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Abstract 
 
This article describes the equilibrium structure of the solar interior plasma (SIP) and solar wind plasma 
(SWP) in detail under the framework of the gravito-electrostatic sheath (GES) model. This model gives a 
precise definition of the solar surface boundary (SSB), surface origin mechanism of the subsonic SWP, and 
its supersonic acceleration. Equilibrium parameters like plasma potential, self-gravity, population density, 
flow, their gradients, and all the relevant inhomogeneity scale lengths are numerically calculated and ana-
lyzed as an initial value problem. Physical significance of the structure condition for the SSB is discussed. 
The plasma oscillation and Jeans time scales are also plotted and compared. In addition, different coupling 
parameters, and electric current profiles are also numerically studied. The current profiles exhibit an impor-
tant behavior of directional reversibility, i.e., an electrodynamical transition from negative to positive value. 
It occurs beyond a few Jeans lengths away from the SSB. The virtual spherical surface lying at the current 
reversal point, where the net current becomes zero, has the property of a floating surface behavior of the real 
physical wall. Our investigation indicates that the SWP behaves as an ion current-carrying plasma system. 
The basic mechanism behind the GES formation and its distinctions from conventional plasma sheath are 
discussed. The electromagnetic properties of the Sun derived from our model with the most accurate avail-
able inputs are compared with those of others. These results are useful as an input element to study the prop-
erties of the linear and nonlinear dynamics of various solar plasma waves, oscillations and instabilities. 
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1. Introduction 

The well known standard solar model (SSM) basically 
assumes a single neutral gas approximation under hydro-
static equilibrium description of the Sun [1-6]. This 
model ignores the Coulomb property of the solar plasma 
constituents and the role of coulomb interactions on bi-
nary and collective scales. This can be physically justi-
fied as because the quasi-neutral property of the solar 
plasma is well satisfied on the Jeans scale lengths. Con-
sequently, the possible role of space charge electrical 
action due to plasma wall interactions is also absent. 
Nevertheless, a few curious minds [7-9] took an interest 
to investigate the possible effect and semi-empirical es-
timation of the electrical forces on the pressure in a star 
shown to have a net electrical charge on the surface. In 

an attempt made to determine the suspected electric field 
by the measurements of the Stark effect [10], no field 
could be detected below an upper limit of 100 V/cm. 
Gunn endeavored to indicate the importance of the elec-
tric fields and calculated its value using Pannekoek 
model for charge separation [10]. It amounts to 0.015 
V/cm, a value which is too small to be measured by 
Stark effect. Afterwards the idea of electric field in the 
solar/stellar interior and exterior regions could not gather 
much momentum for further research. In these electrical 
models the problem of the origin mechanism and main-
tenance of the electric field still remains as an open ques-
tion. Moreover, these models do not find out exact solu-
tions of the basic structure equations, but provide em-
pirical and simple theoretical estimations of the solar and 
stellar specific values. 
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Dwivedi, Karmakar and Tripathy in 2007 proposed a 
simple model of gravito-electrostatic sheath (GES) for-
mation [11] around the solar surface boundary (SSB). 
This GES ranging from the bounded to unbounded scales 
is similar to the pre-sheath region of the laboratory scale 
plasma bounded by physical wall. It is normally believed 
that the terms plasma and sheaths were introduced in 
1928-29 by Irving Langmuir in the study of electrical 
discharges in gases [12,13]. The continuous emission of 
the subsonic solar interior plasma (SIP) and its accelera-
tion to the supersonic speed seems to be a necessity for 
sustaining the dynamically bounded GES-type of equi-
librium of the Sun as a coupled system of two different 
plasmas. We wish to provoke that the gravitational sque- 
ezeing causes surface charge polarization due to exces-
sive flux emissions of the electrons at successive spheri-
cal surfaces lying at variable radial points relative to the 
heliocentre. We can thus easily think that the successive 
surfaces will develop negative charges varying with ra-
dial position, being the highest at the SSB. Finally, a 
global scale charge polarization in the bulk SIP will be 
reflected on the SSB and beyond on Jeans scale length 
order. Thus one can understand and explain the interior 
origin of the solar wind plasma (SWP) and its supersonic 
acceleration due to space charge electrical field action in 
terms of the basic principles of plasma-wall interaction 
process. The existence of a spherical floating surface is 
an outcome of the GES theory. To say much more about 
its physical significance, we need more and more think-
ing and investigation. 

This model provides an integrated and unique view of 
a self-consistently coupled system of the solar interior 
and exterior plasmas. Consideration of a two-fluid (one 
for the SIP, and the other, SWP) solar plasma model of-
fers a new physical insight for describing the equilibrium 
hydrodynamic structure and space charge electrical state 
of the Sun and its atmosphere. In fact, the concept of a 
single neutral fluid model suffers deficiency of hiding 
the role of the Coulomb interactions on the binary and 
collective scales both. Hence it lacks in the complete 
description of the equilibrium properties of the solar 
plasma on both the bounded and unbounded scales. The 
bounded scale solar plasma is termed as the SIP, whereas 
the unbounded scale solar plasma is called the SWP. 
Both are of the same origin, but different on the basis of 
the dynamical behaviors. They are mutually intercon-
nected and are sustained self-consistently as a steady 
state hydrodynamic equilibrium of a single unit of the 
self-gravity confined solar plasma and its own atmos-
phere. The GES concept allows the role of plasma-wall 
interaction physics to cause the origin of space charge 
electric field effect to play an important role in the self- 
gravitational confinement of the solar (stellar) plasma. It 

is sustained by the surface emission mechanism of the 
solar (stellar) wind plasma in general in a steady state 
(time-stationary) hydrodynamic configuration. 

From the basic knowledge of a bounded plasma be-
havior on laboratory scale [14-16], one knows that the 
quasi-neutral property of the plasma is violated near the 
boundary wall. A non-zero and nonlinear space charge 
electric field (called plasma sheath or Debye sheath) de-
velops near the wall surface and extends its impact over 
a few Debye lengths inside the confined plasma. This 
localized electrostatic field, nonlinear in space, confines 
the bulk quasi-neutral plasma enclosed within a solid 
boundary wall. In the case of a completely absorbing 
physical wall the loss of more flux of thermal electrons 
to the wall than that of the ions causes the origin of space 
electric field in the bulk plasma. The space charge elec-
tric field thus arising due to plasma-wall interaction 
process evolves and gets localized within a region of a 
few Debye lengths width [14-16]. 

In the case of solar plasma, there is no solid physical 
boundary wall located at some specified radial position 
as such, but the solar self-gravity itself acts as a gravita-
tional potential wall having variable strengths in radial 
direction with the maximum strength at the SSB. The 
self-gravitational wall strength at any radial point is 
measured by the escape velocity of the plasma fluid at 
that point. This means that ion fluid requires certain 
minimum threshold velocity in supersonic range to cross 
over the gravitational barrier created and maintained by 
the entire solar plasma mass distribution itself. 

This is to furthermore note that the wall strength in 
laboratory-produced plasma is a constant and is located 
at some fixed position with respect to our reference point 
in the plasma. In the case of the solar self-gravity con-
fined plasma, on the other hand, it is continuous with 
variable strength at different radial positions from the 
heliocentre. The radial distribution of the solar self- 
gravity wall strength having the maximum value on the 
SSB is describable by the gravitational Poisson equation. 
Applying the basic conceptual knowledge of plasma-wall 
interaction physics in the GES model, we predict the 
existence of a concentric virtual spherical wall with 
floating surface potential away from the SSB. Our model 
offers a precise definition of the SSB and its associated 
electromagnetic properties. This also offers an alternate 
approach to understand the basic physics of the solar 
surface origin of the SWP and its supersonic transition 
through the transonic equilibrium. This physical model 
illustrates the idea of an internal origin of the SWP by 
plasma-boundary interaction processes and cross-border 
effects. This is in contrast to all the other proposed mod-
els reported so far as discussed above in earlier part of 
the introduction. 
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Many other authors [17-20] also discuss about the Sun 
and SWP physics. Moreover, the thermodynamics of the 
Sun and its non-ideal interior are well understood with a 
proper equation of state for the composing ionized matter 
based on the free energy minimization principle [26]. 
This is to acknowledge that the ideas of electric field, 
magnetic field, solar surface charge, etc. were known 
earlier [7-10]. But this is to comment that the exact solu-
tions of the basic model equations were missing. The 
degree of accuracy on theoretical results requires accu-
racy in problem formulation, mathematical strategy, 
methodological calculations, and mathematical-physical 
consistency. For example, in our model calculation the 
inclusion of electrostatic Poisson term in further calcula-
tion of the space charge electric field arising at Jeans 
scale length order becomes redundant. This is well justi-
fied due to very wide range difference of the solar 
plasma Debye length and Jeans length scales. This sim-
ply implies that the quasi-neutral property holds well on 
the bounded and unbounded scales of the solar plasmas 
associated with fields and electric currents. As a result, 
consideration of electrostatic Poisson term in charge 
density to mass density ratio estimation as done earlier [8] 
leads to zero values of ~10–36 on a normalized scale 
length on Jeans order. So, to describe the property of the 
space charge electric field on Jeans scale length order, it 
seems inconsistent to include the electrostatic Poisson 
term in the theoretical analysis and quantitative estima-
tion of the solar or stellar plasma electric field. 

