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 ABSTRACT The primary objective of this work is development and validation of a code to check the role of
 dust grains on

the effect of a large amplitude Langmuir wave on the Weibel instabilities in plasma

 with an electron beam. The code checks the

 growth rate of the destabilized wave with dust particles parameters as with that of dust density, dust grains
 size and ratio of ion and electron density. The electromagnetic perturbation pairs up with

the Langmuir wave to generate two Langmuir sideband waves which
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 is responsible for producing a current supporting and

enhancing the electromagnetic perturbation. The Langmuir wave enhances the

 growth over its linear value. The enhancement is larger at shorter wavelengths.

 CHAPTER 1 INTRODUCTION 1.1 General In plasma physics science,

waves in plasmas are interrelation of particles and fields which spreads and

 propagates in a periodically repeating fashion. Plasma is a quasi-neutral and

 electrically conductive fluid. In the most straightforward case, it is made up of electrons

 and

positive ions but it may contain multiple ion including negative ions and neutral

 particles. A plasma couples to

 magnetic and electric field due to its electrical conductivity. A wide variety of wave phenomena is supported
 due to complex structure of particles and wave. Dusty plasma is a new frontier in modern technology and
 applied physics. Dusty plasmas are of our vast surroundings, for example,in the planetary ring system of
 Saturn, in Jupiter's moon. . Besides, there are additionally developing utilizations of charged dust in
 microbiology, in medicine, as well as in nanomedicine. In particular, an electro physical. 1.2 Historical
 Background the Orion Nebula , the noctilucent clouds, etc. A practically staggering number of images of
 astrophysical have flames because of particulates heated over 1000C. Thus, it is astonishing that the
 people of old considered flamess as a fourth state of matter, plasmas in our surrounding. and

positive ions but it may contain multiple ion including negative ions and neutral

 particles. A plasma couples to

 magnetic and electric field due to its electrical conductivity. A wide variety of wave phenomena is supported
 due to complex structure of particles and wave. Dusty plasma is a new frontier in modern technology and
 applied physics. Dusty plasmas are of our vast surroundings, for example,in the planetary ring system of
 Saturn, in Jupiter's moon. . Besides, there are additionally developing utilizations of charged dust in
 microbiology, in medicine, as well as in nanomedicine. In particular, an electro physical. Figure 1 The
 current stresses the material used (by electric polarization) beyond its dielectric limit (in term a stage of
 electrical breakdown to an electric spark where the material transforms (as it becomes increasingly ionized,
 there is of a luminous similar to lightning) between the electrodes.

Plasma is a quasi-neutral and electrically conductive fluid. In the most

 straightforward case, it is made up of electrons and
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positive ions but it may contain multiple ion including negative ions and neutral

 particles. A plasma couples to

 magnetic and electric field due to its electrical conductivity. A wide variety of wave phenomena is supported
 due to complex structure of particles and wave. Dusty plasma is a new frontier in modern technology and
 applied physics. Dusty plasmas are of our vast surroundings, for example,in the planetary ring system of
 Saturn, in Jupiter's moon. plasma which have an anisotropy (different value when measured in different
 directions) in momentum (velocity) space. This anisotropy is mostly understood as two temperatures in
 different directions. Burton Fried analysed that this instability can be understood easily as the superposition
 of number of counter-streaming beams. In this way, it is similar to the two- stream instability with the
 exception of that the perturbations are electromagnetic and leads in filamentation unlike to electrostatic
 perturbations which has an outcome in charge bunching. The instability causes exponential growth of
 electromagnet . . Table 1: Difference between Electron-ion plasma and Dusty plasma nd0 by d=(3/4nd0)1/3.
 The Debye in dusty plasma is given by 1 1 1 = + D 2 Di 2 De 2 where D e = (Te / 4n e0 e 2 )1/2 and it
 becomes important when R << d < d Z i nio = neo + Z do ndo the grains emit electrons in UV irradiated
 dusty plasmas and they can be charged positively. Weibel instability is a plasma instability introduce in
 homogeneous or nearly homogeneous electromagnetic plasma which have an anisotropy (different value
 when measured in different directions) in momentum (velocity) space. This anisotropy is mostly understood
 as two temperatures in different directions. Burton Fried analysed that this instability can be understood
 easily as the superposition of number of counter-streaming beams. In this way, it is similar to the two-
stream instability with the exception of that the perturbations are electromagnetic and leads in filamentation
 unlike to electrostatic perturbations which has an outcome in charge bunching. The instability causes
 exponential growth of electromagnetic fields in the plasma in the linear limit which will help in restoring
 momentum space isotropy. In rare cases, the Weibel instability is identified with one- or two- dimensional
 stream instabilities.

