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Abstract

An equation giving the Energy Dissipated by an aster accelerated in a Gravitational Field (EDGF) is presented.
EDGEF is applied in the present work to express the Schwarzschild radius and to calculate the total evaporation time
of the Sun, of the nucleus of our Galaxy and of any star being collapsing gravitationally. Evaporation times of the
planets of the Solar system is tabulated in a model where they are swallowed by the Sun collapsing gravitationally
from its stage of red giant up to that of white dwarf. In addition, EDGF is used to estimate the scale of the Solar
system (limit of the Solar system) which is an important criterion for the identification of a planet or a celestial object
as belonging to the Solar system or not. In this work, the limit of the Solar system is estimated at about 160 AU. All
our results are compared with available astronomical previsions.

Keywords: Gravitational field; Galaxy; Schwarzschild radius; Solar
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Introduction

It is well known that, the Sun which is classified as a yellow dwarf
with a finite lifespan will sooner or later die. When the Sun first became
a main principle star, it radiated only 70% of the current luminosity
which has increased in a nearly linear fashion to the present, rising
by 1% every 110 million years [1]. The Sun is about halfway through
its main-sequence stage, during which nuclear fusion reactions in
its core fuse hydrogen into helium and the Sun will spend a total of
approximately 10 billion years as a main-sequence star and, at the end
of this sequence, the Sun will start to turn into a red giant [2-4].

In fact predictions indicate that, when the Sun consumes the last of
the hydrogen combustible, its core will contract under its own gravity
and become so dense that the helium atoms will begin to collide by
forming carbon and oxygen atoms [5]. As a result, the core of the Sun
will increase in temperature and in size involving the change of its
status from a yellow dwarf to a red giant. As the planets of the Solar
system are turning around the Sun, the destiny of our Solar system is
subject to the Sun’s survival. As a red giant, the Sun will grow so large
that it will engulf Mercury, Venus, and probably Earth [3,4] and the
two innermost planets of our solar system, Mercury and Venus both
will be incinerated in the initial expansion [5].

As far as the Earth is concerned, it will be swallowed by the Sun
expanding up to the stage of a red giant causing then the destruction of
the Earth [2]. It may also be probable that the Earth might get pushed
outinto alarger orbit and congeal. Although these events may probably
occur at about 10 billion years, it is very challenging to estimate how
long will take the destruction of the Sun when collapsing gravitationally
from its stage of red giant. Estimation of the duration of the destruction
of the planets of our solar system is also a challenge assuming that each
of them will be engulfed by the Sun when collapsing gravitationally.
Previous astrophysical predictions indicated that, after the evaporation
of the external planets of the Solar System, Jupiter, Saturn, Uranus,
Neptune and Pluto (considered here as a planet even if astronomers had
fixed the numbers of the planets of our solar system to eight [6], the Sun
at the point of death will not disappears completely. A kind of denuded
nucleus (a white dwarf like that orbiting Sirius) will remain in the place of
the Sun gravitationally collapsed as explained by Reeves [7].

In addition in the theory of Dicus et al. [8], the evaporation of
the planets of a given solar system is described in a model invoking
collisional interaction processes between two stars. Assuming a
collisional interaction to occur probably at each 10" years, Dicus et al.
[8], explains that, after 100 collisions, all the planets of the considered
star will be expelled out of their orbits, so that, about the date 100 x 10'°
yre.g. 10" yr, all the stars of the universe will lose their planets. Besides,
previously, two planets referred as 2003VB12 [9] and 2003UB313
[9,10] have been discovered and considered as belonging to the Solar
system. In addition, in July 2005, 2003UB313 has been discovered as
the most distant object yet seen in the Solar system, 97 times (97 AU)
further from the Sun than the Earth is [11].