Our model calculation questions the earlier idea of the 
solar surface origin of the SWP and suggests its origin 
from deep inside the Sun i.e. in the core. One of the most 
important results of this model calculation is the flow of 
electric current inside the Sun and beyond the SSB in the 
solar atmosphere with current reversal property. In this 
research contribution, we derive and discuss the basic 
physics of the GES formation in detail, its existennce 
condition compared to other models [7-10], all the rele-
vant characteristic lengths as well as the electrical and 
magnetic state of the Sun and its atmosphere. 

Apart from the “Introduction” part described in section 
1 above, this paper is structurally organized in a usual 
simple format as follows. Section 2 includes the basic 
ideas and approximations of the model along with the 
mathematical formulations of the problem. In section 3, 
we present the basic physical concept of the solar 
self-gravitational wall and existence condition of the 
GES formation. Section 4 describes the numerical results 
of the different physical parameters associated with the 
GES equilibrium structure in three added subsections. 
Subsections 4.1, 4.2 and 4.3 present the numerical results 
for the bounded SIP, unbounded SWP, and relative 
comments, respectively. Lastly, in section 5, possible 

conclusions are drawn briefly and tentative future scopes 
with astrophysical importance are discussed to extend the 
problem further in more realistic astrophysical situations. 

2. Physical Model and Formulations 

A simplified ideal two-fluid plasma model is adopted to 
study the solar plasma equilibrium under the GES model 
framework on the bounded and unbounded scales in a 
field-free hydrodynamic equilibrium configuration. For 
mathematical simplicity, no collisions of any type are 
included and no magnetic field effect is considered. Ap-
plying the spherical capacitor charging model, the cou-
lomb charge on the SSB comes out to be ~ 120SSBQ  C. 
For rotation frequency of the solar surface corresponding 
to the mean angular frequency about the centre of the 
system 14~ 1.59 10SSBf  Hz [9], the mean value of the 
strength of the solar magnetic field at the SSB in our 
model analysis is estimated as  

24π 7.53 10SSB SSB SSBB Q f   13 T. This is negligibly 
small for producing any significant effects on the dy-
namics of the solar plasma particles. Thus the effects of 
the magnetic field are not realized by the particles due to 
the weak Lorentz force, which is now estimated to be 

  353.61 10SIP
L SIP SSBF e v B     N corresponding to 

a subsonic flow speed cm/s. Thus the Lorentz 
force has a very weak effect on the plasma particles and 
hence, neglected. It justifies the convective and circula-
tion dynamics being neglected as well. Therefore our 
unmagnetized plasma approximation is well justified in 
our GES model configuration. All types of kinetic effects 
are also ignored to avoid complications of mathematics 
and physics both. An estimated value 

3.00SIPv 

2010De J    of 
the ratio of the solar plasma Debye length and the Jeans 
length of the total solar mass justifies the quasi-neutral 
behavior of the solar plasma on both the bounded and 
unbounded scales. The confining wall of the solar plasma 
looks like a spherically symmetric surface boundary of 
non-rigid and non-physical nature. The solar plasma is 
assumed to consist of a single component of Hydrogen 
ions and electrons. The electrons are assumed to have 
Maxwellian density distribution with gravitational poten-
tial term ignored due to zero mass approximation of the 
electrons. Ions follow the full inertial dynamics in one 
dimension of simplified radial degree of freedom. 

The basic sets of dynamical evolution equations rele-
vant for the bounded and unbounded solar plasma de-
scription and characterization are given and discussed in 
separate subsections as follows. 

2.1. Basic Equations for SIP Scale Equilibrium 

The basic autonomous coupled set of mathematical equa- 
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tions for the investigation of the SIP equilibrium proper-
ties is given below. All the equations are normalized and 
the normalizations are defined in our previous publica-
tion [11]. 

Solar self-gravity Poisson equation: 

d 2
,

d
s

s

g
g e

 
                 (1) 

Ion continuity equation: 

d 1 d 2
0,

d d

M

M


  
                (2)

 
Ion momentum equation: 

 2 1 d 2
,

d s

M
M g

M
 

 
             (3) 

where  1 1T i e , e  is the thermal elec-
tron temperature and i  is the inertial ion temperature 
for the bounded solar plasma on the SIP scale (each in 
eV). Equations (2) and (3) are simplified by using the 
Maxwellian population density distribution for the elec-
trons of the solar plasma system. In fact Equation (1) 
defines and describes the physical nature (strength and 
its radial variation) of the solar self-gravitational wall. 
The gravitational potential energy corresponding to the 
solar self-gravity at any given radial position quantifies 
the physical strength of the gravitational wall at that ra-
dial position. This is also expressible in the form of the 
escape velocity of the solar plasma ions as shown in 
Figures 9(a)-9(c). 

T T     T
T

The mathematical notations  sg  ,    , and  M   
as usual represent the equilibrium solar self-gravity, GES 
associated electrostatic potential and Mach number in 
normalized forms, respectively. Let us mention that the 
solar self-gravity is normalized by the solar free-fall (he-
liocentric) gravitational strength  2 s Jc  . The GES- 
associated electrostatic potential is normalized by the 
electron thermal potential  eT e . The ion flow velocity 
is normalized by solar plasma sound speed  s e i . 
Moreover, the independent variables like time 

c T m
   and 

space    are normalized with Jeans time  1
J   and 

Jeans length  J  scales, respectively. Appendix 1 may 
be useful to offer an instant and quick reference of the 
standard physical values [6-21] purposeful for solar 
plasma calculations for any reader of the paper conven-
iently. The equilibrium values of the relevant normaliza-
tion parameters (/constants) useful for our work along 
with plasma parameters are estimated and enlisted in 
Appendices 2 and 3, respectively. Here we take  

e  and i  so that T   for 
both the SIP and SWP. This is found to be the best 
choice for which the hydrodynamic condition is fulfilled. 
Other formulae, constants and mathematical expressions 

of the relevant plasma parameters are directly adopted 
from NRL Plasma Formulary [21]. 

1T  00.00 eV 40.00 eVT  0.4

Astrophysical inhomogeneity scale lengths in the case 
of accretion disks have been derived and discussed in 
detail [22,23]. Applying the same methodologies in the 
Sun, the normalized forms of inhomogeneity scale 
lengths for self-gravity  sg  , electrostatic potential 
   , Mach number  M  , population density  n   

and electric current density  SIPJ   are respectively 
defined as, 

 
1

log ,
sgL g





s

 
   

            (4) 

 
1

log ,L 



 

   
             (5) 

 
1

log ,ML M



 

   
            (6) 

1

,nL




 

   
              (7) 

 
1

log .
SIPJ SL J





IP

 
   

         (8) 

Furthermore, the normalized forms of the gravito- 
thermal coupling coefficient for electrons , gravito- 
thermal coupling coefficient for ions , and gravito- 
acoustic coupling coefficient for ions  are, respec-
tively, expressed as follows 

 e

a

 i


1
,i

e
e s

m

m g 
 

   
 

              (9) 

  1
1i

sg
 ,


                (10) 

and 

.a
sg




                  (11) 

The expression for the SIP electric current density 
with ion thermal contribution included is written as fol-
lows in the form of Equation (12), 

 1 2 2 i
SIP B s T

e

m
,J J g e

m
 

  
            

(12) 

where 1 0B sJ n ec  defines the equilibrium ion Bohm 
current density for the SIP and  specifies the mean 
SIP equilibrium population density. 

