Duval/ Gendron/ St-Onge Page 1

THE BLACK DROP EFFECT
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ABSTRACT. The black drop effect during the 2004 transit ofiWe against the Sun has been observed
and photographed by amateur astronomers in Moni@alada). It is shown in this report that the klac
drop can be explained by the contact then the peaance of the halos surrounding Venus and theaSun
contact point. The black drop thus appears to le&akpart of the disk of Venus and not an illusidén

optical perception.

RESUME. Le phénoméne de la goutte noire pendant le trdesiténus devant le Soleil a été observé et
photographié par des astronomes amateurs a Mof@é@ahda). On a pu ainsi expliquer la formatiotede
goutte noire par le contact puis la disparition kigl®s autour de Vénus et du Soleil au point ddaem. La
goutte noire apparait ainsi comme étant une patitle du disque de Vénus et non pas une illuséon d
perception optique.

1. INTRODUCTION

The transit of Venus against the Sun on June 8,208s a long-awaited event, which
was observed by thousands of amateur and profedsistitonomers around the world.
Many of them reported having seen the “black difbgce” while others did not see it
and still consider it is an optical illusion reldt® the turbulence of air and the quality of
instruments. Others have also mistakenly thougtitttie black drop effect comes from
Venus’atmosphere. The existence of the black-dfiggteas real and not resulting from
Venus’atmosphere has been shown, however, by siibbra as Pasachoff, Schneider,
and Golub, 2004, with spacecraft observationstodiasit of Mercury.

This paper reports on the observations and phqgtbgreaken by members of the
Amateur Astronomy Clubs of Dorval and Montreal dgrthe transit of Venus at contact
[l (the only one visible in Montreal), and propssan original and detailed interpretation
of the black drop effect.

2. INSTRUMENTATION AND IMAGE TREATMENT

Several amateur telescopes were used in Montregually observe the transit of Venus
or take photographs of it (3 Schmidt-Cassegrain§-98- and 11-inch, 2 refractors of 3-
and 4-inch, 2 Maksutovs of 5- and 6-inch in diamete

The photographs reproduced in this report werentégeAndré Gendron and Gilles
Guignier. Photographs taken from NASA'’s satelliRAICE (“Transition Region and
Coronal Explorer”) with a telescope of 12- inchdiameter, and available from the
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Website of Pasacho#t al. (http://www.transitofvenus.info), were also exasd for
comparison, with permission of the authors.

The telescope of A. Gendron was an 11-inch Celesirl Schmidt-Cassegrain
equipped with a Thousand Oaks solar filter, Feafloeich micro-focuser, Vixen camera
with T-ring adapter, Varigami and EQ-6 mount witlodél MTS-3 Bodoefer-Elextronix
system. Photographs were taken at primary focus Katdak ISO 200 photographic film
at 1/8 to 1/15 sec.

The telescope of G. Guignier was an 8-inch Celasi® Schmidt-Cassegrain equipped
with a Baader AstroSolar filter, VestaPro PCVC680&bcam camera and Astronomik
IR-Block filter. The images were taken at f/10 painy focus and processed using
Christian Buil’s Iris software. Typical processiognsisted in extracting series of 30 to
100 black and white images from 180-sec AVI videmxorded at 10 frames per second.
Then the images were corrected by subtractingeagete offset image and divided by a
reference flat image. Finally, selected frames weggstered, accumulated and enhanced
with an un-sharp mask. Images were then export&dllis or JPEG formats.

The size of the disks and halos around Venus an&tim in the photographs was
deduced from the magnification factor of the tebgmrand the dimensions of the
photographic film or camera pixels used. To depeetisely the edges of Venus and the
Sun, Richard Berry’s AIP W4 software, Frei & Chealgorithm and the Pixel Radius
Tool were used by A. Gendron and G. St-Onge. Themainty on dimension
measurements was * 1 pixel, which correspondsli@+ 0.4 and £ 0.3 arcseconds in
the photographs by A. Gendron, G. Guignier and TEA®@spectively.

The actual diameter of Venus on June 8 (58.2 eocsks) was obtained from the
Observer’'s Handbook for the Year 2004.

