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Eclipsing Binary Modelling - An Amateur Perspective
Col Bembrick

Mt Tarana Observatory, Bathurst, NSW

At stracti

Amateur astronomers have long bcen invol\,ed in observing eclipsing binary stars. \dth visual. phorogaphic and,

more recendy. CCD lechniques. Traditionally, amaleun have concentrated on refining the epochs of minimum
light and fic periods ofthese binaries. However, in the last ten years. software has become available which
allows the dedicated amateur to model these systcnrs and dc.ivc some of the tundamcntal astrophysical

parameters many ofshich can only be derived lrom binary stars.

Rcccnt rcsults for rhc cclipsing binary V87l Arae as well as several olher binaries modelled by and/br

discovered by rmalcus sho$,hos,ctTccdle fiis approach ca, be. A greal many binary systems a! southerly

dcclinarions remain poorl! obsened. These are a lruittul field for the amateur pholomeric observer.

Introduction:

Visual variable srar obsen'ing has been keenly pursued by amateurs from the \ery first inception of lhe term

"variable stal. Laler both prolessional and amateur aslronomers switched 1() thr newly alailable pholographic

piate. Currently, pholographic ncthods are sliil used by the amareur malnly for patrol work connected i\ith
Novae and Supemovae while the professionals (and advanced amateuit have moved on to use photometen

and CCDs. Cunent amareur CCD plotometry is on par *nh much professional variable slar work.

A grcat dcal ofhigh qualirl, hardsarc and softs,are as well as Intcmct facilities now cnablc the dcdicated

amateur to particilatc in ncarly all aspccts of vnriable slar research. A comprchcnsile summary of varirble star

rypes and arnateur involvement is b be found in Good, 2003. ln pans this book is based heavily on Slerken &
Jaschek. 1996.

A rclalively rcccn1 dclclopmcnl has bccn $c arailability ol the Binary Makcr 2.0 softsare (Bradsrrecr, I992) ro

rhc teaching and arnrtcur community. For lhosc inleresFd in studying cclipsing binancs this softr'arc opcns up

erciting possibilities.

Theory:

Thcre are at lcasr threc twcs ofcclipsing binaries cornmonly identilied largcly on $e basis ofdEir distinctiv€
light cuncs (Figurc l). Allhough thc.c is considcrable overlap bctween thcsc classes, tlrcy are usually dcsignated

EA. EB. and EW. The EA binancs are naned fto]n their "qpe" example Algol or B Persei. Similarly the EB

class is named liom the best kno*n examplc fl LFae. Thc EW group dcrivcs its nanrc Fom the firsr kno*n
example W Ursae Majoris. Reasonably dctdilcd reatments ol lhese binary tlpcs can be lound in such sources

as Hofimeistcr, Richlcr & Wenzcl. l9E4 and in Sterken & Jaschek. 1996. A brief sunmary of tbe main

properties ofrhese differenr rlpes is in order here, bul we will then concenfate on detached (EA) twe binaries

i.e. Algoi or Algol-likc sy(ems.

i) Dctachcd binaries Algol llpc cclipsing systems (EA) are disiinguished by a number of leatures in th€ir light

curves (Figure :), which gcncrally rcmain almost consrant (flat) ou! ofeclipse (Slerken & Jaschek, 1996). As the

variaions out of eclipse are reladvely insignificant, the beginni.g and end of primary eclipses and (usually)

secondary eclipses can be determined easily. Eciipses may be total (1'1at-boltomed) or partial, but in some cascs

the secondary eclipse is too shallow to obsen'e (very cool secondary) or 1s absent altogether (very eccentric

orbits). ln general these systems have essentially sphcrical stars, bur the stars may be of very difercm
evolutionary states. Periods offiese binaries range liom very short (less than one day)lo years. The separation

between the slars is many times the srellar radii. Thus for cclipsc! 10 be obsened, the orbilal plane must be very

closc to our line-of-sight - i.e. fie orbilal plane must bc inclincd at close to 900 to the plale ofthc sky.

ii) Scmi-detached In lhese binary systems (EB) ihc Ughl curvc varics norc or lcss continuously oul ofeclipse,

making liming of the onset and end of eclipses very difficult. The pnmary and secondary €clipse depths arc

usually very different and the periods are gencrally greater than one day. Spectral types are B to A. Thcse

binaries have one or both components highly distorted by gravitational interaction and one componcnr may cv€n

fill its Roche lobe (Sterken & Jasc|ek, 1996) hcnce lhe '\erni-delached" name tag. Mass transfer beMeen the

components maybe takins place (eg 0 L).mc).
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iij)ConBcrorover-conuct]nlhesebinariestheligltcuncundergoescontinuousvarialionthJoughoutthe

"*r" ";rf'r 
tf'. -;." -a secondarv ecljpscs being difilcult to disdnguish as thev arc ofnearlv equal depth The

siars a.c ln contact, highty distorted and $e periods are very shorl (1ess than one dar' The surface te'nperaturcs

"iifr" 
*.p"""rtI; 

"t""r".,t 
simjlar (alihough their masses are different) and thus thcrc is probablv a "common

cnvelope" (Sterken & Jaschek. 1996) ieading rc the equalisalion of surface rcmperarurcs

Software:

The Binary Makcr 2.0 soft\rare (Bradsnce!, 1992) aids in the analvsis of €clipsing binary liglt cunes by

"."".""1y' 
p."JrO.'g graphical models using photornetric and (if available) radial vclocitv data lr

,l-rrtu"Jourry aopuy"irti re'ol'lng :-l .epreJcni,ation ofthe two stars' the fil to the obsewed light culae and

;;;;i,l ;;i;.lty ;^"s rhe ani;akd sraphical representalions sc extenc\' imp'cssive ind instructive

ii"i"tri"g ,r," 
"ri""' 

.r tidal distortion, n,rt*l inadiarion, gravity darkening, limb darkenins. star spols 3nd

rhrrd lilhiare ircorDorarJd ,n derrrng rhe brndry r)rrem paramcren. Rochc lobe .urrd.e. rnay al'. be di'^laled

irr. 
".i*"" 

.^ ue uur"eo t1 borh p-olc*ronal and tn'reur asFonomcr' dnd u'ed ai Ihe ba{' for d'rronom)

I..-I"',i," u. -la*rc una u"a"te.udo"t" lelels A more advanccd treatmenl of lhe problems of modelling

cclilsing binar; stars is to be found in Milone, 1993

There are softc limitarions to the current version of Binary v3ker. Il $ill handle circular orbirs only and lbe

"tr.-"i.,"r 
dau from a light cune arc limitcd to 215 data poinrs. The soft$,are is operated exclusivcly by

."".r 
"i1"yro"t." 

therels no mousc capabililv lt also assumes you have a Postscript print€r for hard copv

""tp"i. 
ir,":" 

"t" "" ".r"matctl 
optimisalion .outines in tle program all oplimisation is done bv the operator

keying in changes ofparametcrs. While sonc ofthesc limitations are merelv a nuisancc' somc are significani (eg

.""ii'ipti""r".t-iol.tir,i;sbelievcdrhesearcbeingcorrectedinanewversioncuncntlvunderdevelopment

Discussion:

Tumine now to uur reccn ! !€sngared (Bembrick & Ainsworth. 2001) cxamplc ofsn eclipsing binarv' V871

"."". 'i" """ "'r.'.. 
tr'. ptuse rtaitea tuna no."ratised) lisbi cu'v€ ofFisure 3 we imnediatelv see somc ot

thc dislioctive featurcs ofa delached binary sysrem:-

! rhe lrghr .une i' c..enlrd'l\ flal bcrqcen ecl ose'

ii) thc prilmarl and seconda4 eclipses arc well deflned and considerablv difterent in depth

iii) tle secondary eclipsc occurs ri 0 5 phase

i"jiii" pr"t 
"lr"''r'"*' i*hcn e*arninei at an e*panded scale) that thc prirnary and secondary eciipses arc flat

bottomcd and ofequal duration.