0n

Additional interesting properties of the SIP are elec-
tron Debye length  De , Jeans frequency  J , Jeans 
length  J , electron plasma oscillation time scale 
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 pe , ion plasma oscillation time scale  pi , SIP ion 
escape velocity , etc. Their expressions are derived 
and given as follows 

 v

2
0De De e     where 2πn e0 04De eT  ,    (13) 

2
0J J e   where 0 4πJ G  ,      (14) 

2
0J J e     where 0 0J sc J  ,       (15) 

1 2
0pe pe pe e       where 2

0 04πpe em n e  , (16) 

1
0

2
pi pi epi

      where 2
0 4πpi im n e  0 ,  (17) 

and 

2 sv g .                  (18) 

Again when these time scales are normalized with 
Jeans time scales, the same expressions will read as 

2
0pe peT T e                   (19) 

where  2 2 15
0 1.98 10 s,pe iT Gm e   and 

2
0pi piT T e                   (20) 

where   14
0 0 8.47 10 s.pi i e peT m m T    

Again the SIP ions get energized under the influence 
of the electric field associated with the GES. The electric 
field-induced source velocity of the ions without thermal 
correction  sv  (for cold ions) and electric field-in-
duced velocity with thermal correction  stv  (for rela-
tively hot ions) associated with the SIP flow dynamics 
are respectively derived and given as follows 

2sv  ,                  (21) 

and 

 2 1st Tv   .             (22) 

2.2. Basic Equations for SWP Scale Equilibrium 

While exploring the SWP properties on an unbounded 
scale, this should be kept in mind that the self-solar grav-
ity is switched off by electrical screening of the solar 
self-gravitational field. Now the Sun as a whole acts as a 
source of an external gravity, and it controls and moni-
tors the dynamics of the SWP. The basic autonomous 
coupled set of the governing equations for the SWP equi-
librium properties, as described on the SIP scale, is cast 
as follows 

d 1 d 2
0,

d d

M

M


  
               (23) 

and 

 2 0
2

1 d 2
,

d

aM
M

M
 

  
           (24) 

where 2
0 s Ja GM c  is a normalization coefficient 

and  1 1T i e , e  is the solar plasma 
thermal electron temperature and i  is the inertial ion 
temperature as defined before. The normalized forms of 
the inhomogeneity scale lengths for electrostatic poten-
tial 

T T     T
T

   , Mach number M  , population density 
 n   and electric current density  SWPJ   are, re-

spectively, defined on the unbounded SWP scale as fol-
lows, 

 
1

log ,L 



 

   
            (25) 

 
1

log ,ML M



 

   
           (26) 

1

,nL




 

   
               (27) 

and 

 
1

log .
SWPJ SL J





WP

 
   

         (28) 

The gravito-thermal coupling coefficient of the elec-
trons  e , gravito-thermal coupling coefficient of the 
ions  i , and gravito-acoustic coupling coefficient of 
the ions  a , respectively, are derived on the SWP 
scale and presented as follows 

0

,i
e

e

m

m a

 
   

 
               (29) 

 
0

1i a
,

                 (30) 

and 

0

.a a


                  (31) 

Expression for the SWP carrying electric current with 
the ion thermal contribution taken into account is written 
as follows 

 0
2

2
2 ,i

SWP B T
e

a m
J J e

m




  
            

 (32) 

where 2 0B sJ n ec  is defined as the usual equilibrium 
Bohm current density on the SWP scale and  speci-
fies the SWP equilibrium population density. 

0n

Moreover, some additional interesting physical prop-
erties of the SWP are electron Debye length  De , 
Jeans frequency  J , Jeans length  J , electron 
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plasma oscillation time scale  pe , ion plasma oscilla-
tion time scale  pi , SWP ion escape velocity  SWPv , 
etc. Normalized expressions for escape velocity of the 
SWP ions , electric filed-induced velocity without 
thermal correction 

v 
 sv  (for cold ions) and electric 

filed-induced velocity with thermal correction  stv  
(for relatively hot ions) associated with the SWP flow 
dynamics are respectively given as follows 

0a2
v ,                (33) 

 

2sv  ,                 (34) 

and 

 2 1stv T   .             (35)

 

3. Conditions for the GES Formation 

In the case of laboratory plasma the Bohm criterion [14] 
must be satisfied for the formation of Debye sheath near 
the wall boundary. This implies that the inertial ions 
must enter the non-neutral space charge layer known as 
the Debye sheath or simply plasma sheath with velocity 
exceeding the sonic velocity. Now, a presheath region 
must exist to accelerate the ions to acquire the requisite 
velocity as dictated by the Bohm criterion. In the case of 
completely absorbing wall the potential of the wall is 
raised to some maximum negative value so as to equalize 
the electron and ion particle flux densities received by 
the wall surface. Thus for such condition of the wall, no 
net electric current is drawn by the wall and hence, it is 
called the floating wall. To understand the basic physical 
process of plasma sheath formation in laboratory plasma, 
the following arguments are advanced. In an initial stage 
of the physically confined plasma the wall receives more 
thermal electron particle flux density than that of the 
inertial ions. This occurs due to the assumption of the 
zero electron-inertia with respect to heavier inertial ions. 
As a result, the wall acquires excess negative charge 
leaving an ion excess charge region inside the whole of 
the bulk plasma volume. 

Now the wall-induced space charge polarized electric 
field comes into action that accelerates the bulk plasma 
ions towards the wall. Hence a dynamical process of 
space charge electric field evolution sets in and continues 
till the electron and ion fluxes are equalized at the wall. 
This is termed as the floating condition of the wall con-
fining any simple two-component plasma. Initially pro-
duced space charge electrostatic potential extending over 
the entire plasma volume shrinks and localizes near the 
wall over a distance on the order of few Debye lengths. 
This distance is known as plasma sheath width. This is 

how the formation mechanism of plasma sheath in labo-
ratory confinement of plasma is understood. This 
non-neutral space charge layer acts as an electrostatic 
fencing which confines quasi-neutral bulk plasma and 
protects it from any external influence. There are some 
recent theoretical reportings [24,25] about the existence 
of subsonic plasma sheaths too in the case of a predomi-
nant electron current flowing through the wall. Kinetic 
description of the plasma is used to arrive at this conclu-
sion where the conventional Bohm criterion [14-16] is 
not able to describe the sheath edge transition. 

Let us now discuss the basic physics of the GES for-
mation in a self-gravitational confinement of solar 
plasma. The solar plasma creates its own confining 
boundary wall of gravitational potential barrier by virtue 
of Jeans collapse process of an interstellar dust cloud 
where the Sun is born. In the process of Jeans collapse of 
dust cloud, an excessive heating of the self-gravitation-
ally collapsing matter converts it into a plasma state of 
matter. Now the plasma interacts with the solar self- 
gravitational field that acts as a squeezing agent to 
squeezing out the electrons from the gravitational wall 
surfaces producing thereby surface space charge polari-
zation. The structure and strength of the gravitational 
wall is defined and described by the gravitational Pois-
son equation as expressed in Equation (1). The maximi-
zation of the solar self-gravity dictates the condition for 
the creation of a boundary wall confining the SIP. Any 
boundary, of course, may be defined as the one where 
physical field variables become extremum. This is to 
note that the gravitational wall has a variable structure 
and strength with the maximum value defining the wall 
boundary. This is important to note from Equation (1) 
that the maximization of the solar self-gravity does not 
occur in a plane geometry approximation. 

In fact the lighter electrons are squeezed out of the 
successive spherical surfaces due to solar self-gravity 
acting on the bulk interior plasma leaving the heavier 
ions to compress radially inward. This leads to an en-
hancement of ions population inside the compressed 
volume with an enhancement of thermal electron flux 
emitted out of the successive spherical surfaces at dif-
ferent radial positions. As a result space charge polariza-
tion on the Jeans scale length order comes into action to 
accelerate the SIP ions against the solar self-gravity. The 
ions are then continuously accelerated radially outwards, 
but the self-gravity suppresses the bulk plasma flow. As 
a net effect, the bulk plasma leaks through the SSB with 
some minimum possible velocity of a few cm/sec. In fact, 
at the SSB the solar self-gravity effect is cancelled out by 
the space charge electric field. Consequently, the SIP 
leak velocity is controlled and monitored by the com-
pressibility of the ion fluid flow and curvature effect  
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acting at equal level. Thus the formation of the GES 
could be well understood in terms of physical phenome-
non occurring on the laboratory scale plasma due to 
plasma-wall interaction process in the vicinity of some 
physical wall. 

In the case of laboratory plasma the rigidity of the wall 
prevents the physical movement of the ions and electrons 
both across the wall. In the case of gravitationally con-
fined plasma like solar plasma with solar self-gravity 
confinement, the electrons and ions are not equally hin-
dered to prevent the motion across any spherical surface 
in the SIP. The electrostatic field strength is decided by 
the solar self-gravitational wall strength of the bounded 
SIP system. With these analytical arguments in mind, we 
denote the maximum value  g  of solar self-gravity at 
some radial position    where   . Applying 
the necessary condition for sg

 
being the maximum at  

some radial position    as  d d 0sg
 



  in  

Equation (1), one yields 2g e  
  . However, it is 

not sufficient to justify the occurrence of the maximum 
value of sg  until and unless the second derivative of 

sg  is shown to possess some negative value at this spe-
cific radial point. To derive the sufficient condition for 
the maximum value of sg  at   , let us once spa-
tially differentiate equation (1) to yield the following 

2

2 2

d d2 2 d

d dd
s s

s

g g
g e


   

   .        (36) 

Now let us derive mathematical condition for suffi-
ciency of sg  being the maximum at   . Using the 
exact hydrostatic equilibrium approximation given by 
d d dd sg      for the gravito-electrostatic force 

balancing near the SSB, following inequality is obtained, 

2

2 2

d 2
0.

d
sg

g e

 
 








 
   

 
        (37) 

The necessary condition for the maximum sg -value, 
which is the requirement for any self-gravitating bounded 
plasma system, from Equation (1) can analytically be 
expressed by the following relation, 

2g e  
  .              (38) 

Again these two above conditions (37) and (38) can be 
combined together to derive a single simplified condition 
for a bounded solution of the SIP to exist as 

1.g                    (39) 

If we define escape velocity as 2v g    , the 
above Inequality (39) could be rewritten in the form of 
gravitational wall strength defined in terms of the SIP 
escape velocity as, 

2v  .                 (40) 

This means that the strength of the solar self-gravita-
tional wall must be such that the ions could not over-
come the barrier and the wall could bear with the ram 
pressure of the supersonic bulk plasma flow. This is now 
to comment that like the usual Bohm condition, there 
exists a similar criterion for a bounded GES solution to 
exist in case of self-gravitating solar plasma in spherical 
geometry. Here the escape velocity given by equation 
(18) measures the physical strength of the gravitational 
wall at the SSB. Figure 6 depicts the validity of the ex-
istential condition of the GES. This is also to note that 
the solar self-gravity wall is bounded, whereas the elec-
trostatic potential field is unbounded and extends over 
many hundreds of Jeans length beyond the SSB (Figures 
1 and 10). The virtual floating surface wall is found to 
exist at a distance on the order of seven times of Jeans 
length beyond the SSB (Figure 12(c)). This is again in-
terestingly noted that the major electrostatic potential 
drop occurs beyond the SSB (Figures 10(a) and 10(b)). 

