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PREFACE 

Recently there has been a surge of interest in the 

interaction of intense electromagnetic radiations with 

plasmas on account of its close relevance to controlled 

fusion (both magnetically confined and laser induced) and 

some exotic ionospheric phenomena. In laser induced fusion, 

the most important problem is the efficient coupling of the 

energy of the laser beam to plasma to heat the latter. In 

this coupling process many nonlinear phenomena such as self-

focusing, filamentation instabilities, parametric instabilities, 

harmonic generation and stimulated scattering etc. play 

crucial role. The parametric instabilities provide a mechanism 

for efficient transfer of electromagnetic energy to plasmas. 

An incident (pump) wave may excite two new waves in a plasma. 

If both the excited modes are purely electrostatic, they are 

eventually absorbed in the plasma and this decay process thus 

leads to enhanced (or anomalous) absorption of the .incident 

electromagnetic wave. If one of the excited mode is electro-

magnetic, it can escape from the plasma and appears as enhanced 

(or stimulated) scattering of the incident electromagnetic, 

wave. Further, if the electrostatic mode is of high frequency 

such that ion response may be neglected the scattering is 

stimulated Raman scattering and if the electrostatic mode is 

of low frequency such that ion response cannot be neglected, 

then stimulated Brillouin scattering takes place (Brueckner 

and Jorna, 1974; Drake, Kaw, Lee, Schmidt, Liu and Rosenbluth, 



1974 and others). Thus the scattering process in which large 

amount of beam energy is wasted, is detrimental to laser induced 

When the density 

perturbations (on account of the deviation from the quasi-

neutrality of the plasma because of modification in electron 

density) propagate in a direction perpendicular to the 

direction of incoming radiation, the modulational instability 

is known as 'Filamentation Instability'. Physically this 

phenomenon can be understood as follows : 

If we consider that plasma is irradiated by a pump wave 

A 

dien in steady state electrons oscillate with high velocity in the 

incident electric field F 	with the ions form a stationary 

back ground. If this equilibrium is perturbed by a propagating 

density perturbation CC))  k)associated with an electrostatic 

wave, the electron density fluctuations are imposed on the 

oscillating field 	o  and lead to currents at frequencies 

("2. -41" 11-30y  k-it it ko  where 1/)  is an integer; the lowest order 

coupling corresponds tot-- 1_ . These currents will generate 

mixed electromagnetic-electrostatic side band modes at 0-i-ILC30  

--A-  L . The side band modes in turn interact with the 

pump wave field producing a pond-  -- 	force r\- vE which 
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amplifies the original density perturbation. It should be 

mentioned here that for the modulational instability both of 

the side bands contribute to the density fluctuations. Thus 

there is a positive feed back system, which leads to the 

instability of the original density perturbation. When the 

perturbation is perpendicular to the direction of propagation 

of the incident beamCk.M =0.), the modulational instability 

is called as filamentation instability. This instability may 

also arise on account of small scale fluctuations in the 

intensity distribution of the pump wave. When such a beam 

propagates in the plasma, the effective dielectric constant of 

the plasma for the high intensity portion is higher than that 

for the lower intensity portion. On account of the inherent 

characteristics of a nonlinear medium, where the refractive 

index increases with the intensity of the beam, the electro-

magnetic energy is concentrated around the point of intensity 

maximum. Thus the perturbation could grow inside the plasma, 

leading to the phenomenon of filamentation. On account of this 

filament formation, the plasma is rendered inhomogeneous and 

the condition for the growth of absorptive instabilities become 

localized; thus the heating of the plasma is significantly 

affected. 

These filaments have already been studied in dielectrics 

by Chiao, Garmire and Tames (1964) and observed by Garmire, 

Chiao and Townes (1966). Bespalav and Talanov (1966) have 

presented a theory for filament formation. They have concludes 



that in a nonlinear dielectric liquid, the amplitude and 

phase perturbations of a plane electromagnetic wave bring 

about its decay into individual beams. 

