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PREFACE

Recently there has been’a surge of‘interest in the
interaction of intense electromagnetic radiations with
piasmas 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 iaser 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
ieads 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, 197%; Drake, Kaw, Lee, Schmidt, Liu and Rosenbluth,



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

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

g

fusion.

N

L When the density
perturbations (on account of the deviation from the qhasi-
neutralit:} 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 ﬁnderstood as follows :

If we consider that plasma is irradiated by a pump wave

— A —
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hen in steady state electrons oscillaﬁe with high velocity in the
incident eleg:tric field ?0 with the ions form a stationary
back ground. If this equilibrium is perturbed by a propagating
density perturbation (_ (o )Tai)associated with an electrostatic
wave, the electron»_iggsity fluctuations are imposed on the
oscillating field Ea and lead to currents at frequencies
+ Q_l»)oj R+ ) k, where Q, is an integer; the lowest order
coupling corresponds to Q: 1_ . These currents will generate
mixed electromagnetic-electrostatic side band modes at &}i Qmo
b+ ) k., + The side band modes in turn interact with the

P
pump wave field producing a pond~m~mati--a force M. V7 E which
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amplifies the original density perturbation. It should be
mcntioned_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 ﬁhe original density perturbation. When the
perturbation is perpendicular to'che direction of propagation
of the incident beam C;k—\)? = o)y the modulational instability
is called as filamentation instability. This instability may
also arise en account of small scale fluctuations in the
intensity distribution of the pump wave. When such a beam
propagates in the plasma, the effective dieleccric 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 ;s significantly
affected. |

These filaments have already been studied in dielectrics
by Chiao, Garmire and Townes (1964) and observed by Garmire,
Chiao and Townes (1966). Bespalov and Talanov (1966) have

presented a theory for filament formation. They have concludec
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that in a nonlinear dielectric liquid, the amplitude and
phase perturbations of a planc 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 e%citation of plasma wave,
bparametric excitation of electrostatic kinetic instabilities,
stimulated Raman and Brillouin scattering off natural or
strongly modified plasma modes and modulational instabilities
like filamentation instebilities. 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 (~§7?EEF{}
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 electromaghetic wa&es in
a plasma. Lee, Liu, Chen and Nishikawa (1974%) have obtained
expression for the growth of filamentation instability in an |
inhomogeneous plasma. Manheimer and Ott (1974) have discussed
the filamentation instability in the presence of a weak
magnetic field for a uniform beam. Perkins and Valeo (1974)
have reported the self-focﬁsing 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 eleétromagnetic waves in a finiteES ({3 is
the ratio of particle kinetic pressure to magnetic pressure)
inhomogeneous plasma. They have derived a general dispersion
relétion for stimulated Sscattering of high frequency EM waves
of f drifﬁ-alfven waves. The dispersion relation has been
solved for the case of filamentation instabilities and estimates
of growth rate, threshoid power have been obtained. Mio et al.
(1976) have also investigated the modulational instability‘
of alfven waves propagating along the magnétic field in a
plasma.

Thome and Perkins (1974) have experimentally observed

ionospheric striations, while Langdon and Lasinski (1975) and



Eidmann et ®al. (1975) have observed the filamentation
instability in computer simulation and in laser targef
experiments. Stenzel (1976) haé observed the filamentation
of a high power whistler wave in a laboratory plasma. The
-temporal and spatial evolution of duct forﬁétion and wave
propagation has Been shown. In an attempt to explain the
experimental results, Sodha and Tripathi (19774) 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 002 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 pertufbations of plasma
density and internal field perpendicular to the direction of
propagation have been experimentally investigated.

The earlier theoretical analyses on the filamentation
insStability are confined to homogeneous and isotropic plasmas
and for uniform beams. Since Gaussian beams are generally
used in laser plasma interaction experiments, the éelf-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,
Q%xmonic generation etc. get draétipally ﬁodified. Furthermore
the nonlinearity in a plasma is mode sensitive; the process of

self-focusing and filamentation are expected to be much affected



by the application of a static magnetic field,

This thesis revorts the author's investigations on
filamentation instability in more realistic situations,Ataking
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 equiiibrium (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 be%ween electrons énd 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 stgpe 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 1nten31ty 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 (Hora, 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 tékes place. The ions are also dragged by the.electro..-
in view of the strong Coulomb interactipn 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 re\laxation time ( t << /(‘e) of
the electrons; such situations occur in the case of fast
pulse: laser interaction with strongly ionized collisionless
plasmas. In the case when t ,> Q s the nonl:?nearity
appearing through the heating of the carriers is much more
important than the ponderomotive force effect. The nonlineari
because of ponderomotive force is sét up in a time of the
order of r /vy where r,.is the dimension of the beam and Vg
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 énd modulation
of collision frequency of electrons. This mechanism of
nonlinearity has been investigated in detaii. 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.e.U "~ 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 (Q;1016 watts/cn”) .

