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The Search For Earth-threatening
Asteroids:

WHAT WE ARE DOING, AND WHAT YOU COULD DO TOO

Dr Duncan SteeL. ,Anglo-AusttaLia Ohservatory, Coonabarubrbi, NW

Author's biography

Dr Duncan Steel is d rcsedrch astonamer at fu .\,uto-At6//otidn Obsetuatory ik Caohabetubrun, NSW. a d Visiting
Research Feltaw in the Depannen af P hvsics and Mdthenaticar physics of the tJnire'ir- of AdeLdide. He a a Fettow oy
the Ro.rat Asto omical saciet). a Menbet af fie Austratian ttstuute of physics, an.t a nrcmbet af *e rntenatianaL
Astronomicol union. on vhich he lcnes as secrctarJ of the connisions invotted vith physicat studies aj ca ets,Minor
P lanets an l Met?orrtes, and Mercors a l Interptanc !d^ D uy t tt?pretc nte\! tu B a nenbe r of the NASA workhops
on th. Detection' dn.l the Interceptian and Dircrsion, qf NearEanh objects. the tAU wotking Group on NearEdnh
obJects atulisanrnberoJthe Boa ofrt^tees.l the tnrc.nauonatI sntuteJot the AserodHazad h st petersbutg,
Russia He is olsa Dit ector af Research dt SpacesuardPtv. Ltd., t)n Adetai(le-bosed conpatry dedicated to ascertunfits rie
hozad to Earh'atbihls saellhes due to inpacts bf space llebtis and neteoroia.In the pd; he has,tot.kedfor borh NASA
in e USA and ESA in S\|edeh. Anateur dsrononers nost tikelr know hin he$ as; Caniihuting E.titot to Southetn
Asr'onomr naqazirc

Abstract

As our knowledge of ihe populatioo ofmacroscopic objects c.ossing the terrestriat orbit has incrcased over the past couple
ofdecades iI has become clear lhat ourplanetary home is subjec! to large impads, with porentially catasrophic consequences
forour species with a disrurbing frequency. This pandigm shin. wh;rebi asrronomen no lonler look ai rhe pock-marked
surface ofthe Moon aird fondly believe Ihat for some reason the Eanh escapes such cmtenng,las also led to an aherarion
in rhe view oimany geologists, ml]ny of ihem now recognizing rhat;mpads by asteroids a.ndiomets play an imponanr role
in shaping fie surface of this planet .s well as those ofthe orher planets and their sarellites etsewherc in llle solar svstem-
There is now amovemenr io panicular in the unired Stares rodevilop a prognm tod€rec! essentia y a nerr-E:rnn oule.rs
(NEo\: ascroids and comers which mav impact ourpranet, and Ausmlitis cenain !o pray a major pan in rrat program.
both because of ils geogrrphical location and also the €xpenise builr up over the pasr few yiais tn seirctring tor such objecrs:
offour subsiafltial search prcgnms world-wide, three arc in the usA ind only AANEAi (he Anglo-Ausrnli* Near-Eanh
Astercid suney) op€rates hom th€ southem hemisphere. Many orher counnes are dso invorved. brr -{usrralia is
well-prepared ro rake the number two posidon.

The discovery of aNEO on a collision course with lhe Ernh wouldmake r response essentiat, !l]d plans tor rhe interceprion
and deflecdon of soch dn objecr &€ also being drawn up. one ot' rhe probtems, however, is that rhe planned searches
(concenlmting on the rcgion nearopposition bur srerching sixly degrees flofth rndsoulh ofrhe ecliptic) m;y find armosr all
u"teroids and shor!-p€riod comers larger $an 0.5-r.0 km across wirh many years waming before rn impact, and rong,period
comets wilh about aye.r's waming, bul remain v€ry insensitive lo asreroids in Ar€n-rype orbirs (orbits with periods tss $an
one year. so that the asteroid sp€nds most of ihe time wirhin $e Eanh's orbir and thus unobservabl€ by conv€ntional oprical
techniques. bur with rpherion outside of I AU). I! is proposed here rhat one way ofsearching for such potendar impactors.
dnd detennining whelherlhere is a subsrantial popularion. is to watch rhe Sun ard took for th;m as they cross the solardisk
on sftlighrline Parhs taking rypicrlly 5-60 seconds ro move iiorn timbro-limb- Such evenrs wilt {rccur nrel!_ bur rurom3rLc
obsefling seems an easily-achiev€d rarget for am3teurs equipped with qlire simpre apparnlus. lr is recommenaed rh:rr
consideration be given to sening up an Ausrntirn sun-Tnnsning objecr \erwork {AsroN), wiih the iniemion of
ASTON-r,hrng rne 3'r-onom,crl qortd.

I . INTRODUCTION

No-one who reads rhe popular prcss could have missecl fie excitemenr (and concem) which has been engendered ov€.rh€
pasl few leffs bt, discoveries of asreroids passing close by rhe Eanh (astronomicaly-speaking)- Ar rhe iime ofwriting rhe
rccord is hetd bv l99l BA which miss€d us bv 170,000 km in Jnnuary r99l (scofti e/ d/., r99l: steet. l99r): despiL irs
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\Irull size (5 lo l0 m ac.oss. thc smrllest md intrirsicrlh tuinlesr oarural objcct cver obscb-cd relescopicxlly xbo!e the

amospherc. alrhough it has since bren equalled) I99I BA would h3ve c sed an ailbursr wirh lln energy ofthe order of50
kilotomes oiTNT (five rimes the Hiroshrma bomb) if ir had srruck rhe plan€r In facl the annualevent' upon the Eanhdue
Ioextmtenestnal irnpacts. usually resulrng inan atmospheric detonation la.geiy-unnoriced on the ground. is a-20kilotonne
explos ion (Chapmdn and l\4omson. I 9 89 ). Large r objecrs such as the 50-60 m body. rhoughr ro be I ir3gmem of the lar-ee

com€t w hrc h produced P/Comet Encke ;nd the rest of rhe Trund Comple x ( KJes.rk. 197 8: S teel cr dl.. 199 I ), which detonated

rbove drc Tunguska tuver region of Sib€na on 30 Jun€ 1908 in m explosion wirh a roral energv release of abour l0
tlegaronnes of TNT equivalent (Turco d dl., 1982) rrive on.r rime-scrle ofcentu.les. ar rhe outsid€.

I have .ecendy suggesled. pafiialllr on the basis of Maori mythology. that nn evenr similar to Tunguska m:ry have occunEd
oversouthem New Ze.rland about 800 years ago (Sleel and Snoq'. 1992),.rnd there ii a similarnylh amongsr lhe aboriginal
p€ople of lh€ Wilcannia rcgion of westem New South wales (Jones. I 989). Thrs relares lhe siory of a forEtold fall ing slar

bringing fire md havoc s rI shor firough the skres, krlling many people and depositing smnge ston€s, with a following
deluge. The stones shown in rhat book are clearly noo-nleteonlic in origin (R.H. McNlught has visited the indicrted site Jnd

found those rocks to be marble) but this may be due to conlusion allercenturies ofstory telling.

Taies of stnnge rocks iailing lrom the sky bnnging smnge fires md floods ffe a common rheme in the myrhology of
widely-seprraied culrures, however. !o thai some brsis in fact lrlay be an appropriare $sumprion ro make in inleryreling the

legends. mrher lhan being torally dismissive (Clube and Napier. 1990). There is also ev idence in s. ienrific records to suggesi

that ft€ myihology may be.) rcasonable record ofvariatlons in the rerresirial influx (Bailey er d/.. 1990).

One oiherthing fia!des€raes menlion here, being connected with rhe previous pangraph. is lhar fte majoriry of rstronomicd
rcsearchers in this field |ssume fta! lrrge impacrors anive a! the Ernh in a mndom fashion. with no tempoml coneladon.
This may be rermed 'Stoc hastic Catasrrophism', being due to a rela,\ed populalion olNEOS. My own view is that rhe major
hazard to the Earth. ilnd hence mankind. is in fact throogh corelaied impacts due to complex€s which are fonn€d by the

hierarchicd disintegmtion of large (or gjano comets, this decay occun-ing over timescales of lM-105 years. This I rern
'Coherenr Catastrophism (Steel. 1991). The snuadoncanbe visuatized as a large collection ofdebris of'50-200m sizes

accumularing behind ihe parent come!. \rhich produces many (ihousands-milllons) such fragmenls as ii decays. the larger
ones being recognized ns individualcomeb or asteroids in fteir own dght. At such lime ar acomplex has a nodal crcssing

rt I AU impacls upon the Esnh are possibLe: Ihis occurs wirh cycLe dmes of orde r a few $ousands yerrs, and would last for
a cendry or so. Dudng rha! century wheneverfte complex int€rsected the telreslrial oloit when me Ernh was at the s;rme

point. a lxrge influx of lhese Tunguska-and-bigger obj€.ts would inundare the plane! ftis would occur wirh a f.equency

depending upon fie orbital period of lhe comei For example, in the preseni epoch rhe Taurid Complex (see above) is lhe

mosl obvious example: ir is believed (Clube and Napi€r, 1990: Sleei e! dl., l99l) thai the ovemll cycle time is 3-,1,000 years.

with four epochs ofacdviry wirhin thar time ol a cen ryorso€ach. Sincelhe period ofthe complex is about 1.3 years, about

once per decrde (once perthree olbits offte Taunds) the compiex and the Eanh are at the snme place dudng hose pedods

ofactivity, wirh muhiple impacts occuring. lhen a hiaus ofa miilenium or so.

Th€ above has dealt with lhe mte of impacts by relatively small NEOS. h is generully ageed $at rhe threshoid for gtobal

effecis by a single impact, dependenl upon velocity and composition, lies somewbere in lhe rcgion of0.5-1.5 km. The m€an

impact rate by I km objecrs. producing cmters ofthe order of I0-20 km across, is about one per 100.000 years (Grieve. 1987:

Olsson-Steel. 1987: Chapman and Monison. 1989).

, II.1VHAT IS BEING DONE NOW

Aier rhe flrsr Apollo-lype asreroid was discovercd in 1932 &ere was little concentnted €ffon lbr some decades. Prior to

th€n iherc were s€veml comets known with Eanh-crossing orbirs (such as P,lHailey) so thar the concepi lhal the Eanh mighr
be struck a devastadng blow every so oft€n was not unlnown.Ir is interEsting to not€ lhar the wod disaster acrually merns
'bad sbr', Jnd obviously any com€t (or hairy siar) stnking us would be very bad news indeed. ar leasr in the preseni epochl

in the effiier history of our plane! we should be pie3s€d that manv impacts occurred since th€se :tpparendy supplled the

globe s reposilory ofwater and otherorganics (Anders. 1989i Chyba. I990a.b: Chyba er a/., 1990: Zahnle a.d Crinspoon.
1990). Nor is lhe pasl contribution ofmarerials to the planei by ,steroids ard comers,3nd lhe exrinction of fte dinosaurs

leading to fie rise ofthe mammals, th€ only ways in which these may be beneficial to nankind: in the furure we may anticipate

thar NEOS will be a major lource of .rw materials io. fie exploitation of space (Dav is et al., I 990).

Through the decedes tbltowing 1932 a few NEOS werc discovercd by chance. especiauy ai widefield ielescopes such lls

Schmidts b€came avarlable: asteroid L566lcarus was found in 1948 soon.fter lhe commissioning ofthe Moun! Palomar L2

m Schmidt. However. nowadnys ir is amusing ro nole th $roughoui ihe 1950 s ,nd 60 s therc was inuch debate about fie
origin oirhe lunar clarers, and it was apparenrly a surprise ro many when cm€rs were found on Mars and M€rcuryi in t-act,

over the pasr vearo. so some have lound it remarkabl€ rhal rhe Magellan mdar dara show large cmteN on Venus. €ven the

exrensive flmospherc ofrhar planet affording lirtle protection ftom I km-plus asteroids andcomers.
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!npacr cntering is now known to be r pervasive ii urc tlrroughout the solar syvem. llrc Einh berng no ercep(ion (see ibr

example, rhe brochure Arirryeotagicat Features af Clntrat Atstt alio, publshed by the Depadment o{ Mines and Energy.

Danvin. N.t.i.$d Crieve. 1987). String in the early l9i0's n Mount Palomar in Caliibmia. using mainlv the 0 ':16 l1l

Schmidt therE. terms led by Ele.nor Helin (Jet Propulsion Laboratory. Caliibrnia lnslrtute ol Technology) and Gene

ShoemaJier (Bmnch ofAsrrogeology, U.S. Geological Survey) have expanded our knowledge ol NEOS very considemblv-

and this work continues. Aierdevelopmen! effofis rhroughout the 1980 \ the ream underTom Gehrcis at the Universiry ol

Afizona hxve complered I dedicared search relescope 1r Kitr Perk, c led spacewarch. This insirum€nl has a 0.9m apenure

,nd a sma field of view. 3nd :rutomarically sclns rhe sky. with nutriple ccD scans b€ing compar€d using sophrslic ed

sexrch soliware. This is tbe only non-photogrrphic NEO sunev now in operation. tn Ausrnlia in Mav 1990 w€ began our

own progmm. rhe AngLo-Ausralian Ne3r-Earlh Asreroid SuN€v (A,{NEAS) from Siding Spdng using phorog phs iaken

wrlhihel.:m U.K. S;hmidr, ioltow,up being accomplished wrrh the 0.5m Uppsala Southem Schmrdt ,nd the Australian

Nationat universiry s,lo-inch telescope. The successes ol dANEAS io flr have been desc.ibed by sleei and McNaugh!

(1991).

Arthe rime otwnring abou! 190 furrh-approaching Greroids are known (Apollos, Amors.nd Atens). aod curent discovery

mtes are now climbing towards 50 p€r yed world-wide. abour a dozen {iom AANE-{S.

III . WHAT IS BEING PLANNED

No doubt due paniaLly ro media coverage, in Iare 1990 rhe u.s. congress dirccted NASA lo lbrm comminees to consider

rcsearch prcgnms for:

(a) Greatly incrersing lhe present discovery rale ofNess: and

(b)Responding to the haz.ad olmy NEO found lo be on a collision course wiih lhe Ernh

The exact language was rs follows:

''The Comnitee belie\.es that it is imperatire thot the dltection rak of Edrth-arbi-ctosstug (Eteroids nust b. incrcased

sllbstantiatly, ond that tt? means to d.estor- or abet the otbhs oJastercids when they threaten collision shotld be defnetl

dnd agrced upon intemationqLly .

The chances ofthe Eanh b€ing srruck by a large lsreroid ar€ extremely small, but since the consequences ofsuch a collision

arc exrrcmely l:rrse, the Corffnidee believes it is only prudenr to assess fie nalure olthe lhrcat and prepare to deal with it.

We have the technology to det€ct such asteroids md lo prcvent theircollision wilh lhe E!nh.

The firsi NASA commiftee ( Der€clion ) was chafed by Dr David Monison (NASA-Ames Research Cent€r. California) and

borh Ken Russelt and myself served on rha! ream. our rcpon is being finalized for publication in January 1992. I am also io

serve on the second committee ('Inrerceplion'). which is chaired by Dr John Rader (NASA HQ. Washin$on DC) and is

io m€et ibr rhe firsr rime a. Los Alamos Narionai Labonrory in mid-January 1992. No doubt I will have news to teii ofthis

meering ar the NACdA. confercnce.

Retuming lo the Morrison commiftee, it may be of inlerEs.lo know what is to be rccommeoded. A three slage prqect is

€nvisioned, ro be named Spdcesrard for lhe similar (alfiough ndar-based) project described by AnhurC. Clarke in his novel

Render\ous uJith Rana:

spaceguard 0 is a simple coorinualion and €xpansiofl of llre cunent search prografis, so tha! over $e nex! file years a large

enough sample of of NEOS is collected such that furur€ searches may be optimized: it is esdmated that there are aI least

2-3.0-OO near-Eanh lsteroids over I km in size, ard -10.000 over0 5 knt. ofwhich only a tiny percennge is now known For

example, with 5250,000 per annum I believe fiai we could find over 100 Ness per vear from Siding SPring (a cost of t€low

$2,500 eachl).

SplgggcfflLl is io be a coo.dinated network of a! least six dedicated search telescopes. with a cetuml administBtion/orbil

compuurion bureau to handle the incomingdata. Wide-field (2-3o) lelescopes wrlh ?'3m apenures $e planned' wilhmosaics

of CCD chips scannrng the sky. These would be spread over all latiludes and longitudes. with $e southem hemisphere

conting€nl being in Austmlia. Chile ,tnd southem Africa Nalrow-field follow'up insrumenls !rc also requ;ed I! is

anricip;ted fiar ihe discovery mles wi1be huge: sev€nl dousands of NEOS (noslly v€ry small lo-l0on)willbefound

each monlh. D€spite rhis it witl take L 5 -20 years ro achieve rhe aim ot esseniially-conplere discovery of all Eadh_app.oaching

asreroids larger than I km (bur see secrion IV). The nim here is thar each object can be int€grared forwrrds by computer so

as to ilnd wh;ther ir may impad rhe furrh rhe loreseeable lurur€: the next century orso.It shooldbe possible to project llny

impacr m,xry y€ars aherd(unless weffe unlucky). and lhenlhe ptans laid by rhe Rafier commirtee come inlo play. However.

long-period comets (LPCS) will only be lound some 612 months ahead of potential impact, so ftat they pose an special
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Space!uard I would p!fli. ly solve rhis problen. This phase 
"ould 

encompass larger telescopes (.1,5 m cl.rss) ro look lor
fainterobjects. ForLPCj, which spend m.rny years passing rh.ough the gior planer region, most likely rwo reiescopes. one

in each henirpherc. would sufice. If n is deemed necessary to trv to bund up an invenrory olall smaller Earth'dpproaching

rsleroid! rhen more r$trumerts would t€ needed: or a space b!5edsvsem may b€ conslrucred. Suchprojec$ ae very much

in the distanr future: in rhe immediare lutu.e (next 5-10 years) it is desinble rhat Spaceguard 0 proceed immediately, and

Spaceguard I recerve lunding Io allow operatjons to hegin by 1995-96.'Ilrc roral cost for the sir-relescope system with a l0
y€fiprogram is estimdrcd at AWES million. These funds lvould need to be trised iiom seveol govemmenls, Ausfialia for
one ifihis country wanled to b€ involved.

It may have been nored thrr so far no rol€ lor ndar has b€en mentioned. In fact. mdar is nol a lirble se!rch tool wilh

presently-avlilable t€chnology. Even with fte mostpowertul mdars available (Coldstone in Cxlifomia and ,qrecibo in Puefto

zuco) r rs only possible ro detect echoes from NEOS if

(i) An epheneris good ro near-arcminute accuracy is available: nnd

rii) They pass wrrhin a ft"crion of3n AU, tbrtypicd NEO sizes (Asr.ay et dl.. l99l ).

Having written. then. Ihar ndnrs lre nor practicrl seai:h inslruments, now it mus! be poimed out lhar rhey are invaluabte

follow'up devices. In order to derive an orbit for a NEO which is sufflcienrly precise to make numericai integrations fo.
decades inro the firture me3ninglul. opdcal astrometry over seveml apparitions is necessary, sincethe uncenainly infie NEOS

posirion in space frcm optical obseryarions may be &ousands oi kilomerres in fie plane of the sky. However, .adar

observdrions crn rEnder both $e disrance rnd the vel(Xity in the line of sigh! with high accuracyi a single mda. delecrion

may b€ wonh as much, in rerms of improving fte ephemeris, as ten years ofoptical istrometry. Forlhjs rcason iI is desimble

for proj€c! Spaceguard that more access ro lhe Goldsrone and Arccibo rada.s be obtained Gometimes at shon notice), and

the presenr upgade ofArecibo will also help ro improve the detectabiliry ofsmall NEOS.

However, a sourhem hemisphere insBllarion is also very desirable. Ausrmlia is the only southem hemispherc nation wift
lhe l€chnologicai infmstructurc necessary ro build a pianetary ndar ofthis t_vpe. again wanrnting forftis coumry to become

h*vily involved in Spac€guard from fte ouLset. On€ possibilly would be a bistatic mdar, using one oflh€ i5 m dishes a!

Tidbinbilla lbr ransmission and rhe Parkes 64m dish forrccepdon. Using the 70m Deep Spac€ Networl dish at Tidbinbiila
for transmission would b€ even belter Since Parkes is a prime locus instrumen! i! is unlikely $at a rransmirter couid be

IV THE PROBLEM WITH ATEN,{STEROIDS

The s*rches d€scnbed above are based iloundmodelinsby Ted Bowell0,owell Obse atory. Arizona)and Kaan I{uinonen
(Umv€rsriy of Helsinki, Finland) which shows thal $e most efficient search lor comers and Apollo and Amor asleroids

comprises scans of the rcgion 30o srch side ofopposition md between latirudes 600 nonh rnd south ol the eclipric plane.

The problen with fiis is liat alleroids of$e Aten ryp€ (Eanh-crossing, but witb periods less than one year) will be largely

nissed. llt is also possible that LPCS approactung ftom near the ecliplic poles would be missed and this is one of the

considedtions forlhe Spaceguad 2 prognml.

In fact. ary eff€cdve search prcgra,n for Aens using reflecred sunlight is difficult to imagine, since theiraphelia being only
just beyond I AU means that they app€ar mostof&e tjme at large elongations, around (wilighi. The fiIst Alen was discovercd

only abour a decade ago. and so far only a hndful are known. It is possible rhat in 1-acl therc is a very la.ge popuhdon of

Atens, which Spaceguard would miss. I! is therefore imperatve that some technique be implemented for discovenng at l st

a l.rge enough sample ro find whelherthey comprise a la€e pait ofthe impact hrzlrd ficed by mankind.

Thele may also be other cla5ses of objecr which are unknown l]l this time, but may pose a substantial hazard to the Eanh.

For exemple l99l DA. a 5-8 km ast€rcid with an orbit strciching from Mars ro beyond Uranus, a p€riod of,l2 years lnd cn

inclination to the eclipiic of630, may be rhe tilst object ro be discolered in a large long'pedod astercid population.It wrs

discovered as pad of dAl\EAS in_February l99l. Although il does nol approach the Eanh in the present epoch, nunencal

integr,r ons of its orbi! over -lO' years into lhe pas! and furure show rhat ir may spend abou. l07o its lifetime in an

tunh-crossing orbir (Sreel and Asher, 1992). If rhls is gen€mlly true for such objecrs then fiey should also b€ considercd

when rhoughr is given to defending the planel against large impacts.

l

l

l

I

I

I

V . SHORT.LIVED PHENOMENA IN ASTRONOMY

Ourknowledge olcelesdal opticdl phenomena ofshon dumlion (say.less rhan rens ofseconds) is v€ry sparse. Recendy some

searches lbr optical flares dnd llcshes have been crnied our (Schaefer. 1985i Content ?r /1., 1989). bul we slill rcmrrn

companrively ignonnr: we have become used to inregrrring forlong p€nods. wirh phorogmphic platesmdelectronicdevic€s.

wirh shon duraron eve s passing unnoticed unless a sp€cific search is made fo. them /eg. pulsarflashing). Ar example

would be obsenations of a region in Peneus from wherc an apparc optical flasher associated wilh a gamma-my bunter
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had been repodedr lrter obseNations turned oul to be negative (Schaeier cr 4/.. 1987.r.b). There rre also mmy obseftarions
of lIansleht lunar phenomena which have never b€en adequarely expldined. rnd recently a flash on Venus was rcpofied
(Calves et al.. 19911. Two problems io ftis resp€cr are conl-usion wilh glints fiom s.uellires. md held-on mereors.I rcferEnce

these events herc nol necessanly to provide suppon for rhe inr€rpretations ofiered by rhe obs€rvers. but rarher to poinr oul
tturl we know litile of shon-dumrion cetestial optical events.

Back in 1970 Professor Sir Hennmn Bondi. b€st known to many astonomers as a co-worke. of Sir F.ed Hoyle on problems

of nuc leosynlhesrs and cosmology back in the I 950 s. prcsented q ralk enntled The -{srronomy ol the Furure' . Th€rein he

emphasized our ignomnce of short-lived ph€nomena:

''I ould just like to ad.l a lit e plea hete for Dne ficld of stound+ased optical astrcnony, Merc,again,on kno||ledse is

not eren skitl-.leep yet... This is u subjcct which I would like n Carlslnft-tikl? tonstat$ astrctnw.We hav a beennuch
inprcssed h the intqrating prcpefties.Jitst oi the hunan ev and then of lhe photoitaphic emulsior ADS: and of course

elecronic detectots since this ||as )trLftenl, that thete has hcen a conccntrutian.Jon erploti g ftthet by increasing
intqrationti es. But of.oune this has alnost npleteh efthded ohsenations af tru tient efeds...l do not kno\| eiactb
what I an lookihe Jbt: n h1a\ be dnt one nisht.liscDyer rlvt dprc dte bick endsJi)-ns ahout space a"d obscwine nats
el)ery now and thenfot ven hrief noments...

(Bondi, 1970)

what I would like to sugges! here is tha! fi€re arc indeed rccks (il nor 'b.ick ends ) lvhich ar€ obscuring a parr of a siar every

sooften: the rocks are asteroids, md the strris our Sun.I wouldalsobe rcmiss not ro pointout lhar Baiiey (1976) suggested

looking for chance steiler occultadons as r wry of detecting comels beyond the planerlry region and rhus otherwise

VI . SUN.TRANSITING DARK OBJECTS

Over the yenrs rhere have b€en many rcpofis of d&k objects crossing the face ofeither the Sun or rhe Moon which are not

expljcable in ren'ns of tenestrial phenomena (such as birds, alrpianes. seeds. dusr, hail, satellires, insecB, e/c.J. Forexample,
see Anonymous (1870)i Anorlmous (192?)i Hopman (1898); Sreavenson (1920); Corliss (1979). Chorales (1986) lisrs 76
documented events from 1758 ro 1983.In 1984 an asEonomy ciass ar rhe Univenity of Manchester obs€lved a sirnilarevenl
a dal{ object crossing ihe face of the Sun on a stnight line paft and taking an esrimar€d 15-25 seconds io do so (O'Sullivan
et a/., 1985; Oisson-Steel. 1988).

Iiall tenesrial explanarions are excluded, srill many sighrings rcm.in which aJe apparenrly lsronomical in origin. These
fali inrorhrce groups wirh rcspecl to time. Some objecB move very rapidly acDss the Sun orMoon, lallng less rhan a second

to do so. and arE fierefore mosr likely very close to us (just above rhe arnospherc: bouLder-sized objecrs tike l99l Bd or
funh-o.biting satelliies?).

Some take much longer- hours in some crses - and may fierEtbre be intra-ren€sirial pl:rners like the imagined objecr 'Vulcan'
of the ninet€enlh century. lAfler John Couch Adams and Urbain Le Verrier had both successtul]y predicled th€ existence of
Neprune from the inequaljties of the morion of Umnus, Le Verrier suggesred an nna-Herrnran planet--Vulca,1-which he

thought would explair rhe anomalous precession ofMercury. We now know ftar rhis precession is a ceneml Reladvistic
effect bur l-e Venier lived well betbre Einstein. In rhe present century rh€ ficritious Vulcan has been of more inreresr ro fans

of Srar l/?li bu! nol€ tha! therc is a rcal mjnor planer nmed (1309) Mr Spockl.

However, lhere are many tmnsrts which lake ftom about 5 !o 60 seconds, and th€refore apparently rhey ar€ dark objecrs
rcialjvely close to the Eafih: within, say, the distance of the Mooo. Typical angular sizes ofrhese objecrs are 10 to 60 arc

seconG. or sizes oi 5 ro lOm if rt :rmnge of -100,000 kll. Whilst our knowledge of rhe numbers of such objecrs is very
hazy. ir is b€heved that therE arE - 10'3srerords larger than lom in &nh-crossing olbits, andlhat one comes closer than rhe

lunardislance ar leasi once l day, on llvemge.

iflhese dffk spo$ are, ind€ed, NEOS being obseNed in !.ansit $en they ar€ of grear inleres! with rcspect io our knowledge
ofthe population oisuch obj€cts. Since no infonnation is required on thejralbedo. rheir size can be d€rermined iftbey arc

rcsotved and &€ir d'stance is known, whercas ourknowledge otlhe sizes ofNEOS obs€Ned liom rcflecredsunligh! is quite
poor. The dynamical arpec$ oftheir passage by fie E3nh arE quite inrercsting. Kepler's Lae o/;reas would sny thar since

$ey are aressenlially lhe sarn€ distanc€ from fie Sun as is ihe €anh at fiat iime, lheir mngenrial veloc ilies will be the same.

This means ihat ifthey are coplaftrr $€n the only rcladve motion wouldbe mdiat; for an NEO wifi orbiral inclioalion ifte
tangential velocrries (oi NEO and Eanh) will differ by only a factor (l- cos l), which is very small for low-i objecrs. The

NEO molion perpendicular to the ecliptic will be smdl sioce sin i is small. this meMing that a! such tim€s the appar€nt

argular molion of a NEO rnnsuing the Sun will be mainly due to Ihe rotation ofthe observer about the Earth's spin axis.
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Obsenrtions of such a tmnslr fiom rwo different larirudes would rhercrbre rcnder irs posirion in space !virh some.rccumcy
(from triangulalion). and rimings ol its immelsion and emersion iiom rhe solardisk would rllow ils orbir io be derermined
wilh r€asonable rccuricy. From the disunce would come ils size, Jnd ifit were passing outwards from the Sun past ihe Eafih
then opicrlfollow-up using r€l]ected sunlight might be possible in the tbllowing days.ln rhis way the problem ofthe Aten
aseroids mighl be solved.

VII . AN AUSTRALIAN SUN"TRANSITING OBJECT NETWORK

Clelrrly, then. verir'iable rnd measurnble obseNdriors of dark objecrs crossing fte face of the Sun (or, indeed. rhe Moon)
wouldhave consrdemble sciendfic lalue. ald may also conrribute to helpingrosave $ehuman llce tiom extinction: is therc

an AIen astercid on a collision cou$e wilh us? To me. fiis is m ar€r in which amareu. astronomeE could make a very rc.i
contnburion. dnd therclbre I would like to propose the establishmenr of an Australlan Sun-Tnnsiring Objec! Nerwork

{ASTON); rf our lriends across the Tasman wouid also like ro ser involved then lhe first word could b€ alercd to
'Austrriasian. Frcm the outsei let me male ciear that I arn not inrending ro organize such an effon myself: my only
conribution will be lhis pap€r. plus maybe some help wuh analyzing lhe rcsuhs.

Quite sinple equipm€nt would be needed. Each observing site. which can be yourown backyard (so long as ir's not under
an airport approach path. or inundar€d with bird life), wouid need I simple heliosbr ro projecr an image of &e SLin

continuously onro a screeo, a calibnred clock hung nex!Io the screen, white paper below the clock ro show ihe dare cleady,
and a lid€o ca,-nem to film the lot.

Simply set up and 6lm - preferably at low speedunl€ss you can regulariy change rhe videoiape, then play back at high speed

in the evening aft€r the Sun has disappeared for rhe d!y. Most of ihe rime lhe film wiu be prefty bonng (rhe scre€nwrirer

do€sn t change the story very much) burevery so often a dark objecr will b€ seencrossing in asrmighr line. Ofcou$e ir will
lhen be necessary Io €xclude all tenest.ial possibilities - and satellites too - bul jfthere are many such siles spaced by hundreds

ofkilomeoes then corelated sightings wil prove rhar lhe objecr is rhousands ofkilomerEs away. Muhiple sires wirh latitude
spacing would also allow trianguladon ro g€r the mnge oflhe object. and iis ihree-dimensionaimoiion and thus irs h€lioceninc
orbi!. Obviously opentmg as many siies as possible for as much ofthe rime as possible would be the besl b€t.

However. it mus! be said rhat most days absolulely no6ing ofinter€sr wirh regard ro asreroids will be discovercd, rnd rhe

observer will have to console him^erselfwiih watching sunspots moving slowly across the solar disk. But this is often the
way in science: thai a nuu result is a usetut r€sult. Theieqrd,?.) of hnsits - $e rumb€r of rmnsits per day, week, year, who
kflows? - will be a very useful rcsuli since it will allow the popuiaiion of such asteroids to be detennined so long as the
observe6keep scrupulous rccords ofihe observingconditions, minimum detedable size, ,nd so on. Somesimpleexperiments
wilh viewing jmitation black spots of differing size crossing a big, round. yellow sheer of paper shouid allow rhe latter
pa.aneter to b€ determined.

So, I commend ASTON !oyou foryourconsider ion.It may not be the son of aslronomy lhat you are used to, bui just dink:
no more staying up late at night. Ii is something lhat would provide some very useful rcsults, and is well wirhin rhe realns
of possibility for a group of enthusiasdc amareurs.

Acknowlegement: This work was suppomed by rhe AusBalian Research Council.
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A brief history of the Astronomical
Society of South Australia

Brian Waters, 2 Railway Terrace, Bridgewatet 5 155

Astronomical Sociery of South Australia

I . INTRODUCTION

Witfun the few pages available in these proceedings. it is impossible ro give more than afew briefgiimpses oflhe one hundrcd

ye$s ofhisrory of lhe Asuonomrcai Sociei-v ofSouth Austmlia Inc. (her€afier refened ro as lhe Society) and so I have chosen

to nke one example from each decade, with an atiempt to provide a variety ofincidents, serious and anusiDg, rewarding and

tragic. our high poinis dnd our low. Nobody should consider rhis in any sense a history. Between the events descnbed fte
So€iery mosiiy progressed in an orderiy ifless exciting ma,1ner, wrth meetings as the focal poinl ofits activities supponed

by publications, field nights, and various business and sociai gatherings.

II. FORMATION OF THE SOCIETY . 1897

The B.idsh Asrronomical Association was founded on Ocrober 24th 1890. One ol iis foundalion membels was C.C. Farr

who almosr immediately tnvelled to Adelaide. A! a meeling of the B.A.A. in February 1891 there was a discussion of the

rules relating to the admissioo of branches which included !h€ sratement, ...one aJ the eatLiest menben to ioin the

A:sociation. \|ho has sit|e gone to South Au:tratia -.. has \|riten ta sF1 thot some ten ot a &r2en gentlemen in Adelaide

and the neghbouthood|9ere wi ins to forn d brunch therc.... .

TherE were a number of anateu stronomers in South Ausralia in the last quarier of the runeleenth century- Some were

nembers of the Royal Sociely of South Australia, others were members of rh€ Pon Adelaide Maftematical Sociery (name

changed to Pon Melaide Sci€nlific Sociely in 1889) and oftels were proiessionally involved inrelated fields. Unquestionably

some of these people were .fnongthe ten ot adozen gen enaninAdelaide... rcferred to above and known io C.C. FarI.

He decided to do so meihing morc lhan mercly query the B.A.A. rbout prospecls however. ,nd in Dec€mb€r l89l sent out

a circularro people he believ€d might be inrercned. as wellas rdvenising in tbe paper. iovlting inrercsted persons !o mee!

xt the Obse alory on December 22nd at 8 p.m.. Mr Ch|tles Todd (the govemment astronomer) would uke the chair.

Founeen people anended fte firsi meering wirh five more sending theirapologies and one prevented from an€nding at the

lasrmoment. Far moved and Sells seconded thar '4,? at trcnanical sociery be forned..... and this was carried unaninously.

Charles Todd was eiecrcd as presiden! and it was decided rha. Ihe Royal Society b€ approach€d lo 'ascenain under what

condition fte Society could become a sedion ol rhat body'. Since the necessarybusiness couldnol be completed lhal evening

rhe meeting was adjoumed and rcsum€d on lhe l5rh February 1892.

I suspect that the Society was founded on 22nd December l89l when fie proposaL 'an astronomical society be formed...'

was carried. The Society never seemed to bequite sure. A memombilia note in rhe firsiminute book givesde date lr5 Febmary

l5th 1892 (which seems unlikely) while $e first.nnuairepon siales thai iI is 5th Apnl 1892 (ar which the rules ofrhe Society.

dnwn up at commiltee meetings, were mtified). The Society was formally accepted as a Section of the Royal Society on

lTrh May 1892.

