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Closure Report 

 

File Number : 
 

EMR/2017/003222 
 
Project Title :  

 
Stability analysis of astrophysical complex plasmas 

 
Principal Investigator :  

 

Dr. Pralay Kumar Karmakar  
Tezpur University  
Distt. sonitpur p.b.no.72 

 

napaam, tezpur, Tezpur, Assam-784011 
 
Total Sanctioned Amount : 

 
16,93,560 (INR) 

 
Total Released Amount : 

 
14,50,000 (INR) 

 
Start Date of the Project: 

 
14 Sep, 2018 

 
Date of completion: 

 
13 Aug, 2022 

 
( 47 months ) 

 
Approved Objectives : 

 

�‡ Stability of nonuniform complex astrophysical fluids in the JWKB framework.  
�‡ Revisiting the above with turbo-magnetic and tidal fields.  
�‡ Higher-order analyses in similar environments of starforming clouds. 
Deviation made from original objectives (If Any) : 
 
None 

 

Ph.D. Produced/ Likely to be Produced :  2 
 
Technical Personnel Trained 

 

Total Expenditure : 
 
Concise Research Accomplishment : 
 
 

The research accomplishment can be observed from the number of research papers published acknowledging the grant number 
EMR/2017/003222 along with the funding agency. Some of the published works are given as follows- 1. Dutta, S., Karmakar, 
P.K. Fireball sheath instability. J Astrophys Astron 43, 64 (2022). https://doi.org/10.1007/s12036-022-09850-7 2. Subham Dutta  
& Pralay Kumar Karmakar (2023) A multi-order nonlinear meta-analysis of bifluidic fireball sheath fluctuations, Waves in 
Random and Complex Media, DOI: 10.1080/17455030.2023.2178826 3. Astrophys Space Sci. Sayanti Dasgupta and P K 
Karmakar, (2019) 364:213 https://doi.org/10.1007/s10509-019-3706-x There are more than 15 papers published acknowledging 
the DST-SERB. They can be manually searched from the Research gate account of the PI. 

14,37,425 (INR) 

:  2 
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Closure Details 
 
Experimental/ Theoretical Investigation carried out 

 
The investigation carried out from the funding was purely theoretical, some of which can be enumerated as mentioned below- 1.  
High-order nonlinear instability in the laboratory plasma chamber. 2. Linear formulation of the sheath plasma instability. 3.  
Study of various wave dynamics in the white dwarves. 4. Study of solar plasma, etc. 
 
 
Detailed Analysis of result 
 
The detailed analysis of the same is given as follows 1. The steady plasma fireball instability (PFS) dynamics evolving around a 
spherical electrode realizable in the ambient plasmas is theoretically explored in a bifluidic model framework on the relevant 
laboratory scales of space and time. An applied quasi-linear perturbative analysis (relative to a well-defined hydrostatic 
homogeneous equilibrium) reduces the perturbed PFS system under test into a unique construct of a second-order linear 
ordinary differential equation (ODE) with variable coefficients. The formation of peakon-type potential and electric field 
structures around the electrode is numerically investigated. The peakonic features are confirmed in color spectral phase space as 
well. It is shown that peakonic structures could result even from a linear ODE system against the traditional peakonic picture of 
fully nonlinear dynamical systems. The representation of peakon structures herewith the exponential functions is quite in 
agreement with the earlier predictions reported in the literature. As a consequence, it may be fairly conjectured that our analysis 
provides a theoretical platform to support the experimentally observed PFS potential structures from the bifluidic perspective. 
The atypical eigen-patterns are fairly consistent and correlative with experimental findings reported elsewhere. Thus, our 
analysis could be additionally applicable to understand the coupling stability scenarios of plasma sheath, fireball and double 
layer on the usual laboratory scales. This PFS instability analysis may indeed be efficacious in diversified plasma processing 
systems alongside the sheath-induced instability evolutionary phenomena of applied value in varied astrolabplasmic 
circumstances. In a broader sense, the plasma fireballs exert substantial pressure on the neutral and ionic components; thereby, 
inducing a macroscopic bulk gaseous flow in the test space-plasma medium taken under consideration, resulting in a number of 
plasmajet phenomena. As a result, a fair understanding of the plasma fireballs and instabilities could enable us in developing a 
low-cost jet propulsion device for spacebased technical explorations. A comprehensive plasma concept of various associated 
instabilities is still in infancy stage as far as seen. It is believed that this analysis could be a promising element for highlighting 
this important direction having both laboratory and astrophysical plasma significances. Lastly, extended application of our 
dynamic fireball model in explaining the astronomical expanding gamma-ray bursts effectively could be another future scope of 
high explorative relevancy. 
 
