of the C'roup, meaings were held i! rooms pror,ided Aee of charge b-v

IJWS Nepean, and the group presetrtly meets at the Nepean Astronomy Cetrtre (NAC). The
membership has consisently gro\\n over the four years of its existence from a starting
membership of23 in 1992. to about 80 in 1995.

The Cyroup uodefiakes firnd raishg actir'ities rvhich has provided a trumber oftelescopes for
use by members. proriding computer facilities for library. shareware and general database
purposes. A serious 1ibrary is beiag developed lia donation arrd puchase and the construcrion
of a half-metre telescope for the Lhdeo site is being plamed.

WS.{AG has supplied IIWS Nepean rith exoellent conlxunity outeaoh (suoh linls are

seen as very important within the UWS Nepean) as well as support in teaching and research
projects. The C'roup has given the small aoademic astronomy team at the Uni!'ersity valuable
and tangible wppon, and allowed them to acb-reve muoh that would otherwise have beetr

beyond their capacity. WSdAG Group members supported the construction ofthe Nepean
Astronomy Centre by voluntary work and have helped to promote the outreach acti\,ities oflhe
Nepeao Astronomy Centre by workitrg as lectulers and support staff for these programs. The
Group has been the mainsay of the dark-siry observing component of the Liberal Ans and
CEW prograDs at the Linder Observatory, supplying telescopes and members to advise
students. In additiotr, the president has sened on the ad\isory committee for the Nepeaa
Astronomy Centre, represeutitrg the communit-v based astronomical interests withirl Westem
Sydne,v.

The support and shared success of WSAAG and the IJWS Nepean astronomical team
illustrates the tangible a:rd mutual benefits that can come ftom good relations between a

conmunity based amatelll astotromy group aad a small uniYersit_v astlooomy tearD-
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INTERNET Resounces FoR AMATEUR ASTRoNoMERS

NICKWILLIAMS
Brisbane Astronomical Sociely

Absfact
This posler paper illustrates the various bformation souces available to the anrteur on the
worlds largest computer network. The Intertret has been gowhg at brcaktreck speed over the
last two years atrd infoEcation that was once only available to professioml astronomers and
uriversity people, is row easily obtaimble al reasotrable oosts to atrybody intere$ed.

The paper gives exaryles of World Wide Web' resourceg 'UseNet' newsgroups aDd 'Enail'
electronic n,iling ligs. It also cover the hardware and software needed to access the
resources and what 4.pe of service provider best zuits your needs.
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Meade lnstruments has just reduced the
cost of telescope technology.
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EPOCH ZOOOsk
The most precise, most user-
Iriendly sky software ever
created makes all competing
sky software obsolete!
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Pro.eedngs ol the l'th \AC1A. Br'sbane laoo tlo shop Abstract\

woRKsHoP sEsstoN 1

Covpurrruc lru AstRoruomy

CHARPERSoNi NIcK \IIILIAMS
Brisba e Astronomical Socie!,^

Abstract

The rvorkshop is intended to provide examples ofnhat software is available for the aoareur
astronomer to use for assi$iog him or her in their obsenations. Matry po\yerful proglams are
readi\- obtainable to rur on the f$o most popular platfoms. I rill onl,v be covering IBM
compatible softr'are at the $'orkshop. Handouts *i11be available.

Computer Planetaria
\\rhat's available to the amateur astronomer. both coomercial alrd sharer\,are.
System requirements for good performance.
Use of Print-outs at the telescope.
Demotrstratiotr of the'Earth Centred Universe".

Computer Databases
What's available to the aoateur astronomer. both cornmercial and shareware-
S] stem requirements for good performance.
Use of Print-outs at the telescope.
Demonsration ofthe "SAC 6.0 Deepsl$ Database".

Calculation Programs
Wlat's available to the amateru asffonomer. both commercial atrd shareware
System requirements for good performance.
Use of Print-ouls at the telescope.
Demonstration of '_Astronomy Lab".

Using the Internet
What is rhe Intemet?
What progranrs do you need to access the Intemet and ho$' to co lect to it-
Demonstration of 'Electronic Mail" (Email).
Demonstration of Astronomical'Nervs Groups".
Demorstration of the'World Wide Web".
Demolsration ofhow to locate wanted data.

Round up
Upcoming developmetrts irl home cornputing.

Questions and answ-.-ers.
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BRrr.rcrruc AsrRoNoMy To THe Pueltc

CHATRPERSoN: DANIEL (MIKE) MOY
Astrononxical Associdtion of Oueens land

Abstract

Every astronomy society in Australia claims that one its major fimctiols is to 'tring astronoml
to the pubtc".

Each society has its orat nay ofdoing this and we aim to ex?lore the diferences aad the
similadties. e.g.