III - DISAFFILIATION FROM THE ROYAT SOCIETY . 1901

brly in rhe second decade ofirs exinence lhe Sociely discovercd that affiliation withlhe RoyalSociery was unsaijsfactory

and h teflninated the agreement and became fully independent- There were a number of conribudng factors. Althougll a

Section ofrhe Royal Sociely, the Sociery continued vinually independently in ail but its financial business.It was though!

rhar some oflhe papers of Society members would be published in rhe Royal Sociery publicationsr none werc. Of the s€ven

early memb€rs of the Society who were also members of the Royal9)ciery. all had lerrninaled theirmemb€rship of the lltler
sociery betbre the Asronomical Society disaffiliated i$eli

Mole imponant however was the disagreement over funds. The Sociery was obliged lo send all money obtained (e.g- irom

subscnprions) and ask for gants when it rcquircd funds. A rcason for associarion w ith the Royal Socieiy was that this would

enritle lhe So.iety ro .eceive a ponion ofthe govemment granq in faci the Society had difficuhy in obtaining back even their

own submitted subscnptions. On one occasion the Royal Sociery declined to p.ovide x grin! and slaled lhal lhey hlldevery

dght to know how ihe money was lot€ sp€nt. A section, for example, mighl use$e money iora picnic which fie Royal
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Socrery could in o wa) counlenance . Slr]ngeiy, the Society did hold r picnic larer. rbr which ! gmnt wouid have been

A meering ofpresidenrs t-ailed to rcsolve the problemand while rhe RoyalSociety believed thal negouarionr were conlinuing

the Astronomical Socielr" had had enough. It catled a special m€eling, voledrodisatllliae fiom de RoyalSociety. and advised

lhem accordingly.Io the -qffurl Repon for the Royal Sociel-v lbr 1901 rhe Sociely raiedonlysrx words. The Astronomical

SectioD no longer exisrs Not as a sedion perhaps, but 15 dn lndepend€nt body, 90 years la€r. lhe Soci€Iy continues to

flounsh.

Was the Asrronomical Society j ustified? PeAaps.In all Sl60 was paidiothe Royal Sociely whoreceived Sll0 in govemment

gmnts on tha! amounr o. $280 in all. Orly Sl3,1was ever re(umed-

IV - THE PICNIC COMMEMORATING MISS PROCTOR'S VISIT . T9T2

In 1912 Miss Mary Proclor, daughler of a well known astronomer of the rime. made a lecture lour of Austnlia. Adyised

of her fodhcoming visrtby Dodwell(!he th€n govemment astronomet lhe Sociery ageed to assist herdudng her slay io

Sourh Ausllalia. Jusrwha! assisBnce is given is unknown bur presumably rela!€d !o rhe ialks given by her in Adelaide. These

were popular' astronomy talks illustraled by lantem slides.

The Society invited Miss Proctor to join them on a picnic (apparenlly fte only picnic e Sociei-! has ever o.ganised). The

following &coum is laken Fom rn unidentified newspapercuning (p.obably rhe Adveniser).

'lliss Mary Proclor. lhe well known astronomer, was rh€ guest oi the Sourh Austmlian AsFonomicrl Sociely at a picric 1o

l,ong Cully on Saturday (Octob€r 15rh). The party comprised between 30 .nd {O membeN and friends and included

Professor lrnd Mrs Chapman, Mr DodweU, D. Sweelapple, Mr Hiscock. Miss Ringlrood, M. Hende6on. Captain Reid l]nd

Mr Glastonbury. They left Adelaide in drag 6t 1230 and had a mosi enjoy.rble drive though rhe hills. Miss Proclor was

deiighted wirh the scenery andher fils! expe.ience ofan -Austrnlian picnic.

Due ro the chaneine meanin g af \9otds \|ith tine I shouldpethaps point on that indrug rcfers ta anopen horse-drc\,n

||dSSonwith naryt seots.

V - ADDRESS BY PROFESSOR W.G. DUFFIELD . T923

In January 1923 th€re was a talk to fie Society by Professor w.G. Duffieid of Rerding Univeniry who spoke on Some

Problems of Solar Reseaich'. Regrettably, one oflhe few periods for which we do nor have minure books for the Sociery

(1918- 1925) includesrhis meetjng. TherE is rhus no rccordofwhar rcpresentations $e Society made to lhe fedeml govemmenl

in rclation to solar research and an Austmlian Obseflalory, bui x newspaper cutting rccorcls Professor Duffield as saying.

'Solar Research in general owed muchto the South Austmlian Astronomical Society, in that they had affected the importance

to the Commoflweakh Covemment who had undeftaken to €stablish a research observatory at Onbena.'

ProfessorW.G. Duffieldsubsequenrly b€came the filstdhectorofthe National SotarObserr'atory (which later became Mount

Sromlo Obsewalory).

VI . THE YEAR OF ZERO GROIVTH - 1937

The membelship offte Socrery had fluctualed jiom when it was filst established. but Sraduaily grew to rcach a peak of

sound 70 in the eady twenties. Because ofrhe libeml intelpielation ofwha! consti$ted membe6hip, or more panicularly

how frr in anears could a member be b€ibre he was fomally sr.lck off, it is difficul! to ascenain eract figurcs. The Soci€ty

ilseli was often som€what in doubt, From the peak however the numb€rs gradually declined. It was not uncommon fo.
m€mt€Iship ioss !o erceed new memb€Is recruiled in any on€ year. bur in 1937. so lhe secrctary.econls. no new member

was rccruired ro the Sociery. Accordrng lo $e report lhis was the iirst time since the Society bad b€en founded thalthis had

occLrned and I believe $at it has not happened sinc€ (excluding the period 1942- 1947 when fie Society was in rec€ss).

TherE was one member in 1937 who mus! forever poss€ss a cenain notoriety ifl Society history, indeed in the history of

analeur aslrcnomy in South Austrnlia and perhaps in orherplaces. He was only occa5ionally m€ntioned in our rccords and

seems neirher !o hav€ heldoffic€ norgiven rny talks io rhe Socie!y. His impact on observational Nlronomy howeverrppem

to be unibrtunaie. His name wai James Cyril Srobie, B.E. .rod his addrcss c/o Adelaide Electnc SupPly Company Ar le3st

to rhose people liom Soulh Austltlia the Stobie pole will be all too famili.rr.
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VII - THE RECESS 19{2-1947

The Society celsed oper ions for a penod of abour r'lve yea.s. prcbably trom edly 1942 unril ead y 1948. A m inute book
ends wirh a repon ofthe meeting of 13rd Seprember l94l (le.rving on ly one blank page). The next muute book known to
exrsl commences in 1955. Fonunately a pre-war member of the Sociery was able to provide some inibmlation. and other

deialls were dvailable from vanous r€cords.

Th€ Sociery had been in a decline since the eady thifties. pafily as a result of rhe depressron and then put under funher
pressure by the outbre!-k of war. By fte end of l94l f€w a$ended rhe meelings and Society funds were almost exhausled.

N€lenheless the Soc iety misht have struggled .Iong ibr irnother y€ar o. lwo had nor Professor Chapman, fie then presidenr

of the Society, died in January 1942. Il is my beliefthar rhe Soci€ry never met after rhe summer recess of 1941-,12 urtii the

war was well over. I doubt lhat rhere was t]iy fotrnrl suspension of Sociery meerngs, merely thar no fufiher meeting was

called. This was. of course, the time when Japan entered the war and a rerl rhreat was seen !o Austl-alia. The Ausmlian
Joumal of Science, in rts issue of-A.ugust 1942 gives e obiruary to Professor Chapman which mighr almosr be taken a5 one

for rhe Sociery itself(albeir atemponry onel:

' Like so manr othet of the snaLlet scie dic bodies the AstrononiuL Sacier^ - at ahe tine qune a Jloutishine liile concern
- was hard hit b)r the otuent ofthe cinemawi ns cheap enotioruLappeal ondbythe cteation af kew professiokal societies.
Still.o the wn last Chapnankept it alive b! his neter Jbiling presence lasprcsident) dt its neetings and by the otttdction
||hich his ercellent popular tall'l ondstrcnomJ exetcised on all ||ho heatu then.

Wheher the words 'to the very lasf rcfer to the Society or Prolessor Chapman isn r clear. but rhe obrtuary does suggest

how imponant the man was to the Society, xnd how senous ablow to it his dearh wouid have been. The Society came back
inlo opemdon in 1948 afier s€veral ol lhe prc-war rnembers mlde contacr wirh each orher. Unfonunarely $is period is poorly
documenled alrhough some news"sheets tbr 1948 survive. ln examining the Socieiy recods ior another purpose it was found
that the Sociery continued to use rhe old bank account. providing a more €ngible link across $e yea$ than ihe mere

contnuation ofa name. Regrettably, by the time lhe value in documenring ftis link was seen it was too lare, rhe bank rccords

VIII - POPI.]'LATION EXPLOSION, THE I,G.Y. AND MOONWATCH - 1957

In t 95 5 the rnembenhip was I0 I with an avenge anendance of 36, in 1956, 147 wirh an average a[endance of 54 and in
1957, I 76 wrlh an average lnendance of 78. Tbis incrcase in membership was dircctly anribumble to rhe publicity giv€n to
lhe Inl€mational Geophysical Year and the proposed launch ofearrh,orbiring vehcles.

Nothing was ever quire rhe same again. The rncrease in memb€rship rcquired a change in meeting piace from the Royal
Sociely's rooms to ihe Physics lecture hall and finally the Observaiory lecture hall. Both lecure hails w€re a! lhe Univenity
of Ad€laide. No longer werc dlerE a couple of dozen people presenr. comfonable in cane chairs l]nd in each orhers company,
so that lhere was an air of iniolmaliry. Wirh rhe larg€r Sociery came the rcquiremenis for more formalised business

managemenr inco.poraiion and an expansion oiservices. Moonwatch rccruned tsom the Society although it laler became

an indep€nd€nl body and soon. because of$e better contol of the launches and tncking Moonwatch shrank to two or three
people, all lhat werE necessary. However in lhe filst yearortwo i! achieved considemble publicily because of irs success in
rcquiring objects early, largely because of the launch track fiom Cape Canavem-l passing over sourhem Auslralia. The

meeings were changed in fomar. Insread of business followed by rh€ main ralk of the evening fter€ was now a Sky for fte
Month' lalk each monlh, members were encouraged ro speak about their ownobservarions, and films w€re frequently shown

ar the conclusion of the marn taik or, on occasions, supplanred i!. Few curenr members now perhaps, will €crll rhe evening
when the film lorthe night was, The Milky way'. I still r€cdtl the deadly hush when rhe main drle appeared with the noralion
'produced by the Dairy Board , or somerhing similar, and led inro a fibn on how Io mrnage cows effecrively.

IX . THE SOCIETY'S FIRST OBSERVATORY . 1964

This was b.ought about, primanly, by fte offer of a iabncated steei fmming ofr dome by a D. Rumbatl. Various memben
ofihe society offered assrstance with rhe constrxction of the telescope and observarory building, 3nd rfter A. Clarke had

negotiated an agreement fo. a sire wirh th€ Educarion Depafimenr and rhe principal of rhe Norwood Boys Technicrl High
School, work was begun. Starpanies andother fonns ofobtrning funds were common md do.arions wee solicit€d from
various companies, Most ofthe obse atory construction work was canied our bv volunteers. The opiics ofrhe telescope, a

300 mm Dall-Kirkham type r€flector, werc buih by J. Grafton. Th€ work culminated in an ofilcial operung on F€bruary l5rh
196.4. The observalory served the Sociely well for rhe nexr quafier ofa ceniury, mostly in inlroducing memb€rs ofrhe public
(including school and specialin!erest groups), thrcugh a series ofpublic !iewjng nighis. Viewing nighrs for Society members

werc also h€ld bui liftle serious work was possible because of rhe urban Iocation of the observatory. Recent ly rhe obs€rvarory

andtetescope have been.elocrted lunher our liom the ciry cenrre.
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X - DECADE OF THtl COMETS: 1912'1914'1975' 1976 (twice) etc'

ln t97l w. B radfield discovered his iirsr comet- us ing ! is unl melhods. In I 97.1 his \econd discovery was !€poned in 197 5

lis rhird. ond in i9?6 rwo more.In subsequenr yean oiherdiscovenes conlrnuedto be made. ]nd were rhe subject of rcpons

sndtllkslotlreSociely'Thesediscovefies.byamemberot'fiesoclely.ledloincrc!$dintereslinobsewationalastronomy'
in a sen"" tte sert"" ot:co-et discove.ies rypify fie conr bution oi members of rhe socrery ro observatron:ri asronomy over

ttre ),ean. rom tle 1890,s Nova Serrch p;ogmm of se s. rhrough rhe posuional dsronomical obsenations of sh€srer rt

Uonnu-,ru"nry y""r" t"rer. the e)irensive solar llnd variable star obseflaions oishinkfield spanning'jome iiily years md

the more rcc€nt observations of vnriable stars aurom ard lunar occ uhations'

XI . SPACE DAY . 1981

S pace Day 198 I was originally proposed by Miss J. Brooks as a special meeing of the Society fbr one evening onLy lt would

u,i*t.*i.*" st""Lv', rirj public rvould be invited. telescopes would be available and posre|s' slide viewlng 
'nd 

other

;htt;-. ;;d b. p"t*;d. Th; idea took hold and very qurckiv became a major aclivhv-of the Societv lt became 'Space

6"y - lSSi. -a *"" h"ra on 9rh Augusr. Arrangememi were mrdc ro obturn assrnnnle lrom \anous olher oqanisations

ani the event. rhe first ofils kind in AusrnLia. *;s held Jr rhe sourh Ausrrlidn tnsrirure ofTechnology (Levels crlnpus).

iome peopte'oursiae rrre so{iely were invoived in lhe organisadon commi$ee as the dctivirv grew in size rnd s'ope' and

.""i;i"ui* ."l"a"a DRCS (now DsTo)' oTc' Tidbinbilla Deep Space commuoicarions c€ntre and Monash

l.il""""ii",tr s*",y e"gineedng Facultv. The meeting proved to be a rcmarkable success some 1000 to 2000 visitors werc

"-p""J*a 
sooo ti*,imed 'i I-enghy queua rormed at the Planetarium 

'nd 
the exbibits but the popularity oirhe ev€nl

w; undoubt€d lnd b.ought the lociett favounbie publicilv 3nd rn rncrense n membebhrp A second Spac€ Dav' was

n"ia U.,. iotto*;ng y"ar. t"iany of those invoived I n fte fi rsr ri trv icy were un$ r lling ro be involv ed again dnd Ih€ organ$ation.

air,o'gr1 , upponJi uy ,L" Society was nttrer rnore independenl of it Although lhe second 'space Dav' was on a l'trger scale

ir,_,1'" n,.iLa *,*a"a to inciude othef exhibiting gro,_rps fi *as not lhe success ofihe filsi, rnd s ubsequent events of this

na$re have not been held.

X[ . CONCLUSION

Nowwithacenuryofhislorybehindus.wehavetheprcblemsoflhefijluretoface.problemswhichcouldn€verhavebeen
foreseen.Imakeonesmallplea.Maywerakegre3!e."ffo.ttop."'"'n'"ou..""ords'lndma}ethetaskofanyfuiurehistorian
a simplerone Ihan it has been for me.
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CCD Cameras & Image enhancement
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Chris Stockdale, 3 Vary Court, Churchill, Victoria,3842
Latrobe Valler Astronomical Societ )

Abstract

fuirophotography using cameras incorpomling Charge Coupled Devices and sophisdcaed knage Enhancement ulilizing a

home personal compureris now becoming affordable for many amateun. This paperdiscusses fte background and operation

of C,C,D. camens for asaonomical use. wilh an introducdon to severnl image enhancement lechniques, ftom dark ftame

subtnction and conrnsi sretching through to fie use of convolution filters- Consideniions l'o. lhe purchase ol a camen

system lrre included in an Appendix.

I. INTRODUCTION

Electronic Inagiog in amateur astronomy is becoming more prevalenl as more cameras conBin highly effici€n! Charge

CoupiedDevices (C.C.D.). The C.C.D. is se! ro rcvolutionise amareur ilsrophotography as it alrcady has for the professional

astronomer. The cos! of rEasonably higb quaLity imaging systems is now entering the reach of many arnateurs. especially if
they alrcady own sone form of personal computer which can be used to confol lhe camera and perform image enhancement.

The modem C.C.D. video camera is much like older video camelas, excepr it contains asilicon chip that is sensilive to Lighl,

rhe C.C.D.. which rcplaces rhe light sensitive valy€. It comprises an army or rcctangl€ ofsites or pixels $a! uE sensitive !o

light. Phorons of light stnke each pixel, building r charge on that pixel over a period of dme. Figure I shows the pixel values

rhar may b€ obrained from one comer of an image raken using a C.C.D. camela. A locai rise in pixel values indicales a snall
sre[.r jmage wirh a peak intensity of 1 55 lbove a background ol typica]ty 122.

tr - CAMERA TYPES

C.C.D. Cam€ns suitabte ibr aslronomy aI€ usualiy monochrome for heighteoed sensiriviiy. The jn-built filtem ofa color

C.C.D, camen rcduce the overall sensitivity by up to 957o. Therc ur wo basic kinds oiC.C.D. crmem ihat ale suitable lbr
astronomical purposes. The fiisr is basicaily a s€nsirive version ofa hone vid€o camera, bu! preferably without its own l€ns

and recorder. These are mainly used lbr "videoing" the Moon. Planets, and brighier stars as the longest exposure they can

take is 1/50ih of a second. They are ideal fo. video taping occultations. poviding lhe star is brighl enough Io be d€t€cted

(Iypica-Uy magniude 6 to 7 in a ?ocm elescope). Philjps produce a mnge of cam€Ia modul€s which are suiEble for ihis

as.rononical work. Table I lisls characteristics ard costs (Apnl 1989 $. including sales ra,\) of some of these camem

These cameras com€ with a slandad C'mount, have a video ouQut. and automaiic gain control (manud gain seleclion

possible). The s€cond type of C.C.D. camen atlows exposur€s ftom milliseconds $rough to tens ofmitules- This is ihe

category rhat the SBIG (Sanra Ba$an Insrument Group) ST'1, 5T-6 and the Lynx camems, to name a few. fall into. The

rcsuhing image cannot usually be recorded by a video record€r in the norm s€nse. but must be conv€fted !o numbers with

an analog to digrtal converler and read by a compurer. These numbers are usually berween 0 ard 255 (8 bit systen - SBIG

ST-4).0 and a095 (i2 bir system - Lynx) or 0 and 65535 (16 bir system - SBIC 5T-6). ln each system 0 rcpresenb a black
pixel and 255, a095 or 65535 is a fully illuminated whire pixel. All numbers in b€Meen rcpreren! varying shades of gi€y

{iom black ro wtule. For exarnpie, 128 (8 bir), 20a8 (12 bii) and 32?68 (16 bn) a rcpresem rhe same mid-scaie grey color.

Figure: showsanoverview ofthe interconneclionofan ST-l C.C.D. ca..nera and computer.The analog ro digital conversion

is done in the cmen conEol box $al is exlemal to $e compuler. Some camems (eg, Lynx) use an altemative apprcach

wh€re rhe conveEion of the image into numbeB occurs on a special interfirce which must be insened inlo lhe compul€r.

III . SENSITIVITY

The C.C.D. is sensnive to iighl at wavelen$hs from approximately 400 to I l00nm. This mnges from violet io fte near

Infi-ared. Ar 650nm rhe C.C.D. convens more rhan 50qo of$e inciden! photons into a stored charge (ft can be over657. lor

so.ne camems). Photogmphic lilm on fi€ orher hand usually convens only 1Eo to 37o oflhe light inlo an image. Figur€ 3

shows a gmph ofrypicai sensilivity curves oftwo different C.C.DS 10 varying wavelenglhs oflight. Exposure times with the

ST-4 can vary beNeen I /100$ of a second to over l0 mins. Cameras with superior electronics and cooling can take longer

exposu.es due ro a rcducrion in rhe background electronic and thermal ooise. Forexample, the 5T-6 can take exposures ol
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Table 1: Characteristics and costs ofseveral video cameras available from Philips

Moduie
Model

Color^lono Defective

Pixels

Minimum
Illumination

Weight Power @12V Cost AS

as at Aug 89

56,170 0.02 Lux ll5 gms l65mA 5710

564',72 lvlono <: 0 ol Lux 125 gms $710

56411 < l0 0.0? Lux 125 gms 165mA $670

565?0 Colour 0.25 Lux 150 gms l25mA s 1270

565',t4 Colour < 10 0-25 Lux 150 gms 325mA s1150

up to m hour before performance becomes limited by Ihe sky back8round. Fron peIsonal exp€rienc€ I know he STJ with

a 20cm elescope can rcach magrftude 15 wilh a 30 se.ond exposurc,and wilh a 30cm f/5 rcflecror ii is possibie to detect

l4th or l5th magnilude stars even with trackirg erron present. The ST-5 with its superio. p€rlormance should be able to

reach magnitude 14.5 wirh an exposure of one second, 17 in one minule lnd 18.5 in five minutes on a 20cm f/10 t€lescope!

Dark curr€nt lhat is present in the C.C.D. also builds up a charge on the pixels. It is this wbich is someiimes referred to as

thermal noise and electronic noise.It becomes very signficant wiih long exposures. However, themal noise c:rn be halved

for every 7 to 8oC drop rll tempemture oi ihe C.C.D. Figure 4 showshowdark cun€n! can be reduced by cooling the C.C.D.

below ambient iempemture- The most common and convenient rype of cooling used is thermaelec ric,
mulriple sriages to improve rhe cooling efficiency. C.C-D.S are rypically cooled !o -30oC. or even -80oC in rhe more expensive

uniB. to imp.ove their performance. The ST.l has a single stage cooler. while the 5T-6 has lwo shges.

IV . PIXELS

A very imponan! aspec! of a C.C.D. cam€m is the number and srze ofthe pixels it conEins. The typical video c?.rnera has

abour 600 pixels across and l{0 down lhe image. By comparison, the ST-l.}ndLynx cameras arc only 19? by 165 pixels,

while fie 5T-6 is 375 pixels across and 242 down.

When an lmage nken wiih the ST-il is siored on lhe computer i! occupies 31680 bltes. as i! is an 3 br! system. A 12 bit

system would rcquirc ,|7520 byres. Thus a 12 bir sbres morc infomration abou! the inrensiry of each pixel. The storage

requir€menrs for a 16 bit image Fom the 3T-6 would rcquire 18 I 500 byres if some form of technique was not used to comp.ess

lhe image prior to storage on the computer's hard disk. Higher ped'ormance C.C.D.'S crn have 512 x 512 or even 1024 x

1024 pixels. Thus an Lnage of this size couLd consume lwo megabyEs of disk space unless compress€d betbre storing.

Cunrntly these syst€ms arc l0 or 20 dmes more expensive lhan the lower perfomance models. However,lhe prcgress of
iechnology witl ensure tlar lhese costs will come down. The size of the ST-.1C.C-D. siticon chip is 2.grnm squarc. A 20cm

blescope worKng at f/10 with this C.C.D. has a field oiview ofonly 4l arc minutes. A fasi focal mtio is rcquired even to

obtain a modest fieidof view. This smallfie1d ofview also p.ovides a great deal of fuustration while fmming an object !o

phoiograph. The camems with mo€ pixels genenUy have larg€r fieids ol view. The SBIG 5T-6 has pixels which are 2.6

times lhe size of rhe ST-.1 pixels and therc are morc of !hem. The C.C.D. chip irself is 8.63mm x 6.53mm and the fi€ld of
view in this c$e is 14.6 x I I ilc,minules.

V . COMPUTER HARDWARE

For all systens a peronrl compuler with a graphics dispiay and prefenbly a hard disk dnve is required. The typicrl IBM
compatible systems curenlly avaiiable arc quile suirable, although ,rn AT {286) or faster machiDe is preltned but not

ess€ntial. The speed oflhe pe$onal cornputer becomes more imponant when processing images that contain a large nutnber

ofpixel elements. In &ese crses a marhs co-processor would also be d distinct advanlage. A suitable interface is r€quircd lo

contrcl fte C.C.D. camera. The ST-,1uses a low cosi sman black box" micrccompule.ro direcdy handle $e C.C.D- camera

and the exposurc. Asimple seiialcommunications link(RS232 into aCOM pon)torhe P.C. allows fte camen lo beconrolled

and images lmnsfen€d to the P.C. .An ahemative approach is used by fte Lynx 12 br! C.C.D. A specialised i erface card is

inseded into ln IBM compatible PeBonal Computer. This c$dailows the P.C. lo control ihe C.C.D. crjnem head and shuter.
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The C.C.D. is exposedlo llghtandthe datajs quickly Imnsfenedro lhe P.C. nremorv andconvened to numbers thata computer

can manipulate. The rnnsfer of drc image mkes only 2 or 3 seconds comparcd wilh aboul l0 seconds tb. fie ST-1.

VI . COMPUTER SOFTIVARE

Each camem system requires a software progmm to be run on the computer to allow images Io t€ crytur€d and slored. The

SBIC ST' I rnd Lynx sysrems allow rhe ser ro capturc images, display fiem on lhe computer monitor md save them to

disk. Orher i*iures commonly found with rhe image crprure softwarc inciude the .rbiliry 1o:

. Inlen Jn image (Negarive vi€w)

Perfoon brsic image enhancemet!

Flip the inage in X and Y direcdons

Zoom in on a section offte image

Measure magnitudes

Me$ure mgulrr separadon

Measurc angular posrdons

In addition. fte ST-,1has sevenl specialmodes to altow iaster image transfe. times duringfocusing opemtions. Panial images

a1€ tmnstbned from the black box to the P.C. for display. Once lhe mage has beer captured and storcd, il crn be enhanced

or processed to bring out orh€rwise hidden details and fealures.

The enhancemenr process consisrs ofsevenl steps:

. Dark Fame Subrndion
FIat Fielding

Contrasr Shetchlng

Advrnced Techniques.

Some of these ar€ akin to maripulation of a photogreph in the darkoom to enhance a panicular aspect of an image.

DARK FRAME SUBTR{CTION
The firs! step requircs a "Dark Fmme". This fiame is made by placing the cover over the end of ihe telescop€ tub€ ,nd taking

an exposure of the sarne duration l1s lhai of the object. This image can laler be subtmcted ftom the photogmph of the object

to remove lhe effec$ of fienral and eleclronic noise. For best rcsulb th€ dark Fame should b€ takenjust b€fore orjus! aft€r

the actual obj€€t ro €nsurE rhat the noise reco.ded is tl'uly repreentative for thal panicular photogmph. This overcomes any

effects due io lemp€Bture drifts or other changes. Figurc 5 shows a contmst enhanced pnn! of a negalive of a 30 second

exposurc oftheTamntula Nebula. This is r 'raw" image lhat has noi undergone any dark ftame subraclion or other processing

other than some contrnst enhanc€ment to show lhe variation in background pix€l intensites. Figurc 6 is acontmst en}anced

print of the con€sponding Dark Frame. The image shown in Figure 7 was produced by fte subtnction of the Dark Frame

Figurc 6 ftom lhe raw image Figurc 5.Figure 7 has not been enhanced forpdnting. Figure 8 islrn enhanced inage ofa 30

se.ond exposure ofOmega Centauri taken with a SOcm fl5 Newionian.

FLAT FIELDN{G
The nexi step is ro Rar field rhe image. This compensat€s for varying sensitivilies of pixels 10 light. which may approach

I or 27o, and any vignetring loward the edges of lhe image by the optics of $e t€lescope. The image is taken of a uniformly

illuminired whire surface with an exposure that yields pixels that arc approximalely 509o saturaled (say 128 in an 8 bi!
sys!em). This slep may be difficult to organise b€lween each photograph and may b€ b€st done at the beginning (if the ctmem
has cooled sufficiently) and ar rhe end of rh€ observing session. Remember thar for b€sr rEsults the camera should not be

removed between fie actual phorogmph and the flat field erposuresl

CONTR{ST ENHANCEl,lENT
Next.contr.st enhancement allows the image to b€ sretched in intensity by changing those pixels that fall in a ndrrow rilnge.

say 1281o 140 to con€spond wirh black !o white. Pixels ar 128 or less are nade to corespond !o black (0) while pixels at

or bnghter rhan l:10 are made wlrite (255 io. an 8 bir sysrem). Those in beNe€n vary p.oponionally in shades ofgrey. This

enhances small variarions in inlensily. Figure 9 represenb this dja$ammalically. The eye cannot elsily p€rceile more than

abour.l0 shades ofgrey, so why hlrve 4096 oreven 65535 possibilities? The answer becomes appat€nt when manipulating

the image wilh a compute.. Forexample. j! is possible that an image laken with !n 8 bn sysiem may only hav€ pixels with

intensiries in the runge ol 128 ro 1.10 thar are of interest.lfthis had be€n a l2 bil sysrcm rhe con€sponding mnge would have

b€en I 024 ro I I 20. In rhe former. only l2 levels of gr€y would have be€n presenr, giving a very obviously graded picture.
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However, in th€ 12 bit syslem there would be 96 levels of gr€y, giving an llmosl conlinuous shading Io de eve his is

where sysrems tha! record images with more brts lsay l2 or I6 rather than S) witl perfonn rn a suPenor flshion'

ADVANCED TECHNIQUES
several advsnced techniqu€s exisr ro bring ou! subrle derails in an image. Howevef, only some ofthe mor€ common ones

will b€ discussed. these arc

. Power Law Scaling

Noise Reduction

Sharpening

Power Law Scaling

Conrrrsr srrerching;s a simple technique ro emphasise small rrnges ofconrast. However, some pixel valu€s will be below

zero (and rcluaty;ade eq;at to zero) white otbers will end up grener rhan 2.55 (for an 8 bit system) .rnd hence made equal

io 25; (fo, an 8 ;ir sysrem onty pixets in the mnge 0,255 are vaiid). PowerL.rw scaiing cm overcome this problem. The

advanBge is thar rll pixel values will end up wuh a new vllue in the valid runge ofpixel values. Eilher bright pixei onges

ar€ stre;hed in cortnsr ard dark pixel nnges compressed or visa-versa. Forexample. rhis rechniqu€ is useful when r.alnt

derarl in a gaLaxy.s spiral 3rm is to be highlighted bul it is nor desinble Io sdumie (over expose) fie nucleus of lhe gala.{y.

Fi gure 10 ;howi a 3ti second exposure of fte Taraniuta Nebula. This irnage was conmst enhanced. ,nd Power law enlanced

(power of 0.'l to highlight faint alers rela(ive to brigher siart

Noise Reduction

Seveni techniques are available ro reduce noise in an image. One meftod is to perfonn amedian filterwhich replaces devianl

pixels with rh;median (middle) value of it and rhe surrounding pixels. This effectively reduces spurious noise qrused by

cosmic-ny Ns, noise spikes and dead pixels wirhout rcducing lhe image's esolution. Figure I shows rwo spurious pixel

values rha; couid be removed by a suitably applied rnedian filter. The image shown in Figur€ 11 is r 60 second €xposur€ of

comet t_evy tak€n through a 20cm at f/5 after rhe dark ftame has been subrmcted. Figurc 12 shows the image aier it has

been conffast enhanced rnd median filtercd to remove some of the noise

Separale images may b€ co-added bgether !o rcduce the effecls of noise rhat is left l1ier dark fr.me subt.action. Because

norse is nnd;m and the objec! rhar is being phorographed is not, rhe rcsu1t of accuate ccaddition is lhat the object has

grea.e. conrmsr againsi backgound noise. It is llso possible !o prcduce a weighled .venge of each pixel wilh its rdjacent

6xets. Ttris process effectively blurs an image md reduces ils resolution and noise. By apPlying fte convoiution r'itten

I
I
I

to Ille irnage, a1l pixels 3re summed with llleir immediate neighbors. The final image is brighler $an lhe original image (t +

l+1+l;1+1+l+1+1=9)andmusibedividedbygror€storelheovenlbnghmess.Aweightedavemgecanalso
be used. Here the faclon used in lhe process are ofier lhan I - The convolution fiiler

2

3

2

-l L

,l -l

-l
,l
-l

5

3

2

3

2

produces an image thar is less blured. The sum fron this filtermusr b€ divided by 25 to restore rhe image brighness back

io its original sraie. The process ofavemging is also called a low Pass filter as only slowly changing f€aores remain-

Sharp€ning
the iechnique of image sharpening is used 1o €nhance f€atures in rhe image that &€ either fain! or hidden lo the eye.

By applying the convoluiion filter:

totheimage,ilispossibletoemphalisesmallchangesincontmst.wilhth]sfi]ler'ihevalueoleverypix€ladjacentto
the pixel ding convolved is mutriplied by - 1 and rhe acturt pixeL by 9. This yields an image with the sarne bn ghtness (ihe

'."ut.ors.t't-1'l-1.1'l-lisl)rndeachpixeldescnbeshowmuchchangeisoccuringaroundjr.onc€again'lh€facrors used in the fiher can differ from lhose used above to achieve a slighlly diffelent rcsult. This fiher is alsocatleda high

pa5s filter as quickly changing featur€s arE emphasised. A side effect of this fiher is lhat any noise present in the origind

image can * grertti enlanced. Figure t3 is a one xcond exposure of the moon- This image was theo sharpen€d to produce
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the inage shos n in Figure l'1. Anolher r€choique used ro improve rhe vis ibility ol tuint details is U$harp maskrng. Here l
nuch hrger rveruge 1s taken and sublracled from $e onginal image to rcvedl m image that contains less large scale

infomarion rban before. By applying th€ nuch larger convolution tilter:

l111rt1
lLllttl
ILLLl]I
llLllli
tLlLltr
l1rL11t
ttttltl

i_

L

L

l
t
L

L

L.

L

t_

t_

L-

l_

L-

t-

an avenge ov€r a nuch l;fger area js taken. This new image describes how changes are occumng on a large scale bu( conrarns

very linle denil informadon. If lhis new image is subiriicted frcm the original. an image thal conlains mai y d€6il
informdtion but lide infonnation on a large scale is the rcsuh.

ie. Normal image = i-arge scale variations + Detaii variadons
:> D€tail variadons : Nonnal image - l-ffge scale vanations

Contrast srr€tchlng can then rake piace on rhis image in the normal way !o lurther emphasise subtle deiails-

The onginal image ftom Figurc 13 was unsharp masked (5 x 5 filter), lrnd rhe ma5k subtmcted from ihe original to produce

fte image shown in Figurc 15. The original was multipliedby 2 prior to subtmcting $€ mask. Th€ image of the Tl]r.rntula

Nebula shown in Figure 7 hd5 been unshaQ masked (9 x 9) and merged with rhe original to produce

and l?. For Figure 16 th€ original imag€ was multiplied by 2.5 pdor ro subtncling the mask. while rhe

Figure l7 was "muLdplied" by l. Orher sophisticared enhancement techniques include:

. Removalofdark and Lieht rr€asl

Contour mapping:

Edge Derection:

Hisiogrrm equalisatron:

Fouier transforms.

Figurcs 16

original in

Necessity diciaied ftai I develop my own image enhancement softwarc ro run on an IBMcompaiible PC. Seveml of the

enhanceme techniques described above were incorporated into $e mouse/menu driven package. As little suppon ior
pnnti.g high qualiry images was available, prinler supporl was inchded for Hewlett Pack6rd laserpnnters. Pleae contaci
$e authorfortufther infbnnadon rcgarding rhis softwarc.

VII . APPLICATIONS

C.C-D- based asrophotognphy provides the arnaieur with a useful lool to perfonn many functions. Angular posilions and

separatLons can be mersured and with suirable fitters, photometric wo.k car be conducled. Search progrrms fornovae and

sup€movae are also possible.

VIII - CONCLUSION

C.C.D, cameras and lh€ use of advanced image enhancem€n! lecbniqu€s is an exciting new field for fie arnateur astronomer,

The cost of camens and computers har teen dropping ar a mpid rate, and they ar€ now becoming afforrlable for many
amaleurs. The fulLrre sees higher rcsolution and morc sensitive C.C.Dj whichcan be coupled with low cost compuring po$er
io perfonn image enhancement to greater degrees of sophlsrication.
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APPENDIX A. S€lectiog r Camera System

There l]I€ selerrl imponanl aspe€ts of a camem system which must be considercd when sel€cling one lbr purchase. Of
cou.se. fte overall cosrot'rhe sysrem musr be balanced wirh iis p€rfo.mance. The quesdons that should be asked when buying

a system inciude:

1. W}a! is the cosi of a system complere with lil necessary sofiware?

l. Wlat is the angular resolution ofeach pixel wh€n conne.led to my telescope?