Plasma is a quasi-neutral and electrically conductive fluid. In the most

 straightforward case, it is made up of electrons and

positive ions but it may contain multiple ion including negative ions and neutral

 particles. A plasma couples to

 magnetic and electric field due to its electrical conductivity. A wide variety of wave phenomena is supported
 due to complex structure of particles and wave. Dusty plasma is a new frontier in modern technology and
 applied physics. Dusty plasmas are of our vast surroundings, for example,in the planetary ring system of
 Saturn, in Jupiter's moon. Chapter 3 Variation of Growth Rate Due to Dust 3.1 General Weibel instability is
 a plasma instability introduce in homogeneous or nearly homogeneous electromagnetic plasma which have
 an anisotropy (different value when measured in different directions) in momentum (velocity) space. This
 anisotropy is mostly understood as two temperatures in different directions. Burton Fried analysed that this
 instability can be understood easily as the superposition of number of counter-streaming beams. In this
 way, it is similar to the two-stream instability with the exception of that the perturbations are electromagnetic
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 and leads in filamentation unlike to electrostatic perturbations which has an outcome in charge bunching.
 The instability causes exponential growth of electromagnetic fields in the plasma in the linear limit which will
 help in restoring momentum space isotropy. In rare cases, the Weibel instability is identified with one- or
 two- dimensional stream instabilities. 3.2 Effect of Langmuir Wave on Weibel Instabilities

Plasma is a quasi-neutral and electrically conductive fluid. In the most

 straightforward case, it is made up of electrons and

positive ions but it may contain multiple ion including negative ions and neutral

 particles. A plasma couples to

 magnetic and electric field due to its electrical conductivity. A wide variety of wave phenomena is supported
 due to complex structure of particles and wave. Dusty plasma is a new frontier in modern technology and
 applied physics. Dusty plasmas are of our vast surroundings, for example,in the planetary ring system of
 Saturn, in Jupiter's moon. plasma which have an anisotropy (different value when measured in different
 directions) in momentum (velocity) space. This anisotropy is mostly understood as two temperatures in
 different directions. Burton Fried analysed that this instability can be understood easily as the superposition
 of number of counter-streaming beams. In this way, it is similar to the two-stream instability with the
 exception of that the perturbations are electromagnetic and leads in filamentation unlike to electrostatic
 perturbations which has an outcome in charge bunching. The instability causes exponential growth of
 electro is recently experimentally conducted with the help of an anisotropic (different value when measured
 in different directions) electron velocity distribution function. = 0e-i( w t -k z ) 00 (1) Where 0 = pp (1+ k02vth
 pp ) 22 1/ 2 , pp=(4n0e2m), 0 1/ 2 m and e are the mass and electronic charge. - n0 b ek020 0 n0b = , m( 0-
k0vs) 2 -0 k0 e v0 b = ^ z m( 0-k0vs) (2)

Now we can perturb the equilibrium by an electromagnetic perturbation c E=Ee-i( t

 -k.x),B= kÃ—E

 1=1e( -iwt-kr) 11 and 2=2e( -i w t -k r ) 2 2 (3) Where 1,2 = Â± o and k1,2 = kx Â± k o z . ^ ^ ek11 v1b = -
 m(1 - k1z vs ) nobek121 o n1b = - (4) m(1 - k1z vs )2 e1 k1 v1 = - and m1 k12 n1 = 11 , (5) 4e - ( pp + k12
 vth ) 2 2 1 Where 12 is the plasma electron susceptibility. 1

