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result in new findings in the interest of Plasma and Astrophysical communities.  
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               Annexure-IX 
 

PROJECT COMPLETION REPORT 
 
 

1. Title of the project: A Plasma-Based Study of Solar Equilibrium Structure and 

Fluctuation Dynamics 
 
2. Principal Investigator(s) and Co-Investigator(s): Dr. Pralay K. Karmakar 

                                                                             (no Co-Investigator) 
 
3. Implementing Institution(s) and other collaborating Institution(s): Tezpur University 
 
4. Date of commencement: 16-08-2012 (with manpower) & 06-03-2012 (without 

manpower) 
 
5. Planned date of completion: 14-08-2015  
 
6. Actual date of completion: 14-08-2015 
 
7. Objectives as stated in the project proposal:  

 

1) To study the effect of electronic inertia on nonlinear normal mode propagation 

through transonic plasmas in a self-gravitating system.  

2) To study the origin of solar plasma fluctuations and their nonlinear propagation.  

3) To investigate the effects of electronic inertia and magnetic field on star formation 

and associated normal modes. 

4) To study the dynamical evolution of the GES under the lowest order correction of 

plasma thermal species   

5) To investigate the role of magnetic field on the GES formation and its surface 

fluctuation. 

6) To study the long-standing solar T-valley (cold chromospheres) problem in the solar 

interior. 

 

8. Deviation made from original objectives if any, while implementing the project and reasons 

thereof: It is evident that no deviation has been allowed in our proposed studies. Moreover, 

the gravito-electrostatic mysteries in many additional self-gravitating plasmas have also been 

explored in detail. 

 
9. Experimental work giving full details of experimental set up, methods adopted, data collected 

supported by necessary table, charts, diagrams & photographs: As such, no experimental 
work was proposed in the original project. However, numerical and simulational experiments 
have particularly been performed to explore the Sun and its atmosphere in the framework of 
plasma-based theory. Some important results in graphs and tables are presented below. 
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Figure1: Profiles of the various solar plasma parameters with variation in position in 
normalized form. In figure 1(a), gs represents the self-gravity of the solar plasma. It is found 
to be maximum at ξ = 3.5. Thus, by the principle of maximization of the gravity, the surface 
of the Sun is located at ξ = 3.5, which is the solar radius. The physical length is Rʘ = 3.5λJ = 
7×108 m, where, λJ is the Jeans length. The physical value of the gravity at the surface is 
found to be g = 0.6cS

2/λJ = 260 m s-2. In the same figure, E represents the electric field, which 
is equal in magnitude with the self-gravity. Thus, the self-gravity is balanced by the 
electrostatic force-field at the solar surface. In figure 1(b), M represents the normalized ion 
flow velocity which is clearly non-zero at the surface. This shows that the plasma in the solar 
interior continuously comes out of the surface to form the solar wind. Thus, the origin of the 
solar wind plasma lies in solar interior itself. In the same figure, FGES represents the net 
effective GES force on the plasma. It is positive at the surface which provides the necessary 
momentum to the particles to cross the gravitational barrier. In figure 1(c), TN represents the 
normalized temperature. The physical temperature at the surface comes out to be Tʘ = TNT0 = 
(1×10-3) × (6×106) = 6×103 K. In the same figure, JSIP represents the net electric current 
density which is negative. Thus, a finite negative current flows across the solar surface. In 
figure 1(d), JSWP represents the net current density in the solar atmosphere. This current, as 
clearly visible in the inset, undergoes a sign reversal after a few solar radii to become 
positive. The corresponding surface is known as the floating surface. In the same figure, TN 
represents the normalized temperature in the solar atmosphere. The coronal temperature 
found to be Tc = 6×106 K, which is in good agreement with the observed value.  
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Figure 2: Profiles of the GES-based solar plasma fluctuation dynamics with variation in 
position and wavenumber in normalized form. In figure 2(a), we show the real frequency in 
the SIP. It depicts a specific domain in the k- space with k = 10-4 – 0.8, where the frequency 
is constant. This is the same domain representing the usual Jeans mode with purely growing 
character [figure 2(b)]. This is quasi-linearly transformed into an oscillatory mode, termed as 
the GES-oscillator. The time period of oscillation of this mode, as shown in figure 2(c) is τ = 
10 minutes. Beyond k = 0.8, the fluctuations propagates as proper wave, termed as the 
plasma GES-wave mode. This mode exists in the k-domain of k = 0.8-105. The time period of 
this mode lies in the range of τ = 3-5 minutes. Beyond k = 105, the self-gravitational 
fluctuations becomes much weaker and the pure electrostatic fluctuation propagates as the 
acoustic or p-mode. These wave modes propagate independently without any hindrance from 
the proposed wall boundary of the GES-Sun.  