 
 

 
Conclusions 
 
The research conducted through the financial help from this project helped us in understanding multiple instabilities occurring 
both in the laboratory as well as astrophysical plasmas, their functioning, theoretical formulation, and finally the corroboration 
of the result with the experimental findings. The novel Gravitoelectrostatic sheath (GES) model was also explored during the 
project tenure and yielded publications. It widened our understanding about the sun like stars and multiple waves, eigenmodes 
and instabilities possible in the system. The steady state evolution of the instabilities have also been thoroughly investigated 
with published results in reputed journals like Journal of astrophysics and astronomy, MNRAS, etc. 
 
 
Scope of future work 
 
A number of instabilities active both in the laboratory as well as astroplasmas are planned to be explored in the future, such as 
sheath plasma instability, streaming ion instability, Rayleigh Taylor instability, ionization instability, etc. Moreover, the GES 
model is planned for deeper exploration in the future with inevitable publishable outcomes. 
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   List of Publications (only from SCI indexed journals): 

 

Title of the Paper List of Authors Journal Details 
Month 

Volume Status DOI No 
Impact  

& Year Factor       
        

Nonlinear dynamics of D. Kalita and P. K. AIP Advances Aug- 8 (085207) Published https: 1.62 
gravitational instability in Karmakar (International) 2018   //doi.  
complex viscoelastic      org/10.  
astrofluids      1063/1.  
      5043301  
The Jeans instability in S. Dasgupta and P. K. ASTROPHYSICS Jan- 

364 (213) 
Published https: 

1.62 
viscoelastic spherical Karmakar AND SPACE 2020  //doi.   

astrophysical fluid media  SCIENCE    org/10.  
  (International)    1007/s105  
      09-019-  
      3706-x  
Dynamics of P. Dutta and P. K. ASTROPHYSICS Jan- 

364 (217) 
Published https: 

1.62 
gravoviscothermal instability Karmakar AND SPACE 2020  //doi.   

in complex astroclouds and  SCIENCE    org/10.  
cosmic radiation moderation  (International)    1007/s105  
effects      09-019-  
      3704-z  

Dynamics of gravitational 
P. K. Karmakar and 
D. ASTROPHYSICS Oct- 

363 (239) 
Published https: 

1.54 
instability excitation in Kalita AND SPACE 2018  //doi.   

viscoelastic polytropic fluids  SCIENCE    org/10.  
  (International)    1007/s105  
      09-018-  
      3460-5  
Nonlinear dynamics of P. Sarma and P.K. CHINESE Oct- 

74 (9) 
Published https: 

3.31 
structure formation in Karmakar JOURNAL OF 2021  //doi.   

protoplanetary disks  PHYSICS    org/10.  
  (International)    1016/j.  
      cjph.  
      2021.09.0  
      06.  
Relativistic ion-acoustic 
waves Sayanti Dasgupta and CHINESE Feb- 

76 (299) 
Published https: 

3.23 
in electrospherically confned Pralay Kumar JOURNAL OF 2022  //doi.   