3. Whrt is fte field of view of the C.C.D. when connected to my €lescope?

4. What is fie faintest object ihat I can rcaronably expecr to det€ct with lhe camera on my telescope?

5. Wlat is the rypical time that it takes to download a fult jmage into the P.C?

6. Does the camem bave l]ny features that can in some way mainmin the cameras effecuveness wllh the progress of
technolog]?

7. What power supply is rcquiredro rud rhe camera?

8. ls the power supply provided as pan of lhe package?

9. Can it mn from a battery ifl need to use a podable computer?

10. Will the image capturc software run on my P.C?

11. Does the software suppon my rype of graphics card in the P.C (eg. Sup€r VGA modesl)?

12.Is image enhancement software suppliedordoes this cost exlm?

13. what tlpe of image enhancement ca.n I do?

14. Can I print the enhanced inages on my pdnlerl

15. Aie there olher image enhancement progmms available that suppo( this panicular carnem's image file formal?

16. if i wish to wrire my own enhancement software, wh3t informadon is there available on how the image file is stored?
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Figure I - Sample pixel values from fie comer ofan image
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Figure l- C.C.D. effciency as a function ofwavelengfi
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Fugure 5 - This is a negative of a 30 second exposurc ofrhe T$trntula Nebula taken rhrcugh a iocm fl5 !elercope. This is r
''rxw image (no d-ark frame subrmded) &at has been contnsr enhanced to highlight pixel vari:rtions.

Figue 6 ' Thi5 negarile ol a l0 second exposure was raken wilh rhe cover over rhe end ofihe relescope. This dark frame

hlrs been contrist enhrnced to highlight the !adation in pixel backgrounds.
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Figur€ 8- Enhanced picture olOmegr Cemauri trken lhrough a 30cm i€lelcope aI t5

I

+

Figure 7 - This is the image offie Tar.rnrula Nebula fron Figur€ 5 wilh the dark ir3me riom Figure 6 subracted. There has

been no enhancement of fiis image.
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Figure l0 - The image ot'rhe Tmntul.r Nebula iiom Figure 7 has b€en conlmst enhanced.lnd power law enhlnced to boosl

ldint derails within rhe nebuloslty
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Figurc I I 'This is ffr unprocessed 60 second exposurc ofComer Le!y td(en lhrough a 20cm fl5 telescope

,:,..'',

it

Figure ll - This im!-ge ol Conrer Levy has been contmsl enhrnced lnd mediun iilrered ro highlighl the tril .rnd reduce dle

i,:1f /r , '

";14=!;,!l

,,,{fr
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Figure ll 'This is a one second exposure of the Moon (lhrough an NDO 9 filter)

Figure l-l - This rs lhe same phologlaph as Figurc 13, bd some shaQening hls been conducled
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Figurel5-ThisphorognphwasproducedfromlharoiFigurellFflhrj\junshdrpmak\ubr ctedlromtheoriginil
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Figure 16 ' The rmrge f-ro Figure 7 has had o 9 r 9 unsharp mask subtmcred ro rcveal more delails
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Figur€ 17 - This image of the Tar.ntula Nebula has had the unsharp mask subiacted, leaving ooly some bright nebulosity

and stars in dl€ picture
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Total Eclipse In Baia

Brett McMillan & Douglas Parkes

Sutherland Astronomic al S oc iet,t

Brcfts,ephenMcMitrani,",nu*^oo,,*l)')));:::';il1-,,",," uburhs Henensased,ocarot)enh

tne *eading xt Jo, Moy tgg2 He hos been d nenbet of the Sulhe akd Asttonomicat Societv Inc for l8 vean and has

*^ r*^i*, 
"t 

,t-, *riety since t988 dnd Edkor since t989. He is atso a nenbet ol the AstrcnonicaL saciery af Nsw

Douglds SldneJ Pdtkes is a 49 fear old Ensineet who liees with his wile (Paulette) a d 2 childret' (Christopher 2/ &

aatiao tel;"i 
'o"'t*," 

Sy.tne; suburb. He has been a menbet of the Suthettand Astrcnomicat Sociery Inc for20 Jears

and is a pasr Sectetary ( 197 5 I98A) of that socied He has worke.l in the oviation indunry for 32 veats

I . INTRODUCTION

Thesightofalotalsolareclipsemustsurelyb€fieiughlighlofanybody'sastronomicallifewbohaslheopponuniryto
witness one. For !tus !e!Jon, amareur astronomers spend lots of dme and money chasing these events to various pans of rhe

world. On July 11. 1991, Amaieurs Douglas Pa*es and Bretr McMillan. both from the Sutherlsnd Astronomicrl Sociery in

Sydney. madi a successful rendezvous with rhe moon's shadow in LaPaz. Baja Califomia Sur' Mexico

BothDougdndBrefthavetrudgeddifferenltmckstojointogelherforlhisexpedidon.butthecommonstaningpoinlwould
b€ ocrob€; 23. 1976. on thar d;y, a bial solareclipse occured in southem Nsw, Victoria and souih Ausrmlia'

Douglas, then secretary oflhe s.A.s. (rhen known as rhe James cook Astronom€B club). joined the expedition organised

Uy ri"tar otrr'".".u"rs ro a fiiend's privaie propeny atBombala. io SourhemNsw.Priorro th€irleavingfortheexpedition'

alro'p of Canadians rrom rhe Vanco;ver Plane*rium, visiling Australia lor the eclipse, visited the Society's obsewatory

mi exptainea tnat *rey.ere going 10 Mt. Gambier in Soulh Ausmlia ro view the eclipse Therc. thev would hjle scar and'

ifneceisary, sit on a cross-roai.iih ttre engine running. Needless to say. the S.A.S. members missed fte ecliPse due to cloud

and the Canadians saw il du€ Io mobilily.

Brer, ioo, was planing to tirvel to Bombata wilh his farher and a f?iend. This. however. was cancelled at the last minuedue

ro *eartrer prea]ctionJ, wnich lumed our to be conect. Brcrr saw the eclipse on television, wbich was very sp€cr3cular. bu!

noi as good as being there!

In1979.thehrk€sfamilywercagainbittenbyiheeclipsebug.onfte26thF€bruarylhaiyear.Doug'Paule[eandtheifiwo
children visired Nonh America ior a toul eclipse Therc' too, the wealher prospec6 seemed poor' bu! anned with lhe

tno*teage Ieamea mm t976, and a hirc car. D;ug was able ro cross lhe nver Gotdendale. washington !o follow a hole

in rhe cloudto totality. Succ€ss at las!!

Theeclipsebugstruckagainforus.aswitholherAustralianamaieurs,atthesydneyN'A.C.A.A.(NationalAusr.rlian
Conu.ntioo or i^uteur.,riironomers) in April. 1988, after seeing slides and hearing the srories of ihe adveniures fiat David

HenldandhisgrouphadinBangkalsland'Indonesi:}'lhepreviousyeaJ'Fromthartime.weweredetermi'edtogolothe
nexr decent solareclipse. which happened io be July 11 1991

II . IMTIAL PREPARATIONS

ThefollowingyeaJ(1989)Preparaiionsbeganinemestandi!wasdecidedtoorgrniseagrouPlourfromlhesutherlsnd
Aslrcnomical Society to visii the July l99l eclipse-

As to be erpected. initiaL preparations were difficull. rs nobody rc.rlly wanled to commil lo anylhing so far in ad!ance yet

we knew tha! if we procrastinrted we would miss out oo accommodaiion etc.

In October &aI year. we shned holding meelings to organise the lrip Unfoflunrtely, !-combin€d tour seemed impossible

*t.n t1.," gro"pi*ra no,agree on Hawaii or Mexico. lurimat€ly, th€ groups sptir and several decided on Hrwaii. while
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Doustas, Brefi .rrd Jon Lirde decided on L.r Paz. Baj.r Califomi,r. Nlexico .rs rhe besl site. Unfonunately, Jon withdrew on

rhe eve ofthe rnp due to health probletns.In hindsight. ivlexico was the only rcalchoice.

The decisior to go ro Baja was made becausel

r, we iell rhere *J' e'\.rke.rhooJofcloud.n BJI:r:

b) being I midday eclipse. we \lould see $e enrire eclipse. see the four planets rnd ifthefe was moming cioud. rt wot!]d

dissipaie by rhen:

c) La Pxz would see an extra 2tr minutes {tun anywhere on Hawaii. and

d) we werc more likety ro obrain a rcnlal crr in Baja than in Hawaii. The importance of being mobile has aheady been

we read l)Ird heard abour possible problems wirh Mexico from many sources, in paniculars(:r- & Teler.ope which.an sevedl

anicles lading up to the ectipse. S&?sugges@d $at att horels wouldbe solidly booked (true). airlines & rental cars booked

(also lrue) od fiat 30,000 addirional asronomers would inundate $e Lower Baja peninsular (not true- at least where we

werel), tmffic wouldbe heavy (noi !rue). road blocks would be inplace(nol true). Petrol oil food & water would be in shon

supply (!lso not rue). Other well meaning sources of information suggesled lhat booked rooms and/or cars would be

unavailable (nor tue) JJId thet the food would lead lo health prcblems (only lnre ifyou weren t car€ful).

After severil meetings. dozens ofoverseas lenels, faxes and telephon€ cdls, visils io tmvel agenN and hire carcompanies,

we made our plans for the eciipse. ourmaster plan was to fly ro l,os Angeles (usA), then caich a creyhound bus to Tijuaoa

(Mexico) wh;rc we stayed ovemisht, before collecting our Avis cars and driving soutb along th€ Baja peninsula sBving at

san Quinin. san lgnacio and Loreto before rrdv€lling to La Paz (about 350krn) on the moming oflh€ eclipse. La Paz is the

caprml of B:rja Califomia S u.. is I seaside city openiry to lhe sea of cortez with a populadon of 100.000 lving at L 10o W€st

md 2:lo Norrh. We would relum to Lorero thar nigh! and then backtrack to Trjurna before retum to LA by bus. From tha!

poinr on, rhe eclipse would be effectively over and rhe pa.ties could make theirown hoiiday arrangements, with the Pa.kes's

electing to go !o Tahtr while the McMiilan's and Linle's lourcd South'westem USA and Hawaii

While ir musi be said that the organisadon ofrhis trip was a tean effon from ihe people involved' too often work prcblems

got in rhe way ofBret, Doug and Jon. but Ron McMillan was able lo si€p inlo the brcech and must t*e mosi offie credi!

for planning lhe neaFp€rf€ct itenery.

III . THE TRIP

So, on the 5rh July, wilh ati the plans nDde, Doug and his wife Pauletre and Brelt and his father Ron. set offforthe ecliPse

OLrr firs! impression abou! Mexico was when we crossed the border into Tijuan,t. To say thal Tijutna was in inleresting place

woLrld b€ a.!r undeNtatemenr, and we sincercly hop€d that rhings would improve dramaticxlly funhef souih. we were aflned

wirh atravelbook on Ba'a 3nd lhis proved tobe abible, especiaily in deciding on €ating venues.

Afte. having survived the firsl njght in Tijuana, ihe next big resr was ro come - the promised cars. Aier taking another Tij uana

laxi, we were pleasanrly surpris€d to find lwo larc model voikeswagen colfs wailing fo. us al the Avis depol. we look€d

for any mechanical faults md missing bils. butcouldn t find any. Th€ cars proved mechatucally sound and afier l.000km

each on rough roads the only mechanical problems werc lwo flat tyres, one oi these self infiicted!

We amved a! our spoi. on the nain wharf in h Paz Ha$our, just behind lhe visitor's centre, rt about l0r00am on July I L ,

iusr in time to ser up tbr first contact. We rhen setrled back ro watch the eclipse unfold- The thefinomeier read 48oC in the

sun b€fore $e eclipse comm€nced, so hats and sunscrcen were ess€ntiall

Asrhe moon's shadow movedacross thesun, we notic€d the glalE disappearrnd the tempentwe fall Venus rppeared about

5 minutes before torality dnd al that rime, a rcal midday twilight suned ro descend on the seeIr. At ll:47:22. iI ali stdned to

happenl

On rbe diy ofth€ eclipse, fte wea$er was perfect, it was quile hol and we chose aconcrcte wharfarca'jutdng out into $e

b3y Jnd dign€d NW-SE from which to view lhe eclipse Mobility was nol requlred as. morc than one hour prior lo lhe

p.edicted time of the evenl. it was ev ident lhal fiere wasn t a cloud in s ighl unlik€ 1976 and I 9?9 !

Adelaide 1992 Proceedlngs ot the XVth N.A.C.A.A.



We set up. in company with many olher aslronomers. md rttmcred much inrerest with bolh our "Sufterland Asrrononicat
Society T-shins andasign proclaiming 8,000miles to torlliry'wrrh a drrwing of a kangrroo hopping rhrough the eclipsed
sunl

Douglas made,rn audio lape of lhe eclipse comm€ntary whilst Brert rook num€rous stides and Ron made r video 1ape. The
highlights ofDoug s rape are listed below:

IV . THE ECLIPSE

- Filstcontact, where the moon's shadow hit ihe eanh jost easi of Hawaii waslimed L0:24:00locat time.

S€cond connd was timed at ll:47:12. Air temperfture was being conrinuously and lccur ely monired by ,n eledric

- thernometer that Ron McMillan had taken with us. Pre-€clipse temp€rature wls 4?oC and humidity was eslimated at 20-307..

- 
The falling air t€mperarure and dnyligh! intensily was sensed by all during the paftiai phases.

- T - S minutes: Venus sighted at mag -5.

T - 3 minutes: Temperiturc noted ar 30.1oC. No shadow sighted.

- 
Doug's automrtic camem would nol operate in auto mode and had to be swilched ro mrnurl opedtion. Commenls w€re made
abour the similarily to wiligh!_

- V€nus was described as half-way beiweeo rhe Sun and horizon (Venus was at 39o Alt.)

- T - 2 minutes: Temp€mturc noi€d ar 28.0oC.

- 
Suddenly, acloud ofvapour fonned above us, but it quickty disappeared!

T - 30 s€conds: Paulere noriced Moofl: shadow lapidty ipproaching across &e water.

No shadow bands wel€ seen at rll.

Toraliiy timed at I l:,17:22

- Corona noted extending nofih and south of eclips€d S un. The corona was wider to the sourh bLrt rie corona lapered to the
nonh. No significani corona seen east or wesr.

_ Whar we took to be Mars sighted fra, faint accodins to S & T ). Jupiter (mag - I .8 !t 5,lo alt) and Mercury (mag -0. 1 ar 58o
ato sighted.

Solar flares observ€d, two to the soulh and one offser to $e easr of the eclipsed Suo.

It was stated rhrr rhe sky wasn't very d k yetl

- 
An eerie rwilight seen in every director panicularty bright ro rhe easr. and nor very brighr to rhe flodh.

The city lighls were illuminated spoiling ourdnJk rdaption a tinle.

- Therc were noclouds to be seen_

The coona was noled to be aquader of lhe diameter ofthe Siin/Moon to lhe east ard wesr alrd rwo and a half solar diameters

_ 10 th€ south rnd only one and a lnlfsolar diameters to fte norlh.

Somebody remoi(ed tha! lher€ was zerc pollution visible.

- At I li56:35 rhe rempemrure was 25.9oC.

, 
All offte obseNers were quiet.
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Not loo many stars werc visible.

Doug remarked atlout mid €clipse "l see no phnet Xl

The sky began ro noricerbly brighren lo fie south.

Still no clouds and ihe sky colour is described as grey ro blue.

An ice cream vendor was selljng his warcs during lotllity.

A t-antasdc diamond dng wirnessed by all ar I I :54:05 giving us a 6 m in 43 s€c evenr.

The Moon s shadow is clerJly seen, rerrcrdngoverfte City ofh paz.

Afteniioo iums to orher pans of ihe sky and Sirius and one oiher star is seen in th€ south-€at.

The sky is described as "as ihough darkeniDg for a thunder storm".

Official new moon occured ai 12:06i00locai time.

Many people werc raldng phorographs of us in our sAs r-shins, one lady asung what insritute we were flom and ihen
welcoming us to her counrry.

The air temfre.ature is nored !o b€ rising rapidly.

An American voice says "lets go dri.t beer". We soon followed that advice wirh a fine lunch rwo minutes walk from our
viewing site. Now rhat's the way ro see afl eclipsel

No shadow bands were seen by our party, but a nearby funerican had laid out a white sheet and recails seeing some 20-25cm
apan, vibmting ar a ftequency berween 16 , 60 Hz. He also saw the bands on the concrcte.

hst contaci, where fte moon's shadow leli th€ eanh, was calculated ro be ar l3:4S:00l()cal rim€.

V. STMMARY

Following the eclipse. Douglas interview€d the other panicipaots and rll were aw€struck by the b€auty of the spectacle,
particularly the diamond rirg on ihird conacl Att were pleased lhat we made rhe long joumey ro see i! and were keen ro
find ou! when the nexr one was due. Unfonunarely, Bren teft his copy of,Canon of Sod Filip;es " in Sydney, so we had to
wait b€fore planning our nex! trip.

Following $e success of th€ trip, and after hearing about lhe disappoinrmenrs that occured in llawaii, all peNons were
plqsed that we chose Baja way back in 1989, ercr ;f ir did appear aginsr the odds!

VI - REFERENCES

Sky & .relescone Various editions

Astro.omv Various edirions

I onelv Planei guide to Mexico

Fifty Year Canon of Solar Fcl inses: I 986-2035 Frcd Bpeoak NASA publ icadon.

I
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Variable Star Data -
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Abstract

A suite of programs has been devetoped to enable visual variable siar dala to b€ archived on a PC in the fonn of machine

readable disc 
-fites. 

whictr may fien be accessed by a vanery of dara rcduction and dala plesentation routines written in

GWBASIC. C.lcuisrion of Julian Date (JD), Heliocennic correclion and Phase may be undenaken with dese prognms.

The raw dara files may be soned by Juiian Date and rhe law dau may be edircd by means of commercial word processing

packages.

In addirion, a discreE Fourier r€nsform rcutine allows a search to be made fo( iikely periods in the data, with displays of

power specrn and phase folded lighr curves available on rhe scrEen or piotled to the prinler. The phase fold€d plob may

be smooihed (filtered) by means of Phase binning and $e smoothed curve displaved with error bars-

This suire of progims (MIRA) is appticable ro any variable star dara - visual, photogBphic or photo€lectric - arEhived in

the fonn of JD and magnilude.The proglams wiu b€ lla sLated into Pascal in the near fuure.

I . INTRODUCTION

The incentive !o wrire tllese rcurlnes arcse ftom a long-t€rm obselYing Progmm conducted principaly by myself and Peler

wiuia,.ns (sAS) on llre suspecled variable Nsv 5858 in C.ux. We quickly experienced the tediurn of manually rccording,

sroring, manipularing snd displayjng loog series of variable srar dara in the form of Julian dates and magnitudes. Thus the

writirg of this program libnry became a necessily rather &an 'a nice thing to do one day '.

we also wished ro search for periods in ouI. dara and thus ihe anicle by Belserene (1988) in Sky & Telescope proved a

timely boosr to $e concepr of a suite of progr"ms !o manipdlate variable star data. Irregular variables, Cepheids and long

perioi eclipsing binanes were some of the rargels in ni''.l when this proje.r began. During_the development of these

p.og.." rir" oia y u""""sibte C€pheid variabte V Cenrauri provided fie author wiih real visual data wilh which !o test and

debug the various routines.

The injlial rourrnes of lhis suire of programs wele developed (on a 64K Microbee) prior !o &e 1990 NACAA in Fnnkston

wherc lhe aulhor gave a poster paper on some aspects of this subjecr (Bembrick' 1990)' The hardwal€ has since b€en upgnded

to a 386SX (wilh marhs co-processor). but lhe old dot matrix printer remajns in sewice ar this line
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The basic phiiosophy lbr developing fiis suire oi rourmes inro m integnted libmry ofprognms has evolved over rhe
last fbw years into aconcep! remarkably similuro rhalexpressedby Treffers,rnd Richmond (1989) in rheir pap€r on the
PCVISTA program librJry.

The soiiware was irutiall_v developed $ a set of separa(e modules whichcouldbe debugged.rested and used rn heir own
right as \iand-alone routines. This in facr provedto b€ a rflson$ly effici€nt way of gening somelhing up and running
in a .elativeiy shon lime. The output file ol one module served as lhe inpur data lbr the n€xt. and so on, unril ihe desired
final outpur was rcached, either screen graphics or hlrd copy ro the printer.

Indivjdual modules could theo becombined. withoprlons forgnphics display or hard copy via ascreen dump rounne ro rhe

9-pinpnnter. Anolher inirial advantage ofthis modularapproach proved to be rhe ability rodoone orrwo srages ofthe dilra
processing as and when dme pemitted withour having to sir down ro a mamrhon session ai fte k€yboard ar any one time.

Aralater strge it was found advaniageous tocombin€ up to four modules into an iniegrared whole whiie in some cases
retaining fie individual modules for intermediale lrsks. Thus. lhe prognm libnry which is herein ckisr€ned .MIRA'

now comprises thrce main nrodules and some five sepanre rourines which allow one ro archive. nanipulare and display
variable star dala in a number of ways as exptained below. Thes€ prograrns .rrc applicrble ro any vanabte siar dara where
the law dat3 are recorded in lhe lorm ofJulian daes rnd magnitudes. Thev may lhus be used forvisual, photo€lecdc and
photogmphic observalions.

II . THE SOFTWARE

The compuier hardware used rodevelope rhisprcgmmlibnry consisrs ofan IBM compatible with tOMb had disc, sup€r
VGA scrcen, 5.25 and 3.5 floppies. The computer is a 386SX running ai 20 MHz and has rMb of RAM. Receftly a

maths co-processor has been added which significanrty speeds up the number crunching process.

The MIRA'software hrs ro drte been wrinenin Mcrosofi's GWBASIC. This inre.preted language has proved adequare
ior the developmenr of these p.ognms in all respe.6 excepr the speed ofrunning the Dhcrcle FounerTmnsforms (DFT),
where ihere is considenble room for imprcvemenr. For example, 500 mals v/ith lhe DFI takes jusr under 5.5 minutes,
including printing &e rcsults to the screen as &e calcuiarions Fogress.

This is nol io say fiai I would rccommend CWBASIC for lhjs lask, it jusr happened to be the language wjth whjch rhe aufior
was mosr familiar aI $e time. However. i! do€s aI leasl show wharcan be accomplished wilh a rcladv€ly unsophisricared
languag€ and someone with less than expen programming skills.

The programs comprising the 'MIRA" tibmry ar presen! roral epproximalely 32 kbyes of code. Table I summarises the
software written to dare with an r,ldication of the fearu.es ofeach module or rourine. An 'X' in the columns headed screen
gaphics and printer pio! ndicaies rhar the panicular rcuiine suppons graphics :nd rhe opdon to plot 10 a prinier.

As a penance for buying a nice shiny new 386SX the aurhor was forc€d during the development of rhese programs to wrirc
a screen dump prog]:]m ior the ancieDt 9-pin dor-marrix prirr€r. This is an Admar€ DP-80, once r very common pnnrer
suppiied with bargan basemenf compureN.ll is more or less Epson-comparible. so the scrcendump has been included in
the program 1ibrary as a guide to those who vrish ro interface with a mo.e recenr viniage of prinrer. At presenr this scrc€n
dump is rclativ€ly \low, bur h does enabLe you to produce lhxr much desired hard copy.

Table l - Software Modules

Program

DATEENTRY
FOTJRIER

PHASEPLT

HELIOCOR
SORT

R,\NDO!1
BARC}IART
BINPLOT

Size INPUT
(Kb) Fil€
6.5 keyboard

4.6 .I{EU.HRD
8.3 .HEL
2.1 .R{W
1.5 .RAW

0.8 .ftEL
2.6 .DFI/.FRD
5.5 .PHS

OTJTPUI
File
.RAW,HEL
.DFT/.FRD
.PHS/.SMO

,I{EL

.HRD

sMo

Scre€n

Graphics

Printer
Plot
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III . DATA INPUT

The fiIsr major module ol fie MIRA" libmry is rhe 'DATENTRY" outine wbich allows vaiable star dita to be iopul via

the keyboard and archivert on hard disc. ln rts presen! fom rhis rouline requires you to declare lhe tile name to lvhich you

wish data to b€ saved (his may be r Pre-ex isling file) a,1d fte nurdber of dala enlries you are about to key in'

For rhe convenience ol varied obsewers.lhe progmm altows achoice ofdala entry formal - either JD and magnitud€s oR

&re, uT and magnirude. Dara enrries matbe echoed for eror checkng rfdesired. Alrelnftiveiy. one may.jusr use ihe

backspace and deleie keys to conect the da@ entry befolE hitling the retum key- Regardless of fte dala endy fonnal

chosen.rtreprogmmsoreslhedalatodisc!sJDsandnagnirudes'Thenwdaiafilesmaybeediedbyanumberof
commercral word prccessing packages - eg. Word" Chiwriter.

Dam may be entercd in non-chronologlcal order, !s on completioo of lhe dala entry prm€ss ft€ program prompls for the use

of rhe son subroutine {o order the 
-data 

br Juiian da!e. The "DATENTRY" rouline also allows fie option of performing

rhe Heliocenrric coriedions to rhe JDs in the ".RAW'datafile.ThecorrEcteddaia.bothdateandmagnitude,arcwrinen

to a '.LIEL'file.

In summary. fie , DATENTRY ' program takes dara iom &e keyboafd and produces either a '.R{W" cLata fi]e or. if desirc4

a'_HEL Lo fite for funher anaiysis, As it is good pnctice to rpply the Heliocenric conEclion. the later modules in

rhis progmm libmry pr€sently asuft; this has been done and wilt look for a ' HEL data file for funher analysis'

IV . PRELIMINARY REDUCTIONS

As mentioned above, ihe original daia is wriiren ro a ".RAW" file in the tonn ofjulian dates and magniludes regardl€ss of

the data enE'y format chose-n to key in the data. Thus, if data arc entercd in lhe fonn of da|e, time and magnitude then the

dates and rimes are converred ro JDs using ihe routine of M€€us( 1982) and then wriren to the 

"RAw' 
data file. This forma!

for ihe mw dala is a corveruen! one both for larer data rcduciion and fiom the point of view of arcNving the data for future

compansons with other data sets.

The oplion to son lhe dlta by JD bas been included lo allow greaier flexibility in the dfia entry process, panicularly

if dala are to be enlered at widely separated ifiewsls fion sevelal diffeEnt observe.s over a long trme penod. At the

prEsent time this son rcudne is a simple bubble soft (CooPer aad Oancv 1985).

When rhe soft oprion is setecred a waming message is displayed !o emphasise tha! the raw dala file will be overw.itten. That

is, rhe sort js perlormed on rhe file with the .RAw" exlension and fie soned dala arc in tum wnn€n back to the sa,ne

fite. The sone; file thus becomes lhe original data fite witlr a ".RAW extension. At pres€nt I can see no disadvantage in

rhis and I have assumed rhar no one would wanr to archive an unsoned rdw data file. Ho,riever, just in case lhis is not wha!

you wrnt ftom lhe son when entering clara, an option ro exit wilhout performing lhe son has been included'

A sepamre routine "SORT ' is atso included in the librar"/ for use il desired in special cases - perhaps on a filt -p9l:qgT
doiher sou.ce. gowever. rcmemb€r ihat if rhe file to be sorted has not b€en effercd via fie keyboard using DATENTRY

rhen be surc io give i! a ".RAW" extension,as the "soRT" outine in ils present form will look only for lhis extension.

The Heliocenric cofi€crion subrcutine of the 'DATENTRY" module prompts lbr the R-{ and Declination ofthe vanable

srar and wriFs the dara to ! '.HEL" fi]e. The Helioc€nric conecrion subroutine follows the method of Meeus (1982).

Again,aseparalercudne.'tIELIoCoR.isProvid€d!obeus€dinsituationswh€rethisiSnecessary.Thisrcutinewill
aulomatically .e3d a ".RAW' data fi le and write to a'.HEL file.

V . PERIOD SEARCH

The second najor module ol ihe MIRA" progmm Libnry is the 'FOURIER' program. This rouiine enables one ro s€arch

the dala set io; p€riodicities by means ofrhebiscrcte Fourier Tlansfom (DFT) tectnique ln applving Fourier analysis

to variabLe slar dall we arc rclyin8 on rhe fie fundamentai concepr ftar any periodic signal can b€ exprcssed as the sum of

sine waves oidiff€nng penods. In other worG. fie signal can t€ decomposed ioto a summttion ofsinusoidal signats.

ThegenuineFourierT.,nsform(FT)needsconrinuousdalatoworkwirh'aconditionnolusuAilymetinasfionomlcal
obse-rvarions.AweilknowncomprcmiseistheFl}siFounelTransfol,n(TFT)whichwill.lilowdiscontinuous&ta
as iong as it is ar equatty spaced intervals. Again, lhis condirion is noi ffsily sadsfied in astronomical observations. However.

a funh'er compromise is available, known ai lhe Discrerc Founer Tmnsform (DFT) This alows rr< ro ose disconlinuous

.1,\D inegutarly sprcea aata. Th€ comPrcmise comes in fie fact thal wlh lhe later lwo melhods the solution will not be

uniqu". J1'" t"ngitr oi,tre drra se! and he spacing of 1,'e data may affec! 11''e rcsuhs and lead 1o 'alias' periodicitjes

being delecled.

L-
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The DFT is oi great inleresl Io variable sur observers. who commonly arc tbrced ro grrher data in r disconljnuous and
iiegular fashion. This appLies wherher rhey arc using photo€ledric or visuat rechniques.

The DFI transfonns data gathercd in fte rime (or space) domin inro dara in $e frequency domain. wherc n may be rnore
rcadily l}nalysed. For Fourier analysis the oiginal dara ser must be nonnalised - i.e. ,!y tinear trends arc removed from
our time series so thar the dara ar€ convened ro deviarions frcm a stmighr lioe. Tbe rcmarning signai conrains fie
p€riodic componenl and random noise'. The Fourier tnnstbm enables us to exrrac! the dominrnl penodic component (or
compodents) from lh€ d.ata. and involvesthe decomposilion of the penodic (frequency donain) data into irs constiruenr
hamonics. The ampliudes ol the hamonics presenr may be expressed as $e powea or'srengh of the signal. and
are commonly plotted ugainst liequency or harTnonic numb€r. Thus we derive r-powerspecftm plot ofpossible
trequ€ncies present in fie dala set.

The 'FOURIER" prognm modul€ automatically performs lhe data normdlisarion (rcading data ftom a '.HEL iiie) and
pedbms a Founer dnalysis of the dala set, based on cenain p3rl]meters entered by the user. These paramerers include the

longest useful period to test, the shonest allowable p€.iod to tes!. &e fiequency inrerval ro use and $e mrximum number

of rialsto aitempt. The DFT rourine is bas€d on rhai of Belsercne (1988), with modificnions bv fte aurhor !o access

disc fiies and to display screen glaphics.

The FOLRIER module also has a.r opxon ro access a ".HRD'fi1e crca€d by The RANDOM" routine. This roudne
creales a dau set of Bndomised magnitudes !! lhe same Julian dares as lhe €ai dara. This daia set can lhen be subjecred
!o Fouder analysis .md compared with $e €ai dtta set to gain a quick and crude esrimare ofany alias problems in th€ real
data 'power spedrum'.

At $e end of the Founer analysis an on-scr€en sunmary is provided of rhe besr esumai€ of the 's.ronges!' period (or
frequency) presenl in the data. The number of trials pedonned, the F€quency spacing used and $e period limi6 resFd
ar€ also displayed. The user rheo has the option of displaying lhe'powe. sp€drum'on th€ s.reen and/or ploning it lo the
printer (see Figure I ). If fo one chooses ro exi! rhe prognm before plorting the power sp€crum, Ihen i!
is possible io come back ar a larerdre a.nd use rhe s€pamre routine BARCTL{RT' to ptor a power spectrdm. At the
prcsent time the scaling of the power speclrum graphics is done automaric.rlly. Future deyelopmen$ may see the

introducilon of some degee of intemctive nput here so lhar $e user can produce a series of plots at a fixed scale ibr
companson purposes.

VI - PHASE FOLDING

The third major module of the 'MIR{ program libnry is fte rcutine 'PIIASEPLT which slows a number of
manipulalions to be pertorrned on he dara giyen a rial p€riod found by means of the FOURIER" module or some
ofter method. Options to dispiay rhese piors to rhe scrcen and,/or to plor rhem to a printer are inciuded.

The fi t subioutine ofthe "PHASEPLT" module prcmprs for rhe data file to be accessed (a .HEL file), rhe inirial epoch
and fte t.ial period. The initial epoch may be a cata.logue value or may be found Iiom an inspection of fi€ dara. The phase

ofeach observaiion is cdculated and the dala saved todisclonx .PHS" file). The observe.is fien prompred for fie values
to sca.le the magnilud€ a{is of the phdseiblded pior. This assumes the obseNff has some familiarity wirh the d.ar! and has

insp€cted the data set ibr manmum .nd minimum magnilude values. This ,ipecr could of course be made auromalic by
hard-codlng it inio the prcgram, but at &is strge it is tblt that mo.e flexibility is retainedby allowing the obsewer ro choose

$ese scaling values.

Each poinl is plotied.s dsmau cross on the phase'folded plot and a! rhis s6ge no aftempt ha! been made to plot a differcnt
slmbol whete rwo or nore poinrs overlap. The plo! (see Figure :) may be made morc presenrabte by choosing s€ating
values which are 0.1 brighter and 0.1 lainier than the brighrest and fainresr magnitudes rcspectiv€ly. On insp€coon of rhe
plot oo the scree n. one may choose the plot !o prinrer oprion lo obtain a hard copy of the phase-folded display or choose rhe

'plor smoolhing' rculine.

The plot smoorhing subroorine of the 'PIIASEPLT module is based on the ph.rse binning'or'phase dispeNion
minimisadon rechniques as outlined by Bel€sercne (1986a) and Fullenon (1986). Brieily. this invloves dividing up the
phas€ plot inlo ! numb€r ofoverhpping bins and crlculating th€ mern mlgmtude lb. each bin. This m€an is rhen ploned
ar fi€ phase value of rhe bin centrc giving I smoolhing or filteing affect ro rhe light curve. As the number of bins used

increas€s lhe curve incrcasingly rcsembles the unfiltered curve. Usingfew€rbins rcsulis ina dramadc increase in $e
smoothiog eifect. Wh€n using inherendy noisy data t-rom visual obsewers somecompromise is necessafy here t1 deaiding
how to display rhe dau. Sevenl runs firough fie smoorhing routine will usually esrablish rhe oprimum number of
bins lo b€ used in any panicular instance. At ihis stage th€ program will give an eror message ifrhe number of data poinE

in any one bin is insufficienl to caiculate a rcliable mean. The user is then prompted !o choose a smaller number ofbins. An

l

I
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oFion which nay be implem€ned in rhe furure is ro use the m€dian value dther thrn the me.n wherc lhe data sel is sm l

(Davis. 1973). This oFioo will most likely be coded so $a! its operalion is rrunsparenl to the user'

The smoothed da€ is pioned wirh e3ch mean rcpresenred lrs 3 smail square on lhe scrcen (see Figure 3). The user is also

prompred to display ihe plor wrth or wirhoul e.ror bals abour these means.Ifenorba$ are chosen then thes€ are plot€d

in magniude one standard devialion e[her side oi lhe means. This featurc has been included with visual variable slar data

in mi;d in panicular so thar rhe user ci|tl form some impression of the scatter in lhe data set and the Eliabiliry of the means

in the smooihed lighl curve.

