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Abstract: Russi an pol y ma telich Mmdnbsaviclaimed sgoshave discovered the atmosphere of Venus
duringthep | anet 6 s t r @unéssi td iosvce Althoudiiséveral other astronomers observed similar effects
during the 1761 and 1769 transits, L o mo n o s ofar @rioritycid tleeistmongest as he was the first to publish a
comprehensive scientific report, and the first to offer a detailed explanation of the aureole around Venus at ingress
and egress, which was caused by refraction of the sunlight through V e n uatmdsphere. His observations, more-
over, were successfully reconstructed experimentally using antique telescopes during the 2012 transit. In this paper
we reviewdet ails of L o mo n ® @vbich dusuallyo dres poarly eovered hy commentators and often
misunderstood); compare other reports of the eighteenth century transit observations, and summarize their findings
in a comprehensive table; and address recentcallst o reconsi der L o iftenrevewing éhe avalabie
documentation we conclude that everything we learned before, during and after the twenty-first century transits only

supports further the widely-accepted attribution of the discovery of V e n uasndsphere to Lomonosov.
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1 INTRODUCTION

Venus was the first extraterrestrial body (other
than the Sun) that was proven to have a detect-
able atmosphere. The discovery was made by
the Russian polymath Mikhail Vasil@&vich Lomon-
osov (17117 1765; Menshutkin, 1952; Shiltsev,
2012a; 2012c), who observed the 1761 transit of
Venus from St. Petersburg, detecting a lumin-
ous arc around Venus at egress, which led him
to realize that it was caused by refraction of
the sunlight through the p | a s atindsphere.
Lomonosov promptly reported his results at
length, in Russian and in German, in two differ-
ent scientific papers (Lomonosov, 1761a; 1761b),
concluding that

€ the planet Venus is surrounded by a sig-
nificant airy atmosphere similar to (if not even
greater than) that which surrounds our terrest-
rial globe. (Lomonosov, 1761a; here and in the
remainder of this paper, the English transla-
tions are after Shiltsev 2012b, unless otherwise
stated).

the discussions on the discovery of the atmo-
sphere during the nineteenth and twentieth cen-
turies; critically study the arguments presented
by Pasachoff and Sheehan (2012a); and discuss
the results of the successful experimental recon-
Sstruction

2012 transit of Venus.

2 LOMONOSOVG6S OBSERVA
THE 1761 TRANSIT OF VENUS

Lomonosov observed the transit of Venus on 26
May (old style; 6 June, new style), 1761, from
his estate in St. Petersburg (modern address:
Bolshaya Morskaya, 61) at latitude 59° 5 55N nj
and longitude 30° 1 75NP Bj(Chenakal, 1957a).
He used fé a 4% ft. long telescope with two
glasses é [and a]é not-so-heavily smoked glass
€ 0 as a weak solar filter (Lomonosov, 1761a:
7). The reason for the filter was that he

€ intended to observe the beginning and the
end of the phenomena only and then to use
the power of the eye, and give [his] eyes a

Since the late nineteenth century, L 0 mo n 0o s 0V 0 s respite for the rest of the transit. (Lomonosov,

priority has been widely accepted (e.g., see Bond,
2007: 46; Lomb, 2011: 190-191 Lur-Saluces,
1933: 297; Lyubimov, 1855: 30; Maor, 2000: 90;
Marov and Grinspoon, 1998: 16; Maslikov, 2007,
Moore, 1961: 84-87; Perevozchikov, 1865; Schil-
ling, 2011: 42; Sharonov, 1952a; Shirley and Fair-
bridge, 1997: 393; Smith, 1912; Tchenakal, 1961;
Wulf, 2012: 75-77). However, Pasachoff and
Sheehan (2012a) recently expressed skepticism
about this discovery in this journal, questioning

whether Lomonosov could have detectedVe nus 6

atmosphere with his telescope, and calling for a
re-examination of the circumstances of the
discovery.

In this paperwedescri be
ings and compare them with similar observa-
tions of the eighteenth-century transits; review

ibid.).
His original telescope was destroyed during
WWII, a victim of the heavy bombardment that
leveled Pulkovo Observatory and the suburbs of
St. Petersburg. For a long time there was un-
certainty regarding the type of telescope Lomon-
osov used, as evidenced by the commentary in
the standard editionof L 0 mo n cssvarks {vavi-
lov and Kravets, 1950-1983). Although some
hints were given by Melnikov (1977) back in the
1970s, only recently has research uncovered a
pre-WWII publication (Nemiro, 1939) in which a
witness describes several notable antique tele-
scopes in the Pulkovo museum collection, which

L o moe n o s was @stablithedhrdore than fifty years prior to

that date:

ority.
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é the most numerous group of tools are the

instruments ordered to observe the transit of

Venus across the solar disk in 1761 and 1769.

This group includes achromatic telescopes by

Dollond, the reflectors by Short of the Gregor-

ian design with lens-heliometers, and quadrants

by Sisson. One of these Dollond refractors

was used by famous Lomonosov to make the

biggest discovery i he discovered the exist-
ence of an atmosphere of Venus during its

passage through the disk of the Sun in 1761.

(Koukarine et al., 2012; our English transla-

tion).

The full list of old astronomical instruments in
the collection of the Pulkovo Observatory com-
piled in the late nineteenth century includes two
Dollond achromats of 4% feet length dating to
L o mo n o dimey dns with an objective of 2.1
inches aperture and another with a 2%-inch ob-
jective (Struve, 1886).

In 1761, the achromatic refractors just recent-
ly invented by the renowned English optician
John Dollond (17067 1761) most distinctively dif-
fered from the old, non-achromatic refractors by
having the second|l ens (6gl ass6)
hence the referencetoit wo ¢ | demoms
s o wdéscription. Given that Lomonos o sitransit
drawings (see Figure 1) are reversed, one can
conclude that his telescope was a 4.5-foot revers-
ed image astronomical refractor, with a two-lens
achromatic objective made by John Dollond (Pet-
runin, 2012).

Pasachoff and S h e e Is d201®a: 5) refer-

encetoLomonosovoOsasr effattmotc t or

mat i thérefaresncorrect. Furthermore, Lom-
onosov06s adbromhat was d much more
serious scientific instrument than one recent
transl ator 6s c arfé laesaertsof
spy-glass é owould suggest (Marov, 2005: 213).
The outstanding quality of the eighteenth-cen-
tury Dollond achromats was specifically noted
by observers of the 2012 transit of Venus who
used antique telescopes (e.g., see Kukarin et al.,
2013). Some of the Dollond telescopes similar
to the one used by Lomonosov have been ana-
lyzed using modern optical techniques and have
demonstrated excellent performance (e.g., see
Petrunin, 2012). ZYGO-type interferometeric
measurements of the 4.5-ft Dollond achromat
employed for the repl.i
covery gave the following results (with reference
to the diffraction-limited optical parameters in
parenthesis): peak-to-peak wave front error of
1/3.9 wavelength (1/4 or less); rms error of the
wave front of 1/21 waves (1/14 or less); and a
Strehl ratio of 0.916 (0.8 or more). Conse-
guently, Koukarine et al. (2012) concluded: i é
the optics of this telescope made almost two
and half centuries ago are of very good quality
even by todayds

During his observation of the 1761 transit of
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Venus Lomonosov reported three different types
of phenomena:

1) phenomenon Pl = a dlisterdor dulgedwhich
lasted for a few minutes after the 3™ contact
(thisisi Il lustrated
and 5, and at point A in Figure 16 see our Fig-
ure 1). L o mo n o sigwed 8-5 indicate that
the dlisterddulgedat 3" contact (which we will
henceforth refer to as an d@rcd started to grow
from the beginning of egress (egress phase 0),
when Venus was fully on the Suné s
way to an egress phase of about 0.1 (where
1/10™ of Venuso diameter was external to the
solar photosphere). Therefore, it lasted for a
few minutes before it disappeared.

2) phenomenon PII = the dlurrinessdof the solar
limb at the time of 1% contact (illustrated in Lom-
0 n 0 s d-igudesl at point B), and a similar ®Ilur-
rinessodat 4" contact.

3) phenomenon PIlIl = a i {than ibrght radi-
anceod c |™aenct, which @Asted about a
second (this was not illustrated).

It ought to be noted that Lomonosov con-
cluded the eRdlehc® &f bnl a¥mBsphere of Venus
&h the basis of only two out of the three different
phenomena observed by him, namely Pl and PlII
above, leaving the i hraihi n
near the 2" contact (PIII) out of the argument.

The Chronicles of the Life and Work of M.V.
Lomonosov (Chenakal, et al., 1961), which pre-
sent all the known documented facts of his life,
indicate that Lomonosov commenced the writing
of his observational report the day after the
transit. He submitted his 17-page long paper,
written in Russian and titled i T happearance of
Venus on the Sun, observed at the St. Peters-
61."% Mpé}igl Acgdémy of Sciences on May 26,
17 6 1 omor{odow 1761a) for publication on 4
July 1761 (o.s.), and 250 copies were publish-
ed by the St. Petersburg Imperial Academy of
Sciences on 17 July 1761 (according to the re-
cords of the Russian National Library)d and they
were fully distributed within a few months (Tyuli-
chev, 1988). It is of interest to note that pages
10-16 of the published report are devoted to a
defense of the heliocentric hypothesis and a
discussion of the possibility of life on Venus in
light of the discovery of its atmosphered a, sub-
o8 Bf Wb schifile Shib@st & Uhe fime .o
see de Fontenelle, 1686). A German translation
of the Russian paper (Lomonosov, 1761b) was
made shortly after (presumably by Lomonosov
himself), and 250 copies were printed in August
1761, destined for wide distribution abroad (Sha-
ronov, 1952b; Tyulichev, 1988). The Russian
and German texts are essentially identical, dif-
fering by only eight insignificant words and
phrases (Chenakal and Sharonov, 1955). Four
'Eﬁ)glish translations of the nucleus of Lomono-
s o0 v Russian paper (Lomonosov, 1761a: 7-9)
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have been published to date. Meadows (1966)
is the closest to the original, and has just a few
insignificant omissions. Marov (2005) contains
a number of errors and deviations from the
original text, although none of these alters the
major content and conclusions of the original;
however, Marovb s v edoes provide a useful
discussion of the historical background of the
1761 observations made at St. Petersburg, as
well as references to known drafts and prepar-
atory documents that led to Lomonsové s p u
ed report. The recent paper by Pasachoff and
Sheehan (2012a) offers a relatively good trans-
lation, with few deviations from the original text,
but unfortunately the commentary is marked by
several important misconceptions and misin-
terpretations (see Section 5 below). The most
recent, complete and heavily-annotated transla-
tion by the present author (Shiltsev, 2012b) is, |
believe, the closest d&vord-for-wordé rendering,
and is free from the deficiencies of the three pre-
ceding translations.

Lomonos ov dmpertwas inctudet! in
all the major editions of his Complete Works
issued by the St. Petersburg and the USSR-
Russian Academy of Sciences, e.g., in those
published in 1803, 1891-1948, 1950-1983 and
2011. The most complete one (Vavilov and
Kravets, 1950-1983) also contains five related
notes, letters and drafts and extended editorial
commentaries. The transit paper itself, particu-
larly its scientific (physics) content and historical
importance have been discussed in great detail
in several publications by practicing astronomers
and historians of science (see the following sec-
tions).

In his own words (cf. Shiltsev, 2012b):

é Collegiate Councilor
osov kept an alert watch mostly for physical
observations at his place, using a 4% ft.-long
telescope with two glasses. The tube had
attached a lightly-smoked glass, for he intend-
ed to observe the beginning and the end of the
phenomenon only and then to use the power
of the eye, and give [his] eyes a respite for the
rest of the transit.

Having waited for Venus to appear on the
Sun for about forty minutes beyond the time
prescribed in the ephemerides, [he] finally saw
that the Sunds e degtrybeat
came indistinct and somewhat effaced, al-
though before [it] had been very clear and
equable everywhere (see B, Fig. 1); however,
not seeing any blackening and thinking that
his tired eyes were the cause of this blurring,
[he] left the eyepiece. After a few seconds,
[he] took a glance through the eye-piece and
saw that in the place
had previously appeared somewhat blurred,
there was indeed a black mark or segment,
which was very small, but no doubt due to the
encroaching Venus. Then [he] watched attent-
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ively for the entry of the other (trailing) edge of
Venus, which seemed to have not yet arrived,
and a small segment remained beyond the
Sun. However, suddenly there appeared be-
tween the entering trailing edge of Venus and
the solar edge, a hair-thin bright radiance
separating them, so that the time from the first
to the second was no more than one second.

During Venusb6é egress
its front edge was beginning to approach the
solar edge, and was (just as the naked eye

hcan see) about a tenth of the diameter of
Venus, a blister [pimple] appeared at the edge
of the Sun (see A, Fig. 1), which became more
pronounced as Venus was moving closer to a
complete exit (see Fig. 3 and Fig. 4). LS is the
edge of the Sun, mm is the Sun bulging in
front of Venus. Soon the blister disappeared,
and Venus suddenly appeared with no edge

from th

bl is

and

Figure1:L o mo n csdrawings of the sequence of phenom-
ena during the phases of ingress and egress of the 1761
transit of Venus (after Lomonosov, 1761a: 17).

(see Fig. 5); nn is a segment, though very
small, but distinct.