Kaw, Schmidt and Wilcox (1973) and Sodha, Kumar, 

Tripathi and Kaw (1973) have studied the growth of perturbation 

in the intensity distribution of plane electromagnetic beams 

in a plasma, where the nonlinearity arises on account of the 

redistribution of the electron density caused by the pondero-

motive force or non uniform heating of the carriers by the 

main beam or by the perturbations in the beam intensity. For 

a uniform plane beam, the redistribution Of the carriers does 

not occur, because the ponderomotive force due to a uniform 

beam is zero. However, on account of the perturbation in the 

intensity distribution along the wave front, the electrons do 

get redistributed. Sodha, Sharma and Tripathi (1974) have 

also studied the spatial growth of filamentation instability 

for a Gaussian laser beam in a plasma. Drake et al. (1974) 

have derived a general dispersion relation and used it to 

investigate the parametric excitation of plasma wave, 

parametric excitation of electrostatic kinetic instabilities, 

stimulated Raman and Brillouin scattering off natural or 

strongly modified plasma modes and modulational instabilities 

like filamentation instabilities. The nonlinear coupling terms 

responsible for the interaction has been taken to arise from 

(a) the nonlinear current density due to density fluctuations 

in one wave interacting with the oscillating electron velocities 
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due to the pump wave and (b) the ponderomotive force cy 
produced by the pump wave and one of the excited waves. 

Bingham and Lashmore-Davies (1976) have also discussed the 

self-modulation and filamentation of electromagnetic waves in 

a plasma. Lee, Liu, Chen and Nishikawa (1974) have obtained 

expression for the growth of filamentation instability in an 

plasma. Manhei inhomogeneous pla mer and Ott (1974) have discussed 

the filamentation instability in the presence of a weak 

magnetic field for a uniform beam. Perkins and Valeo (1974) 

reported the s have 	self-focusing in highly collisional plasmas, 

where filamentation is due to thermal effects. Yu and 

Shukla (1976) have discussed the filamentation instabilities 

of ordinary electromagnetic waves in collisional plasmas. 

Bujarbarua, Sen and Kaw (1975) have investigated the filamenta- 

tion instability of electromagnetic waves in a finitea 	is 

the ratio of particle kinetic pressure to magnetic pressure) 

inhomogeneous plasma. They have derived a general dispersion 

relation for stimulated scattering of high frequency EM waves 

off drift-alfven waves. The dispersion relation has been 

solved for the case of filamentation instabilities and estimates 

of growth rate, threshold power have been obtained. Mio et al. 

(1976) have also investigated the modulational instability 

of alfven waves propagating along the magnetic field in a 

plasma. 

Thome and Perkins (1974) have experimentally observed 

ionospheric striations, while Langdon and Lasinski (1975) and 
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Eidmann etta. (1975) have observed the filamentation 

instability in computer simulation and in laser target' 

experiments. Stenzel (1976) has observed the filamentation 

of a high power whistler wave in a laboratory plasma. The 

temporal and spatial evolution of duct formation and wave 

propagation has been shown. In an attempt to explain the 

experimental results, Sodha and Tripathi (1977A) have discussed 

the steady state self-focusing and filamentation of whistlers 

in a plasma. Donaldson and Spalding (1976) have also observed 

experimentally the density cavitons and X-ray filamentation 

in Cot  laser produced plasmas (nearly collisionless). More 

recently Mori et al. (1977) have experimentally observed the 

interaction of a high power pulsed microwave incident on the 

plasma. The spatial and temporal perturbations of plasma 

density and internal field perpendicular to the direction of 

propagation have been experimentally investigated. 

The earlier theoretical analyses on the filamentation 

instability are confined to homogeneous and isotropic plasmas 

and for uniform beams. Since Gaussian beams are generally 

used in laser plasma interaction experiments, the self-focusing 

of the beam occurs, which leads to the enhancement in the 

intensity of the beam at the axis, thus all the nonlinear 

phenomenon such as filamentation instability, scattering, 

hapmonic generation etc. get drastically modified. Furthermore 

the nonlinearity in a plasma is mode sensitive; the process of 

self-focusing and filamentation are expected to be much affected 
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by the application of a static magnetic field. 

This thesis reports the author's investigations on 

filamentation instability in more realistic situations, taking 

into account inhomogeneity in the plasma, inhomogeneity in 

the beam and the presence of a magnetic field. The author has 

also discussed the growth of a Gaussian ripple on a plane 

wave front. Excitation of the plasma waves by an intense 

Gaussian electromagnetic beam and the associated second harmonic 

generation has also been analyzed. 