Ifyou are iff€nding ro choose the elTor bars displayed option, rhen ii is a wis€ precaulion lo initiallty scale $e smooihed plol

wi'ttr ptenry of roJm for large efror bars to fi! on the scr€en (see Figurc 4). Thar is, choose maximum 3nd mrnimum scaling

*r""i 0.i..0.a magnirudes brighrer and fainter than the m:uimum and minimum magnitudes respecdvelv- lf the

smoofied plot with err6r bars is l.rier than rhe screer ploning area then an e''or message will b€ generaled and the plot

will not be compl€led.

once again fie user has rhe oprion ro plor the display to rhe prinier However, tlre opdon of simulGneously displaying

bolh t11; phase,folded plor and rhe smoothed pior ro ihe scrcen and then ploning fie rcsuir fo rhe prinrer has not yei been

VII . FUTURE DEVELOPMENTS

Some memion has already b€en made of possible furure developments, panicularly the pla! to tnnslate lhe code into

pascal. Th€ main rcason for this is ro speed up the DFT rcutine, but advantages also flow on to the $aphics and fte screen

dump areas. one could perhaps go ro a compiled version ofBAsIC in fie inrerim, bui I susp€ct llrat ii will be quicker

in th; long run !o go over lo Pascal withou! being sideEacked by any fiinher uPgrades in lhe BASIC environment'

Other improvements being investigated al th€ pres€nt time include a beter soning rculne - p€rhaps a 'Quicksort' or

similar routrne - and als; perhaps some fo.m ofrough raw da1" plot. This would probabiy have rn option 10 display one

day means, five day means. etc.

Ther€ are ofcouNe olher meftods of esrimadng p€riodici.ies in a data ser. one of these is fte saring length melhod, which

is a commonly used technique for period search. It is expecled iha! a strirg len$h routine wiil b€ included in future

v€nioos of MIRA'.

Also being invesrigated are tunher rechniqu€s for dealing with the alias problem in the DFT analysis. One idea thai has

been suggised is that ir woutd be useful to disptay the difference b€Neen the real d'ia powerspecnum and the mndom

data power spectrum.

Fina1ly, morc efficien! screen dump outines aie being developed for my ancienl 9-Pin printef. The next hardware upgrade

will definxely be a pnnler.

The aurhor is willing ro distribure copi€s of rhis suire of prograns to anyone garne enough to use them at this early stage of

their development, 6ur 1nkes no responsibilily for any bugs - major or minor - which may still exist in the code. Any leaders

who wanr 6 trte up lhis offer should mail eith€ra 5 25 or 3 5 HD floppy disc to the addnss below'

Colin Eerbnck,Dept. of Asrrophysic s, School of Physics'

Unireniry olNSw, PO Bor l, Kersingtan,2033 AUSTLAUA

The aurhor wouid narurl]lty enough be very happy ro hear from any users who expefience bugs of any son or who have

suggestions for improvem;nrs in the progmm coll€crion. Any bugs brought to light in ihis way will lE rcctified in fulure

venions of rhe prognm library. users who have received v€.sion 1 .0 will eceive uPdated copies as and when ftey b€come

available. The ;utto. woutd appreciare eirher a spare disc and/or some asronomical software in exchnnge for the MIRA

programs.

VTI . SIMMARY

TheMlR{suileofprogramshasbeensoccessfullyusedloinvestigalethevariabilityofthesuspecrcdeclipsingbinary
NSV 5858 in Crux. Iiis cunentty being usedto rccord and archive a range of variable srar dala including long penod

e.lipsing binaries. Cepheids and semi:regular vanables The develoPment of this suite of programs is continuing with

a nnge ot oprions beirg considered for turure implemenrarion. Forcmost among these is the translation ol lhese roulines

into Pascal at !n early shge.
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Why are some elements more
abundant in the universe than others?

Dr Peter D. Norman,

Astrcnomical Sociery of Frunkston

Abstract

Modets of tlrc bond sk ucture ol he nost abutdant products of steltat nuclets.vtthesis based on Bemal's nodels of dense

tiquiddtops arc reldted to lhe releyant bindins enetsJ data and shell nodels lt is sho\9n that soadagrcement is obtained

||hen alpha pdrticles ate considered ta be (lensel\ pdcked hard sphercs af BernaL s motuLs.The concept of these ntclides

consderedas superfluidcondensates ofalpha panicles is alsa coBistent\|iththen mades ofqnthesis |'hich include heliun

f sian, alpha Mpture, catbonfusion, o:t:Jgenl sion dnd silicon iirsion.

I . INTRODUCTION

The mnk order of ihe percenrage abundance of the more common nuclides in ihe universe md the order of $eir nuciear

stabilily in terms of average binding energy in nucleon arc shown in Table L Also included in th is Fble arc tle Probable

modes ot their nucleosynthesis insicte sta6. A cu^ory glance rt Table 1 shows that. apan fiom I 
L H, 

L 

i4N, rnd :6 
56Fe. 

( he

nuclides lisled consist of integral mulriples of :4He or alPha panicles The question arises as to how lhe nucleons may

cluster as alpha panicles in these nuctides whilst satisrying $e known properties of nuciear bonding

Empirical .iata indicales rhar each nucleon has a diamerer of l0'15m..Funhennore. the strong nuclerr force of attmction is

no! an invelse square law force and is linired in nnge !o about 2 x l0-l5m which co.responds to the celire to centre distance

berween neighbounrg nucleons in a nuclide. This inter-nucleon bond berween adjacetu nucleons is generated by the

exchange ofmesons lnd has a bond energy which may be calcLrlaied in the tbllowing way. The €mpirically detennined

binding energy, E, ofa helium nuclide (alpha panicle) corrected forcoulomb energy ofrepulsion, Ec, b€rween the protons

is given by E - Ec = 19.05 MeV. By assumjng six equal inter-nucleon meson bonds in each ciose packed tetmhedr',tl alpha

panicle rhe unii bond energy is fierefore 4.94 MeV. Using this value the toml number of inler-nucieon bonds within a

panicular nuciide is given by rhe yalue ofE - Ec for that nuclide d;vided by the unii bond energy of'18'l MeV

in order to derermine lhe numb€r ol inrer-atpha panicle bonds wirhin &is nuclide, fte totaL number of intemucieon bonds

within all of the alpha pafticles assumed to constirule the nuclicle are subfiacted fiom the-total number of intemucLeon bonds

withrn lhe nuclide. For example: the tolal number of inter-nucleon bonds within the 
r2C nuclide is given bv E-8J4 8'l =

l0I .3 8/4.84 = 20.8. B y subFacling from rhis number rhe I 8 inter-nucleon bonds widjn tbe three alpha panicles of vrhich

rhe 
l2C 

nuclide is assumed 10 consist lhe number ol inteFalpha panicles bonds is found lo b€ 2.8-

II . EARLY ALPHA PARTICLE MODELS OF COMMON NUCLIDES

As eariy rs 19l5 Harklns noted thar some of rhe mosr abundant and stable nuclid€s app€ar to consist of integml numbers of

alpha panicles. Gamow in 1929 Getuily considercd various alpha Panicie models but Ihey were superseded in 1933 by

I!,Iajorana's proton-neutrcn models. subsequenr models of nuclear structure haye inciuded rhe liquid dicp model, the Feffi
gas model and the shell model. The shell model is based upon the idea lha! rh€ constitLrent p.ns of a nucleus move

independently. However, the liquid model implies just the opposite since in a drop of incompressible liquid the molion of

l1l]y constiue pan is correlated wirh rhe motion of all the neighbouring pans. Because of this conflict a collective mod€l

of lhe nucleus was developed which conbines cenain fealurcs of the shell lnd liquid drop models. All ofrhese models hrve

been discussed and comparEd by Eisb€rg and Resnick (1974)

Simultaneously wirh ihe developmenr of rhese conventional models of nuclear structurc there have been continuing effons

ro rcconciie them wiih the various alpha panicle models as discussed by Blatt (1952), Bnnk (1965 r and de Eoar.rnd MFg

\1973r. Tlese Jphr pdarcle models include rhe tmrnelncal nnicrure 'nown rn TJble l. ol lnungular 'C. LelnhedrJl '"O

dno bFp)rmidal "\e "hrcn 
rgree sell wrlh lne Knosn prcPenre\ ol he(e rel]les Howe\er. rherc ffe enous

,honcominp' r.'ocrreo *irh lhe lo,lowrtg s).nmelricJl mooer.: qur"-P)omi&l -"Ne. ocl3hcdral --Mg. penugonsl

br-pyr.rm.dalj*S.. ne:.rgonrlbr-p) rum rdJl 'rs.lrlo oclrhedm, br_p) mmidcl"ca E\en lhoJgn Lre'e models nr!e in€r_d.phJ

panicle bond numbers which co.relate quite w€ll with those estima€d irom bond eneryy consjdedtions the slructures ,Je

ioo open ' so rtrat they are difficul! ro rcconcil€ wirh th€ corresponding sh€ll models- They also do not adequalely predici
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the struclures of nuclides with A =.ln + I nucleoni $here,n ir Jn rnleger- ln oder (o Jvord rhes€ problems asvmmerncai
alpha paftrcle models are proposed for 

]'lMg, 23Si.1:S *a 'oO * *,f,*a;" ,i. t"ff"**,,*".".

III . BERNAL LIQUID DROP . ALPHA PARTICLE MODELS OF COMMON NUCLIDES

In B€mal s t€rrahedml models of liquid drops a had spherc rcpr€senring an atom . ion or morecure rs added at wharever
rvriiable posilion is closest to fie cenrre of the existrng ciusrer ofspheres s;ftar fte dens€st possible configuration is crcrled.
Accordingly iwo spheres ibnn a dumbberl. thrce spheres tbm a Fiangle and fou. sphercs fonn a tenahedron and so on ,s
show_n rn Table 2. Th€se models have been very useful in considering fie propeniei of normal riquid. as shown by Hugher
(1965)- chaudhan. ceissen and Tumbull (1980) have llso used these mod;is ro sood et'fec! in explaining the ;rruclurat
pmperue\ or meu.lrc ;las€s.

Bemal s models may also be used for mod€lling the instanraneous srmciurc ot' nuc tides considerEd as drops of dense liquid.
Simple calculadons in which each separale nucleon is considered as a hard spher€ do nor grve an adequate account oi rhe
propenies of common nuclides. However, if ilpha panicles are considercd as rhe hard sphercs of Bemal's mod€ts lhen
tErsonable rcsuhs ar€ obtained wilh rcsp€c! to nuclear sizes and especiatly with rcgard to lhe number of inter,alpha panjcle
bonds wiihin common nuclides as is indicated in Table 2. In the c€fire of lhis Table ie aiagrams of tre possible rnirantrneous
alpha panicle struclures of common fluclides as suggesred by B€mai's models. Next ro ft;se d{grams arc risted the number
of bonds jolning rhe arph. panicles in 

""ch 
of rhese dense. nndomly packed models. These nimbers are to be compared

with those listed in the nght hand column which ar€ based on binding energy dntr corrected forcouiomb energy as discussed
in fte iniroduction.

From Table 2 il can be seen that atftough lh€ numben of inrer-aipha pafticle bards predicred by the models do nor correspond
exaclly with lhose based on bond energy data lher€ is nevenheiess sufticienr conilarjon ro winant funher considention of
these d€nse rdndomly packed alpha panicle modeis of rhe ephememl structure ofcommon nuclides.

In order ro consid€r lhe r€lationshiP of th€se mod€ls wiih rhe conesponding shell modets more delailed sructures mny be
examined such as rhose shown in Figlres r and 2. Figure 1 shows a retrah;dml str.,cmrc of $e iour nucleons in a si;gle
alpha panicle in which each inrer-nucleon mesonic bond bas a bond energy of ,r.g4 Mev. Each nucleon in an arpha pafii;re
fiereibre has 3 bonds such as the four nucreons rogerher consdlurc rhe l iinergy ]evei. Figurc 2 shows four alpha panic res
which arE linkedin a terahedrararny in the marner oftrre conrsponding Berial mod€r f; 160. 

From $is r.igure ir can be
seen that the fourinnermostnucleons ar€ erch heldby 6 bonds thercby fo;ing rhe I s energy tevetwhilsr $e tweive remaining
nucleons esch wrrh I boids consrrrule lhe lp energy levei- These results are gven in TiLie 3 along wllh lhose tbr rhe next
mas'c-numb€r nuclide -"CJ. Ttus oble shows rhat in te.ms of numbers of nucteons per levet lhe liquid drop-atpba pantcte
models agree quire well wilh rhe sherl models- Nevenheress, i! should b€ poinred o;t $at rhe ene.gy levels of rhe Bemal
models have no fin€ smrcrurc because neither lhe spin-orbii coupling nor fi; coulomb energy have been consid€rcd.

W, MESON BON'D STRUCTURES

Th€ ,rnalogy between a liquid drop and a nuclide rnav be exrended to consider rhe narrre of rhe bonding openring wirhin
each of them. yany liquids consis! of morecures in which rhe coflstitueo! aroms are finnly bound rog;rher by rc-rarvely
srong covalenr bonds. These molecuies arc themselves loosely bound to each other by weak van der waals bonds which
arc. in eiTec!' by-prcducls of the coval€n! forces. A nuclide may be considered to be bound in an analogous thshion in that
the nreson bonds acring b€rweeo rhe nucreons arc by-producls ofrhe very strong gluon bonds which hoid rogether the quarks
inside erch of rhe cloudy" nucleon bags.

Ii issuggesbdlhat lt islhe mesoo bonds acting berween alpha pdicles which preven! rhe lan€r form b€havingas free bosons
so rha! fie nuclide i5 not a pertect superfluid. In this way the nuclide behaves as a paniauy viscous iiquid so rhat i|s moment
of ineftia is nxd-way be$een that of a superfluid and tbat of a rigid body. The very'narure'ofrneson oonos ilrnher conributes
to the liquid naiure ofthe nuclide by ihe const.nt interchange ofvjnual pjons b€Neen neighbounng nucteons.

DeIr r15 oi Ihe prosed me5on bond \lruc tu re o f conl,'non nuclides are grven iD ihe Appendix. of panicutar inlercsr is the model
or Lre rneson bond vrucrure oi'"Ni con\rdered as a ciusr€. of l4 alpha pnrricies. This ;uclid€ is a major product of
nucleosynthesis dunng supemovae exprosions, due ro silicon tusion. supemova i987A provided inrpressive eviaence or
this prcce\s The oecav curve or rhe erecrromagneuc eners-v mdrrred rne;$e rrutidr e\oro\on firs e\rrcmelv ueI *rLh Lhe
knouncrdioJdrveoecrrproces.e'.orr\iartdecr)5$IhJnJrl.reoa6.r01),rorbnn'bco. Thrsrnrumoe.ry,*irhJ
half-life of 77tr!s lo tonn r6bte )oFe. 

Frorn rhe meson bond calculations in'the Appendix ir rppears fiat the lwo-rlage
bel" decry of '"\i. rs rr fonns '"Fe, rnvorves rhe brcaking of No meson bonds. The sequence oieven$ associared wirh
SNl987A hlls been caretully describ€d by Murden ( 1989) in his book End of Fne...

I
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V - CONCLUSION

- Bem.rl mod€ls of liquid drops appear ro give a simple &counr of the srrucrure and bonding of many common nuc lides when

aipha panic les are used as rhe main componenis. Aipha panic le c luslenng has also been proposed for much heav ier nuc lides

- by many research workers including Zafi r,uos ( I97 2) Wildermurh ( 1977) and Gambhir. Ring and Schuck ( 198 3.1984). They

, poinr our ftar rhe clusters continually appear and dissolve as lhe individual nucleoos mov€ rboul. From such studies iI seems

ihat may of rhe mosr smble and abundant nuclides may be considered as sup€duid condensales of alpha panicles.

_ Fonhemor€. ftese structures seem likely p.oducts of fte various proces sed of stellar nuc l€osynthesis which inc lude helium

iusion. alpha caprure. cffbon fusion, oxygen fusion and silicon fusion. Perhaps fte main advantag€ of rhe liquid drcp- .tlph,

- pa(lcle models descrjbed in this paper is that they are simple structures which give tlngible indicalions of the probable

instantaneous mesonic bond strucrures ofthe most abundant nuclides.
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T;3LE 2 : Be.t:a.l .noCe.ls of carnan nuc-lides'
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I{ew frequencies for VNG and
progress to 1991 December

Dr Marion Leiba

Honorcry Secretary VNC Users Consortium

Abstract

VNG . Ats''alia s eandard frcquenq' and tine igna! settrc e , has u deryone fiequenc) changes . k ceased brcadcasting

on l5 MH: on l99l May 6 and stared transmifting an l6 MHz on May 8. VNG has also been licented ott 8.638 ann 12.981

MH.. on loonJron he Rotal Austalian Nav,\.Trcnsmission an tlrcse new fiequencies connenced o!1 l99I luly 3, and the

lA MHz broadcast stopped onJuly 2. vNC wi soon have a nlkins clockon5 and 16 MHz,annourcing the UTC time eoch

ninute. Desphe this spectaculor prosress, contihued Coternnent fundnry ca o\ly be justifed if userc and synpadisers

conttibure n vNG s.unning costs.

I. INTRODUCTION

AusL.alia's srandrrd fr€quency and dme signal service, VNG, ceased opention aI Lyndhu$t, Victoria on 198? Octob€r L. h

was switch€d off for finarcial rcasons, and because ils fonner opemto., Tel€com Australia. no Ionger needed it. Witbin days

oi VNG'S demise, the Royai Ausralian Navy suned ransmilthg a time signal fo. ns own use on 6..148 and 12j82 MHz

upper sideband. These rmnsmissions. which had a similar fonnal to \4{C without lhe BCD time cod€ and voice

announcements, were serzed upon by Austmlia's time-stawed scientific and i€chnoiogical community, and the Navy was

sbocked by the volume of correspondence and pleas for continualion of iis signal. The Navy time signal was originaly

nansrrulted from Belconnen in the ACT and was lat€r moved to Humply Doo near Darwin, NT.

The Navy always emphasised rhar its rime signal was only a tempomry tmnsmissior and that fonner VNG users should rnate

th€ir own arrangem€nls for a replacement. Consequently, the n{G Usels Consonium was formed on 1988 Febmary 25 to

rc<srabiish 3!d m&lrain an HF sGndard ftequency &1d time signal service. Conlributions to the Consoftium from

asEonomicrl socreries, geophysical organrsauons, Teniary educational institutions, and ftom privare individuals enabled

!'|lG to b€ moved hom Lyndhursr and re'established arLlandilo, a westem subu.b ofSydney, NSw, in 1988.

II . ADMINISTRATIVE ARRANCEMENTS

AUSLIG (the Australidn Surveying and lrnd Information Group of the Depanrnent of Adminisirarive Services) paid the

sehng up cos$ at Llandrlo and has ag€ed to fund \4\lG for a! l$sl five yea$ ftom 1989 June provided $a! il gels sutficieot

cosr rEcovery lrom useN. VIIG s prcsenr home is the Civii Aviaion Aufionty's Intemational Tmnsmifting Sladon aI

Llandilo. The Cd{ is paid by AUSLIG ro run VNG. AUSLIG monilors the arrival of $e \TIC sigtals at Orro.al Ceodetic

Observaory in fie ACT rnd disrributes fies€ .iara. along with conesponding mersuremenrs from other organisaiions. as

Bullerin V. Subscriprions to rhis Bulletin are one way in which AUSLIC ob(ains the cosl rccovery essential injustifying its

continued funding of \NC.

Other ways ofhelping to keep VNc going include buying AUSLIGiS other Builelins ard/or making an annual donation to

AUSLIG or !o the VNG Us€rs Consortium. I can give you more infomation ifyou need it. The Consonium's addrcss is

CPO Box 1090. Canberra, ACT 2601. and my home phone nunb€r is 06-2319476.

The lNc ftequency and rime signal equipment and rhe fou. trJnsmitters belong to ihe National S6ndards Commission. The

Consonium is a subcommittee of the la!!er's hecise Time working Group.

The prcs€n! functron of the \t lG Users Consonium is to usw€renquiries rboul VI\IG, to verify reception €pons (QSLing),

ro rdise some of fie money to keep lhe s€rvice on air, to preparc the slaiion s voice announcemen$, and to look ,fter the

inercsls of users. \'l,IG s normal arnouncer is Graham Conolly, a relred ABC n€wsreader and also an amateur .adio oPeralor.

My voice also appearEd on \tIG during two months in l99l waming of frequency changes. lan Pogson, !n arnat€ur mdio

opemtor, is designing atrikingclock forrwoof$e 6:equencies.The QSLine is done by thrce people: Beq Allanindmyself

in Canberm. andaConsoftium memb€r whoprefers to remarn anonymous.I usually answerenqLrines about rhe service. All
Consonium memben do heir VNG work uoprid in their own !ime.
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III . FREQUENCY ALLOCATION PROBLEMS

When Vl{G was moved from Lyndhunt ro Llandilo io 1988 r\'e rssumedtha! it would be able ro rcsume on irsold frequencies.
.1.5, 7.5 and ll MHz.It did in fact go to air briefly on 4.5 MHz. but prompt complainls ofioederence to mobile services
adjacent ro it in rhe HF lpectnm mused DOTC (Dep,ntment oiTmnspon and Communrcations) to ord€r that opentions on
that frequency ce:rse. An examinadon ofAusinlian frequency allocalrons showed lhat similarproblems wouid arise on 7.5
MHz. and 12 MHz was abou! to be assrgned to the broadcast band. Consequently. DOTC suggesled thal \NG be licensed
on 5, i0 and 15 MHz. the intemationally allocated flequencies ibr srandard ihquency and ome sigml seflrces.

We werc reluciair ro go ro arr on l0 and 15 MHz because ofmulual inrerference lvith similar serices in orher pans of the

World, panicularly becruse offie possibitiry ofblocking ou! wamings on W]lv and WwvH. VNG tnnsmined only on 5
MHz almost continuously fmm 1988 December to 19891ate June. Untbnunareiy, in many pans ofAuslnlia, rhis provided
.r useful service oniy a! night. so in 1989 lale June, VNG commenced mnsmissions on l0 and 15 MHz flom 2200 - 0?00
U'fC e3ch day on a expenmental licence.

The expected complaints lbout I 0 ind l5 MHz were tbfthcoming, panicularly fiom Australians. New Z€alanders and people

in Anrarcrica- The latter wonied us panicularly. b€cause Antarctic Division supponed VNG financiallyl On 1989 AugusI
30. fie VNC Users Consoftium met with the Minisrer lbr Communrcrdons and officers of the DOTC. we equested
fiequencies othe r thrn 5. 10 and 15 MH4 but were told that only I 6 MHz would be considered as an rltemati ve.

On 1990 February 23. lhe Consomium rcceived a lelter jiom DOTC advising ofits progress in its deliberations conceming
th€ licensing ofVNG.lt proposed !o allow continued opefittion of fie 5 MlIz s€rvice by chargjng the licence on expiry ftom
a lemporary to a fixed sedon licence.It inlended not lo reissue fie experim€ntal Licence for 10 and 15 MHz on €xpiry (1990
November 30) if it could successtu y conclude an agreement with other users ard administrations for fie use of 16 Mllz

The Consonium rcplied !o DOTC. advising of lhe impo.tance of $e l0 MIIZ serr'ice (e.g. for 5G60 ALrsralian s€ismograph
statioos), and other users also wrore to express their dismay, To reduce fte flo\r ol interference complainas, VNG ceased

transmifiing time pips on 10 and 15 Mllz dudng the 9th, loth and 11$ minures. and also from rhe 46!h to rh€ 52nd minure
inclusive. of each hour. These werc lhe times of the WWV weather waming, and the WW!.}l propagation repon, Omegr
siatus rcpofi and weather waming. The periods of silence werE achieved by rcmoving fte modularion while still transmittrng
the carri€r ar full power. This was to save wear and e3r on lhe transminer conlacrs. This change took place in 1990 April
and continued undl nrnsmission ceased on l0 and 15 MHz.

-l

l

.l

I

l
I

I
l
I

ITV . VNG AN'D THE NAVY

EEsumably because of VNG's precarious licensing siiuation oo rhe higher frcquencie& and the inentrcnce problems, the
Royal Ausrnlian Navt continued to truNmit irs dme signal fmm Humpry Doo rhroughour 1990.

On 1990 Decenber 7. Dr John Luck (of AUSLIC rnd also Chairman ofthe VNG Users Consonium and the Precise Time
Workjng Group) and I met \r.rth Lieutenrnt Peter Fmnklin and Chief Peny Officers Al Ashman and Harry O'Harc to rcques!
that VI{C be p€rmitted to use rhe Navy {iequencies. Thjs suggesdon had the advadage of reieasing the two Navy transmitten
for other uses arld of fillirg fie gap between 5 MI lz and $e proposed 16 MHz. ard the Navy's initjal rercrion was favounble.
The proposal was for V}{G !o transmir full camer amplitude modulation on 6.149 and 12.984 MHz using dle old lNG
uinsmnels bur resticting fie bandwidlh to 3 kl, insread of the usual6 kllz. Later, lhe Navy decided ro allocate VNG 8.638

MHz instead of 6.149 MHz to give a bener spread olfrequencies.

The Navy conlinued to uansmii iis dme signal on irs original frequencies until \NG actually went to air on the borrowed
frequencies. The 12.984 MHz licence was issued by DOTC on 1991 May l. and lhat for 8.638 Mllz on 1991 May 28. The
Navy coop€nted during bnef rests on i 2.9 8.1 MHz using a commercial frEquency slnthesiser prior to officially going to air.
Its signal on this frequency wa5 rumed off ibr the durarion of the rests and Nary ships liom various locatities gave r€ception

The two Nlvy frequencies are oo loan, and rhe Navy rcseRes the dght to mke them back at any time should it need them,
which is not very likely. We arE mosi gnteful lor rheir beip. and \rl.lc has gained lnother imponant user!

V . COMMENCEMENT OF TRANSiVTISSION ON NEW FREQUENCIES

Following o!'e{ lwo years of rials and ribularions wrth lrequency dlocations our effons borc fruil h 1991. lNG s 16 MHz
Iicence was issued on l99l March 16. Il csrsed broadcasting on 15 MHz at 0900 UTC on 1991 May 6. The aenal was

modified and lhe rransmirrer iuned for 16 MHz. and transmjssion on this new irequency naned a10000 UTC on 1991 May
8. The ahentions ro ihe frcquency synthesiser and antennr were made by the staff in Llandilo.
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As mentioned rbove. VNG was also licensed o rhe Nary riequencies in I99 I May. The 8.638 and I2 98'1 M[Iz t.ansmissions

are both double sideband. bur wirlr rhe bltndwi&h reslricr€d ro 3 kHz at the Navy s rcquest. Also. becauseofthe intemntional

spectrum atiocarions. VNC is not pen'nilted lo transmrr voice on either frequency. Instead. $e le[ers VNG are tmnsmilted
in slow Morse. six times a minute during the I slh. 30th. 45 th md 60th minutes. with a frequency of apProximaely '100 tlz
Th€s€ are the minutes of rhe voice station idenlificntion on 5 and 16 MHz For ftose who don t know lfone. 'VllG is ._

'. '-.". The sraffat Llandilo designed and built the equipment to do this. using a Morse genemto. which (hey modified ibr

The liequency sylthesisers 1o.3.6i8 a,nd 12.984 MHz wer€ built in lhe Ceoiogy Depanment of lhe UniveBity olTasmania

in Hoban by Vagn Jensen, the Diredor of fte Tasm.oian seismognph network and an amaleur radio op€rdtor. Vagn also

designed lhe synthesisels.

VNC sraned ransmining on 8.638 and 12.984]vlt{z al0006 UTC on l99l July l. and llansmission on 10 Mbz ceased on 2

July I 99 L On I July, VNc was dso officially opened by the Chairman of rhe National Srandardq cdm mission Proi-essor

Julidn Coldsmid. About 50 people ftom govemment o€anisalions and th€ VNG Users Consortium attended the cel€mony.

The aerial used tbr rhe 5 Mllz trunsmission is a wells quadrrni. The orher fiequencies are ndiated from delta marched

quadrants wirh .l single smnd of wire on each aJm- These were constructed by lhe siaff ai Llandilo. Recent rcception repons

bave b€en received from overse,rs on rhe lhrce higher frequencies, with particuLarly enihusidstic comments on the 16 MHz

rdnsmissions which have b€en lhe ones mosi commonly rcponed from arcund $e world. Reception of 5 Mllz outside

Austra-lia and New Z€dandis nrely meniioned nowadays, though rcpofis onthis iiequ€ncy wer€ receivedin 1988-89 when

it was Vl._G s onLy transmission.

\'l.,lc s hnsmission schedule is:
5.000 MHz,8.638 MHz, 12.984 MlIz: continuous
16.m0 MHz: 2100 - 1000 UTC.

VNC is licensed !o transmit at l0 kill power on 5, 8.638 and 12 98'1Mlt. bui only 5 kW on l6 MtIz becaus€ aNew Zealand

service communicating wirh Anrarctica also uses this frequency. They have no objeclion to \4'{G using rhis power as ii has

not interfered wirh their operdtions. VNC hrs intemalional approval for its mnsmissions on 8 638 and 12.984 MHz and we

arc awairing approval for the o&er two frequercies. The intemational approval also gives us protecrion agains! hannful

interfer€nce in our resion - a welcome changel

vI - VOICE TIME ANNOT,NCEMENT

As mentioned above, Im Pogson is building an appao s to gve a vorce lrme lnnouncemenr e3ch minute on VNG AT the

time of wriiing (1991 D€cembet, a prototype has sucessfully tesled on !ir, and he final veBion is almosl compl€te The

votce comes from a talking clock discovered rnd acqurcdby Graham Conolly. The announcenent will oke Piace 311er the

minute marker and will be in UTC. Because offte restricfions on voice on lhe Navy frcquencies, it will probably be ab]e lo

be broadcasi only on 5 lnd 16 MHz.
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Image Analysis Of Lunar EcliPses
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e""octatii" oi nanet",y Obsefler's tRIS, the Au:tralian Journal of Astronanv dnd to sereral NAcAAs'

Abstract

Video obseNarions of rccent lunar e.lipses by asrronomers in The Netherlands and io South Ausrnlia using telescopic

eyepiece proleclion wilh CCD camens zre analys€d using a Quicklmage :4 Video Fmme Gmbber c&d fined to a Macintosh

ri compuier."L:rage r.+ pubtic domain software was used to prcduce plots of the grnyscale value to chamcterise the edge of

rtre urnin. to anatyse rrri images 3r lim€s of Lrmbral contac! with surface feaurcs and the limb of the Moon. Use of NCSA

L,nage Version 3.b sofrwarc extendea the analysis of contour plots flom selected images to compare esiimales of the

oblaieness of ,1'e umbra. and to rclate image dmings of cnrers with observations made visually at lhe telescoPe.

I - INTRODUCTION

As pan ot an inremational program to observe crarer rimings during iumr eclipses video records haYe b€en produced by

,sfonomers in The Nerher[nds and in Soulh Austmlia. These records provide a unique perman€u rccord of fie eclipse and

have allowed image analysis to be undenaken fo.companson w irh craler timings, umbnl conta.r wirh rhe Iuna.limb- and

characrerisarion oi ttre eige of ihe umbra by sludy of change in grayscaie. Public domain softwale ha5 allowed exleflded

analysis ofcontour plols of the umbra images from vr'hich ils oblateness has been detennined'

II . METHOD

ccD video cameras firred io modesi apenure Glescopes using prime focus or eyepi€ce proj€.tion with either genemted or

audio time bases, werc used to record events during the eclipses of 1989. 1990 and 1991 . A video frame gmbber cad fined

to a Macinrosh II computer and public domain software was used to analyse seveml caPlured frtmes lo esiablish plots of

rhe grayscale in rhe vi;ifliry of the umbn edge dudng known crater contacts or primary con*cts, ,nd begeen the umbra

andjumr limb. Other softwar€ was used ro genenie grayscale contour plols at 6 values liom seldled fnmes which werc

mersured. conecred for scale and orienration, and srarislically evalualed to give estimales of oblaleness of the umbla.

NI . RESIJLTS

similar work was reponed d rhe )(v NACAA (Soulsby, Beresford. l99o) using simplified techniques and poorcrquality

images. The high quality ccD rccord of the l99o Febnrary 9 tolal lunar eclips€ provided by Henk Bulder of The Nelherlands

wniirr was rccoraea ty lean Bourgeois in Belgium. was a,nalysed for s€leded cnter rimings and at primary contacrs ro

comparc ten cmter dm;gs nade fram lhe video rccord (B ulder. 1990) wirh his visurl observalions, and to oblain gnyscale

changes ar th€ umbra edge during fiese events. The imrges captured rJe lisr€d in Table I and illustrated in Figurcs I to 7.

IV . GRAY SCALE ANALYSIS

TheimageslisledinTablelwe.ercfuevedfromaQuicklnage2.lvideofmmegrabbercardsuppliedbyMASS
Microsyslems (us cov. pfiming office. 1991), which gave reproduceable rcsulN in grayscale plois f.om a whit€ vaiue of
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00O to 004 io a maximum black value of:55. the standard nnge. A illler was selecled to sharp€n each image with the

excepdon ofFigure 7 the lD scrcen dump. The caplured size of each PAL rccord image was large (768 x 576 pixels) and.rs
a rcsulr imaged ftames produced conriguous uncompressed *.TIFF files on I.44 Mb 1.5 inch disketles. each around 2134

kbytes- Addirional opdons available under the Image Ver L.-l soliware (fusband) were used to rempomrily Save Screen

images for hser pri ing, undenake Profile Plols across a.elainedplot line tbr the gmyscale rmce and.rnalyse pixel vrlues
and spa.ial dimensions by &e Measur€merts or Hislognm (avenglng) commands as well as lhe lD Plot illustEted in
Fi-sure 7.

V . COMPARISONS

The profile plors lllowedcomparison ofeslrmaredcmtercoftact times andprovideda permanent reference for image analysis

of evenrs that had sufficied clarity on the video rccord. As an example. the timing estimate for founh conract ('lC) by

Buldeis visual observation (Bulder. 1990) wnh his 30 cm Newtonian at a magnification of76 under rcasonable wealher

condiiions from a sire ar Zoelermeer in The NetherlanG. was 20h52m39s. This was 73s earlier than lhe same video evenl
estimaed by Bulder at 20h53mi2s. However, his timing compares well wilh my image analysjs fraoe caprule 3t

20h53n l4s, which was a litrle too early as can be seen by lhe rcsiduaL lighr level on the iunar suridce in Figurc 6. Similarly,
the third conrad dme of 19h3 I m425 as estimated by Bulder from the video reco.d was 78s $rlier than my caprure time of
19h33m00s, s€€ Figure l. However. iherc is one visual observation for lhis evenl by Januario Femandes (Carcia 1990), in
Ponugai using a 150 run fl8 ieLescope wnh 25mm €yepiece. at 19h32m47.9s. only 12.ls earli€r lhan the image analysis

estimare. The eme.sion of Tycho was analysed at l9h5ln02s. s€e Figure 2. and rcponed visually by Sandro Baroni, in
Milan at an emersion time of 19h49m46s, again a large diffeience ol 76s e,arlier. The conclusion reached is thar fie vid€o
estimaled and image analysis times, seem to lag those made by obs€N€rs a( the telescope by over 76s lor eme$ions. Such

laler timings are €xpected and are morc likely as the iealurc is obscured by the umbn unlil it has fully emerged. a fador
notic€d throughout fte crater timing program for lhis and orher eclipses- However. these differences in observadons are

satisfacrorily corr€lated by the use ofexiended image analysis described larer.

VI . EXPLANATION

wlen rhe profite plo6 are srudied it can be seen lhat rhe range in griyscaie near the edge ofintercsr, either at primary contact

or in lhe viciniry of a surface feature, is genemlly siow io change which causes varialion in rhe dme estimate of an event.
The varialion in timing is dep€nd€nt upon the latitude ofthe feature which diclates $e velocity ofthe umbm overthe feature

at &e lunar surface and the appareni rai€ of greyscale change at rhe umbra edge. The technique used for umbm
characterisarion is given in Appendix A where lhe velocily of th€ unbra near suriace features h considered.

VII . CONTOUR MEASUREMENT

NCSA Irnage Ver 3.0 o{CSA, 1990) provided an option for conrours b b€ produced at selected inrervals of any image with
changing grayscale. The edge of the umbm has been measured aI 6 intervals of contou! at .10. 80, I 20. 160, 200 and 254.
The extended anrlysis ofthese conlour images is described in Appendix B.