Therefore, it is challenging to estimate the scale of the Solar
system (limit of the Solar system) which is an important criterion
for the identification of a planet or a celestial object as belonging to
the Solar System or not. In this paper we aim to present an equation
giving the power radiated by an aster accelerated in a gravitational
field (PRAGRAF). The PRAGRAF is afterwards applied to express the
Schwarzschild radius and to calculate the total evaporation time of
the Sun, of the nucleus of our Galaxy and of any star being collapsing
gravitationally. Evaporation times of the planets of the Solar system
are also estimated and tabulated in a model where they are swallowed
by the Sun collapsing gravitationally from its stage of red giant up to
that of white dwarf. In addition, the PRAGRAF is used to estimate the
scale of the Solar system. In section 2 we present the equation giving
the power radiated by an aster accelerated in a gravitational field and
discuss the results obtained in section 3. We summarize and conclude
the present work in section 4.
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Theory

Expression of the energy dissipated by an aster accelerated in
a gravitational field

To express the power radiated by an aster accelerated in a
gravitational field, we proceed by analogy considering the power P
radiated by a charged particle accelerated in an electromagnetic field.
For an accelerated particle of charge e P is given by the Larmor’s
formula [12].

2 2

1
472'80

dv

i (2.1)
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X=X
3

e
C3

Using Eq. (2.1) we deduce the corresponding dissipated energy per
unit time dE/dt (using k = 1/4me; and the acceleration a = dv/dt) as
follow

dE_ 2 o (2.2)

dt 33

The Lamor’s formula is applied to any charged particle in motion in
an electromagnetic field and it depends not on the nature of its trajectory
which can be linear, circular or elliptic. In cosmology, a celestial object
of mass M is accelerated in the gravitational field created by a most
heavy aster of mass M_. Let us then consider an atomic system and the
Solar system. Electrons (planets) are orbiting the nucleus (the Sun) and
each electron (planet) is sustained to a centripetal acceleration a. Let us
move on considering the expression of the Coulomb's force (between a
nucleus of charge g and an electron of charge —e) and the gravitational
force given by the 4" Newton's laws respectively.

—_— qea
F=-k=u.
r2
F=-gYMy
r

These relations indicate that, the force acting on an electron (a
planet) is in direct proportion to the charge of the electron (to the mass
of the planet) and in inverse proportion to the square of its distance
from the nucleus (from the Sun). So one can do the following analogy
k<> G; g <> M3 e M. According to this analogy an electric charge
is equivalent to a mass for a celestial object. We assume then, in a
gravitational field created by a heavy aster of mass Mc, an accelerated
astronomical system of mass M dissipated its energy per unit time dE/
dt given analogously to Eq. (2.2) by

dE MM,

=-G Xa (23)
dt 3¢

In this equation, G is the gravitational constant: G = 6.64 x 107"
SI (it is the analogous of the electric constant k = 1/4me, = 9 x 10° ST as
stated above).

Expression of the total evaporation time of a given celestial
object orbiting a gravitational center

In an atomic system, each electron orbiting the nucleus is sustained
to a centripetal acceleration a. In the framework of the independent
particles model, each electron orbits freely the nucleus. Then, from the
viewpoint of classical electrodynamics, a given electron radiates the
power P given by (2.2). The loss of energy involves that the electron will
lastly come across the nucleus according to classical electrodynamics
previsions. In the purpose of the present study, we intend to apply Eq.
(2.3) to the calculation of the evaporation time of a planet of star attracted

by its center of gravitation being collapsed. Adopting the independent
particles (planets or stars) model, we consider the interaction between
a celestial object (planet or star) and its center of gravitation (star or
galactic nucleus) ignoring the presence of the other asters orbiting the
considered center. Using this approximation, we consider a moment
when the celestial object engages a process of evaporation while being
attracted by it center of rotation being collapsing gravitationally. The
energy dissipated by the aster of mass M is then given by Eq. (2.3). For
the Solar system on which we focus, it is well know that

- The planetary orbit is not a circle, but an ellipse.
- The Sun is not at the center but at a focal point of the elliptical orbit,

- The linear speed of the planet in the orbit is constant, but the
area speed is constant.