Complete extinction or the last trace of the
t he é@ll geecdqeeodeenus on the Sun at its very
em(ﬁgence followed after a small break and
was characterized by a blurring of the solar
edge.

While this was happening, it clearly appear-
ed that as soon as Venus moved away from
the axis of the tube and approached the edge
of the field of view, a fringe of colors would

wh e r e appeér elue Southe drefractionl of eays of light,
and its [Venusd edges seemed smeared the
further [it] was from the axis X (Fig. 2). There-
fore, during the entire observation the tube was
permanently directed in such a way that Venus
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was always in its center, wAs ene avill see $n thie Yolowing 8elctions, ob-
edges appeared crisply clear without any colors. servations of atmospheric effects similar to Lom-

From these observations, Mr. Councilor 0 n 0 s oweré seported by many astronomers
Lomonosov concludes that the planet Venus is during the transits of the eighteenth, nineteenth
surrounded by a significant atmosphere of air and twenty-first centuries. For example, Figure
similar to (if not even greater than) th_at WhICh 2 shows photographs taken in Italy with a mod-
ig::é‘”%str?:;irtsetrﬁ;géa'tﬁéolt(’;‘s o¥hclfea|\fn:si ern 20-cm Schmidt-Cassegrain telescope and a
in the [previously] tidy solar edge B just before digital camera du.rln_g the 2004 transit (Co.monl’
the entry of Venus on the solar surface indi- 2004). Ch'argctenstlc features of thg luminous
cates, as it seems, the approach of the Venus- arc (PI) similar to what was drawn in Lomon-
ian atmosphere onto the edge of the Sun. The 0 s 0 VFi§. 4 are clearly seend the arc is thinner
clarification of this is evident in Fig. 6; LS is and fainter in the middle, and wider and brighter
the edge of the Sun, PP is a portionof Ve nu s 6 at the ends approaching the Sund s | Thenb .
atmosphere. At t he time of Venus @imsé rpars 6f thet & may not appear well
contact of its front edge produced the bulge. marked, and can assume the form of a dvhiskerd
This demonstrates nothing but the refraction of (an incomplete arc), as in Figure 2 (right).
solar rays in the atmosphere of Venus. LP is Recent discussion abbut the formation of the arc
the end of the diameter of the visible solar . . p
surface (Fig. 7); sch is the body of Venus; mnn and mod-eling of its appearance (see Garcia-
is its atmosphere; LO is the [light] ray propa- Mufioz and Mills, 2012) is fully consistent with
gating from the very edge of the Sun to the all of these observations. Replication of Lomon-
observer 0s iaktgtlee badyof \deaus t osovbds discovery with antigu
in the case of the absence of an atmosphere. the 2012 transit resulted in similar observations
But when the atmosphere is present, then the (see Section 6 for details).
ray from the very edge of the Sun Ld is refract-

Most commentators on Lomonosovd seport
agree that he correctly and fully described the
physical mechanism of refraction underlying his
observations, and that he came to the right con-
clusion: that Venus possesses a dense atmo-
sphere. 1t fully follows the basics of the theory
of refraction which he had earlier studied be-
cause of its implications for the accuracy of mar-

Figure 2: Photographs of the ingress (lef) and itime navigation, e.g., fé the rate of ref_racnqn
egress (right) of Venus taken by Lorenzo Comolli at corresponds to the transparent matter, i.e. air,
Tradate, Italy on 8 June, 2004 (after Comolli, 2004). thus the amount of matter that a ray propagates
. is the rate of refraction.d (Lomonosov, 1759)."
ﬁd tt(;]"l:"';‘rdZ;Tﬁgpeggfg:r:%‘;ﬂﬁyd ":Qf(:;fé‘éhe?t Only in the mid-1960s did the farsightedness of
arrives at the observe r 6 s at ©.yleis known hisassumption that venuso atmc
from optics that the eye sees along the inci- even more dense than tpat of the Earth become
dent line; thus, the very edge of the Sun L, clear, whenVenus 6 at wes seyehledtoe
due to refraction, has to be seen in R, along be nearly two orders of magnitude thicker than
the straight line OR, that is beyond the actual our terrestrial atmosphere (Marov and Grinspoon,
solar edge L, and therefore the excess of the 1998).
distance LR should project the blister on the .
solar edge in front of the leading edge of Venus We also should note how precise, accurate
during its egress. anddescript i ve Lomonosae@=e dr awi |

Fig. 8 (in Figure 1) illustrates the method used
by A.D. Krasilnikov and N.G. Kurganov at the
St. Petersburg Academy Observatory (Chenakal,
1957b) to measure the minimal distance from
Venus to the center of Sun and the diameter of
Venus.

L o mo n o sCompfete Works also contain
iPreparatory Notes for-
us on the Suné @ which add a little to the des-
cription of phenomenon PIII:

é then suddenly there appe@f

entering trailing edge of Venus and the solar
edge, a hair-thin bright part of the Sun, so that
the time from the first to the second was no
more than one second. (Vavilov and Kravets,
1950-1983(4):389-390; my English translation).

t he
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Figure 1). For example, the diameters of the
Sun and Venus in his Fig. 4 differ by a factor of
about 32, which is very close to the actual value.
As we will see below, not many other observers
achieved such accuracy with their drawings.

3 OTHER EIGHTEENTH CENTURY
ACCOUNTS OF A VENUSIAN
ArfaBdpREREANCe  oOf

About two dozen observers of the 1761 transit

ort% %henomena Wh|crbI were caused by
nas St s S |dtmI iVed to be caused
by it. Besides the PI, PIl and PIlIl phenomena
observed by Lomonosov (that is, the arc or
bulge of light over the part of Venus off the Sun
during ingress/egress; the dlurrinesséof the sol-

Ven
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ar limb at the points of external contact; and the
Ahaihri n bright
internal contact), there were observations of a
ring (light or dark) around Venus when it was
fully on the disc of Sun, which we will classify as
phenomenon PIV. What follows is a brief over-
view of the 1761 reports, with the details of their
reports of the atmospheric effects. In particular,
all known drawings of the PI phenomenon are
reproduced below. Many more observers in
1769 saw similar effects, but this discussion is
limited only to descriptions of those relevant to
the discussion in Section 5.

3.1 Observations of a Complete or Partial
Arc Around that Part of Venus Which
was off the Sun6 s isd(PlI)

A very clear description of the luminous arc
around Venus off the Sunb6s di sc
and egress was given by the noted Swedish
scientist, Torbern Bergman (173571 1784), who
observed the transit from the University of Up-
psala. His account, dated 25 August, was read
in London at the 19 November 1761 meeting of
the Royal Society and was published in the
Philosophical Transactions € ( Braan,gl761-
1762):

We believe that we saw Venus surrounded by
an atmosphere for the following reasons. Name-
ly, before the completion of the ingress, when
about a quarter of the diameter of Venus was
still beyond the limb of the Sun, the whole of
Venus was visible, because the part protrud-
ing was surrounded by a feeble light, as shown
in Fig. 1 [see Figure 3 h e r e JThisévas ob-
served much more clearly at the egress; for,
initially, the part projecting beyond the limb
of the Sun was surrounded by a similar, but
brighter light. The part a (Fig. 2) which was
furthest from the Sun became weaker in pro-
portion to the egress of Venus until a stage
was reached when only horn-shaped segments
could be seen (Figure 3). | continued to observe
the light unbroken, however, until the egress
of the central point of Venus. (after Meadows,
1966: 120).

Bergman observed with a 21-ft long non-
achromatic refractor, but did not specify the fil-
ter used. His description of the arc in general
matches that of Lomonosov. He noted that in
the later phase of egress, the arc had broken
into two horn-shaped segments. His drawings
show some deficiencies though (see Fig. 3).
First of all, the arc is presented equally thick
around V e n uckrdumference, as well as the
horns. Secondly, the points of the arc and horns
in contact with the Sunbs edge
very distinct sharp angles that cannot represent
physical reality. Thirdly, the ratio of the diame-
ters of Venus and the Sun as drawn is about
1:10, which is far from the actual ratio of about
1:32. This indicates that the drawing may have

r ad pants ofe 0

a ase
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been designed to illustrate qualitative points

cratherghan quamtitativé aonclusions. It is also to

be noted that Bergman observed the notorious
dlack drop e f f Echaeber, 2001) shown in his
Figs. 4-6. He suggested that it originated from
strong refraction of sunlight in V e n uando-
sphere (which it has no relationship to), and he
mistakenly shows the wrong curvature of the
Sunds | i Fgb5. Despitd all shese defic-
iencies, there is little doubt that Bergman refers
to a true luminous aureole caused by refraction
in the atmosphere of Venus, even though he
offered no explanation for the phenomenon de-
picted in his Figs. 1-32

In the same volume of the Philosophical
Transactions another Swede, Pehr W. Wargen-
tin (17177 1783), the Director of Stockholm Ob-
servatory and Secretary of the Royal Swedish

dur i n @cademygof SEienses, reported his observations

Lhilos. Trans. Vol LI TABVILp 220

e | i

Figure 3: Drawings by T. Bergman showing Venus at
ingress and egress (after Bergman, 1761-1762: 223).

(Wargentin, 1761-1762: 212-213), and made the
following short remarks and cautious conclusion:

It is worth noting that the limb of Venus, which
then had emerged, was conspicuous even
outside the Sun, as a kind of weak light occur-
red [over V e n ulimi@ and lasted during the
entire emersion. Whether such a sight of the
edge of Venus is due to the bending of the
rays of the Sun, or to refraction in the atmo-
sphere of Venus i is for others to decide. (my
English translation).

Wa r g e sidrawing(Figure 4) presents the

s hafmrementioned phenomenon in a somewhat

improbable way (is the lower part of Venus dark
or is it illuminated?), and with V e n usgecom-
pletely out of proportion to that of the Sun. An-
other, earlier, drawing by Wargentin (see Strémer
etal.,,1761) is presented as fig.13 in our Figure
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Figure 4: Drawing by P.W. Wargentin (after Wargentin,
1761-1762: 213); see, also, his fig.13 in Figure 5 below.

5 (see the discussion below) and better illu-
strates what he actually saw.

From the observatory founded by Anders
Celsius in Uppsala, Sweden, astronomer Prof-
essor Marten Strémer (17077 1770) observed
the 1761 transit of Venus with a 20-ft non-
achromatic refractor. Strémer was assisted by
Torben Bergman (see above) and Frederick Mal-
let (17281 1797), the Professor of Mathematics
at the University, who used an 18-in long reflec-
tor. Both Strémer and Mallet also saw the arc at
ingress and egress and included corresponding
drawings in their initial report (see Figure 5 be-
low). This report (Strémer, et al., 1761) is not
dated but could be placed in the third quarter of
1761 at the earliest.

Mallet described fig. 6 in Figure 5 as follows:

Once Venus was three-quarters of the way
onto the Sun, it was noted by all observers
that a weak glow or streak surrounded the
remaining fourth, to show Venus entirely round
(Fig. 6). H. Mallet also saw through the
telescope that the Sun extended small fine
horns to surround Venus; to begin with he
believed these to stem from a small defect in
the telescope, as always tends to happen with
objects that are close to the horizon or other-
wise are covered by thin clouds or fog, but
when Venus moved further onto the Sun, the
deviatons from the Sunds ci
the horns formed, were seen even more clear-
ly. (Strémer et al., 1761: 146; English transla-
tion by Dr Andreas Jansson).

Meanwhile, here is Strémerd slescription of
fig.10:

é at 9,280 Venusd edge
touch that of the Sun: and when this moment

had been written down,
was again observed at 9, 28,7 it was more
open than he had expected (Fig. 10). The
Sunds &) mgeemed quite blunt, and one
should judge from this that Venus was still
entirely
S u B édge was dark or covered. The outer
tangent of t he
came uncertain by a ... shaking of the tube,
causing the lens to move, so that it is uncer-
tain if the correct focus was found. Venus
appeared then no longer connected to the Sun
at 9. 46m.15 s. These observations were com-
parable to those of the others present. (Strdm-
er et al., 1761: 150; English translation by Dr
Andreas Jansson).

Subsequently, Stromer et al. (1761: 151) report-
ed that:

While Venus was exiting the Sun, at first the
exiting portion seemed surrounded by a nar-
row and faint glow: then it did not extend
further than a portion of Venus, as the exiting
portion increased. Different observers saw the
extent of the glow to be of different magni-
tudes. Before Venus had half exited, which
according to H. Stromer appeared to happen
at9.35m.11sec,c, the Sunés

to extend and surround Venus in a similar
manner as during the entry: the tips of the
Sun®& horns always seemed too blunt against
Venusoésmall disc, and when she was about to
detach from the Sun, H. Mallet thought that
she stuck to the Sun too much against her
round shape, but at the end he became aware
that Venusé round edge changed into an
angular figure (Fig. 12), which to begin with
was blunt, but then became pointed. (English
translation by Dr Andreas Jansson).

Although Mallet and Stromer did not initially
draw the conclusion that the observed phenom-
ena had an atmospheric origin, later Mallet (1766)
supported Wargentinb6s-
planation. Their drawings 6712 in Figure 5

r ¢ u Ifeature fcorgat proportiarts, luh are somewhat

schematic, as shown by the uniform thickness of
the arc, and the sharp joining of the arc to the
Suadsc(asalsoseeni n Ber g mangs)
above).