This may be worth-mentioning that the 1st term on 
R.H.S. of the inequation (37) arises due to the spherical 
geometry of the gravitational wall and represents the rate 
of spatial change (decrease) in curvature effect (in self- 
gravity). The 2nd term on R.H.S. of inequation (37) 
represents the rate of spatial change (decrease) in solar 
plasma density due to plasma-wall interaction process 
with wall acquiring negative potential. The location of 
the maximum solar self-gravity defines the SSB. As the 
strength of the gravitational wall increases with increase 
in radial position from heliocentre outward, the electro-
static potential as well as the electrostatic electric field 
too increases in magnitude. For a bounded solution of the 
wall to exist, the rate of spatial change (decrease) in solar 
plasma density (2nd term) must exceed the rate of spatial 
change (decrease) in curvature effect (1st term) on R.H.S. 
of Equation (37). 

Defining the boundary as a point where an exact bal-
ancing of the gravito-electrostatic force occurs, Equation 
(3) reduces into a simplified form written as follows 

1 d 2

d

M

M  
 .               (41) 

This is clear from Equation (41) that the unbounded 
supersonic SWP outflow is the transformed outcome of 
the bounded subsonic SIP in presence of curvature (geo-
metrical) effect. Moreover, for a plane-geometry ap-
proximation  1   0 , one gets d d 0M   . Thus 
there will be no acceleration of the subsonic SIP into 
SWP by gravito-acoustic coupling processes. It, there-
fore, implies that the subsonic GES formation is not pos-
sible under a plane-geometry approximation even in pre-  


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sence of self-gravity. This indeed is an astrophysical re-
ality in a self-gravitating plasma system under non- 
planer geometry applicable for the theoretical description 
of the fundamental issues of the self-gravitationally con-
fined solar plasma flow dynamics. 

4. Discussions of Numerical Results 

In order to get a detailed picture of the hydrodynamic 
GES equilibrium features, we have used the well-known 
fourth order Runge-Kutta method (RK-IV method) for 
numerical analyses of the solar plasma system. The two 
scale equilibrium structures of the coupled solar plasma 
system are governed by Equations (1)-(3) for the 
bounded SIP, and Equations (23)-(24) for the unbounded 
SWP. Two different sets of realistic initial values of the 
relevant solar physical variables are specified for nu-
merical solutions of the basic governing equations. The 
first set of realistic initial values for the SIP description 
is analytically specified by nonlinear stability analysis, 
which falls within the solar core region. The values of 
these physical variables at the SSB are the natural out-
comes of the nonlinear dynamical solutions of the SIP 
Equations (1)-(3) as an initial value problem. Now the 
numerically calculated values of these physical variables 
at the SSB forms the second set of realistic initial values 
for the SWP description as carried out in our earlier work 
[11]. In fact, this is the way we have solved the nonline-
arly coupled governing dynamical equations of the 
two-layer GES model description. These two sets of re-
alistic initial values are listed in Table 1 as follows. 

4.1. Numerical Results for Bounded SIP 

The coupled structure Equations (1)-(22) for the GES cha- 
racterization are numerically simulated with the initial 
values as tabulated in Table 1 on the SIP scale. Figures 
1-9 describe the profile structures of the SIP equilibrium in 
terms of the GES physical parameters. As given in Table 
3 the values of 0.01i  , 0.40T   and 0.001i    
are kept fixed as already specified in our earlier paper 
[11] for all the numerical plots for the SIP scale descrip-
tion. The other fixed initial values obtained by nonlinear 
stability analyses for the concerned characterization here 
are 1 2 0.005i si ig e  and 21 2 0.005i

i iM e  . 

Figure 1 contains the plots of the normalized solar self- 
gravity, its gradient and associated inhomogenity scale 
length (scaled down by division with 20) at various ra-
dial positions from the initial location. It is clear from 
Figure 1 that d d 0.26s sg g  

 
at 0.80  . Near 

the maximum value of the solar self-gravity associated 
with the SIP, i.e., near the SSB, the gradient indeed be-
comes zero which justifies the necessary condition for the 
maximization of the solar self-gravity. Moreover, near 
the SSB, the scale length becomes infinitely larger. The 
rate of spatial change of the solar self-gravity increases 
initially and then decreases to zero value as one approach 
the SSB. This means that the gravitational wall strength 
increases initially up to 0.80  . These profiles are 
physically quite consistent to each others. 

Figures 2(a) and 2(b) depict the plots of the GES-as-
sociated normalized electrostatic potential, its gradient 
and associated inhomogeneity scale length. The scale 
length profile is non-monotonous in nature and exhibits a 
sudden decrease in the vicinity of the initial position and 
then increases rapidly. There is a minimum normalized 
scale length of the electrostatic potential variations of the 
order of 0.1. The basic features of Figure 2 near the ini-
tial location can obviously be understood from Figure 
2(b), which is the enlarged view of Figure 2(a). This is 
interestingly noted from Figure 2(b) that  

d d 0.02      at 0.54   beyond which   in- 
creases at a faster rate (more negative value). This is found 
from Figures 1 and 2 that , ds sg g d  and , d d    
intersect approximately within the region defined by 

0.54 0.80   . This means that sg  and   behave dy- 
namically as exponentially varying functions of   as 

 s sig g e   and   ie
    in this region particu-

larly, respectively. This, in turn, helps the bounded solar 
plasma to leak through the self-gravitational potential 
barrier without overflowing through it. 

When the self-gravitational potential barrier height in-
creases, the initial bulk flow of the SIP is drastically re-
duced to the minimum possible values at the SSB as 
shown in Figures 3(a) and 3(b). Figures 3(a) and 3(b) 
depict the plots of the ion Mach number, gradient and 
scale length (scaled down by division with ). These 
plots exhibit monotonous behaviors having two scales of 
faster and slower regions of Mach number variations, 
respectively. Similarly, Figures 4(a) and 4(b) portray the plots 

610

 
Table 1. Initial and boundary GES values. 

Parameter At the initial location  i   At the SSB     Initial values 

sg  d d 0sg    d d 0sg   ,  0.60g   1 2 i

si ig e , derived 

  d d 0    d d 0.62   ,  1.00  i , arbitrary 

M  
2d dM e    d d 0M   , 7~ 10M 

    21 2 i

i iM e , derived 
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Figure 1. Variation of the normalized values of solar self-
gravity  sg  (solid blue line), self-gravity gradient 

 d dsg   (red dashed line) and self-gravity scale length 

   d d  1
sg s sL g g  1

/20  (black dotted line) associ-
ated with the SIP flow dynamics with normalized position 

    from the heliocentre  0  . The initial values 
0.01i  ,  and 0.40T  0.001i    are kept fixed. The 

other fixed initial values by nonlinear stability analyses are 
e 0.005i 1 2si ig    and e 2 0.005i 1 2i iM  . 

 
of solar plasma current density, its divergence and scale 
length. The gradient profile clearly shows the non-di-
vergent behavior of the electron dominated current flow- 
ing through the gravitational wall of the SIP. From con-
ventional viewpoint, the direction of current flow is to-
wards the helio-centre. The magnitude of the current 
decreases as one moves from heliocentre to the SSB. The 
enlarged description of Figure 4(a) is given in Figure 
4(b) showing the electrodynamics of the solar electric 
current near the heliocentre. This is found from Figure 4(b) 

that   1
1 d d 42.00J J J 


      at both 0.06    

and 0.13  . But at the position 0.06  , it is seen  

that   1
d d 1 d d 1.00J J J 


     , approximately. 