1 1 1 J NL = - n1ev0 - n2 ev0 - n1b ev0

 b - n2 b ev 0 b 2 2 2 2 k12 k2 =- ( 11v0 + 1b1v0b ) - 2 ( 22v 0 + 2b2v0b ) (6) 8 8 J L = - n0 ev - n0 b evb -
 nb evs 0 0 (7) eE kvs vb = z+ ^ ^ x; mi ek 2 vs nb = n 0 E (8) mi 0b Where we have considered E z J L can
 be written as ^, -e2 E 0 0 0 k vs 22 e2 kvs J= L n0 + n0b + n0b 2 z - n0b ^0 ^ Ex mi (9) mi e Fp1 = - vo Ã—
 B = iek p1 , 2c e Fp 2 = - vo Ã— B = iek p 2 , (10) 2c Where p= v0 E ; and 2i 1 1 p = - v0 E 2 2i k2 nNL = 1
 p1 , 4e 1 k2 n NL = 2p2, 4e 2 k2 n1NL = b1 pb1 , 4e b k2 n NL = b 2 pb 2 , (11) 4e 2b Where 1 p= v0 b E ;
 2i b1 1 p= v0 b E b2 2i Substituting the value of in the Poisson's equation, we can obtain 11=-( 1p+ b p ) k2
 1 1 b1 k 12 22=-( 2p+ b p ) k2 2 (12) 2 2 b2 k2 Where pp + k1,2 vth 2 12 pb2 1,2 = 1- - 1,2 (1,2 - k1,2 z vs )
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 2 Using equation (6)), we have 4i (J )+ 2 Ã—Ã—E = L + J NL E c2 c2 We can write = ik ; k . E = 0
 Substituting the above value in wave equation, one have -4i e2 E1 0 0 0 k vs ( ) 0 e kvs 22 2 k E1 - k kE1x
 = 2 2 ^ n0 + n0b + n0b 2 z + n0b ^ ^ E1x c mi mi k12 2 2 + ( 11v0 + 1b1v0b ) + ( 22v0 + 2b2vob ) + 2 E1 k2
 8 8 c -4 i e2 E1 0 0 2 22 0 k vs k E1 - 2 E1 - n+n+n z 2 ^ c c2 mi 0 0b 0b 2 -4 i 0 e2 kvs ^ k12 E1 x + ( 11v0
 + 1b1v0b ) + 2 ( 22v0 + 2b2vob ) + k ( kE1x ) k2 = n0b ^ c2 mi 8 8 4 e2 E1 m pp 4 e2 E1 m pb m pb k 2vs2
 2 2 2 2 k E1 - 2 E1 + 2 + + = LHS (13) c mc2 4 e2 mc2 4 e2 4 e2 2 Where m pb 2 n0 = ; 4e2 0b m pp 2 n=0
 4e2 0 Now on arranging and solving the equation (13), we have on LHS as 2 pp pb k 2vs2 22 k-2+2+21+2
 =LHS 2 (14) ccc 3.3 Effect of Dust Grain on Weibel Instability To check the effect of dust grain, let us