The prominent French astronomer Abbe Jean

toe e me d Chappendi omA u t e (A7@2 1769) observed the

transit from Tobolsk in the Asian part of Russia
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Figure 5: The 1761 transit observations from Upsala, Sweden (after Stromer, et al, 1761: 167).
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with a 19-ft non-achromatic refractor. His results
were delivered orally to the St. Petersburg Acad-
emy of Sciences on 11 January 1762 and pub-
lished by the Academy shortly thereafter (see
Chappe d 6 A udhe £762). A copy of his report
was published in 1763 by the French Royal
Academy of Sciences (Chappe d 6 A udhe
1763), and both papers have essentially the
same set of illustrations (shown here in Figure
6). During ingress (Fig. 1 in this Figure) Chappe
d 6 A udhe(L762: 14) reported:

é | could see the part of the disc of Venus that
had not yet entered [the Sun], and a small
ringoshaped atmosphere
(my English translation).

Similarly, at egress (Fig. 2 in Figure 6)

€ one can see that part of the disc of Venus
which is already out, and a crescent-shaped
ring, of which the convex part is turned to-
wards the inferior edge of Venus. (Chappe,
d 6 Aut el762:d% my English translation).

In Figure 6, Chappe d 6 A ucdhedrFigs. 3 and 4
show the illuminated crescent structure of Venus
at various moments during the transit.

As we have seen, Chappe d 6 A ucdhectain-
ed to have seen at ingress and egress fi é a
small ring-shaped atmosphere é 0 on that part
of the disc of Venus that was off the Sun. This
luminous arc was described as a very broad
crescentr oughly a quart ebut
it changed its dimensions and orientation as
Venus traversed the Sun. This phenomenon
does not match any other observations made
during the 1761 transit, or later transits for that

ro

around

of

matter. In his 1763 report Chappe d 6 Audhe r o

attempts to explain the crescent as being part of
Venus side-illuminated by the Sun (which stem-
med from the argument that the Suné s
size was significantly larger than that of Venus).
However, it is easy to understand, from purely
geometrical considerations, that such an illum-
ination cannot be projected on the part of Venus
which was outside the Suné s .dSharanov
(1960: 36) also argues that even while the
planet was on the Sun, the zone that would be
side-illuminated should seem much thinner and

angul

darker than shown in Chappe d 6 A udh&dr o

drawings.

Given these improbable observations and
explanations, one must question the relatively
high degree of credibility attributed to Chappe
d 6 A udhedraabservations in several reviews
(e.g., see Meadows, 1966; Link, 1959; 1969;
Pasachoff and Sheehan, 2012a). We should
note that Chappe d 6 A ucdhe®r acontemporar-
ies viewed his observations quite differently.
For example, a prominent member of the French
Royal Academy of Sciences, Baron Frederick
Melchior de Grimm (17237 1807), wrote to the
encyclopedist Denis Diderot about Chappe d Au-
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terocheb sesults:

é the work has but just appeared, and it is
already so decried, that no person of sense
will place the least confidence in it. The Acad-
emy of Sciences itself hesitates whether it
ought in any way to rely upon the astronomical
observations which the Abbe has sent from
Siberia. Many of our Academicians say that
there is good reason to doubt both the accu-
racy of the observations, and the truth of the
report. They are very much led to suspect, on
comparing this report with the observations of
other astronomers upon different parts of the
globe, that the Abbe did not in fact see the
trangit at alldthattive Suf was veiled by clouds
during the whole time that it took place, but
that not being willing to lose entirely the fruits
of his journey, he sat himself down in his room

i Pusfage de Venur |
B 2

rl.7'

e e e J
Figure 6: Drawings by Abbe
the ingress and the egress during the 1761 transit of Venus
(after Chappe d 6 Aut e 1762c 2B)e

to calculate the probable beginning, progress,
and end of the event, and presented these
calculations as the result of his observations.
This suspicion is probably based upon some-
thing that may have stupidly or ignorantly been
said by one or other among the companions of
our astronomical adventurer. They may per-
haps have said, that the Sun did not appear at
all that day at Tobolsk; the Abbe himself speaks
of his anxiety at this most important moment of
his journey, upon seeing the clouds which cov-
ered the horizon at sunrise, but then he dwells
no less upon his travels when the Sun had
dispersed these clouds; he speaks of all this,
however, in the perfect tone of a libertine
scholar. (Grimm et al., 1850: 378; my English
translation).

We do not know all the arguments used against
Chappe d 6 A udhethea, but one can suppose
that such suspicion could partly be due to his

Chappe
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changing the contact times from publication to
publication (for example, there is a 7-second
difference between Chappe d 6 A udhe ([1%51-
1762) and Chappe d 6 A udhe(L768)).

Chappe d 6 A ucdhedr skills and experience
as a practising astronomer also were question-
ed in the report of a local Tobolsk authority on
how unprofessionally Chapped 6 A uc¢heharall-
ed his 19-ft telescope (see d&ncausse, 2003:
327-329).

Several other observers of the 1761 transit of
Venus reported seeing the arc, but they did not
provide any drawings. The German Georg Christ-
oph Silberschlag (17311 1790) observed the tran-
sit from the d&loster Berge6Monastery and pub-
lished a short emotional note one week later in
the popular weekly newspaper Magdeburgische
Privileg Zeitung:

It has to be mentioned that when Venus was
touching t he Sunés
border expanded into aregion parallelt o
circumference. Experts will ascribe this phen-
omenon definitively to
mosphere, in which strong refraction of light
must take place. Interesting circumstance! The
exi stence of Venusbd
be claimed to exist only by analogy thus far, is
now confirmed by the observation. Venus is
certainly a planetary body just like the Earth,
especially since high mountains were already
observed by Cassini. We add: one could ob-
ject to the claim that Venus has an atmo-
sphere by pointing out that every solid body
will bend light that passes in close proximity,
even in a vacuum. However, the refraction
was too strong. And as one could see very
clearly the transit of Venus over the Sun from
the 5" to almost the 7" hour one could also
recognize a fringe around the very rotund
Venus, which probably cannot be explained by
any other reason than the existence of an at-
mosphere. (Silberschlag, 1761; English trans-
lation by Dr Wolfram Fischer).

Eight years later, this report appeared in es-
sentially the same form in a scientific publica-
tion (see Kordenbusch, 1769: 55-56). One has
to note that besides the arc at egress, which
is generally conceded to be an atmosphere-
induced phenomenon (PI), for several hours Sil-
berschlag also observed a ring around Venus as
it transitedt h e S u n @I¥), adphenamenn
that was not associated with V e n uasndsphere
(see the discussion below).

Reverend William Hirst (d. 1774), the Chaplain
on one of His
in the East Indies used a 2-ft reflector to ob-
serve the 1761 transit from Madras, India, on
behalf of the Royal Society of London (Kapoor,
2013). After the event Hirst wrote to the Pres-
ident of the Society announcing that during the
transit he had seen an atmosphere around
Venus:

inner
Venus o

t he

Maj estyds (
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The morning proved favourable to the utmost

of their wishes, which the more increased their

impatience. At length, as Mr Hirst was sted-

fastly looking at the under limb of the Sun, to-
wards the south, where he expected the
planet would enter, he plainly perceived a kind
of penumbr a, o r Md Hisstkisy
apprehensive, that to be able to discern an
atmosphere about a planet at so great dist-
ance as Venus, may be regarded as chimer-
ical; yet affirms, that such nebulosity was seen

by them, without presuming to assign the

cause. They lost sight of this phenomenon as

the planet entered the disk, nor could Mr. Hirst

perceive it after the egress. (Hirst, 1761: 397-

398).

By the time the 1769 transit occurred Hirst
was back in England and he carried out suc-
cessful observations, but what is interesting is
that in his report he also refers to his 1761 ob-
servation of an atmosphere around Venus:

b&r dwdiren Lt heoosk |tahre
Venus at Madras, in the year 1761, | saw a
kind of penumbra or dusky shade, which pre-

aceded thenfirsp externak gpnfast gwo ¢ three
seconds of time, and was so remarkable, that |
was thereby assured the contact was approach-

at mo s p h eing.gvhich hpppenedaccergngly . d(Hirst, 1769:

231, his italics).

The distinguished Russian scientist and Uni-
versity of St. Petersburg Professor, Stepan Ru-
movsky (17347 1812) observed the transit from
Selenginsk (east of Lake Baikal) with a 15-ft
non-achromatic refractor and briefly comment-
ed(injustone sentence)
leading edge of Venus seemed to be surround-
ed by a circle of lightdo ( Rumo v s;kmy,
English translation).

There is a short note by Lomonosov (in
Vavilov and Kravets, 1950-1983(X): 577) that an-
other noted Russian astronomer, Academician
Nikita Ivanovich Popov (172071 1782), also saw
Venuséatmosphere when he observed the transit
from Irkutsk, but no details were found in Pop-
o v &exently-discovered logbooks and unpub-
lished reports (see Kuznetsova, 2009).

The well-known French astronomer, Pierre
Charles Le Monnier (17157 1799), observed the
transit from the Chateau de Saint-Hubert at
Perray-in-Yvelines (near Paris) in the presence
of the King. He used an 18-ft non-achromatic
refractor. In his report on the transit, Le Monnier
(1763) mentions that:

... the Sun was always perfectly clear, and
i .ofgen too bugbt @ t
lightly smoked, and there was no glimpse of
an atmosphere around Venus, not even during
the final moments of the transit, when the Sun
was most fiery &€ [At egress] however, | saw
for a minute or two the entire disk of Venus,
although it was already partly out of the Sun,
but | was not certain as to the duration of this
appearance é (my English translation).

t tha t

shade ¢é

observation
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It is notable that Le Monnier (a) expected that
the atmosphere of Venus would appear while
the planet was on the Sun, yet he did not see
any aureole or penumbra; and (b) was the only
astronomer known, besides Lomonosov, who
specifically mentioned using a lightly-smoked
glass (i.e. a weak solar filter).

3.2 Observationsofan 6 At mospher ed

During the External Contacts (PII)

Currently, there is still no complete agreement
on whether the disturbance of the solar limb dur-
ing the external contacts is an indication of
Venus 6 at m@iwep e shert the mo-
ment is, it is not surprising that very few observ-
ers reported it.

The Russian scientist Joseph Adam Braun
(17121 1768) from the St. Petersburg Imperial
Academy of Sciences observed the blurriness
with an 8-ft non-achromatic refractor but doubt-
ed its relation to
response to the claims by his fellow St. Peters-
burg Academician, Lomonosov:

As far as the beginning is concerned, what |
particularly noticed as the disc of Venus began
to lose its rotundity, when Venus began to
enter [the Sun], it did not appear as in pro-
gress, perfectly black and round, but was
rather dark, irregular, and rough, perhaps the
cause was the vapors in the atmosphere, yet |
hesitate to attribute this irregularity to the
atmosphere of Venus. (Hell, 1762: 92-94; my
English translation).

3.3 A Circular O6At mos
Venus While it was on the Sun (PIV)

The most popular category of the 1761 reports
in which the word Ooiaad
more than a dozen by my countd related to ob-
servations of dingsdaround Venus while it was
fully on the disc of the Sun. The large number
of such reports is presumably related to wide-
spread expectations of
sphere would manifest itself (see the discussion
on Le Monnier above), and the fact that Venus
spent many hours transiting the Sun (contrary to
the relatively short ingress and egress periods
of less than 20 minutes), and to the fact that in
the eighteenth and nineteenth centuries such
aureoles were observed during transits of Mer-
cury (which has no atmosphere), as Sharonov
(1960) has noted.

The phenomenon is not predicated by current
models of refraction in Venusdatmosphere (Gar-
cia-Mufioz and Mills, 2012), and should most
probably be attributed to imperfections of the
optical instruments rather than being related to
atmospheric effects (see Meadows, 1966). The
illusive nature of the PIV phenomenon can be
concluded from the great variety of observation-

Venus©o

phe

mo s

al results: the aureole looked like a bright ring to
some (e.g. Dunn, 1761-1762); a dark penumbra
to others (e.g. Ferner, 1761-1762); a pale red
ring (e.g. Maraldi, 1763); a very broad cloud-like
aureole up to one-quarter o f Venuso
(e.g. Rohl, 1762); or a thin aureole only 1/400 of
the pl anet 6eg. Ddrinalmelil#62).
Among others who noticed an @tmospheric ringd
around Venus during the transit were Desmares
and de Mairan (see d 6 Aut e y1963c36®,
Fouchy (1763), Hellant (1761) and Planman
(1768).