Tlu. $e cdn c\pecr our mooel 'y.ler Io hd\e:

i) Circular orbits

ii) esscntially spherical stars

iii) components l\,itl lcry dilferent surface emperaturcs

iv) components relatively widcly spaced

"i'"'ii 
iiprr* r..y *"iry in our iinc-of-sight as thcre are total eclipses of relativclv widelv separated

Using standard fornutae bascd on gcomericrl consi{ierations (Smith' 1995} we can also dcrive initial estimates

"i,i! 
."r",i". ..p*".,, relarive ;dii and orbital incliration limiis together with an inirial "gucsstimatc" of

the mass rado ofthe components.

The obsen'ed data ofFigure 3 are entered into Binary Maker 2 0 and thc inihal pdramerers ofthe mod€] are set

,e. lengtny ser;cs of iterations leads us to a good fi! ;i the model hght cun e ro th( obsened light cun€ (Figure

,0. ri" i."i. panmclers of this model tum out to be:- Mass ratio, q = 089' Tempcrature 1 : l8 000 K'

Temperature 2:7 000 K, orbital inclination = 89 dcgees'

As there are no radial vclocirv data nor reliable spectral classification data for this binary' tbe nodel denved is

necc.cdril\ trelrminao ard i' mo*r likel) nor uniquc
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Another binary thar has beer used as a tnal modelling cxcrcisc is GSC 7059-831 a nes'ly discovcrcd eclipsing

binary (Bembrick,200l) near TV Col. Preliminary modelling only has bcen done on this systcm as the liglr
cul\ e has not yet been tully sampled The exact pcriod and thc depths of thc pnmary (al ieasl 0.3 5 mag) and

secondary eclipses remajn to be accurately dctcnnined.

Ho\,r'ever, it does display one lery interesling featurc there is a hinl of a sccondary minimum (< 0.1 mag) at

0.67 phase. Thus rlis sysrem may hale a highly ccccntnc orbu. The main featues ofthe light cur'le show t]rar il
is a detached binary (flat lighl cune oul of cclipse), possibly with eccenric orbi! and vith considcrable

dilTcrence in lemperature between the componenls. The period is very close to six days and the preliminary

model yields surtace temperatures ofTr : 15 000 K. Tr = 6800 K. Thus lhe system componcnts may be a late B

t}]rc prirnary and a laie F Bpe secondary.

Anorher amareur discovery deep in tire southcm sky is the eclipsing bjnary near wX Cen. This binary (USNO

A2.0 0225-16320016) is currentl)' under study by several amateurs, both in Australia and overscas. Thc light

curve is a classic example of a W UMa "ovcrcontact" binary system. The period is 0.45 da)s and lhe eclipse

deplh is 0.,1 magnitudes. Preliminary modclling oniy at ihis stage suggests an overconEcl system with relatively

extreme mass.atio and circulsr orbn. The surface tempcratures ofthe tlvo component, have nearly equalised at

ll 000 K and 12 000 K.

Conclusion:

Thc advent of softlr'are such as Binary Maker 2.0 has opened a n€{ windo* for lhe amateur variable star

obscrver who has access to reliable and accuatc photometric data. wilh many amaleurs nox'doing thcir own

CCD photometry ofvariables and othci objects, this means that many more binary systens arc within the reacl

oft|e amatcur obscner. Thus the interpretation ofthes€ systems at least in a preliminary fashion has moved

into the realm otamateur activiiy.
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Organising Eclipse Expeditions

Brett McMillan, Loui Pagano and Max Kark
Sutherland Astronomical Societl Inc.

Loui & Josephine Pagano

As far back as 1998, nembcrs ofthe Sutheriand Astronomical Sociery bookcd rooms in Ceduna to observe ihe
December 4. 2002 mlal solar eclipse. A bus tour was organised by one ofou. mcmbers, Mr Loui pagano, and
several members ofthc socicty. as well as orher amateurs (including one frorn ihe USA) joincd the tour for l0
tun packed &ys. Orhcr nenbcrs obscned the eclipse by fieir own means. Following this succcssful tlip, Loui is
organising a similar l p for thc TuJkish eclipse ofMarcl 29,2006.

Whilsl observing astronomical events, panicularly rotal Solar eclipscs. is always fuq ii makes greal scnsc to
obsenc witl a grou! of like mlnded amateurc lvcn better ifrhis group is a group of liiends from you. own
astronomical socier_v.

Mcnbcrs fron Sutherland Astonomical Society (formerly known as rhe James Cook Ashonomers Ctub) have

been organizinS hips to eclipses and other evcnts for qunc some rime ago. 1 suppose, ro some extenr, rhis sBrrcd
back in thc Inid 1960's lvhen tle l3te Keilh Selby and othcr founding menbcn joincd nembers ot olher socieries
10 organize thc very first NAC,$.

The first eclipse expedirion was to the 23 October 1976 eclipse whcn man]' members ofthe Sociery gaihcrcd at a
property (belonging to sornebody known to one ofour members, I think) ar Bombala to observe rhe ccUpsc. As I

was only a teenager ai the time, I was depcndant on orhcn to provide transportar;on and I was planning !o attend

with my father and a friend. Unfortunately. wcather forecasls \\,ere poor and we didn'! go. Those who did were
un fortunately clouded out.
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T|e next major expedirion for rnany rnembcrs of the socicry was to Coonabarabran in 1986 for rhe rctum of
Halley's Comet. Vernbers in attcndance obsencd thc comet at various placcs a.ound Coonaba.abran ser up for
an international audience

Soon after that. and probably inspired by the adventurcs of Dave Herald and his team in tndonesia recounted at
thc 1988 Sydney NACAA, it \r'as decided to organizc an expedirion io the I I July l99l eclipse. Due to the

disunce involvcd. not a lot ofmembers werc able to go. and these were split into 2 groups, those *'ho went ro

Hawaii and a group that chose La Paz, Mexico.

In thc 1990's. the society organized s€veral "social" tours. i.c. tours no! associarcd lvirh a particular astronomical
event,lo places of astonomical inlerest ar Coonabarabran. Canbena and Parkcs.

2002 Totsl Solar Eclipse.

The next obvious asronomical tour'$€s !o the 2002 total Solar cclipse in South Australia. In the late 1990's,
plans commenced to view tbis eclipse. and lhe coastal loun of Ceduna was chosen as tire venue lbr the

expedition. Member John Vetter, who was on the Sociery's Committee at that time, had contact *ith the

Foreshaw Motel and booked remaining rooms lor club mernbers.

Brett 1{cMillan Nla\ & Nrerle Krrk
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1 t]rink the people at $e Foreshaw needed some convincing ofthe need to book so far in advance.

A problem that I also encountered in La Pz. Vy Spanish $,as lcry poor and modem communications likc cmail

didn t exisi in those days so we had to nanagc $.ith the lhone and faxes We were reiieved when sc turncd up

and our bookin-ss $ere in ract. At Ccduna. Ianguage lr?s not a problcm and a dcposit was rcquired lo securc a

booking.

on pre\ious lours, pardcularly those rirhjn Australia. atrendecs nadc their own $ay to lhe cvent. usually by car.