It is appropriate to mention here that the self-focusing 

is a process in which an electromagnetic beam of finite 

spatial transverse width focuses itself in transverse extent due 

to nonlinear effects and produces a single hot spot, while the 

filamentation is a uniform plane wave analogue of the self-

focusing phenomenon and results in multiple hot spots. 

It would be useful here to summarise the various 

nonlinear effects in the plasma. Physically the nonlinear 

behaviour of the plasma may be understood as follows:- 

The free carriers acquire momentum and energy from the 

field which are lost in collisions with ions and neutral 

particles. In an idealized collision momentum is almost 

completely randomized. In equilibrium (i.e. in the absence of 

an electric field), the temperature of the electrons is the 

same as that of the heavy particles, so that the net energy 

exchange between electrons and heavy particles is zero. When 

an electric field is applied, the electrons gain energy from 
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the field and in the steady state attain a temperature higher 

than that of the heavy particles such that the power gained by 

the electrons from the field equals the power lost by the 

electrons in collisions (Ginzburg 1970). 

When the applied laser beam has a nonuniform distribu-

tion of intensity along the wavefront, the carrier temperature 

is also nonuniform and a corresponding variation in electronic 

concentration takes place. The space charge field generated 

in this process makes ions to follow the electrons. Due to 

this redistribution of the carriers, a transverse gradient of 

effective dielectric constant is established which leads to 

the self-focusing of the beam. 

In collisionless plasmas this mechanism of nonlinearity 

is not operative and the nonlinearity arises on account of the 

ponderomotive force (Elora, 1969). Ponderomotive force arises 

because of the interaction of the electron drift velocity with 

the magnetic field of the wave and the motion of the electrons 

in the inhomogeneous electric field. When the intensity 

distribution of the beam is nonuniform, the force on account 

of this interaction has a finite time independent component 

in a direction perpendicular to that of propagation. On 

account of this force a redistribution of electronic concen-

tration takes place. The ions are also dragged by the electro_ 

in view of the strong Coulomb interaction between them._ This 

effect makes the effective dielectric constant nonlinear and 

'self-focusing of beams may occur. This nonlinearity is dominan 
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in plasmas where the duration of the electromagnetic beam is 

much smaller than the energy relaxation time Ct (\< 
(-(1 ) of 

the electrons; such situations occur in the case of fast 

pulse• laser interaction with strongly ionized collisionless 

plasmas. In the case when 4■, rr- , the nonlinearity 
appearing through the heating of the carriers is much more 

important than the ponderomotive force effect. The nonlineart 

because of ponderomotive force is set up in a time of the 

order of ro/vs  where r
o'is the dimension of the beam and vs  

is the ion sound speed. This time is much smaller than the 

time required by the hot carrier nonlinearity to set up. 

The nonlinearity in the effective dielectric constant 

of a plasma may also arise through the heating and modulation 

of collision frequency of electrons. This mechanism of 

nonlinearity has been investigated in detail. However, it does 

not cause appreciable self-focusing (Sodha, Ghatak and Tripathi, 

1974). The nonlinearity arising through the breakdown of the 

plasma is also not effective in the self-focusing of the beam 

because the nonlinear dielectric constant of the plasma (on 

account of this mechanism) is a decreasing function of the 

intensity of the beam. 

In relativistic plasmas (Kaw and Dawson 1970) where the 

velocity of the electron is comparable to the velocity of 

light (i.eArr--- C.) the nonlinearity due to the relativistic 

variation of the mass of the electron may arise but this 

nonlinearity is important only at very high powers of the 
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laser beams (1016 watts/cm2). 

It is instructive here to understand the phenomenon of 

self-focusing in a medium where the refractive index is an 

increasing function of the intensity (EE*) of the beam (say 

Ao_i_x4.EF where n is the refractive index of the 

medium, no  and n2  EE
* 

are the field independent and field 

dependent components of n respectively). We consider a plane 

uniform wavefront incident on a circular aperture (of radius 

ro) in a nonlinear medium (see Fig.1). The portion of the 

medium illuminated by the beam has a refractive index (fn.-- 
en.0 ±--y1L4E E  )higher than that of the non-illuminated portion. 
Therefore, the secondary wavelets diverging at an angle 0.-
from the wave normal suffer total internal reflection at the 

boundary of the fictitious cylinder of radius ro  when 

where 

cus 
—1 

 

c  
(110-1-EvtaE F. ) 

  

  

   

corresponds to the critical angle. It is also known from 

diffraction theory that a very large fraction of the power 

will be carried by rays making an angle less than 	with 

the axis 

0i) 
	©' G 1 Xo/z  c11.1„  

where o is the wavelength of the radiation in free space. 
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Now three possibilities may arise 

 
predominance of diffraction effects. 