 consider the wave equation and dust grain parameters such as dust susceptibility and dust densities. 4iL 2 -
E+(E)E=2(J+J)+2E 2 NL (15) c c Substituting the value of E = -4 ndoQd 1 in above equation (15), we have
 -4 i e2 E1 0 0 0 k vs 22 e2 kvs k E1 + ( -4 ndoQd1 ) E = 2 2 n0 + n0b + n0b 2 z ^ + n0b 0 E1x ^ c mi mi k12
 2 2 + ( 11v0 + 1b1v0b ) + ( 22v0 + 2b2vob ) + 2 E1 k2 8 8 c Now considering dust term in RHS, we have -4i
 k12 2 RHS = 2 ( 11v0 + 1b1v0b ) + ( 22v0 + 2b2vob ) } - ( -4 ndoQd1 ) E k2 c8 8 Substituting the value of I
 eo n e1 Qd1 = - i(+i) neo k12 pp k12vth 2 2 k12 And ne1 = 11 = - - 2 , we have 4 e 4 e 12 1 -4i k12 2 Ieo 1
 k12 = 2 ( 1v0 + 1b1v0b ) + ( 22v0 + 2b2vob ) } + 4ndo k2 - 1E c8 8 i( +i) neo 4e 1 1 Let us consider I eo n
 do = e n eo -4i k12 2 k12 = 2 ( 1v0 + 1b1v0b ) + ( 22v0 + 2b2vob ) } + k2 -1 E c8 8 i( + i) 1 1 1 Substituting
 the value of 1 and 2 , we have -4i k12 k12 k2 ( ) 2 = 2 1 ( 1v0 + 1bv0b ) + 2 ( 2v0 + 2bvob ) } + k2 i( + i) 1 p1
 + b1pb1 k2 E c8 8 1 1 1 - 4 i k12 k 22 = 1( 1v0+ 1bv0b)+ 2( 2v0+ 2bvob) }+k2Gp 2 8 8 2 c Where G p = 2
 1(1p+ b p )E i(+i)1 1 1 b1 4 i k12 1 =kG+2 2 2 c8 1 p k2 1 p1 + b1 pb1 2 ( 1v0 + 1b v0 b ) k1 ( ) 4ik221 k2 +
 ( 2p2+ b2pb2)2( 2v0+ 2bvob) c8 2 2 k2 ik2 =kG+2 2 2c 1 2 p ( 1 p1 + b1 pb 1 )( v1 0 + 1b v 0 b ) ik2 +2 2c 2
 ( 2p2+ b2pb2)( 2v0+ 2bvob) ik2 =k G + 2 2c 1 2 1 2 p1 v 0 + b1 p1 1 v 0 b + 1 v 0 b1 pb 1 + b1 2 pb1 v 0 b
 2 p ( ) ik2 + 2c 2 2 ( 22p2v0+ b22p2vob+ 2 b2p2v0+ 2 2bp2vob) Substituting the value of p1, pb1, p 2 , pb 2
 as expressed in Equation (10) and Equation (11), we get ik2 =kG-2 2 4c 1i 12v0v0 E + b1 1v0bv0 E + 1v0
 b1 vob E + b1 2v0bvob E 2 p ( ) ik2 -2 4c 2i ( 22v0v0 E + b22vobv0 E + 2 b2v0v0b E + 22b2vobv0b E) k2 2
 v0b 2 2 vo v0b v ob =k2Gp- 2 1 + b1 1 + 1 b1 + b1 2 4c 1 2 v0 v0 v0 vo k 2 2

