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ABSTRACT

This workis about sightings and astronomical ebstions of transits of Venus across the disk of
the Sunmade from the Indian region. The sources ofitliermation presented herange from
someclassictexts anchistoriographiespublications andecords of institutionandchronicles to
accounts by some individlga Of particular interest is the 1761 transifyserved from top of the
Governords house, bFtherRev. \8ilam Biestwhognade a Waificanbobservation

of having seen at the moments of ingress a nebulobiiytahe planet. That in fact the discovery of
atmosphere of Venuguly recoreédin his communicatioraspresentedn the Vol. 52 of the Philosophical
Transactiors of the Royal Societpf London The discovery of atmosphere of Venus has been attributed to

Mikhail Lomonosov alone that he made during the same transit observed from the St. Petersburg
Observatory.
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INTRODUCTION

Transits of planets across thelkdof the Sun are among the mdascinating phenomena

in the Solar System astronomy. As seen from the Earth, transits of only Mercury and
Venus are possibl@hesehave held great importance in early telescopic astronomy when
the transits endéd astronomers to determinesing triangulationthe solar parallaxvith

an unprecedented accurayd size up the Solar System

Transit of Venus (oil painting, artist not identified; -
http://s87767106.onlinehome.us/art/TransitOfVenus.jpg

This is the ®ry of Transitsof Venusobserved from India.

IAfter the Victorian classic of uninhibited love (Vol. 2) by Captain Charles Devereaux while he set out to
free the Afihans from their oppressive warlords.
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On the averagedhere are 13 transits of the planet Mercury in a centsywe look up
the transit predictions tables by Fred Espe(iakp://eclipse.gsfc.naggov/transit), all
the transits of Mercurgver a period ofseven centuriesdbween the years 16312300
CE occur, peculiarly,in the month ofMay or NovemberAs the orbit of Venugmean
value 0.7233 AU)s much bigger than that of Mercuf®.3871 AU) atransit of Venus is
even rarerThe AU, the Astronomical Unitone may note, isne of the most basic units
in astronomy. It is used to denote distances, particularly in the Solar Sysisnthe
mean SurEarth distancefjxed todayfrom direct rangingneasurements arah elaborate
planetary phemerisfitting, with an accuracy to with a few metrs; the value used by
the Jet Propulsion Laboratory in the computatiothefephemerides i§.4959780691 x
10° km (JPL Solar System Dynamidsttp:/ssd.jplhasa.goy. In its course Venus passes
in between the Eartand the Sumnda lineup takeslace everyp84 days 1.6 yearsthe
time between two successive inferior or superior conjunctibfayeverthe transit does
not alwayshappen sincéhe orbit ofVenus is inclinedat 3.39degrees to that of the Earth
andeach time a linaip takes place, Venus is either above dowehe disk of the Sun
(the secalled inferior conjunction)n the eventhe lineup occurs abr very neam place
where the orbitsross each othethe transit will happen.

A transit is difficult to noticesincethe planets arenuchsmalker than the Sun in angular
dimensions.Venus (6051.8 km mean radius$ bigger than Mercury2437.6 km)in
physical dimensions andislativelycloser to the Earth at the time it inferior

Transit of Venus Jun05-06, 2012 in India, the Sun rises with the transit in progress
(picture generated from: http://transit.savaggarden.org/en/occultation.html
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conjunction. At that time, it haan angular diametemuchbigger than thaof Mercury.

Even then, ompared tdhe 31.5 arc mirof the Sunmean radius 695950 kmj,subtends

an angle of about 1 arc min only and whiletransit Venuswill appearjust as a mall

dot against the bright dioof the SunThat is also the limit of detection by normal human
eyes (20/20 vision). One is aware of claims to seeing sunspots nak&geys.in transit

can be distinguishefiiom asunspot only because of its regular shape and the movement
acrossmuchf ast er than .the Sunés rotation

Thetransits of Venus numbeabout 12 in anillennium. Thesdave interestigly a 243
year repetition, with two transits in Decembeight years apart, followed 121.5 years
later by wo transitsin June,eight years aparThere havebeen seven transitdf Venus
sincethe invention othe telescopelhere was no transit in the 2Century after the last
transit of Venus that took place a good 130 years ago, on Decemi826in the 2f"
Century, the first of such lesup happened odune 8, 2004 followed by the next June
51 June 6, 2012 and visible over India.

The transit of Venus 1882 painted by Dupainon a dome in the Paris Observatoy (1886; Copyright

Paris Observatory; adopted from: http://old.transitofvenus.org/misc.htm

We reproduce below a short list of postescopic transitsT¢ansit Predictions by Fred
Espenak, NASA/GSKC

Transit Contact Times (UT)
Minimum Sun Sun Transit
Date I I Greatest I v Sep. RA Dec GST Series
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h:m h:m h:m h:m h:m " h ° h