(i) When 	'N..„
C 
 the beam will divefge due to 

(ii) When 	the beam should propagate in the 

self-made wave guide° The corresPonding power of the beam 
can easily be shown to be given by 

•-•-• 	 tYL 

where pcy:  is the critical power of the beam and 	is the 

velocity of light in vacuum and 

(iii) When t-D 	one may expect the beam to focus. 

Che above speculations are supported by rigorous 

analysis carried out by Akhmanov, Sukhorukov s  and Khokhlov 
(1966) and Sodha Ghatak and Tripathi (1974) based on the 

solution of wave equation  on using WKB and paraxial ray 

approximations. Putting 	 10 	one may write 

      

      

    

A 

 

      

       

where 

The condition expressed by 

 

is equivalent to 

 

ket 
where 
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The conditions fcT convergence or divergence are like wise 

and (112 Rj.. (R resPeotivelY.  above analysis 

it can be seen that the diffraction acts as a divergent lense 

of focal length 
	

The condition of nonconvergence and 

nondivergence for 	ry?mPliPs that the nonlinear medium 

acts as a converging lense of focal length RJ11.. 
It is instructive to realize the avalanche nature of 

focusing. Consider a beam Propagating in 

0 a.  medium with refractive index defined by fTL---  'YL 	E: E 
i As the beam gets f°cusOd due to  nonlinearitY, the intensity 

increases causing enhancement of the nonlinearity and hence in 

the extent of nonlinear focusing. 

In case the beam is stronger near the axis than at the 

edges 

front 

there is an intensity distribution along the wave 

(which is indeed true for laser beams° Yariv 1971) 

the refractive index at the edges will be loss than the 

refractive index at the central Portion of the beam and hence 

the rays will tend to bend towards the axis. I n  case this 

tcmdencY is stronger than the tendency to diverge by diffraction., 
focusing will occur and vice versa. On the other hand, 'a bean 

in which the intensity increases with increasing radius, will 

defocus in a medium, because the refractive index will be 

higher at the boundary of the beam than at the axis. 

In the Proposed thesi the author has investigated the 

effect of self-focusing on the growth rate of filamentation 

the self a nonlinear 
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wave propagates in 

turn, results in the Peiodic focusing of the beam i.e. 

a self made escillatcTy wave guide. 

studied the self focusing of laser Khanna and Tripathi (1973) 

the 

Sodha. 
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instability, excitation of Plasma waves and second harmonic 

generation. It is found that the above mentioned Phenomena 

are modified significantly on account of self -fOcusing 

effects* 

The steady state- self-focusing of intense electromagnetic 

waves in plasmas has been discussed by .A.skaryan (1962) 

Talanov (1964), Litvak (1970), S odha (3hatak and Tripathi 

(1976) Kam et al. (1973) and others. In these investigations 

the conditions for self trapping of waves (i.e. uniform' wave 

guide ProPagation) in Plasmas were investigated. Litvak (1970) 

and Prasad and Tripathi (1973) investigated the self focusing  

of microwaves in a weakly ionised plasma theY considered the 

nonuniform heating and consequent redistribution of electrons. 

These treatments were phenomenological in nature and applicable 

only in  the Perturbation approximations. Sodha7 Tewarii Kumar 

and Tripathi (1974) studied the same problem with a rigorous 

kinetic treatment. The velocity dependence of collision 

frequency gav:erns the redistribution of the carriers. It was 

shown that at high powers the nonlinear dielectric constant of 

the plasma is a saturating function of the wave intensity, which 

beams in a strongly ionised plasma, where the thermal conduc-

tion plays "a dominant role in the loss of excess electron 

energy; the analysis predicted periodic focusing of the beam 



even when the dielectric constant is not in the saturating 

region. 

