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ABSTRACT

Modern astronomy is filled with many wonders and discoveries of amazing exoplanets, exo-moons and solar
systems which are very different from ours. These discoveries will give rise to new kinds of celestial
arrangements which may not be possible on earth because of its neighborhood and a single moon orbiting it. The aim
of this paper is to provide an insight about new possible eclipses occurring on other planets (exoplanets also) and
moons, while taking into consideration the position of the observer. Simple mathematics is used to explain the
possibility of these new phenomena, considering the age of the author and their educational background.

1. Introduction

Modern astronomy is filled with many wonders and
discoveries of amazing exoplanets, exo-moons and solar
systems which are very different from ours "°. These
discoveries will give rise to new kinds of celestial
arrangements which may not be possible on earth because
of its neighborhood and a single moon orbiting it.
Planetary systems with multiple moons or ring structures
can experience eclipses very frequently "', Similarly
exoplanets with planets orbiting close by to their host stars
or stars smaller than planets orbiting it will experience very
different types of eclipses not studied yet on earth.

The aim of this paper is to provide an insight about new
possible eclipses occurring on other planets (exoplanets
also) and moons, while taking into consideration the
position of the observer. Simple mathematics is used to
explain the possibility of these new phenomena, because
of the age of the author and their educational background.
Though the math is basic, it supports the theory and
compelsto study such syzygy with new understanding.

2. OtherKind of Eclipses

New eclipse arrangements covered in this paper are;
possibilities of eclipses on one planet by another planet,
moon eclipsing another moon and four celestial bodies
arranged in one row. Although the mathematical base is
provided only for planet to planet eclipse, there is no
reason to believe that it cannot be extended to another
syzygy suggested before. Further new nomenclature is
provided so as to report these occurrences properly in
future.

Eclipses on One Planet by Other Planet

Eclipses by the moon of a planet on the planet itself are
very common, but current discoveries of the exoplanets,

their diameters and the diameter of the star they are
orbiting around raise the questions of eclipse of a planet by
another planet. Normally, a planet is only visible as a
bright star from another planet in the night sky ''. However
when one planet's orbit is too eccentric around a star, or
the planets are close to each other they can appear slightly
bigger than a pointed star in the night sky. For example, on
TRAPPIST 1, HR 5183 b, HD 80606 b, HD 20782 b
planets are visible from other planets as round celestial
bodies .

On a planetary system with dwarf stars, if super Jupiter-like
planets are orbiting them, they can cast shadows at much
longer distances, like the GJ3512 or the WD 1856+534 .
On such systems, planets orbiting beyond super Jupiter will
definitely see the eclipse created by super Jupiter. Although
in our solar system the Sun is too large, the possibility of
planet to planet eclipse barely exists. However it can
definitely be studied for other solar systems and the same is
being verified below for the GJ 3512 solar system.

Astronomers have discovered one suitable system around
31 light years away from earth; in which the star (G) 3512)
and the planet orbiting it; are of nearly the same size. In this
an exoplanet GJ3512 b is nearly the same size as that of the
host star . So, the shadow cast by GJ3512b will be very
large and may reach at distances where other planets can
orbit. Though astronomers' prediction of another planet
orbiting the same star GJ 3512 is not yet validated. So
assume a hypothetical planet orbiting at the same distance
from GJ 3512 as earth is from the sun i.e. 149,600,000 km
22 The planet will be called GJ3512ci where 'i' stands for
imaginary planet. Performing simple math of triangles to
find out the shadow distance, one can check out the
possibility of the eclipse on the hypothetical planet by
GJ3512ci.
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Figure 1: Possibility of planet to planet eclipse on possible planet in GJ 3512 system

The left hand side circle is the star GJ3512, middle oneis  midpoint of GJ3512ci. Thus the shadow of the super
the planet GJ3512b whereas on the right hand side is the  Jupiter can reach the other planet, giving a possibility of
imaginary planet GJ3512ci. ldentifying various points on  planet - planeteclipse.

the drawing: Another example is of the solar system WD 1856+534, a
PointAatthe circumference of the star. white dwarf star with radius 9044 km traveling about 80
Point B location of G 3512b light years away from earth. It has a planet WD1856b
Point C at circumference of the GJ351b which has aradius about 10.4 times that of earth i.e. 63780
Point D location of GJ3512ci. km “*. As calculated, the planet's diameter is bigger than
Point E at circumference of GJ3512ci that of the star. Hence the planet can block the star and cast

a shadow long enough that any other planet in the system

Radius of GJ3512 = 0.166 *Radius of Sun ~= 115500 km * (W] will definitely experience a planet to planet eclipse.