What form do public presentations take ?

What form do presentations for schools take ?

Ho$,many telescopes are treeded for a tJpical presentation ?

Holl many helpers are needed J

Ho$, does one get enough volunteers to help ?
What training, ifan1, do these vohmteers get ?

Does your socieq charge a fee and if so holl much ?

Is the retum to your socie8 worth the effort ?

What is your societys relationship to local press eto ?
Are you invofued in giving lectures to groups or conducting astrotromy courses for the

geneml pub).ic I

The workshop will take the form of short presentatiotrs by three (3) kelnote speakers telling
oftheir local exlerience, followed by a question aad aaswer aad discussion period.

The aim is to provide a vehicle for the exohange ofideas and to assis each other to carry
out this fiEction for the benefit and pleasure of all involved.

Ke.,-note SpeaL,e$:

Karlene Galnay.... Bundaberg Asronomical Society, QLD
Bill Fiddian ...... Ballarat Astronomical Socierl-. \{C
Joe Grida ......... Askonomical Society ofSouth Australia
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r^loRKSHOP SESSTON 3

CCDs lru AsrRoruonaY

CHARPERSoN: ZAc PUJC
Soulhen1 A stronomical Soci e t r'

Abstract

Charge-coupled delices were first introduced into astronomy i[ the 1970's and into amateur
asronomy in the late 1980's. Although entrenched in alDateru atrronomy: one misconceprion
still remainst that CCDS produce images comparable to photogaphic emulsions and rice
versa. CCDs aad photographic emulsions are disthctly differetrt q?es of detectors and are
used to fu1611 different objectives. Photogaphio emulsions currently remain rtre detecton of
choice uhen large areas of skv need to be photographed a1 high resolution. CCD detectors
will not be able to challetrge emulsion based detectors for sL1 coverage for at least another
decade. CCD detectors hovl'ever possess several qualities iacluding a linear response, a rvell-
defined spectral response, a high quantum efficiency (bigh sersitiviry) and rhe ability to
firnctiol in orbit g obsen atories. qua]ities *hich rill ultiDarely define CCDS as the major
detector ill use in astrotromv.

CCD operation cunentll' requires onlv a computer and a telescope on a tracking mount.
Althougl photogtaphic emulsion astrophotogaphy does not require a computer: computer
availability is high. The high cos ofCCDs ho*ever still asserts the opinion that photographic
emulsion asrophotography uill remain preferable for amateu astrophotography in the oear
future.

This u'orkshop aims to e\Tlore the advanrages atrd disadvantages ofCCDs as detectors in
astrophotograph-v. Points to consider hclude:

a) Curent cost ofCCD detectors
b) Aesthetic dppearance ofCCD images
c) Ease of inxdge acquisition
d) CCD tracking for emulsion or CCD photoglaphf
e) Spectroscopic and pholometric dala acquisiliotl

J) Non-consumable natule ofdetectol 6,s phologlaphic emulsio and developing chenicals)
9 Ease of rep/oduc on of rmage lvia cotuputer fle copt)
h) Possibilit!^ oflemole access obseflatories sing CCD detectors
i) Abiliy to opetute in light-polluted entironments

I Exlreme suilabi liq) fol high-resolutiotl p lanetary photography
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AnnRreuR Telescope MAKTNG

CHATRPERSoN: GR AHAT.T luAcKAY
Southeast Queens land Astrottonlt cat I Socie4'

Abstract

At rhe trade displa-y ofthe lTth NACAA ASTROGLASS is shouing a light[eight sixeen
inch mirror blant $'hich offers a great saring in u'eight u'hen consructing a large but
hopefi]ll_\ potable anateur telescope. The usual firll thickness blant weighs about 2,lkg u'hich
is quite a handfirl in a telescope. not to mention the gdoding and polishing of such a heary
piece ofglass. The lighfweight bla* tapers from two ioches at the centre to a third ofan inch
at the edge and *'eigls about gkg. easily held iu one hand.

Gritrding on a full size lap e\.en *ith 46 grit carborundum is not arduous. because the
ueiglt ofthe blant is spread over a large area aod you can proceed nilh as little or much
dou,n force as is comfonable. Remor,ilg the blalk for washing aad replenishing the rooi lrith
grirs is eaq. $hich isjus as rvell as 1ou need to do this often.

The uorkshop sets out to demotrstrate tle tecbnique of grinding these lighneight minors
using easill made ald inexlensir e rools. $ith the emphasis being "hands otr" everience.

woRXsHoP sEssroiv 5

CorurRol Or Tne OerRusrvr Errecrs Or Ourooon
LrcHrNc. AS 4282 (lrur)

CTIATRPERSoNt DAtrflAr OUSLEY
A s lr ono m i ca I As s ac i al i on of Que e ns I and

Abstract

The lnterirn Australian Standard AS4282(lnt)- 1985 \\,as approved by rle Council of Standards
Austral.ia or 17 Januaq, 1995 and published on 5 June 1995.