1631 Dec 07 03:51 04:59 05:19 05:40 06:47 939.3 16.912 -22.64 5.045 6
1639 Dec 04 14:57 15:15 18:25 21:36 21:54 523.6 16.738 -22.34 4.888 4
1761 Jun 06 02:02 02:20 05:19 08:18 08:37 570.4 4.957 22.69 16.988 3
1769 Jun 03 19:15 19:34 22:25 01:16 01:35 609.3 4.805 22.44 16.842 5
1874 Dec 09 01:49 02:19 04:07 05:56 06:26 829.9 17.056 -22.82 5.182 6
1882 Dec 06 13:5714:17 17:06 19:55 20:15 637.3 16.881 -22.56 5.025 4
2004 Jun 08 05:13 05:33 08:20 11:07 11:26 626.9 5.121 22.89 17.137 3
2012 Jun 06 22:09 22:27 01:29 04:32 04:49 5544 4969 22.68 16.991 5
2117 Dec 1123:58 00:21 02:48 05:15 05:38 723.6 17.201 -22.97 .320 6
2125 Dec 08 13:1513:38 16:01 18:24 18:48 736.4 17.026 -22.74 5.163 4

Through the period 5000 BCE to 10000 CE, the Earth is to witness 178 transits of Venus
in all. As a mark of recognition of the transit of Venus 18821886a dome in the Paris
Observatory was painted by Dupain (18433)in a distinct styleas shown here.

PLANETARY TRANSITS IN THE SIDDHANTAS ?

While discussing planetary conjunctiongut{), some Siddhantic (astronomical) texts
consider occultationgbhedayuti) of planetsalsa In that eventthe particularsituation
obtains when the hwitudinal separation between tytanes gets smaller than the sum
of their radii with the lower plarneovering wholly or partly the orb of the higher planet.
The situation is then treated as akin to a solar eclipse and accordingly the computation is
made for contact, immersion, emersion and separafitre bhedayuti has been
discussed by a feveminent astronomers, e.g., Vatesvarh. (880 CE, Selin 1997,
Bhattotpala élso Utpala966 CB and Bhaskarachary8ljaskara 1111141185 CH (see,
e.g., Mukherjee 1985, Ch..8)aking the Sun as the object being occulted] assuming
the occulting planet as tidoon, VatesvaraBhattotpala and Bhaskacharya describe an
elaborateprocedure for theomputationthat enables one to examineaih eclipse like
situation obtais andto determine the time of the apparent conjunction

The planetary sequende the Aryabhatiya (499 CE) is as follows: Earth- Moon 1
Mercuryi Venusi Suni MarsT Jupiteri Saturni Fixed starsDistinct from a usual
bhedayuti what can be only an extreme situatjatid the astronomers also look at the
more likely situationwhen thehigherplanet happened to libe Sur® To recall, Venus
transited the Sun on Nov 23, 910 CE, beginning in India-passet but the event so
ended that when the Sun rose at Ujjain, the egress was just gettinglogeindian
astronomers knew inclination of théapetary orbits to the ecliptic. They did not facto
these in their computations sinttee magnitudes were small. The only inclination that
mattered was that of the Moon in respect of computation of the Lunar and Solar eclipses
(see Mukherjee 1985, p. 163)f, in the course of computatiomé observation, one
foundthat nodes exist and that with respect to the Suwda is placed in longitude rather
critically, a planetary transit situation could in principle be encountered

In at least twoSiddhantatexts, we findplanetary transitsconsidered as such by the
respective authors and presented in independent chapiemsvamanasawritten in
1056 CE by an astronomer and mathematician Sripati Mishra@®I%E), is a text in



Sanskrit devoted to compuitant of planetary longitudes and eclipsés](O'Connor and E

F Robertson http://www-history.mcs.standrews.ac.uk/Biographies/Sripati.html
28.02.2012 This is thefirst Indian astronomical work where we find an author
considering planetary transits aléaterestingly, Sripati was 13 when Venus transited the

Sun in 1032 CE on May 24. The transit was not visible from India. However, the next
transit that happened dtay 2 2, 1040 CE wadsbikotid&aranpvasd i 6 s f i r
on lunar and solar eclipses, written in 1088 So, working on the planetary longitesl

and latitudes, it is likehhe would stumble upon certainitaral situations amounting to
transitby a panet. Sripah s t i me iAsBemmd®wiit talidia gnoughhe my

not have hadknowledge of his work The legendary ABeruni (9731048 CE) of
Khwarazm (in Greater Iran, now in Uzbekistan), who came over to India with Sultan
Mahmud (9711030 CE)of Ghazani (a place situated sowmthst of Kabul) and traveled

far and wide between the years 1@BIVYCE, was a great Persian scholar with command
over astronomy and mathematics and medicine etc. and several languages. He made
astronomical observations cudletermined latitudes and longitudesnadiny places with
accuracy.His encyclopedic work a 6 r i q (oaKitab HliHmd), now known to us as

0Al Ber uni tb s Sachau 20@8)) bedrstleseout that is a detailed description of
the Hindu religpn, mythology, customs, philosophy, geography and sciences of India. He
discussed at length in his boaforks of Aryabhatta, Varahamihira and Brahmagupta.

The planet Venus transited the Swexton Nov 2324, 1153CE. It is in these times the
great Indan mathematician and astrononBdraskaracharya (Bhaskaralll141185 CE)

lived too. He authored a number of highly acclaimed texts on mathematics and
astronomy, such aSiddhanta Shiromar(composed 115CE). The event would not be
visible from India.However, a people who followed motions of the planets, particularly
around the timesf heliacal rising and settingnd their conjunctiongould know of the
forthcominginferior conjunction of Venus with the Sumagtamayaaccording toSurya
Siddhanty. They would alsolearn that the patharitically cross as in the case of a solar
eclipse. Even though he gave a procedure for compubtieglayuti, we do not havany
commentaryspecific to an event or situatignot even orthe spectaculaHa | | ey 6 s Comet
that appeaed in 1145 CE) Centuries later, n the times ofthe astronomer and
mathematiciarKamlakara (b. €10), there occurred two transits of Venus Dec 7,

1631 (visible over India) and Dec 4, 162& David Pingreanertions, Chapterl2in his

tract SidchantaTatvaVivekgcomposedn 1658 on the pattern of th&urya Siddhanta

Ka ma | UKEanplete Dictionary of Scientific Biograph®008. Encyclopedia.com;
accessedlO0 Mar. 2012 sttp://www.encyclopedia.com) considers planetary transits
There are thirteenohaptersn the tract wheréopics such asclipsesmean motions of the
planets planetarydiametes and distances arlkde heliacal rising ahsettingetc are dealt

with.