T'I[ - CORRELATION

Using lhe velociry of the umbra at the time of scrEen capture, the differenc€ b€lwe€n telescopic obseNations and thai bken
from video rccords are rc1at€d to the physiology of the eye and iis sensitivity to €hanges in brighhess (Cilling, Bdehtwell.
1982:79). as s€en by rhe lae of gmyscale change in th€ image described in Appendix C.The diff€rence of73 !o 76s as

discussed above, suggesb &ar lhe eye of the obsera€r has chosen an umbra edge at the contour value of 220, mther thar the

maximum gmyscale of254 whe.e the crater is easiiy rccognisedon the video image.

IX - CONCLUSIONS

8y conducting image analyses of high quality lunareclipse CCD video rccords, data obtained crn be used to deduce cmter
timings and to detemine observer rcacdon times, lelescopic effects and other physiological iacbrs by chamcterising fie
edge of $e umbra. By producing contouB of the imaged umbra edge ,nd carcful]y correcting the geomelry of lhe image,
rhe oblareness of the umbla is found by direc! statisdcal methods and the time djfference b€lween vicleo and clescopic
obse ations is related ro the physiology ofth€ human eye. This new melhod supplements clata obtained by cmlertimings
a! each eclipse and may provide an improved technique lorindividual obse er detemination of fie geometry of the urnbra

ftom a potenriatly large dala base when good video reco.ds ar€ p.oduced for image analysis- Three m€thods to enhance the

image analysis of lunar eclipse video observadons arc described in the Appendices.
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Table I - Images from the total lunar eclipse of 1990 February 9

Figure I : 1990 February 9 at 19h 33m 00s - Third contact (3c)
Figwe 2: 1990 February 9 at l9h 5lm 02s - Umbn contact at Tycho
Figure 3: 1990 February 9 at 20h 1lm 54s - Crater riming ar Copemicus
Figure 4: 1990 February 9 at 20h 39m 00s - Crater timing at LeMonnier
Figure 5: 1990 February 9 a! 20h 40m 00s - Crater timing at Macrobius
Figure 6: 1990 February 9 at 20h 53m 41s - Fouth contact (4C)
Figure 7: 1990 February 9 at 20h 40m 00s - near Macrobius: shows 3D piot
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Figure 2 i 1990 February 9 at 19h51m02s " Umbra contact at Tycho
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Figure 7: 1990 Februlry 9 at 20ht0m00s'near Mscrobius:3D plot'
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,A.PPENDIX A
Method for Characterisation of Umbra Edge from Grayscale Plots.

The latitude of th€ f€ature of intcrEst govems the effective ropocentric velaity (V€) of the umbra over the crater, Forn dle

exFession:

v = l"nar tudius lt3-t4

= the nean velocirJ of tha unbru (nileslht )

= neanwlocity / cos (lat)

L]-t4
= larinlde offeature in decinol degrees :+N,- S

= time for unbrc to tral4it the Moon :

lransir ine = crutet diomac| Ve * Jo00s

Ium, tudil. = l08O niles

Figure Fcature

2 Tycho

5 Mrcmbius 21.2 17233

(i)

(i,

(iii)

\'rithall times n UT.

Hence, the effecrive umbral velocity aod rcminal times to transit lhe cmteas at the sde€n captur€s taken is foutd ftom the

above forvaluesof tc ftomTable t. ardof t3 at 19h32m59s afldt4 at 20h53rn37s, as:

TABLE A.I

Effective Umbral velocity at each feature's Latitude and Transit Time

Lat Ve Dia Tra$it

3 Copemicus 9.7 1630.6 56,1 125.2
4 LMonnier 26.5 1795.9 38.2

(mph)
43.2 UA9

(miles) Tirne(s)
54.0 88-2

85.6
88.739.6

On 1990 February 9 th€ m€an umbral velocity at th€ fundamental plane through lhe cente of the Moon, 
'lormal 

lo dle

Eanh-Moon line was 1,607.28 mph.
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APPENDIX B
Umbral Oblateness from Contour Plots

B.I INTRODUCTION

NCS-A L1lage for fte Macinrosh (NCSA. 1990) hds beeo used wr$ a SE,60 to funher analyse some of rhe CCD images

saved wlth NIH Inage V l-.10. Tbe PLOT oprion ofNCSA hrage was used to produce a 6 Levei conlour image, to draw
contour lines between lrers of differing conrour levels. or a boundarr' berween iwo ranges oi grayscrlei much like r
ropographical map which has lines b€tw€en values ofdiffering altrrud€.

B.II EXTENDED IIIAGE ANALYSs

One image saved from rhe 1990 February 9 eclipse at f0h39m00s (see Figure 4) was processed to give 6 spaced conrours
at aO. 80. I 20, t 60, 200 md 254 over a nnge of grayscale values of 10 mrn 10 255 max. This image was ideal for exlended
matysis as the limb ol the Moon was capturEd lrs well as the umbra edge. The conrour lEsult is shown in Figure B, I . The
orientauon of the image in rElation lo the posilion of L\e MooD's centrc was found iiom the Besselian coordinates calculrted
ibr $e ome of the rmage. and its scale liom fie calculaled size ofthe Moon, as grven in Table B,l. Coordinares ol L\e
Moon s lim b and of contou lo werc obBined by measurcment of the conbur image lor conecred coordinates which lrlso
made allowance for the declination of the Sun. These values we€ used to transpose the image in rutation and scale. The
data was plott€d on a CAD dmwing to obrain rhe image scale, check irs odenralion dnd to derive n besFfir-ellipse for lhe
conrour which defined lhe umbrd edge. This resuh is shown in Figure B-2. Finrlly, the CAD image conected coordinates
frcm Ih€ cofltour (posilion ,ng1es, ddii) were used to find the oblaleness from the Linear regr€ssion b€sl i! offte 5 measured
points of the originaL image conlour. This r€sult is shown in Figure B-3.

B.II] CONCLUSIONS

This one example indicated that an acceptabl€ oblateness value can be rbund by extended image analysis of the umbra profile
and thal delermined liom crater rimjng data. With only 5 data poinrs the rgreement is not perfec! however linear regession
values of oblaeness of l/198 from points l, 3 and 4, and 1/92 f.om poinls I and 5 of lhe analysls were found The mean
value of 1/126 compares well wrlh that determmed by my nomal statistical analysis iiom Eulder's cnter nming data
oblnteness. of 1/138. Funher extended irnage analysis ftom a larger numb€r ofcontour plots will nodoubt improve this
technique. Once validaled, Ihis approach should ensur€ thai the aralysis of a large dala ser obtained by a single obseryer
rccording vid€o images offu re lunar eclipses, may b€ a suitable rcplacemenl lor rhe time honourcd CRATER TIMING

l
j

_l

l
--

_l

l
I
l
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TABLE B.I

Interpolated Besselian coordinates for image at 20h39m00s

Time(h.ms.)
19.3259
20.3900
20.533'l

Time(h.hh)
t9.5497
20.6500
20.8936

X coord
0.00&
0.5152
o.6279

Y €oord
{.4351
-0.6648
{.7156

F2
0.6941
0.6936
0.693s

sc
0.2587
0.25862
0.2586

C
l7.M3l
17.1869
11.218',7

X.Y = Besselian coordinates, in decimal degrEes,

SC : s€mi-diameter of the Moon, in decimal degtees,
= Umbra mdlus, ifl decimal degrees,

= angie of axis of lhe Mooo, in decimal degrees.

cos(2.PsD
-0.8536
-0.7361
4.5736
-0.3681
-o.2?28
- l.0
+1.0

F2
c

TABLE 8.2

Corrected image values for linear regression analysis

Imag€POINT
I
2
3

4
5
Pole
Equatoa

PSI
ran-l X/Y
Radius
cos(2*PSI)

PSI=tan-lYD(
59] \
54.t\2
41.9tt6
41.2103
36.8476
0
180

PSI+Sun's Dec
'14.30

68.702
62.5016
5s.8003
st.43't6

Radius
0.6852
0.69{J2
0.6896
0.6907
0.6837

= position angle on umbra, in decimal degrces,

= actual computed PSl, in decimal degrE€s,

= ndius of poi on umbra. in decinal degees, and

= linear firnction of PSI
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Figure B-1 Cotrtour plot at 6 grryscale lerels-
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.. - r/3) 9736 d.g.ees

r.e co.r x:1.1732(v),y:

Figure B-2 : CAD d.!c,ing of Lunar Litnb and Contour 40 plot.
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Figure 8.3 : Linear regression of exteoded atralysis.

f min =.€ - rp /rc = 0.693 - 0.6895 / 0593 = l/198

f nax = re - rp /re = 0.692 - 0.68a5 I 0.692 = 182.3

f m€sn = 0.6925 - 0.6a1 I 0.5925 = 11126

---------::------}-'-''

V-----
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APPE\DIX C

Correlation of timings using Contour Plots

C.I INTRODUCTIO\

Thecontourplot!genenledl.ron1NcsA]nageVelj.0.weremeasuredusingfheToolsoplion\roobtainsca]edv.llLres
iton1 lhe XY Grapi $hich gave the lanario! in gravsc e acros\ these conrourr' As fte XY Cr'rph rcprcse|red d]e change

i" ui,-*rr,""r., 
",n" ".u. e_dge, rt was porsible to ileletop rconela.on otcnrer rimings !t rhe retescope wirh video image

C-II DATT

Inilially.'woadjacentgrayscaleconioub$eleconsidefed..l0lo30.lheuppennoslinFiguleB-]'Thedistlrnceswere
measuiea uenicaly teri"een rnese conrours ar l3 posrrions equaly spced .tlong rhe cuned umbm image ar rn r!erage ol

s.3ipi*1,. rh" ,;rr. ,r rigure B-l ar a magniflcirion of 0.j (ro suir rhe sE/30 screen), eas :.ll lnilevpirel. hence rhis

conrour <tifference represen;cd 5 t.:s !r the latrlude of Lelvlonniet. somewhat less thrn rhal lbund b€lween tel€scopic and

video crnrer rimings ;f r- 3 to 7 ts as dj sc,rssed e,rrLier. How ever. me,rs urenents mrde nonnat ro rhe umbra c un e pro\ ided

a more comprehensive analysis, dis is discussed belo$

C.III GR\YSCILE AT EDGE

Thelimeinlenalwssltudiedmorc.loselyusinganXYcraphwnhdlt:liakenfrcmFigu.eBlasShowninFigurec-l'
This illusrmres the rllfe ofchange in bdghhess ar the umbra edge in aqulntifiedway. nor possible \]!ith the plots shown in

iiJures r too as these '"ere 
noi calibrared to im.rge scale. The coodinttes lbr contours lO 80 160 l00 md 25'l gnvscale

we'reaetennineaftomlhcfullscaleimage(lpix.l=L'36mile''olongalinenonntotheumhracunewhichdissected
Levonnier. Ihe difference m these lrlues. related !o nominal lun$ laritudes Md hence lheir Ve s. were used to lind th.

ellecrive rnnsrl rimes in T.tble C-l

TABLE C-l Contour transit time Yariation

Contours
rgrayscale)
.10 ro t0
80 to 160

160 ro 100
200Io:5-1

Latitudes
(degree5)
l0 ro 12
:: !o :1
2,1to:6
26 to i0

(mph)
17:3.5
1159..1

r788.1
185i.9

Distance
{pixels)
15.26

l3.l
15.8

33.1

Distance Transit
(miles) Tirne(s)
20.t6 .1i-l

18.22 l7.i
11. 19 ,rl.l
,15.02 31.3

C-F' CORRELATIO\

Th.las!ofthesevaluesissimi]a.tothercponeddiiferentialbe!\veenelescopicJndVideotiningestimates.\!ithmolr

" 
r..""p" "r*"",."t *rly. Dt Floyd RaIIi;f s expenlr]enls (G illing Brighrweil l g8z:5t ) has sbow n firr lhe e)-e responds

ro chanles in tight tevet .rcross a surt-ace i€ to changes in tighr inlensit) ..hel than lhe intensiq' ilself Hence. a diiferenlial

olTss"rronFigurcsC']andc.:.indic]tedthali]graylcalevaluenel]rto220wasselecredb)'Iheobservelaltherelescope
rarher rbm lhe-video iimjng eltimare 3t a grrvscale level o1251{!ee Figure C-2) Thrs ch$ge in iight level orgra}scale

is]rlsographica]lyillusrriledinthe;osurt.accp]o!ofFigurec']gherelheeffeclolchosengJar-scalelevelonthetiming
olan evenr is descibed.

C.V CRATER SIZE

A,i J check the di.rmerer oi fie cratef incge was also nessured nomdl to the unlbn cune and pa.rllel to n as well. The

distances werc tbund fron lhe x-y cdrrdinates !s 1.1.1 Jlld :6..1 pixels. or 32.9 3nd 15.9 miles rcspectiveiy, gving alatitude

ot13.l degrees.The true dianerer ot Lelv{onnier is 33.: mries at a lditude oi:6.5 degreesi lhis is an excellenl rgreement

)r the inrage scrle used.

c-vt coNcLLslo\

nre Iechnique establsheC is quanliriltve and pro! ide" powedLrl rmllsi\ ol good \ ideo imrges of rhe umblx Funher use oi

NCSA Lnale 1.0 w h orher caprurrd images * r11 proviCe ffcuraie d!!a ior unrbml oblate ness and rmrer r rnrng (omp!n\oi

S"ing ;r; or rh" 
'"*i,ivrr-'- 

of rhe cyeio lighr ierelchm-qes. the be!t umbn edge cJn be lbund rnd CCD video rime

dilferenli!ls carr be relaled lo telescopic linrings tor common lealurcs
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Figure C'3 Thr€e dimensional surface plot at 20h39m'

The lD.urface plor in Figure C i grlpnic Lr iJl.rsul]es the vrnaoon in Srryscxle
lerels across Ihe umbr.i edee which rppeen .rs r cliff frce" The vrnsrion ln lhe Eme

"i 
olt"l.lioo" "r, 

p"aaui,.r' Js31L!-s wrll b€ iifluenced bv de selected grevscrle cho'en

u-,ir. it"li,fr",.rl..ope. or h ric,bor e riSure. Lhe ellecore heishr on t]e cliff lxce

rel,rriveio rhe be.r' r Jue which li :omewhJl near Lhe lop of fie ctrtl Idce isry lt I
level of 254 ga,\scalei.

The conrour shown in FLqure C_ l is on I line dnwn normal to dle umbra. and can b€

*"L1."i"a U" 
" 
**.lJ Losr-,ecrion.rl pl.'nc pl.ccd on x dirgonJ Ine lt 60 degrees

toi rnd llj rhi *idrh olthe fionr fuce in from (he nghl in de tbo\ e JD rePresent'ton
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I . INTRODUCTION

Astronomjcll phorography for leshetic purposes may hav€ little ro do wirh sciemific research, bur is aimed making
Astronomy simple, interestmg and enjoyable for ihe general public. Whether inspircd by space travel, clptivated by , recent
comel, m.]rvelled by C3r1 Sagan's COSMOS' or rdmdng a wall phoro ofOrion in a moonlit water landlcape sefting, rhe
higherfte geneml pubLic inlerest in-\tronomy/Space Science, much b€tter:!€ the chances offunds lbr artronomical proJecrs

This pap€r is based on the use oisinple.low cosr. but qualjiy equipmenr, some which crn b€ self-made. A manual35mm
single lens rcflex {SLR) camera. such as a Penla\ K1000 l've found exceLl€nt (I hlve three of them), bu! any camera thai
alows time €xposurcs ia B settl]1g) can trke good pictures- In .lddirion. only a shutier cable rclease, tripod. and of coulse.
fi].n need for equipment to st&t. Another prerequisite is the persjsrenr desire for good qualiry picrures. imagination ro run
wild lor iders. rnd a want ro expenment (but be carcful with any lbrm ofexperiment with solar phoroglrphy). Finally. good
long term workng relationship wiih a qualiry photo processor is very imponanl. Semi-professional processo.s arc probably
besl avoid "bulk processing, and have no dme for 'cheap or "1 hour" pixessing.

Obviously, vaslly benerpictures ar€ genemlly produced away from light pollurion and artificial eyesores [bui]dings, electric
and communication low€rs).

In my c,rse. substanrial faclors in g€ding good photographs include:

Ae sthetic Astro nomic al Photo graphy

David Miller,Weather Oj/ice, Forresr WA 6131
Astrohamicc Socier^ of Soltt11 AustraLia

Abstract

The brsis of rfis paper comes from phoiographj_ made possible during penods of time spenr workng on farms on K.rngrrro
Island SA from 1979-1988. a penod of lighrhouse keeping on AhhoQ€ Island in 1985, and .N a weather observer in the

Bureau ofMeteoroLogy since Februar-v 1990.

being d distance runner aUo||s getitlg to .1ifrcuh to reach phato-pot€ntidL sites (uska f the hest sites)

Jinihg & turning le sineerins) backsround to nake o\|n equipneht

beins naihry onfam jobs in the past 12 leats

great interest in natu.al phenomend

belief in beteting rc abunnance of nostl\ ne.liocre photos inbook.contests.niaea.ines.calendarsetc.

tr. AESTHETICS TO ENHANCE PHOTOGRAPHS

As with any kind olphotog.rphy, the composition of the pholograph is all irnportanr in achieving outstrnding resuhs. To
add apped to your night sky phorographs, the following suggeslions should assist:

l. for constelladon/planet group shols, dead tree/stick scenes orplmls,rirh limiledleaves cln add strrk b€ruty to the picture,
especially ifrhe ground is also included- This gives th€ pioure dimension and rcale. which helps ro visualise size to those

new to asronomy. heavily leav€d plants tend to block out too much sk)'.

2. shooring across warer scenes adds tun-her dnmaric beauty and variety - lakes, dven, pools. dams and sea.

l. use ofnroonlight (m1]nly for b€lxnd or side st]mera Iighring) rnd lwilighl (mainiy silhouette or in fronl ofcrneltl lighting)
cdn be used to grcal effect to show scenes and add ro a pholo.

t_
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-1. snow is an excellenr l.rnGcaper for nighr phoros in moonright. otherr3ndscape er,rmpre incrude prorruding rock rbrms,
caves. arches. 3nd lirc.

5 manyscenes. ordinary by d!y. can become dramrtically spectacular,.lnd disphy a srark berury, when used as a silhouette.

6..]oud need not alway be acurse. Moonlit cinus cloud in aconnetlarion picrure orcirrls str.lndi across rll lurora o.distrnr
lighlning under a srar shor can addbeaury ro a photo_

T inmy pholos. all atempts are fiercelymade toexclude powerandcommunicalion lines. buildinss. fences and o(herrnificiat
\I-uclUre.. Asrr. ree\ D.]nr\ often ie u.eiul rn btL\ 

^rn; our lnrncr1. objecL5.

8 the fairly rare occlsions ofbeing abte to ge!: or I or nore rhings to happen a :u once', in the one picture is what can
rc.lly make a rare Jnd pnzed phoro.

9 good phorosc,n be buih up using multiple exposures - eg. adding the o'oon ro a scene. Keep rhese pictures rearisric - do
not forger ro clear'exposure when winding fitrn on.(see exposures notes ar lhe end ofrhis prp€rl.

l0 foregounds cab be lxghtighted or shown up using fill in. eirher ilash tno*''ar corouring) o. waving a rorch (welt rcddened''romanlic colounng)

I l. slide conpounding c,'r b€ used in cenain cases where ,l slide has no randscaping. Il is possible ro add r ,'randscaping
blarl" inro the slide ftam€, dra! has been separarery pho.ognphed. Thrs is done by it *'og.upriing u " r,ou",r. scene of',rhin,
objects, say a dead plani. sticks. o. reeds inlo a ljgh! source, either inro the are; oftrre-sui or 

-lener 
snrr. near sunrise and

sunset' wilh the sunjust below lhe horizonorblolked.This ideaisquire useful fordoingprints hom negadves using labomrcry
iechniqu€s, but wiI be very expensive.

III . FINDING AND GETTING TO PHOTO-POTENTIAL SITES

In my cas€' mosl of my distance training runs are taken through aeslhericallv and envirorl.nentally inreresling arEas.
PtolograPhy being a significanl motivating iaclor means I keep an eye out conrinually for photo poreniirl natural sires.
Having spent mosl ofmy iife on fanns. this has suited very well trowerer even in the sulurbs of Adelarde, M€lboume and
Pefth' pleasing photography is stil quirepossible. Placeslik€ Krngaroolsland, where lherc js still significant scrub on farns
and no lighl pollLrlion, are excellen! sites, despite appalting w$ther (rslronomicaly speakin-q).

Activities like standing in water. sloshing in mud. lying fion! down in tidal ftats,long runs to sires in moonlighrnorchtighr.
and climbingoftrees. have all been done in order to get good photos. The sires arc ofte; fiose mosr ditficutt to git to- ramtiiar
public places ortourisr areas genemtly do not give &e best resutts.

fy:):- 'I.J 
to Co forlhe frrte:r pos5ibte vrne(y in scenes, ideas andmerhods. One who happens !o be Eavelling, is in an

rdeaiqrruanon ro exploir rhis vajrery.

IV - SOME NOTES ON EQUIPMENT

Equipment does nor need to be burkv or expensive ro take good photognphs. From yea6 ofexpenence.l offer rhe following
sugg€srioos:

l. a lighlweight ripod permils easy firvei and selup ctose ro the ground

2. a ball joint beiween camera and ripod or mountjng rlows quick and easy poindng of the camea

3 .r Iigh*eight (and rctuarlv very ch€!p) cable rereas€ rransmils leasi vibmtioni preven rus! bv spraying rhe cabre release
wirh rntirusi/moistur€ p€netrant (do nor use oil as il picks up dusl and rcrs the fab;c).

'1 4 s imple lncker table is excellent when a telescope drive is not available or pnctical. These arc very simple ro manufacture
and very inexpens ive- The inreresr€d rcder is rcferred to mgazines like sb-a, d relesc ope nd. A*ronony as sources lor
designs for a tncker table.

5 amanual camera (preferablv sLR) is genemlly,rr rhal is needed for astronomicar :rnd amosphenc ph€nomena phorogmphs.
Il costs much less, there s less chance ofb.e*down and flar bdtery p.obl€ms thrLr an automatic cmera. especiallt ii the
auto does not hav€ manual ovenide.

-l

_l

_l
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I
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6. Always hale a UV or Skylight uirerover the cmera lens so any dust. dew, accidenral scratches occur on the Jilrer, thus
prorecting fie lens surface. In nn emergency ifthe iilterdews over. it can b€ nken ollforashon rim€ Io allow phologmphy
to contnue. Other illters lre arelv used ib.colour rsrroohotos.

V . FIL}I AND EXPOSURE

I use proiessional 35mm lilns. especially slides. as thev provide crisper. more corcct dnd befter qualit! coloun. G.eater
exposure lairude (amouni ofunder andoverexposure possible before ioss olpicture quality) and a much greaternnge Ghe
amounr oflighr difference heiween darkest rnd brightest details) males these iilms ideal. but rcmember fiar professional

film hxs a much sholler "in-camera hfelime in tropical or hot climrtes.

FUICHROME sLide liim 50D. Velvia. 100D, Jnd 1600D arc especidlly good. The.r00D is excellent for night scenes.

In most clses fte besr rule is ro use the slowest possible filor for$ejob. The slowerlhe film. the betier the colour chn€ss
Jndcorectness. exposure lrtitude. and the finer the gnin. FUICT{ROME.l00D gives much nicer coloured scene astronomy
phoiognphs thrn does 50D, especially lor exposures mimv minlr€s or hours long. Always keep crmeris ,nd photo malerials
in the coolest. dry. dark piaces possible. Unexposed films should be kept in rhe iieezer altowing a tull hour ro w.rrrn up
beforc opening and loading in rhe camem ro preven! waler condensation.

A good idea is to b.acket your exposures. even when you re fairly sure you have the conect exposur€ (i.e. lake a correcf
€xporure then tak€ exposures 1.5 or I stop up and 1.5 or I stops down.Ifyou re uking only I shots. have one slighrly above.
and lhe orher slightly b€low correct €xposurej so thal 1, 1.5 and 2 slops rpan (slides) or 2 to 3 stops apJl1 (negatives). This
b€fte$ your chance ofcorrecr exposure. allows rbr light merering areas, and especi.tlly while light levels are very low as is
the case with mosiatronomical phoros.ln some c6es severaL bracketed exposures may be needed (e.g. a totrl solareclipse
may need exposurcs all the way ilom 1/1000 second to 2 seconds to sho$' dl details (in neps of? or 3 stops).

lf ftere s onl,! ime tbr L exposure. I would tend to er lbr slight overcxposure, if the correct expos ure is diffic ult to detennine.
A slight ov€rexposed slide can b€ &rkened on duplication quite well. but an underexpos€d siide loses a lor on nng€ ,]nd it
is difficult to rcpmduce colour weil. when duplicated. The same rule applies to negatives, although negatives do have x larger
mnge and exposure latilude. Remember lhough, tha! even a well exposed siide that has a full range ofbrighrness will los€
some of ftaI rjrg€ on duplication. Behind the cmera lighted pictures. conecdy exposed, arc easily reproduced wirh iittle or
no aPparent lols of nnge.

Table I - Comparing apertures and light factor

F-stops 2 2.8 :1 5.6 8 I I 16 12 32 45

Light factor
(iffl6=l)

bener colour dchness

finer gnin

32. ,) .25 .125

Slides with richer colour are produced if they are slighdy underexposed by about half 10 I stop. bu! a cor€d exposure or
hllfstop overexposed will produce a slide ftat is b€sr formakingduplicares, orprinrs irom slides. This is anorher goodrcason
to bmck€t exposures. This way, you cm hrle d slide for the prcJecior,ond a brighlerone for copy work when it suits.

Fo. astrcnomy scene prjnls. prints Fom slides (norably for {X)ISO or faster films) gve coosistendy b€tter pictures than
negrtives due to lheir befter colour conectness and dchn€ss. Also. larg€r sta. imrges ,r€ p.oduced on prints fiom colour
sLides, and lhese tend to make better pi€tures- This is the opposite to rcse&ch photogBphy wherc you wan! the tmxllest
possible starimages.

'When taking negalives. lhe b€s! prin6 are obEined if€xposrre is kept well up tobeiween "corr€cC and one stop overexposed.
This makes it easier fo. rhe photo processor to keep "black ar€as black. Undercxposed negrrives give w€dk colours dnd
"black are3s come out a sickly yellow brown- Also. for scene shols, neverrsk tbr push prccessing (incrcasing fiim speed
during p.ocessing) as this causes ]oss of colour qualhy. Hale films, especially slides, rhat have a lor of lrlack ar€as , left
uncut by th€ photo processor- This avoids fie problems ofhaling a good piclurc cur right down lhe middle. You can then
perlonn the cuttrng and mounting yourjelf-

Advanrages of slides over prints:
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starrieids/night sky more lparklurg on projecion

not subjecr to variable processing, so photognpher hxs mo.e ,controt, 
on finrl picture

. c.]n mnke CIBACHROME pnnts

Advanlage of fleg.rtives over slides:

. wider mnge & exposure laritude

. less affected by scmrches

. colour balance can be shlfied ri required

Advanrage ofprints:

do€s not need prcjecdon

nnny pictures viewrble at once

densily & colour balance can be shifted as rcquircd

VI - TAKING PHOTOGRApHS: Some probtem areas

Ensuring lhar you hav€ ihe righr sky condirions, lnd have ia.ken care to compose your picrure so as ro produce a srunning
resuh. there arc sdll seveml orher facrors rhar could work against you. The few hinrs betow shoutdhelp you ouercome rh"se:

I. star images begin to show trniis if the exposurc time exc€eds rhe \miling limit for a Fniculrr location and lens. Tricking
of the object is d*n r€quircd. where lhe situarion rcquires a long €xposurc, and a landlcape is included in fie picture, i
railed landscape will resui!. Good constellation/astronomy scene shors are relatively easy wirhour rrackjng for wide angle
10 sEndaid 50mm focd length lenses, but as the focal lengh increas€s, ir becomes molE djfficuir to u'l(e ilail free sh;ts
without tncking. even with today's fisi films.

Table 2 - Approxirmte maximum exposure rimes (seconds) for no star trails

Lens
f.t.

?8mm

50mm

l00rnn

200mm

Fain! stars
Near Dec 0o \ear Dec 600

)< (n

t2 15

Bright stnrs
Near D€c 0o Near Dec 600

50 100

25 50

l2

6

10

5

20

l0

2. many sslrophotographs require the fullesi possible lens apenure to admir the maidmum amounr oflighr, howeverbetter
pboros are prodrced if the apenure is kept io a maximum of e.8. Bener srill is f5.6 to ft l, allhough very few rarge$ are
brighr enough for rhese ipenures. Brighl objecb may disrorl badly n€$ comers of rhe filed on very iast lenses. Eithirkeep
bright objects away Fom the edge offie fil€d or close lhe,rpefiure down.

3- knowthe conect focus Position fro each Iens ftom daydme !est. Infinity focus posirion is noi atways ar focusing dng srop
or end oftnvel. Photographing ar fulr ap€irurc l€3ves lirrle o.no margin foreror;ffocus. €specialy on ronger lenies, ;hic;
have Iinle deprh of field.

4. even brighi stars ,'e difficult to s€e in a c"'ne'" finder wheo wide.ngte (and even smndnrd 50mn) le.ses ar€ used. Dark
eye rdnptarion is ess€nrirl. You mN need ro move the camerr around seveml limes to check your targer.

5 dewing ofca'ne,o lenses is a serious p.oblem in coasEland near coashl"*a, especjily ifwjnd or air nrss is comirg off
the sea or large lake. The problem is elen worse iffog fo.ms, or you rc wo.king from.]n unshehered place. To r€duce ue

. welr cameas,/lenses not in use inside yourjumper
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. hrve a bor wltcr borde in equipm€nl bag

. leive house or vehicle wilh yourequipment sanrr

. hr\e r mrnr-eieclnc $Jnnrnq blunkel or nrchrone $ 
're

. aeepequipmen. orS clo\ed orcove'ed snen 1uI nu'e

You could also cove. rop oldmera md lens wirh a piece of wootlen clothing ropped with a piece ofmetal foil for exposurcs

tonger fian I 5_20 minuies. A wrmed camen and tens. top covercd, witi usually suy dew free for mo.e rhan one hour in

dew lonning condilions, but may dew up in half rn hour in fog-ibnning condnions'

6. do no! underestimate difficulty of phorography on 3 dark damp nightl it rcquircs much more prePam tion

7'havethecam€mfi|rnlymounte4ifaPefiureJndfocus,rdjustmen6d€requiresdunngtheexposure'lheslighteslcamela
movemenl will show up on the piciure: especially wirh Longer focal length lenses.

VII . CONCLUSION

A5 every phorographic opponuniry and locat condirion is differcn! rhe work and ideas presentedhere should t€ taken as a

suntn_q!,;ia" 
'o-phorog.ahing 

th; grear nurnber ofnatunl glories. with a keen desir€ dlon€, one crn go on to develop fi€ir
own ideas and equipmen!. sometimes wilh a tip_off for a idea from a mrg,tzine or someone else'

Ifaesrheric photognphy can ger more people to look toward Ih€ sky and become inleres|ed in the richness oflhe heavens,

tten it mtsht be thit as6onom;rswill hav€ ptayed a paft in liftingthe human spiril above 1''e malaise olpoilution. matendism,

decxdenc€ and mililarism lhat is alflicting the nodem human species.
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APPENDIX A
Below arc given suSgest€d erposurE tines for a vnriery of nstronomic subjects. Th€ film is assum€d to b€ l5mm. and
l-he sky is ftee &om anificia.I Iigbl polurion.

SUBJECT 50ASA slidel
I00ASA neg

400AsA
slide

1600A5A
slide

St!. t.rils (no moon)
l-2 hours
2-5 hours
6- I I hours
Mereorsr +l stop

E
t2.8
n_3

f5.6
fil

Meteo6- try

"ltu " star traiis (star iJnag€, then tl-ail) Full apedure io rail limit, cover leDs for
sa-Ine tim€ th€D half slop less thatr regular
tralls.

As 400, then
rrail at 2 stops

Plane!/crescent moon f ail
2 day old moon
3 dry old moon
4 dry old moon
For image & Irail, try 10 secs, 3 minutes cover
(break) rhen ilail

t2.8
t4
E

f6.7
fll
n2

50 secs f2

Nigbt Sceoer in noorliSit (behiDd & side
camera liSbtirig)
Full Mooo
Quaner Moon

Nole

15 secs i2-8 4 *cs n I
l0-t5 mbutes n I 60 secs 12 I a0 secs n.8

: Double Quaner Mooo exposurE for each day crescent from Quairer MooD
: Sky/Air glow beglns to take over ?ben within 4 days ofmooo
: 2 day Cibbous Moon ftom Quaner ro half Qsaner Mootr exposure (i.e I stop less) or 4x Full Moon
: 4 days Gibbbous MooD &oln Qurn€r to 2x(i-e. Double) Fu[ MooD exposuE o.257o Quaner Moon
: Tend rowards balf slop more for exposur€ for *aning moon. especially Last Qoaner
: FUU moonlight is abour 200,00Ox less than full suulight First Quaner Moor is llE Fini Mooo, Lrs Quaner is

9Eo FUI Moon
: When shooting into moon direction - oDe less stop rs equircd

Moon
Full
Quaner

Thin Cresce.t
To rhow eannshine irndy
E.lipse briSbr umbra
Eclip.e - dark umbra erilibroe

Penumbr4 sma.ll panial: +l stop oo FuI MooD. 50

l/60 sec, f11
1/15 sec fll
1/15 sec f5.6
l/4 sec f5.6
5 s€c f4

% panial +2 stops, 75%

1/125 sec fl6
l/125 sec E
l/30 sec f8
l/8 sec E
I sec f4
5-15 sec fll
15-60 sec fll

partial +3 srops

2-5 sec fll
5-20 sec fll

Rays, slroDg glow
Glow. faint rays

10-60 min (for glow
& sl3r trail

5-20 sec 2
30sec-4miDf2

2-8 sec t2
5-30 sec f2

Sun
:depends on filter system; use exposuE meler if imaSe hrger thrn ha finder widrb. Etample for Mylar metal &
Wntten Yellow filten logelher is about l/125 sec 82 on 50lSO. Add I or 2 stops for mnular or deep parrial
eciipse for limb darkening.
rioral sol ectipse - 50lSO, atl the way ftom l/1000 fl I (chromospberc) ro 2 secs ft I (oute. corona). ln steps of
2 or 3 siops

Milky Way, brighter nebulae. zodiacal light l0-30 minrre! {2 2-10 minut€s 0
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Eclipse Photography

t

l-

Mick \lolJ,9 Philip Highwat, Eli:uberh 5119
Astranomical Societ,^ af SA.

I . INTRODUCTION

Aboul 20 yeds rgo I decided to photogaph toral sol.r eclipses. The spechcle of nature impressed me so much the first time
that I became an ecliptophle .rnd since then I follow eciipses whenever possible. Some people like to watch eclipses only.
bur I like to phorogirph them and obrain a pemanent recod as weil. As a matteroffact. wirh my method I kill3 flies' in
one hil. I view lhe eclipse rbrough rhe lens ar l6x magnificarion in order ro obrain the besr composirion. ften expose. -Aiier
winding the camerr, il is necessary for the rripodto setde down- This tales altw seconds, during which nakedeleobseflation
is possible.

Beibr€ descnbing the necessrry equipment andmethods.I will slate the type of phoogriphy I:rm doing- Phorognphy is my
hobby and over the bst 40 years I have had ny prints and slides exhibired in national rnd inrematioml salons. Mosrofmy
pdnts are ,10cmx50cm (16"x20"). To acbi€ve sucb qualiry, the equipment and processing technique must be firs! class.

II . DEDUCTIONS FRONI BASIC DATA

The angle the su n subtends is rbout 0.0 I ndians. The brightness of the s un is about I 05 phot. The corona could extend :-,rx
the solardiameter (depending on exposure). Apparent solarmotion is L50 perhours o. l5' per minute o.l5" ol irrc p€r second

of time. Brightness ofcorona crn drop to 1/500.000 ofrhe solar brightness under good conditions.