Figure 5 exhibits the plots of the normalized solar 
plasma (population) density, its gradient and scale length. 
Figure 6 depicts the numerical plot of the second order 
differential derivative of the solar self-gravity and exhib-
its the validity of the condition for sufficiency of the 
maximization of the solar self-gravity at the SSB. Figure 
7 exhibits the profiles of the normalized time scales for 
electron oscillations (scaled up by division with 1510 ), 
SIP ion oscillation (scaled up by division with 1310 ) 
and Jeans collapse. It is clear to note that the Jeans time 
scale is quite larger by several orders of magnitude rela-
tive to each of the rest. Figure 8 depicts the plots of the 
normalized coupling constants for the gravito-thermal 
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(b) 

Figure 2. (a) Variation of the normalized values of electro-
static potential    (solid blue line), potential gradient 

 d d   (red dashed line) and potential scale length 

   d d  
1




1L    (black dotted line) associated with 
the SIP flow dynamics with normalized position     
from the heliocentre  0   under the same initial condi-
tions as in Figure 1; (b) Same as Figure 2(a), but in a 
magnified form. 

 
coupling for the SIP electrons, gravito-thermal coupling 
for the SIP ions and gravito-acoustic coupling for the SIP 
ions. 

Lastly, Figures 9(a)-9(c) depict the profiles of the 
normalized escape velocity needed for the ions to cross 
over the gravitational wall. They also depict the electric 
field induced velocities’ (source velocities) profiles 
without and with thermal correction for the inertial ions. 
Similarly, as before, Figures 9(b) and 9(c) show the 
enlarged and more enlarged views of Figure 9(a) near 
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(b) 

Figure 3. (a) Variation of the normalized values of  Mach 
number  M  (solid blue line), Mach number gradient 

 d dM   (red dashed line) and Mach number scale length 

  d d  
1 61 10L M M


 M

 (black dotted line) associated 
with the SIP flow dynamics with normalized position 

    from the heliocentre  0   under the same 
initial conditions as in Figure 1; (b) Same as Figure 3(a) but 
in a magnified form. 
 
the heliocentre, respectively. This is now observed that 

 at 0.08sv v   0.1   and  at  0.125s stv v 
0.21   showing the intersecting dynamics near the 

heliocentre. This is to note that the bulk SIP leaks 
through the self-gravitational wall by plasma-boundary 
interaction and finally emerges out in the form of the 
subsonic SWP at the SSB due to gravitational squeezing 
of the electron flux as discussed earlier. 
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(b) 

Figure 4. (a) Variation of the normalized values of electric 
current density  J  (solid blue line), divergence of cur-
rent density  d dJ   (red dashed line) and current den-
sity scale length   d d  

1
1L J J


J   (black dotted line) 

associated with the SIP flow dynamics with normalized 
position     from the heliocentre  0   under the 
same initial conditions as in Figure 1; (b) Same as Figure 
4(a), but in a magnified form. 

4.2. Numerical Results for Unbounded SWP 

Similar to the bounded SIP analyses, here too, we simu-
late the coupled dynamical evolution Equations (23)-(35) 
on the SWP scale with the numerically pre-obtained ini-
tial values as shown in Table 1. Figures 10-16 describe 
the profile structures of the SWP equilibrium in terms of 
the proposed GES plasma parameters. The predeter-
mined values of the physical variables for the SSB, viz., 

3.5SSB  , 0.1T  , , 710SSBM  1   , and  
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Figure 5. Variation of the normalized values of population 
density  e  (solid blue line), density gradient  d de    
(red dashed line) and density scale length  d de    

   d d 2/10 nL    (black dotted line) associated with 
the SIP flow dynamics with normalized position     
from the heliocentre  0   under the same initial condi-
tions as in Figure 1. 
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Figure 6. Variation of the normalized value of the second 
derivative of self-gravity  d d

22
sg   (solid black line) 

associated with the SIP flow dynamics with normalized 
position     from the heliocentre   under the 
same initial conditions as in Figure 1. 

0 

 
2

0 95s Ja GM c    are kept fixed throughout. Fig-  

ures 10(a) and 10(b) depict the equilibrium profiles of 
the normalized electrostatic potential, its gradient (scaled 
up by multiplication with 10) and scale length (scaled 
down by division with ) associated with the GES on 
the SWP scale. Figure 10(b) shows the same plot as 
shown in Figure 10(b), but in a magnified form. 
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Figure 7. Variation of the normalized values of (a) electron 
oscillation time scale   15/10pe   (blue solid line), (b) ion 
oscillation time scale   13/10pi   (red dashed line) and (c) 
Jeans time scale  J  (black dotted line) associated with 
the SIP flow dynamics with normalized position     
from the heliocentre  0   under the same initial condi-
tions as in Figure 1. 
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Figure 8. Variation of the normalized values gravitothermal 
coupling coefficient for electrons   3/10e  (blue solid 
line), gravito-thermal coupling coefficient for ions ( i ) (red 
dashed line) and gravito-acoustic coupling coefficient for 
ions  a  (black dotted line) associated with the SIP flow 
dynamics with normalized position     from the 
heliocentre  0   under the same initial conditions as in 
Figure 1. 
 

Figures 11(a) and 11(b) depict the equilibrium profile 
structures of the SWP Mach number, gradient (scaled up 
by multiplication with 10) and scale length (scaled down 
by division with ). This is clear from Figure 11(b)  310

Copyright © 2011 SciRes.                                                                                 IJAA 



P. K. KARMAKAR  ET  AL. 221 
 

0 0.5 1 1.5 2 2.5 3 3.5
0

0.25

0.5

0.75

1

1.25

1.5

1.75

2

2.25

2.5

Normalized position

T
h

re
e 

d
if

fe
re

n
t 

ve
lo

ci
ti

es

Profile of SIP velocities

Escape velocity

Source velocity (without thermal correction)
Source velocity (with thermal correction)

 
(a) 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.025
0.05

0.075
0.1

0.125
0.15

0.175
0.2

0.225
0.25

0.275
0.3

0.325
0.35

0.375
0.4

0.425
0.45

0.475
0.5

Normalized position

T
h

re
e 

d
if

fe
re

n
t 

ve
lo

ci
ti

es

Profile of SIP velocities

Escape velocity

Source velocity (without thermal correction)
Source velocity (with thermal correction)

 
(b) 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0

0.025

0.05

0.075

0.1

0.125

0.15

0.175

0.2

0.225

0.25

0.275

0.3

Normalized position

T
h

re
e 

d
if

fe
re

n
t 

ve
lo

ci
ti

es

Profile of SIP velocities

Escape velocity

Source velocity (without thermal correction)
Source velocity (with thermal correction)

 
(c) 

Figure 9. (a) Variation of the normalized values of escape 
velocity of ions  (blue solid line), source velocity 
without thermal correction of ions  (red dashed line) 
and source velocity with thermal correction of ions 

 v

 sv

 stv  
(black dotted line) associated with the SIP flow dynamics 
with normalized position     from the heliocentre 

 under the same initial conditions as in Figure 1; (b) 
Same as Figure 9(b), but in a magnified form; (c) Same as 
Figure 9(a), but in a more magnified form. 
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(b) 

Figure 10. (a) Variation of the normalized values of electro- 
static potential    (solid blue line), potential gradient 

  d d 10    (red dashed line) and potential scale length 

   d d  
21 / 10L   

1




  (black dotted line) associated 
with the SWP flow dynamics with normalized position 

    from the SSB  3.5 
3.5SSB

. The predetermined SSB 
parameter values   , , 0.1T   710SSB  , 

1   , and 2
0 s Ja G  are kept fixed; (b) 

Same as Figure 10(a), but in a magnified form. 
95M c 

 
that in the entire sonic zone, dM d  decreases with   

ymptotically. This can be justified by the binomial 
simplification of the L.H.S. of Equation (24) near the 
singular sonic point as defined by 

as

M  . Under the 
condition    01 2M a    , we reduce equa-
tion (24) to  d dM    . This immediately implies 
that the supersonic/ hypersonic unbounded SWP outflow 
is the outcome of the curvature (geometrical) effect of 
the spherically bounded subsonic SIP mass distribution. 
Figure 11(b) shows the same plot as shown in Figure  


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(b) 

Figure 11. (a) Variation of the normalized values of Mach 
number  M  (solid blue line), Mach number gradient 

  10  d dM  (red dashed line) and Mach number scale 
length    M



d d  
1 31 / 10L M M 





 (black dotted line) 
associated with the SWP flow dynamics with normalized 
position    from the SSB  under the same 
initial conditions as in Figure 10(a); (b) Same as Figure 
11(a), but in a magnified form. 

 3.5  

 
11(a), but in a magnified form depicting the vivid picture 
of the sonic zone associated and followed with the onset 
of the supersonic/ hypersonic SWP flow dynamics. 