The king Vallalasena (Ballal Sena; r. 11%8F) deserves mentiohere for his great
interest in astronomy. He was a learned man who took observations, determined winter
and summer solstices and considered tialgshenomena including comets in his tome
Adbhutasagarahat he began in 1168. He died before he could finish it. The work was
completed byhis sonLakshmanasenahe great military leader and ruler of Bengal
(11221205 CE; ascended the throne in 11M8ajumdar et al 1989)Adbhutasagaras


http://www-history.mcs.st-andrews.ac.uk/Biographies/Sripati.html%2028.02.2012
http://www-history.mcs.st-andrews.ac.uk/Biographies/Sripati.html%2028.02.2012
http://www.encyclopedia.com/doc/1G2-2830902250.html
http://www.encyclopedia.com/

composed on the lines drhat Samhitaand draws from Garga, Vruddha Garga,
Parashara, Varahamihira, Yavaneswara, Brahmagupte&Sana Siddhantaand even
from the Puranas the epicsMahabharataand Valmiki Ramayanatc. (Gorakh Prasad
1956 p. 205. He was aware ofenusSun and Mercurnsun conjunctionsand about the
ayana (precession)points he says he testeadut himself In the process, wihiger he
encountered the peculigienusSuninferior corjunction of 1153 CE w do not know

TRANSITS SEEN NAKED EYE?

In some historical rerds, instances have been cisedjgestive of naked eye witnessing

of the transits of Venus, for instance by th& £éntury BCE Assyrians and by medieval
Arab astronomers in the years 84030, 1068 and 1130 CE, etc. No transit happened in
any of the latter years and the sightings could be of sunspots only. The reader may find
more on this in Johnson (1882) and in the article by Sten Odenwald
(http://sunearthday.nasa.gov/2012/articles/ttt_73.pAbu Ali Ibn Sina (Avicenna; 980

1037 CE), the renowned Persian natural philosopher, mathematician, physician, poet and
prolific author of works ranging fronphilosophy to scienceand treéises on medical
sciencesas stated imne of hisworks to have seen Venus as a spot on the sudatiee
Sun.There indeed was a transit in the year 1032 l@Ecomparisonto the other pre
telescopic instance®f sighting we find $ebvation $oi e arélativelyo b
convincing and amenable to some exploration (Kapoor 204 in preparation).

THE TRANSITS OF VENUS IN THE 17" CENTURY

After the telescope, the first of the transits of Venus as predicted by Johannes Kepler
(15721630 CE)happened on Dec 7, 1631 CE. The French astronomer Pierre Gassendi
(15921655 CE), who had already watched the transit of Mercar}ov 7, 1631, tried

to observehe transit of Venus thisllowing month from Paris but did not succeedheT
accuracy ofthepe d i ¢t i o nTabulaeRidelghimeof 1&270n the one hand, the
Contact IV was already over at 06:47 UT before the Sun rose at Paris (sunrise 07:34 UT).
Looking through Keplerds tables, t#4e Britis
CE) deducedhat there was yet anothiansit situationdue to fallon Dec 4, 1639 CE.

He was able to observe it in Liverpool, as also his friend William Crabtree based in
Salford.It was James Gregory in 1663, and later Edmund Halley in 1691, who proposed
that one Bould be able to determine solar trigonometric parallax and deduce an
unprecedentedly precise measure of distance to thdr@unthe timings of ingress and
egress of the transit of an inner plamgien observed from different locations on the
Earth.Halley died in 1742 CE.

The next transits of Venus were to happed 761 and 1769As the time drew near, the
forthcoming transits evoked great scientific interest in Eurnmpebserve these from
different parts of the globelThe transitswere observed fronmany observatories in
Europe In addition many expeditions were mounted doverse placesvith a view to
gain long baselire What then followed is history, and well documented, vide Kurtz
(2004) andhttp://www.transitofvenus.nl/history.html
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THE TRANSITS OF VENUS IN THE 18™ CENTURY

The transit of Venus 1761

In London, he Royal Society made plans to observe the traisit761. One of its
expeditions witiNevil Maskelyne(17321811)who laterrose to become th&stronomer
Royalwentover to the island of St Helen@he other expeditiowith Charles Mason and
Jeremiah Dixormountd to go over to Sumatabserved it from the Cape of Good Hope.
The Frenchhad prepared for four expeditionsiamely to Siberia, Vienna ando the
southern locationsAstronomer Alexandre Gui Ping(@71196) went over to the island
of Rodriguez in the Indian Ocean, about 1300 km east of MadagabkdarGuillaume
Le Gentil(17251792) proceeded to India.