 
10. Detailed analysis of results indicating contributions made towards increasing the state of 

knowledge in the subject:  
 

A novel theoretical model namely gravito-electrostatic sheath, is developed and extended to 
study the equilibrium structure and stability of the Sun and its atmosphere. Two distinct 
classes of coupled sets of basic governing equations in normalized closed form are 



5 

 

formulated for the bounded and unbounded scales in isolation. It is found that the plasma in 
the solar interior possess finite non-zero velocity (vi ~ 3 cm s-1) at the solar surface, which 
shows that the origin of the solar wind lies in the solar interior itself. This is in contrast to the 
Parkers result, which tells that the solar wind originates at the surface. In addition, it also 
predicts a non-zero negative current (J = -1012 A m-2) across the solar surface. This current 
undergoes the sign reversal beyond the solar surface.  
 The temperature predicted by this model are in good agreement with the standard values. 
According to the GES model, the temperatures of the solar surface and corona come out to be 
Tʘ = 6000 K and Tc = 6×106 K, respectively, which are in good correspondence with the 
observed values. It provides a unique mechanism based on the GES formation to explain the 
coronal heating and acceleration of the solar wind.  
 The magnetic field acts to broaden the GES which is in accordance with the laboratory 
plasma sheath. Also, the effect of magnetic field on sheath potential is found to be similar as 
in the laboratory case. The current-voltage characteristics of the solar plasma shows that the 
solar surface behaves as a linear Ohmic-like conductor with minimum conductivity, in 
comparison to the interior and atmosphere. 
 From the nonlocal stability analysis, it is found that the GES-Sun supports three distinct 
natural normal modes. The identified normal modes are characterized and termed as the 
GES-oscillator, GES-wave and the usual classical p-mode. The time periods of oscillation of 
these modes at the solar surface lies in the range of 3-10 minutes that exactly matches with 
the time periods of observed helioseismic waves and surface oscillations. In the solar wind, 
only the acoustic mode survives. It is admitted that the proposed GES model needs further 
refinements in the thermodynamic aspects with a proper equation of state to make it more 
realistic for future applications extensively. 

 
11. Conclusions summarizing the achievements and indication of scope for future work:  

 

A detailed qualitative, quantitative and comparative study of the solar plasma equilibrium 

structure associated relevant physical parameters under our GES model is carried out to 

describe the distinct structural features of the solar interior, exterior and it’s coupled 

atmosphere. It is found that the origin of the supersonic solar wind plasma lies in the solar 

interior itself. The Sun bears a negative electron current flowing across the spherical surfaces 

of the GES-based Sun. The effect of the magnetic field and temperature on the GES, which is 

of the order of the Jeans length, is found to be similar with the laboratory plasma sheath, of 

the order of Debye length. Thus, there is a scale invariance of the sheath properties. 

Moreover, the stability analysis gives three distinct normal modes in the solar interior with 

time periods exactly matching with the time periods of observed helioseismic wave and 

oscillation at the solar surface boundary. 

The model has a large number of applications and future scopes. One can carry out 

theoretical analysis for the GES-driven nonlinear turbulence and its nonlinear saturation 

mechanism. Study of parametric coupling of the GES-oscillator with the SWP bulk acoustic 

modes forms another interesting problem in astrophysical plasmas. The study of the GES-

surface modes is as well another area to properly understand the patching of the bounded 

and unbounded plasmas at the defined SSB. Moreover, the consideration of abundances can 

be modelled in the form of multi-species plasma with different variable non-isothermal 

temperatures and may become another hotspot theoretical problem for further research. One 

will have to wait till further improvements of the GES theory presented here are carried out 

in the future to prove its reality and applicability.  
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In addition to above, a number of new findings on gravito-electrostatic equilibrium 

structure and associated fluctuation dynamics in space, cosmic, and astrophysical 

environments are also investigated in detail. It is convincingly proved that, unlike current 

astrophysical scenarios, the consideration of static equilibrium configuration in the 

framework of local theory is inadequate. Application of non-local theory amid 

inhomogeneous equilibrium unveil many hidden characteristics of astrophysical plasmas in 

the form of new collective modes, hybrid eigen-structure and discrete oscillations previously 

remaining unaddressed as well as unexplored. In summary, we can conclude that the project 

has been greatly successful in exploring many new properties of self-gravitating plasma 

systems, including gravito-electrostatics and coupled fluctuations, on the astrophysical 

hydrodynamic scales of space and time. 