The *orkshop session $ill look at some of the aslects releYatrt to astronomers $hether
professional or amateur of this sandard and its adt antages if and u'hen the standard is issued
as an Austratan Standard. The documetrt is interesing as it \ ill be refeienced itr other
Australiar Standards r,l'lrich curretrtl! have linle or no numerical control on the upper limits on
light inrensir) or nluminarrce in vertical plaoe.

Taking all the points into consideration *hat should amateurs do to approach the matter in
respect of Local Golemments? Australia! Statrdards are fine documenis but are not
"LEGAILY ENFORCEABLE" u ess they are included or refermced in Govemmetrt
legislation or Local GoverDmetrt byJa*,s or building codes. Should amateur groups actively
lobby local councils or picking up AS 1282(lnt)? Should other e tomental aspects and cost
sarings be pushed alorg $ith the astronomical points to soften the blo$'ifit is introduced?
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ClosrHo Aooness

DAMAN OUSLEY
CONTNoR, 17TE NACA-A.
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NATIoNAL AUSTRALIAN CONVENTIONS OF AMATEUR ASTRONOI\4Y

Conference Year Location Host Societies

Preliminary Conference

1st NACAA

2nd NACAA

3Td NACAA

4th NACAA

51h NACAA

6th NACAA

7Th NACAA

8th NACAA

gth NACAA

l Oth NACAA

11Ih NACAA

12th NACAA

13Ih NACAA

14th NACAA

15th NACAA

16th NACM

17th NACAA

Kaloomba

Canberra

Poi(
N4acquarie

Ballarat

Wodlongong

Melboume

Adelaide

Sydney

Canbena

Geelong

Brisbane

Perih

Hoba.t

Sydney

lMelboume

Adelaide

Canberra

Brisbane

,l966

1967

1968

1969

1970

1972

1974

1976

't 978

1980

't 982

1984

1S86

1988

1990

1992

1998

2000

Sydney

Perth

1994

'1996

Canbeala Astronornical Society and
James Cook Astronomical Club

James Cook Astronomers C ub and
Pacific Astronomical Society

Porl Macquarie Astronomical
Association

Ballalat Astronomical Society

llla\&arra Asironomical Society

Astronomical Society of Victoria

Astronomical Society of Soulh
Austraiia

Aslronomical Society ol New South

Canbera Astrcnomical Society

Astronomical Society of Geelong

Aslronomical Associaiion of
Queensland

Astronomical Society of Westem
Australia

Astronomrcal Society of Tasmania

Aslronomical Society of New South

Astronomjcal Society of Frankson
and Astronomical Society of Victoria

Astronomical Socieiy of South
Australia

Canbera Astronomical Soclely

Astronomical Association of
Queensland. SoLlhem Astronomical
Society, Bdsbane AstronomicaL
Society Souiheasi Queensland
Astrcnomical Society

Sutherland Astaonomical Society

Astronomical Soc ety of Westem
Ausiralia

181h NACAA

19h NACAA
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LIST oF REGISTRANTS

The following is a list of registrants attending the 17th NACAA, in alphabetical order,
with surnames first and their affiliation.

Abbreviations:-

C - Convenor of 17th NACAA
E - bfiibitor
P - Paper or Poster Paper
W - Workshop

Sociefies .-

AAL - American Astronomical League
AAQ - Astronomical Association of

Queensland
ASA - Astronomical Society of Australia
ASC - Astronomical Society of

Coonabarabran
ASF - Astronomical Society of Frankston
ASG - Astronomical Society of Geelong
ASNSW - Astronomical Society of New

South Wales
ASSA - Asko Society of South Australia
AST - Astro Society of Tasmania
ASV - Astro Society of Victoria
ASWA - Astronomical Society of

Western Australia
BAA-NSW - British Astronomical Assoc

NSW Branch
BAS Qld - Brisbane Astro Society
BAS Vic - Ballarat Astro Society
B'berg AS - Bundaberg Astronomical

Society
CAS - Canberra Astro Society
IAS - lllawarra Astro Society
IUAA - lnternational Union of

Amateur Astronomers
KAS - Kansas City Astro Society
LVAS - Latrobe Valley Astronomical