GuillaumeLe Gentila Frenchastronomeoriginally set sail in 1760 to come over to India

to follow the transit of Venus of Jun 6, 1761 from Pondicherry then in French possession.
Le Gentil who had been inducted into astronomy by Jacques Cassini at the Paris
Observabry at a young agand grew to be a dedicated astronomer was in the French
expedition that was part of an international collaboration for the purg@seht in the
Seven Yearso6 War bet ween two European super
could notmake it for on May 24, 1761, when they were off the Malabar coast, he came to
know that the British had taken Mahe and Pondicherry (Proctor 1882, p. 55). He had to
return to the Isle de France (now Mauritius). It was on his way, between Point de Galle
that he touched omMay 30 and the Isle de France whereaneévedon June 23hat he
observed the tranditom a moving ship, with an objective of fifteen feet focus, and timed
the contacts, and a total duration of 8h27m56 IFas (New York Time4874).

Disheartened but not giving u@ving ventured so far from Frandas Gentil knew that
the next transit was due on Jun 4, 1769 and so determined to stay around and observe it.

f | =
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The ruins of Pondicherry in 1769 seen from theorth. Le Gentil set up his dservatory in the ruins of
the former Governords pal aceflagpole (pictorefromt ruct ure t o t he
www.transitofvenus.nl/histoly
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The intervening periodpent inisle de Francedrifting and sails was sufficiently trying
but he eventually returned to Pondicherry on Mach 27, 1768, well in time to be able to
observe the transit that to his misfortune was clouded out.

Hogg (1951) in her foupartessay presents us a wonderful peep the life and travails
of Le Gentilfrom his memoirs in French. He published in 1782 a detailed account of his

expeditions i n tVWooy avgoelsu ndeasn,s nlaense Inyer s6 de | 01
roi, " I 6occasion du paslaldéepqgund®®sl, ¥@®Bdus sur |
méme mois 17@0. S he c aykar wyadeitosthe éntlian YDeean to observe the

transits of Venus of 1761 and 1769 as the longest lasting astronomical expeditions in

history. Pondicherry in the mean time had its owsttryith the French and the British.

When he landed, it was under French occupation. M Law, the Governor General for the

King of all the French establishments in India, accommodated him well and asked him to

go around next day, find a suitable site anddoail observatory. Hogg (1951) reproduces

the original drawing of Le Gentil s obser v
equipped. She also mentions that it was the British of Madras who provided Le Gentil

with an excellent telescope, an achrom#ireefeet long to observe the transit. Here he

began with determining precisely the latitude and longitude of Pondicherry and in the

course of his work had an exposure to Indian astronomy. He marveled at the fine art of

eclipse calculations by the locadd een tried to learn it. Alocal Tamil Brahmin
computed for him in three quarters of an ho
memory, the circumstances of a lunar eclipse of Aug 30, 1765 that Le Gentil had

Le Gentil (172592),
(http://avelinom.files.wordpress.com/2011/03dlentil1.jpgd
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observed from elsewhere. Upon cross checking with the tables of Tobias Mayer then
considered the most accurate, he was astonished tah@ndamil giving the eclipse
duration short by only 41 sec, i n contrast t
68 sec. Le Gentil found computation of solar eclipses much more difficult to comprehend

and masterAs we get it from Banerjee (192@. 157, it was Tamil Brahmins of

Trivalore (near Tanjorefromwhom he | earnt the art and oOth
their tables and rules which were published
t he memoirs of t Ore wdndeaswhat timyTamilrastran@nisdail to

comment orthe planetary transitse Gentil wasvirtually laying down his life for

On the other sidehe British too had prepared for and had observetintbéransits fom

various locations in India. Th&761 transit was observedromt op o f t he Gover |
house,Fort St George, Madras tan astronomethe Rev. William Hirst (Hirst 1761

1762)with a

Geflecter 2 feet long, made by Mr. Adams, of Fleetftreet, London, and lately fent, as a prefent, by the Eaft

India compny, to the Nabob Mahommed Allah Cawn, of whom the Governor Pigot was fo kind to borrow

it, on this occafion. fie governor himself, an@dlfo Mr Call, a very ingenious gentleman, affifted in the

obfervation; the former with a 4 feet reflecter, of Mr Dolénsl new conftructi on, the 1| a

reflecter, formerly belonging to Dr. Me ad o

The time of beginning as calculateg the Jesuits foPondicherywas 6h 57m. The

London calculations reduced to the meridian of the Fort St. Gétadgen as 13° & and

3' 4" east of Pondichergave h 26m 35s apparent timeThe timings they noted arén7

31 10 andrh 47m 35s (ingress) and 139m 38s and h 55m 44s (egress) apparent time.

As 6 Wi | | i téwrotethis cdmmunication tadhe Right Honourable the Earlof
Macclesfield, Preflent of theRoyal Society Dat ed Fort St.  h6eorge,
made a significant observatiénof having seerat the momeistof ingressa nebulosity

about the plane®herelevant part in theommunicatior(Hirst 17621762)readsthusi

Grhe morning proved favourable to the utmoft of their wishes, which the more increafed their impatience.
At length, as MrHirft was ftedfaftly looking at the under limb of the Sun, towards the fouth, where he
expected the planet would entée plainly perceive a kind of penumbra, or dufkjhéde, on which he

cri ed -oaming, éntd beggedaMr. Call to take notice of it. Two or three feconds after this, namely, at
7" 31' 10" apparent time, happened the firft exterior contact of VenustléttSun, which all the three
obfervers pronounced the fame inftant, as with one voice. Mr. Hirft is apprehenfive, that to be able to
difcernan atmofphere about a planet at fo great a diftance as Venus, may be regarded as chimerical; yet
affirms that fuchnebulosity was feen by them, without prefuming to affign the caufe. They loft fight of this

phenomenon as the planet entered the difk, nor could Mr. Hirft perceive it after the egrefs