Alier confming the booking deiails. membcr Loui Pagano approachcd the Comnitee about organizing a coach

tnp to the Ceduna eclipse. This proved very popular with our ncmbers. as Ccduna u'as a good 3 days drive Aom

Sydney. l-oul, being a teacher at a Sutherland private sc|ool. had access to coach operators who would gile him

a good dea1, and a l0 night itinerary s?s planncd. includiog lhe eclipse 3t Ceduna. O$er members:rnd thcir

Iamilics, mysclfincluded. tnvelled to Ceduna by car and jojned the tour goxp io observe lhe eclipse.

Ncws ol the tou spread quickly, and members ul orher soLreLi{\ in Sr,Jnel. a. ucll ar a $"Ior from the USA,

Joined rhe !our. Also on tou|was CoUn Maybury. Prcsident oflhe Aslronomical Socict] oflhe Ilunler, \r'ho has a

radio prograrn in Newcasrle. CoUn made regular radio repons Som the expedition and interviewed several

Ceduna eclips€ tour report

Sutherland A$onomical Society member \'Ia.r Karkjoined the coach cxpedition to vicw thc lotal solar eclipse

i! Ceduna. December 2002. Max wrolc ihe following day-by-day accounl of lhe j oumey lbr the sociely's j oumal

Thc rcn day expcdiiion *as planned over tle last t\lo ycars by our tour director Loui Pagano. assisted by John

verler, both long lime members of Sutherland Astrono ical Sociciy Inc (SASI). The original rntcntion was to

hire small a small bus to transpon SASI members 1() Ceduna 1() view rhc cclipsc as ckxe to thc cenlerline as

possible. After the trip was posted on our $cbshc oihcr Asrononical Societies requested bookings on lhe trip.

Finally a 54 sea! luxury coach x'as hired from Jennings Coachlines to accomnodate tle nunbers of43 adults

and 7 children and reenagers. Our Coach Captain was John Jcnnings assisted by co-dnver Richard Simmi borh

are to be commended tbr $eir attention to ou comfort and safc\r during the trip, especially as Richard's new

bride Maxine accompanied us!

Seven Astionomical Sociedes $crc rcprcsented on lhe trip - Sutherland Anronomical Socieq', Asrronomical

Societ-.r of NSW, Northem Sydncy Astronomical Society, Astronomical Socicty of the Hunler, Hawkesbury

Anronomical Society, British Astronomical Socictt (NS\l Brunc]r), Astronomical Socicty of Coonabarabran

and rhc Aslronomical Society ofGreater Hartford, Connecdcut. USA (represented by Richard Halcy).

Betbre lhe trip Loui lad rhree bronze sola. discs medallions made ro commcmorate the !o!al solar eclipse.

Day 1 Fridsy 29111/02

The tour commenced at the Suderland Library, \\'here mosl of the Sutherland members assembled- Second

pickxp point x'as at Strarhfield Railway Shion ro collect rhe balance of lhe tour group. The trip procceded

Ihrough Katoomba, Lithgor, Bathurst. and Parkes.

Ar Parkes Radio Telcscop€, op€rutional scientist John Sarkissian gave us a VIP Tour of the Radio Tclcscopc

faciliD. including a visir ro rhc conboi room. The equipnent viewed was special rack ofsignal amplifi€rs used ro

increasc weak radio signals Aom the telescope to a uscablc rcfercnce level. We also viewed the Aromic Clock

used fo. logging obscrvation times. A small group of radio ast onomers were working in the coDtrol room as the

relescope can be used 24 hou.s a day (except in heaiy rain and windt. A solar disk medallion was presenied io

John Sarkissian by Colin Maybury fo. his sp€cial effon to make our inspection lour as intcresiing and

infomative as possible.

The fiIst over-night stop sas al Nlngan- The coacl ran inlo a dust stom 50km liorn Nlngan. which could be

likened ro a London fog, rcducing visibiiity to ncarly zero. wlen unloading at the motel it sas qlite an ccne

feeling to observe thc srcct lighrs \lithhaloes. No obsenations were undcrinken as lhe sb was totally obscured
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Day 2 Saturday 30/ll/02

The second day we wokc up to dry tkoais and the tasre of dust in lhe mouth. After breakfast and a farewell 10

N)'ngan we are on thc way 1o Broken Hi1l. Lunch \ras at a tnrck siop. As soon as lunch comnenced we were
surrounded bJ" Aposrle birds. $hich are jer black. and about rhe siz€ of a starling. and $hich gathered in flocks
like pigeons \aiting to be fed.

During lunch. a willy-will), slruck the site and lasled for about 30 seconds. Thc only defcncc was !o ciose your
cyes tighilyandput your fingers in your ears. Everybody endcd up with sand and leaves in thcir hair and cars.

As wc proceeded to Uroken Hill we not€d more willy- $'illies on th€ horizon (sometimes 3 at a time) and felt likc
Dorothy in Kansas. Occasional groups ofemus and kangaroos were obsen'ed. The country was so llai that $e
could see the curlature ofrhe earrh all round. similar to beinS in the middlc ofthc occan. Occasionally mirages
appca.ed as large bodi€s ofwater in the heat haze on thc horizon.

We passcd through Wilcannia and anived in Broken Hill in thc mid afternoon, setling our vratchcs back 30

The Lodge Motel, whcrc wc srayed, is a beauritul old l9th ccntury Vicrorian residencc conrplcte wirh 12 foor
'Wunderlich' pressed zinc ceilings, built abou! 1880. Abovc the ofice is a scatcd ofT square tower which lhe
propnctors nish to re-opeq building coniractors doing building modifications discovered that the original
leadlight windows had becn boarded up on three sides.

A meeting of oxr group was anangcd \ith our Broken Hill hosr Trcvor Bary \!ho ananged our itlncrary tbr our
two day visit. Trevor is a local amatcur astonomer w|o has contribuled photos and anicles ro astronomical
magazines. We were invited 10 Trevor's obsenatory at 2000 hrs.

Obsc atorvVisil30/11/02

The night sky at Broken Hill was clear and dust free. Trevor's obscNatory was located abour 4 km ftom the
Motel. Equipment consisls ofa two lcvel 3.9 m dianeler dome housed in his bacbard. On the uppcr levct is
mounted a 4lcm (16 inch) hcalily modified Meade SCT. used mosrly for photography. Trevor completcly
replaced the minor cell lardware and diagonal flat suppon q,irh rigid vibration nee unirs. The lower level ofrhe
dome bouses all his records, observations and a compute.. Two other instuments wcre ser up in the yard for our
visil; a Dobsonian 25cm (10 inch) with buss rube, and giant 20 X 80 binoculars on a home made pantographic

Objects seen with good clarily r.ith the 16 inch Meade were 47 Tuc, the Orion Nebula. The Taranrula Nebula
gas lanes could be seen clearly. Satum was obscncd low ro the horizon (12,15 dcgrcct and tle Cassini division
could be seen cleffly. Six peoplc could bc comforurbly accommodated in the dome ar one iime. Tne najoriq' of
obseners left at 2330, but lhc kecnest left at 0200. wnh obsctrations slill improving whcn thcy reluctantly lcft.
Our American risitor tuchard Haley, who was givcn lhis trip as a birthday pfesent by his family. was vcry
impressed wi$ his firsr vie.lr'ofour outback southem skics.