gyromagnetoactive quantum Karmakar PHYSICS    org/10.  
plasmas  (International)    1016/j.  
      cjph.  
      2021.12.0  
      05  
Nonlinear nucleoacoustic P. Das and P. K EPL May- 126 Published 10.1209 

1.95 
waves in strongly coupled Karmakar (International) 2019 (10001)  /0295-  

degenerate quantum plasmas      5075/126/  
      10001  
Bimodal instability 
dynamics 

P. K. Singha and P. 
K. EPL Jan- 128 Published 10.1209 

1.96 in nonthermal complex 
tridust Karmakar (International) 2020 (35001)  /0295-  

astroclouds towards structure      5075/128/  
formation      35001  
Adapted instabilities excited Dhrubajit Kalita and European Apr- 136 (479 Published https: 

3.22 
in spherical magnetized Pralay Kumar Physical Journal 2021 (1-25))  //doi.  

viscoelastic astroclouds with Karmakar Plus    org/10.  
extreme dust-fugacity  (International)    1140/epjp  
moderations      /s13360-  
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      021-  
      01479-9  
Jeans instability in non-ideal Dhrubajit Kalita and IEEE Mar- 

99 (1-6) 
Published 10.1109 

1.32 
MHD plasma clouds with Pralay Kumar TRANSACTIONS 2022  /TPS.   

geometric curvature effects Karmakar ON PLASMA    2021.3082  
  SCIENCE    811  
  (National)      

Fireball Sheath Instability 

Subham Dutta and P 
K JOURNAL OF Mar- 43 (64) Published https: 1.61 
Karmakar ASTROPHYSICS 2021  //doi.    

  AND    org/10.  
  ASTRONOMY    1007/s120  
  (National)    36-022-  
      09850-7  
Non-planar magnetoactive Souvik Das and P K JOURNAL OF Mar- 

43 (44) 
Published https: 

1.61 
GES-based solar plasma Karmakar ASTROPHYSICS 2021  //doi.   

stability  AND    org/10.  
  ASTRONOMY    1007/s120  
  (National)    36-022-  
      098  
A theoretic analysis of Souvik Das, Ahmed MONTHLY Jun- 

(50) 
Published https: 

5.23 
magnetoactive GES-based Atteya, and Pralay NOTICES OF 2023  //doi.   

turbulent solar plasma Kumar Karmakar THE ROYAL    org/10.  
instability  ASTRONOMICA    1093/mnr  
  L SOCIETY    as/stad16  
  (International)    64  
Analyzing the instability  D. Kalita and P. K. PHYSICS OF Feb- 27 Published https: 

1.94 
dynamics of spherical Karmakar PLASMAS 2020 (022902)  //doi.  

complex astroclous in a  (International)    org/10.  
magnetized meanfluidic 
fabric      1063/1.  
      5143267  
Instability dynamics in Pranamika Dutta and PRAMANA- Dec- 

95 (169) 
Published https: 

2.71 
gyrogravitating astroclouds P. K. Karmakar JOURNAL OF 2020  //doi.   

with cosmic moderation in  PHYSICS    org/10.  
non-ideal MHD fabric  (International)    1007/s120  
      43-021-  
      02199-6  
Astromodal wave dyanmics 
in A. Haloi and P. K. PRAMANA- Jan- 

(00) 

Published doi. 

1.11 
      
multifluidic structure-
forming Karmakar JOURNAL OF 2021  org/10.   

cloud complexes (in Press)  PHYSICS    1007/s120  
  (National)    43-020-  
      02031-7  
Astromodal wave dynamics 
in Archana Haloi and PRAMANA- Sep- 

95 (17) 
Published https: 

1.68 multifluidic structure-
forming Pralay Kumar JOURNAL OF 2021  //doi.   