That in fact is the discovery of atmosphereof Venus, and independgly sa The
discovery of atmosphere of Venbas beerattributed to Mikhail Lomonosov alorteat
he made during the same transdbserved fromthe St. Petersburg Observato(gee
Mikhail Ma r o v 6 sin Kuréz 2@04 for detailson Lomonosoés observatios). The
assertion by the Retirst on thisaspechas remained neglectdd the glare of the Sun,
theapproachinglanet can not be seen butsipossible to segs atmospheréhatbegins
to be backlluminated by the Sun between the Contact | and Coritadhat apart,
William Hirst also mentions seeirgf the time ofngress the planetssumingshapeof a

1C



bergamot pear, with the preceding limb of the discy well definedwhat is known as

the blackdrop effect He tried to redty a possible defedby checking the focus of his
instrumentseveral times but was convinced as the same effect was seen at the time of
egress alsdt should be borne into mind thad exacly time the Contacts + IV is very
difficult, for both objective and subjective reasombat isbecause of the optical effects,
namely,atmospheric seeing and instrumental diffractiade Proctor (1882, p. 224and

the solar limb darkeningsee Duval et 8)2005)di st orti ng the sil houet"

disk - the black drop effecthat may seem to last from seconds to a mindimo¢ 2000,
p. 95) One can find a brief biography of the RewViliam Hirst at
http://en.wikisource.org/wiki/Hirst, William_(DNBOQO)

From Calcutta, he 1761 transit wasbseved by Mr William Magee.He noted hat the
total ingress began at 8 20 B8ursand the egress began at 2 11h&dirspost meridian.
As Proctor (1882) notes,

GAt Madras, Mr. Hirst, andt Calcutta, Mr. Magee (whom M. ubois convert$nto Magec) observed the
duration of transitpbtainingrespectively the periods 5 h. 51 m. 43 s., and5Brh. 36 s., values which
differ much more from eactther than parallax will account fr

From the Court of Directors of the Eastlia CompanyWi | | i a m cdnailgugoe 6 s
was communicated to the Royal Society by Charles Morton, M.D., F.R.S. which
appeared in the V@2 (1762, p. 582583) of thePhilosophical Transactiongpublished

in 1763).He had notedt he t i mi ngswawiht hofa Mrf.t ofpl i cott 6s

pendulumclock or timepi ec e 0 . F o r thesweatherr had beeth alguglyat

disallowed determination of errors of the watch. On the day of observation, he compared
its reading with 6-aaimiedijsanate’ & iam § Junmast he t
well while the Sun was on the meridian.

The transit of Venus 1769

For the next transthat happened adun 4, 1769, observations were plantelde carried
out from placesfar apartand astronomers traveled lodgstancesin 1768, the Royal
Society petitioned King George Il to organizeientific expeditionsto observe the
forthcoming transibf Venus Thus the most famous expeditiamasundertakerio Tabhiti
by James Cookl17281779) who waspeciallypromotedto the position of.iutenantand
given command ofthe HM Bark Endeavour with Charles Green as the official
astronomernd Joseph Banks tlother astronomer on board (sésmes Cook Papers,
17681773 State Library, New South Wales,
http://acms.sl.nsw.gov.au/item/itemDetailPaged.aspx?itemID=430BfRpeditions were
alsosent to Ireland, Cornwall, Norway aktlidsors Bay

In India, he transit was observed froBinapoor (25° 27' N)by CaptLuis Degloss

Captain of EngineerfDegloss 177Q)and from&hesabadlat. 25° 30" northby Capt

Alexander Rose of the 52d Regimen{Rose 1770). Capt Degloss had made his
observations with three Quadrants and a reflecting telescogenAse it wasloudy but

at5h20m 326t he Sun di sengaged from thehdsl ouds
d i shle imedthe beginning of the egresg 7 5 22hrs end of the egress 7 23 B

11
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With a telescope and a steatch, Capt Rose observélge transit when it was in an
advanced stagéle saw the egress and measuwaethe moment of egreshe timings of

the first (at 6 52 25hrs) and the last contas{7 10 47hrs) (the Contacts Ill and IV
respectively, their interval being 18 min 22 sec.

Le Gentil writing in his memoirs on the sky conditions staties abouta Mr Call who
was stationed at Madras to observe the transit (Hogg 1951):

Grhere was the same thing at Madras, where Mr Call, chief engineer ofabet pad been commissioned

by N. Maskel yne to maKheobsehvers were sleepingaranquilly whén they were

awakened by a most abundant rain and by a gusty wind, which carried off the tent and upset a part of their
instrumentsé. . Thi s whi t bfCorantandel fos mofe g¢Hart thirty lleagues t he co

advancing along the | and of the peninsul abd

Recall that Mr(John)Call had assisted the Rawilliam Hirst during the earlier transit
observed from the Fort St Georgdadras Back home the Reverend himsetfbserved
the 1769 transit from GreenwiclHis communication (Hirst 1769) on the transit
observations makes for an interesting reading where-h#im@s his impressions about
theexistence of aatmosphere around Venasen though this timeverhesays le could
not take notice of it