Focal Length

The Fame size of 35mm fiim is :,1x36ftm. Lnage of $e sun produced by the standard l€ns 50/100 = 0.5nm, which is far
too small. A 300mm lens wiil produce a 3rnm diamerer solarimage. and a 1000mm lens will prcduce a lOmm diameter solar
imase. The bes! choice is 800mm, givin-s an 8mn diameer solar image and abour maximum corona djameter ot2.1mm.

Im.ge blur and focal length

Under perfect condilions the resolution of the eye is 1 second of arc (t pan in 3437). A lollxioomm pini should not be
viewed at less than 1200mm. One second of arc ar l200mn = 0.349mm

400mm x 500mm prin! = l6 times the negative. Thus ifpermissible blur on the prin! is 0.3,19mm, inage blur on the negdlive
will amooni ro 0.0218mm.

Blur = i.l. ( srne I .rc 'econd \ 15 n ,r I 'econd erpo.u'e

= 800 x.185\ lOo\ 15

= 0.058
0.0218/0.058=.3?6 sec

Thus rhe ma\imum €xposure giving maximum permissible blur is 0.376 second for an S00mm il.lens.

Ler us ree what happens when an f10200mo diameter system is used. The focallength is 20o0mm. the solar inrge is lornm
diameter. This may be OK forprominences. but noi for rhe corona.

Blur of0.0:18 is re&hed in (0.176x800)/2000 = 0.15 second

which is a slop down.

III . WHAT TYPE OF LENS

The lens must r€solve 60 lines/nm, prefenbly 100lines/mm. Test lhe lens at various stops and sel€ct lhe b€si p€rfonnance.

Achromatic doublets dnd tnplets are cornrnercially available and are preferred to ready made telescopes. which are heavy

and bulky and would cause problens when ravelling by air.

Proceedings oi the XVth NACAA Adelaide 1992 8-1



Physic.rl size xnd $eight

As sEled eadier. an t00mm fo(al length lens is the besr. lh€ F number is not very cntical, i3 - t'16. as long ns it has the

Some phorognphic long lbcal lengrh lenses are not suirrble bacause of rh€ slz€ ard weighr. Annr- disposallens€s aiE usually
mounted in bruss tubes ,rnd are very heavy. Large te lescopes I 50-l00nm diam€ter may b€ OK for prominences if no rlave lling

Single lens svstem

The solution to the problem is ro mounr the lens rn Iight weight cardboard orpl$tic tubes, which can slide into each orh€r
.nd thus rcduces the ovemll lengrh by 2 - 3 rimes. Atiach a cmdle or collar with two legs ro lhe front of the relescope, ihe
rcar has a camera and rhe third legs fonns a ripod. The cmdle is made of soti wood rnd fte legs are made of l2mm diameter
wooden doweus.'t]rc i€gs couldbe foided ones as well. The weight should be k€pr to aminmum - I kg is good. The length
offie folded relescope should not be gre er than.l00mm and should be easiiy fined inro even a medium suiicase.

The simple layour in Figu.e I accepBonly one cameri.In figure I is shoqn adouble barell sysrem which acceprs: cameras
- colour ard B&w.

All mounts have vibntional problems. but you cannot achieve srabilhy with tight weight. This compromise is not bad
comprring fie 800rnm lens mounted on a phorogfirphic tripod as used during rhe 1974 Westem Aust.rlian eclipse. Afrer
winding fie crmem. there was a waiting period ofsome 30 seconds before rhe camem stopped vibnrrng.

To ayoid long vibrurions and to simplify the use of2 camefts (clour and B&w), a rwo banell sysrem was d€veloped. Ir was
yery successfully tdd out in Indonesia in 1983 ,nd has b€en used ev€r since. in comibn I mighr dd

The nount shown in Figure 1 was used in 1976 at Robe. Souft Auslr,rlia. nlld rhe wairing period rcduced to 20 seconds.
Black & white piciures were taken with a 300mm telelens moumedon a photognphic ripod.

However. $e last eclipse in Hawaii has shown&other drawback - when rhe elevation ofrhe eclipse is very low,25 degrees
or so. Ihere js a rendency for ihe legs to move apan. Bui rhar requires only a small modificalion.

The advanlage ofthe double barrellsystem is that camefits are exacrlv aligned. so only one clmeru is used forfollowing rhe
sun dnd coposing lhe picture. Camems arc wound in successron. and after about l0 seconds waiting for vibration to cese,
expose wilh the use ofcable release.

IV . EXPOSURE CALCULATIONS

Films

Despire the fac! th.rt,]O0ASA films would be capable ofmeeting the rcsolulion rcquircmenrs as given above. fin€ grain films.
such as Fujichrome 100 or Kodil Tmax 100 are rccommended. Therc witl al\'rays be a frame or two, like prominences,
which m3y eed higher magnificition - even up to 50 times. Abour 159. extra development will incre.Lse the comrat of Tm&(
l0O film withou! my effect on er'.rin size.

Exposure

Tbe sun sublends an angle of l/100 radians and ut sudrce bnghrness rs l0i. Thr' ' eqLrrralenr to a surface ndiating 10e

Photographic exposue is grven by:

B in lux = 10 * (C(ASA * Tint)

for example if f=10, using l00ASA film and fte shonesr shuxer speed of l/1000 second. rhen fte rcquired

B= (i0 * r0:) / ( 100 * t/1000) = r0r lux (ldmr)

Bnghrness of SLrn / Brightness lor conrcl exposure = l0e lux/ l0r lux = 105 r

theretbrc a densiry D5 fiker is .equired.

Adeiaide 1992 Proceedinos ol the XVlh NACAA



= 165.000 lm/cm2 + 6.8 * to-5

= 1l.2]nvcmz

= I12.000lm/m'? 0ux)

t-

l_

t

t-

D5 me3ns an ittenuation of 100.000 rimes. This is rhe Irtinilnum llttue. Fo. co'nfonable vjewing of rhe sun beibre tor:rlity
use .1D6 nfter. Such filters must be mer;llic. metal evaponted on gl&!s or myi3r. Never use gelatin neutnl density fiirers.
colour€d glass. or colour ilim (biack ends).

The iiher {D5-D6) must be placed over the lens pnor to pointing rhe clnem at lhe run. Such fitrers car be used lbr
phorognphing \unspots or parlia-l eclipses. ft is only when totdlity slals fiar lhe iiher can be rcmoved. The exposures then
vary tiom abou r I / I 000 second for the diamond nng to half r s€cond rb. lhe co.ona for a fixed fL I lens. Prominences require
somewhere betleen l/500 - l/50 second. Th€se ilgures are only guiding iigu.es for cioudless rolalit] rnd condnions vary
tiom eclipse to eclips€. Th€refore bmcker the exposures whe.e possible. One very impotant fting ro rcmember ' make sure
yoLr know how ro chanse speeds in rotaldarkn€ss - rever use lorch€s orlr i-ew unexpecred missiles could ]and on your sitel

Be ready io. the end ol rotaliry. wnh the camen set at 1/1000 second ro phorograph the diamond nng.rnd immedialely afier
pur the filters over the lensesl

Safety

The mosl important thing to rcmenber when obser.r'ing the sun is saltty.

THE SUN DOES NOT TOI,ERATF, FOOI,S,

N€verlook at the sun with the naked eye. That applies fo.panial eclipses. The sun may app€ardimmer. but it will bum your
rednajustlhe same - crcscent ins!€adoiacircle to be prccise. Useonlymenilic filters - wirhoutpinholes - wilh 3denisty of
D6. They willcut off lhe visualand infrrred light.

Single coated mylar has a density ofapprox D2.5 to D3.

DoLb e "oled r\ l.r " l|\ r del,irj olD6 "..1e.

Other safe filters could be made irom very slow photogmphic plales developed to D5 orabove. Threeplales of D2 arc bener
than a single one ofD6 b€cause ofpinholes. Do nor paint overpinholes. Selecl plates without pinhotes.

Never use neutal densiry gelatine filteG , like Kodak W.aften filiers - they cut offonly visual light.

Never use black ends ofcolour films because they all transmir infmrcd light.

Nev€r ry dark glasses or welding goggles unless provided wilh ininred tansrnission cuNes.

Only dunng fie tonl eclipse. is ir safe rc view th€ prominences dnd corona with lhe naked eye. and the specdcle is
unforgedable.

Go for it - you'll never forget it:

Note: Therc is no need !o depan gr$dy fron lhe giv€n &ta to achieve good rcsults- For more technically or scientifically
mrnded a selecrion of usetul information is given in Appendix A ro allow any modifications. The same equations and
re:$oning couidbe appliedto video and CCD camems.

Appendix A - Useful data

l. Solar Datr

SolirrJdius
Sotar distance
Solid angle w

Surface b.ishhess B

= 696.69? km

= 149.737,000 km

= (pi*-)/d'
= ll. r .r *697000- )/ r50.000.000-

= 6.8*r 0-)

= 165,000 slilb (lnvcm:)

Sun s illuninarion at the Eanh E = Bw
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Apparcnt Solar mo.ion = 15o per hour

= 15'perminutes
= 15" Per second

2. Photometric Units

Basic unit is I candle 9cd), also called candela

Flux of light pmduced by I candle falling on I m2 at a di$ance of lm = I tumen 0m)

Iluminadon E = 1 lrn/m2 or I MC or Lux 0x)

In photometry the unit of illumination us€d is lux (lx), in photography I metrc-candle (MC) is pr€ferred-

3. Photogmphic Units

I metrc-€3ndle-second (l MCS) = rhe amont of lighl Falling on film in I second-

Filrn sp€ed in ASA (now ISO) is given as 0.8/E

where E is lhe illumination conesponding to a point 0.1D above fog on the H and D cuwe expressed in meue{andle-seconds.

Note: Sp€ed of film is doubled if ASA is doubted.

tn normal photogaphy,lhe c\posurc is giveo by:

B in lox = (10*F2)/(ASA *'t)

where F = iD

ASA= fdm speed

T= time in seconds

The larger the F number, th€ longer the exposure time.

4. Density

Densiry

if T= I
T=0.1
T= 0.001

= log opacity

= log( l,4nnsmission)

(r 00qo) D=0
(tlc.\ D= l
(o.tco\ D=3 etc

_.1

l
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Figurc l

Figure:

1. I\:..in Tube

2. Sliding Tube

4, Legs - !r.o]]t
5 . 0b j ectlve l,lount
6. Third L e€l

7. C,ineta.

L. ldain Tube

2, Slidj-ng tube
I, CradLe
4. l,egs - lront
5, Srac e

6. 0bj e ctive llcunt
7. Third leg
8. B. & i'/. Canera

9. Colour Canera
10, Thi!d Leg Joint
lf. l,ockine Screvts,
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Selection of dark sky observing sites
for portable tele scope s

r

W.A. Bradfield,876 Lower No h East Road. Dernancowr, S.A.5475
Astranamical Sociery of South Ausu'alia
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WilLian(Bill)A. Bradfield*as bon h Ne|| Zealand it1 1927. He grcdudted in Mechanical E s laemeJronthe Unil?tsi,'
d Nee Zealahd. He r?tited i 1986, dfter 35 Jeats \|ork at Salisbur!^, South Australia. on rssearch ard .lerclopment oJ

rccket prcpulsianfot lp Depanne t ofdefe se.Hehasspecialisedinonrcthlolitgsin,:el97l,withl5disc,neries.

He recei\ed v BercNce Pdpe Medal fron dE Astonomical Societ\ ol Akstrulia in 1982. Mi or Pldnet 3130 Bndfeld
\|as naned b,- the IA.U. in his hottoo in 1987. He \|as node o Menbet of the Order of AustroLia in 1989. and receired
HonoQt\ Life Memhcrship ofthe AirronDnicdl Sociery ofSouth Australia in 1994.

Abstract

The selection of d.ark,sky sites for using ponable tel€scopes in the liciniry of cities is discussed with .eference !o ligh!
pollurion. fir pollurion rd locrl reJther J.p€cts.

The subject is based on rhe author's expenence ofover 20 yerrs.

I . INTRODUCTION

This paper isbaiedon the autho.'s €xperienc€ in selecdngdark sky siles for comel huniing and is directed to ihe person who
is prepar€d to tnnspon equipmenr lway from r lighr-poll uted backyard to obserr'e under aconsidenbly darker night sky.

It is assumed that the majo.ity of Austml;an ,mateur astronomers live in suburbs or cities, r€sohing in observations liom
their homes b€ing impaircdby air and I'ght pollurion. A loss of wo magnitud€s may b€ rypical on the besl nights, with larger
losses occurring when air poilution gathe$ under still-air conditions.

Tbe transpoat ofpofiable telescopes to country locations is not dif{icult if a suitabie vehicle such rs a strnon wigon or van

is available. Use of3 lruck. utilily or towed n?iler would be a satisfaciory akemalive if the equiprnenr is well covered !o
prcteci optics from road dust.

The selecdon of a country sie initiaily involves a decision on lhe direction and distance of ravei, Possible locadons can be
identified from a detailed survey map and subsequ€ndy checked by day lrnd night inspections.

The number of sites s€lected should be sufficien! to allow for occaional variations in suitrbility for viewing at particular

II . DIRECTION AND DISTANCE OF TRAVEL

Tbe dir€ction of travel to reach the less-polluled .reas is important. Motoring across a large city involves rcstricted speed
.nd dozens of tmfflc controlpoints, all incrssing travelling time.It is prefemble to ake the dirccrion which givestheshonest
travelling time.

Apan from geognphical bariers such as coastlines, observers in rhe southem suburbs should tmvel to the south. obseryen
in the weslem subufts shouidiravel to the wesland so on. Following this suggestion, observ€F living in the nonhem suburbs
have an advanrage because nofihem celestial hemispherE constellations cre more readily available to them. Low sky objects

such as M3l car b€ obsered without the view being blocked o.dimmed by ciby glow. Funhermo.e, dunng fine weather,

winds from rhe nonheasr, north ornonhwesl can rcmove city-produced air pollutjoo lothe soulh. Low southem sky objects

may be impossible to see againsr rhe city sky glow. but this is noi of grflt concem when these objects move to higher
elevanons ldrer in the night-
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The tmvelling dislrnce to aach a suirable dark sky cln be conveniendy determined by rhe populadon size. Tabte I s€rves
as r guide to the distance beyond $e edge oi the metropoliru rrea at which ro s€arch for some dark sky sites for explonrory

At rhe distances quoted in Tabie I , scatrered lighl w ill be plajnly visible in the direcrion of tbe city. To avoid fte city giow
al(ogether, il would b€ necessary ro Drvel dismnces which ma(e regular viewing inlpmcrical.

A1so. the nigh! sky dnrkness will vdry. depending on changes in amospheric moisrurc. poliution and meteorologicai

wherc, as in Adelaide, ranges ofhills border the metropolitan arca. rhe distance that needs -o be cov€red in or beyond the
mnges is rcduced. due to their blocking effect on ihe dircct light and some of$e scmered light ofthe buill-up alea.

Travelling longer distances dlan those suggested may be desi.rble tbr speci,rl observing rcquirements, bul it incr€aes lhe
need for tbe obsewer to be rware of meleorological conditions. paniculdrly the m icro-wearher panems ofthe site. There is

nothing more ,nnoying thao to lind low cloud at rhe observing site afte. making a long trip on what $ rhe sran of the driv€.
appeared to be a perl€ct ri-eh.

It is expdted that molodng away from a caprlal city Io rcnch .rn accepmbly da* si€ will take an hour. ln winter, tmvelling
ro reach fte sire before aslronomical rwilighr is llkely Io ciash with peak-hour trafiic and may take longer. Simila.extensions
oftirveltime could occuron evenings at the beginning ofholidny weekends.

III . SELECTION OF POSSIBLE SITES FROM A SURVEY MAP

It is assumed ftat the prelered site will be a roadside spot md not a privare propeny, thercby avoiding fte need for special
anangem€nrs wirh landowners. Some observers may prefer ro consider sites on State land, Na onal Parks or Recrcation
Parks. but pemission tbreniry at night may not be possible.

The main requiements fora suilable sire are €asy vehicle accessibiliry, isoladon from llaffic wirh its associated inrerferenc€
ftom headlights. together with availabiliry oia level area on which atelescope can be set up. The best spors will usualy be
on unsealed. narrow side rcads or vehicuiar tmcks and preienbly should be a1 le,rsr 500 metres from ma'n roads to reduce
headlight glow.

Ideally, the major pan oftravei beyond the city to reach a prospective site should be on a sealed surface. two-lrne rcad or
bener. Th€ end ofthe joumey on unseated roads should be Limited ro about 5 kilometres to minimize pickup of.oad dust
dunng dry wealher.

Anumterofsuilable sitescan be selected iom a topographical 1:50.000map ofthe geneml arca under consideradon- Possible
spots should not be in line wilh sraight sections of nearby main rcads ro avoid illumLnation of the site by high-beam
headlights. Sites near rcserr'oirs. lakes, nvers and streams shouid be avoided in winter dme, a5lhey may tE prone ro b€come
covered wifi log as the nighr proFesses- Likewise. siles ne the sea could suffer from sea fog. Swamp land should b€
avoided in summer on accounr ofpossibie mosquiio infestauon.

The extenr ofrrees and shrubs near fte site and fte generalslope ol the sunounding land can b€ d5cenained from th€ lrlap.
Trees rnd shrubs can be beneficial as windbreaks. but lall trees could reduce the view ofth€ sky.

Buildings marked on lhe map may be homesreads ,nd associar€d faffn buildings. in which case some nigli tmffic on the
r€lated road or track may be 3 possjbiii!_v.

In many counry fieas. roadimprcvemenls have rcsutted in roads being stnightened and p4rtly relocared, leaving old pofiions
mdcomerscut off fiom the new alignment. Most olthese unused pans are shown on up to-dai€ maps and could be consider€d
as conlenient sires, bu! only ifembankments or trc€s provide sufficient blockage ofheadlighrs.

Some oid maps dating back 1l) befo.e Wodd Wartr may show couniry roads which do nol eiist today- In many cases. lhese

roirds which were only fenced gravelracks. have now been mdde redundant rnd paftly blocked, presumrbly by farme6. but
Jre sofll') of inve\rigrron sd Jppro\rl ro u"e enquid$.

IV . DAYTIME INSPECTION OF POSSIBLE SITES

L is important 10 inspec! all prospective sites by daylight to rscenain their suitabiliry irnd to decide preferences for iheir
possible night time Lrse.
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Finrly, dre oarure a.nd condilion ofrhe side road shouldbe ch€cked. UNuriaceddin lracks may be salistacrory indry seasons,

butdifficult to negoriale in wet conditons. Rocky mcks and corrugaled gravel roads may be excessively rcugh, necessitating
low speed moto.ing to avoid damaging equipmen! ifnot firmly secured.

The road side ai the site should be exa,nined to see ifii provides a sufficient arca of flat ground ior r€lescope positioning,
withour sky obsrruction iiom trees. Space for easy vehicle tum-around rnd offtrack parking is desinble. In some cases.

€reclion oi the !elescope on rhe road in iionr of the parked lehlcl€ crn be satisfacto4,, providing rcad space is avaiiable for
passaqe of anorher vehicle.

The rype ol vegeraribn on rhe roadside musr be noled. so that seasonal changes c.rn be der€rmined. Tall grass and prickly
weeds may be seasonal features which should be rcmored ifa decision is made Io rcgularly use the rite.

A roadside nised more lhan 0.2m is ro be rvoided. but alower st€p could be s.aded offby some spdde work- Roadside drains

are idditional hazards ro avoid.

It is very important to check the roadside for fte possibility ofdunped rubbish and discarded f€ncing maieri s, including
barb€d wire. These irens should be rcmoved before using fte site.

V . MGHT INSPECTION OF SITE

The &ydme ch€cks ofpossible useful sires shouldrcsuh in one or two of them being favoured for r night iime test. This rest

is uodedaken at rhe tim€ of astronomic:rl iwilight. For siies south, west or nonh of lhe city, where lhere arc no other b.igh.
sky glows frcm towns in fie wesr, ir shouldbe possible lo rcadily see the ZodircllLighr, panicuhrly in-August and September
when $e ecliptic is steepLy inclined !o the westem horizon.

Naked eye observation, after dark adaptation, should show all the stals in Noflon's Siar Atlai which are rbov€ 20 degees
elevation. except those in lhe dirccrion ofthe sky giow.

For the enftusiast, the limiting slai magnitude at various zeniih distances could be detennined by snndard astronomical
procedurcs. However. measuremenis taker on a single nighl can only be rcgarded ai aguide.Nightto night variability occurs
due ro changes in rirpollurion, borh ar rhe sire lnd rbove rhe city.

An interesdng observation is ro note the differcnce in the brightness of iliuminrlion falling on ihe virious sides ofa whiie
posr. h is possible to devise a m€asurement ofthis illumination and numericallv compare $e light on fte ciry side of the post

with that falling on rhe opposile sid€.

VI . USE OF THE SITE

Iniiial inspections ofa proposed sne by day rnd nighl, followedby night dme use on sevenl occasions, should confirm lh€
sire's effecliveness, However. some nuisance events. serson.l in chamc€r. can occur unpredictably on a selected viewing
night. These events include farmen with headlighrs md spotljghts, engaged in crcp planting, crop harvesung and rubbil
shoodng. Clouds ofdusr associated with crop harv€sting could be an additionrl problem depending on winddirccion.

Some nuisance sjtuadons relal€ io farin animals. For example. ifthe chosen sire is within eaNhot of a fannhoose, a noisy
vehlcle s approach could stan dogs barking- Livestock in paddocks adjacen! to lhe site nay, as a rcsult oitheir curiosily, be
prompled to stampede, although lhis is morc relevant Io $oups ofyoung holses.

Fannen passing &e site and noting mysterious opemlions being conducted underlhe coverofdarkness might stop to check,
bur are only concemed abour rhe possibilily of prop€ny and livestock being stolen.

Nuisance€vents could suggestthe need !o selecl a more suitable site.

1'II , WIND

Som€ srres may be subjeci ro local winds which could buffet teiescopes. Ifprotecrion in the form of low Eees, shrubs or
embankmenls is not available. judicious placing ofrhe vehicle or the erection of a light canvas or plastic sheet on suppon
poles could provide sufficienl shelter. Sites which are located on exposed hiiltops shouldbe avoided. Sites near foorhills can

b€ subject ro slope winds caus€d by rhe downward flow ofcold air trom higher grcund. Gully winds cotring down on the

west side of the Mounl Lofty Ranges can be severe in the eastem suburbs ofAdelaide. bur few shes would b€ chos€n in this
area because ofligh! pollulion. However. aI spots fufther away from Adelaide and still in ornear lhe mnges. gully winds c.rn
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Sites wirhin l5kn of th€ sea can be subject lo land breezesj bur in generrt rhese .lre nor a problem.

winds which are strong enough to blow dusl Fom nearby dry prddocks wouid be a hzard even w{n some windbrert

Telescope oplics. panicularly minor syslems. shouid be covered tempo.rdl] ifa vehicle plsses lhe site. ro reduce rcad dust

ln general locd winds are difiicult ro predjcr and may vary during fie rjghr.Ifsome prorecdon is provided for rhe telescope
and obseNers are suitably ctorhed against the chi , rherc should b€ no i;pedimenl l; obseMng.

uoavoidable loss ol viewing ctanry crused by irirbome pollurion may ar rimes be inflicred on a sires by large wind
movements. me atmospheric pollution may include smoke fron bushfires, dusr iiom inland Austmlia and. somedmes.
volcanic dusr iiom the Easr Indies is in fte high level a.mosphere.

VIII . FOG

In rhe coldermonths of fie vear. fog can be experienced in high revel counrry. particularry oea. the ,"". and 
",n 

be describ€d

Fog in the cooventiond sense fonns in calm cold air, abov€ or near ai€as ofwater. and usually accumulates in hollows andvalle)( ft crn vary \,gnrlicanrly over orsrdnce. ds ,non rJ one kitomeLre.

usually. sir€s in low areis near water would be suspect for fog probrems, pafticuhrly rowardsfie early moming.

A pan soiution is lo have altemative srtes on higherground, which cao either be chosen iniria y rs prime sites orbe fall-back

often &eJirst hinrs of fog Eouble are experienced during rhe drive to the site ai€a when patches of fog are seen oo lhe
roadway. Trnvel can then b€ divededto anorher area at higher aitirLrde. hopefully clear of fo;.

IX - ATMOSPHERIC SEEING

The subject ofannosPheric seeing is nol considercda factor in lhe site seleclion process.Ir is narumlty a variabte quantiry
and is orly paftly dependenr on the iopographic condiiions ofthe sire. Ifa numberofsiles wirh widely differen! topo;nphi;
feaures are used on a rcgurarbasis' it may be possibr€, by keeping recordi. ro decide thar some sitesgive be'*r s€er-ng:

In siie selection the emphasis is on reduction ofthe eifecrs oflight pollution, so armospheric seeing is ollesser imponance.

X . INCREASES IN MGHT SKY BRIGHTNESS

over the years lhe steady inclEase of populaiion in and around major ciries has creared r greater ourput of lighr. In ddition.
lhe boundary berween ourer suburbs ard open couniry is much fu;her hom rhe ciry. Thu; in .h€ Adeiaide area, sires which
were once considered d.ad( sky rocations wirhin easy motoring disrance of rhe -{deraide city cenrrc have. alier 20 yea^,
b€come noticeabty bri ght.

Measurements of rughr brighrness in rhe Adelaide dEa w€rc reponed in Bradfield (197.1) and Bradfield (1982)- The
assessmenr of Iight pollurion was discussed in Bmdfierd ( I98o). Furrher me.rsurcmenrs to provrde an updare commenced in
October l99l and this work is still in progress.
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Approximate distanca to tra"et beyonllbhl: L'ge of the metropolitan area to reach an
acceptable dark sky.

Population
60.000
160,000
380,000
800,000

Kms
m
30
40
50
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A revival of spectroscopy for amateurs

Barry S. Adcock, 18 Mydtlleron Drive, ViewBank 3081
As onomical Socie\ afVi tona

Abstract

The applicadon of speclroscopy !o astronomy can be tmced back to the niner€enth cenrury, and duringthat time i! was mainly
sNdied and developed by prolessional astronomers. The opiical sndmechanicri elemenrs ofr high quality spectroscope are
wirhin the bounds ofenrcrprising amateurs to make. This jncludes simple objective prisms lorrhe study of star clusters and
mereo.s, io more complicated high dispersion inslr1]meots srudying rhe Sun. Wift rhe advenr of compurerised imrge
processing. fie rcduction and interprention ofrcsulis are now also within the capabiliries of arnateurs.

I. INTRODUCTION

Few peopie would atgue that the invention and application of the telescope was the greates! single advancement in rhe srudy
ofastronomy. It is also recognised that fie developmenr of fie spectroscope was the second most imponant advancement.
The leiescope enabled us to see the universe as never beforc, and $e spectroscope rcvealed irs chemical and abrnic
composilion. The €xren! of this, ofcourse, was not apprecia(ed ai fie ime because lhe study of chemjslry as we know it was
snil in ns infancy. and the atomic nature ofmafter was simply not known.

As ! $aning point, lh*ewton 19521, Sirhaac Newton was abl€ lo disperse suniight ifio its colours by use ola prism. Newton
used apiniole m$er than a slit as asource ofsunlighr.Itis now knownthatftis made lifeverydifficult and the daln absoQtion
lines. (sometimes rcfered !o as Fmunlofer lines), werc invisibie to him.

The Bayaflan bom opticirn and lrstronome r, Joseph Von Fraunhofer made nnjor advances in spectrcscopy tcNeen rbe yea$
1814 and 1825, IHe.mshaw 19861. Using a slit larher than a pinnole and highe. quality prisms. Fraunhofer was able ro
dispene ihe multitude of dark absorption lines. He.lso used acoilimaring relescope which funher improved the quality of
the lmages.

Other impodant names in the early days ofspecnoscopy werc Huggins. who rBvitatised the $udy in 1863, Dnper who look
the fitsi photognph of a stellar specrrum (sp€clrograph) in 1872. and Angsrrom, who drew the spectrum of lhe sLrn in 1868
and who identified nine srong absorprion lines larer us€d for accurarc calibranoo. In 1806 the Englishman, Young made ,]
very imponant co ribudon when he demonstmted the wave motion of light rnd showed that wavelengrh was a funclion of
colour, t-Heamshaw 19861.

The simple Bohr modelofthe atom tells us tha! electrons may be thought of as orbiring rhe nucleus ofm arom in we defined
orbits. To jump to a higher energy level, (orbit) the eleciron must absorb adeiinire qoantum ofenergy fton a collision with
rnother panicle, or ftom electromagnedc radiaiion. In f.lling ro a lower energy level, an €lectron will emit a quantum of
energy. The energy is direcdy rclared to rhe fiequency of rhe light. Thus each elemen! and compound has a unique fingerprinr
extending acrcss rhe entire electrcmagnetic spectnrm from r'Jdio waves lo gamrna mys.In the case of ihe sun ora srar, the
photosphere exhibits ! conrinuous sp€cffum of coiour. Cases in the arnospherc above the photosphere absorb energy in
quanlum ,mounts, thus taking out a d€finire colour" or wavelengrh liom the conrinuous sp€cfium. This 'ho1e" in the
spectrum is called an absorption line. Elements such as hydrogen, oxygen. sodium. etc., have a well kno\ln panem oflines
and lheirpresence in any stellar atrnospherE can be detect€d andquantity calcularedfiom $eir intensity. Orher objecrs such
as emission nebulae and planelary nebulae and peculiar galaxies have bright spectml lines calledemission lines. Likewise
L\e nature of the maner comprising the object can be identified by the panem ofemission lines.

I! is possible for an amaleur astronomer to make a spectmscope and, wirh theaidofmodemcomputerbased image processing,
a greal deal can be leamed about the object in queslon. wlren obseNing a planer, lhe ligb! received ar lhe eanh's surface is
essentially sunlight. On irsjoumey here however. the ligbt must pass through rhe al-nospherc ofrhe planet and the earth s
atrnospherc. To subtmct the unwanled information and leave only the spectrum of$e planefs aEnospher€ has always been
r difficult task. bui wirh digltai image processing ir is now possible for amareurs to study the sp€ctm ofrhe sun. sunspots.
planets, meteo.s. stars and nebulae in detail. The following sections present vadous lypes of spectroscopes wh;ch cao be

made by amateun. The advantages and chamclenstics of each type are reviewed. All dicussions are based on an
undeshnding ofrhe ems - r€fta€tive index and disp€rsion. The diagrams in Figure I prcsent ! summary of the terms used.
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II - TYPES OF SPECTROSCOPES

The objcctive prism
The obJeclive prism is shown in Figurc 2. This is a very simple tbnn of specroscope describedasalow dispersion jnsFumenr.

Il do€sn t require lhe use ofa slit and is used for studying lhe speclrum of stam andmereors. So long as $e object is a point
source. Absorplion lines arc difficuh !o see unless fie sp€clrum is spread latemlly. This may be don€ by makng one of rh€
surtaces. (ofterwise oprically flao, stighriy curved to introduce nstigmarism. The insrrumenr is more often used
photogmphicilly mther rhan visually. and rhe sFcrrum may be broadened by lening fie relescope r.ail latelnlly.

Ifa 20mm full apenure pnsm was to be made from cornmon window giass! (n=1.5: V=60). :5mm fiick. lhe largest angle
d. would be aboul 60. The rngle d between rhe C (red) and F (blue) ruys of lighr would be 0.050 This is not a very broad
speclrum and Io do bener we musr obtain a thicker piece of v€ry expensive tlint glass. On 6e other h!nd, ofa piece oi 1 '

flint glass, (n=l.63 V=10) was employed in fronr ofa camera iens of 50mm ap€nure, (A would be :lslarge $ 25o). rhen a =
0.5o. The speclnim would be spread to the same exrenr as ihe si?e of rhe moon and us€ful informadon could be gained.

The constant deviation prism
A 600 prism is shown in Figure 3a.Il can be shown tha! ifthe angle offte incoming and outgoing lighr to ihe rcspecnve
surfaces is equal. then the deviation of light is a mitumum a,1d the ina-ge will be brighrest md lensr linited by astigmadsm.
The 60o pnsm is inconvenienr ro use. because lhe prism and the deteclormust be moved ro observe r given wavelength of
light. If the prism rs cut io half and reassembled as shown in Figure 3b. an interesdng siluarion arises. By rilling the prism
about its pivol pointp, any required wavelengh ofiighl may be prcsenred lo the derecror at minimum deviadon. A simple
specroscope fbr visual obseFarion of poinr sources may be made by using the pnsm in a similn manner ro a star diagonal
wi(h an eyepiece the exit sudace.It is usualto employ the device in an advanced coflfigurllion. to be discussed later.

Direct vision prism
A s€I of crown and flint prisms may be afianged ,s shown in Figure 4. The propeny of rhis prism is that yellow D line is
undeviated and the C and F lin€s are dispersed as shown. The compound prism may have rhree or five elements. and its
design is rhe opposite to tha! of an achromatic objective, (ma\imum dispersion with no d€viarion of the C line). ir,lany
commercial eyepiece sp€croscop€s have beeo made in this mamer. Morc expensive devices employ a cyiindrical lens to
broaden lhe speclrum fsidgwick 1979] . The s.,ne afiangement has been used io lhe Evershed solar sp€ctroscope, an example
of which can b€ found at the Old Melboume Observarory, where ir can be atrached to the eighr inch refi'acbr [Bel]].

ITI . GENERAL PURPOSE SPECTROSCOPE

The clearcst and b€st rcsults aie obrained when $e dispersing element, (any ofthe pnsms discussedor a diffracrion graring),
is used together wift a slit andcollimating lens and a telescope to rcform the image. This classical arangement is shown in
Figure 5a. It may be used with sevenl €l€menls for srellar, nebulae or planerary speciroscopy. The aurhor has made an
experimentai specroscope of this type and any of the prisms discussed may be mounred for companson and assessmenr. A
drawing ofthe apparatus is shown in Figure 5a and the slit is detailed in figure 5b.

Tbe rerm resolving power when Eferred !o a spectroscope, has the following meaning. Specrroscopes used by professional
astronomers c:rn have n lesoiving power of 10.000 or 100,000. in rhe case of a solar specEoscop€. Considering lhe qrse of a
60" pnsm of flinr glr5r. (n= l.6l V=10). we nay obrain an angulrr dispersion of 1.3o b€rween the C and F lines. A small
rclescope demands the use of a wide slit. and thus a resolving power ol50 ro 100 is about all rhai one cah expecr from this
simpie arrangemenr.

A narrow slil with a iong focal len$h collimating instrunrent can be used ifthe iight ofthe objec! is concentraed onto the
slit. In fte case of Jupi!€. (or olher planers), rhis may t€ done with the aid of a cylindrical lens.

IV . CONSTRUCTION OF PRISMS

l€t i! be staled ar the ouisei thar superior spectrcscopes may be made using difimction gmtings. Such an inshment is noi
discussed in detail. b€cause lhe constniction of a high quaiity grating is beyond the resources ol an amaleur astronomer.
Inoeea d diffncr.on graung oi qualrry .r d verf e\penirve rrem.

The fint p.oblem to be faced when m*ing prism! Ls d source ol opricrl gl,rrs. ftgh qualrry rnr gass may b€ purchased
drrectly from manufaclurErs such as Oh&x or Schott. bul this si expensile. orher sources may be old opdcal equipmenr or
wrr surylus glass. which is stiil rvaihble. Let us rssume that some glass is available. lhe lollowing is avery brief summary
oflh€ steps raken to male a batch ofprisms ofassoded sizes.

. l. Cui the glass .oughly 10 shape to fonn a blank. This ftry be done with a diamond srw or carborundum on a block of
concrct€. o. even rcoid chisel dhammer.
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. :. Rough gnnd rhe blanks ro shape on I pi€ce ol flat glass using 80 crborundum.