A likely cause for the halos is the “blurring” dfe images by the telescopes, also
described by Pasachoff and Schneider (2004) dpthet spread function (PSF)” of the
telescopes, or the “contrast resolution” of thesebpes described by the “modulation
transfer function (MTF)” or “phase transfer functiPTF)” in other publications. The
frequency cutoff of the telescopes was measuredl. Iyendron, using a “target”
developed by M. Koren and available on the web (sBences). This target consists in
a series of parallel, vertical black and white b@arines of widths decreasing
logarithmically from 2 to 200 lines per millimetrand further divided into 6 zones of
different contrasts.

This target was printed by A. Gendron into a ler@ftB5.1 cm, mounted on a foam board
and placed at a distance of 51 times the focaltheafithe 11-in and 8-in telescopes, i.e,
142.5 and 103.6 metres, respectively. Photograptisedarget were taken with the
telescopes under conditions similar to those useithgl the transit of Venus. Details of
the calculations can be found on the Dorval webBikets of line intensity vs. line
frequency (in lines/mm) and of frequency modulatisnlinear frequency allowed to
determine the frequency loss and the angular resojuwhich can be used to
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guantitatively describe the resolution of the tetgses, in arcseconds. Results are
indicated in Table 1

TABLE 1
Resolution of the 11-in and 8-in telescopes

Telescope size, Authors | Frequency lossAngular resolution),
in inches in lines/mm in arcseconds
11 A. Gendror 9 ~ 8.2
8 G. Guignief 53 ~1.9

In addition, it could be shown that the resolutidrthe 8-in telescope was limited mainly
by the size and arrangement of the camera pixaks pbor resolution of the 11-in
telescope was due to a collimation problem.

The PSF of the 8-in telescope was also measur&l By-Onge, using images of the
Epsilon Lyrae “double-double” star with the telegsepand the MIPS and PRISM
software. Details of the calculations are availaisiehe Dorval website. The PSF was
thus found as ~ 1.75 arcseconds, which is in googeagent with the angular resolution

measurement of Table 1.

Note: strictly speaking PSF and MTF are differavith PFS related to the spread of images and MTF to
contrast resolution. However, since the measurddld® angular resolution values are both be quite
similar to the sizes of the observed halos, thggests that the halos are probably mainly relaigtie
blurring or contrast resolution of the telescopsadu

To reveal more subtle differences in light densitrethe photographs, software
PRISM98 was used by G. St-Onge. Using this imagggrmnent, different light densities
are attributed different colours. When looking alocir-treated photographs, one should
not forget, however, that:
- these are false arbitrary colours
- the small differences revealed by the colours atevisible in general in the
untreated photographs or by visually looking thiotige telescopes
- colours can be compared only in sets of photogragtish have been subjected
to the same image and colour treatment and exptisuege.g., in Figure 4).
Colours in photographs taken from different instemts (e.g., Figure 4 and
Figure 5), or taken by the same instrument and &xeatime but treated
differently (e.g., Figure 3 and Figure 6@rrespond to different light densities
and should not be compared directly.
The photographs by G. Guignier colour-treated b$t30nge were separated into 256
levels (8 bits) of light intensities to measure takative intensities at various locations of
the photographs, on a scale of 0 to 256 (see jble

3. RESULTS AND DISCUSSION
3.1. THE MAIN HALOS AROUND VENUS AND THE SUN

The untreated photographs taken by A. Gendron ar@luignier can be found on the
Dorval Club Website. The untreated photographs/,#20 and 22 of A. Gendron, and #
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3, 4, 6 and 9 of G. Guignier are reproduced in Fagu-2. A photograph taken from
satellite TRACE, extracted from the Website wwwnsigofvenus.info (Pasachoff 2004)
with his permission, and colour-treated by G. Sg@ns presented in Figure 3.

In these photographs, halos can be observed aiemas and the Sun. These halos are
represented by the drawings of Figures 1-3, alalegtie photos. These drawings are a
schematic but accurate reproduction of the phofwgal he characteristic features of
these halos are indicated in Table 2:

TABLE 2
The main halos around Venus and the Sun
Author Telescope | Photo True or false | Width of the halos around
size, colour of the halos Venus, in arcseconds
in inches

A. Gendron 11 film red (true) ~7

G. Guignier 8 webcam  grey (true) ~2

Satellite TRACE 12 CCD blue (false) <1

It can be seen that the width of the halos cormedpwery closely to the resolution of the
11-in and 8-in telescopes deduced from MTF and ia8&surements in Table 1 ( ~ 8.2
and ~ 1.9 arcseconds, respectively). It thus appeas®nable to think that the observed
halos are mainly due to the optical resolutionhef telescopes under the conditions used.
Even narrower halos are observed when using actadesof very high optical resolution
and a CCD camera located outside Earth’s atmosptienefore without any seeing
effects (TRACE).