6 é . wh ®ok the obfervation of théranfit of Venus at Madras, in the year 1761, | favkind of

penumbra or dufky fhade, which preceded the firft external contact two or three feconds of time, and was fo
remarkable, that was therebyaffuredthe contacvas appr oachi ng, whi dmayhappened
venture to fay, that my obfervation of the tranfit of the prefent yeamngeto corroborate my affertiom

the account of the tranfis obferved in India, in 1861

In the samecommunication, William Hirst(1769) also reproduces an extract of his
original letter from India to Lord Macclesfield thatis not publishethenand wasabout
his looking for a satellite of feus during the transit of 1761. Before the transitcdrae
across in théhilosophical Transactionan observatioof a stellar object observed by a
Mr Short near Venus giving rise to speculation thatplanet had a satellite. As the Rev.
Hirst writes,

fi€ A corroboratingcircumftance was added, yi¥l. Cafini, in hisEl e ment s d tmexfiohsrao n o mi e

like obfervation. This | regardieas a favourable opportunity, concluding, that if Venus had a fatellite, it

mu f t be feen at its tranfit over the Sumbbkthedi f c; acc
Companybs Artilleryd (now Colonel Si r ke lealfot Bar ker)
mentioned it to the Jefuits, who obferved at the Great Mount, about 7 % mile®®. 60 Madras, but

neither of them faw any appearance ia tbaft like a fatellite. | alfo fpoke of itto Govemmo Pi got 6 ( now
Lord Pigot),fiand Mr. Call, who with myfelf faw not the ddt fpeck attending that planethence we may

now venture to affirmThat Venus has not a Sateléte

The Transit of VenusOpera

With great interestwe notethat there isan operaTransit of Venudnspired byLe

G e n t fatefulbegpeditions It is in three Acts based on a play of the same name by the
Canadian playwright MaureenHuneem d pr esent ed as axaestialove st o
cour se bet ween destiny and
(http://www.manitobaopera.mb.ca/operas/transitofvenus)htrithe opera was first
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produced in Novembet992 at the Manitoba Theatre Centrdts theme in brief is as
below:

0The oper e x p | arhiegimg yduhpetentjalioe Iseing vatim thegpéople you love. It follows
t he playﬁ storyline and tells of Le Gentil s passi
Celestebs unconsummated | ove f disquistitarchartthetraasiiaf Cel est e

Venus takes him far from home, first for six years and then for another five years. Believing Le Gentil to be
dead, Celeste turns to his assistant, Demarais for comfort and ultimately the love she so longs for. When Le
Gentil finally returns, he tries to explain that he realizes his destiny to be with her, but she has moved on
with her life. In the end, Le Gentil has failed in both tracking his heavenly love (Venus) and his love here
on Eartho.

In his memoirs, Le Gentil put hispressions thus (Hogg 1951):

Orhat is the fate which often awaits astronomers, | had gone more than ten thousand leagues; it seemed that
| had crossed such a great expanse of seas, exiling myself from my native lands, only to be the spectator of
a fatalcloud which came to place itself before the Sun at the precise moment of my observation, to carry

of f from me the fruits of my pains and my fatiguesé@é.

difficulty in realizing that the transitof Venuswas nal | & over é

MANITOBA OPERA 07/08 3571 i A0
LLS AP ALK Lo

COMPOSER - VICTOR DAVIES
LIBRETTIST - MAUREEN HUNTER
DIRECTOR - LARRY DESROCHERS

A LOVE STORY THAT CHARTS A CELESTIAL
COURSE BETWEEN DESTINY AND DESIRE

NOVEMBER 24, 27 AND 30, 2007
(http://www.manitobaopera.mb.ca/transitofvenus/transitofvenus.html

When the time of the 1874 transit drew near and the excitement bEgamlNew York
Timespubl i shed in its July 25, 1874 lesbfi ti on
M.W. De Fonvielle inLa Nature that brought forth his travails of the period 1760 to

1771 and his observations in more detail. The story revealed how he had been superseded
in the Academy of Sciences (measreinstated subsequently) and his propeurped

back in France in his absence where his death had been announced ma(ijhtniswy

York Times 1874)Transitexpeditions apart,e Gentib s  nmemaies etched in history
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- credited with the discovergf a few deep sky objecsuch asthe compaion to the
Andromeda galaxy, the Lagoon Nebula eindin 1961 honoured by a crater on the
Moon named after hirthttp://messier.seds.org/xtra/Bios/legentil.html

THE TRANSITS OF VENUS IN THE 19" CENTURY

The transit of Venus 1874

The 1761 transiproduced solar parak values that ranged from 8".28 to" B In the
1769 transitobservationsthe value improved but ranged from48.to 8".80 The last
figure cameclose to the modern valu8."794148. The divergence in resulimplied
large differenes in tle value of the distance to the Sufhat did not satisfy the
astronomical world (setor more detailWWayne Orchistod s  pira Kuezr2004).The
astronomerdooked forward to the next transit pair, falling 1874 and 1882By this
time, the techigues for angular measurements and-gesitions andnstrumentation had
improved whilethe Solar Systenitself had grown bigger with the discoveby Sir
William Herschel of Uranus on March 18781 andof Neptune on September 23, 1846
by Johann Galle antle i nr i ¢ h Thd éoAing terssitef Venusgave rise to an
excitement and scientific activity of even greater magnitude, all @msron Newcomb
worked onthefour transis results and came up with a value of 8".794 for the parallax.