The Professor of Astronomy at Greifswald
University in Germany, Lambert Heinrich Ro6hl
(172471790), observed the transit from near
Greifswald with a 16.5-ft non-achromatic refrac-
tor and noted the full spectrum of luminous phen-
omena: a penumbra-type ring around Venus
while the planert was on the solar disc (PIV); the
formation of a dwumpdon the solar limb at 3"
cont?ct rrgPI)S dlsturbance of tge solar_limb
at the "&Rd> & 'thé egre?ss (E’I?) (RO 15762).
Some of these are shown in Figure 7, below,
where Fig. Il explains the phenomena at ex-
ternal contact; and Fig. 1l shows the formation
of the 60 comach Fig.tlV iBistrates
the effects seen at egress. Rohl concluded:

But what immediately emerged from the ob-
servations was an amazing depth of know-
ledge about the atmosphere of Venus, which
is one quarter the diameter of the planet and
therefore is significantly bigger in comparison
to the Earthos
also a slight refraction of rays reveals the at-
%)herﬁ pf(!y(gus.Al-to opt fraction on
nus excee n secon . All t is seems to
agree very well with nature. Of course, one
may conclude by analogy, that the action of
p Hhe @tr’@ogphere, &XRos§Y tg the nearby solar
rays is greater and that refraction of light dim-
inishes with ascending height. (R6hl, 1762: 12;
my English translation).

roi

The physics of the refraction leading to the

h ookserved effecis is showntinogood eetainio Fig-
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ure 7, but the abnormal thickness of the pre-
sumed atmosphere of about one quarter the dia-
meter of Venus most probably indicates serious
optical imperfections in the telescope. In a sub-
sequent publication R6hl (1768) discusses the
1761 results in more detail, and he reviews the
many other aureole observations that he was
aware of.

3.4 Observations of the AtmospheredDuring
the 1769 Transit of Venus

The last transit of Venus in the eighteenth cen-
tury took place eight years later, on 3 June
1769. The 1761 indications of a Venusian atmo-
sphere, although not widespread, did not go un-
noticed, and several reviews on the subject

di

at mosphere

were published (e.g. see Chappe d 6 Audhe r o

ame

of



Vladimir Shiltsev

¢tKS mMTcm 5ArAa020SNE

Fies

(v

Figure 7: Evidence of an atmosphere around Venus, as observed by Lambert Heinrich Rohl (after Rohl, 1762: 13).

1763; Rohl, 1768). The phenomenon was deem-
ed worthy of further exploration, and was dis-
cussed by Rumovsky (1771: 41-56) and Mask-
elyne (1768) in preparation for the 1769 transit.
Stepan Rumovskyo6s
accepted in 1767-1768 essentially summarized
L o mo n o sexpeidence with observing the
atmosphere and called for observers to adopt
relaxed positions for the body and to make ob-
servations with well-rested eyes. British Astron-
omer Royal Nevil Maskelyne (17327 1811) paid
serious attention to the procedures for the fab-
rication of smoked-glass filters for use in 1769.
As a result, many more observations of phen-
omena PIi PIV were reported after the transit.
Below only a few of the results are presented,
which will be relevant to the discussion in Sec-
tion 5.

The renowned American self-taught astrono-
mer, David Rittenhouse (17327 1796), observed
the transit at Norriton, near Philadelphia, with a
36-ft focal length 3-inch aperture non-achromat-
ic refractor, and saw outward-looking pyramids
of light around the planet after it advanced about
one third of its diameter onto the Sun (see Fig-
ure 8). This unusual structure broadened and
spread completely around the circumference of
Venus that was off the Sun after the middle of
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the ingress and got brighter as the second (in-
ternal) contact approached. Rittenhouse provid-
ed the following detailed description:

instructyiPdfs diafhbedr

When the Planet ha% %dvanced about ;one
n tr?e rbun, E?;léﬂ'ldwas
steadily viewing its progress, my sight was
suddenly attracted by a beam of light, which
broke through on that side of Venus yet off the
Sun. Its figure was that of a broad-based
pyramid; situated at about 40 or 45 degrees
on the limb of Venus, from a line passing
through her center and
left hand of that line as seen through my
telescope, which inverted. See TAB.XV. fig.1
- About the same time, t
to spread round Venus on each side, from the
points where their limbs intersected each
other, as is likewise represented in fig.1. As
Venus advanced, the point of the pyramid still
grew lower, and its circular base wider, until it
met the light which crept round from the points
of intersection of the two limbs; so that when
half the Planet appeared on the Sun, the other
half was entirely surrounded by a semicircular
light, best defined on the side next to the body
of Venus, which constantly grew brighter, till
the time of the internal contact. See fig.2.
Imagination cannot form any thing more
beautifully serene and quiet, than was the air
during the whole time; nor did | ever see the

t he

he

Su

Sun
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Sunds I i mb maefired, prentofeect | y could not easily imagine it to be, unless her
free from any tremulous motion; to which his limb and body were more uneven than they
great altitude undoubtedly contributed much. appeared to be seen on the Sun. An atmo-
When the internal contact (as it is called) drew sphere it might more probably seem to be, not
nigh foresaw that it would be difficult to fix the only from the faintness of the colour, but the
time with any certainty, on account of great undulatory motion, which might arise from the
breadth and brightness of the light which growing density of the atmosphere, as it pushes
surrounded that part of Venus, yet off the Sun. forward on the Sun, varying the refraction of
After some consideration, | resolved to judge the rays. If such an atmosphere be allowed,
as well as | could of the co-incidence of the then it probably gives the same tremulous mo-
limbs; and accordingly gave the signal for the tion, at the internal contact, to the thread of
internal c o nt kythe cloek, an@ h 2 8 6 4 5 olight creeping round Venus; and prevents its
immediately began to count seconds, which closing quietly till the atmosphere (or at least
any one, accustomed to it, may do, for a min- its densest part) be wholly on the Sun; and
ute or two, very near the truth. In this manner, consequently the true coincidence of the limbs
| counted no | ess than 106 32 obepastf ortieough theatmodplier oftVenus
of the atmosphere of Venus ocan nbttheseeh wmtiBesSunl, yietnphrt which is
wholly disappeared, leaving that part of the limb surrounding, or just entering
as well defined as the rest. (Smith et al., 1769: having, as it were, a darker ground behind it,
310-312). may be visible. But these are only little con-
Rittenhouse did not offer any explanation for Jectures submitted to others; though if they have
these observations. The outward-looking ray- any foundation, it would make some difference
. . ' . in the time estimated between the contacts.
m;el'frﬁt(;turedl_‘\ll'?tht aureole d(a bu_rtl)cr(1j of Wld(ta Lays (Smith et al., 1769: 316-317).
of lig as Rittenhouse described is not how N
refracted light is supposed to be shaped, and 17;2? 17F\;<:)Lyal é)b S € vasal C?ﬂeyLﬁreen
essentially has not been seen in an identical ( J' )Cank ceir7e2eg" 1?‘;3 othicer Aeuten—
form by any other observer over the past six a::nf; : ?mes ook ( hl )d.V.Vefe the .th
transits. Still there might be grounds for some official astronomers on the expedition organise
schol ar s to qualify Ri tt g g 2.
as the Pl phenomenon accompanied by some g ‘
optical illusions (e.g. see Pasachoff and Shee- \Y —
han, 2012a). Ri t t enhousebs dr awi _
quality and in correct proportion, so the height of M Tia 3.
the dight pyramidsécan be estimated to be 4nj ™~ /* —
) 5T
One o f Rittenhouseds coll
Lukens (172071 1789), the Surveyor-General of Figure 8: David Rittenhouseds 1769
Pennsylvania and Delawar e, and he n oaftdgr i e al., 4769 plate XV 311).
a |l arge tremulous shadow é0 at the point of the
1% (external) contact (phenomenon PII), and by the Royal Society (qf London) to obserye the
very briefly described féa68o0rtdéMSbf frgme NEhng Geor
compassing the part of her (Venus) that was yet South Seao (Tahi"ti), but the
of f the Sun éoPl).(Andtremcolme n omber of other officers and supernumeraries
laborator, Dr William Smith (1727i 1803) the from H.M.S_. En_deavour Io_cated at three differ-
Provost of the College (later University) of Pen- ent observing sites on or just off the coasts of
nsylvania, also reported seeing phenomenon PII Tahiti and Morea (for details see Orchiston,
at the external contact, and PIII similar to that 2005). Green later died at sea on the passage
observed by Lomonosov prior to internal con- home from Batavia (now Jakarta) and all the
tact: astronomical observations apparently were pre-
6 as to the internal cont pare{j for [t)l\tﬁication by Cook Wi;[)h assistance
i . : flom' Nevil sekelyhé] ?t/h% Atrondher Royal).
ight, coming round from both sides of the . S
Sunds limb, did not close FALhoHgheleven diffeeentndividugls succes-
with an uncertainty of several seconds, the sfully observed the transit, for some unexplained
points of the threads darting into each other, reason observations made by only three of them
and parting again, in a quivering manner, sev- (Cook, Green and one of Jose

eral times before they finally adhered. (Smith
et al., 1769: 315).

He also analyzed a tremulous motion at the
point of the external contact (PIl) as follows:

é as for the first
S u slidnb, it may be worth considering, wheth-
er it was really from interposition of the limb of
Venus or of her atmosphere? The former, one

di stur
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the botanist Daniel Solander) were included in
the paper that was published in the Philosoph-
ical Transactions of the Royal Society. In this
paper Green and Cook (1771) reported seeing a

e eris mbra _of ickness about
o LS U

s aronnddhe plemett e r

while it was on the Sun (PIV), and possibly
phenomenon PII (disturbance of the solar limb
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Figure 9: Drawings of the 1769 transit of Venus as observed from
Tabhiti by Green (left) and Cook (right) (after Green and Cook, 1771:
410).

at external contact) during the ingresso see
Gr e e n @re 4 iR ougFigure 9 above.

Maskelyne (1769: 357-359, 363) also observ-
ed the transit from the Royal Observatory at
Greenwich, and he clearly saw the arc (PI) but
did not see the aureole (PIV):

It had been thought by some, that Venus6
circumference might probably be seen in part
at least, before she entered at all upon the
Sun, by means of the illumination of her atmo-
sphere by the Sun; | therefore looked diligently
for such an appearance, but could see no
such thing.

| was also attentive to see if any penumbra
or dusky shade preceded V e n u dirdt
impression on the Sun at external contact, such
a phenomenon having been observed by the
Rev. Mr. Hirst, F.R.S. at the former transit of
Venus, in 1761, which he observed with much
care and diligence at Madras, in East-Indies;
but could not discern the least appearance of
that kind € When Venus was a little more
than half immerged into the Sun& disc, | saw
her whole circumference completed, by means
of a vivid, but narrow and ill-defined border of
light, which illuminated that part of her circum-
ference which was off the Sun, and would other-
wise have been invisible. This | might probab-
ly, have seen sooner, if | had attended to it ...

An ingenious gentleman of my acquaint-
ance having desired me to examine if there
was any protuberance of the Sun& circumfer-
ence about the point of the internal contact, as
he supposed such an appearance ought to
arise from the refraction of the Sun& rays
through Venusbdatmosphere, if she had one; |
carefully looked out for such a circumstance,
but could see no such thing; neither could |
see any ring of light around Venus, a little after
she was got wholly within the Sun: but, | con-
fess, | did not re-examine this latter point after-
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wards, when she was further advanced upon
the Sun, at which time other persons at the
observatory saw such an appearance & How
far the ring of light, which | saw round that part
of V e n udrdumference which was off the
Sun, during the immersion, may deserve to be
considered as an indication of an atmosphere
about Venus, | shall not at present inquire; but
| think it very probable, that the protuberance,
which disturbed V e n ucgcddlar figure at the
internal contact, was owing to the enlargement
of the diameter of the Sun, and the contraction
of that of Venus, produced by the irregular re-
fraction of the rays of light through our atmo-
sphere, and the consequent undulation of the
limbs of the two planets.

Notably, Maskelyne is quite cautious in attribut-
ing the arc to V e n uandosphere, while he
implied that the black protuberance at and after
the internal contact (phenomenon PV)d now
referred to as the dlack drop effectd se¢ Schae-
fer, 2001)0 is due to turbulence in the Earth6 s
atmosphere.

Maskelyne had invited a group of exper-
ienced observers to view the transit with him,
and they produced a wide variety of descript-
tions, with some seeing and some not seeing
the PI, Pll and PIV phenomena (Meadows,
1966). One of them, the Reverend William Hirst
(who observed the 1761 transit from Madras in
India) al s o o b & earviolerd coriscation,
ebullition, or agitation of the upper edge of the
Sunéo five or six “semodnds

(see Figure 10), very much like Lo monosovds

phenomenon PIl.  What made Hirst (1769)
believe that the effect was not an optical decep-
tion, but perhaps was due to V e n uando-
sphere, was that the remaining parts of the
Sund dimb, at and beyond points a and b, re-
mained perfectly quiescent.

be
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3.5 Summary of the Observations of the strations), depth of the physics reasoning for a
Atmospheric Effects in 1761 presumed atmosphere of Venus (whether re-

Four different types of aureole phenomena were fraction in Venusatmosphere is mentioned, and

observed during the 1761 transit. More than a whether a detailed explanation of refraction-in-

dozen observers reported seeing either a bright duced phenomena has been offered).

or pale penumbra around the disc of Venus Let us see how different observers fare using

while the planet w&l¥),aon tthesecBesian 6s di sc (

phenomenon that cannot be attributed to the Quality of the Instruments and the Methods:

atmosphere. Very few saw light radiances at seemingly all the observers except Green had

the very time of internal contact, (PIll), a phen- instruments sufficient for the arc observation.

omenon that could in principle be caused by Ven- Nevertheless, assuming apcpr_oximatel similar

us6 atmosphere, but much oG Rns diatBietrd (12%8 §fld efuivalent

was attributed to telescope imperfections or op- chromatic and spherical aberrations occur in

tical illusions. Similarly, the appearance of trem- achromatic refractors, which are about 16 times

ulous motion on the edge of the Sun prior to the shorter than non-achromatic refractors (Maksu-

point of external contact (phenomenon PII) could tov, 1979). In 1761, the achromats were a rela-

hardly be accepted as an indication of the plan- tive novelty: according to Newcomb (1891), out

etd atmosphere with any high degree of certain- of 97 reports of the 1761 transit, a majority (47)

ty. Contrary to phenomena PIV, PIll and PII, the used non-achromats, 25 employed reflectors,

observation of the arc of _Iight outlining the part and only 3 had,achromatic refracting telescopes

of Venuso disc off the Sypnngheednty Been'nfadkaBikisie byDol

egress (Pl) a s s & nseeing dn arc_of light at lond (the remaining 22 optical systems were not

the place where there should be nothing (black

background) if the atmosphere is absent é 0 , Zig 1.

and, therefore, can be considered as a true man- =i

i festation of Venus6 at mg

understood and modeled from the first principles )

of physics (see Garcia-Mufios and Mills, 2012). i

Slight variations in the observed features of the

phenomenon (full arc or partial arc, dvhiskersg 2

different degrees of brightness) could be attribu-

ted to differences in the instruments and methods -

used, namely the type of telescope, the aperture

of the objective lenses, the attenuation of the

solar filters, etc. Finally, the dlack drop effectd

(phenomenon PV) was reported by many eight-

eenth century observers and was already under- Figur(; 10: Phenomena recor(_jed by William Hirs_t preceding

e . . the 17 (external) contact during the 1769 transit of Venus

stood to be an artificial, purely optical, nuisance (after Hirst, 1769: 229).

thatboreno rel ation to Venusd atmosphere.