cloud complexes Karmakar PHYSICS    org/10.  
  (National)    1007/s120  
      43-020-  
      02031-7  
A theoretical study of heavy Sayanti Dasgupta and PRAMANA- May-  Accepted PRAM-D- 2.21 
nucleus-acoustic waves in Pralay Kumar JOURNAL OF 2023   23-  
white dwarf core Karmakar PHYSICS    00230R2  
environments  (National)      
Propagatory dynamics of S. Dasgupta and P.K. Scientific Oct- 11 (19126) Published https: 4.37 
nucleus-acoustic waves Karmakar Reports 2021   //doi.  
excited in gyrogravitating  (International)    org/10.  
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degenerate quantum plasmas      1038/s415  
electrostatically confined in      98-021-  
curved geometry      98543-2  
Nonlinear Jeans-Buneman Tanushree Bezbaruah Waves in Apr- 

(1-23) 
Published DOI: 

4.05 
instability in gravitating & Pralay Kumar Random and 2023  10.1080   

complex plasmas Karmakar Complex Media    /17455030  
  (International)    .  
      2023.2213  
      029  

Nonlinear streaming 
Smriti Roy, 
Tanushree Waves in Jan- 

(1-23) 
Published DOI: 

4.05 
instability in viscoelastic Bezbaruah and Pralay Random and 2023  10.1080   

quantum dusty plasmas Kumar Karmakar Complex Media    /17455030  
  (International)    .  
      2023.2177  
      503  
 
List of Papers Published in Conference Proceedings, Popular Journals: 
 

Title of the Paper List of Authors Journal Details 
Month 

Volume Status DOI No 
Impact 

& Year Factor       
        

Nonlinear nucleus-acoustic P. Das and P. K. Advances in Jan- 1 (248) Published 0-0  
waves and possible 
equivalent Karmakar Nuclear Physics 2020  

 

   
conservation laws  and Condensed      
  Matter      
  (National)      
Gyrokinetic influence on 
star- A. Haloi and P. K. Advances in Jan- 1 (104) Published 978-93-  

forming bimodal cloud Karmakar Nuclear Physics 2020  
88881-
20- 

 

  

stability  and Condensed    3  
  Matter      
  (National)      
Evolution of conjugational P. Dutta and P. K. Nuclear Physics Jan- 1 (112) Published 0  
hybrid mode in partially Karmakar and Condensed 2020  

 

   

ionized astroplasmas  Matter      
  (National)      
 
 
List of Patents filed/ to be filed:  
 

Patent Title Authors Patent Type 
Country/Agency 

Patent Status 
Application 

Name  No.     
      

Not Available      
      

 
 
 
 
Equipment Details: 
 

Equipment Name Cost (INR) Procured Make & Model Utilization % 
Amount Date of 
Spent (INR) Procurement      

       

Workstation for 
2,10,000 Yes 

Accer Ryzen 3 4 
GB RAM 90 1,32,481 08 Apr, 202 

advanced       

computation       
 
 
Plans for utilizing the equipment facilities in future: 
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The plans are given as follows-  
1. Writing more manuscripts,  
2. Doing light calculation,  
3. Literature survey, etc. 
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Science and Engineering Research Board
(Statutory Body Established Through an Act of Parliament : SERB Act 2008)

Department of Science and Technology, Government of India

SCIENCE & ENGINEERING RESEARCH BOARD (SERB)

(Statutory Body Established Through an Act of Parliament : SERB Act 2008)

Science and Engineering Research Board
3rd & 4th Floor, Block II

Technology Bhavan, New Mehrauli Road
New Delhi - 110016

File Number: EMR/2017/003222

Dated: 13-Jun-2023

Subject: Project titled "Stability analysis of astrophysical complex plasmas".

Dear Dr. Pralay Kumar Karmakar,

SERB acknowledges the receipt of the below mentioned, 

Amount( in rupees) 32832

Credited on  07-06-2023 

Cheque/ NEFT/ DD Number 847131

Yours sincerely,

(Dr. Under Secretary)

DDO

Ph:
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