Virmani 

Lindl and Kaw (1970) 

and Tripathi (1974) 

2 Hera (1969)and Sodha Mittall  

have investigated the self focusing 
in a collisionless plasma by the ponderometive force nen- 

linearitY which. is important on short time scale (i.e. 

the energy  relaxation time). 

(1975) have also studied the self- 

'focusing 	

and Kumar 

duration of Pulse 

'Kau 

'focusing in a moving Plasma. The nonstationary self focusing 

of E.M. waves in collisional and collisionless plasmas have 

also been studied by S odha Sharma and Tripathi (197)+A) and 

Sodha, Prasad  and Tripathi (1975) where the finite relaxation 

time of the nonlinearity is found-to affect the self-focusing 

considerahlY. 

Moreover the self focusing of electromagnetic beams in 
collisienal and collisionless magnetoplasma has also  be,en  

investi-gated by Litvak (1970).1 Sodha Mittal, Kumar and 

Tripathi (1970. In the Presence of a magnetic field two mo  d s  

of propagation exist. The heating of el.ectrOns and the 

Ponderomotive force on electrons on  account of the extra 
ordinary mode  display marked cyclotron resonance and consequent-
ly the self-focusing of the beam occurs at much lower powers. 

In collisional magnetoplasmas the self-focusing of ordinary 

mode is possible in the frequency range <'_,,,)> -̀40 .where 

is the frequency of the wave and -1) is the collision 

frequency. But the extra ordinary mode is focused only in the 



constant is not 

occurs (For 

saturated, Periodic focusing of the beam 

and Tripathi 1976). details see Sod ha, Ghatak 

range of 'N 	where 
	

is the electron cyclotron 

frequency. For CZ (.0C defocusin of extra ordinary mode 

occurs. In collisionless magnetoplasmas extra ordinary mode 

shows a Peculiar behaviour on reversing the direction of 

Ponderomotive force on electrons in going f rom  c) 

range. Therefore, the self -focusihg of extra ordinary mode i 

possible in all frequency range except 
	

Self- 

focusing of ordinarY mode is retarded on account of magnetic 

field but that of extra ordinary mode is enhance, Tewari and 
Kumar (1975) have studied the self -foc using of electromagnetic 

beam in magnetoplasma following a rigorous kinetic approach; 

dielectric constant of the magnetoplasma is saturated and 

periodic focusing of the beam occurs. Sodha, Khanna and 

Tripathi (197)+) have also studied the self-focusing in a 'magneto-

Plasma, when the collisions are few and the energy dissipation 

is caused by thermal conduction. The important result was 

that even:at low powers of the: beam when the dielectric 

Recently Sodha and Tripathi (1976, 1977B) have concluded that 

the self focusing of electromagnetic beams for a given set of 

parameters, occurs Only when the Power c)f the beam lies 

between two critical values cr1  d For 

the beam suffers monotonic divergence; for Pc(i(t'< t k_  
the beam Propagates in a self made oscillatory wave guide, 

with the intensity on the than the axis being always greater 



16 

initial value; for y4(.L the propagation of the beam takes 

place in oscillating wave guide with the intensity on the 
axis being always less than the initial value. 

The nonlinear phenomena discussed so far are very much 

affected by the application of an external-  magnetic f ield. 
The current density In a magneteplasma due to an electric field 

is not aligned along the electric field° i.e. the condudtivit.Y 
and effective dielectric constant of the plasma are tensors. 

Thus the plasma becomes anisotropic and the effective dieleCtric 

tensor of the magnetoplasma is not symmetrical. Two 

Independent modes (in general elliPticallY Polarized) of 

Propagation exist in the limit of linear thePrY in such a 

medium (Ginzburg 1970). When, the direction of the Phase 

velocity coincides with the external magnetic field the two 

modes are circularly polarized. The right handed circularly 

Polarized mode Is sensitive to electron cyclotron resonance 

because both the electric and the external magnetic field 

rotate the electrons in the same sense. The author has 

studied the, spatial growth of Pel-turbatiOn in a magnetoPlasma 

in Chapter I. The investigations are limited by consid ering 

only one mode at a time. The cross f ocusing of the two modes 

(extra ordinarY mode and ordinary mode) has been neglected on 

account of weak coupling between them. 