Day 3 Sundar 1/12102

After breakfas! we headed rc ihe Daydream Mine, ncar thc ghosr Town of Silvenon. situatcd 30 km no(h west
ofBroken Hill. The Day&eam Mine was worked fiom 1884 until 1888. Orc cssays raD as high as 13.000 ounces
to thc ton. Ore tlDe was silver lead in a crystalline fonn callcd galena; lhose ofus old cnough will remenber rhis
being uscd in crystal radio sets as an audio detector as lale as 1940. A ca!'s whisker $zs uscd to find thc best

spor on the crystal. On the acc"-ss track inlo tlre mining site thc smelting chimney could srill bc scen on a low hill
to the right. We proceeded to the mine; the old building has bee, converted to a caf6. Our tour was dividcd inro
lwo groups of rwcnty five; the first group to go underground and the second to tour thc surfacc workings.

The undergroxnd lour group wcre provided with hardhats and eiectric miners lamps $'irh baftery packs. Thc
access passage sloped doxn 20 25 degees and the floor was wct and slippery so caution was requjred to
descend to the working levels at 190 feet below the surface. The wastc srone (country rock) could be scparated

fom the valuable or€ underground and the waste stone r€packed inlo $c lower worked out drives. Whcn the
goup reached the lower lelels of lhe mine our guide gave us a talk on Comish minins methods.
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A candlc madc of murton lal which bumr {rh a pale orangc flamc, u'as used to provide lighring in the mine.

lach mincr was provided \tilh one candle mounred on a thrcelcggcd spike callcd a spider. This could be

.lammcd inlo a crack in the mine $all rt lhe working face. lhe orc vcin sas broken up \r'itb black powder

cxplosivc charges placed into hand-drilled holcs fonncd in a partm on lhc working o.c face. After the explosive

charge brckc u! thc orc. children as young as 8 *crc scnr inlo thc minc to haDdpick thc ore from rasre rock.

When rhe children reachcd 1l their sighr *as less keen and rbcy $crc uscd to replacc oldcl mlners injured *hi1st

mining. Miners could no1 slccp lying do$n due to dusrcd lunss and only sun ivcd inro tlcir forties.

The lour concluded $ith a cup of1ea, )urnny sconc!. srawberry jan1 and crcan.

Lunch {as in the gho$ iosr of Siheflon. Silvenor lvas one ofthc firsr silvcr lcad mining towns to be ddeloped

nca. thc Daydream Mine. ln 188,1 it orisnull)- consisted of l0 squarc shaped gahaniscd iron houses, bul3s thc

adjacent niDcs prospered the qualitt oflhc buildings irnproved.

By 1885 Siherton boasled a church. a stonc counhouse and Debauns Hotel. By 1886 rhc populalion of 2000

staned a gentle decline as lle Broken Hills \'l'nes opcncd up. settling do*n to 60 pcople today- Mary June

Cameron, better knorn as Dam€ Mar) Gilnore. aulhor andjournalist, xas the assistant tcacher at the sc|ool in

lhe lale 1880s. Silvenon srs hot and dusry, \i1h thrce enrus in to\rin. so sandwichcs and cool drinks in the lotel
beer garden sccncd rhe order ofthe day.

Sculpture Hill

This is a deligh!tuI natural bush arca $ith d linced picnic area. A key is required to access thc picnic area this

was ananged by our lost Trevor Barry. The meal consistcd of a salad, steak, sausages and a glass of\r'ine- and

was enjoyed byall. Specialthanks to our barbecue cooks Mark RusscllaDd Craig Mclnorc from Sutherland.

This Picnic Area isjoincd by .r 20 minule walking track 1o Sculptuc Hill. Somc ofou group elecled to *alk to

Sculprure Hill, and thc rest wcrc taken by coach.

we anived a! Sculpture Hilijust bcfo.c sunset. The name is 13ken from rhe stone sculptures produccd on lop of
the hill at lhe 1991 Sculpture Slmposium. Sculpture Hill has a clear panoramic view of thc westcm horizon.

providing excellent photo oppo.tunides lo photogralh thc sunset (rcminded me of sunrct strip at Uluru). The

sunliglt on the clouds produccdthe image ofa large eaglc wjth ouisprcad $ings.

Alier sunset $e retumcd to thc coach so Loui could p.cscnt the sccond solar disk to Trevor Bary for his

exceilenl etTon as our host at uroken Hill- The third solar disk was prcscnted to coach captain John Jennjngs b]'

the late Bill witton. lifc membcr and pasi president of SASI. Aft€. ibc prcsentation somc astonomen stayed at

Sculptue Hill for obsen'ations, while rhc remainder retumcd to the Motel.

t-oui reported the following observations to mc fie nexl day:

Zodiacal Light, cone shaped, caused by micrometeorites obsen'ed on rhe ecliptic looking in a ucsterly direction

clcvation 30 deg.

2200hrs: tumbling satellitc, southwesl to northwest progrcssion, csiimared nag 2.0, timing one second turnbling

2330hrsi fireball, northeasl to nonbwest progression. Orion lo Pcgasus squarc. cslimated mag'1. 5, leftgreen trail

lasring 2 secs.

V3l. M33. naked eye observable, dctailed spiral structure easily see. Dith Richard Halcy's Celesron C5.

Da!-. 4 Nlonda"r 2/12102

we stoppcd at the Arid l-ands Botanical Card€ns !o look at an unusual sundial, and then procceded to Port

Augusta. Arriving at Port Augusta we were told t|at 20.000 to 30,000 pcople wcrc expected to arrive at Ceduna

1br the eclipse and Ceduna lould run oui of supplies. Most of tour group boughl cxtra gocenes to ensur€ \ e

would ear in Ceduna.

DaJ 5 Tuesda! 3/12102

we anived at Ceduna ai l530hrs. The weathcr was chilly, with a prevailing Sw Arctic wind blowing offihc
ocean, so \l€ shopped in mwn to buy warm clofting and cbeck oul tle buskers Wc $crc lold that 4,000 locals

live in town and r}erc uere 5.000 visirolsi rclL shor! ofthe predicied number of30.000 Prior to our aniral John

Velter and an advancc pany Fom Sutherland had been scouting around for out of !ol'm obseflation sites to avoid

a
Fa
!
!
b
b
b
ht
b
h
b
h
b
h
b
b

F
l5



Day 6 wedtresday 4/12102 (€clips€ day!)

John, Loui. Craig and Mark had managed to locate a suiiablc sire abour 6 km north of Ceduna and 2 km east of
the cenGrline path- It was located in a farmer's paddock wirh clcar views ftom the SE to the SW and dead flar to

Solar Eclipse 2002

Bureau ofMeteorology weaiher prediction for Wedoesday aftcmoon for Ceduna: cloud cover nit. confidence in
cloud cover, modemte. Tempcmture 22 C. wind , SW/W, 25 km,' hr at 6 pm. Visibiliry lale aftemoon. good.
Likelihood ofrain laic aftcmoon - nil.

Th€ Coach group (and other SASI menbers trot trarellirg by coach)just before the ectipse.

Our coach Eoup arived at the site about o.e and half hours beforc firsr contac! ro allow enough timc to set up
all equipmcd. Additional observers arived ar rhc sirc in their own vehictes. The strong winds madc rhe use of
large telescopes difficult, so generally the cquipmcnt used $as quire modest: eclipse glasses fittcd with Mylar
solar filrers: 35rnm film cameras or digital cameras fitted wirh telephoro lens solar filters and mounrcd on smatl
tripods; smalt aperture telescopes (e.g. Celestron C5).

Fi.st contact occurred at 6.43 pm at 0700 on a clock face. Eight minures bcforc totality the remperanre was
dropping sharyly, and thc velocity of the SW wind was increasing. The sunlight and solar radiadon was
decreasing rapidly. Pakhy clouds drifting from rhe west ro rhe easr threatened to t€rminare obseraations
altogether with six minutes to go !o totality.