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
g4 ::;'W\o”fwlaf:é*%fere n is the refractive index of the
medium, n, and n, 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
r,) in a nonlinear medium (see Figd). The portion of the
medium illuminated by thg beam has a refractive index (M=

Mo+ E E*) higher than that of the non-illuminated portion.
Therefore, the secondary wavelets diverging at an angle &
from the wave normal suffer total internal reflection at the

boundary of the fictitious cylinder of radius r_ when

3 Lk

where

e - e e

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 E}b with

the axis

E’ED - O G?)\o/a an_ﬁ'no

where :wa is the wavelength of the radiation in free space.
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Now three pOSSIbllltleS may arlse 7
(1) When 633}‘\\€ﬁ5, the beam w1ll dlverge due to.
'predomlnance of dlffractlon effects.f ' ‘
(41) When @'3) ’@,—c, the beam should propagata in the
self-made wave gulde. The correSpondlng power of,the beam

can ea311y be Shown to be glven by

P - L?lDJ 7\a<~'
Ay 1«;&@%‘"

‘where PC..Y is the crltlcal power of the peam and C is the
veloc:Lty of light in vacuum and '
(4ii) When @b 466 ‘one may expect the beam, to focus.
Ehe above speculatlons are supported by r:t.gorous '
ana,l jSlS carrled out by AkhmamOV, Sukhorukov, and Khokhlov
(1966) and Sodha, Ghatak and Tripathi (1974) based on the
solutlon of wave equatlon on us:mg WKB and para.x:.al ray

approx:o.matlons. Putt:mg Cr L one may wrlte

| P\zi o }3\37_
P P 0 “Lfn — e
e g {3 L R
‘whei*ef" o R
PR i e g
koﬁ‘"‘" e 7%: |

The condition ex'pféssed by & —_ @E . 1s equlvalent to

P\.c\_ "\‘&my

where

Vo
278 "“'h (m EEA>/
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| The condltlons for convergence or dlvergence are llke w1se {{a 7'

Y&ﬂl_ and F{CLH?FQn_respectlvely. From the above analy31s

1t can be seen that the dlffractlon acts as a dlvergent lense

of Iocal length ,LQL | The condltlon of nonconvergence and

nondlvergence forR~ Rakamplles that the nonllnear medlum
acts’ as a converglng lense of focal length QJTL

| | It is lnstructlve to reallze the avalanche nature of
fthe self focu81ng. Con51der a beam propagatlng 1n a nonllnear

'~f:‘medlum w:.th refractlve 1ndex deflned by ’7wa YL 0+”‘4’L&E E

As the beam»gets f0cused due to nonllnearlty, the 1nten51ty

clncreases cau51ng enhancement of the nonllnearlty and hence 1n

the extent of non'lnear focuSlng.

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

f.edges 1 S there :sfan 1nten31ty dlstrlbutlon along the wave
front (whlch is 1ndeed true for laser beams Yarlv g 1971),»
ghthe refractlve 1ndeX at the edges w1ll be less than the
”vrefractlve 1ndex at the central portlon of the beam and hence
"the rays w1ll tend to bend Lowards the ax1s. ln case this
Itendency is strenger than the tendency to dlverge by dlffractlon,

focu31ng W1ll occur and v1ce versa. On the other hand, a bean

aln,whlch the 1nten81ty 1ncreases w1th 1ncrea81ng radlus, Wlll
';defocus 1n a medlum, because the refractlve 1ndex W1ll be.
_‘hlgher at the boundary of the‘beam than at the ax1s.