Besides the filamentation instability of Gaussian lasar 

beam in a plasma the author has also  discussed the 'dYnamics 

the growth of a ripple on a uniform Plane wavefront.' The 
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nonunif ormity in the intensity of the beam along its wave 

front considered here is on account of perturbation field 

(i.e. Gaussian riPPle). For a ripple of low power in comparison 

to that of the main  beam the nenuniforul field responsible for 

the redistribution of carriers arises on account of the non 

inear couPling of the field of the main beam and that of the 

riPPle. Consequently the redistribution of carriers (and hence 
nonlinear  part of the effective dielectric constant of the 

Plasma) is highly  dePenClent on the Phase difference 	,.., 
between the electrie vector of ripple and main beam, power o 

the main bean', the nonlinear absorption if Present. 

In addition to it the generation of Plasma wave and  

second harmonic generation has also been analysed. In recent 

exPerimentsr.Lee et al. (1974), yamabe et al. (1977), Sigel El Lee 

 al. (1976)) Jackel et al. (1976) on irradiation of targets 

beam, the scattering at 	and 

(1976) has given an Rosenbluth 

by Intense laser Z 
have been observed. Liu and 

explanation for the scattered loss at 	k, by considering the 

Parametric decay of an incident pump wave into two plasmas. 

S odha Sharma and K.a,u.shik (1976) also inves-4igated the effect 

f the self -focusing of the Pump wave on the excitation of 
3 	w plasrria wave and predicted that scattered power at 	9.- gets 

nhanced. Sodha l  Sharma and Kaushik (1 976) nave also 

explained the observed scattered loss at S C30 by considering  

the excitation of a plasma wave at 
	

(30 frequency on account 

f the 	force  (where 	is the drift velocity of 



18 

the electron and 	is the magnetic field of the wave). 

This excited plasma  wave interacts with the incoming pump 
wave and gives the scattered power at /3())/). In the present 
thesis the author has, also given a possible explanation of 
the second harmonic 	observed in laser Plasma 

interaction experiments. The physical m chaniSM can be 

briefly understood as follows: 

In the Presence of a Gaussian beam the carriers get 

redistributed from high field region to low field region, on 

account of ponderomotive force and a transverse density 

gradient is established in the Plasma. When the electric 

vector of the main beam is parallel to the densitY gradient, 

the plasma wave at the Pump wave frequency is generated. In 

addition to this the transverse intensity gradient of the 

electromagnetic wave also contributes significantlY to the 

plasma wave generation. The generated plasma wave interacts 

with the electromagnetic wave and leads to the generation of 

second harmonic. If the initial' power of the pump wave is 

more than the critical power for, self-focusing, the main beam 

gets self -focuved and hence the generated plasma wave and 

second harmonic which depend on the back grOund electron 

concentration and Power of the main beam also get significantly 

medified. 

The thesis has been divided into six chapters; a 
chapterwise summary is given below: 



Chapter 1: Spatial growth of filamentation 
instability  in 
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This chapter presents an investigation of the effect 

f saturating nonlinearity on the spatial growth of filamentz 

tion instability of a Gaussian electromagnetic beam in a 
magnetoPlasma. The nonlinearity arises on account of the 

nonuniform heating and consequent redistribution of plasma 

in a collisiOnal plasma and because of ponderomotive force 

in a collisionless plasma. The growth rate is a sensitive 

function of the distance of prePagation  on account of self-

focusing effects and is enhanced with the increase of static 

magnetic field for extra ordinarY waves° the reverse- is 

true for ordinary waves. 

Chapter-II: Growth of filamentation instability in 
a  strongly ionized plasma 

This chaPter Presents an investigation of the growth 

of perturbation in the intensity distribution of a Gaussian 

electromagnetic beam propagating in a strongly ionized 

plasma. The lqss of energy is assumed to be due to electrOnic 

thermal conduction. For beams converging, on account of 

self-focusing, the amplitude of Perturbation changes much 

faster with distance than the axial amplitude in the absence 

of perturbations and hence the growth rate becomes a 

sensitive  function of the distance of Propagation. 
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Chapter III: Temporal growth of Filamentation '  
instability in plasmas  

In this chapter author has derived an expression for 

the growth rate of filamentation instability, valid  for 

arbitrary intensity of the electromagnetic wave and upto 

plasma resonance. ()p--  6:-,,here 	and (....)o are the field 

free plasma frequency and 1.ii wave frequency respectively). 