Left: Photo by Ron Miuan using the Srtherland AS's'tDsvid Wiliams Telescope" ss a t200nm fll
telephoto lens, Kodak 400 ASA slide film. Right: Photo by Peter Willirms using a Tskumar 500nm F4.5
telephoto lens on Fuiicolour Superia ISO 400 print film.

At four minutes to go our pmyers werc answcrcd: a window was opened around the solar disk and rcmained
open unril second contact. The Diamond Ring efecr was notcd at position 1300 on rhe clock. Ar 15 seconds ro

go spikes were obseF,'ed on east west axis. No Bailey's Bcads were observed.
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At totality we iemoved all eyc protecttun. Thc Corona appcared lo be a pcarl bluc colour. and about 1.5 to 2

solar diameters. The rnoon had €ken approximately onc hour ro cover tbc Sun's disk. Prominences *ere
obsened at 1300 and 0700 clock positions. lhe lempcralure was estimated to have dropped 10 to l5 deg C. and

mo$ of our group $crc cold and shircring despitc wcaring winter clorhing. As , Diamond Ring was noted a!
0700 clock position, clouds closed in, ending all obscr'!ations.

Al totality the feeling was an awcsomc mind blowing cxpcrience, likened to slanding in rhe prcscnce of rhc

crealor ofthc univcrse. Thcrc werc 'ooh" and "ahs". and one ofour tourists, Vicki Lindsay, was so alTected lhar

she bulsl inlo lears and had lo bc consolcd. The Solar eclipse event was celebrated and toasted wi$ a glass of
vino. Ccncral Conscnsus: the cxpcricncc was well worth the effort travclling to Ceduna to observe.

Day 7 Tbursday 5/t2102

Ceduna to Pererborough.

Day 8 Frida) 6/12102

Pctcrborough 1o Mildura (\r ith lunch at Angove's Winery).

Day 9 Saturdry 7/12102

Vildura to Leeron. Paddle steamboat trip on dre Murray River on the 'R V Rothbury'. A very pleasant trip on a

boat built in the 1880s. It 1\?S noted t|a! riverside p.operty is worih up to $600,000. $e visited Gol Col
Fisheries to buy yabbies tor lunch.

That night Loui Pagano presided over a Prescnlation Dinner al Lccton RSL. The 'teardrop ar€rd' was presenled

to Vicki Lindsay, the 'popped cork' alvard was awardcd to Ma.k Russell. and a boftle of wine {as prcsenled ro

assistant coach captain Richard Simm for cou.tcsy and safc driving.

Richard Halcy and Eddic Sanso. each recited pocns about five minutes in lcngth. Eddy and Richard entcftained

us on the coach $ifi onc poem each umil Richard upscr Eddic by reciting tg'o poems whcn hc had onlyprepar€d
one. Riclard's poems had an American flavour, while Eddie's were mainlyabout Australia! sheanng sheds.

Day l0 Sundry 8/12102

Homewood bound. (Lunch at Gundagai). On the run to Sydney 50 km away we sa\r'thick smoke sur.ounding the

meilopolilan area. Farewclls wer€ said as w€ rcached homc. The outsranding eclipse trip was enjoyed by all.
Thants 10 Loui Pagano for his tireless orga'isalional detail on this h'ip.
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On to Turkev!

Almost immediately, in actual fact, even before, the eclipse, lalk was abour when thc ncxt total Sola. cclipsc will
be. Will webe able to organize another successtultour?

The next eclipse was 23 November 2003, but entirelywithin Antarctica. Notrcally a good candidalc. Too hard io
ger coaches and motel rooms doun therel

The nexl Ausralian ecljpse is in Caims. l3 Novembcr 2012. Weather prospects not good, and probably a bil too

far into thc future. cspecially for somc of our more senior membcrs, who were wonied $ai they may be too old

and liail, or maybe even no longer here. in 10 )'cars rine. Indccd, we have unfortunalely lost one of our 2002

tourists, Sutherland life member Bill Witton passing away in F€bruary 2004. Bill was President ofthe Society

when Sutherland hosted N ACdA. in I 998 le offrc ially opcncd the conference.

The nex! eclipse after 2003 ;s 29 March 2006 passing lbrough Aftica. Westem E$pt and Turkey. lt has bcen

decided to visit Turkey and Loui has aheadybeen able to organize the following ninerary:

t7



Solsr Eclipse Tour 2006 Iurke"v

Follo*ing the sxccess ol the 2002 coach trip to Ceduna. Sourh Australia, tl
vlc$' thc 'l olal Solar Eclipsc. tbc Surhcrland Asnonomical Sociery is

organising a cost cffectiYc simihr rrip ro Turkey in \,larch 2006 to vie$ this

cxciting phenomcnon. Thc lbtalit) fhase ol the eclipse lvill be longer

around 3 minutcs in duralion.

This is a 15 day (14 nighl) tour, dcparting fiom Istanbul, raking in the

histoncal places of'Iurkcy wrrh lhe highlighl of vicwing rbe Total Solar

Eclipse.
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* Pholo counesy ofihe Turkey Holida) Guidc

Tbe tour cost is approximalely US $1050 (land conlent only).

estimare will be provided closcr to the depanure dale. Please

orr'a 'c,1.,' cl) for rhc brnclr ol an! rlrere5rea oc-ri.

Singlc roon supplcnent is $US 140. A final
note that this chaner is a non-profit venture
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Cost includes:
. 3 or 4 star Hotel Accommodation;
. Englsh Speaking Professional Tour Guide;
. Transportation by Air-Condilioned 45 seater coach;

. [,4eals - (B)reakfasl, L(unch) or D(inner) as specified in ltinerary;

. Sightseeing as specfied in itinerary and Entrance fees to sights; and

. Tips lo Hotels.

The proposed itin€rary ofthe coach trip is as tollows (subject to change):

DAY I (Tuesday March 21) ISTANBUL

Arrive lslanbul. welcome and assistby our English Speaking Tour Cuide and transfer to Hotel

DAY 2 Ovednesday March 22) ISTANBUL

Today we have a full day tour of lstanbul with visit ro $e Hippodrome \r'here chariot laccs used to takc place,

Blue Mosque famous lor ils delicat€ blue liles and u.iquc minarcts, St. Sophia Museum, w}ich boasts beautiful

Byzantinc mosaics, Tokapi Palace rvhere the Otoman Empire ras governed for four cenluries [B, L].

DAY 3 (Tbursday March 23) ISTANBUL to CANAKKAl,tr

Aftcr brcakfast, &ive to Galljpoli Peninsula, scene officrce fighring in World War I where we visit Anzac Cove

and Lonc Pinc Cemetery before crossing Dardanellc Strail by fcrry 10 Canakkale [B, D].

DAY 4 (Friday March 2,1) CANAXXAL[ to ASSOS

Today drive to Homer's Troy. Visii the ruins ofninc citics buih on top ofeach other and coniinue to Assos, an

ancient settlemenl dating back 10 the 8th Century B.C. and is beautitully located olT the coast ofthc Aegcan [B,
Dl.

DAY 5 (Saturday March 25)ASSOS to IZMIR

This moming travel to Pergamon, once greal ccntrc ofculrurc. Visir the Acropolis and rhc Asclcpion, an ancient

medical centre located a! lhe foot of Pergamon. specializi'g in thc trealment of barcfoot walking and music

thcrapy. AlicNards, conlinue to the Aegean pon of Iznxr JB, Dl.