Table 1 summarizes all reports known to the identified). Therefore, one might expect that Lom-
author of sightings of the arc (phenomenon PI) onos ovdgtdongdachromat was capable of
during the 1761 transit, and three 1769 observa- outperforming all the listed non-achromats of be-
tions relevant to the discussion in Section 5 be- tween 12 and 36-ft focal length. The fact that
low. The table contains information about the the thickness of the arc observed by Lomonsov
instruments and methods used (telescope types: (about 3.7rj is the smallest among the various
#\d= achromatic refractor, N6= non-achromatic reports supports this conclusion. Also, only Lom-
refractor, &R6= reflector, with the length in feet; onosov and Le Monnier specifically mentioned
the aperture of the objective and the type of using weak solar flltersé the method critically
solar filter; thickness of the observed luminous helpful to assure observation of the arc, as shown
arc off the Sunds disc whbg 2012 eplicafon expeiment, (Kaukarige, o

provided, which serves as an indicator of the
quality of the instrument and, of course, of the
seeing at the time of the observation); date of
publication (the first communication which in
most cases reflects the
mission and the time of publication of the orig-
inal scientific report); quality of the report and of
the atmosphere question (length of the report
and length of the atmosphere discussion, num-
ber of lllustrations, depicted ratio of Venus-to-Sun
diameters as an indication of the quality of illu-
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et al., 2012). So, overall, one can consider Lom-
onosov to have had an advantage in the quality
of his instruments and methods.

Time of Publication: although we list the dates
of the firsbrécordeth @mmueigatonstorbtee suwbu b
ject, they probably are not that relevant due to
the diversity of media used (private communica-
tions, reports, newspaper notes). Seemingly all
the listed observers immediately appreciated any
unusual effects they observed and communicated
them one way or another. (As an exaggeration,
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uvable I: Summary of 1761 and 1769 transit of Venus observations reporting a luminous arc off the Sun at ingress and/or egress.

1761 1769 (some)
> @ = ~ ©
§ S £ - % %‘ g % qc;
© = L S et [%] =
5 £ g | &< = £ g - 5 5 = < <
g 2 = T o = S 8 4 = = 5 9] )
o [} = ] = = = = @ = = (]
3 ) = (S)a) = n 0 T x 3 (0] x =
N,12/
Telescope A, 4% N, 21 N, 19 N, 19 R, 12 N, 20 2 R, 2 N, 15 N, 18 R, 2 N, 36 R, 2
2.1np No . - No No No No No No No . No
Aperture 2%nj(?) data 1.75n] 2nj data data data data data data data 3nj data
Green ;
) weakly | o yeak | Smo- No Green Red No No No Lightly No Deeply Smok-
Filter smoked ked smoked smoked ed
red data glass glass data data data data
glass glass glass glass glass?
glass
no arc
. off/fon b Pyra-
Are thicke ~3.7 ~5.171 - | venus | 45& | 56| - - - - R -
57. 5 p 48168
bra
st Apr. Apr
1 commun- June Aug. June Aug. . . June July 26 June 13 July 18 B
ication 07 28 09 24 13 01 1762 10 17707
1% scientific. | July Nov. | Nov. | 9am 03 03 Apr. | July Nov. June
publication 15 19 12 11 1761 | 1761 | 1789 | 22 08, 1763 21 1769 15
1762 1762 1762 1771 1769
Report 17 5 6 22 8 8 2 3 28. 5 25. 14 12
Length (pp.)
Information 1 4 . . 12 . 8 11 . ~
on the arc 3 pp. 72 p- lines 72 p. 9 lines lines 72 p. lines lines 9 lines 1p. 1p. 2 pp-
lllustrations 8 6 1 4 1 1 None None None None 5 4 None
venus/Sun 1:32 1:10 1:9 17 1:30 1:30 - - - - 1:31 1:32 -
diameter
Refraction Yes No No No No No No No No No No No No
explained
Reconstruc- 2012 - - __ __ . . B B B __ B B
tion

one could claim that the first who saw the arc
was Stepan Rumovsky as his station was the
furthest eastward). Following the generally-
accepted rules regarding priority in science,
which consider only the time of the publication
of the first scientific report, it seems clear that
Lomonosov was the first to formally publish a
paper with observational data of the aureole
interpreted as evi
This should be sufficient to establish his priority
of discovery.

Comprehensiveness and the Quality of the
Scientific Report: Although the total length of
L omonos ovi@mort id Seéotd only to Ru-
movsk y 6 s  ( lpages),st is \8ch more im-
portant to consider how detailed is the discus-
sion of Venusbatmosphere, as that alone shows
appreciation of the importance of the observa-
tion by the observer. Seemingly, the arc was
considered as a nuisance by Hirst, Le Monnier,
Rumovsky and Wargentin, as they only allocat-
ed several lines of text to a description of the
phenomenon. Bergman, Chappe d 6 A udhe
and Silberschlag were a little more expansive as
they not only dedicated about half a page to the
effect, but the first two also illustrated their
observations with one or more drawings. Still, in
that regard, Lomonosovés r eport i
leader: not only did he elaborate at length on the
effects due to V e n uasmdsphere, but he also

dence f

ro

S a
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provided eight drawings to better explain his
observations and reasoning. Moreover, his
drawings are of amazing accuracy as indicated
by the correct ratio of the diameters of Venus to
the Sun, so one can use them with conviction
for scientific data processing (as Sharonov did
in 1952).
oche and Wargentin are given mostly for
ibustratiVee purpasés, and show thé ebsexved
phenomena out of proportion. Note that the
drawings of the 1769 transit by Rittenhouse and
Green are of high quality and trustworthy, too,
and the 1769 report by Maskelyne contains an
equally-detailed description of the phenomena.
One can presume that such an attention to
detail in 1769 was due to awareness by the
astronomers of the potential appearance of
Venuséatmosphere, an advantage which neither
Lomonosov nor any of the other 1761 observers
enjoyed.

Depth of Physics Reasoning for the Atmo-
sphere of Venus: Among the 1761 observers of
the arc, only Lomonosov, Silberschlag and War-
gentin concluded that the arc is caused by re-
fraction of sunlight through the atmosphere of
Venus, the last-mentioned with some caution,
and the first two astronomers in a much more
assuredb way. | Ue monosovos
category is unquestioned, as he is the only one
to give a correct physical explanation of refract-

27T

The drawings by Bergman, d 6 Aut er

adssrant age
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tion, with illustrations and detail matching that
shown in modern optics textbooks.

Replication of the Observation: Finally, it has
to be taken into
observation was successfully replicated during
the transit of 2012, and a thin arc of light on that
part of Venus of f
ingress (PI) was successfully detected with orig-
inal eighteenth-century Dollond achromatic re-
fractors similar to that deployed by Lomonosov,
and with his experimental techniques carefully
emulated (e.g., lightly-smoked glass filters, and
periodic rest for the eyes to maintain sensitivity;
see Koukarine et al., 2012).

Therefore, the detailed analysis of all optical
effects observed during the 1761 transit of Venus
shows that only 9 astronomers (with two pos-
sible additional ones, Chappe d 6 A udhe and
Popov, still classed as doubtful) actually saw the
aureole caused by refraction of sunlight in the
atmosphere of Venus during ingress or egress.
Of all of them, Lomonosov should be credited
with priority for the discovery because he:

(1) expeditiously and formally published his scien-
tific results;

(2) was one of the few to understand the effect
and was the only one to offer an in-depth physics
explanation of the aureole due to refraction in
the atmosphere of Venus; and

(3) displayed comprehensiveness and quality in
his scientific reporting, for his description of
critically-important methods (e.g. the use of a
very weak solar filter with an achromatic tele-
scope) allowed replication of his discovery more
than two and a half centuries later.

Note that the first two arguments listed above
were laid out long ago by Perevozshikov (1865),
Sharonov (1952b; 1960) and Chenakal and Sha-
ronov (1955).

4 FURTHER DEVELOPMENTS DURING THE
EIGHTEENTH, NINETEENTH AND
TWENTIETH CENTURIES

The present version of the situation was far from
being commonly accepted in the eighteenth and
nineteenth centuries. The main reasons for the
doubt were: (a) the subtleness of the PI effect,
which required special conditions and adequate
instruments and methods of observation to
guarantee its detection; and (b), the relative ir-
reproducibility of the observations due to the
infrequency of transits of Venus.

4 .1 The Discussion of
Between the 1769 and Nineteenth

Century Transits

Most astronomers were not prepared to accept
the observations of luminous phenomena report-
ed during the eighteenth century transits as def-
inite proof of an atmosphere around Venus.

t he

account

sdf@Lt by

They were deterred by the fact that these ob-
servations were far from common (only about a
dozen out of hundreds of observations) and by
therfisqrenagaiep hetugep TN erpdsdret
one, but four different phenomena: PI-PIV). At
that time there also was no theory to explain re-

effects shoultf be observab e Asé result, most
late eighteenth century and early nineteenth
century astronomy textbooks either ignored the
luminous effects seen during the transits (e.qg.
see Bailly, 1785: 109; Fergusson, 1785: 498) or
else explained them as optical illusions (see
Dunn, 1774: 32). The Lowndean Professor of
Astronomy at Cambridge University, Roger Long
(168071 1770) was one of the very few to support
the presence of an atmosphere around Venus
as a result of the transit observations, and he
considered reports such as those by Chappe
d 6 A udhe Donn and Hirst as a proof (with
some doubts about Chappe d 6 A udhedrci@s-
cents), even though their evidence was not in
accord with the understanding of the physics of
such phenomena that prevailed at this time (see
Long, 1774: 580).

In his Astronomie, Franceds
omer, Jérbme Lalande (173271807) was non-
committal on the issue. He did not see any ring
of light around Venus when he observed the
1761 transit, but he was aware of the observa-
tions by Chappe d 6 Aut e Fouahy) ke Mon-
ni er and Wathatwonld iead onfe ¢o
prejudge the atmospheres of the planets of the
system, if the ring could not be explained by
purely opti c@dlandeeZ02: 661)
an obvious reference to phenomenon IV which
indeed is purely an
doubts were well known to and cited by Johann

opti

éo

c al

Hieronymous Schréter (174571 1816), Ger many 6

leading observational astronomer, who offered
somewhat less disputable evidence of a Ven-
usian atmosphere during observations of the
extension of the cusps of Venus by some 4.5°
(see Schréter, 1792). Howe ver ,
also reported obserations of an atmosphere
around the Moon (which is non-existent) and
gigantic mountains on Venus which extended
above its ca. 67-mile high atmosphere (which
again was wrong). Meanwhile, Engl an
most observational astronomer, William Her-
schel (173811 822) strongly ¢
numerical estimates, but he did agreed with his
gualitative conclusion that it was the atmo-
sphere of Venus which caused the extensions of

V'€ e suSps MMérsBiel £793% "Ofe could not say
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that such an observation had convinced every-
body, possibly because both observers made a
number of very debatable claims in the course
of their careers. We have already mentioned the
excessively-high mountains on Venus supposed-
ly seen by Schroter, while Herschel firmly believ-

doés f

ritici

ragichaftamo s pher

f-or emost

Schr°ter 6s
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ed that the Sun had a luminous atmosphere and
solid habitable ground below, which sometimes
was seen by looking down through sunspots
(Kawaler and Veverka, 1981). The doubts and
confusion over the issue of a Venusian atmo-
sphere were quite obvious to others,® and it is
telling that John Herschel (179271 1871), Wil-
I i a s0h, used neither the transit observations
of the luminous arcs/rings n o r
Schrét er 6 s an¢hp extensiwn of the cusps
when he wrote about Venus in his popular text-
book, Outlines of Astronomy (Herschel, 1849).
Instead he merely inferred the existence of an
atmosphere from the lack of permanent surface
detailsd a qualitative argument that was easy to
prove and by that time had been known already
for about a century.