- In the present work, we adopt the model of Copernicus
where the eccentricities of the planetary orbits are taken as zero. In this
approximation,

- The planetary orbit is a circle,
- The Sun is at the center of the orbit,

- The speed of the planet in the orbit is constant. Let us then
consider a planet of mass M orbiting initially a star of mass M_at the
distance R. In the framework of the Newtonian gravitational theory,
the total energy E of such system verifies the relations (noting Ec the
kinetic energy of the planet).

MM,
E=-G—< (2.4)
2R
- E, =- %MVz (2.5)
With
yo |OM, (2.6)
R

On the other hand, the centripetal acceleration is given by the well-
known expression
2
a= V— = GML (27)
R R?

Using (2.7), Eq. (2.3) can be rewritten in the form

23,2
dE _ 2MM, G*M; (2.8)
dt 3 R
Let us derivate Eq. (2.4) with respect to time. We get

d—E _ MM, x d—R 2.9)

dt  2R? dt

From both the Eqs. (2.8) and (2.9) we obtain then

a3 3 " R?

2142
dR __AGM; 1 (2.10)

That means

R2dR = — Adt (2.11)

where
)

A6
3 3
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Eq. (2.11) gives the relation satisfies by the planetary orbital radius
during the evaporation process in the framework of the present model
of destruction of an aster swallowed by its center of M_mass collapsing
gravitationally. Integrating Eq. (2.11) between the limits R and R(t),
we obtain

R,- R (1) =3A (t- 1) (2.12)

In this equation, R, denotes the orbital radius of the planet (the
star) at the date ¢, where it starts just the evaporation process and R
(t) the orbital radius of the planet (the star) at the date ¢ during the
evaporation. In the present model, the planet (the star) in a gravitational
collapse event will disappear completely when the orbital radius R (t) is
equal to zero. If we denote T this duration, we obtain from (2.12) R* =
3AT. That means using the value of A

33
-_0C (2.13)
(2GM,)?

This result gives the total evaporation time of a destroyed planet
or star after a gravitational collapse process of its center of rotation of
mass Mc (star or galactic nucleus).

Critical radius of a star collapsing gravitationally

Using Eq. (2.7), we can rewrite (2.3) in the form

4
aE __G2M. V- (2.14)
dt 3¢3 R?

Extracting R from Eq. (2.6) and after putting the result obtained
into Eq.(2.14), we get

dE 2 M

=--z xS 2.15
e 3G6M,? 213
From (2.5) we pull dE/dt. So Eq. (2.15) gives
Y pai (2.15)
V
with
21
3GM Cc3

Integrating (2.15) between the limits V, and V(t), V, = (GM/R))"?,
we find

v 6
0| =1- 6BV (- 1)
V()

Substituting the expression of (f — t)) given by Eq.(2.12) into
Eq.(2.16), we obtain

(2.16)

6
[VO] =1- @Vg)mg - R()] 2.17)

V(6 34

Using the values of A and B and that of V, = (GM /R )", Eq.(2.17)
gives the simple formula

2
V)| _ R
0 R(1)
As the limit of speed is that c of light, let us put V(#) = Axc. Eq.(2.18)
gives then

(2.18)

R(P = Vs (2.19)
(Z) - 1202 x RO

In the present model, A? can take only the values 1/2, 1/3, 1/4,
1/5...5as [V(t)/c]*=A*< 1.

During the vaporization of the planet, we assume that the star
of mass M_is simultaneously engaged in a process of gravitational
collapse while attracting the planet. A particular phenomenon occurs
when the evaporated planetary remaining mass “touches” the surface
of the star of R(t) radius. Let us considered this moment as a critical
date _ corresponding to the star critical radius R(t) = R_given by [for
A=21]

2

v
R, =2 xRy
‘ A2e?