DAY 6 (Sunda] March 26) IZNIIR to KUS-{DASI

Drive to Ephesus, an archaeological site, where we visit the Arcadian Way and the faQade of the Libmry of
Celsius and see lhc Ampilhealre, *hicb is still used for conocns- We also visit ihe place $here the Vi.gin Mary

supposedly spcnr her later days and the Archacological Museum al Selcuk, wh€re many of thc cxcavaied

artefacts ofEphesus are drsplayed [B, D].
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DAY 7 (}londay varch 27) KUS$ASI to PLMUKL{LE

Visit the Tcnple ofAphroditc and the Museum at anazin-s Aphrodisias before continuiDg to Roman Hierapolis.

wherc wc visit the ruins en routc io Pumukkale. Pumukkale means 'Co$on Castle' an apt description of ihe

fantasric whitc limesione lenaccs lB, L, Dl.

DAv 8 (Tuesday March 28) PU\{UkaIC{lE to ANTALYA

After breakfarl. dnve ro Antat'la and vie$ the extcnsile ruins ofthe Hellenistic/ Ronan cily ofPerge including

fie Great Theatre, the Stadium and the gate porvcrs leading into a street where chariot ruls can be sccn. Then to

Aspendos to vhil lhe best prcscned Roman Th*tre an)'!\,here in thc world Aftemoon frcc Overnight at

Aniayla [8, D].

DAY 9 (W€dnesday March 29) ANTALYA

Free day to vie$ thc Solar Eclipse lts. D].

D-{Y 10 (Thursda}'March 30) ANTAIYA to CAPPAIOCIA

Drive to Konya which was homc of lhe Whirling Dervisl Sect. Visit the Vevlana Museum with nr beautitul

fluted turquoise Dome, scc thc Karatay Medrese and the lnce \'tinareli Medrese After$'ards. drive to

Cappartocia, r ilh a stop en.ourc ro visii the I 3rh Century Caravanserai of Sultanhani. which is authcnticallv kept

IB, Dl.

DAY 11 (Fridar- Marcb 31) CAPPADOCIA

Full day excusion to Gorcme. In this unique region ofvolcanic landscapcs and rock-caned churches. visit the

UndcrFound ciq of Ka)makli, the tall conicalcone ofUchisar. thc Opcn Air Museum ofGo.cne and lhe Zelve

valleys [B, D].

DAY l2 (Saturdi) April l) CAPPIDOCIA to A\KAR-A.

Depart for Turkey s capital Ankara and visit the Mausolcum of Ataturk, founder of the Turkish Republic and the

Vuseum ofA.atolian Ci\ilizations whcrc thousands of dtcfac$ datins liom prehistoric areas are displayed here,

the Hjtite Empirc. Phrlgian and Urartu Civilizations. Ovemight at Anlara lB, Dl

DAY r3 (Sunds) April 2) ANKARA to BURSA

Visit Gordion where Alexand€r cut $e famous Co.dion Knot. Then continue to Bursa. a beautitul city and thc

first Ottoman Capital. Free tinc in Bursa perhaps experienc€ the famous Turkish B3!hs? [B, D].

D-{Y 14 (vonday April S) BLTRSA to ISTA\BL-L

Visit the ruins of Sr. Sophia al Iznik where Clrisiian hisbry was lbnned during two ccumenical meetings and

thc Green Mosquc and Mausoleum daling back lo the 141h Century buih in the reign of the Sultan Mchmet-

Continue ro lstanbulby lcrry and coach lBl.

D-{Y l5 (Tuesdal- April4) ISTANBUL - Itol\lE

Aiier breakfast you will be tlansfcned ro lhe airport lBl

Conclusion

Secing rare and beautiful astronomical evcnts is grear fun, probably one of th€ main things thal 8ot us all

interested in the firsr place. lfwe can sce these evenrs as part of a Fiendly asronomical sociely, all thc betterl

Organising such cvcnts takes up immcnse resources and time, *hich rnany of the participants never sce and

never really apprcciar. As a testimony !o Loui, ftany of the people \4'bo wenr to Ceduna in 2002 are lining up

for Turkey in 2006. Hurry, places are limitedl
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The Star ofBethlehem
Fact. Fiction. Myth or M iracle

Ray Johnston
The Great Barrier Reef Observatory, Hamilton Island

Abstract:
Thc Star of Bethlehem is one ofthe most powerful and enignadc symbols ofChristianity. The possible origin of
thc Star has bamed astonomers, historians, and theologians for the past 2000 ycan. Was ir a rniracle, or an

addition to the Bible to give importance 1o the binlr ofclrisr, or naybe an actual aslronomical cvcnl?
The works oi many authoN have becn cxamincd with thc emphasis on rhe search fo. an astronomical evenr.

Comeis, pianets, novae, and conjunctions arc investigaicd. and a modem thcory is punued in some depth.

Assumptions:
This paper is bascd on two assumptions thai may encroach on an individual's personal beliefs. The assumptions

L That God exists.

2. The Bible is an accuraic rccord ofthe events it describes.

CAUTION: This paper contains references to Astrology

THE STAR OF BETHLEHEM:

Two thousand years ago. according to the Bibie, a srar rose low in thc eas!, and siopped higb over flcthlehem.
The Star ofBethlchem renains a subject of perennial fascination Was it a miraclc? D;d it erl$l or was ir an
addition to fte Biblc ro tulfil the Old Testamenl prophecy ofthe binh of a Messiatr. or give credibility ro hjs
binh? If it existcd, are we able to determine what it may have been? lf we tu-n back t|e skies ro the time of rbe

binh of Clrist (and here again is more fcrtile gound lbr discussion and argumenr) are we able !o find an evenl
that could explain the Srafl

We will examine the cunent literature and thinking, in an endeavour ro solve rhis fascinaiing rnyster).

So. what staned allthisl

We musr fint tum to the Old Testament and fie prophecy of rhe seer Balaaft whcre he states tn Nunbers 24:17
(exr]act) " a star shoU coneJoflh out ofJacob and a scepbe shdl ise out of l$ael'i

In the New Tcstament, Matthew is the only Gospel that nentions lhe Star, bur i|ere is a record in the Apophryca
the holy rriiings ofother apostles and penons ofthe time. but which were not included in the NewTestament.

In Matthew we find thc familiar passag€s in 2:2 (exiract) " For 
'a'e 

haye seen hir rrdr dr 
's 

riitug" and larer in
2:11 (extrzcr) ' aheod of rhen wenr the stu that the! had secn tt its tising until it stoppe.l ow the pla.e
where the .hild |'os '

And in lhe Apophryca. we find in the Protoevangelium of the Apostle James ar 2 I : 1 , ' We saw how an
indescibablr grcat srar shitring nnong the lttors dinned then thot the! o longet shone, and #e knew a King
wos bo in Isruel". Tbis sccms to be a somewhat exaggeraled description compared with Vatthew, and the

records ofthe timc fail to reveal a.y blazing celestial oblect. bu! it still relates to a srar.

So, those few lines have presented us with one ofrhe geat cnigmas of all tine, and ihey are possibly the most
analysed or over analysed couple of sentences in hismry.

Lefs look at the possibiliries for the Star.
* It was a niracl€ -- lfthat was the case, tben it is outside the realm of science and thh paper.
* Was it som€thing placed in th€ Bible to fulfil a prophecy and/or enhance th€ birth ofChrist?
* Could the Star have beetr an acturl astronomical event?

lor it to bave been such an actual evenr, it would have to comply $ith a numbcr of parametcrs.
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It *ould hlve hsd to occur sround the time ofthe :\atilitv.
Vost scholars and fieologians no\l agree thal Cbrisi was bom somclvhere around 5 4 BC. That lits in rafter
well with the biblical record ofhis Crucifixion, at rhe suggested age of 13. and the Bibtical reference oi" lre s,Lr

larke ed at ni.Llot", for there was a total eclipse ofthe Sun over Jerusalen a1 ll.l5 am on rhe 24s of
Novcmber 29AD. So $,c have an approximac lime frame for fie appcarance ofthe Siar.