Finally, we are extremely thankful to SERB-DST for financial support and cooperation 

extended to us through the successfully completed project. 

 

12. S&T benefits accrued:  

  

i. List of Research publications  

 

Year: 2015-16 

SN Author (in order) Title of paper Journal details Publisher IF 

1 P. K. Karmakar, 

H. P. Goutam, M. 

Lal and C. B. 

Dwivedi 

Stability analysis of the gravito-

electrostatic sheath-based solar 

plasma 

Monthly Notices of the 

Royal Astronomical Society, 

2016, 15pp (in Press) 

Wiley 5.4 

2 B. Borah, A. Haloi 

and P. K. 

Karmakar 

A generalized hydrodynamic 

model for acoustic mode 

stability in viscoelastic plasma 

fluid 

Astrophysics and Space 

Science, 2016, 11pp (in 

Press); DOI 10.1007/s10509-

016-2739-7 

Springer 2.2 

3 P. K. Karmakar 

and B. Borah 

Global gravito-electrostatic 

fluctuations in self-gravitating 

spherical non-uniform charged 

dust clouds 

Astrophysics and Space 

Science 361, 115, 2016, 

22pp 

Springer 2.2 

4 B. Borah, A. Haloi 

and P. K. 

Karmakar 

Atypical gravito-electrostatic 

fluctuations in the presence of 

active ion-inertial dynamics 

Journal of Plasma Physics 

82,  905820206, 2016, 31pp 

Cambr 

UP 

0.8 

5 M. Gohain and P. 

K. Karmakar 

A generalized two-fluid model 

of plasma sheath equilibrium 

structure 

Europhysics Letters 112, 

45002, 2015, 6pp 

IoP 2.0 

6 Hari Prasad 

Goutam and Pralay 

Kumar Karmakar 

Equilibrium structure of gravito-

electrostatic sheath in presence 

of inhomogeneous temperature 

distribution 

Europhysics Letters 112,  

39001, 2015, 6pp 

IoP 2.0 

7 A. Haloi and P. K. 

Karmakar 

Nonlinear gravito-electrostatic 

waves in self-gravitating 

complex plasma in presence of 

Astrophysics and Space 

Science 358, 41, 2015, 9pp 

Springer 2.2 
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ion-drag effects 

8 H. P. Goutam and 

P. K. Karmakar 

Gravitoelectromagnetic sheath Astrophysics and Space 

Science 357, 127, 2015, 

15pp 

Springer 2.2 

9 B. Borah and P. K. 

Karmakar 

A theoretical model for 

electromagnetic characterization 

of a spherical dust molecular 

cloud equilibrium structure 

New Astronomy 40, 49, 

2015, 15pp 

Elsevier 1.1 

Year: 2014-15 

SN Author (in order) Title of paper Journal details Publisher IF 

10 B. Borah and P. K. 

Karmakar 

Pulsational mode fluctuations 

and their basic conservation laws 

Advances in Space Research 

55, 416, 2015, 11pp 

Elsevier 1.1 

11 H. P. Goutam and 

P. K. Karmakar 

A simple model for plasma 

evolution solar coronal loops 

International Journal of 

Advanced Research in 

Physical Sciences 2(2), 41, 

2015, 9pp 

ARC 2.2 

12 M. Gohain and P. 

K. Karmakar 

Gravito-electrostatic fluctuations 

in a polytropic charged dust 

cloud 

Physica Scripta 89, 125604, 

2014, 12pp 

IoP 1.1 

13 B. Borah and P. K. 

Karmakar 

Nonlinear waves in a self-

gravitating charge-varying 

collisional dust molecular cloud 

in presence of diverse 

equilibrium inhomogeneities 

Physica Scripta 89,  125602, 

2014, 26pp 

IoP 1.1 

14 P. K. Karmakar, 

M. Gohain and U. 

Deka 

Stability analysis of the 

polytropic solar wind 

Canadian Journal of Physics 

92(11), 1419, 2014, 5pp 

NRC 0.9 

15 H. P. Goutam and 

P. K. Karmakar 

An inertia-based theoretical 

study of the Debye shielding in 

different plasma configurations  

Canadian Journal of Physics 

92(6),459, 2014, 5pp 

NRC 0.9 

16 P. K. Karmakar 

and B. Borah 

New aspects on stability analysis 

of a planar charge-varying 

collisional dust molecular cloud 

with finite thermal inertia 

Communications in Physics 

24, 45, 2014, 12pp 

VAS Inx 

Year: 2013-14 

SN Author (in order) Title of paper Journal details Publisher IF 

17 P. K. Karmakar 

and B. Borah 

New oscillatory shock-like 

patterns in solar plasma with 

Boltzmann-distributed electrons 

 