These halos occur at the interface between thaegatkght of the Sun and the very dark
regions of Venus and the sky. The first point i€y was whether they are located
above the bright disk of the Sun or above the degions of Venus and the surrounding
sky, or in-between.

The definitive demonstration of their location wdsained by measuring the diameter of
Venus in the photographs, with and without the hasing the methods indicated in
section 2. The internal diameter of the red halverfus in the untreated photographs of
A. Gendron (surrounding the internal black diskpwhaus evaluated at ~ 43 arcseconds,
and the external diameter of the halo (internatlbldisk + the red halo) at ~ 57.6
arcseconds.

A similar calculation was performed by G. St-Ongethe untreated photographs of G.
Guignier. The internal diameter of the grey hal&ehus (surrounding the internal black
disk) and its external diameter (internal blackdighe grey halo) were thus evaluated at
~ 55 arcseconds and ~ 58 arcseconds (100 pixedpgatvely. He also evaluated the
external diameter of Venus in the photograph tdkem TRACE at ~ 58 arcseconds for

~ 121 pixels (in 8 bits format) and ~ 116 pixelsKIA'S format).
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Since the actual diameter of the disk of VenuswmeB, 2004, was 58.2 arcseconds, the
halos of Venus in these photographs are locatddmthe real disk of Venus and not
silhouetted against the Sun outside Venus’actisi. @y extension, the same conclusion
most probably applies to the halos around the digke Sun, which must be located
silhouetted against the dark surrounding sky, nahe real bright disk of the Sun.

As indicated previously, these halos are genetfaydtie optical resolution of the
telescopes used. They are characterized by afl@smtvast (MTF) and a reduction in the
tone of black at the interface between bright asud degions. The edges of Venus and of
the Sun thus do not become dark immediately aintieefaces but only gradually.

In summary, the main halo of Venus in the untregteatographs is located within the
real disk of Venus, and the main halo of the Sunadated silhouetted against the sky. As
indicated in the schematic drawings of Figures it+&sults that:

- the real disk of Venus in the untreated photolysap larger than its apparent (interior)
black disk (more precisely, it is the apparent bldisk of Venus PLUS its internal halo).
- the real disk of the Sun in the untreated phatplgs is smaller than its apparent bright
disk (more precisely, it is the apparent disk & 8un MINUS its external halo).

3.2. THE SECONDARY HALOS AROUND VENUS AND THE SUN

As mentioned above, in the untreated photograpks Gfendron, only one (red) halo is
visible, which is located within the disk of Venuster colour-treatment by G. St-Onge
(Figure 4), 3 halos of different colours (blue,greand yellow false colour) can be seen
around Venus. The diameters of these halos haveéeduated by A. Gendron. The
external diameter of the green halo is ~ 57.6 ams#and the internal diameter of the
blue halo ~ 43 arcseconds. The blue-green haloftirereorresponds to the red halo in
the untreated photographs of Figure 1, and itdatked outside of the real disk of Venus.
The external diameter of the yellow halo is aboG6-arcseconds. The yellow halo is
therefore a secondary halo located outside thadisklof Venus, silhouetted against the
Sun, and not visible in the untreated photographsee similar halos can be seen around
the Sun in Figure 4. By analogy with those arouretts, the blue-green halo around the
Sun is probably located silhouetted against the wkyle the yellow halo is a secondary
halo located within the disk of the Sun.

On the colour-treated photographs # 17 and # Fguire 4, at the contact point between
Venus and the Sun, a small deformation of the gldes halos of Venus and the Sun can
be seen, as if the halos were “attracted” by oroehem.

In the photographs of G. Guignier, submitted to'st tolour-treatment by G. St-Onge
(Figure 5), a secondary halo, shown in green fadéeur, can also be seen around Venus,
with an external diameter of ~ 58 arcseconds. Thereal diameters of the blue halo and
of the black disk of Venus are ~ 55 and ~ 50 arcsissarespectively. The actual disk of
Venus therefore is located close to the outergfatie green halo. By analogy, the actual
disk of the Sun is probably smaller than the blal® lround the Sun, and located in the
first green halo around the Sun. This means thahotograph # E of Figure 5, a small
part of the actual disk of Venus is already witthia sky. In photographs C to G, a small
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deformation of the blue halos of Venus and the &mbe seen as in photographs # 17
and # 18 of Figure 4.

