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ABSTRACT. The black drop effect (BDE) during the 2012 tran$itVenus (ToV) against the Sun has
been photographed by amateur astronomers in DWaitreal, Canada), confirming that the BDE is
produced by the optical halos observed around Vandghe Sun at contact points. A quantitativetiata
between the size of the BDE and the optical resniudf the telescopes used is presented.

RESUME. Le phénoméne de la goutte noire (PGN) pendanafesitrde Vénus (TdV) de 2012 devant le
Soleil a été photographié par des astronomes arsadborval (Montréal, Canada), confirmant que le
PGN est produit par les halos optiques observésiade Vénus et du Soleil aux points de contane U
relation quantitative entre la taille du PGN etdaolution optique des télescopes utilisés eseptés.

1. INTRODUCTION

The transits of Venus (ToV) against the Sun in ROE2 and 2004 have been observed
by a large number of amateur and professional mstners around the world. Extensive
investigations by amateur astronomers on the “btaop effect” (BDE) during the ToV
of 2004 in Dorval have been published in the JRA$Ouvalet al (2005). It was shown
that the BDE can be explained very simply by tleappearance of the optical halos
inside Venus and outside the Sun at contact points.

This paper investigates further the relation betwibe size of the BDE and the optical
resolution of the telescopes used in 2012 and 2004.

2. INSTRUMENTATION

The amateur telescopes used in Dorval to take gheybs of the BDE in 2012 were: an
8-inch, F/4 Celestron (M.Brault); a 200 mm, F/1€l€3tron (R.Sauvé); a 6-inch Newton
(A.Stefanescu); an 80 mm, F/7 refractor (Y.Tremplay80 mm Celestron refractor
(F.Tomaras-1) and a 300 mm telephoto camera (F.fas¥8).

A photograph taken in 2012 by the Solar Dynamicedietory (SDO) and available on
its website was also used in this paper for corspari



3. RESULTS AND DISCUSSION

Photographs of the BDE taken by the SDO, Y.Tremi&pavoie, F.Tomaras-1,
M.Brault, R.Sauvé, A.Gendron, J.M.Gohier and F.Tas&, at contact Il of 2012 or
contact Ill of 2004 in Dorval, are presented inu&1, respectively from left to right and
top to bottom.

In the previous investigation (Duvetlal 2005), it was shown that the optical halos
observed around Venus in the photographs are miséyo the imperfect resolution of
the telescopes used, and that the contributioheofdolar limb darkening effect”
(Pasachoff 2012) to the formation of the halos tedBDE is significant only with
professional telescopes of very high resolution,with amateur telescopes of relatively
low resolution.

It was shown that these halos are “blurring” frdra bright Sun into the dark disk of
Venus and into the dark sky. The apparent bladk @fid/enus in the photographs is thus
smaller than the real disk of Venus, which actuatiyresponds to (the apparent disk of
Venus PLUS the internal halo around Venus). Sityildhe apparent bright disk of the
Sun in the photographs is larger than the real diske Sun, which corresponds to (the
apparent bright disk of the Sun MINUS the extetradb around the Sun). The relative
position of the apparent and real disks of Venuktae Sun were shown in 2005 to
explain the BDE.

A schematic representation of the halos and BDEmdesl in 2004 in Dorval around
Venus and the Sun at contact Il (egress of Verws the Sun) is indicated in Figure 2.
This representation is a schematic but accuratedeption of the photographs taken in
2004. The apparent disks of Venus and the Suregresented by a black line, and the
real disks by a dotted line. The halos are lochttd/een the black and dotted lines.

In Figure 2, immediately after the real disk of \derhas come in contact with the real
disk of the Sun (“Real contact llla”), a portiontbe real disk of Venus is above the sky
and not any more above the Sun (“Contact IlIb”)e Tialos around this portion of Venus
and the Sun therefore disappear, and this porppears as black. This causes the BDE,
which increases in size at “Contact llic” and eweore so at “False contact Illd” (which
corresponds to the contact between the apparedd dis/enus and the Sun). The BDE
then disappears as Venus continues its way intskih@nd leaves the Sun.

The same explanation applies to the halos and Bid€rged in 2012 in Dorval at contact
Il (ingress of Venus into the Sun) but in reversdeo, starting from “False contact I1d”
up to “Real contact lla”.

It was also shown in 2005 that the width of theobadround Venus and the Sun can
easily be calculated by comparison to the real giaéenus, available for example in the
“Observer’'s Handbook” of the RASC (58.2 arcsecandiune 2004). Also that the width
of the halos can be used to evaluate the optisalugon of the telescopes used,



providing values that are very similar to thosedobgn the “point-spread function” of
professional astronomers. The optical resolutiotheftelescopes used in this paper and
thus calculated is indicated in arcseconds in feidur

Photographs in Figure 1 correspond to contactsflR012 and llic of 2004 as defined in
Figure 2. They have been adjusted to provide apmeately the same visual diameter for
(the apparent black disk of Venus + its halo) igure 1. The apparent black disk of
Venus thus appears smaller, as it indeed is, itoginaphs taken with telescopes of lower
resolution.

The lower the resolution of the telescope, thedatlge halos around Venus and the Sun
and the larger the BDE. This has been quantifieddbyulating the surface of the BDE in
the photographs of 2012 and 2004, and by expre#simdrigure 3 as a % of the surface
of the apparent black disk of Venus, as a funabibtelescope resolution.

4. CONCLUSIONS

The photographs taken in Dorval during the TraoS\Wenus (ToV) of 2012 confirm the
observations made during the ToV of 2004. Theycaidi that the “black drop effect”
(BDE) is mostly due to the optical halos appeaamgund Venus and the Sun because of
the imperfect resolution of the telescopes usequantitative relation between the size of
the BDE and the resolution of the telescopes usedglithe ToVs is presented.
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FIG.1 — Photographs of the BDE during the ToV of 201Retaby the SDO, Y.Tremblay,
M.Savoie, F.Tomaras-1, M.Brault, R.Sauvé, A.GendiiamV of 2004), J.M.Gohier and

F.Tomaras-2, respectively from left to right and to bottom.
The resolution of the telescopes used is indicat@dcseconds, as deduced from the width of theshal

around Venus and the Sun.
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FIG. 2 — Schematic representation of the halos around ¥and the Sun, and of the BDE
during contact Il of the ToV of 2004 in Dorval,ing telescopes of relatively high (2

arcseconds) and low (~7 arcseconds) resolution.

Dotted lines = real disks of Venus and the Sun.

Black lines = apparent disks of Venus and the 8uelescopes.

Color codes: yellow = apparent disk of the Sungbtuapparent disk of Venus and sky beyond the Sun
(both are actually black); black = BDE as seereladcopes.

This schematic representation also applies to ctsthd to lla of the ToV in 2012 in Dorval.
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FIG. 3— Size of the black dro@xpressed as a % of the surface of apparent biaklof Venus)vs.
resolution of the telescopes used, from photogrégiten by the SDO, G.Guignier,
Y.Tremblay, M.Savoie, F.Tomaras-1, M.Brault, R.Sau&.Gendron, A.Stefanescu,
J.M.Gohier and F.Tomaras-2, respectively fromtiefight in the Figure.