4.2 The Atmosphere of Venus During the
Nineteenth Century Transits

Better instruments and methods of observation
in the nineteenth century allowed many more
astronomers to observe the arc of light (PI) at in-

Figure 11: On the left is H.C. Russelld s
light around Venus during the egress phase of the 1874
transit (after Russell, 1883: Figure 6), and on the right is

C. L. Princedettdeawilmapedbs
before internal contact € 6 during the
Prince, 1883).

gress and/or egress during the 1874 and 1882
transits.* The appearance of the atmosphere at
ingress or egress was not a surprise anymore,
and many observers studied the phenomenon in
detail. In Australia, Sydney Observatory Director,
Henry Chamberlain Russell (18361 1907) observ-
ed the 1874 transit with a 12% ft refractor of
11.5 inches aperture (reduced to 5 inches for
the visual observations) and a magnification of
100x (Russell, 1883). He experimented with fil-
ters of different strengths and colors, and had
no difficulty observing the arc (see Figure 11).

Many of Russel
gues left quite detailed descriptions and draw-
ings of the phenomena observed at ingress and
egress (for details see Orchiston, 2004), and
most of these were published by Russell (1883)
in his report of observations by professional and
amateur astronomers and Government and Uni-
versity of Sydney scientists associated with Syd-
ney Observatoryébs
interesting that many of the drawings included in

dr a thé arcgof o f

at mos
1882

18 74

this report are exactly like, or very close, to what
Lomonosov and others saw during the eight-
eenth century transits. For example, drawings
similar t o PL(thenaronfolloopariad
were provided by A.W. Belfield (Figures 1 and 3
in Plate V), Captain Arthur Onslow (Figures 14
and 15 in Plate II), Archibald J. Park (Figures 5
and 6 in Plate IV), Russell (Figures 6 and 7 in

hi s andat h ePlaté H) and L. Abington Vessey (Figures 3, 4,

5, 11 and 12 in Plate Ill). Robert Ellery (18271
1908), the Director of Melbourne Observatory,
also published drawings reminiscent of Pl (see
Ellery, 1883: Figures 1, 2 and 14 in Plate 1), as
also did A u s t s Bolerhost@ineteenth century
astronomer, John Tebbutt (18341 1916; see Or-
chiston, 2002) who observed the transit from his
privately-maintained Windsor Observatory near
Sydney (see Tebbutt, 1883: Figures 8, 9 and 13
in Plate IV). However, in most of these draw-
ings the thickness of the arc is significantly
smaller than that observed during the eighteenth
century transits, which is a clear sign that the
astronomers were using larger aperture tele-
scopes. Still there were some contradictory ob-
servations. For example, the experienced New
South Wales amateur astronomer William J.
Macdonnell (184271 1910) observed an arc as
thick as the one shown i n Ber gma
drawings, but with some subtle ray-like structure
which is reminiscent perhaps of the rays report-
ed by Rittenhouse in 1769 (see Russell, 1883:
Figure 7 in Plate IV). Meanwhile, during the
very early moments of the egress, Sydney Uni-
versitybés Professor Air
1927) saw the part of Venus that already was off
thc;;Eé Sruee @iﬁ:c rfutll3( illuminated (see Russell,
f& §:nF§guges fBaanq i? in Plate 1), a phenom-
enon that probably is si mi | ar to
Plll. Some observers reported seeing a broad-
ening of the luminous arc in Venus6polar reg-
ions, often in the form of a small, broad-based
inward-pointed pyramid.

Many more similar reports were published
after the transit of Venus on 6 December 1882
(e.g. see Eastman, 1883; Langley, 1883; Prince,
1883), and an attempt to develop further the
theory of refraction of solar rays in the atmo-
sphere of Venus during the transit was pub-
Il ished by Johns
Charles Sheldon Hastings (18487 1932) in 1883.
It is noteworthy that Otto Wilhelm von Struve

| 6s New S ¢1819h1909Y,athe diectar of| PLllkowo Observa-

tory in St. Petersburg, attempted to observe the
1874 transit with old Dollond telescopes that pre-
viously were used by Russian expeditions dur-
ing the eighteenth century transits (see Abalakin
et al., 2009).

4.3 Twentieth Century Discussions, and the

t r a P90t trangtr ogr am. |t

There were no transits in the twentieth century,

Hopkins

chi bal

Lomono

uni v
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so most of the discussions on the subject of the
atmosphere aureole were based on reports from
previous transits. At the same time, knowledge
about the atmosphere of Venus expanded im-
mensely due to new methods of research. Spec-
troscopy, radio astronomy and space probes un-
covered many mysteries of V e n uGOgdomin-
ated atmosphere, and scientists were able to
learn a lot more in the second half of the twen-

scattering by smal/l particles

Then Struve questioned S h ar osn(@952n)
analysis which attributed the arc (dlisterd to re-
fraction, and stated

é of cour se, it i's now known
is several degrees from the Sun its atmo-
sphere can be observed as a faint, narrow
luminous ring around the planet. This faint
luminosity was not observable in the tele-

t

tieth century than in the previous 350 years of scopes of Lomonosovds day. H
telescopic observations (see Marov and Green- Venus is entering or leaving the Sun at transit,

spoon, 1998). The circumstances surrounding the ring is more conspicuous. David Ritten-

the discovery of the atmosphere in 1761 were house saw it at the 1769 tra
discussed by several researchers, including O. phenomenon is not bright enough to account _

Struve, V. Sharonov, F. Link and A.J. Meadows. for Lomonosovds observation.
None of these astronomers saw the phenomen- Here we see that Struve mistakenly tended to

on themselves, and often they based their inter- believe that the arc was due to scattering. Nor

pretations of the eighteenth century reports on was he aware that Rittenhouse saw rather bright

their own understanding of the various effects in light as well, and that in 1761 a dozen other

t he pl anet 6 sMaaytwere sopadware e . astronomers (before Rittenhouse) observed the

of the details of |hadma n o s aru. 6Fnally Stpueemput fosvard as a more con-

been properly translated into English. Neverthe- vincing argument for phenomenon PI1,°> which

less, in general we can see a growing appreci- we now consider less convincing then seeing the

ation of Lomon pandhisdlservd i s ¢ arg, eoncuding:

ation of the arc during the transit (,phenomenonA 6 it is more difficult to dic
PI) was eventually namedt h komanosov Effectd onosovds] observations of the

(Sharonov, 1952a) or . omonosov& Phenomen-
ond(Sharonov, 1952b; cf. Link, 1969) and, later,
d.omonosov® arcd(Tanga, et al, 2011; 2012).

Otto Struve (18971 1963), a US astronomer
and grandson of Otto Wilhelm Struve (Director
of Pulkovo Observatory in St. Petersburg at the
end of the ninerteenth century), in 1954 pub-
lished a very sympathetic article about Lom-
onosov in Sky and Telescope magazine where
many astronomical achievements and inventions
of the Russian were described (Struve, 1954).
As for the discovery of Ve n u s 6
article presented a mixed bag of correct and
incorrect statements and guesses. First of all, it
claimed that

é for unknown reasons
osov was not published during his lifetime and

it has remained unknown to most historians of
science é it was print
osovobs coll ected w 8ukk s
homlinov in 1891-1902.

In fact,
ing his lifetime and was widely disseminated,
and it was reprinted many times (see the dis-
cussion in Section 2). Moreover, the German
translation of the paper was available in the
USA (e.g. at Cornell University library), and was
known to American scientists long before Struve
wrote his paper (e.g. see Smith, 1912). Second-
ly, Struve wrote:

The question still remains whether the blister
on the edge of the Sun, seen by Lomonosov,
actually represented sunlight passing through
Venusd atmosphere that
in that atmosphere or underwent considerable

at mosphelriegdNsg pgoncerning

t

edge of the Sun when the planet was just

outside the | imb é Lomonosovd:
since been proven sound, that Venus has an

atmosphere and is physically similar to the

earth.

Contrary to his Yerkes Observatory colleague,
Gerard P. Kuiper (19057 1973), who thought that
what Lomonosov observed was t h blaclkddrop
effect6(Menshutkin, 1952: 148), Struve correctly
pointed out that Lomonosov did not report see-

ing that phenomenon (PV). St resewa 0 s
Lomonosovods
caused by his own interpretation of the effects of
Venus o6 at mhatshe thaighe should be
observed during the transitd but these were not
completely correct according to modern know-

he I%(’jg."”e by Lomon
Vsevolod Sharonov (19011 1964), a promin-
ed ient Soviet astréhonoeer and ®imrector of the Len-

, € drigta@ Univérsity Obsdrvatory, published a ser-
iesof paperson Lo monos mGkawnoar c .

L o mowa® publishédsdurp a p e (£952a) which he based on Lomonosov (1761a),

he computed the horizontal refraction, ¥, in the
corresponding layer of Venus6atmosphere, the
fi étransparent gaseous layer above the cloud-
like aerosol layer which hides the surface of
Venus € 0 to be less than 22nj That conclusion
comes from his optical analysis of the formation
of the arc as a refracted image of sunlight and
the fact that in most cases reported by Lomon-
osov and other transit observers the arc forma-
tion at ingress starts with horns or whiskers near
the Sunds ' i mb and spreads
wa s Verupadise that isethen of¢ the $un (with the
orderreversed at egress)d see the left-hand dia-
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gram in Figure 12. Asymmetry and/or irregulari-
ties in the light distribution over the arc could be
explained by different conditions of the gases
in the corresponding regions of the atmosphere
or by differences in the altitude of the upper
boundary of the cloud cover. In such cases, the
larger horizontal refraction angle (¥ > 22nj ye-
sults in the Sppeadirg atitha
point on the limb of the planet which is dia-
metrically opposite to the limb of the Sun, and
then spreading along the limb and encircling the
planet with a luminous fringe (see the right-hand
diagram in Figure 12).

Sharonov (1958: 302) explains:

At ¥ <16" the cone of rays refracted in the
atmosphere of Venus is divergent; at 22" >¥ >
16" the cone converges and its apex is beyond
the Sun. In both instances the luminous rim is
formed according to the conditions of the first
case é [see the left-hand diagram Figure 12,
below]. At ¥ = 22" the annular fringe appears
instantaneously, and at ¥ > 22" the focus is lo-

Figure 12: Sharonovods an
horizontal refraction, ¥, where KiK, and KsK,4
indicate the solar limb. The diagrams show the
formation of Lomonosovds
celestrial sphere. The left-hand and right-hand
diagrams relatetor = 2 2 ny s-anal2 nj

(after Sharonov, 1958: 300).

cated nearer than the Sun, which corresponds
to the second case of the formation of the lum-
inous rim é [ s ee t-hHamd diagram hint
Figure 12, above]. The published data con-
cerning the Lomonosov phenomenon observ-
ed during the transits of 1761, 1769, 1874 and
1882, show that the fringe appeared to form
eitheri nst antaneously
erso growing from the
Hence, the horizontal refraction in the atmo-
spheric layer adjacent to the nontransparent
layer of the cloudlike aerosol of Venus never
exceeds 22"é Thus we reach
that the horizontal refraction in the transparent
part of the atmosphere of Venus ranges be-
tween 15 and 20" under ordinary conditions;
sometimes the horizontal refraction increases
inordinately, which can be explained either by
specific physical conditions of the gas in the
corresponding regions of the atmosphere (tem-
perature, pressure, composition), or by differ-
ences in the altitude of the upper boundary of
the cloud cover. The second explanation is
more plausible.

age

al ysi

arc

Sharonov (1952b; 1955; 1960) also perform-
ed a detailed analysis of the circumstances of
Lomonosovds discovery-
ing role in organizing the Russian transit obser-
vations in 1761, altercations with another St.
Petersburg Academician, F.U.T. Epinus, and the
exact dates of his 1761 publications), and he
mhde a detailed comparison of many eighteenth
century transit reports of aureoles, by Russian
(Lomonosov and Rumovsky), Swedish (Berg-
man, Mallet, Melander, Planman, Stromer and
Wargentin), French (Chappe d 6 A udhe de
Mason, Fouchy and Le Monnier), English (Dunn)
and American (Rittenhouse) astronomers. He
pointed out the distinct difference between Lom-
0 n o ssphedomenon PI (the arc) and optical
illusions (PIV and PV), but was undecided on
PIlIl (the hair-thin irradiance close to internal
contact) which he thought could possibly be
incorrectly described, or could be real (as simi-
lar radiance was seen by others in 1874 and
1882). Sharonov agreed with D.M. Perevozshi-
kov( 1865) on
covery on the basis of timely publication, com-
pleteness of the report and an understanding and
correct explanation of the formation of the arc by
refraction. Sharonov also was a key comentator
on the subject in Lomo n o ssdCeondplete Works
(Chenakal and Sharonov, 1955).