It *ould have to have been a singular! special or spectacular €vent
Thc Magi had bccn watching th€ sky for hundreds of years and il must havc bcen ofsufficicnt importancc to gct

them to suddenly head oflowards Jerusalem Spectacular - apart from James. in drc Protoevangelium - there is

no rccord ofa cclestial bcacon so beloved of the Clnstmas card indusiry. Had there bcen such a vivid event, you

would cxpect morc dcfinitc rccords ofit. It is reasonable to suggest that the Star may only have had imporiance

to the Magi. and only detectablc by expcnenced sky watchers.

It m st have be€n a rare event: As wilh the previous requirement- it musl have be€n ofsufl'lcicnt importancc

fbr the Magi to travel alfiat panicular time.

It must have appeared in the east:

Earlier bible translations describe the Magi as seeing the Star "i, ,re easl". Laicr ranslations pur ir rs " dr irr
/ning". Most objects rise in what can be generally described as the east, ifyou lake a slicc ofsky lrom NE to
sE.

It must have persisted for som€ time:
That would seem to rule out many shoft livcd objccls. as it is now generally beiiered that the \.lagi travelled
liom Pcrsia. ajoumcythat could havc ukcn severalmonths.

Who were the Magi?

There is no record ofthe number. the commonly hcld bcliefthat there were three. most likely stems ftom lhe

numbcr of gifts thcy bore onc gift to each Magus (from the Creek meaning rnagic). Nowhere does il state

that thcy rode camcls. This is most probably anothcr romantic interpretation, \r'hich has been seized upon by the

Clfistrnas card indusry. History suggesG that the Vagi were important people withjn the royal courts of the

time, and would have travelled with rnuch pomp and circumstance, and such persons $'ould have been mounted

The Magi were most probably Je\lish astrologcrs. descendants ofslaves captured in the 5398C sack ofBabylon,
and would have bccn a$are of thc Mcssianic prophecies. Ii was conxnon ior the rulen offie time ro employ

such people to itueryret dreams and portenls. Thcy walched thc skics, and gave instruction in such things as the

timing ofcrop planting etc, as agriculturc was of cxtreme importancc to sun'ival. lt was this sky watching which

would lave given them considcrablc lTowlcdge of celestial movement! but it was t}e interpreiation of thc

movement that was of more importancc than thc actual science - astrology took precedcncc ovcr asronomy.

They would have been aware ofthe prophccies and would have been watching the skics ovcr thc centuries for a

sign ofthc impending binh of th€ Mcssiah. With rheir l-nowledge of the skies. it rnust have been something quite

imponant to getthcm tojoumcy so far.

So rvhat could the Star have been?

A comet? Not likcly, as comcts wcrc licwed more as a portent of doom- 'l here are records of comcis, lvhich

would fii into thc timc Famc, but can probably be ruled out because ofthcir associatio. with somc impcnding

disaster, raftcr than a joyous event. Halley's Comet is often suggeslcd, but it atpeared lround l1 BC, far loo

carly to bc a conrendcr. Ir probably came into fashion following the paiming of a liesco by Giotto in 1302/3

showing a comel hovering over thc stable. Giofto was no doubt influenced by the appearance ofa brighr comel

in 1301, which on count-back, was indeed ihe comet later named Halley. Il ls inlcrcsling to notc that the probe

sent to intercept Conet Halley in 198,{ was naned Giolto

Meteors really don'1 fit the bill. The descnption is ofa star, nol many siars. Mcteors arc sbon lived and would

be dificult to fbliow' There wal howevcr. fic Clrilid meteor shower in 1913 observcd ftom northem America,
q'hicl consisted of streams of meteors all tavelling in the same direction in the same part of the sky. like a

bright celestial anow. h lasn'r been seen since. Had thal it occurred in,lBC, it $ould have sthed up thc Magi-

Meteors are extremely remotc and unlikely candidates.
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A Plrnet. The \4agi ivere expenenced sky satchcrs and would have been familiar wirl the movemenr of rhe fivc
najor nakcd cye planets. A plxnet, by ilsclf. should noi havc raised rhe inlercsl ofrhe \'tagi, as planets move in a
vcry predictable nanner, including their rcrograde motion. The Magi would have been aware ofthis, gjven ficir
centurics ofsky obsening. Venus is also rneniioned as anoihcr likely object. bui irs movcmcnrs .!\ould have been

more than familiar lo any skywaicher, and by i6elfdocsn't seem likelv.

Mars was the regarded as $c Cod of War and not a good ponent to be associatcd with a binh and seems be ruled
out as a single planer, as docs Satum.

Nova or Supernova. There are records of novae around thc suggcsicd time of the Nativity. bul novae would
have been tamiliar to the \'Iagi, as they occurregularly. \\ irh centurics ofsky x'atching under thei belt, a singlc
nova or supemova may hale rnteresled them, but would seen unlikely to cause them to go racing across thc

Planetary cotrjunctions. Hcrc we come 1o an absolutc logiam ofpossibilides. Evcry author has iis/her per

hobbyhorse, and 11 is interesting to follo\'$e reasoning in rcjecting every theory except his,hcr own. which is

invariably piefaced with "\lhar actually happened". There wcr€ a whole series of conjunctjons in rhe pcriod 7

AC to 3 tsC which would hale sent any half decen! astrokrger to his charrs. Almosl every conjuncrion has

someone claiming lhat ir was the S!ar. Wc end up wilh a whole sprcad ofdales for thc Nativity ranging from 5

BC right through !o 5 AD.

we will look at some ofthesc conjuncdons a little laEr. but it is interesting \!hat you uncovcr reading through
lhe material. Some prove beyond a shadow ofdoubi tha! Christ was detjnjrely bom on 25d December 1 AD.
though il is now cornmon knowledge thar rhe Clristian Church adoptcd this dare around 300 AD as rhe date of
the Naiivily. It adapred t|e fesriral olsol Invictus the celebrarion ofthe Invincible Sun marking the winrcr
solslicc and thc.etum oflhc Sun to lhe northern hemisphere.

A combination ottwo or n'orc ofthe previous possibilities. Here we find possibly the mosr likely explanarion
for *te Star. A number of signs in the sky alerted the Vagi, and was followed by a singular event rhal was rhe
sign thai d)c Messiah had been bom. Aeain, loads ofposslbilitics havc been put forward, and it is inpossible ro
covcr each ofthem here.

Bu!, we take a quantum leap, and lolloq the rcccnr proposition ofDr Mark Kidger, a research asronomer a! the

lnstituto di Asfofisica de Canarias in Tene.ifc. Canary lslands. He specialiscs in rhe astrophysics ofquasars and

comets, is a regular conhbutor to many astronomical magazines, and a broadcasrer on Spanish and British

So what does Kidger propose?

Wc go back to the paramcters requircd for the Star.

Kidgcr stnts that the majoritv oflhcories fail on one or oiher of the following points:

. If the Star was a conet, vh! that one, and not one of the tens ot hundreds of comets that the Magi and
their forefathe^ wouA hare seen!

. If the Stat was a co ju ctioa, |'hr o e in paniculat ovet the hundleds ot thousnnds that wouhl have
occuned orjet the tine ofthe Magi's 'atch?

. Ifthe sta. was a nova, thr one in paaicular, whea bight not)ae oew eyery 20 or so rea ?