A second, more extensive image treatment of théoginaphs of G. Guignier has been
applied by G. St-Onge With that treatment, 4 dédfgrhalos appear around Venus instead
of 2, and 4 different halos around the Sun instdad The light intensities and widths of
these supplementary halos are indicated in TallégBt intensities are in arbitrary units
on a scale of 256 to 0 (248 at the centre of thre 300 for the Sun close to Venus but

far from the halos; 50 for the sky far from the S6@ for the sky close to the halos; 58

for the internal black disk of Venus far from thedds; 60 to 65 for the internal black disk
of Venus close to the blue halo). Table 3 confiforther the great similarity between the

(inverse) halos around Venus and around the Sun.
Note: it is to be noted that the number of halgsetels on the way the computer assigns the colble ta
and the narrowness of the division, and is nobaqgaantity.

TABLE 3
Supplementary halos around Venus and the Sun iphb®graphs by G. Guignier after a
second, more extensive colour-treatment by G.r18jeO

Halos Around Venus Around the Sun
False Coloursintensity| ~ Width| Intensity| ~ Width
Blue 70-81 1.2 63-79 1.2
Green 89-104 1.2 86-114 1.2
Yellow 123 0.6 | 123-138 0.6
Red 147-177 1.2 >144 1.7

Width in arcseconds

In the photograph by TRACE, colour-treated by GO&ge (Figure 6A), the diameter of
the red internal disk of Venus is 121 pixels or ~a88econds and therefore corresponds
to the real disk of Venus. The external diametahefyellow/green halo in Figure 6A
(around the red disk of Venus) is 122.5 pixels &@-arcseconds, and therefore it is
located outside the real disk of Venus. Its intgnisibetween 59 and 179 (on a scale of
200 for the Sun and O for the sky).

In the photograph treated for edge detection bpétadf and Schneider (Figure 6B), the
external and internal diameters of the white edggecof Venus are 124 and 122 pixels,
respectively, meaning that it is outside the yellmlo of Venus of Figure 6A.

3.3. THE BLACK DROP FORMATION

The formation of a “black drop” is quite obviousthre untreated photographs (Figures 1-
2) and colour-treated photographs (Figures 4-B.dbendron and G. Guignier. Taking
into account the actual location of the halos iguiFes 1-2 and 4-5, the black drop
appears to start forming when the main apparewt ¢f¥enus has contacted the main
halo of the Sun, which corresponds to the contatwé&en the real disk of Venus and the
real disk of the Sun (« real » contact Ill, as caded in the schematic drawings of Figures
1-2).
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Note: in the colour-treated photographs # 17 at8 #f A. Gendron in Figure 4, a deformation of ihae-
green halos appears to form around real contad Bimilar deformation of the blue halos also aein
the colour-treated photographs # C to G of G. Geigin Figure 5.

A more precise examination of the photographs gufé 5 indicates that the real contact Il corresjso
approximately to photograph # C, and that the de#tions of the halos start forming just after @aitact
[ll. This is confirmed by the deformation of thghit isophotes measured by G. St-Onge in these
photographs.

A very faint “bridging” or “black drop” effect thuappears in the photographs as soon as real cohtsct
reached and these deformations start forming. VMisuhe black drop effect becomes more visibldta b
later (20 to 30 seconds later) in the photograpiasia the telescopes on-site.

The black drop is more obvious and easier to oles@rall photographs when the real
disk of Venus comes in contact with the apparesk the Sun, and beyond.(the apparent
disk of the Sun is the bright disk plus its maitoha contact with the “black” sky). But
these are “false” contacts lll, the real contastilhg already been crossed, and the black
drop effect having already started. The black dreing easier to observe at these false
contacts lll, this may explain why it is often naikenly mentioned that the black drop
forms BEFORE (apparent) contact Ill. Actually,arins AFTER real contact Ill.