Society
SAS NSW - Sutherland Aslronomical

Society
SAS Qld - Southern Astro Society
SCAS - Sunshine Coast Astronomical

Society
SEQAS - South East Queensland

Astronomical Society

SSA - Sydney Space Association
TAG - Towrsville Astronomy Group
TAS - Tebbutt Astronomical Society
THK - Tsukuba Hoshino kai
USQ - Univ. of Southern Queensland
WSAAG - Western Sygney Amateur

Astronomy Group

Registrants :-

Adam, Peter (SAS Qld)
Adcock, Barry (PXASV, BA Vic)
Anderson, Peter (PXAAO)
Bacon, lan (ASWA)
Barclay, Jim (SEQAS)
Barnes, Karenne (AST)
Bedford, lan (ASSA)
Beresford, Dr Tony (ASSA)
Bhathal, Dr Ragbir (PXTAS)
Blanksby, Jim (AS\4
Blumson, Col (EXSCAS)
Bond, Greg (AAQ)
Brakel, Albert (CAS)
Brandie, Jon (PXToowoomba)
Brightwell, Neil (SAS Qld)
Bryant, Ken (ASF, ASV, LVAS)
Burke, Pat (BAA-NSW
Chipperfield, Leslie (SAS Qld)
Clark, Elaine (SCAS)
Corbett, Darren (lAS)
Cozens, Glen (PXWSAAG)
Cragg, Tom (ASC)
Crossley, Graham (AAQ)
Dawes, Glenn (E)(ASNSW
Dobe, Chris (Queensland)
Dobson, carry (SSA)
Drescher, Colin (PXSAS Qld)
Dreves, Bruce (SAS Old)
Dreves, Dr Sue (SAS Old)
Elms, Tony (E)
Elston, Bobbie (sEQAs)
Elston, Peter (SEQAS)
Fiddian, Bill (W(BAS Vic)
Forbes, Peter (B'berg AS)
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Free, Richard (TAG)
Galway, Bruce (B'berg AS)
Gaiway, Karlene (W(B'berg AS)
Garland, Brian (AST)
George, Martin (AST)
Grida, Joe (W(ASSA)
Grida, Lyn (ASSA)
Gronvall, Gunnar (AS\4
Harding, David (AS\4
Hart, Gary (AAQ)
Harvey, Mark (AAQ)
Holmes, Kerry (AAQ)
Horne, Trevor (BAS Qld)
Horton, Laurie (Queensland)
Hutcheon, Maria (PXAAQ)
Hutcheon, Steve (AAQ)
Ke'r. Wilma (LVAS)
Kilmister, Max (AAQ)
Kircher, Gerd (BAS Old)
Knight, Ron (SCAS, SEQAS)
Kruijshoop, Alfred (ASV)
Lapalud, Paul (AAQ)
Lowe, Peter (ASF)
Lowe, Vivienne (ASF)
Mackay, Graham (EX\ /XSEOAS)
McMillan, Brett (SAS NSW)
Manietta, Siegfried (P)(AAQ)
Mitchell, Darryl (BAS Old)
Mogridge, Keith (ASSA)
Moriarty, Dr David (AAQ)
Moy, Mike (W(AAO)
Nation, Peter (ASSA)
Neill, Dennis (BAS Qld)
Newman, John (CAS)
Niven, Dr Susan (AAQ, B'berg AS)

Nooriafshar, Dr Mehryar (PXUSQ)
Northfield, Peter (E)(ASNSW)
Ousley, Damian (CXW(ACO)
Perdrix, John (EXP)(ASWA, IUAA)
Petr, Mary (AAQ)
Porter, Martin (P)(AAQ)
Pujic, Zac (PXW(SAS Old)
Purcell, Dianne (CAS)
Purcell, Dr Patrick (CAS)
Rae, Shirley (ASNSW BAA-NSW
Richardson, Peter (CAS)
Ring, Steven (PXCAS)
Russell, Steve (lAS)
Sadler, Dr Elaine (ASA)
Skye, Peter (lAS)
Smith, Mike (E)
Soulsby, Byron (PXCAS)
Stoeckeler, Ralf (Glen lnnes)
Straayer, Julie (SEQAS)
Stuart, Wayne (ASNSW
Sullivan, lan (ASV)
Teychenne, Kath (LVAS)
Thompson, lan (BAS Vic)
Townsend, Esther (AAQ)
Tucker, Paul (ASSA)
Unruh, Marilyn (THK Japan, KAS, AAL)
Wallace, Ken (E)(ASNSW
Ward, Colin (AAQ)
Waters, Trevor, (ASSA)
Weatherley, Graeme (ASV)
Wille, lvlichael (QLD)
wi iams, Nick (w)(P)(BAS otd)
Williams, Peter (SAS NSW, AAO)
Wilson, lan (PXBAS Old)
Zwart, Albert (AAQ, ASG)
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