3. Fine gnnd the p.ism down to 400 carborundum. During each gnde the angles should approach thei.desired v ueas
metsured with a precrsion square or protmctor. The sides shoutd be ground nat and pnrallel as measured whh a

'{. With fte prisms close ro ther.final sbape they arc now moulded inlo a plaster block ofapproximarely l00mm diameter,
so that rhey may be ground and poiished siniiar !o a singie la.ge sudace. It is possible !o polish 16 to l0 smail surfaces
simuiraneously. Small diagonal flats ior a Newronim r€lescopes may also be included. Coat each elemem wlrh shellac
so rhat Ihey may be easily removedfrom the plasier when iinished. Before moulding, gnnd rhe shellac otTrhe surlace to
be poiished with a fine ab6sive. Srick e3ch €lement lace down onto a llar glass blank using doubie sided sricky npe.
Place a plastic or cardboa.d wall around the gla5s blmk md then fill the rcseNoir wilh plaster to a dickness of aboul
50mm. Tbe aulhor also uses a c.udboarcl maJk agrinst the glass blank so rhat when dry, L\e prism surfaces prolrude
$rough the plasier. This overcom€s rhe prcblem ofgnnding and polishing giass and plaster togefter. Le:rve the plaster

for a leasr l0 &ys ro dry our. Wben cleaned up. coal lhe plaster with s€veral coars ofsh€lhc. From now on. the procedure

is similafiomakrng a 2ftnm nirror. During fine gnnding. the curvature musr becominuously ch€ckedwnh aspherom€ter.

5. Polishing presents a special problem. in fta! lhe plaslerlump conlaining all rhe prisms cannot be used to press the pilch
lap. A special piece of glass whh one wavelengrh of flamess musr be available tbr pressing. The pnsms may be ested
dgrinsl r mrsler flat by observing intedercnce iiinges using a monochromaric lighr source. The whole suriace may be

up ro perhaps I wavel€nglhs, concave orconvex, yer each small prism m:ly be very flat. ft is drfficuh ro rrcat each small
sudace individually. li one sudace 'causes touble , jt is berter to ignore il and pur it back inlo $e nexl balch. This
p.ocedu.e olcoune, must be reperted lorench surlace ofrb€ prism- Using the above simple prccedure. it is possible to
make Newlonian llars. star diagonal prisms, HerscheL wedges, objective pnsms and spectroscope prisms. Th€se examples
rcquire I , ? o. 3 polished sufaces. Only r penlapdsm, (4 sudaces) will rcquire more work.

V . CONCLUSION

Long €xposures are requircd to record Ihe specim of faint objecls. but guiding is not as crilical ils for asrophotography. lf
fte image wonders off the slir for a shon period. no harm is done. Wirh a modem CCD rccorder and image processing
software now available. amareurs cm make r red conrribution ro the composirion ofplanerary atmospheres, comets. novae.

YI . REFERENCES

L B€ll. L. :The Telescope, Doler 1981

2. Heamshaw, J.B. : The analysis ofsrarlighr. Camb.idg€ 1986

l. Newton. I. : Oplics. Dover Reprjnt 1952

.+. Sidgwick, J.B.: Amateur Astronomers Handbook, Pelham 1979

5. Twyman. F.: Prism and L€ns Making, Dover ed. 1987

Proceedings of the XVth NACAA Adelaide 1 992 10-3



r\) = ref.acfive

rtr. refracl i y I

5in I'
Si" &.

index of medit'r I

index ol mec:Liuz Z

lr2
rL!

(1c '

refractiva,"d.e< Qr
{rqht of -aue[e^4rh sg1-J I toatu^ Y -

re.f.o,af ,,te - ae, €o-
tt3h, ol Qauete^3tv\ b5b ).-

\ n o_)

refracf 'v e i^dex Cor
; qhl of "ra-Dele^q^ +g(,.t"-
'J ( rl ,,2 ) J\ '/- /

r.A
hl'e

ars peas ton
hf -fi'

Figure i - Summary of terms used in spectoscopy

A^q'-l a.
fi*

Jize.
l,a.

fta' Iof Sp".t.u,-, a ,- A
li',e

Figure 2 - The Objective prisrn

'10,4 Adelaide 1992 Proceedings of the XVth NACAA



--)
\_oNsIaJ- L)EJ,p-,oN t' s.,,

a

f;qn-e 3,b

d = Al n;'-'JLJ-J
Fisure 3 - Consl.nt Deviar'on Pnsm

Tan A,
f-n,f 5,n (A, - S;" A,

I

II
I

t.

a

i--------- d-i
If

i S,"-'.,,l)l, n;J, )
.-T

Los ( A, - J,nA,(5," 'n"\ 
I,t/l[, -n,

Ficure ,1- Direcr vision Pnsm

Proceedings ol lhe XVth NACAA Adelaide 1 992 10-5



L 1A t f."^ -81"""o,o.

fFt qrL-e 5 a-

Aa1""t;"t

\-
\

_1,
I

I

/'

,/

.
/

'/'
',,.

-.-,.
.\

)-
--...

F)
UI

Figure 5a - Genenl pupose specrroscopes

I-,e''^1 A J )o4lron ts P1

Fisure 5b - Slit demils

Mo"i^J " | -"'"" 1""

10,6 Adelaide 1992 Proceedinos of ihe XVlh NACAA



O b s e ru_in g. M utual P h e n o me na Of
Jupiter's Moons, 1991

I|uSark-aid P erer N e lson
Asr'onomical Societt- oJ Victoria

Abstract

sevenl mutual evenrs of Jupirer's moons were observed phoromerdcally dunng 199L This pap€r give! some ba€kground
inlo,the cruse of lhe elenrs and some history of pasr phoromerric observatio; by the Asro;omic,lt Society of Victona
(ASV). A discussion of equipmenr used and procedure( 3dopred is gren. The reiurr, obrrrned are presenred wuh some
discussion and ollysis. The summary includes Iikely fudre directions rhe !.ork will r!ke.

I . INTRODUCTION

Mulualevents ofJupiter's moons involve the fourGalile.n satellites from an observattond perspecrive. These events involve
occultations and€clipses b€Iween the moons th€mselves. Thus one sarellire witt pass behind anorher srtellite (orits shrdow)
'ronr oLr pcF pe. ri\ c.

Forln eclipse rhe lwo satelliles tnvolvedare in rlignmenr wirh the sun. The eanh is not in
obsen,arion ofthe eclipsed sateilire. Figure one i ustmles rhe geomerry.

When r*'o sarellites are in atignment with rhe eafth an occullarion will occLrr. The Sun
provides illuminaion to both satellites. Figure Rvo d€monstmtes an occuliarton.

the same alignment ftus enabling

is noi in th€ same ali.snmenl and

Fig 1. Murual Event germe!-y: E lipse Fig 2. Murual eveni gcomcFy: Occulrarion

These events shouid nol b€ confused with Jovian Sarellire eclipse events which occur wh€n rhe moon rngrcsses or egresses
lupiler'sshadow currend! rhese events lre rcadily observed visullry, wirh riminge.*curing ar rdirglimp;e anarrst grimpse
rcspectivelv. Bnff Lorder coordinates ftis program on behalt' of rhe Occulrarion Section. Roval -{stronomicat Socierv of.v." Z<,trno R.\S\2.

Jupirer's orbrral period is I 1.86 yeus. ard ns orbnal inclinarion is 1.1 . The catile.rn sare ire\ revolve in Jupiteis equarorial
phne *d thus theorbirsofrhe saterlires arE seen edge on" from Eanh onty around Jupiter's "spring ,,nd;ortu.n;. Figrr.I illuslrales the geomelrv of Ihe siiuation. Thus recenr favou.able p€riodi oi obseN;rions of the muruat evenrs occuned
during wlndoss centred on 1986 and 199 L Away irom these penodr. rhe orbitr of the Caliteln $rellites arc not seen e.lge
o-. .o no ruruJle\e.I\ -rn mcur
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1989

In 1986. Jupirer was a long way sourh of rhe equalor and so was well placed for observrtions fiom the E3nh's sourhern
hemisphere. For the obsen'arions o11991, Juprrer was a long way nofth of the equator approximately l8 degees for rhe

obsei/ing period. This me ! lhat rhe maxinum aitirude Jupirer could attain from the obsefling sire used was 3i1, which is

Even6 can be total. annular or partiai. The shape of the light curve of a mutual event is dependaff on the type of event and
wbeter one or both satellires are being obsened in the field ol rhe photomeier simultaneousty.

A toial or anoular€clipse, or occultation. rcsulls in a lighl cune wnh a flar botom-

$hen a panial €vent occurs. the light curve will exhibil a rounded botto .

o*o +
botton:r)

To dlle, obs€Ralions olthe mutual ev€nrs oiJupiter's jllelli!e! provide the most accurate determrnation ofsarellie orbrlrl
pammeren. Work done by Lreske (1973. I9E0) and,\rlor (l98ll has provided a theory ftar bas the potential to provide
sarellire posirions accurrte ro r lew kilometers. However. elaluarion ol cenain constanrs in the equalions rclies on

obsenr on!1drtr whose rcculacies de te!enlorders olm.tgnitudes greuerrhan rhrr.lUidtimes olmuturlevents are crpabl.
of being deremined to !n .rccurrcv oflbout I sec, which coresponds to rboul :okm in rclative orbir.rl longitude.

Tiroe

Fig 4. Total eciipse or occulrarion lighr cEvc

Uselul infomation cen b€ oblained iiom these

enlbles datemination ofthe moons longilude
dererninarion ofthe moons ladrude in orbir.

Ti.Ec

Fig 5. Pdtial ellipse or oc.ulBrion liEht curve

ligh! curves. The tirne of minimum Ught gives the time of mid evenr md so

in orbit. Evaluation oflhe deprh oflighr curve {magnirud€ dop) assists wilh

(hirai period I L86 years

lnclination 30 4'
t99l

Fig 3. Jupiter's Orbit
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II - HISTORY

Pholometdc obseNadons werc arempted for rhe 1986 evenrs, and these were the basis of a paper pres€nted ar rhe )ot NAc.dA
ar Hoban.

These obseNations were made fron the suburbs ofMelboume where b.ighr skies and various obstrucrions proveddifficulr.
Jim Pa*'s S scr was used for mos! even$. -d Barry Adcock's 12" schiefspeigler used for sevedl o.hers. A5 scr was
used forguiding. A Stlrlight pholometer was used (it was signific.ntly mo.e bulkt than th€ Opiec photometercurenrty being
used)- Timing proc€dures werc primitive. and werc nor hetped by mdio trequency inredcrcnce from rhe photometer. I ctran
rccorder was used as an oueut device.

There were many lessons leamed from this tirst experience. A good guide teles.op€ dnd accurate guiding were essenriai.
Dark skies were thought to b€ an advtrnrage, as was a more adequaie timing sysiem.

The evenls also had their amusing side. on one nighr,lwo evenrs were due. The fi'"t, in fie early evening, was obsewed ro
good effecr. thesecord was ro,rccur inthee&ly moming. Ar about 2a,.n i! was norlced lhat a (very lrrge) gum ire€ was going
io cruse some obstruclion. hdders and a saw nade shon work of sevenl br.nches, but the rask became too large trnd norsi
for lhe subu.bs). The obseNarory wrs dismanrred 

"nd 
moved to,] nearby carpark. The cloud ihen appeared s; we gave u;

Itr . EQUTPMENT

Obs€rvatjons in 1991 were made al Peter Nelson s Ellinbank Obseflarory. Sire coordinates arE (Ausrmiian Oeoderic Datum):

Latitude 38 l:l' :17.4"

Lonsitude 145 57'30.5'
Elevation l38m

The telescope is a 320mm equalorirlly mounted NeMonhn of l580mm focal tengih. The mounr is rubsrantiat and is of a
fork design The polar Jxis is l00mm is diarneter and the main bearing is a plumb€; block. The forkr are welded ro a taree
30mm thick sreel disc which mns on rwo be&ings. The design phiro;phy;f,he porar axis is rhar ol a cone. 'Ile retescoie
was built by Ken Harrison.

Th€ lelescope is housed io a domed obsewatory of 330omm diameter A domed observarory has proved a valuabte asset o.1
many nights when wind would have otherwise made phoromerry impossible.

An oPTEc ssPs photomulriplier based phoromerer w$ us€d for the obse*adons. A B" fitt€rwas used. wirh instmmenr
settings ofcounts x 10 and an inlefrtion time of 1 sec. Experience showed ftar belter rcsutts were obbined when a barlow
lens was insenedtefore the phoiometer. giving a smallereffecdve ap€fture. a,rd rhus reducing rhe impact ofsky glow from
ihe proximiry ofJupiter. Nore thri lhe photometer had rhe smallest apenure avaitable from Optec.

The analog outpu! ofthe pholometer wrs fed inro.n A,D convener and logged to haddisc via a dara logging program.

The guide telescope was an 80mm rcfiador of 1:00mm focal length. A l2n..n illuminared rcricle .,nd badow was used.

Fortiming, ashonwave ndio tuned to VNG(sMHz) was used ro ma..rually svnchronjse lhe computerclock. Tjming ccuracies
werc considercd good to 0.l sec.

\nilst mechanically the telescope used for the obseNadofls is solid and possesses ! very accurrre drive. rhe origioal
elecEonics werc sub_s.andard. The rclays used fo. comrolling rhe drive comcror were exposed am subject lo sticking. A
21ov d€clinllion moror was used ,nd had a srow response. (on one occasion a wire came loose from rhe motor ana niaae
the telescop€ livelil)

By May il was decided that the silulltion was nor tolelabie, so a new drive conecto. was designed and built. A l2V declinrlion
moror and ge"r train was flned. rcsulring inavery fasr rcsponse time. The new elec!rcnics;ere commissioned on 2ndJune,
1991. The results obhined aier this da€ prov€ rhe effecriveness of lhe new system.

The data logging prcgran was w.inen bv cbris stockd: e ofrhe LrTrobe varey Asrronomicd sociery (LVAS). Dara is
logged ro disk in AscII fo.mar. Dau is subsequenrly processed and graphed using a dedicaied prognm wri(en in pascat.
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IV - PROCEDURE

Predjctions lbr the mu$al events came via the Occullation Section of rhe RASNZ. The predictions origiflally came from
ICARUS 84.547 (1990). co-rutho.ed by K.A.ksnes (Institute for Theoredcal Asrrophys ics. Univenity ofOslo) dndF.Franklin
(Harvanl-S'niihsonian Cenlre for Aslrophysics, Cambndge. Mass. ).

Bnm Loader, R{SNZ. marked events that wouid be suilabte for -A.usmlasi!. From this list, Jim Blanksby (ASV) fu'ther
rcfin€d fte lisr according ro local circumstances.

Of lhe thiny-nine ev€nts lhat werE possibl€ ftom the observatory (giving consid€ration to facro$ such ds time of dny.
elevarion. proximiry ofJupiler, proximity ofthe Moon, elc.), nine were monilored wilh the photometer (because ofdvers€
wearher, equipmen! failure and other reasons). Of the nine. six werc deemed 10 be useable (rypically .esuits were rcject€d
because of poor seeing).

The procedure consBted of alignng lhe guide lelescope wift the photomeFr apertu.e. conneclingthe cabling for power dnd
lhe A./D converter lo the photome@r, balancing the (eLes€ope. syncbronisiog the compurer wirh VNC, lcdvating the data
logging pro$am, and guiding fbr lhe duration of the evenr. lr was soon discovered, that on deep eclipses ii was necessary ro
guide on a different moon to rhrr being ecLipsed.

Todouble check that the conecr moon(s) was being obseived. $e public domain compurer progam, JMOONS. wasuilised.
This progmn gave a rcal dme display ofdle moons orbiting Jupiter and made posi ve identificadon easy. For deep eclipses,
ttre progmm was very useful indet€nnining which othermooo was moving in lhe same direction and thus could be used for
guiding. Experience has shown tha! som€ configurations of the sarellites leave doubt as ro which are pafticipating in the
events, and in these siluadons the progmm has proved to be invaluable (you come to rcalise this on lhe filsi occasion on
which adifficult configuraiion ffcurs on which you do not have the prognm rvail.rble!)..

Initially sky readings werc t3ken nonh and south of {he moon(s), then rh€ (arget moon(s) werc cenrred in the apenure. Logging
lhen occunedunlil afte. lhe event was complete. and funher sky rcadings wer€ laken.

Alsnes and Franklin rEcommended taklng sky readirgs on the contralateml side ofJupiter as well when the event occun€d
less than 4 Jupit€r mdii ifom Jupn€r because oith€ sky brighhess due to Jupier. For practicat purposes, the only even! where
this was so was fiat on the sth Apri1. Badseeing ardclosing cloud prevenled such rcadings being lak€n.

Aksnes and Franklin also rccommended taking !$dings of the individual sat€llites, however with the fixed 40 arc second
photom€ter apenure (20 rrc seconds wirh the barlow), we lound this impossible.

V - RESULTS

The {esults for the iollowiflg events are shown in rhe grrphs of Appendix 1.

Some nores aboui each evenl ar€ given b€low:

DL = rcduction in Light rnlensily
O = occultation.
E = eclipse

I = rhe panicular moons involved (Io, erc.)

1612/9r - ?OlA DL=0.4O Seeing poor. B fi]rcr. counrs x I0. inbgration rime ls. Sky readings ta.ken Sth (b.ighieo and Nth
(fainter) afterfie eveni. El€vation ofJupiter 29 degrces.

t6/2/91 - 2ElA DL=0.69 Seeing poor. B filrer. counts x10, inregrarion iime ls. Sk! readings raken Sth (brighEr) and Nth
(fainrer) al1er ft€ erenr. Elevarion ofJupite.25 degrees.

20/3i91 - 201P DI-=o.l4 Difficulti€s guiding. B filer, coun6 xl0, integration lime I s. Sky readings taken before 3nd after
$e evenr. Elevation ofJupirer2S degrees.

5/.19r - lE3P DL=0.09 Drive co.rector difficullies many times, poor seeing. B filter, counts x10, integration rime ls. Sky
rcldings taken b€fore and afier the event. Elevarion ofJupiter 30 degrees.
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1.1/.1/91 - zE l P DL=0.15 Dark sky. bur lurbulenr. Few drive fiilures. B lilrer. counts r 1 0. integral ion rinre l s. Sky re dings

raken belbrc .rnd .rli€r the even!. Elevalion ofJupiter 3l degrces.

l9i6l91 - lO2T DL=.i6 B flher. counts xl0. inlegration ime Is. Sky rcadinss mken before 3nd aiier the €vent. New

elecrronics much morc salisirctory. Eleva on ofJupiter 20 degfies.

A complel€ analysis ol the results is beyond th€ scope ofrhis paper. Aksnes od Fnnklin !vill analyse lhe raw data lo e\tracl
the required info.malion.

A simple sraphical .rnalys is ol rhe obsen adon of the I 9th June h3s b€en performed Th is c.rn be seen in fi gure 6

Lines have been construcled through rhe sky rc.rdirgs. .rd a curve of besr fif drawn through lhe data points A line parallel

to rhe sky readings is drlwn mngenrial to the lower-mosr pan olrh€ dara cu.v€ - th€ irteneclion ofwhich gives fte time oi
minimum. The rime can also be obr.tined by folding Ilrc gruph. d visually m.rtching the two sides ofthe dip, ihe line ofthe
foid being rhe cenler.

The depth ofihe cune was evrluated by measuring lhe distance from point A ro the average olrhe sky fudings (Poinr C).
and lhe dismnce from point B Io poinl C. The depth ot'lhe curve is given b)':

DL = (AC-BC)/AC

The resuhs give .r DL ol0.l7 (predicted 0.36). and a minimum rime of8h 23m l3s UT (predicted 8h:8m).

A r€pon including graphs and ASCII files ofrhe successful observadons has been iorwarded ro Aksn€s and Franllin, as w€ll

ar Briln Loader oi fte RAS]VZ.
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VI. SIIMIVTARY

As !ri$ the I 986 rnutual evenrs. there has been m uc h to leam wirh the curent series of events.

In 1986 Jupiter lvas well placed bur fie equipment was { lrlde pnmrive md we were leaming how ro undenake rhe task.
Much l|rpid improvisarion was needed, rlthough wilheffo.l sd the involvement olJn emhusiasric group. some usetul resulls

In 1991. Jupiter was low in rhe sky Jnd poorl,v placed. The low elev ions ol the events (minimum irnnsss = l.8l arc nor
conducive ro good phorometry, however atention to deldl crn achieve useable results. The equipment $rs generdlly bener
wilh the 1991 rpparition. howeve. ihe o.iginll electronics oi the lelescope proved ro be rn Achiiles heel- Fittin! of th€ new
electronics was of grear advanraq€. and rhe telescope is now quite ldequare. We h3le rcfin€d rh€ proleedures and are now
m!-king good use ol compurer hcilities (which were not vi.tble i. I 986).

The obsenalory is now xble lo be used fo.pholometrv ofexlendedtime evenis, rs well,!s srell,lrphotomerry. The expenences
leamed are vatuable for future murual events, l1s well as such things as asr€roid rppulses.

One ofthe 3ulhors (Nelson), has been successlul in obtrining a gr$t trom rhe Edward Courbold Reserrch Fund. These iunds
are adminisrered by the Astronomical Associdtion ofQueend.rnd (dA.Q). A Lynxx/CCD pho@meler has been ordered.

It is envisaged lhat fie CCD photomeler can be made to autoguide, hence photometry ofexrend€d rime ev€nts wili be much
easier and ofenhanced quaiity. Also, rhe CCD photometer shoutd hale .lppliclrions in monilodng ofJupirer eclipse evenrs.
The close proximity ofJupirer ro lhe fadjng (or brighrening) moon will b€ of less consequence to a CCD photomerer ftan a
photomulriplier based phorometer in vjew of lhe smalle. effective apenurc. The CCD based photometer will also allow
cimulraneour monironrg olobjerr. sk) and companson.

Havrng two photometers available willallow duel phorometry runs ro be done. This will be a significant advanrage forskies
ofchrnging lmnsp3rency. Geographically sepamre monitonng of an eveni (eg a photometric fence for asreroi&l appulset
will also be possible-

For lurure evenrs we now feel we are well placed. The availability of rhe CCD photometer, in addition lo makjng orher rypes
of phorometry possible. will enhance $e qualily ofthe results obtained.

Finally. lhose who helped wirh obse ations hlve to b€ ihaoked. Jim Blanksby assisted on many rughts. often driving to fie
observatory on doubd'ul nights. Others who have assisted inciude Barry Adcock. Steve Robens. Allred Kruijshoop. Brian
Amey. Daryl Begg and Parricia Lariin.
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BRIGHTNESS
NIATHE}IATICAL MODELS USED IN ASTRONONIY TO DESCRIBE THE

BRIGHTNESS OF A STELLAR OB.IECT,

tc adstone Road. p€ct
Astronomical Societv of South ,{ustralia
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astraph}sicist Pralessor Ls.Shklt)rtkii nt the Sternbery AstrDnatnical ln\nrrc oI the Sa\iet Acale t\ of Science, i
Mo\cov. L \a,as dutin,J th'J petiad tdt he Jitlt becd,ne L ereltel i ustrt)rtorl\. He i\ no$ a delicued at,nteur
ostrona'nerwith special interest in stellut d"nonics. He is d lenbet ofthe Astrona,nictL Sociery oJSouth Australid

O\)et the past nlent!- )-eats Nicholas Derkich hat becat e vell knoirn to n]|''n]. hundreds of seniot high schoL)l studentt in
Ausrralia ds u ,tu $ teacher dnd as a s ryt-||titet afld presenter ol educational ridea progruns. He uses a combindtion
of histod, hudour and p cticat de anlt tions in his teachi g nethods a has d teputatian of ndking complicoted
maths easiet ta handle. His nost recent tideas 'The Magic af Nunbers', C eonetry - the science of nea sur ement ' and
,lntroduction to Calcul|s", t|ere ptoduced by the Unive iu oJ Adelaide. He is cutre tlJ \rtiting an educational rideo
sctipt on Ffictol Geo rctry.

Abstract

Narure blLs p.olided l]le hulnan eye wilh a pboto-sersilve tissue which controls tie wat/ in wbich we see the ligbt
l1nd p€rceive ils brightness. The sensation ol brighuress is mpressed on the brain by the mechanisn of sensory
p€rccprion

Nlodem analylical reseffch had clearly denronstr3ted lhat the pholo-sensuiv€ tissue of the hurnrn e."_e behav€s like a
phoro-electfic cell and delecls bnghmess in accordrnce with.n inhcrently logJtiftmlc hw which is universJl. Whe
differenr peopie look a! lhe same stir, they see. more or less, lhd sJme radbnce of colour md intensity.

This pap€r descflbes &e derivadon of some imporunl equations used io astronomy lo detine and to detemline l-he

brighmess oi a stellar objecl. The denvatron is bdsed on the well esublished lsychophysical propeftjes of scnsory
perceprion.

Brighrness of a stellar objcc! is one of the subde concepts in asEonornt-. and o € of Lbe least und€rsrood by amatcurs;
rlris marerial is inrcndcd ro be educational and is rimed at helpins $e beginner or the amalcur lo see a coherent
matrhemrlrcal modcl behind the fun&mentxl concept of bnghhess.

I- INTRODUCTION

Tlre scnsory perceplon of brighlness was sludied extensively in t]]e Last century by tlo Ccrmar analomisr and
physidogisr E. H. Weber (1795-18?8). Webcr conducled the original research on sensory pcrccpliorr belween 183.1

,nd t85l at tie University of Leipzig. He was using a lighl source of variable inlensity as $e sdmulant. His
controlled cxperiments were designed to meaiure 1\,"o-poinl thresbolds in sensibility.

Weblas experimenol data showed a deiinite rehlionship belween tho cha ge in the inlensity ol lhe slimulus and 0tc

co.responding change in drc percepdon of that stimulus. Tbis work led to Weber's discovery ol the principle wbich
dcscribes sensory discriminatiorr of t1le least pc.ceptible dilicrence between two slimuli According to Webct s

principle ir is the rruo ol ligh! inrensiries which ildtcnnincs fic scnso.y discrsninirhoD ol leasl percepriblc

Webeis enpirical relarion slnrwed dra( dre physiolo:ical respo se of drc cye lo a ph)sicrl stinulus p.oduccd by dre

light sourcc was proponionrl to the nulural logffillrm of ti\.l ninrulus.

weber s work Nttraclcd ue atrcntion ol dre Germit scienusl G -L 
Fechner, \,'ho was fien lle prolcssor of physics at

l,]]c Ilnrversiry of Leipzig !_ech c. rade Weber's experimcnts tllc basrs of psr_chophysics ard gave nirthcmaticrl
Iomr !o tlre empiricrl rehtionshrp cslablished by Web€r This relalionship is now known as dre Weber_Fechncr law
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II. THE WEBER.FECHNER LAW

The Wcbcr-Fech er law crn be expresscd concisely by a ma$ematicat .elaLion

il;*=tnt+. r+o

dn - -lLlL

where /rr is a neasurablc clrange in seosory percepuon of rhe el,e when stimulated btr a lighr source

t'e vaned in intensity by iDcremenls /1.

The minus sign is used since, by convenlion. a decr se in light inlensity corresponds to afi rncrcxsc rn
magnilude.

Tlris tnnslarcs into equatioo form

dti= -clL I L

The term c in equalion ( I ) is the constant of profD(ionalily.

The valuc of c car be determined experim€nLdlv.

Rearringing ( I ) gives:
dm1
tlL - 'L

Usiog s(ardlrcl integrals ( lb ) and ( lc ) :

i'"a' = -l *'-' *'J n +l

(l)

( la)

(rb)

(lc)

al]d integiating ( la ) witb .especl ro a, we obtain dre imponant equarion l

which implies ftar

(2)

rl)

L which cm

tie apparen!

n =-clnL+C

m * lnL

This relation is the more coo.mon form of the web€r-Fecbner law which sbows lhai fte physiological response of rhe
eye to brighbess a5 a physical ligh! slimulus is proponionat lo &e nalurat logaridrm of tiai stimulus.

Dased on this law a sundrlrd magnilude scale was devised and $e brighmess of many sbrs were delermined
pholomelricxlly in 1856. Widinafewyea the scale for measuring brightness was adopr€d by asronomenj
intemalronrlly.

III. APPARENT NIACNITUDE

Based on the Weber Fcchner law, rhe technical t€rn magnitude, as used in modem aslJooomy, is defined as a
log.[ithnlic mcasure ol $e rmounr of tlux rcceived kom a Iuminous object.

The lcrm apparrnt magnitude is used in asronomy to desmbc tle obsewed brightness of a srellar objecl based
ooly on its physicai appeuritncc to the eye, wii! no accounl for its disurnce.
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ft is a ner\urc of dre .mounl oi flux received tiom thc object by dre eye

This measure, performed by dre eye. as we hav€ seen. according lo Lhe \ltb€r-Fecbncr law, is inlrercnlly logaridrmic.

For rwo stellar objecls of apparen! nugoitudes ,Ir irod /tl. ,nd conesponding to brighlress | ,frO ! we can use

equxtion ( 2 ) to express dre relations

m..=-cIn11+C

m1= 'clr, 11+ C

(3.r)

(3b)

{,r)

(,la)

(s)

Subtracdng ( 3b ) Iiom ( la )

, - nI. - -cln L - (-c ln t.1

=.ln4-clnL

='.'(?)

Applving rhe definilion of logs lo ( ,1 ) we obnin

Wricb oo rflrran.sing givos

='"[:)

tqf- |',..l

,,",-^,,i - l4)
\.L.,

l:f "', 
f L)t'J - trj

I
Inequadon(4a). e'isaconslantwherc ? =2.71828.., is tie base of a natural logatidrm andc isaconslant
wbich crn be de€rmined expednenlslly.

and subnirute inro {,la ) we obtlin ,nl - rn: and compnring wiri he conesponding valucs for the cbarge in brighhess

ralio LtlLt we s€eresulL\ summ.msed in Table L
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TABLE I

MACNmTDE
DIFFER-DNCE

BRIGIITNESS
RATIO

1)

I
2

3
I
5

L.
Lt

p0
pl
pl
pl
p.1

{

Ingurithnic relation be\'een nagfitnde dilJerence und lhe coffesporuling bt*hme\\ tio
The Lell coLu,nn incteates arihneticallJ brt the ght colnnn inctea\es geo enicaLL!

Table I clcarly shows tlrar the brighhess rado L,ilr increaries in accordance wi$ a geomekical progression

f, pt, F,... tt ( cotrtnlon rariop).

whils! rbe corrcsponding magnilud€ difference, as pe.ceived by ttre obsener's eye, inc.e.ses in an arithmelicll

Progression

1.2.3....n ( comnon differeoce of unity ).

Takiog logari$ms to base p in equadon ( ia ) we obtain

qlrch. by deirnroon ol log\. mplic! brt

(.lb)

Ihe rcrurl value oi p oboined by Webcr in his experimenK was very close lo 25

willi:rm Herschet, using empiricd merhods, also obBrned the sanc ralio oi 2.5 : I p€r ragnitude diilcrence for the

surs which w€r€ visibl; widr llre nr*ed eye. The sane raLio of 2 5 1 31so p€rsisled ibr dr€ telescopic magniludes. i.e.

lor dre sL : which could only be scen widr lhe aid oi a telescope The same logaridmic law operaled for tle naked

eye objecis ard lor &c telescopic objccts.

Remarkably, the s&'ne rauo of 2.5 r I is consistent \,/idr the magnitude scale used by Hippircbus ln 150 B.C If we

compare iis naked eyc estimates with lhe modem photomeric measurements, we find tbat Ilipparchus llrsl
magniludc stars were about 2.5 times brighler $an his second magnitude s!us' wbich in tum w€re lbout 2.5 times

brighier than his tiird magnilude stars 3nd so on, in equal steps, to thc sixth magnitude

This nakes thc slltrs of ihe first magnitude in Hipparchus cirLal{)gue to be about

?.5\2..5x2.5x2.5x2.5=(2.5)i =98 $hich rs close to 100 times brighter lhin the stars oi the sixth

m.rgnitudc

l}e {trllererrce in nugnitudc tJi 5 unrls corespondcd lo t|e cl ole in brishtness b.v I irLcrcr olabout I0l_)

(r^t
(rn,-rl.)=los- *l

\q,

(t-)
\t' )
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Due ro a suggeslion made by tlrc English astronomcr Noflnnn Pogynr rn 1856 drc consLtrt p h equatior ( 5 ) was

madc equal to exacrl]_ VT00 = 2.i11886a32 so that lnc dil1cronce ol five nngniludes would conespond cxactly to

a brightoess.ario of 100 ro I Any r$o siars ilrat differ by one magnitude have a brighrness r:llio oi Vltttt t. tnu"n
as Lhe Pogson ratio. This is a standud conv€ntion sommonly used by asronomcrs.
Thrs consunt v.lue of 2.511886.f32, ( whichcrnberoundedollllt2.5li9oreleo lrt25 ior most pnlcrictLl purposes ),

is lypicxlly a number, lhe eye conslanf , wbich the eyc usos to sec dre light nnd to perceiv€ the measurc ol its
briglrmess.

If we now subsrirure p = 2.5 inio Table l, the logari$mic chrnge in lhe brightness rrlio can be seen q rntioLively in
Trhle 2.

TABLE 2

MAGNTIUDE
DIFF]]RENCE

BRIGI]T\ESS
RATlO

L:
L1

0
I
2
3
:1

5
6
1

8

I
10

15

20
25

1

2.5
6.3
l6
,t0
100
251
6,? I
1585
398r

10,000
Li:rO0.000

100,000,000
10,000,000.000

The scdle of dppatent nogniludes a ing *e relarian be een the
ndgnirLde dilJerence dntl the cotrespa ditg btighheis rutio.

Table ? shows that $e thintest objects deectable today by the best lelescopes ffe about 10 billion [mes falnler lhen
$e stars of the first magnitude.

When more and mo.e accurale pholonel]]c rneasuremenl\ ol sl'us wcre m:Lde. il was found &ai &€ l-Lrst foul of tie
bdghtest stius in the b€avens falL just outside tbe zero nark. Since fte brigbrness of a srellir obJect increases in
inrcnsity according to thc sxme logxnihmic law, the son&rd magnitude scale was srmply extended into negative

Most recenl measurements ol the
AJctur s C 0.1 ). On dris scale.
apparent magnirude of ( -26.7 ).

Using lne above figures, dre Sun
brighhess equrion ( ,lb ) gives

Thrs nakes the Sun appro{imately .l0r:). 000 t nes brishter than drc lull m(!)n.

Another approacb isto use the well knolvn logaridrmic proFny according to |jhich ELogor hrt old ptodLtct ir equaL
to the su t oI logaith ls. In fie above case, the magnrlude diilerence of li can bc cxp.essed as logalidnic sum irnd

lour bnghres! surs arer Sirius ( -1.,f ), Cdnopus ( -0.7 ), (l Cenrau.i ( - 0.1 )and
tie iull moon slincs a! ( -12.6 ) ind $e radimr ligh! coming f.on our sun has the

is -12.6 - ( - 26.7 ) = i-1.1 magnitudes briehler rhen rhe moon. Subsliluling into

p(a-^'r = (2.51 l9)r'1 = 398.137

t\-D1.=14=5+5+:1

= 1og15100 + logr J 100 + log,5 40
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= los. .( 100 x 100 x.10 )

= tos .,l".Onn = L=--' L".""

The result shows tbar t}le Sun is approximacly 10. 000 dmes brighter ftrn dre iull \.,toon

'nre apprren! nagnitude scale is now universally uscd by asronomers when conparins brighroess of stcllar objects

Example l
The slar Betelqeuse ( d Orio is ) hrs lrn app.rrenr nr.agnitude 0.,11 lrnd rbe sur Pollur, lhe bngbor oi rhe lwins. ( 0
Geminorum ), has an apparcn! magnilude Ll6 . What is the brigbtness ratio.

Using equaiion ( .1b )

/r \p""'=L;l
\9,/

dn,j ,ub\urufing lpprupnare vtlue\ wc oblixn:

"" 
( 1".," 

"._" 
\y --.5' '" -',=2.5 =,*=[-;:)

i.e,, Betelgeuse is almosr t\,"ice as brishl as pollDx

During lhe past two decades rhe accuracy of measuring ,lnd crlibradng techniques in photomery mproved even
turther, using (ie state of the art, compu@r based. (echnology.

The apparen! magnitude scale hacl ro be furrher exle ded, along fie sane togarirhmic path, ro inciude rhe magnirudes
of the fainlesr objects derccable bday by the mosr aclvanced te.resdal and ipace teleicopes.

Rcfe. to end of document for Table 3 whicb shows the comparison in brighrness of some $ell knoen objrcis.