The black drop is also easier to observe when dlastare larger (for instance, in Figure
1 than in Figure 2). With instruments of very higisolution and low diffraction, such as
those aboard satellite TRACE (Figure 3A and 6AJagkening (shown in blue or yellow
false colour), or bridging of the region betweemWg and the Sun can be observed,
which may also be interpreted as a faint black dxibgct. This darkening appears to be
related to the interaction of the darker halos adoenus and the Sun.

3.4. ROPOSED EXPLANATION FOR THE BLACK DROP EFFECT

From the above observations, the following tentagxplanation can be proposed for the
black drop effect observed visually or on untregikdtographs:

When the real disk of Venus comes in contact withreal disk of the Sun (real contact
1), the two halos around Venus and the Sun atsoecin contact. At this point, there is

a loss of contrast between the two halos, whicimetbe distinguished from one another
anymore. This results in the formation of an appiadarker bridge between Venus and
the sky. The limb darkening of the Sun probablytipgrates to this bridging effect,
especially in the high resolution images.

Then, when the real disk of Venus starts crosdiegé¢al disk of the Sun, the external
halo of the Sun and the internal halo of Venus adahe contact point are partially then
totally eliminated.

The external halo of the Sun disappears becaugedhdisk of the Sun is not anymore in
direct contact (interface) with the sky. And theemnmal halo of Venus disappears because
this part of the real disk of Venus is not anymaloeve the real disk of the Sun but above
the sky.

These parts of the halos of Venus and the Sun palgappeared around the contact
point, the underlying part of the real disk of Vernecomes very black again, giving a
strong impression of a black drop.
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4. CONCLUSIONS

Several observers in Montreal have visually seerbtack drop effect during the transit
of Venus. The photographs taken confirm these ebtiens and indicate that the “black
drop” results from the contact then the disappesga the halos that appear as artefacts
in the scanning of Venus and the Sun. The black tirerefore is not merely an illusion

of visual perception but essentially a part ofris& disk of Venus (as identified by its
actual diameter of 58 arcseconds in the photogjaphs
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ANNEX A

The following phenomena, which might have interfievath the interpretation of the
main halos and the black drop effect, have beemmet and eliminated:

Al: Loss OFLUMINOSITY OF THE SUN'S LIMB :

In Figures 1, 2 and 5, it can be seen that the b6fthe Sun becomes progressively
darker towards the edge of the Sun, an effect krasviimb darkening.” This loss of
luminosity is related to the lower temperature a$es in the upper layers of the Sun’s
photosphere ( T~450Pas compared to the lower layers (T~5800

Starting from 10,000 at the centre of the Sun)dls of luminosity along the limb is
progressive (from 9000 to 3000 in relative intey)siand widely spread (over more than
1.5 times the diameter of Venus or 100 arcsecaméfggures 1,2,5). By comparison, the
halos around the Sun are located at the extreneei@xedge of the Sun, they are narrow
(1.5 to 7 arcseconds), corresponding to the rdsolaif the telescopes and are of more
uniform luminosity. Therefore, it seems unlikelaththe halos around the Sun in Figures
1,2,5 are due only to the limb darkening. Theyraoge likely related to the optical
resolution of the amateur telescopes used heradasited in section 3.1. Limb
darkening, however, probably contributes more $icgmtly to the halos in very high
resolution telescopes, as indicated by Schneideadé¢hoff and Golub, who have shown
that in the images of TRACE the falloff at the extie edge of the Sun is so rapid that the
limb darkening does, in fact, contribute to theckldrop effect.

A2: THE ATMOSPHERE OF VENUS:

High resolution photographs taken by the SwedidarSelescope on La Palma, Canary
Islands, Spain, of the Royal Swedish Academy oéisms of Sweden in 2004 show the
atmosphere of Venus when the planet exits thedfiike Sun. From these photographs,
the thickness of the atmosphere of Venus has kadenlated as 0.4 arcseconds, which is
consistent with the dimension reported elsewheres{ll 2004) of ~ 60 km or 0.3
arcseconds. The atmosphere of Venus thereforeabesrthan the halos around Venus
and cannot interfere with the interpretation of hiaédos of Venus (this was also ruled out
by Schneider, Pasachoff and Golub in the imageERACE).