(2.20)

We assume that, at the date ¢, the speed of the evaporated planetary
mass takes a maximum value corresponding to A2 =1/2. So

VZ

R, =20 xR, (2.21)
c

As V, = (GM/R)", the critical radius of the star collapsing

gravitationally is expressed by

GM,
2

R. =2 (2.22)

C
Results and Discussion
Schwarzschild’s radius

In the case of the Sun (M_ = M, = 2x10 *kg), the critical radius
takes the value R_= 2.95 km. This result is well-known and Eq. (2.22)
corresponds then to that cosmologists call Schwarzschild radius [13].
In the present model, when the speed of the evaporated planetary
mass being attracted by a star collapsing gravitational satisfies the
ratio [V(t)/c]* > 1/2, the radius of the star becomes strictly inferior
to its critical radius (2.22). The star turns into a dark hole and the
gravitational collapse cannot be stopped. Subsequently, the star is
reduced to a point in a very short time. Let us estimate this time in
the case of the Sun (although the Sun is not enough massive to turn
into a dark hole) and the Galactic nucleus (Galactic center). We assume
all the planetary matter being evaporation since the distance R_with
respect to the center of a star collapsing gravitational. According to Eq.
(2.12), we get using the value of the constant A

2

R - R3(z):4G—A’3[“x(z - 1p) (2.23)
c
When the star disappears at the dater, R(f) = 0. So, we find
3
=4 RO (2.24)
(GM.,.)*
As GM_ = (c’R )/2 according to (2.22), we obtain finally
=2 GM, = R (2.25)
63 c

For the Sun (M_ = M, = 2 x 10*°kg) we find numerically 7 =10 ~°s.

For the Galactic nucleus (Mc = MNG = 10*' kg) we find numerically
= 6 days. These times could be considered as very short at the
gravitational scale.

Complete evaporation time of the planets of the Solar system

Let us state again that, in the present model, we consider each planet
as independent during the evaporation process. That means collisional
interactions between planets are ignored in our calculations. Then
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using Eq. (2.13), one can estimate the time necessary for each planet
of the Solar system to evaporate completely during a gravitational
collapse of the Sun being destroyed. The results obtained are listed
in Table 1. In the hypothesis of a tenth planet belonging to the Solar
system, the results quoted in Table 1 point out that, the Sun collapsing
gravitationally will lose all its planets when the tenth planet disappears
completely at the date 1.7 x 10'® years. This result can be compared with
that of Dicus et al. [8].

In the theory of Dicus et al. [8], the evaporation of the planets of
a solar system is described in a model invoking collisional interaction
processes between two stars. Assuming a collisional interaction to
occur probably at each 10" years, Dicus et al. [8] explains that, after
100 collisions, all the planets of the considered star will be expelled out
of their orbit, so that, about the date 100 x 10 "° yr e.g. 10 '/ yr, all the
stars of the universe will lose their planets. In the present calculations,
the Sun will lose all its planets at 10'® yr (assuming that the planets are
lost and destroyed). This result agrees with the previsions of Dicus et al.
[8] considering that, the date 10" yr concerns all the solar systems and
not that of ours only.

On the other hand, we can precise the probable number of collisions
necessary to the expulsion of all the tenth planets in the view point of
the theoretical model of Dicus et al. [8]. Then, if we adopt the model
of Dicus et al. [8], the time T, necessary for a star to lose all its planets
after N collisions can be written in the form T, = N x 10" yr. As for the
Solar system T, = 17 x 10" yr according to our predictions, we find
then N = 17. So, about 17 collisions between the Sun and another star
will be probably sufficient to evict all the planetary envelope of the Solar
system. The present agreement points out that, the model adopted in
the present work ignoring collisional interaction between planets and
between planets and stars and the model of Dicus et al. [8] can be
used to evaluate the duration of the destruction of a celestial object by
assuming that at the loss of the celestial object means its destruction or
evaporation.

Evaporation time of the sun

We consider here a model where the mass M, of the Sun is being
engulfed by the nucleus of the Galaxy collapsing gravitationally. As
the Sun orbits the galactic nucleus at the average distance 27 000 light-

Celestial Average distance to the Sun Total evaporation time
object (in 10° m units) (in year units)
Mercury 57.84 3x10°
Venus 108.14 1.6x10™
Earth 149.5 4.1x101
Mars 227.80 14x10"
Jupiter 777.80 5.6 x 10 ™
Saturn 1426 35x10"
Uranus 2868 28x10™
Neptune 4494 1.1x10™"
Pluto 5908 25x101
“tenth planet” 11 302 1.7x10

For calculations, the mass Sun M, = 2 x 10* kg; the velocity of light.