Figures 12(a)-12(c) describe the profile structure of 
the normalized SWP current, divergence (scaled down 
by division with ) and scale length (scaled down by 
division with ). Figure 12(b) shows the same plot as 
shown in Figure 12(a), but in a magnified form. Fur-
thermore, Figure 12(c) depicts the same plot as shown in 
Figure 12(a), but in a more magnified form describe-  

310
210

100 200 300 400 500 600 7003.5 750
-10

-7.5

-5

-2.5

0

2.5

5

7.5

10

Normalized position

E
le

ct
ri

c 
cu

rr
en

t,
 d

iv
er

g
en

ce
 a

n
d

 s
ca

le
 l

en
g

th

Profile of SWP current, divergence and scale length

Current

Divergence (/103)

Scale length (/102)

 
(a) 

3.5 9 14.5 20 25.5 31 36.5 42 47.5 50
-10

-7.5

-5

-2.5

0

2.5

5

7.5

10

Normalized position

E
le

ct
ri

c 
cu

rr
en

t,
 d

iv
er

g
en

ce
 a

n
d

 s
ca

le
 l

en
g

th

Profile of SWP current, divergence and scale length (Magnified)

Current

Divergence (/103)

Scale length (/102)

 
(b) 

3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5
-10

-7.5

-5

-2.5

0

2.5

5

7.5

10

Normalized position

E
le

ct
ri

c 
cu

rr
en

t,
 d

iv
er

g
en

ce
 a

n
d

 s
ca

le
 l

en
g

th

Profile of SWP current, divergence and scale length (Magnified)

Current

Divergence (/103)

Scale length (/102)

 
(c) 

Figure 12.(a) Variation of the normalized values of electric 
current density  J  (solid blue line), divergence of cur-
rent density  d d 310J    (red dashed line) and current 
density scale length   d d  

1 31 10L J J 


 J  (black 
dotted line) associated with the SWP flow dynamics with 
normalized position     from the SSB  3.5   un-
der the same initial conditions as in Figure 10(a); (b) Same 
as Figure 12(a), but in a magnified form; (c) Same as Figure 
12(a), but in a more magnified form. 
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

ing the characteristics of the floating conditions. This is 
found from Figure 12(c) that the floating condition 

 exists at  0J  7.10  , and the corresponding 
floating potential from Figure 10b is numerically found 
to be . The spherical floating surface 
around the heliocentre is thus characterized with radius 

13.60n
f  

7.10 
13

 (on Jeans length) and biasing voltage 

f .60  
 

(on electron thermal potential). But ana-
lytically, as in our earlier work [11], the floating poten-
tial at 7.10   is estimated to be  

 2
log 21.29a

f e i SSB SSBm m M       . Thus there  

is a floating potential deviation by about 

  100 36.12%a n a
f f f        over the calculated  

value, which seems to be over estimated. This is due to 
ion thermal contribution taken into account here to 
model the SWP, which was neglected earlier. It is how-
ever found that the divergence of the SWP current re-
mains zero over the entire unbounded scale. 

Figure 13 contains the profile of the normalized SWP 
density (scaled up by division with ), gradient 
(scaled up by division with 

1210

1210 ) and scale length. Fig-
ure 14 contains the profile structures of the normalized 
time scales for the SWP electron oscillations (scaled up 
by division with ), SWP ion oscillation (scaled up 
by division with ) and Jeans collapse. It is clear to 
note immediately that the Jeans time scale is quite large 
by several orders of magnitude relative to each of the rest 
on the unbounded SWP scale too. Figure 15 contains the 
plots of the normalized coupling constants of the gravito- 
thermal coupling for the SWP electrons (scaled down by  

1510

1310
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Figure 13. Variation of the normalized values of population 
density 1210e   (solid blue line), density gradient 

  d d 1210e     (red dashed line) and density scale 
length d dnL
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Figure 14. Variation of the normalized values of (a) electron 
oscillation time scale  1510 pe

  (blue solid line), (b) ion 
oscillation time scale  1310 pi

  (red dashed line) and (c) 
Jeans time scale  J  (black dotted line) associated with 
the SWP flow dynamics with normalized position     
from the SSB  3.5   under the same initial conditions 
as in Figure 10(a). 
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Figure 15. Variation of the normalized values of gravito- 
thermal coupling coefficient for electrons  3/10e  (blue 
solid line), gravito-thermal coupling coefficient for ions 

 i  (red dashed line) and gravito-acoustic coupling coef- 
ficient for ions  a  (black dotted line) associated with the 
SWP flow dynamics with normalized position     
from the SSB  3.5   under the same initial conditions 
as in Figure 10(a). 
 
division with ), gravito-thermal coupling for the 
SWP ions and gravito-acoustic coupling for the SWP 
ions. Figures 16(a) and 16(b) depict the profile struc-
tures of the normalized escape velocity needed for the  

310   (black dotted line) associated with the 
SWP flow dynamics with normalized position     
from the SSB  3.5   under the same initial conditions 
as in Figure 10(a). 
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(b) 

Figure 16. (a) Variation of the normalized values of escape 
velocity of ions  (blue solid line), source velocity 
without thermal correction of ions  (red dashed line) 
and source velocity without thermal correction of ions 

 (black dotted line) associated with the SWP flow dy-
namics with normalized position 

 v

 sv


 stv

   from the SSB 
 under the same initial conditions as in Figure 

10(a); (b) Same as Figure 16(a), but in a magnified form. 
  3.5

 
SWP ions to cross over the barrier of the solar external 
gravity, electric field induced source velocities with and 
without thermal corrections for the SWP ions. Lastly, 
Figure 16(b) shows the same plot as shown in Figure 
16(a), but in a magnified form to speculate the hidden 
portion thereof. This is observed that  at 5.20stv v  

7.10   and  at 4.80sv v   7.40   showing the 
intersecting dynamics beyond the SSB. From Figures 
12(c) and 16(b), one can interestingly notice that the 
floating condition of net zero electric current is satisfied 

at the radial point (relative to the heliocentre) where the 
SWP ions are considerably energized enough to escape 
the gravitational barrier of the solar external gravity. 

4.3. Comparative Results 

Theoretical and numerical analyses are carried out in 
detail to describe the properties of the GES equilibrium 
structure. It is interestingly found that the GES equilib-
rium structure is of inhomogeneous nature. One finds 
variable local gradients and scale lengths of different 
physical variables associated with it. The details of the 
GES equilibrium are highly needed for normal mode 
analyses of the fluctuations on both the bounded and 
unbounded scales of the solar plasma system. The quan-
titative estimation of the solar current provides a good 
scope for the characterization of a field-free quasi-neutral 
self-gravitating plasma in a quasi-hydrostatic type of 
global equilibrium configuration. Although quite ideal-
ized, simplified and unmagnetized, the GES-based 
physical model for solar plasma may offer a new scope 
for understanding the basic physics of the inter-con- 
nected interplay between the SIP and SWP, and their 
coupled dynamics. 

Applying the spherical capacitor charging model, the 
coulomb charge on the SWP at a distance of ~1 AU 
comes out to be . For rotation fre-
quency of the solar plasma system corresponding to the 
mean angular frequency about the centre of the system 

SWP [9], the mean value of the strength 
of the solar magnetic field associated with the SWP in 
our model analysis is estimated as  

234.80 10  CSWPQ 

14  Hz1.59 10f 

2 3.01 10  Tf  94πB QSWP SWP SWP . This is obviously 
considerably higher for producing any significant effects 
on the dynamics of the SWP particles. Thus the effects of 
the magnetic field are not ignorable for the SWP parti-
cles dynamics due to the significantly strong Lorentz 
force, which is now estimated to be  

  41.64 10  NWP SWPB  
340.00SWPv 

SWP
L SF e v   corresponding to 

a supersonic flow speed . Thus the 
Lorentz force may have some remarkable effects on the 
SWP particles as compared to that for the SIP particles 
for 

1 km s

3110SIP SWP
L LF F  and hence, may not justifiably 

neglected for the unbounded SWP scale description. It 
justifies the convective and circulation dynamics to be 
considered in that context. Therefore our unmagnetized 
plasma approximation may not prove well justified in 
our GES model configuration for the SWP flow dynam-
ics description. 

Although collision processes are dominant in the real-
istic solar interior [26-28], collisionless models [18,30] 
are also equally useful for the solar plasma description. 
Thus our collisionless model approximation for mathe-

Copyright © 2011 SciRes.                                                                                 IJAA 



P. K. KARMAKAR  ET  AL. 225 
 

Tabl  4. Distinctions n DPS and Gmatical simplicity may be justified here. In our GES 
model, the calculated values of the mean free paths for 
the solar plasma electrons,  and for 
ions,  justify the collisionless model 
approximation on the bounded SIP scale calculation 
scheme. This approximation holds good justifiably under 
the fulfillment of the validity condition 

1981.50 10  me 

e i

1323.05 10  mi 

, .J    
From our model calculations, it is clear that high elec-

tric current flows on both the bounded and unbounded 
scales. The occurrence of current reversal indicates the 
existence of a virtual floating surface with net zero cur-
rent (where electrons and ions driven electric currents are 
balanced). Tables 4 and 5 give a glimpse of scale lengths 
for solar self-gravity, electrostatic potential and ion flow 
associated with the GES equilibrium at some well de-
fined locations of the heliocentre, the SSB and at a dis-
tance of 1.00 AU  750.00 J . The various normalized 
inhomogeneity scale lengths of the relevant SIP parame-
ters of physical interest thus numerically obtained as 
already discussed above, are summarized and shown in 
Table 2 as follows. 