v 2 2 2 v0b v - 2 + b2 + 2 b20b+ 2

 2bob 4c 2 2 v0 v0 v0 Substituting the value of vo and vob, o koe vo = mo okoe vob = ^ z m (o - ko vs ) we
 have o koe m(o-kovs) b1 2 2 vo k 2 2 =k2Gp- 1 + 2 b1 1 + 2 2 4c 1 2 o koe kovs 1- mo o o koe m(o-kovs) 2
 vo k 2 2 b22 - 2+ + 2 2 b2 4c 2 2 kovs 2 o koe 1- mo o 2 2 2 b1 2 2 vo k 2 - vo k + b2 =kGp-2 22 1+ 4c 1 4c
 2

2 k o vs 2 k o vs 1-

 1- o o 2 vo k 2 =k G - 22 p () 4c 2 Where 2 2 1 b1 + 1 + b2 ()= + 11 kv

2 2 kv 1- o s 1- o s o o

 12 For ko 3o / c, mvs 1 kev and pp >> pb , we get for LHS=RHS 2 pp pb 2 k2vs2 vo 2 2 k2 k+ 2 + 1+2 = o 2
 +k2Gp 2 c2 c2 4c 2 - 2 Where = o - ( pp + k12 vth ) 1 2 2 2 and kvth 0.3 pp . For the large value of k, 2 K
 2vs 2 vo o K 2 2 K + pb 2 =22 +K2Gp2 c 22 4c - 2 pbvs2 2 2 v 1+ 2 =o22o2+Gp2 c 2 4c - 2 pb vs 2 vo o2 2
 2 ( - ) + c2 = 4c2 2 2 + Gp22 (2 - 2 ) pb vs 2 2 2 pb vs 22 vo o2 2 2 2 +2 4 c 2 - - 2 = 2 + Gp24 - Gp222 c 4c
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 2pbv2 2 vo o 2 vs 22 2 4 (1- Gp2 ) + 2 - + 2 s + Gp22 - 2 - 2 pb =0 c 4c c The roots are 1 22v2 pb vs22 2 2
 2v 2 v 2 v 2 2 -Gp22 + o 2 o Â± - + pb s +Gp22 - o 2 o + 4(1-Gp2 ) 2 2 - s pb c 2 2 c 4c c 4c 2= 2(1-Gp2 )
 considering vo = 0 or = 0 , the growth rate defined by the roots as 2 1 vs pb vs 2 2 22 2 - Â± -2 c c 2 (1- Gp
 ) = 22 1 pb 2 2 2 pbvs2 2 -2 2 c 22 = (1-Gp2) pb vs 2 2 =2 =r+i] c2(1-Gp2) , [as vs = pb c(1-G ) 1 2 2 p vs
 Here = pb defines the growth rate. It might be noted that had been c(1-G ) 1 2 2 p

positive we would have suppression of the Weibel instability.

 CHAPTER 4 Results and Discussions This chapter present graph obtained from MATLAB code for the
 analysis and realization of the effect of dust grain on growth rate. In this thesis work we have obtain the
 value of growth rate in the presence of dust as vs = pb c(1-G ) 1 2 2 p pb vs Without dust grains = = 1 , i.e.,
 = 0 we will get nio neo = which is same as c the result given in research paper presented by R.Annou For
 performing the numerical calculations, we have used the typical parameters of the plasma wave: ion plasma
 density ni0 = 1015cm-31014cm-3 ( = 1Â 10), mass of ion mi = 40 Ã— 1836me ,temperature of electron Te
 = 1 eV, such that Ti/Te = 0.1 , electron plasma density ne0 = 1015,temperature of ion Ti = 0.1 eV, dust
 grain size a = 10-4 cm. , beam velocity vb0 = 2.5 Ã— 1010 cm/s, beam density nb0 = 3.6 Ã— 109cm-3 and
 In figure 1 and figure 2, it can been seen that the graph of growth rate increases almost linearly from a
 value 1.1751Ã—106 to 1.1752Ã—106 rad/ sec as changes from 1 to 2 and then increases slowly to
 maximum value at

=10. Figure 2 Figure 3 Figure 4 Figure 5 From figure

 4, it can be easily analyzed as the size of the dust grain increases, the growth rate decreases and damped.
 Similarly from figure 5, it can be assured that as the dust density increases, there will be a marked variation
 of growth rate in decreasing order. To summarize the result, in this dissertation we have studied and
 considered the effect of charged dust particles on the growth rate. It has been shown that the presence of
 charged dust grains modifies the dispersion properties of the wave. CHAPTER 5 Scope for Future Studies
 In this dissertation, MATLAB code provides a basic knowledge in the area of the role of dust grains on

the effect of a large amplitude Langmuir wave on the Weibel instabilities in plasma

 with an electron beam.