¢ =3 x 10® m/s and the constant G = 6.67 x 10" SI. We have included in the
calculation that of the hypothetical tenth planet (or ten celestial object like Pluto
orbiting the Sun).

*Assuming that the planets of the Solar System are coupled like electrons in the
neon atom (containing 10 electrons), a “tenth planet” or tenth celestial object may
be coupled to Pluto. The model shows that this hypothetical “tenth planet” may
orbits the Sun at a distance about 11 302 x 10°km.

Table 1: Complete evaporation time of the planets of the Solar System, when the
Sun collapses gravitationally.

years (2.55 x 10  m) and considering that the Galaxy nucleus mass is
equal approximately to 10 *' kg, Eq. (2.13) gives for the Sun

_ RS
(2GM y6)?

Numerically, we obtain Ts = 2.52 x 10* s. In year units, we get
(using for time conversion: 1 year = 365.25 days), Ts = 7.97 x 10'° yr.
This result points out that, after losing all its planets at the approximate
date 2 x 10 yr (date of disappearing of fictitious tenth planet of the
Solar system), the Sun will not be completely destroyed as Ts ~ 8 x 10"
yr>2 x 10'yr. This result is very satisfactory as according to Reeves [7],
after the evaporation of the external planets of the Solar system, Jupiter,
Saturn, Uranus, Neptune and Pluto (considered here as a planet even if
astronomers had fixed the numbers of the planets of the Solar System
to eight [6] the Sun at the point of death will not disappears completely.
A kind of denuded nucleus (a white dwarf like that orbiting Sirius) will
remain in the place of the Sun gravitationally collapsed.

Ts (2.26)

Limit of the solar system

Let us now move on determining the probably limit of the Solar
system. If we agree with Reeves [7] that the Sun will not disappears
after losing all its planets, this assumption means that, it is impossible
to a planet belonging to the Solar system to disappear at the same time
Ts =7.97 x 10" yr that the Sun. In addition let us considerer a fictitious
planet orbiting the Sun at the limit R, = p, . Let us then compel this
planet to disappear at the same time that the Sun. This involves using
(2.13)

2/3
_@GM )" T (2.27)
C

im
Numerically p, = 2.44 x10 ' km = 163 AU

In July 2005, 2003UB313 has been discovered as the most distant
object yet seen in the Solar system, 97 times (97 AU) further from
the Sun than the Earth is [11]. The present prediction p, = 163 AU
shows that 2003UB313 is indeed a celestial object belonging to the
Solar system. But, it is important to underline that, the limit 163 AU
is calculated in the hypothesis of a fictitious planet evaporating at the
same time that the Sun collapsing gravitationally.

As astronomical previsions [7] state that the Sun at the point of
death will not disappears completely after losing all its planets, the limit
of the Solar system may be strictly inferior to 163 AU (value obtained
in the basis of R = 27 000 light-years and M, = 2 x 10% kg for the
Sun). This points out that, there is not a celestial object orbiting the
Sun beyond 160 AU (value which might be considered as the limit of
the Solar system). Before closing the present section, it is important to
discuss about how would be the problem if an elliptical trajectory of the
electron is considered and until where the Larmor’s formula is valid?
As the orbit of a planet is an ellipse with the Sun at one of the two focal
points, in the viewpoint of mathematics, in polar coordinates (, 6) an
ellipse can be represented by the formula:

PR S (2.28)
(1+&cosB)

In this expression, p is the semi-latus rectum, ¢ denotes the
eccentricity of the ellipse, r represents the distance from the Sun to
the planet, and 0 is the angle to the planet's current position from its
closest approach, as seen from the Sun. In addition, the semi-major
axis a and semi-minor axis b satisfy the equation b2 = a* (1 - ¢). For
a circular orbit (¢ = 0), r = a= b = p. Taking into account the elliptical
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orbit, the speed and the acceleration of a given planet are obtained
differentiating the position vector. So, the expressions of the speed and
the acceleration of a planet in polar coordinates will differ notably to
the simple formulas (2.6) and (2.7). As a result, the evaporation time
given by Eq. (13) can be corrected considering and elliptical orbit.
On the viewpoint of mathematics, an analytical expression could be
obtained otherwise numerical calculations might be required. Study is
in such direction.