The various normalized inhomogeneity scale lengths 
of the relevant SWP parameters of astrophysical interest 
obtained similarly as already mentioned above, are 
shown in Table 3 as follows. 

The main distinctions between laboratory plasma 
sheath, i.e., Debye plasma sheath (DPS) and gravito- 
electrostatic sheath (GES) are tabulated in Table 4 as 
shown below. Of course, although both are formed by a 
 
Table 2. Inhomogeneity scale lengths of relevant SIP pa-
rameters. 

Scale lengths 
  1.40 

At heliocentre 

 i   
At SSB  

    

sgL  0 6.90 

L  0 2.45 

ML  0 7.50 

nL  50 2.40 

SWPJL  100 2.50 

 
Table 3. Inhomogeneity scale lengths of relevant SWP pa-
rameters. 

Scale lengths 
  1.40 

At SSB 

    
At 1.00 AU 

 750.00   

sgL  InInsignificant Insignificant 

L  2.45 115.00 

ML  7.50 4.20 

nL  2.40 25.00 

SWPJL  

e betwee ES. 

Item DPS GES 

2.50 2.60 

1) Bohm condition 
Govern  Bohm 

condition 
ed by

 1  

Governe e solar 
self-gravity  

i sv c 

d by th

maximization 

 2v   

2) Location 
oundary 

surface inside 
Both inside and outside 

the SSB 

4) Nature of boundary
Ri al 

boundary (gravitational field 

5) Technical role 
Plasm g of 
materials for material sub

s

7) Formation 
Due to loss of 

screening electrons 
g  

couplin eezing 

8) Confinement 
plasma 

t 
te  

A

10) Governing equation
Elec son 

equation 

Near the b  

3) Neutrality Non-neutral Quasi-neutral 

gid and physic
Non-rigid and 
non-physical  

boundary) 
Surface origin of the 

sonic SWP and 
a processin

quality improvement 
Few electron Debye 

length 

olar plasma dynamics

Few Jeans length 6) Width 

thermal 
Due to 

ravito-electrostatic
g and squ

of thermal electrons
Confines the SIP 
(self-gravitating) 

Confines the bulk 

9) Transonic poin
At the presheath 

rmination
way from the SSB

trostatic Pois
Gravitational Poisson 

equation only 

 2010De J    

 
common origin of plasma-wall interaction processes as 
already mentioned earlier, they indeed differ a lot in their 
characteristics. 

The obtained results and equilibrium plasma proper-
ties, of course, may be found to have some experimental 
support as well, although qualitatively, in accordance with 
the observation by the Solar and Heliospheric Observa-
tory (SOHO) spacecraft [1-20]. For an example, the in-
homogeneous nature of the solar plasma equilibrium has 
already been in situ observed [1-2] and hence, we may 
apply nonlocal formalism [22,23] for solar fluctuation 
analyses in future. The main features of our dynamical 
observations based on our numerical analyses may fur-
ther be discussed as follows. Although pointed out above, 
the main distinctive comparisons between the standard 
solar model (SSM) and gravito-electrostatic sheath (GES) 
model are now explored, summarized and tabulated in 
Table 5 as follows. It is clear here that the SSM and GES 
are quite different in terms of their basic physics and 
model approaches. The former deals with a neutral fluid 
treatment, whereas the latter, an idealistic plasma-based 
fluid model. Thus the disparity in the different set of the 
characteristic values obtained by them, we must admit at 
the outset, may be somewhat different due to the attrib-
uted difference in the primary approaches with the 
plasma boundary interaction processes involved for pre-
cisely locating and describing the SSB in the latter. 
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sus gravito-electrostatic sheath (GES) model. Table 5. Standard solar model (SSM) ver

S. No. Item SSM GES 

1 M Neutr Quasi-neutr ma fluid odel al fluid al plas

2 Source of the SWP Therm Plasal evaporation ma-boundary interaction 

3 Electric current No Yes 

4 SSB  R  86.96 10 m  83.50 10.81 10 mJ    

5 Core  0r  80 1.74 10 m   63.09 10 m  

6 Grid concept No grid SSB acts as an electrical grid biased negatively 

SW Unknown 

Gam ays Hydrodynam energy 

10 Cor  L

7 P subsonic origin Known 

8 Leakage process No Yes 

9 Energy release ma r ic flow 

ona description ow-  plasma   ignored 

11 SSB potential    Silent 1.00 kV
 

12 SSB flow  SSBv  Few 

 Silent 

cm/sec 13.00 cm s
 

13 SSB current  SSBJ 16 263.45 10 A  
 

m

14 SSB gravity  g  2 22.74 10 m s   2 21.85 10 m s 
 



15 SSB charge  sQ  Silent 120 C
 

16 Plasma action Yes 

Concept of  

Does not arise Negligibly mall 

-boundary wall inter No 

17 floating point and surface No Yes 

18 Magnetic field  s

19 SWP base Core SSB 

20 Skin depth  pec   Does not arise 115.70 10 m  

 
I ct the ideas of electric field effect and of the e

omagnetic state of the Sun, like stars and their atmos-
ph

e important results on the solar (  some other like 
stellar objects) electromagnetic parameterization in our 

is also found that the solar surface charge 
ca

   

n fa lec- Thes or,
tr

eres were already introduced empirically by S. Rosse-
land, R. Gunn and R. G. Athay et al. [8,9,26] in the past. 
Let us term their models collectively as the electrical 
solar model (ESM). The separation of electrical charge 
inside the Sun has been understood with the help of 
ionization and diffusion processes [7,27]. The solar dy-
namo mechanism with rotational dynamics taken into 
account to yield electrical energy is, however, an inter-
esting area to be investigated more [26-31] and excluded 
for the present. The electrical model, however, has not 
pointed out anything on the gravito-acoustic coupling, 
plasma-boundary wall interaction processes and govern-
ing basic physical insights. As already mentioned above, 
the basic charge separation mechanism inside the Sun 
according to the GES model is the plasma-boundary in-
teraction processes. The relevant solar parameters of 
electromagnetic significance are calculated under the 
light of the GES model at different radial points and 
compared with those obtained by applying the ESM.  

simplified model approach are obtained in detail to un-
derstand the associated electromagnetic characteristics. 
These are summarized, compared and tabulated in Table 
6 as follows. 

This is important to note that a wide range discrepancy 
exists in the numerical values of the electromagnetic 
characteristics of the Sun as estimated by us and by oth-
ers [9]. This 

lculated by us matches with that the Pannekoek model 
[7] as mentioned in the paper by Gunn [9] within a factor 
of magnitude 3. A wide range disparity noticed in other 
electromagnetic properties may be due to exact theoreti-
cal calculations by us (in the presence of gravito-elec-
trostatic interaction process) and empirical formulations 
by others (in the absence of any boundary interaction 
effect). This, however, is an open question to be resolved 
in future in the light of more and more observations on 
the solar plasma system.    
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) m

 ESM 

  
Table 6. Gravito-electrostatic sheath (GES odel versus electrical solar model (ESM). 

  GES  

S. 
No. Values AU) 

Surface values Item Surface values 
Floating surface Asymptotic values (at 1 

1 Surface potential    310  V  218.48  V   10 221.87 10  V   119 101.2  V   

2 Surface charge  sQ  120.00 C  212.03 10  C  234.8 10  C  1010  C  

3 Electric current  sJ  17 26.34 10 A m  20 A m  169.97 10  A m 2   2 26.57 10  A m  

4 Magnetic field  sB  137.53 10  T  0 T  93.01 10  T
 

55.50 10  
 

T

5 Electric field  sE  14 11.21 10  V m  12 13.84 10  V m   13 11.01 10  V m  
 

12.70 V m
 

6 Charge density  E  22 32.26 10  C m   4 31.67 10  C m   12 38.27 10  C m    20 37.08 10  C m  

7 Electric flux  s  131.35 10  V m   322.29 10  V m   345.42 10  V m   211.12 10  V m   

8 Capacitance  C  0.12 F  0.24 F  25.71 F  0.07 F  

9 Elec ency tron gyrofrequ  cef  62.10 10  Hz  0 Hz  158.40 10  Hz   21.54 10  Hz  

10 Io yn gyrofrequenc   cef  91.14 10  z  H 0 Hz  124.57 10  Hz  28.36 10  z  H

11 Lorentz force  LF  353.61 10  N
 

0 N  41.64 10  N
 

224.40 10  N 
 

12 Electron gyroradius  er  113.16 10 m
 

  117.90 10  m
 

44.32 10  m
 

13 Ion gyroradius   ir
128.56 10  m  

 
92.14 10  m

 
51.17 10  m

 

14 
Ele  Electric ctric energy density or

pressure P E  
16 36.48 10  J m  13 36.52 10  J m   3 34.51 10  J m  

 
11 33.22 10  J m  

15 
Magnetic energy density or  
Magnetic pressure  MP  

27 33.56 10  J m   30 J m  16 35.69 10  J m 
 

15 31.90 10  J m  

 
5. nclus

tive, quantitative and comparative 
lasma equilibrium structure and asso-

find that on the SIP scale, a negative electron current 
dominates which is not divergen  free. This poses a 

 Co ions 

A detailed qualita
study of the solar p
ciated relevant physical parameters under our GES 
model is carried out to describe the distinct structural 
features of the solar interior, exterior and its coupled 
atmosphere relative to other solar models. A relative idea 
of the plasma and Jeans time scales is given so as to 
identify and describe the dominant role of solar plasma 
wave, instability and oscillation dynamics. Quantitative 
characterizations of the different possible coupling coef-
ficients are also presented to identify the dominant bulk 
forces that are active on the SIP and SWP scales. This 
piece of research work forms an initial elementary input 
about the solar plasma equilibrium structure and associ-
ated various characteristics, which is an essential build-
ing block for the investigative study of the self-gravitat- 
ing (solar) plasma oscillations, waves and instabilities in 
more realistic astrophysical situations. 