A3. THE CHROMOSPHERE OF THE SUN:

Photographs taken during the transit of Venus aitlhydrogemu filter (at 653.3 nm,
therefore in visible light) are available (Dantav&004, Serp 2004). No halos can be
seen in these photographs, while the chromospli¢he &un is clearly visible, allowing
to evaluate its thickness as 4 to 8 arcsecondklelphotographs by G. Guinier and
TRACE, the chromosphere is therefore larger tharotiserved halos (~ 1 to ~ 2
arcseconds), but since it cannot be seen at tikse photographs taken in visible light, it
most probably does not interfere with the intergtien of the halos and the black drop
(Note: the limb darkening is different and the htigess difference between the Sun and
the sky is much lower in H-alpha.)
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Photo #17
Real disl

\4 Real contact llI

Internal halo

External halo

— /"
Apparent disk

Real disk

Photo #20

Photo #22

False contact Ill

FIG.1 - Photographs # 17, 20, 22 by A. Gendron (usinfilamch Schmidt-Cassegrain
and Kodak photographic film), and schematic repregen by M. Duval of the halos

around the Sun and Venus.

Colour code: the halos around Venus and the suichvere red in the original colour photographs,egas dark grey in this black
and white version of Fig.1. The disk of the sunjohitis orange in the original colour photographppears as light grey in Fig.1. The
original coloured version of this paper is avaiégabpon request from any of the authors by emaibnathe Dorval website indicated

in the references of this paper.
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Photo # 3
/Rea disk

Internal hali

N
Photo # 4

Image @ G.Guignier - 2004 \
Real contac
Photo # 6
Image © G Guignier - 2004 False conta

Photo # 9 Vi
Image © G.Guigrier - 2004

FIG. 2 - Photographs # 3, 4, 6, 9 by G. Guinier (usin@amch Schmidt-Cassegrain and a
webcam camera providing a higher resolution image the Kodak film of Figure 1),
and schematic representation by M. Duval of theshalound the Sun and Venus.

Fxternal hal

Real disl

Apparent disk
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(Courtesy of Jay M. Pasachoff and Glenn Schneider)
FIG. 3 - Photograph taken from satellite TRACE and schemmapresentation by M.

Duval of the halos around the Sun and Venus

Colour code: the halos at the contact point betwésus and the sun, which are blue in the origieddur photograph, appear as
dark grey in this black and white version of Figl8e halos are indicated as blue in Table 2. Thgnal coloured version of this
paper is available upon request from any of theastby email, or on the Dorval website indicatethie references of this paper.
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# 17a #18 #18a

oy

# 19a # 20a #2la
FIG. 4 - Photographs by A. Gendron after colour treatmernBb$t-Onge (# 17a, 18a, 19a, 20a
and 21a). Photographs # 17 and 18 are withoutictdeatment.

Colour code: the halos around Venus and the stheinntreated photographs # 17 and 18 are as ih.Fig

In photographs # 17a to 21a, the halos close tbltwk sky and the inner black disk of Venus, wrach in blue in the original colour
photographs, appear as dark grey in this blackndnit® version of Fig.4. The yellow/green halosseldo the bright disk of the sun appear as
white grey. The red disk of the sun appears asumedrey. The original coloured version of this papevailable upon request from any of
the authors by email, or on the Dorval websitedatiid in the references of this paper.
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# A (at 6h:03:08 EDT) # C (+20 sec)
. P

?. E (+ 40 sec)

# G (+ 60 sec)

#1 (+ 80 sec)

#L (+110 sec)

FIG. 5 - Photographs # A, C, E, G, | and L by G. Guigniexated by G. St-Onge

Colour code: the halos close to the black sky aedriner black disk of Venus, which are blue indhginal colour photographs
appear as dark grey in this black and white versfdfig.5. The yellow halos around Venus closehliright disk of the sun appear
as white grey. The green halos in-between the dnhdeyellow halos of Venus and around the sun dammalearly distinguished in
this B&W version of Fig.5 . The original colouredrsion of this paper is available upon requeshfamy of the authors by email, or
on the Dorval website indicated in the referendekis paper.
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6A 6B

FIG. 6 - Photographs taken from satellite TRACE (Courtaisyay M. Pasachoff and
Glenn Schneider), treated by G. St-Onge.

Colour code: the halos around Venus and the suichvere yellow in the original colour photograph,@ppear as white grey in this
black and white version of Fig.6A. The red diskveinus appear as dark grey. The original colousgdion of this paper is available
upon request from any of the authors by email nothe Dorval website indicated in the referencethisfpaper.