The Czech astronomer and founder and edit-
or of The Bulletin of The Astronomical Institute
of Czechoslovakia, Frantisek Link (19067 1984),
independently analyzed old observations of the
afc made durihg thé fransits oP 1761 (all those
listed in our Table 1 except Silberschlag, Hirst
and Mallet); 176 da totak of eight), 1874 (35)
and 1882 (32). Link developed a theory for the

respectipgtical formation of the refracted image of the
at mosphere

Sun in Venusbd
the one proposed by Sharonov, and he also
argued that asymmetry of the light distribution
over the arc was due to atmospheric conditions,
in particular, greater brightness is observed at
the polar areas of Venus, and he concluded that
Venus rotates around its axis in the same direc-
tion as the Earth and other planets (which we

or- gr aduml know tibé iRcofedth. i Atnlbng the deficien-

solarj gld Myt (L msihe ol dsBraationsis

t he
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that he omitted most of the details and did not
comment on them except for short accounts of
Ehapre |d 0sA wahe [ 1-1762) and Smith et
al. (1769); and instead of including original draw-
ings he presented simplified sketches of his
own of selected observations made by just four
eighteenth-century observers, Bergman, Chappe
d 6 A udhe Rittenhouse and Wargentin). This
led Link to reach several false conclusions, part-
icularly relating to Lomonosov. For example, he
wrote:

Lomonosov observed this transit with a small
telescope (4% ft. long) of bad optical quality

Lomonosovds

pri

of

[e

(t



Vladimir Shiltsev ¢tKS mMtcm 5A8020SNE 2F xSy«
giving colored images outside the optical axis. high quality of Lomonosovébés atDell escope
Before the egress, when the limb of-Venus lond achromat) he still could have inferred this
was at a distance by 1/10 of its diameter from from the thickness of the arc observed by Lom-
the solar limb, Lomonosov detected at the sol- onosov (the smallest among all the observers in
ar limb a kind of swelling or blister becoming 1761). Secondly, the reference to the 110" of
more distinct as the planet was approaching P Y, . .
the egress. A short time afterwards the blister Venusb6diameter distance was m_ade to .the dis-
disappeared and the planet was visible without turbed edge of the Sun, as indicated in Lom-
any special feature at the solar limb. Lomono- 0 n o s oFig.03sand especially Fig. 4 (see our
sov explained this phenomenon by the re- Figure 1), and one can see in the latter that the
fraction in the planetary atmosphere which is, leading edge of Venus is about 1/10 of its dia-
according to him, equal if not more important meter beyond the line where the unperturbed
than the terrestrial atmosphere. 113 years lat- limb of the Sun would be, and the distance be-
ea the British {::strorrl]omer Bigg-Withher observ- tween the leading edge of Venus and the per-
ed a very similar phenomenon at the egress. A :

When Venus was approaching the egress the t u rbed mbu r(thh el iout er R ed g e of

planet seemed to push before it a kind of light vgrles from about 1/%0_ O_f Venuso di amet e

ring. This feature was observed at the mom- Fig. 3) to about 1/157 (in Fig. 4). The most out-

ent of the computed internal contact. Soon rageous claim, though, is the similarity between

after, when the disk was outside the Sun, the Lomonosovds observateibpns and

ring in the form of a crescent was visible. Both Captain A.C. Bigg-Wither (18447 1913), an en-

L 0 mo n cssamd/ Bigg-Wi t Is ephedomena gineer with the Indus Valley Railway who was

Z:gwh'?; ;‘st:gggﬁyrefheemz';‘r';‘;e :)?ig;(:hinm?r?er living in Multan in what is now Pakistan (see Ka-

irradiation which takes place on the limit of two poor, 2014). Figure 13 shows the original 1874

areas of very different brightness observed

under bad conditions. In addition, the explan-

ation given by Lomonosov is not valid as it

pre-supposes the refracting atmosphere at the

height of 1/10 of diameter (= 1200 km), which

is impossible, thus making it clear that Lomon- Fio, 1—16 § Mooltan 8T.  Fio. 2—16 § Moclan 8T.  Fia, 3 ~16 13 Mooltan 8.T.

0sov never saw an atmospheric phenomenon

which is different from the appearance observ-

ed by him and Bigg-Wither. We feel 1) that

Lomonosov proposed though somewhat incau-

tiously an explanation by atmospheric refract-

tion for the phenomenon observed by him

which was, however, not of atmospheric ori- P omth 5 Moolan 8. Fio o3 B Moolan 8T, Fuo, 6t 3 Moaltan 87,

gin, and 2) that his contemporaries having ) o _ R . . ]

observed the true atmospheric phenomenon Figure 13: BiggWi t her 6s dr awi tragss shawt t he 18-
. . . ing his observations at egress (after Bigg-Wither, 1883: 98-

proposed independently but with more caution 99).

the same explanation. Neither Lomonosov

nor any other astronomer has established . : : .

(1761) any theory or brought to light any evi- drawings of Bigg-Wither (1883: 98-99), and one

dence to support their findings. The sche- C an see t hat . c o_n trarva to Lon

matic outline of refraction presented by Lom- tions (and many others), Bigg-Wi t k8 bas two

onosov cannot, therefore, be considered as a remarkable oddities: an arc which is thick in the

form of theory and if it should be according to middle and very thin at the ends touching the

Sharonov, then this theory will have led to Sun (Figs. 2 and 3) and the reduction of the arc

false conclusions about the importance of the to one half during the later stage of egress

Venusian atmosphere as quoted above. Hence (Figs. 4 to 6). It is very hard to find any reas-

gﬁo?:y&a%?étn%r;?:r:ézeoﬁ;c;cr)nrlTﬁgﬂ?rgcfii;ct)i?r; onable explanation for these observations (as

blister observed by him and later by Bigg- admitted by the observer hlm_self), and even

Wither and not for the true aureole observed in harder to suggest_that 'Ehey .are n a_ny way similar

1761 by nearly a dozen other astronomers. toL 0 mo n cs§ig. ¥.GAgain, as Link presented

Thus, Sharonov, having collected and publish- modified and overly-simplified versions of Lom-

ed a very copious documentation about Lom- o nos digd 3 4 and 5 side-by-side with only

onosov& contribution, has not convinced the thefirst three of Bigg-Wi t her 6s (al-so sl i g

present author of its scientific value, neither
has it convinced Struve who, some years ago,
carried out an independent investigation; he,
too, came to similar conclusions. (Link, 1969:
215-216).

Let us go through
by one: firstly, although Link was not aware of
Nemiro6 s1939 publication which asserted the

L i n k 0 sothenimages. nAcl espot, i oints
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ified) in his book, one might think that he
believed there were similarities between Bigg-
WitherfsafRdgsome of
ings. But he could not have been paying atten-
tion to outstanding differences between the

reference to Struve, who first of all was un-
certain about t he

iomnnehar d

t

physics

(0]

Lemonoso

o
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(was it caused by refraction or scattering?) and
secondly, was not willing to draw any firm con-
clusionsd let alone express a flat denial. Shar-
onov (1960) pointed to these obvious flaws in
Li nkods a,argwetend tosgree that it is
hard to consider them seriously.

In 1966 the noted University of Leicester hist-
orian of science Professor A.J. (Jack) Meadows
published a much more systematic analysis
based on a true scientific evaluation. First of all,
he presented original
figures (and, for comparison, a plate from the
later publication by Bergman (1761-1762)); gave
an English translation of the most relevant part
of Lomonosovds 1761a
identified 15 July 1761 (in the Julian calendar)
as the date of this pioneering publication. De-
spite confusion
Venus
F. Linkd see above), he considered the disturb-
ance of the solar limb shortly before the ingress
(PIl) as a true indication of the atmosphere of
Venus; confirmed in 1769 by Hirst; and con-
cluded tlanton & é o wription ofl re-s
fraction in the hypothetical atmosphere of Ven-
us was undoubtedly the best available at the
t i méVeadows, 1966: 125). He considered
that the appearance of the line of light at the
second contact (Plll) was an optical illusion,
which also was witnessed by several observers
of the nineteenth century transits. Many ob-
servations of the arc and/or aureole were (even
briefly) discussed in this paper (e.g. the 1761
transit reports by Bergman, Chappe d 6 A ucdhe
Desmares, Dunn, Ferner, Fouchy, Hirst, Le
Monnier, Mairan, Planman, Rumovsky and War-
gentin, and the 1769 transit reports by Dunn,
Dollond, Hirst, Hitchins, Horsley, Mairne and
Maskelyne). Meadows also attempted to sort
them out and separate optical illusions (e.g.
observations of the aureole during the whole
passage across the Sund phenomenon PIV)
from true atmospherically-induced effects (i.e.
Pl, the arc). Still, there were some misidentifi-
cations. For example, Dunn é s
tion was considered to be similar to the effect

r

aurwol

half a century later (see Shiltsev et al., 2013)d
merely concludingt hat fAé i n thi
discovered the atmosphere of Venus. 0

Of course the first of the two transits of the
twenty-first century, on 8 June 2004, represent-
ed a huge step forward for observers, as mod-
ern imaging technologies were available for the
first quantitative analysis of the atmosphere-
induced aureole and its comparison with a simple
refraction model and with observations of the

p | adnmeriosovicooblaifedd th® gagt. VAhEmber
of images of the aureole captured by CCD cam-
eras through relatively large and good-quality
telescopes were analyzed, where it was noted

p apt@at . and correctly

o veof thew h a t
di amet er ferd tosjustlikec e

(0]

e

reported by Bergman, and Chappe d 6 Audhe r o

was cited as giving the most exact reference to
an atmosphere, while he obviously did not.
Meadows (ibid.) then considered the reaction
among astronomers after the eighteenth century
transits and noted that

é it is evident that
prepared to accept the evidence from the tran-
sits as certain proof of an atmosphere round
Venus. They were deterred by the discrepan-
cies between different observers ¢ [ and ]
reports conflicted so greatly.

Unfortunately, Meadows in 1966 did not try to
address the reason for the discrepanciesd some-
thing that would only be fully understood almost

mo st

€ visual observers under good sky conditions
and emplgying a magpification higher than
h £ox h&%@ part?cf;rldé}ricuny in identifying
th& bright 8ureole outlining the Venus disk be-
tween 1st and 2nd contact, while it was cros-
sing the solar limb ... Skilled observers im-
mediately noticed the non-uniform brightness

of the aureole along the planet disk. (Tanga et
al., 2012: 208).

Yet analysis of the 600 or so entries from about
80 amateur observers located in Russia and
Ukraine and posted on the forum http://www.
astronomy.ru/forum/index.php/topic,4790.0.html
revealed far from uniform success in seeing the
aureole, even in favorable atmospheric condi-
tions: only 30 people reported observing the arc,
using instruments with apertures varying from
40 mm to 312 mm, and magnifications from 33x
to 200%x. One person indicated that it was only
when he exchanged a standard M5.0 solar filter
for a much weaker one that he was able to
detect the arc.

5 CRITICISM OF THE PAPER BY
PASACHOFF AND SHEEHAN

A few months before the 2012 transit, the Amer-
ican astronomers Professor Jay Pasachoff and
Dr William Sheehan (2012a) published a paper
in tBis journal where they bluntly denied Lom-
’n’°sfo'ves obs eimgwvthatt his aiscev;
ery was an erroneous claim. They then attempt-
ed to assign the credit to other observers. Sub-
sequently, this paper stimulated extensive dis-
cussion by members of the History of Astrono-
my Discussion Group (HASTRO-L).

Here we consider only the major issues (with
thetpagoe numbers generally referring to Pas-
%énoff ahd Shlehbrid sV €2 1 ?)3 pape
(1) Lomonosov's telescope was claimed to be
inadequate, based on a misreading of the source

t h ematerial and ignorance of the facts on the sub-
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ject. For example, on page 5, it is said that Lom-
0 n 0 s o wsedi a non-achromatic refractor ...
that consisted of little more than two lenses (ob-
jective and eyepiece).0 Later, the same authors