In India, the tansit of Dec 9, 874 was observed from several pladss for the next one,
the Sun had already set when the Dec 6, 1882 transit began; Contact | at 18r52:57
(GMT+5:30) while the Suradset at Madras sunsetme 17:40hrs (GMT+5:30) The
circumstanes of the 1874 transit are as follows:

Transit Contact Times (UT)

Minimum Sun Sun Transit
Date | Il Greatest Il \Y) Sep. RA Dec GST Series
h:m  h:m hm hm hm " h ° h

1874 Dec 09 01:49 02:19 04:07 0556 06:26 829.9 17.056 -22.82 5.182 6

The Madras Observatorypade elaboratarrangementso observe the transiHowever,
for mostpart of the event clouds frustrated thpreparations. fie Observatory haso
publication abaut the observationgxcept for a briefaccount that formspart of the
AdministrationReport of the Madra®bservatoy for the year 1874 nd Pogsonds | e
to Astronomy Registdd 875, vol. B, p. 116) Let us first have a glimpse sbmehistory.

The Madras Observatory

The earliest scientific astronomical observatory in India was established in Thi86

was a private facility erected at Egmore in Madras (now Chennai) by William Petrie (d.

1816), an officer with the Eastdra CompanyThe first observabdn on record, on the p.

164 of the MS Observations at the Ikchives, dates 5 December 1786d pertaingo

the determination of the coordinates of Masulipatam Fort Flagstaff from such
observations. In 1789, the East India Company took over iPet Gesvatarybasd it was

shifted in 1792 tdts new premises at Nungambakkadne si gned by t he Compa
Astronomer and Marine Bveyor Michael Topping (17496), and renamed Madras

Observatory

14



In his work O6A Memoi r,the mtedTgographernSit iClementsSur veys
Markham (1878, p. 32341) had thus to say for the Observatoly The Madr as

#3553

The Madras Observatory at Numgambakkam (from the cover of the volume IV of Taylor, 1838a; IIA Archives).

Observatory is now the sole permanent paintalstronomical work in India, and the only
successor of the famous establishments founded by JailtSiag.been presided over by

RN R 7

The Madras Observatoly, Nuﬁidaﬁi'bakkém,durina 1860-90 (lIA Archives). -

48

o

a succession of six able and accomplished @sitners, it has producegsults which
entitle it to take rank with the observatoriedzoirope, and its present Director is engaged
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in the prosecution of labours which are of great importance to astronomical écienc&d h e

Director referred to above Morman R Pogson (1828891), in the seat since 1861 and

until 1891. The Madras Observatogventually evolved to the present day Indian
Institute of AstrophysicscsFor a good det ail on the Observa
(1985a, 1985b).

Norman Pogson (I®i 1891), who was Director frorReb 1861 until his death (Jun 23,

1891) started his career as an astronomer at
where he trained under J.R. Hind. Thefellowed fruitful days at the Radcliffe
Observatoryin Oxford from the close of the year of 18%nd at the Hartwell
Observatorybeginning Jan 1, 1859 Al t hough hi s name i s well K |
the modern definition of the logarithmic magnitude sd@lee Pogson 185BINRAS

17,12-15), while at the Madras Obsatory, he also discovered with the new eight inch

Cooke egatorial five asteroids and seveariable starsAt Madras, he also +éiscovered

the lost asteroid Freia (1892NRAS52). In addition, his assistat Ragoonatha Charry

(182880), made a notablastronomical discovery idan 1867 that R Reticuli was a

variable star (Markaim 1878, p. 333, see alsq Kameswara Rao et aR009).Pogson

was honoured with the Lalande Medal for his discovery in 1856 of the asteroid Isis (42)

(that he had named aftbis daughter)a lunar crater in his name and an asteroid (1830)

Pogson. In 1860 he

R S
e .

< _ .
. 5 il

ouent CK: July 20). )

The Madras Observatory M

was elected a Fellow RAS and created on Jan 1, 1878 a Companion of the Indian Empire.
One can find more on Pogson i892 MNRAS52.

P o gs on 6 ontRedransitrot Venus1874
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Well before the transiof Venus was to take plac®ogson was concerned that it be
observedrom more stations in Indial he followingis from theNotesin Nature March
13,1873, p. 3691:

AdNe learn from the Times of India that Mr. Pogson, the Government Astronomer of Madras, has written a
long letter to the local Government, suggesting that some special arrangements should be made for
observations of the Transit of Venus in December 187#arthern India, independently of the Madras
Observatory. The letter has been forwarded to the Government of India for consideration

Postt ransi t, Pogsonds account of the transit
Administration Report of the Madr&3bservatory for the year 1874 (IIA Archive§)rst
he says

Orhe two equatoreals, by Messrs. Troughton and Simms and by Messrs. Lerebours and Secretan; the silver

glass reflector by Browning, and seven smaller telescopes, four of which are provitiedoviible

equatorial stands, were all in good order and ready for thedrpected Transit of Venus on Decemb®r 9

which, however, was not observd&ble at Madras owing toc

N R Pogson (18291891) (1A Archives)
and further on

Orransit of Venus As at almost every other observatory in the world at which the important event was
visible, very complete and careful preparations were made in anticipation of the Madras Observatory
contributing its share to the general resulise valudle aid and experience of Colonel A. Ritherdon, Mr.