Numerical analyses of the solar plasma equilibrium on 
bounded and unbounded scales reveal a unique result of 
finite non-zero electric current generation that flows 
through the boundary wall. Beyond the SSB, a new fea-
ture of electric current reversal occurs. Moreover, we 

problem of the electromagnetic Maxwell equations to be 
satisfied until and unless a non-divergent sink term is 
proposed to exist. On the SWP scale, ion dominated cur-
rent flows, which is divergence free. Thus the SWP of-
fers an example of unmagnetized ion current carrying 
plasma with supersonic flow motion without any sub-
stantial electric field, source, collisions etc. Our theo-
retical model of the GES provides physical explanation 
for the solar interior origin of the subsonic SWP and its 
acceleration up to the supersonic/hypersonic velocity. It 
seems that the SIP leaks through the solar self-gravita- 
tional potential wall continuously and emerges out of the 
SSB in the form of the natural high-speed SWP. 

The solar plasma density profiles obtained from our 
GES calculations do not match with the observed values 
[15-21]. This could be attributed to omitting the actual 
temperature profiles of the solar plasma. Hence a proper 
inclusion of temperature profile through an appropriate 
heat transport equation requires an additional im

ce

prove-
ment of the GES theory to make it more realistic, useful, 
and practical. One can infer that the solar plasma near the 
heliocentre is in a near zero-gravity condition, and hence 
it escapes and leaks through the solar self-gravitational 
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 theory 
is

 length apart from the SSB. This is the en-
tra

e present post-revised
 acknowledged. More-

 acknowledge the support,
help and cooperation received during academic visits fro

potential boundary layer of variable strength. Solar 
plasma oscillation time scales are found to be smaller 
than the Jeans time scale by many orders of magnitude. 
This compels to speculate that a wide range of gravito- 
electrostatic fluctuation modes are more likely to de-
scribe the solar plasma wave and oscillation dynamics. 
The frequencies of these modes are supposed to be rang-
ing from pure Jeans mode (larger wavelength) to pure 
plasma sound mode (shorter wavelength). The non-uni- 
formity of the GES equilibrium profiles indicates the 
presence of some natural sources and sinks to excite or 
suppress these modes of waves and oscillations. 

The two-scale structure of the GES equilibrium for the 
Sun and its atmosphere is found to give a two-scale dy-
namical coupling system of the GES waves and oscilla-
tions. The surface modes on the SSB are likely to pro-
vide coupling in between the bulk modes of the SIP and 
SWP. The future course of our work on the GES

 to study the natural normal mode properties of the 
coupled GES-induced waves and oscillations. The ma- 
thematical method adopted here may be applicable to 
other similar types of gravitational plasma characteriza-
tion under both equilibrium and fluctuation model ap-
proaches [26-31]. The two-layer theory of the GES 
model may give a more suitable physical picture to un-
derstand the equilibrium structure of the Sun and its at-
mosphere. 

In brief, we can argue that our present calculation 
gives quantitative estimations of the GES-associated 
equilibrium parameters. Under our GES model calcula-
tions, we find that the Sun is surrounded by a virtual 
floating spherical boundary at about a distance of seven 
times Jeans

nce point of the SWP acceleration zone, which ex-
tends up to a distance of 14.5 times Jeans length apart 
from the SSB. It is followed with sonic (from 14.5 up to 
about 43 times Jeans length) and supersonic (extending 
from 43 times Jeans length up to 1 AU, and beyond to 
infinity) zones. Our model could further be useful as an 
important element to offer new perspectives in the study 
of the properties of the helioseismic and asteroseismic 
dynamics of the Sun and other stars extensively from 
plasma-based framework [17-20]. 
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ppendix A1: Standard Values of Various Useful Astrophysical Constants 

S. No. Parameters Values (SI units) 

A

1 Solar equilibrium mean mass density 0 1410.pn m   300 k gm  

2 Solar core density 

So us 

Sola ity 

5 31.60 10  k gmc
    

3 lar mean radi 86.96 10  mR    

4 Solar mean mass 301.99 10  kgM    

5 r mean surface grav 2274.00 m sg 
    

6 Solar su erature 

M  

rface effective temp 5770.00 K T   

7 ean escape velocity 5 16.18 10  m sv 
     

8 Electronic mass 319.10 10  kgem    

9 Protonic mass 271.67 10  kpm    g

10 Electronic charge 191.60 10  Ce     

11 Protonic charge 191.60 10  Ce     

12 Gravitational nt consta 11 3 2 16.67 10  m sG       kg

13 Planck constant 341.05 10  J s    

14 B t oltzmann constan 231.38 10  J Kk  1    

15 Frequency for 1.00 eV 14

0 2.41 10  Hz    

16 Tem eV perature of 1.00 4

1 1.16 10eVT K   

17 Energy of 1.00 eV 19

1 1.60 10  JeVE    

18 Wavelength of 1.00 eV 6

1 1.23 10  meV    

Appendix A2: Various Normalization Constants for Physical Parameters 

S. No Physical parameter on constant Typical value (in SI units) . Normalizati

1 Position    SIP Jeans length  0J  0 ~ 3.J
809 10  m  

Time    SIP Jeans time  1   0J
1 21   3

0 0 4π 10  sJ J G 

   

S

2 

Solar free-fall self-gravity  

strength  2

s Jc   
2 2 23.09 10  m sc  3 olar self-gravity  sg  sn s Jg     

4 Electrostatic potential    SIP electron thermal potential  eT e  3 110  J CeT e   

5 Mach number  M  SIP sound speed  sc  5 13.09 10  m ssc    

Equil  Bohm rrent  
density

ibrium SIP cu
  1BJ  

16 2

1 0 1 4.23 10  A mB sJ n ec    6 
ent  

density
SIP electric curr

  SIPJ  


nt  
7 

SWP electric curre
density  SWJ P  

Equilibrium SWP Bohm current  
density  2BJ    16 2

2 1 2 1 1.33 10  A mB B e eJ J T T    

8 Population density  Equilibrium  N density  0n  29 3

0 8.44 10  mpn m 
  
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Appendix A3: V lizatio a Parameters 

S. No. ter stant Typical value (in SI units) 

arious Norma n Constants for Plasm

Physical parame Normalization con

Equil  SIPibrium  electron Debye  
length  De   0De  

10

0 2.54 10  mDe   1 Electron Debye length 

2 Jeans frequency  J  Equilibrium Jeans frequency  0J 3 1

0 1.1 10  sJ     

3 Electron plasma oscillation time  pe  
SIP electron plasma oscillation  

time  0pe  
17

0 1.9 10  spe

  

S   IP ion plasma oscillation

time  0pi  

m inter

16  0 8.14 10  spiIon plasma oscillation time  pi  4 

5 Inter-particle distance 
Equilibriu -particle average 

 r  
distance  0r  

1 13
0 ~ 6.51 10  mir m  

   1

SI elen6 P electron thermal de Broglie wav gth Does not arise 
12

, 8.73 10  mdB e e eh m T  

0 , 7.463dB er    

7 SI elen  P ion thermal de Broglie wav gth Does not arise 
21

, 2.56 10  mdB i i ih mT  
10

0 , 2.54 10  mdB ir    

8 
Coulomb correlation parameter for  

electrons  ,e C  Does not arise 2

, 0 2.20e C ee r T    

9 
Coulomb correlation parameter for  

ions  ,i C  Does not arise 2 2

, 0 2.20 10i C ie r T      

10 
Classical distance of minimum approach 

for electrons  e er   Does not arise 2 215.94 10  me e er e T 
     3

Cl  
11 

assical distance of minimum approach
for ions  i ir  Does not arise 2 21  m15.94 10i i ir e T 

     

 