On the short time scale ( (4. being the energy 

relaxation time) i.e. in a collisionless Plasma, the non 

linearity arises on account of ponderomotive force and 

consequent depletion of electrons in regions of large wave 

amplitudE!. On the time scale of energy relaxation time i.e. 

in a collisional plasma, the dominant nonlinearity arises or 

account of preferential heating of ele trons. It i found 

that (i) maximum growth rate attains its maximum for an 

optimum intensity of the beam, (ii) filamentatIon is 

predicted even in the over dense plasmas ( C,1\-1P 	). 

Chapter-IV: Filamentation instability of electromagnetic 
beams in an inhomogeneous plasma 

This chapter presents an investigation of the  sPatiaJ 

and temporal growth rates of >filamentation instability  due 

to the propagation of a Gaussian laser beam in an axially 

inhbmogeneous plasma 	L being the --- 

characteristic length of inhomogeneity). On the time seal( 

of energy relaxation time (1,7s, '," ("C'e  r-CE being the energy 
relaxation time) the nonlinearitY arises due to Preferential 

heating and consequent depletion of carriers. While on the 
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short time scale 4.7\ -1 )Penderomotive force is taken to 

be the source  of nonlinearity.  . The effect of self-induced 

inh°m°geneitY (introduced due to self f ocusing of the  main 

beam) and that of background, on the temporal and spatial 

growth of filamentation instability is found to be drastic. 

The theory is valid even around plasma resonance and into 

the over-dense plasmas within the 1,4KB and paraxial ray 

approximations. 

Chapter-V: Growth of <a Gaussia.n ripple on a unit orm 
plane wavefront ;in plasmas  

This chapter presents an investigation of the growth 

of a Gaussian ripple on a unif orm plane wavef rout of an El': 

wave in plasmas. In collisioriless plasmas and in short 

time scale ( being the energy relaxation time) 

in a c ollisional' plasma pond eromotive force  is the dominant 

source of nonlinearitY. In the time scale of energy 

relaxation time in a collisional plasma, preferen.- 

tial heating of electrons in the regions of large intensity 

and consequent redistribution of plasma is the sole Mechanism 

of norllinearity. The theory reveals that the ripple gets 

self f ocused when the initial power of the ripple (P) is 

between two critical powers 	and 	then '; 
* 

reSPeCtiVelY oscillatory and monotonous defocusing 

of the ripple occurs; oscillatory self -f ocusing of the 

ripple occurs when c_y Zy 4„pcy,,, . The critical power 

for self-focusing of the ripple and , the nature of self- 
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focusing is highly dependent on the Power of the main beam, 

'bhe Phase dlfference between the electric vector of the 
ripple and the main beam and also tRe nonlinear abSorption. 
The theory is also valid for a weakly inhomogeneous 

plasma within the NKB  approximation. 

Chapter=VI: Generation of plasma- wave and second  
ha.i'morlic generation 

This chapter Presents an investigation of the generation 

f a Plasma wave at pump wave freq.uency and second harmonic 

generation on account of self induced transverse inhomogeneitY 

introduced by a Gaussian EM beams in a hot collisionless 

plasma. In the presence of a Gaussian - beam the carriers get 

redistributed from high field region to, low field region on 

account of Ponderomotive force and a transverse density 
gradient is established in the plasma, When the electric 

vector of the main beam is parallel to this density gradient 

Plasma wave at the pump wave frequency is generated. Ii  

addition to this the transverse intensity gradient of  

wave also contributes significantly to the plasma wave  

generation. The power of the plasma wave exhibits maximum 

and minimum with the power of the pump wave (at z=0). The 

generated plasma' wave interacts with the EM, wave and leads 
to the generation of second harmonic. Further9  if the initial 

Pcwer of the pump wave  is more than the critical power fors 

self-focusing the beam gets self-focused and hence the 

generated plasma wave and second harmonic which depend on the  

background electron concentration and power of the main beam 

'  the H4 

also get accordi.ngly modified. 
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