Radius of GJ3512b = 1.27 *Radius of Jupiter~= 88800 km (2)

Even though the above two examples are based upon an
imaginary second planet, it is just a matter of time before
astronomers may find out such a solar system exists. Apart
from the above scenario, there can exist a solar system,

Since 2ABC is similarto 2 ADE by AAtest, one can write: where two planets orbit each other with barycenter
somewhere between them and eclipse each other. As, in

Orbital Radius of GJ3512b = 0.338 AU = 0.338 * 149600000= (3)
50565000 km

Distance of GJ512ci from GJ3512 = Distance of Earth from Sun  |(4)

AB:AD::BC:DE )| our own solar system, Pluto and Charon are often referred
0.338: 1::(115500 -88800): DE (6) |  toasbinary systems because of their size comparison ”'.
DE= 1¥26700/0.338 71" Moon Moon Eclipse

DE = 79000k.m. (8)

Apart from a planet eclipsing another planet, a moon can
Since the value DE is 79000 km, smaller than the radius of  also eclipse another moon and one can see some evidence
GJ3512 about 115500, the shadow has not yet crossed the  of it in our solar system. Some unverified sources have
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Figure 2: Possibility of lo eclipsing another Ganymede (both moon of Jupiter) as claimed in paper Washington Post
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Figure 3: Possibility of lo eclipsing another Ganymede (both moon of Jupiter) as claimed in paper Washington Post

claimed to have photographed lo casting shadows on
another moon Ganymede *”. Although multiple reports
have identified it, authors are yet to find any scientific
publication verifying it, apart from one article in
newspaper . But various telescopic photography has
proved that all four Galilean moons can create solar
eclipses on Jupiter . Out of the four main Galilean
moons, the largest two moons Ganymede and Callisto are
having nearly the same inclination i.e. 0.204 and 0.205
respectively 7. This means Callisto can also eclipse
Ganymede.

Four Celestial Objects in One Line

Even though astronomers have not yet seen Sun-
Ganymede-lo-Jupiter alignment, having four bodies in
a straight line that can create an eclipse is surely
possible *. As suggested by the paper Washington post,
Ganymede and Callisto can cast shadow on Europa or
lo, which in turn can eclipse Jupiter *'. For a person
standing on Jupiter at the right time can see a solar
eclipse of two moons occurring simultaneously. So
while Callisto will be creating a solar eclipse on Jupiter,
Ganymede or Europa can come in between and provide
an appearance of multiple solar eclipses. As the moon
near the planet moves faster compared to moons away
from the planet, it is quite possible that, when a solar
eclipse of Callisto is going on the planet Jupiter,
Ganymede or Europa can come in between and add
anotherlayerofshadow.

These kinds of eclipses need to be further classified and
studied. One can classify these types of eclipses on the
basis of different arrangements of celestial bodies. There
can be multiple kinds of four body eclipses like Sun-moon-
moon-planet eclipse as suggested earlier or Sun-moon-
planet-moon or Sun-planet-moon-moon eclipse.

3.
Since such eclipses are not visible from earth, a proper
nomenclature is required to identify these eclipses

anywhere in the universe. This will help in communicating
the idea and identifying the type of eclipse occurring.

Naming
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Keeping the observer position in mind, authors suggest the
following format of nomenclature:

Type of eclipse [either Planetary orLunar] (celestial
arrangementor syzygy in linear fashion)

In the case of the solar system GJ3512, the eclipse can be
named as, Planetary Eclipse (G)3512b-GJ3512ci) and that
in the case of WD1856+534 will be, Planetary Eclipse
(WD1856+534b-[any planet, if found]). Similarly for the
moon-moon eclipse, it will be named as Lunar Eclipse
(Callisto-Ganymede).

The Sun-moon-moon-planet phenomena creates two
solar eclipses from the same position on the planet and
hence named as Twin Solar Eclipses. For example Twin
Solar Eclipse on Jupiter (Callisto-lo). In the Sun-planet-
moon-moon arrangement, the solar eclipse is created by
both the moon and the planet. On the planetary system of
Pluto, when the arrangement of Sun, Pluto, Charon and
Nyx come into play, it can be called as Twin Solar Eclipse
on Nyx (Pluto- Charon). The same can be used for other
planetary systems also without changing the convention.

4. Conclusion

When astronomers discovered other planets like Pluto,
they designated them with new terminology of dwarf
planets. Similarly, with the discovery of different types of
exoplanets and exomoons orbiting various kinds of big or
small stars may result in different kinds of eclipses or
transits being observed in future. So it is necessary to start
with their identification and classification. Such scenarios
may provide a perspective about the motion of planetary
systems in the future.

Modern technology recently identified more moons for
Jupiter and Saturn. The same will be true in future for exo-
planets also. Since astronomers have discovered
exoplanets of various shapes, sizes that orbits around
different kinds of stars, discovery of the exo-moon will
further add spice to the entire viewing profile. Based upon
various observations till now, authors have extrapolated
some scenarios and have tried to classify various eclipses.
Even though authors have tried to cover a wide range,
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authors don't think that this will be the final frontier. There
are many more different events yet to be observed or
named, but given that such scenarios are possible
mathematically, it is a matter of time before scientists
observe them. Also, with the technological changes and
advancement, such alignment will be broadcasted live in
future from other planets as fast as possible to create
awareness among a space enthusiastic community of
human beings. Hence identifying and naming them
becomes even more important.

In this paper the authors have tried to take the observer's
position in each of the existing and common
astronomical arrangement into account, reviewed them
and have tried to redefine it keeping it in mind. This will
be of greatimportance in the future as with the discussion
of human settlement on Mars and the moon taking
precedence, it is necessary to understand that different
astronomical phenomena when seen from different
positions, look different. Astronomers use various
techniques to find new exoplanets and most of the time,
they use mathematical models to fit the date to define the
planets. These suggestions on possible eclipses or
occultations may help them fine tune their model and
help them with better definition of the planet size and
orbit.
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