In addition, in the recent work of Taenvat [14], the third Kepler’
law is corrected as T/ a**"**, So Eq. (2.12) will be is the form R;*"™*

8 . . 3
- R(1)*”""* = 3A(t - t ). In this regard, one may substitute R; by
R§-9977948 . In the particular case of the Earth, R =149.5x 10° m. We find

for R} : T=4.1x10"yr
for R7*7**: T=3.8x 10" yr. = 4.1 x 10" yr.

This particular result indicates that, the slight modification
of the third Kepler’s law in the form (7%)/(a*>**7*%) will not affect
significantly the value of the evaporation time T because 2.9977948 ~
3.00. Subsequently, the values of T quoted in Table 1 obtained with
respect to R, can be used bringing in mind that these values are just
an estimation (not the exact values) of the evaporation times of a given
planet of the Solar System. Besides, the Larmor’s formula (2.1) is used
to calculate in electrodynamics, the total power radiated by a non-
relativistic point charge as it accelerates or decelerates.

For speeds that are small relative to the velocity of light, the total
power radiated is given by the (2.1). For a planetary system like the Solar
system where classical mechanics is valid, Eq. (2.3) giving the power
dissipated by an aster of mass M accelerated in a gravitational field of
an aster of mass M_ is applicable. One may just identify the nature of
the trajectory. In the present work, circular trajectory is considered as
a first approximation in the calculation of the evaporation time of the
planets of Solar system.

Summary and Conclusion

With a simple analogous model between an atomic system and
the Solar system, an equation giving the energy dissipated by an aster
accelerated in a gravitational field (EDGF) is presented in this paper.
EDGF has permitted to find again the Schwarzschild radius and to
estimate the total evaporation times of the planets of the Solar system
and that of the Sun itself. As far as we know, the present study gives
the first estimations of the evaporation times of the planets of the
Solar system in a model where they are engulfed by the Sun collapsing
gravitationally.

Overall, the results obtained are in good agreement with very
scarce astronomical previsions. EDGF has also permitted to estimate
the limit of the Solar system, an important criterion for fixing the mean
condition to be satisfied by a planet belonging to the Solar system. This
point is extremely important as it is obvious that the Solar system is
not infinite. When classical mechanics is valid, the present EDGF may
be used to calculate the total power radiated by a non-relativistic aster
accelerated or decelerated in a gravitational field.

Remark

“In the year 1964, a group of five comets have been discovered and
their aphelia are about 50, 800, 000, 000 km of the Sun. This localizes
them around the orbit of Pluto. It’s interesting to notice that, in these
conditions, for sixteen identified comets, the aphelion is situated to

more than 11, 000, 000, 000 kilometers of the Sun. As most of things
relative to the Solar System, the Bode’s low is especially an amusing
curiosity. But, the progression let well supposed that the sixteen
identified comets which the aphelia is at 11, 000, 000, 000 kilometers of
the Sun are dominated by a tenth planet who follows an orbit with an
average distance to the Sun equals to this aphelia” [15].

Even if the preceding astronomical observations date on 1964,
comparison with our results 11, 302, 000, 000 kilometers indicates
a good agreement. This points out that, the tenth planet (or a tenth
celestial object like Pluto) may be researched among the sixteen
identified comets which the aphelia are at more than 11, 000, 000, 000
kilometers of the Sun even if the Prague (IAU0603 2006) statement
[16] considered the Solar System as composed of eight planets. An
interesting challenge is then opened by reviewing the Prague statement
as it has been announced in 2005 that astronomers discovered new
planet, larger and more distant than Pluto [16].
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