European Scientific Journal 

10(3), 499, 2014, 21pp 

ESP 0.6 

18 P. K. Karmakar 

and B. Borah 

Inertia-centric stability analysis 

of a planar uniform dust 

molecular cloud with weak 

neutral-charged dust frictional 

Plasma Science and 

Technology 16(5), 433, 

2014, 14pp 

IoP 0.5 

http://arxiv.org/abs/1410.4656
http://arxiv.org/abs/1410.4656
http://arxiv.org/abs/1410.4656
http://arxiv.org/abs/1410.4656
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coupling 

19 P. K. Karmakar 

and B. Borah 

Nonlinear pulsational 

eigenmodes of a planar 

collisional dust molecular cloud 

with grain-charge fluctuation  

European Physical Journal D  

67, 187, 2013, 14pp 

Springer 1.5 

20 P. K. Karmakar 

and B. Borah 

Nonlinear self-gravitational solar 

plasma fluctuations with electron 

inertia  

Contributions to Plasma 

Physics 53(7), 516, 2013, 

13pp 

Wiley 0.8 

Year: 2012-2013 

SN Author (in order) Title of paper Journal details Publisher IF 

21 P. K. Karmakar 

and B. Borah 

Inertia-induced excitation theory 

for nonlinear electrostatic 

eigenmodes in solar plasma  

Journal of Science 3, 215, 

2013, 25pp 

WASci Inx 

22 P. K. Karmakar 

and B. Borah 

New nonlinear eigenmodes in 

self-gravitating spherical 

charged dust molecular cloud 

Physica Scripta 86,  025503, 

2012, 11pp 

IoP 1.1 

23 P. K. Karmakar  A new technique for 

electromagnetic characterization 

of  spherical charged dust 

molecular cloud   

Results in Physics 2, 77, 

2012, 12pp 

Elsevier 0.7 

24 P. K. Karmakar 

and C. B. Dwivedi 

A numerical characterization of 

the Gravito-Electrostatic Sheath 

equilibrium structure in solar 

plasma  

International Journal of 

Astronomy and Astrophysics 

2, 77, 2012, 12pp 

SCIRP 0.8 

 

ii. Manpower trained on the project  

Research Scientists or Research Associates 

 

a) No. of Ph.D. produced : 1 (produced), 1 (submitting) 

 

b) Other Technical Personnel trained: Nil 
 

iii. Patents taken, if any: N/A 

 

13. Financial Position:  

 

No Financial Position/ Budget 

Head 

Funds 

Sanctioned 

Funds Received Expenditure % of Total 

cost 

A Non-recurring (Capital items)  

I Minor equipment (Computer 

system, scanner, printer, etc.) 

1,50,000/- 1,50,000/- 1,50,000/- 100%              

B Recurring (General items)  

I Manpower  6,60,600/- 5,68,258/- 5,68,258/-  

II Consumables 30,000/- 30,000/- 30,000/-  

III Travel 90,000/- 87,316/- 87,316/-  
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IV Contingencies  1,10,000/- 1,10,000/- 1,10,000/-  

V Overhead charges 2,08,000 2,04,426/- 2,04,426/-   

B/ Total 10,98,000/- 10,00,000/- 9,99,607/- 100% 

 Net Total (A + B/) 12,48,000/- 11,50,000/- 11,49,607 100% 

 

 

14. Procurement/ Usage of Equipment 

 

a) 

 

S 

No 

Name of 

Equipment 

Make/ 

Model 

Cost (FE/ 

Rs) 

Date of 

Installation 

Utilisation 

Rate (%) 

Remarks 

regarding 

maintenance/ 

breakdown 

1. Desktop  

Computer 

HP  6200 31,850×2 

= 63,700/- 

30-08-2012 100% In good state 

2. Document 

Scanner 

HP 21,000/- 30-08-2012 100% In good state 

3. Computer  

NoteBook 

HP 44,000/- 30-08-2012 100% In good state 

4. Laser 

Printer 

HP Laser 16,500/- 30-08-2012 100% In good state 

 

b) Plans for utilizing the equipment facilities in future: We plan to make all the equipments 

and facilities, whatever we have had via the project, accessible to all of our department in 

particular and of University in general, for scientific promotion and academic growth.   

 

 

Name and Signature with Date 

 

                                                                                                                                     
                        

                                                                                                       Dr. P. K. Karmakar 

                                                       

                                                                                                                (Principal Investigator) 
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