 This provides knowledge about the types of control algorithms which can be implemented in future, there
 advantages, disadvantages, etc. This dissertation provides knowledge about what will be those parameters
 which can be controlled to provide better performance of the system. There are various further areas where
 this dissertation will find the application. APPENDICES Appendix Parameters of Growth Rate MATLAB
 code has been used to express the graph between growth rate and dust grains parameters such as dust
 grain size, dust density and ratio of ion and electron density. A.1 MATLAB code for variation of growth rate
 with delta clc clear all; beta=82.78*10^4; phi1=2*10^24; k1=1.26; E=9; omega=151.91*10^18;
 omegap=356.74*10^9; vth=5.27*10^1; omega0=15.4*10^9; omega1=omega+omega0; c=3*10^10;
 m=9.1*10^-28; e=1.6*10^-19; ne=4*10^13; vs=sqrt(2000/(m)); ki1=-2; % ki1=-(((omegap^2)+
(k1*vth)^2)/omega1^2); omegab=sqrt(4*pi*0.04*ne*e^2/m); dt=1; endl=10; delta = 1:endl/dt; for i=1:endl/dt
 eta(i)=18*10^4/delta(i); gp(i)=((beta*eta(i)*k1^2*ki1*phi1*E)/(omega^2+eta(i)^2)); gama(i)=



(omegab*vs)/(c*sqrt(1-gp(i))); % gama(i)=(omegab*vs)/(c); end figure,plot(delta,gama,'LineWidth',2);
 xlabel('\delta'); ylabel('\gamma (rad/sec)');title('Variation of growth rate with delta'); A.2 MATLAB code for
 variation of growth rate with dust grain size clc clear all; phi1=2*10^24; k1=1.26; E=9;
 omega=151.91*10^18; nod=5*10^4; omegap=356.74*10^9; vth=5.27*10^1; omega0=15.4*10^9;
 omega1=omega+omega0; c=3*10^10; m=9.1*10^-28; e=1.6*10^-19; ne=4*10^13; vs=sqrt(2000/(m));
 ki1=-2; % ki1=-(((omegap^2)+(k1*vth)^2)/omega1^2); omegab=sqrt(4*pi*0.04*ne*e^2/m); dt=1; dt1=10^-2;
 endl=10^0; delta = 2; lemd=2; a=10^-3:dt1:endl; for i=1:endl/dt1 beta(i)=0.1*pi*a(i)^2*nod*vth; eta(i)=
((10^-2)*omegap*a(i))/(delta*lemd); % eta(i)=18*10^4/delta(i); gp(i)=
((beta(i)*eta(i)*k1^2*ki1*phi1*E)/(omega^2+eta(i)^2)); gama(i)=(omegab*vs)/(c*sqrt(1-gp(i))); % gama(i)=
(omegab*vs)/(c); end figure,plot(a,gama,'LineWidth',2); xlabel('a(cm)'); ylabel('\gamma
 (rad/sec)');title('Variation of growth rate with dust grain size'); A.3 MATLAB code for variation of growth rate
 with dust density clc clear all; phi1=2*10^24; k1=1.26; E=9; omega=151.91*10^9; % nod=5*10^4;
 omegap=356.74*10^9; vth=5.27*10^1; omega0=15.4*10^9; omega1=omega+omega0; c=3*10^10;
 m=9.1*10^-28; e=1.6*10^-19; ne=4*10^13; vs=sqrt(2000/(m)); ki1=-2; % ki1=-(((omegap^2)+
(k1*vth)^2)/omega1^2); omegab=sqrt(4*pi*0.04*ne*e^2/m); delta = 2; lemd=2; a=10^-4; eta=
((10^-2)*omegap*a)/(delta*lemd); dt=10^1; endl=10^2; nod=1:dt:endl; for i=1:endl/dt
 beta(i)=0.1*pi*a^2*nod(i)*vth; % eta(i)=18*10^4/delta(i); gp(i)=
((beta(i)*eta*k1^2*ki1*phi1*E)/(omega^2+eta^2)); gama(i)=(omegab*vs)/(c*sqrt(1-gp(i))); % gama(i)=
(omegab*vs)/(c); end figure,plot(nod,gama,'LineWidth',2); xlabel('n_{d0}(cm^{-3})'); ylabel('\gamma
 (rad/sec)');title('Variation of growth rate with dust density'); 1 2