G. K. Winter, and Mr. F. Doderet, all so signally successful on the occasion of thetdhsbtar eclipse of

the sunat Avenashy in 1871, were enlisted, but in vain. Venus was briefly seen once edtwiicg the

transit, but only through thick clouds which rendered photographs or measurement of any kind impossible.
The second internal contact, noted by Miss E. Isis Pogson and C. Ragoonatha Charry, was the only record
obtainable after all the troublecurred; but had the undertaking beeowned with success and the Transit
photographed and observed throughout in an unclouded sky, the geographical position of Madras, or indeed
any part of India, would have rendered such results only of very secointlaoytance compared with

those secured by astronomers at the southern island stations of Kerguelen and elsewhere; which, combined
with other equally valuable observations at the northern stations of Russia and China, would have amply
sufficed to determin¢he solar parallax without the interference of any midway observers at all, so far as

17



the method is capable of yielding the solution of this great problem. For two centuries past the Transits of

Venus have been popularly regarded as the only means agdidaldettling the precise value of the solar

parall ax, and thereby the earthdés mean distance from
down, and certain insurmountable drawbacks in the favorite metfibghrobably lead to a more just

recagnition of the superior advantages offered by other means, of more frequent recurrence, and which

involve no costly expeditions to remote parts of the earth. The oppositions of Mars, already observed here

on five unfavorable occasions, but which in 187d 4879 will be especially favorable, will probably yield

as good a determination, when discussed, as all the late Transit observations put together; though after all it

is very questionable whether any direct method of observation will ever achieve mare tmere

verification of the latest value of the parallax deduced by the triumphant theoretical researches of M. Le

Verrier of Pari® .

The excitement of a rare event notwithstanding, Pogson was clear that the precision
achievable by its observations wamsited and that the method for determining thean
EarthSundistance from the Mars oppositions was better, convenient and accurate. His
reference to Keyuelen is in respect of the Royal Obseat or y 6 s expeditio
Kerguelen islands in the Anttic Ocean that was led by the R&tefen PerryFailure in

observations due to bad weather notwithstanding, Pogson still provided valuable help to

other observers stationed elsewhere through telegraphic determination of the respective
longitudes, and in hiwo r d s , 6one of the most i mportant .
the requisite data for rendering their observations available for the determination of the
solar parall axo. Hi s subsequgntlytinuL88d (PogebB84d). was publ

Of the two observers Pogson mentions, Elizabeth Isis Pogson was his daughter who

worked at the Observatory as assistant astronomer (N&IGre p. 513) whereas

Ragoonatha Chary was the First Assistant to the Astronomer. Ragoonatha Chary came
from al ma rfendy amdavkea just @rouneighteerhad joined the Observatory

in 1847 during T G Taylorés time (see Kame
Proceedings of Madras Government Public Department, Madras) has spoken highly of

him. As the transit date drew ae a38-page pamphlet by C Ragoonatha Chary entitled

O0Tr ansi t wasfbrought outisl®4 in English, Kannada and UrdThrough

several figures, the pamphlet beautifully explains the transit to the lay public. The

English version was presented aaldgue but the style differed when he presented the

versions in the local languages. Tp@mphlet as he called it, was printed but was not
published as such. It i ncludes his passionai
the 13" April, 1874toadr ge gat hering of oONative Gentl em
support to a moderrSiddhanta that he wished to bring out, establishment of an
Observatory for which he offered a few crucial equipments of his own and formation of a

society on the lines of tHeoyal Astronomical Society. On the occasion of the Transit of
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The cover page othe Urdu version of RagoonathaCh ar y 6 s  prathe prtahsie af Venuso (1A
Archives).

Venus 2012, the Indian Institute of Astrophysics is planning tpriré the Engkh
edition of thepamphlet
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C RagoonathaChary (182880) (IlIA Archives)

Observations by J B N Hennessey and the Red D James

A brief account of the observatiord the transitfrom various stations in Indigs

availablein Markham (1878, p339-40). He writes thatfom Masauri Mussoori¢ in the

Shivalik hills, 6765 ft above the mean sea, the transit was observed by J B N Hennessey
(18291910) of The Great Trigonometrical Survept theSur vey oGeoddcn di a0 s
Branch Office Compoundin Dehradin, the Hemessey Observatory, originally
established in 1884 to carry gpthotoheliography takin@0 cm images of the Sun, still

exists, with a dome but sans its equipment @egkrving resuscitation He n emie ey 6 s
objective was to observe the trarsfitVenusfrom a considerably high altitude above the

seaHe used aalbpravideg bythé Royak Societyan altazimuth, a mountain
barometer and a thermometéte had rated his chronometers aiso determined his

latitude and longitude for the purpos&t Mary Villa, the pont where he placed the
equatoral wasappropriatelynaned - Venus Statiorf30° 27' 36".3N, 78° 3' 3".2EHe

determined time measuring zeniistances of the stars Aldebaran and Altde.got fine

weather forhis observationsHenesseynoticed the beginning only after the planet had
made its dent on the Sunds disc. Hethesaw a t h
blackdrop effect despite thadvantage of a gh altitude(Hennessey8741875;for a
comparison of thie obsevations,vide Tennant 1877 p. 4ls9.

The blackdrop however was noticed clearly by Colonel Walker wh® km south of
him, made the observatiofrem Dehra Do, a placeat 2200 feet at the foothills.
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