-

argu
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state: (3) Arevealing argument is made on page 6
We think that what he [Lomonosov] saw was that telescopes of that era were generally in-
an artifact of his relatively primitive and small adequate to the task because
tglescope rather than the aureole that is sun- . since the total apparent angular height of
Ilghtrefractedtoyvard Earth by Venus 6- at mo Venusd air is only about 0.02
s p h er gPasachoff and Sheehan, 2012b: despite its brilliance, a delicate feature, and
11). would presumably have been beyond the range
These claims are not correct, as shown in Sec- of most eighteenth century observers with the
tion 2 above where it is established that Lom- small instruments available to them.
onosovos telescope was a Th@ffstparfiobtiid staterient Selrhsltotetiétt a
refractor with two lenses in the objective. There misunderstanding of the physics of the phenom-
is also indirect evidence. The description i € enad indeed, the minuscular angular size of the
two lens telescopee 0 i s found i n alghject doe hét brévent i® ffof being detected
which simply follow word-for-word the language _ (think, for example, of point-like stars); it is the
of the original translations (Marov, 2005:  a = fi € total brightness of the diffracted image that mat-
two-lenses tube € 0 and Shiltsev, 2012b: a i & ters. As for the second part of the sentence, it is
telescope with two glasses € 9. Although there even more confusing as the authors themselves
is some ambiguity in this description, it almost later note similar observations of the arc which
certainly refers to the achromatic objective of were made in 1761, by Ch a p weroche, 6 A
the telescope, not the telescope and eyepiece Bergman and Wargentin (and, as we have shown
together, because in 1761 it was possible that a above, many others), and accepted them as
single objective could be used but an eyepiece genuine. The arc indicating Venusdatmosphere
with a single lens would have been unusual and is visible in telescopes smaller than that used by
inadequate. Multiple-element eyepieces were Lomonosov, as was shown by varous groups in
commonly used long before the mid-1700s, and the USA, Russia and Canada during the 2012
it is hard to believe that a serious and well- transit (and for a discussion of the 2012 obser-
connected astronomer like Lomonosovd a mem- vations see Section 6, following, and references
ber of the ruling Chancellery of one of the best- therein).
funded scientific academies in the world at the
timed would have used an inferior eyepiece for (4) Pasachoff and Sheehan seem to have mis-
a major observation such as the 1761 transit. resad their own translation of
Therefore, it is hard to doubt that the term it wo andarepr eocc upi e@ hairihinlumib-h e
l ensesd describes the obj eustsliveieo |steeins luyhcke@RenNQugv a
Pasachoff and Sheehan (2012a) hedged their contact (phenomenon PIII), concluding that it fé
bets by describing Lomonosovds t el e s c o prefersgogiothing more than the flash of sunlight
B little morethan ..0 t wo IThisingcersct between the trailing limb of Venus and the limb
description was then used as the basis for a of the Sun marking the end of second contact.0
sweeping rejection of his observations, because (page 7). We agree that such a phenomenon
of i éthe poor quality of this instrument. 6 alone can hardly be used to conclude the exist-
~ . . ence of a Venusian atmosphere, and this is ex-
(2) On page 6: .. Lo_monosov, in_particular, actly what Lomonosov himself avoided referring
makes clear that his own instrument was of marg- to when making his claim. Indeed, this luminous
inal quality. It clearly suffered from chromatic sliver seen at ingress is not ever,1 illustrated in
aberration.0 All refracting telescopes of that era Lomonosov's figures. Instead, Lomonosov des-
exhibited chromatic aberration, especially during cribes phenomena Pl and PII7 (the arc, and the
solar observations. The 2012 replication of Lom- smeared Sunés | i mb’firsaatnd the po
onos ool?sersatmns also produced a similar fourth contacts) as evidence of Venus6atmo-
reference: fi . the.color fringe effect was notice- sphere, arguments which have been neglected by
able only at the edge of the field of view (at Pasacr;off and Sheehan.
approximately % from the center of the optical
axis) é 0(Koukarine, et al., 2012). It seems that (5) On page 7 Pasachoff and Sheehan write
Lomonosov was just demonstrating that he was that fi.. at no time did Lomonosov report any
a careful observer when he noted this problem, phenomena that resembled the phenomena seen
which most probably was caused by aberrations during the transits of 2004 and 2012, with an arc
in the ocular (Petrunin, 2012), and he effective- above Venusd é&&huethinstate- | i mb

ly addressed this by centering his telescope on
Venus:

é during the entire
permanently directed in such a way that Venus
was always in its <cent

edges appeared crispy clear without any colors.
(Shiltsev, 2012b).

er ,
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ment is incorrect as most of the observations of
the twenty-first century transits of Venus (and, in

obser viatregard, pfpother transits) weresqualitatively

similar, as a comparison of L o mo n o §ig. A0 s

(seenoeiir Fégurestl and R)\aedhthesabqve discus-
sion shows.
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In conclusion, there is no basis for Pasachoff of the Venusian atmosphere. The Dollond achro-
and Sheehand s ( 2AQ) dakrathat mats were found to be of remarkably good qual-
o L o m mbsergationad data were flaw- ity, aqd had sufficiently large apertures and suit-
ed, [and] his detailed geometrical treatment gble filters. Care was taken to redu_ce .the stray
also proves to have been spurious ... We have light and to assume comfortable viewing post-
now shown definitively that ... Lomonosov arriv- ures that would minimize eye strain. Simul-
ed at the correct conclusion but on the basis of taneous observations with high-quality modern
a fallacious argument. doublet refractors with apertures as small as 50
Moreover, the successful replication of Lomono- mm revealed_ the aur_eole, and demonstrated that
s 0 v @bservations during the 2012 transit of systems deS|gn9d with m°def“ softvyare, emplqy—
Venus raises further doubts about these state- ing modern optics and coatings did not signifi-
ments, and Pasachoff and Sheehand sttempts cantly out-perform the older instruments (Ros-
to assign discovery priority to other observers enfeld et al, 2013).
(e.g. Chappe d 6 A udhe roroRittenhause, or The replication also allowed us to understand
Wargentin and Bergman) are unwarranted. the inconsistent success in the detection of
Lomonosovds arc, nowseand i n
6 EXPERIMENTAL REPLICATION OF et al.,, 2013). When observed through a tele-
LOMONOSOVHAS DI SCOVERY DU BcppE,ghe brightness of the arc is determined
THE 2012 TRANSIT OF VENUS by how much its width is spread due to dif-
. . . . fraction, an effect inversely proportional to the
L o mo n cssliscevery was experimentally repli- aperture diameter, and to atmospheric turbu-
cated d“”r?g the trgnsﬂ of Venus on 5-6 June lence (which is independent of the telescopeb s
2012. Athin arc Pf light on that part of Venys off parameters). As with any extended object, the
the Sunos disc during thgud ey @siee alidrm suf Sodd not
successfully detected with original eighteenth- depend on the optical syste

4 5 6

Figure 14: 1) s h o wwsso m® n o s o0& ,6 shulgegon the
Sun @insb at egress noted in 1761 (after Lomonosov,
1761b); 2) and 3) show 2012 observations at Lick Observ-
atory with a 67-mm antique Dollond achromatic refractor
and a weak filter; 4) to 6) show 2012 observations in lllin-
ois with a 40-mm antique Dollond achromatic refractor and
weakly-smoked glass filter (left), at 17:16, 17:19 and be-
tween 17:21 and 17:22 (all times in CST = UTi 5) (after Ku-
karin, et al, 2013: 529).

century Dollond achromatic refractors similar to
that deployed by Lomonosov and with his ex-
perimental techniques carefully emulated (e.g.,
lightly-smoked glass filters, and periodic rest for
the eyes to maintain sensitivity) (see Koukarine,
et al., 2012; Kukarin, et al., 2013). The experi-
mental re-enactments resulted in successful de-
tection of the aureole effect, a thin arc of light on
t hat part of Venus of f
planet was in transitd see Figure 148 Despite
having small apertures by modern standards,
the old achromatic refractors were found fully
adequate for the task of detecting the light re-
fracted around Venus. Several factors combin-
ed to allow

replication

t rokthe Bajlopg achroatsy ¢

Observations of the arc with modern doublet re-
fractors and a standard 1/100 000 filter in Sas-
katchewan (Rosenfeld et al., 2013) supported
the above analysis and confirmed that aperture
diameter plays the critical instrumental role in
the detection of the aureole, while the magni-
fication used was found to be a less important
variable. Because of the non-linear response of
the human eye, the optimal filter to be selected
depends on the observational goal. To see the
arc around Venus, the weakest filter that allows
for comfortable and safe viewing should be us-
ed. A stronger filter would be better suited for
studying the Sun over a long period, but it would
reduce the arcods
that the arc would be invisible against the back-
ground. The use of attenuating filters makes
ambient glare from sunlight while viewing at the
eyepiece a relatively large nuisance; it is impor-
tant, therefore, to reduce stray light.

Unlike Lomonosov, most observers in the
eighteenth century directed their attention exclu-
sively to timing the contacts of Venus with the
solar disk. The longer observation periods need-
ed to achieve that goal demanded stronger fil-
ters than that used by Lomonosov for detection
of the arc. Finally, not all of the instruments
used at that time could match the optical quality

when the

7 CONCLUSIONS

As shown above, during observations of the tran-
sits of Venus there were several optical phen-
omena that could be attributed to the atmo-

0 &phdrecomthenplarsed an@is ofdightsacoond hat y
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part of Venus thatwasof f t he Sunds diThis claant sinpli s not true. As we have
ingress and egress;t he bl urri ness of seenhlemoBosav actually began writing his

limb at the times of the 1 and the 4" contacts; a first paper (in Russian) about the transit the
thin bright radiance close to the times of the in- day after the event, and this paper, and his
ternal contacts; and the circular aureole around later one, in German, were both published in
Venus whenitwasfull y on the Thends dlv64,dn July and August respectively. Only
first of these, the é@rcd is caused by refraction of the papers by Hellant, Stromer et al. and Le
sunlight in the Venusian atmosphere, and was Monnier also were published in 1761, the
observed and described in similar terms by a first two in the third quarterly issue of Kung-
dozen astronomers in 1761 and by many during liga Vetenskapsakademiens Handlingar for
the following transits, including the last one, in that year (i.e., no earlier than July), while Le
2012. Mikhail Lomonosov stands out among Monnier 6s paper wasr publ i s
the observers as he was the first to publish a in the year. In contrast, the papers in the
scientific report of the phenomenon, understand Philosophical Transactions of the Royal So-
it was due to refraction, and conclude from this ciety by Bergman and Wargentin only appear-
that Venus possessed an atmosphere. As he edin 1762.
providing the correct physical explanation for 3. One can add that even at the very end of the
this and a detailed description of his methods of nineteenth Century the confusion over the
observation, astronomers were able to replicate cusp observations was quite valid. For ex-
his discovery more than two and a half centuries ample, H.N. Russell (1899: 298) concluded
later. Our anaIySiS of the 1761 observations from his own observations that the e|onga_
of the transit and Subsequent discussions show tion of the cusps was Significanﬂy smaller
that the use of the term  omonoso®ds a thah reported by Schroter, only 1° 10Njwhich
seems appropriate as he is the one who should indicated that Ve nus 6 at mo(@oplber e fié
be credited with the discovery of Venuséatmo- not be)émore than on<e third
sphere. tensive asdOthe Earthos
L o mo n cssdscodery was experimentally 4. Extensive literature exists on the circum-
replicated during the 5-6 June 2012 transit of stances surrounding and instrumentation us-
Venus when a thin arc of light on that part of ed during the nineteenth century transit ex-
Venus lying of f the Sunds disc deditiony gorexampe, sge the popular books
gress was successfully detected with original by Lomb (2011), Maor (2000) and Sheehan
antique telescopes similar to the one used by and Westfall (2004) and bibliographies there-
Lomonosov. The replication also shed addition- in, or the series of papers in this journal:
al light on why detection of the aureole was so Clark and Orchiston (2004), Cottam et al.
capricious in the past, and it showed once again (2012); Débarbat and Launay (2006), Duer-
that a great discovery involves deep insight into beck (2004), Edwards (2004), Kapoor (2014),
physics on the part of the discoverer, the right Lu and Li (2013), Orchiston and Buchanan
instruments and techniques, and a little luck. (2004); Orchiston et al. (2000), Pigatto and
From what we have learned through restaging Zanini (2001; 2004), Stavinschi, 2012; Ster-
his historic 6 mightenmentdexperience, Lomono- ken and Duerbeck (2004) and Tobin (2013).
sov seems to have been the only one to dis- 5. Besides O. Struve, the phenomenon of an
cover the Venusian atmosphere not by mere ac- indistinct or hazy edge of the Sun at the point
cident but by designing an experimental protocol and time of Methewsslddisent ry o
that made it possible. was considered and analyzed as a true atmo-
spheric optical phenomenon by Professor A.l.
8 NOTES Lazarev from the Vavilov State Optical Instit-

ute, St. Petersburg Russia. He wrote (Laza-
rev, 2000: 431):

... the first phenomenon [Pl in our nomen-
clature i V. Shiltsev] was explained only in
1970 as the Fresnel reflection of the Sun
from the Venusian atmosphere, which is

1. N.I. Nevskaya (1973; 2000: 152-156) sug-
gests that thioking abous @os- 6 s
sible experimental techniques to detect atmo-
spheres of planets began even earlier, in the
mid-1740s, during collaborative astronomical

studies under th_e renown(_ad French astron- especially strong at small glancing angles,

omer, Joseph-Nicolas Delisle (16881 1768), i.e., specifically under conditions where

who was Professor of Astronomy at the St. Venus is close to the solar disk (Lazarev,

Petersburg Academy from 1725 to 1747. 1976). This explanation appeared after

. . . [Soviet cosmonaut] A.A. Leonov discover-

2. Dunér (2013: 158) claims that Lomonosov ed the Fresnel reflection of the Sun from

€ was neither the first, nor thee Eant Wdoesnat mbesph-ere from

conclude that the phenomena were caused 2 spaceship and subsequently explained it

by a Venusian atmosphere. Bergman and together with us. (Lazarev and Leonov,
others published their results first. 1973).
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6. Bigg-Wither (1883: 98-9 9 ) stated
unable to form an idea of the cause of this
crescent. o

7. There are also several minor factual errors
such as reference being made to 2012 tran-
sit observations on page 7 (in a paper that
was published before the 2012 transit); mix-
ups with the contact numbering (page 7); the
absence of an explanation as to why E.
Stuyvertods ofthe €882 &ansit
were indicative of i.. the double cause of the
black drop ...0 and how they relate to Lom-
0 n 0 s oobgewations when they are so
different (page 7); the absence of critical
discussions of the transit observations by
Chappe d 6 A udhein 28761 and by Ritten-
house, Green and Cook in 1769 (pages 8-
10); mis-spellings of the last names of F.U.T.
Epinus (Aepinus) and V. Sharonov on pages
11 and 14; etc.

8. It is to be noted that weather did not co-
operate with several of the observers who
prepared antique achromats for the 2012
transitd their bad luck replicated that of more
than a few eighteenth century observers.
Some of them encountered cloud cover and
did not observe the aureole (see Koukarine,
et al.,, 2012), while others obtained ambig-
uous results due to significant air turbulence
(see Nesterenko, 2013).
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