His conclusion is that none of lhe above eveds on its o\ln could have bcen the Star.

This leaves the ahemative thal it was a combination ofe\€nts.
The Magi were asfologers, so what would they have been looking for? The obvious answer is thar they wanted
1() see a series ol signs or portcnls that would wam them of thc imminence of an impotant event. Tbe signs

\r'ould tell then what kind ofan event ii would be, and one particular sign would trigge. thcm into acrion.

Kidger asks us lo considcr t|e following events.

. The 7 RC ttiple co juncno ofJupitet a d Satun

. The 6 BC planetary nassine of Ma^ Jtpiter and Satnn in Pilce,

. The 6 BC occultation ofJupitet inAries

E

tr
E

E

E
E
E
t
s
E
E
E
E
E
E
E
E
E
E
E
E
E
s
E
E
E
E
E
E
F
C
E
E
C

22



I

4

1

7
I

z
-

I

=

=3
-

z
a
=

=a
7
z
a
a
z
=
4

=

=a
4

3

=a

1991

2AA0

1993

)aa)
2AA2

t996
1857

t 999

1993

l98l
1995

1999

1996

t995
1995

Tbcse sere great astrologjcal ponenh. all occuring in conslellations relaling to rhc Jews. and all invohed the
King of planets. These evcnts are rare. though nor extraordinary rhen taken individua y, but rhe rapid
succession in $lich they followed each othcr cenainlv caughr ihc Magi's attention. Thc astrotogicat beliefs of
the time \aould have alcrtcd thc Vagi ro what event to expecr. and $.here to cxpcct it. Ihere only renained the
final ponent to tell thcm when to startfieirjoumey

tlere, Kidger goes way our on a limb and makes the pronounceme rhar rhe 5 BC nova in Aquila \lzs the Star.
Its location was such that it would hav€ bccn scen lo$ in the easl in thc predam sky. and irs period ofvisib;1i1,.,,

(long enough for rhe Magi lo complete their tlalclt would suggesl thar it r\as a reasonably bright nova ar

maximum. lr follows lhat ifrhe S1ar s,as sccn in thc casl at da$n. then as thc Magi ravelled to Jerusalem. the

Star would be progrcssivcly highcr in the sky cach nighl. Ifthey took rwo to three nonrhs ior rhen joumey. fien
fie Star *'ould bc cxacdv where it should have beefl when thcy rcached thejr desrination dirccrly souih of
Jerusalem. and o!cr Bcthlchem.

A ncat explanation, but Kidger goes tunher. He beUcves that he can idcntiry the Star today. By racking back
drough thc Chinese and Korean records, he comes to ihe conclusior that rherc is a recunenr nova star almosl
exactly wherc the ancient records put the 5 BC nova. Thal slar is DO Aquilac. Ii had a recorded outbulst in 1925.
and Kidger suggcsts thal it could have had a significanl outbuN in 5 BC. He admirs rhat it is a very tong shot.
bul it could fit. and ir is probably just as credible as many oftire orher tbcories.

So. was ir thc Star of Bethlehenl Who really knov,s? Whatever rhe Srar of Bct|lehein $as. ir has had more
impact on humankind than any star before or since. And no maner \r,hat transpires, lve will s!il] celebrale
Cbdstmas on 2 5'h December. and we'l] still sing, " ttle Thrce Ki Ss of Oient arc" .
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Planetary orbits around a spinning gravitating star
M Jawed Iqbal*

Institute of Space and Planetary Astrophysics (ISPA)

Lrniversity of Karachi, Karachi 75270, Pakistan

Abstract:

l1 is an cmlirical facr. bascd on solar physics of sunspots. thal our sun and generally staB are spinning

gravitational sources for bodies in orbit in any such solar syslcm. Thus a planetary theory for the gravilational

ficld of a siar or a satellitc dlnamics around a (spinning) planel - including the problem oianificial satcllics -
should in principlc takc inro accounr rbe possible effect of axial symmctry. Ilut to the besl of ou. knowledgc.

exisling fomalisms of graviradon physics do nor address the problcm of spin refened ro above. Tbis paper

proposes fte following straEgy b handle $is kind ofcompuBtional physics Our calculations suggest thai this
kind of spin should give rise to a slighr residl]al perturbadon on constani arcal \clociry. computcd by the

standard model of orbital theory. ln particular, the second law ofplanelary motion mighi rcqune revbion. Also,
it tums out drat the classicalresult ofKepler is recoverable from ourresult as a spccial case.

Keywords: Spin ola star planeary orbits, Kepler's la*s, areal vclociry
PACS Nns. :04 20 9l l0

1. lntroduction

Spin ofphysical sysrerns, even in the classical sense, continues to offcr ncwer suryrises to workers in the field of
plysics. One oftlese phenomena is relaled !o solar physics. After having been praciically ignored for more than

t$o centuries, a long series of observations ofthe apparent molion of sunspots, beginning somewhere a.ound
1850s, has established the problem of solar spin as an ind€pendenr active area of study in irs o\r'n righr. It is by
nol, confirmed ih31 lhe ouler visible envclope of tbe sun does not rotate like a solid body. Asrophysical
obserations show that a tlTical sunspot takes aboui foufieen days lo cross the solar disc and that this time is the

same whether lhe spot passes through lhe cenire offie solar disc or aloDg a shoncr path at some distance from
the centre. Ofcourse, lhe late ofmotion ofa panicular spot is by no mcans unifom, it always appearing much
slo\r'er when near the solar limb lhan $hen near the centre. As such, differcnt sunspots give differeni periods of
spin, and the pcriod ofsolar spin va.ics as a tuncdon ofhcliocentric latitude o - 

given by : = (14.3? sin7r5 q)
degree i day for the diumal angle : ofsolar spin ihe spin period bcing minimum at lhe equator and increasing

graduall) towards the poles. After conection for the annual motion ofthe eanh around rhe sun in the ecliptic, a

nean pcriod of24-96 days at the solar equator has been derived.

The exjsrence of solar spots n-21 convincin-qly €stablishes ihe phenomenon of axial spin of our sun.

Tbis solar plysics of spin gives birth !o an imponant problem in celestiai mechanics, which lies hereiofore

unattended. Thus a planetary theory for the gravitaiional field of a star or a satellile dlnamics around a

Gpinning) planet ircluding the problem of artificial salellitcs - should in principle take into account the

possible efTect of axial s)ometry. Such a relativisiic conection of standard theories ofclassical mechanics can

no nore be ignored [3]. This is anply demonstrated the s$ies of 1997 resolutions and decisions of the

Conrnission 7 of lntemaiional Astronomical Union (lAU) on Celestial Mechanics and Dlnamical Astronomy

t4l.
tsur to the bcst of our knorvledge. cxisting fonnalisms of gmvitation physics do not address t|e problem

of spin refened to above. Thc ork reponed here proposes the following strategy to handle this kind of
compulalional physics. As is wcll known. ftom lhe vie\rpoint of synmclry structure of space-tines. effccts of
gravitational field of any spinning source on ils altendant salellitcs in their respective orbits may be computed

and modclled using a class ofaxisynmctric manifolds possessing stationarity.
'rhe plan ofthc patcr is as folhws. In Seclion 2. considcring a specific class ofaxislrnmct c $ationary

solutions ol Einstein field equations. w€ work out orbit equations in rhe context of the spacc timc manifolds

mentioned. Next, in Section 3, wc derive an interesring application of the modificd kcplerim second law
(MKSL) in a cenral force ficld. Finally. Section 4 comprises a surnmary and ndher rcscarch dircctions.
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