If we now lale logaritims to base l0 in equarion ( ,la ) we obtain

(r t
(n' - ,'r- )logP = lo-g 3 

|t4,r

Set P=2.5 + logp = 0.4

fi; rnlphe. lirr

ia-'*1oe;=logl I ]' '\4) -
Dividc both sides by 0.-1 to ger:

r /1-\
tDr - rr, )= 

- 
lori ..: I' 01 '\4,1

AnJ .o w( l,J\r ri( rmporLr,l bn1l nl.,\ cquru.\fl

/, \
lnr -rn l= l.5lor:l 3 |-\ L j 

,r)
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ir cfut be seen fron equation ( 6 ) tllal if r]le ma-qnirude diiterencc b€rwecn 1wo sources is rero, $is would conespond

!_^_, -,_,:-y_|aL-:-\
la

i.e., bor.h sourc€s are equal in brightncss.

To male melsuremenN we musl deline a zero point where a sor ol certrin magniiude has a consunt tlux dcnsily.

Histoncally, tbe zero oi tle scalc was establish€d by dssigniog agniludes to a group of shndard sors near the No(h
celestlal pole, known as lhe Noni Poldr Sequence. More recendy, dre sundard of brightness has beon determined by
photoelecric measuremenIs.

IfwcchoosearcfcrcnccstJwhosemagniludeistrkenaszero.i.e.mr=0andrlreretbre4=Iandsubstiturein
equation(6)weob(aio

0-,h =2 5109 L

which gives De appare t magnitude of the s€cord source as

,! = -2 5Logq

and for a single source

n = -2.5log L l1)

Equation ( 7 ) can be used !o calculale tbe combined magnitude of binary stfis

Exrmple 2.
Alpha Cenlauri (o-Centauri) is a double slar, but ro the nated eye it is seen as a single sur. The components of d-
CenBuri have $e apparent nagnitudes of 0.33 rnd l-70. Calculare dre combined apparen! magnitude of d-Ceorauri.

Solution 2.
Componen! A has 

',a = 0.33. Substltute in ( 7 ):

0.33 = -2.5log l,r

n 11

2.5

_!i
- L^ = 10 15 = 0.738

Component B bas /nB = 1.70 Substrru1e in ( 7 ):

1.70 = -2.5log l,

_ 1.70

2.5

_!1
.. lB=10 ri =0.209
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Componeo! A + Conpon€nr B

Suh\nruLer)(7):

Lotu=L,+L"

4*, = 0.738+ 0.209

,r.\+, = -2.5log li-'

d,r*s = -2.510g0.947

.. rr4+, = 0.06

ry=O and logL =l

n\+0 dnd logl-+l

,r: - constant = -2.5 log ll

Tbe apparenr magnirude ol d-Ccnuuri is 0.06.
'fbis b.ightness is due to dre combined bngbhess ol lhc two componenrs A and B
Note drat ,ArB = aA + 18 wherq\ ,nA*B * ?4A + ,nB

IV. ABSOLUTE MAGNITUDE

The apparenl magnitude takes no account of the distance from the source rnd so we do not know if it is powerful and
a long way away or a weak source close by.

The physical appe.fance of a slar depends on a combinadon ol the s{nr\ intrinsic brighhess, rhc dimmirg effec! in
accordance wi$ dre inverse square law, which depends on rhe distance from tbe srar, irnd lhe amounr of lighl
absortted by intersrcllar ma(er between the sLfi and tlle crrth.
To dercrmine tie relative srenglh of r!€llar sources. asfonomers define a magnitude scale which determines the
inrinsic brightness or luminosity ol $e source. Ir is called the absolure nugnitude scale.

The absolute magnitude of a sreilar objeci is defined a5 lhe apparenr magnirude of thar objecr if it is located at a
.tan.lrrd disbnce oi l0 par.ec(.

The term absolute magnitude is no! ro be confused with rhe leml Luminosity which is rhe 1otal energy emilred by
a stcllar objec! inregraled over all direcdons.

The combinadon of inverse square law of bdgbhess and th€ definirion of the magnitude scale allows us to compute
lie absolule nagnitude. Placing all objects at lhe same strndardised distance would penni! a direc! comparison.

We hirve seen from equauon ( 6 ) dra! when we compire the brig|rness of any two suusi

/, \
/nr- -,,r-\=l sl,',J 9l't1. l

We have also exaaincd edrlier in lhis srudy lhe case where

Now consider rh€ ci$e whc.c

or in more general terms
,n -consNrt=-2.5 LogL ( 8 )

Using the Inverse Squ rc l.uw, the rclationship berween the inrinsic brightness of lhe sourcc S.ud irs luninosity L is

t9)
,L
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where I is dre disunce tiom fie source. Subsrirurog in Equa (nl ( 8 ) we have

,1 - consUtnl = - 2.5lo-q (l/l:)

=-1.5(loltl-2los.l)
=-2.5 logl +5logl

.md adding consLTt ro bodr sides we get equauon i 1(l ) :

/n = consulr| ,:.5 loga + 5logd (]0)

If dre stellar object is phced a! a disuucc ol l0 p:]rsccs dren by dclinitioo ol lJle absolur€ magnrtude we obtain

M = con!Lul'2.s lost+5 (11 )

.rn!( IJS J = lr.; l0 I

wbere ]}.1 is rie absolule nagrirude of fiar srellar objec!.

Subiracdng equalion ( ll ) tiom equarion ( l0 ) \re lrave

n-M=5logd-5

Reananging gives
M=n-5logd+5

In Grms ol disl ce I we get

n-,V+5losd = 

-

- 5 ir2)
This is the importrnt fomula in astonomy commonly refened ro as the distance modulus.
Tbis fornuta can be used !o compute Lhe disNirnce to dre sur if tbe absolure magnirude is know or to find the
absolule mrgnitude if the disEnce is known

We can now evaluate the absolule mngnilude of &e sun. At a disLmce of I AU, wbiclr is l/206525pc. the subslilulion
i:no M = n- 51.'gd + 5 gives M =.t.87lor tlre absolute ma-qnitude offie sun

Examph 3.
Sirius has visud apparenl magnitude rnv = -l:15 urd absolute magnitudc,],/v = t,ll Cdcuiarc drc disrance iiom
Sinus.

Solution 3
Using equation ( 12 )

looJ = t-M+5
'5

Nnd subslituun! &e values, we _se!

_ - 1. .15 - (1. ,11) + 5

5

-2.86 + 5

5

5

.. l=10 r'r=2.68pc=2.68x3.259=8.7 light tears

Il.e r.LJrr(c rron rlL i:.flh r, ure. :ri cra N F q _ ..rn' !<.U.,
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Example 4.

(Adapted from the examinarioo paper given ro rbe fiIsr ye3r asrooomy studenB in November l99l ar rhe FlindeN
Unive^ity of Souri Ausralia. Structure of the Uniyefie muJ'dle.)

A sl.lr C, having the sane inrinsic brighrness as &e Sun. is in the Large Magetlanic Cloud at a distance of 53,000
pc. Whar is $e apparenr magnilude of tbe strr 4 given lh& rhe absolure magnilude of tbe Sun is 1.87 ?

Solution 4.

Reanangiog equation ( 12 ) gives:

m=M+5logd-5

Subsliluting appropriale values gives the ffs\rer:

n =,1.8? + 5( 10953,000 ) _ 5

= I B,t + S x 1..t243 - 5 = -Bl
The sl,r a har 

^n 
ar)mrenr maqnirude of 2ll 5

This example illustrales tbat rhe sun, if placed in the LMC, would have an apparenr magnirude of 23.5. With todays'
tecbnology, we would need rhe besr relescope on eanh ro resotve a srellar objecr like our Sun in rhe LMC.

L

!
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TAtsLE 3
APPARENT IvIAGNITUDES OF WELL-KNOlVN OAJECTS COMP.\RED

28 Hubble Soace TeLescope Limit

21 Palomar Lilnit (Pholographic)24

20 Palomat Lin!t (visual)

18

15
14

13
'12

10 Binocular Limir10

8

6 Naked Eve Limit

4
3.5

2

0.7
0

-47
_:::: _ -::13::: _::: _:::::::::

,3
-2

-4 J
venus rm ,

-6

-8

-10

-12

-1,1

-26.7 S 
'!n

-16

-14

-2A

-22

-24

-26
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The last great speculum

John Pe ri.)i, PO Bor 107. Wenbley, WA 6014
Astronomical Societt of Western Australid

Abstract

The injecrion ofgold royalties imo fie Treasury of rhe Colony of Ucroria and Herschel's obseNadons ofnebulae anddoubLe

srars in southemskies were the crtalysB tbr rhe crqu Melboum€ Telescope. The concepdon, geslation. bi.th,life, md dearh

are discussed. Wrs irs faiture due to design and maierials ol consrruclion o. colonial incompetence? The imbilhy to take

phorogmphs ofgreaer lhan two minutes €xposure restricled its usetulness.

I . INTRODUCTION

The bicentemial annivenary of the binh ofJohn F W Henchel is an idealopponunity to review lhe pan play€d in Austnlian
astronomy by rhe Great \{elboume Telescope (GMT).It was lhe work olJohn Herschel, his fath€r William. and Lord Ross€

put inro obsening nebulae and rheir effons to resolve them which supplied the catalyst fo. ihe subsequenl constuction l]nd

insbllation of the largest equalorially-mounted telescope al fie lime (1869) in Melboume. Victoril.

Under his fa&er's supen ision, John Herschel complered r l0-foor telescope in l8:0 whiLh he used to me$ure double siitrs

for lhr€e ye,rs following his father's last obsewations in 1821. He lhen commenced re'examining nebuhe and cluste6

recorded by his farher and aunt Carciine, finalty compleiing the nonhem skies in te. years To complete the task, he went

ro South Africa. takinghis 2o-foot rcilector rnd a 7- loor rcfmcior, where he sny€d four yean.In South Africa he er€cled an

obs€rvatory in an esut€ he purchased at Feldhausen, some six niles from Cape Town, Figure l- During his slav he surveved

ihe southem skjes. cataloguing some 1700 clusters and nebulae and ?000 double strn

He6chel (1847) published rhe results of his endeavours in southem climes and these, togerher with those oblained by Lord
Rosse hrough his l?-inch refl€dor in Irelend. enthmlled the astronomical communhy ol England and EuroPe With the

greater lighr-galheing power ofRosse s refledor, many nonhem nebulae were resolved rnd the question arcse as to wha!

a large insrrument would be able to do in lhe southem hemispherE.

N . GREAT SOUTHERN TELESCOPE

The enthusiasfil with which Herschel's southem hemisphere observadons wele received promprcd discussion in the Council

of rhe Royal Society ,nd the British Associadon for the Advmcement of Science (BAAS) for lhe need of a large telescope

located in the southern hemisphere. This rcsulted in a Menonal beingdlawn up by T Romney Robinson (Presiden!ofBAAS)

wLlh $e concurcnce of lrrd Rosse (President ot$e Royal Soci€ty) which wrs s€nt to the Prime Minister. lrrd John Russell,

rcquesting funding ior a large ielescope lo be erccted in the soulhem hemisphere fie M€monal. in pan, rcad:

'The purpose is, that tte Golernnent be requeste.l to establishin some ltting part afHet Majesry's daminiotLt. a po\rerful

refiecting tetescope (not tess than three leet apertwe) and ta appoint an obsenet chargedwnh he dury of enploting it in
a review of the N ebutae of t he Southern H emisphere .' (B.dAS. 1 850).

The rcquest war unsuccessful. hThe lnaugunl Philipp Simon Lecture (Perdnx, 1970), it was staied thai the Memorial was

presenr€d ro Lord RusselL, wh€reas ir srates above lhrt it was sent.Indeed, il never reached Lord Russell, for the S€crelary

lo the Treasury, C Comewall Lewis. rcplied on behalfof the lrrds Commissioners of the Trcasury after consulting C B

Airy, the Astronomer Royal. For a succincl review ofrhe voluminous conespondence and rcPofts on the anemPt to achieve

aCrcat Sourh Telescope. ihe reader is.efened to wamer (1982).

The firsr an€mpt was stlrnied by Airy; however, when he became President ofthe BAAS in 1851. he expressed the opinion
lh:u r second attempt would rchieve ils goai. In the following yelr. The Sooth€m Telescope Committe€ was formed and il
spent considenble iime (mainly by conespondence) discussing the size of telescope, a suilable site. ,nd an experienced

obseder. The second approach was a deputaiion to th€ ftime Minisler. who had the request placedon lhe estimates. By the

time rhese were to be considered. Russia had invrdedTurke)' wilh the resull lhai Englandrnd France joined Turkey in lhe

Crimean war. This pur all non-milirary expenses on the back bumer. The ideaofa Greai South€m Teiescope went into limbo

as far as Enghnd was concem€d. bu! there was some activily on the otber site ofihe world
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III . THE NEW COLONY OF VICTORIA

On l85l July I the Colony of Vicroda was proclaimed and during the next te. )rears :r numberofeven$ occuned which had
an influence ofihe oulcome ofour nanalive.

. The discovery of gold ar Bailam. Bendigo. and orher cenrres in 1851.

. A sm,il asrronomic.rl observaroR was esrablished in 1853 ar Wiuia,nsrown wrrh Roben L J Ellery in charge.

Witlirn P Wilson. lounding Professor of Ma$ematics at rbe new University ofMelboume. rook up his appointmen! ar
the begrnning of 1855.

In I857. Georg von Neumayer arri v€d in rhe Colony with a cache of ins!rum€nrs, io set up a magneric and mereorological

An unpaid observer ar the Williamstown Obsenatory. Ceorge F Verdon, was elected in I 859 ro the Legistarive Assembty
ofthe Colonv oiVictoria and was given the ponfolio ofrhe Treasury.

The Board of Visiiors ro the Astronomical and Magneticat Obse^atories d€€ided in 1860 that a new obs€rvatory be
constmcted in the Govemmenr Reserve near ihe Botanical Museum.

lncluded in the pe$onnel of the Board of Visiro6 were Witson and Verdon.

From fte forcgoing poinls. lt may be seen thal the scene was set for lstronomical activiti€s in the Cotony of victoria to
rcceive an academic and financial boost. The one point ftar needs elabomtion is rhe significance of Williarn Parkinson Wilson
in the sening. He was Professor of Malhematics at Queen s uoive$ity, Belfasr. with an inErcst in aslronomy, who organized
the establishment oi a small observaory rhere wirh th€ .$sisrance of Robinson. when he applied for rhe posirion at The
Unive6ity of Melboume. lhe seiection pan€l offour in London included Herschei md Robinson. wherher iiwas suggested
fiat he shouid appiy or ir was his own desire is nor clear. NarumUy, wirh rwo asnonomers on rhe selecnon panel, borh of
wiom were members of rhe soulhem Telescope corruninee, wihon obtained the position. He anived in the colony in
1855. look up his posidon. and joined in the scientific rctivilies of lhe communiry by joining rhe Philosophical Socrely.
Arm€d with the latest developmenrs in England supplied by Robinson, he read a papet, Report an te Steps taien inEngtand
to provde aTelescopeJor obsenins the Nebulae al the Southem H.nispherc. ro rhe Philosophical lnsijrui€ ofVicroria in
1856 November. In this (wilson. 1856J he urged rhe memben of the Insdture to grasp ihe optonumry, offer Melboume rs
the site for a Great soulhem Telescope. and'ptace rhis colony in the foremosr mnk ofnations, parmns ot scjence'. He ended
with a pleafor&e Institute lo draw rhe anention ofrhe Legislature ro rhis magnificenr oppotunir).

After Verdon was el€cted !o the Legislative Assembly, he successfully moved on 1859 Decemb€r 8 for rhe iormarion of a
Board ofVisilors to supewise the Astronomical and Meteorological ObseNarories. With V€rdon ,nrd Witson on the Board,
lhe presence of r re"l scientisr (Neumav€r) in charge of one observatory. and the covemor as chainnan ofthe Board of
Visilors, Verdon and Wilson brcughr to rhe Board's anention

'.. the adtantases \|hich\|ould.€suh to the asnonanicat sciencetom orrster.atic obsenation Df the Nehutae and Doubte
Stdts oJ the Southern H emispherc wih a telescope oJ tarye opticat pow |, ...' tvictotian p drtianentar !- papers. I 862-3 ) .

Th€ Board rcquesr€d fie covemor ro ascertain from Engtand fte f$sibitiry of such a project. rhe ryp€ ofretescope. the cost,
and lhe completion time.

The rcquest was rcfened to lhe Royal Society by the Duke ofNewcasrle, Secrctary of Stare for the Colonies. A subcommitree
had b€en formed efflier from The Southem Teiest ope Commrllee ro \upennreni rhe manufacrure of irs prefened design of
tomas Grub. Herschel was added to the subcomminee and rec.lled to rcpiy io $e Viciorian rcques!. Ils rccommendarions
werc foRarded by the Duke olNewcasrle as follows:

ThaI fte relescope be a reflector ofnot less thrn four feer xp€nu.e_

Tha! the large miror be ofspeculum metal.

That the iube be consrmcred of open work, and ofmetal.

Tbat rhe relescope be tumished wirh aclock movemenr in.ighr $cension.

That an appantus tb. re-polishing the sp€culum be provided.
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That fte lbnn oflhe relescope be c.lssegnrni.lrl in p.eference to nervtorliirn

Thlll :he cosr {oJ-,i nor rJ.l mJcu 'hon oi i5000

ThLr,or"r,Lcr u. ^oJld G.up\ rbou( .8 monrh\.

. Thar fte future observerbe present dunng ar lerst pan ofthe construction md visu some olthe English observatones.

Tbe lime between the rcquest and the ultimrle ordering ofa telescope was nearly four yers dunng wlxch time there was a

1'lunl olconespondence across the ocems. During ftese wrnren discussions. iI was brought to the Bord's lltention lhat in
the,llrrnalr! o11863 \ovember. wiuiam hssell (a memhr oi the subcommr$ee) was prepiued to pteseni his large 4-fool
rcflector to Melboume prov'ded it was satisfactory and would be fully utilized. The Melboume Obselaatory was !o pay lbr
the coolersion tbr souihem larrtudes. ranspon. ilnd insurance costs. A considemble saving on the co$ ola new telescope,

Whiist Llssell was happv ro give his reilecrorro Meiboume. he poinled oul ftat Ih€ Board must b€ convinced thal it would
'fully sa sti lheir demands . This was confimed in a le!!€rfiom the RoyalSociery whowished to know the Boa.d's views
and instructions. The Board replied that the Royd Society should make th€ decision ... as io the iitness of Mr. L,rssell's
telescope for rhe work .u Melboume'. The Royal Soci€lv being in .ecess rcplied through irs President, Sir Edward Sabine.

lhar lhe ecommendations fbRarded erlLier r€mained however, taking inro consideration the mu.ificent offer ofLassell.
fie decision must now rcmain wirh in lhe hands oflhose tumishing the mone)r,lhe Legislature ofthe Colony irrespecdve of
the opjnion ofthe Rolal Society. A cl sic cllre ofbuck-passing.

The Board unanimously rcqu€sted fie Govemor. Sir Charles Dading. to rccommend th lhe Legislalive Assembly vole a
funher!2000 towards a new instmment olCrubb s d€sign !o add lo the !3000 whicb had alrcady been approv€d pending

the suitabilily ofLassell's ins$ument. At the end of 1866 February. a conlmcl wilh Crubb was signed. The order called fo[
an equ:uorially-mounted rclleclor wilh an apenu.e oi four feet, a Cassergnin focus, $e marn miron to be of speculum
metal, the tube to be of open latdce, a neamdriven polishing mlchine. and various auxiliar-v equipment. Thus the Creal
Southem T€lescope was to become th€ Grear \'lelboume Telescope.

IV . CONSTRUCTION, TESTING, AND DESPATCH

The construction ofrhe telescope rcok place in penllelsrerms whh &e mechanicalpars being fabricared by one team. while
another group wrestled with lhe opdcal componenis. The crsdng olsuch lffge speculom discs presented some difficultv wth
the fiISI arcmpl being declar€d uns3tisl'aclory due ro surface depressions. Grubb also iound a large cavity in the cdting when
n was broken up which forced him 1o change his pouring conditions. The meli consisted oftwenty-s€ven hundredweights
(1372 kg) of an eighty percen! copper. twenry p€rcenr tin alloy ofspeculum. The nm€aling time was nearly lour weeks after
which grinding could commence. fie laneriaking doubl€ lhe ime. By the end of 1866, the s€cond (third pouring) minorhad
been ooured and annealed. One is us€d to hearing about Monday's motor ca$ being lemons, and so i! may have be€n tru€
for Crubb s 48-inch lrlnrors, lor whils! the fimI was poured on a Monday, the second and thid minors werc poured on a
Friday.

When rhe telescope was compleled, it was erecled r! Dubiin early in 1868, Figure 2. The subcommitee inspected it and

viewed sevenl obj€€ts, including a Andromedae in drylight. The instmmeni performed v€ry s3lisfactorily, requiring only
minorcorecdons rnd the second lrrge speculum ro be reiigured. Whilst the lanerwas done, it was nol re-inspectedby the

sukommitree. Lassell and Le Sueur disse ed from the subcommittee's r€por; however. th€ir comments werc igno.ed.
Alben LeSueurwas the specialisr obseN€r. selected by the Soulhem Telescope Comminee. who spent considemble dme in
Dublin during rh€ manufaciure of the €lescope.

It was a strong recommendation of lhe Commiitee tha! a speciatist obsefler be selected and iraned in England. Robinson
(1867) in a letter to the Prcsid€nt of th€ Royal Sociely describes Le Sueur as follows:

'I wiLl conchde this lory letet bJ tellinslou how nuch I an satisliedwnh ou selection of the dstronomer \|ho is to work
fiis glariau: instrunen!. He is rot d mere na ematician:suchaone night beveo^ helpless\thenhe cane tothe prcctical
details of obseniry, b le is thorcu7hly rene.i in its optical ahd nechahical lequirements, dnd in the daiLt ||otk ofthe
absenatory. Fat this last he has been taihed br Pnfessot Adans du ng the pdst Jedr: ane olthe Comnttee, Mr Wdten
De ]a Rue, the lny af celestial phongrupheB, has insnucrcd hin ik E ry-st?ties ol that suryrising oft: dnd fot thc lust
thrce onths he has beenconstantly inMr.G tbb s eat/J, studying all the nvcha ism of the T elescope lofvhithI see he

has acqutrcdfu connand),andtakinganadivepdftinthepolishitlsofthesftatspcculu.HelcensIu:"toundetslan.l
this masr delicate pncess: and it is n\ opiion that. if repolishing heconles necessary. he i! lilLj competent to do tt
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The co*ignmenr w"s shipped in 36 ccses ro Ltverpooi from whence ir depaned rboard rhe Btack Brit Lin€ ship Empress
of the Seas with the lide on I 868 July I 9. On€ hundred dnd eteven days larer she be nhed ar witliamsrow n in rhe Colonv of
vrctonr. Le sueur rrirrelled on rhe siermer Bo'nbrr rmqns fi\e and J hJ.r *eeks bero'e rhe r(re$ope 3n" 

'"r,"Jr.., 
"","

V - INSTALLATION OF THE GREAT NIELBOURNE TELESCOPE

It is nol very olien rhat x lcienofic insrrument is purchased. plugged-in . and rlral n openres periecrty. There rrc 'local,
adjustments to be c.llrjed oul. perhaps r modificarion or three. or rh€ nddirion of some smril extra componenr. whilst rhe
modem sciendsr sccepts these condiilons. the tyrann,v ofdisrance.rnd fte positions ofthe Royat So.ielv Commifiee and the
Board ofVisilors compounded lhe siruation with lh€ CMT. These lwo bodies werc. unrbnunately, inrermediares between
fie manulacturer, Crubb, nnd fte cusrodia.as andoperators ofthe tetescope, the Melboume Obseflatory. The Board s duries
were to rcpon !o lhe Govemor and the Governmenr on the snle of the observarory and the work being carried our rhere. The
Royal Society wrs r€quested (hrough the Secrelary ol Srare for the Colonies) by rhe Boa.d ro offer advice and
rccommendations on 3 telescope which was manufactured by Grubb. So h was untbnunate thar lhe two intennedianes mded
accusaions over the inilial pmblems wirh rhe cMT.

The first ofrhese niggling problems was rhd ibe dJawings fo. rhe piers sent our by crubb were incorect- Luckiiy. lhe pie6
had not been built prlor to the alrival ofthe telescope. The piers were completed on 1868 Decemb€r 3l when rhe construcrion
leam look .t few days holidays, and wkhin a week had all the heavier pans of$e lelescope in place rnd covered wirh canvas.
Figure 3 shows a plan ofrhe building whose out€rdimensions werc 84 fee! (25.6 m) long. ?8.3 (8.63 m) wide, and 8.5 feet
(2 59 m) high Tlrc low heigh!ofrhe walls was toallow fte gabled roof over rhe telescope ro be rolled back over fte southem
poftion of rhe building. Wirh rhe exceplion oflhe sliding roof, the building was compler€d by $e end of Aprit.

Because of the differcnce in latitude ofMelboume md Dublin, the horizonml clock conoecring shafi had ro be lenFhened.
lhe venical shaft leading to the RA sector shortened, and a new suppon nrde for ir. This was inexcusable as rhe laritude of
Melboume had been forwarded ro crubb before rhe telescope was ordered. oher smatl poinl" needed conecting, lhe cause
of the rroubles. in som€ cases, may well have been rhe long ser joumey. By July, the relescope was rcady and the buitding
was finished at rhe same time.

Nexr month the testing commenced h eames! however, rhe performmce was nor good- This could be exptained by rhe facr
that Le S ueur had rcmoved lhe prolective varnish of shellac irom the fust large minor (this was designaled A) wirh melhyiated
spinl. which did not compLerely dissolve all the sh€tlac. The vamish on ihe second mirror, B, was €moved wiih naphba
when B was subniuted for A in rhe elescope in Sepember. It was wirh minor B b€ing used rhar rhe Board of visirors
inspected lnd exarined rhe cMT and rEponed on its p€domance.

In its sixth Repoft (victorian Parlia.nentary Papers, 1870), ihe Boad dweh at len$h on the connoversy rcgarding rhe poor
performance of the GMT which had alsobeen grven publicity in the local press. whilsrstating fie unsadsfacrory pe-ormince
of the GMT as The best form to which the image lof a star] could be broughr by any adus.men! of the focussing appar us
was an impedect cross, somewhar resembling the ace ofclubs', it did nor wish !o upset the Royal soci€ry. Th" bo.-irt""
whoinspectedlheGMTalDublinwerEquotedintheirRepofttohave...lbundtharthelightofevenla.gesta.swascollected
imo small, hard, and perfectly circular discs frce fiom rays .

There was a simple €xplanarion. pur the blame onro someone else_ Robinson (Victonai pariiamentary papers, 1870:7) in a
lefier to De 1a Rue wrote: 'Speculum B was rcpolhhed to rcmov€ a s]ight diffusion of light which you noriced, and which
was pedecliy rcmoved by rhe process, His command offigure is so grcat ihar I afi cenain this speculum also was p€rfect
when irleft his hands'. Sothere il is, mmorB wasnot re examinedby $e Corr,rnitee. As the Reponstares, ThiscircLrmsBnce
en.irely rclieves lhe nembers of the Board ftom the unpleasdnt position ofdiffering liom the members of the Commiriee on
so sinple a maneroffacl.It wa: all Grubb's fauh. The difiicuily wilh this is thar mirror B was u5ed for fie nexr nine monrhs
and performed'very much bener'than A.

Le sueu. repolish€d minor A in 1870 July and ir remained in operarion for $e nexr eighreen years. when he had finished
lhe rcpolishing. he packed his bags and rcrumed to England.

VI . RESULTS

During Le sueur's rime ar Melboume observatory, he srudied a numberofrhe nebulae and recorded rheir fb'-. He tound
lhat the-appearance ofrhe nebula of Argo (E!a Carinae) had changed considerabty from that dnwn by Helschet al rhe Cape
some 35 years ea.lier. He made spedroscopic obse.vations of Era,tugus and Jupiter- A numbe. ofhis obs€wations are ro b€
lound in fte only published rcsults offte work for which rhe CMT was published.
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Paft 1. and rhe only paft. ol Obsetaatk,ts of dk Southcfil N(bulac h1ad. wLtll th( Gt cat M(lbou leTelescope front i369 to
1885 was publ ished iD I 885. Of course ir \,ras too late by then for lhe modem rechnique of photography w.rs tlourishing. So
why was photogriphy nor used wrlh the GMTI A photograpbic lpparitus was supplied. eiving in l97l March and in l8?2
phorographs of rhe Moon trten through the GivlT were praised world-wide. The problem war that. despile what Robinson

and Grubb (1869) nuy hxve claimed, exposurcs longer than two minutes gave enlarged iftlges ofstars; and €longated ores
if there was any wind due ro rhe l]exure of the rube. As Ellery (1885) stares .egading photography with the OMT and

exposures ola rtw seconds '... magnificen! resuirs are obrainedi but that longer exposures. owing to the difficuity ofavoiding
rremors ud rlighl movemenrs offie Telescope. do not give sufficient promrse ro warrant devoring much time to il . This rs

conrinned by Bancchi (191.1) when he wrore Srella. phorography was triedwith lhe greai telescope. but unsuccesstully. It
was nor lound p.acricable ro guide lhe telescope steadilv enough during exposure .

A perusal offte Annual Repons olrhe Govemmenr Astronomer shows that very little scienrific work was perionned wrlh
rhe cMT atrer rhe d€layed publicarion of nebulae obseflitions in 1885. By 1888 fte suriaces ot' the mirrors had become so

duU rhar fte Board suggesEd the relescope be convefted into a relractoc howerer, Ellery spent two years rcpolishing the

minors only ro find rhat they now delenomted rapidly. Oth€r than a f€w photographs olCome! Halley. the GMT was used

from rhls !me on mdnly rb. visilors.

Who owned the GMT in the lLnal analysis? The Lu-paying ciiizens of Victoria ofcourse, so whal b€fter to do on a iine
evening lhan visit rh€ observatory and rcquesl oreven demand a look through lh€rrtelescope, Figure.l. This mean thal lhe

obseNer could nor ger on with his scientific work until after they had le1i, pefiaps amund midnighi No wonde.Le Sueur
leii alierone year, the nexr dedicated observer. E Farie Mcceorge, doubled rhis effon and lasled two years. Joe Tumer was

eilher mor€ conscientious or had no wher€ else ro go, bu! it was the d€ath ofhim, for he dred on lhe job after ten y€ars. The

last obsener was Pietro Bancchi who uldmarely b€came Govemment Asionomer-

VII - DISCUSSION

How was it that on€ of Queen Vicloria s smallesr colonies got ihe world's hrgest equatorially-mounted telescope at the lime?
The firsr choice was. ofcoutse. Sourh Airicri however Thonas Nlaclear. HM Asronomer al lhe Crpe. was more int€rested

in the '... utilitanan branches ofcatatoguing and of inproving fte planetary theory by systemrtic obs€rvatrons...', end would
have prcfered some compurersand a rransircircle. This was a set-back to th€ South€m Telescope Committee. who, in th€ir
rcqu€srsroCovemmetu left lhe location ofthe reflector to &ose supplying$e fioances. Again, arevi€w ofthe conespondence
covenng rhis may b€ found in Wamer (1982).

Following wilson s arrival in Melboume, he set about with the fervourofr man possessed to promole lhe idea of yelboume

being the ideal location for the Creal Southem Tel€scope. As mention€d above, he wa5 very well rcquarnied with Robinson
who kepi him infomed of the la!€s!d€veiopmenB in London. As e,rly as 1858, he rrmnged for a model ofthe grca! rcflector
to be made and erected at lhe Univ€$iry. His liequenr lectures to local scienrific socieri€s u.ging them rc petition the

L€gislarure for funds ro establish a larger ainonom ical observatory and to iund a large rcfledor.

Th€ eiection of Verdon to th€ l€gislative Assembly, and panicularly io the ponfolio ol Trcasury grcatly enhanced the

possibility of gaining funds for r new obseruatory. His successful motion in pariiamenl to have the observatories placed

under c Board of Visitors, particularly with Wilson and himselfon it. gave slanding (in the eyes of th€ Legislature) to the

obseNalories in a small community which had very littte, ifany. inrercst in astronomy. The major pm of the work car.i€d
oul at the astronomical observarory was tha! ofkeeping corre€t time and checking weights and measLrres.

The enthusiasm of fiese lwo genllemen and a Covemor (Sir H€nry Barky), with d considemble store oi scienlific
knowledge , a5 Chaimran of ihe Boa.d of Visirors, made it on ly a matler of convincing fte Legislalure to paft wilh some of
its gold royalties for such a noble purpose which wouldput Victoria on the wodd scene scientifically andculturally.

Wlal went wrong with lhe GMT? It was a faiiuei and a lilany of excuses or reasons could be produced.

It couldbe saidthat itwasjust abi! ahead of its time. forshouldfie requesr lo.advice had come {iom Vidona ten yerrs
Iater, then asilvercd minor wouldhavercsulted. Some people, fixedintheir ways and not prepared to accept n€wconcepts
lnd inventions. stopped the silvered minor ilom being recommended.

Ifr silvered minor lvas not acceprable. why not use r rcliaclor for the review ofthe nebulae? Yes, the persons mentioned
rbove did enquirc aboul an equi!alent rciracro., bur were put off by the estimated cosl gven by European m.tnui-actures.

It would appear lhat ftis grearercost. pefiaps up to iour times, was never conv€yed to Victorir ft must be rcmembercd

thlt Grubb had made several ielescop€s for Robinson-
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Gold-nch Victo.ra could have.rlTorded a dome which would have eliminrred mosrolthe vibradon and grearly exrended
fie number of viewing nights. Wilson, in ore ol his lecrrres, iterared the BAAS view ftat '... lelescope\ so grg$rjc lre
ere€ted in the open air'.

Melboume does nor have the best tmck record for good asronomical viewing nighls, so why was nor a locarion our of
the city considered? When South Aftica was still under consideratjon and Piazzi Smrrh was €ndeavounng to b€ selecr€d
as the astronomer for the gear.€flecror. he was suggesring a sire ar a.n etevlrdon of t0.000 feer. Whitsr Melboume does
nor have elevations of rh3r me!]sure, iherc were surlable. elevared clean sites avaihble in rhe colony.

Despite.whar Robinson claimed. the tube had too much flexurc which made obserying difficuhy.In all positions grelrer
than 20'zenith dislance, the mirrors became out of coll imation, .ecessitating rhe obs€rver to rcadjusr the large mirror.

This flexLrrc precluded the use of photogmphy ibrexposures grearerthan rwo minutes dndonly rhen if rhere was no wind.

The long equivalent focai len$h of 160 feer (48.8 m) gave a lield of 12' 30" dianerer with rhe lowesi eyepiece, whose
field-lens was ninc hch€s (127 nunl in diameter dnd one inch (25 rnm) thick. This excessive focai lengrh alsopres€ned
difiiculties wh€n using ihe spectroscope.

Bureaucmdc problems in a Covemmen!run observatory did nor contribure ro hafinonious relarionships. This could have
easily helped Le Sueur in making his decision to quit. He had mosr probably neverbeen a public servant.

The main functions of the observatory were direcred to rcgulaijng chronometer, met€orology, wejght and measures.

Wlat was needed wrs a sensadonal discovery. Because ofabroken declinatjon ctamp, a search tor lhe suspected moons
of Mars could no. be undefiakefl.

Llsrly, the iynnny of distance from rhe manufrctu.er.

It is unibnunale thai the CMT did nol p€rform up !o the expecEtions ofboth those who recommended !h€ specifications and
lhose who pu! up the iinances for such a noble cause as lhe funherance ofscience,
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Figure I - SirJoho Herschel s obsen on at Fetdhtrusen. Cape oicood Hope

Figure : ' Telescope erected.rt Dublin tbr inspec(ion by Ro)ral Sociery Tclescope Commiuce
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Figure 3 - Plan ofrhe building which housed $e CrEar Melboume Telescope

Figur€ 4 - Visiron !t the lelescope
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Australia' s e arlie st astro nomical
groups and societies

Dr Wq)ne Orchisto ,27 Maridn
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(dtld a fe\t athers)

Dt ile,
of N.Z.
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