In the proposed the81s the- author has 1nvest1gated the

,meffect of Self~focu81ng on the growth rate of fllamentatlon '
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1nstab111ty, eX01tatlon of plasna waves and second harmonlc

generatlon. It is found that the above mentloned phenomena

a“e modlfled 81gnlflcantly on account of self focu ,ngh

The steady statefself focu81ng of 1ntense e“ec'romagnetlc”
waves 1n plasmas has been dlscuSSed by Askaryan (1,62) o
Talanov (196h) thvak (1970) Sodha, Ghatak and Trlpath1'°}5h

(1976), Kaw et a'ﬁé(1973) and . others., In these 1nvest1gatlons

the condltlons f ;;self trapplng of waves (1 e. unlforn wave ,

guide propaget;o ;lln plasmas were 1nvest1gated Litvak (1970)

‘and Prasad and T athl (1973) 1nvestlgated the self focu31ng

of,microwaves‘inga weakly 1on1sed plasma, they con51dered the

'nonuniform heati and consequent redls+r1butlon of electrons.

hThese"ﬁfeaﬁmentsi reo phenomenologlcal 1n nature and appllcable

only 1n the perturbetlon approx1matlons. Sodha, TeWarl, Kumar
and Trlpathl (1974) studled the same problem with a rlgorous
7k1net1c treatment. The veloc1uy depenaence of COlllSlOn

’frequency governs uhe redlstrlbutlon of Lhe carrlers.f It veS“

shown that at hlgh powers the nonllnear ylelectrlc  onstanb of

the plasma is a Saturatlng functlon of the wave 1nten81uy, whlch;
in turn, results 1n the perlodlc focu31ng of the beam i.e. the'
wave prOpagates 1nha Self made osc1llatory wave gulde. Sodha.

(1973) studled the self focu81ng of laser

Khanna and Trlpat
beams 1n a stron"y 1onlsed plasma, where the thermal conduc~
tion plays a domlfant role 1n Lhe loss oi exeess electron

energy, the anaLy51S predicted perlodlc focu51ng of the beam
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eVen’when the dfelectric constant is not in the saturating
region; - - ‘

- Lindl and Kaw (1970), Hora (1969)and Sodhas M:Lttal
~V1rman1 and Trlpathl (197%) have 1nvest1gated the self focu31ng
in a collls1onless plasma by the ponderomotlve foroe non-
linearity, WhlchflS 1mportant on short time scale ﬁl,e;r
duratlon of pulse ¥+ z:(~QT ; the energj relaxation time).
.Sodha, Kaushlﬁ and Kumar (1975) nave also studled the self~%
?fOCu31ng 1n a mov1ng plasma. The nonstatlonary self focuS1ng

:of E.M. waves in 00111S1onal and colllslonless plasmas have

‘also been studled by Sodha,;f.arma and Tr1path1 (197MA) and
‘Sodha, PraSad and Trlpathl (1975) where the flnlte relaxatlon
tlme of the nonllnearlty lS found 0 affect the self focu31ngr
conS1derably. | -

Moreover the self- focusing of electromagnetlc beams in
colllslonal and- colllslonless magnetoplasma has also been
1nvest1gated by thvak (1970), ‘Sodha, llttal Kumar and
Trlpathl (1974) In the presence of % magnetlc fleld two modeS‘
of propagatlon eXlst. The heatlng of electrons and the - L
ponderomotlve force on electrons on accounu of the extra : |
ordlnary mode dlSplay marked cyclotron resonance and conSequent—r
lly the- Self focu31ng of the beam occurs au much lower powers.;"'
In colllslonal magnetoplasmas the self focu81ng of ordlnary ‘
‘mode is p0381ble 1n the frequenqy range ¢l>;>;g y where Q§7FZ

is the frequency of the wave and fﬂ 1s the COlllSlon

frequency. But the extra ordlnary mode 1s focused only in the
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range;c%%&*\lﬁthwbere (Lx; 15 the electron cyclotron e
freqaéhéyQ For (A)(NCOC defocus1ng of extra ordlnary mode
'occnrs. “In collls1onless megnetoplasmas ‘extra ordlnary mode ?
shows a pecullar behav1our on rever31ng the dlrectlon of - 4
ponderomotlve force on electrons in g01ng from.&)(qawm-h>hl>—¢~
range. Therefore, tho self focu81ng of extra ordlnary mode is f
'p0581b1e in all frequency range except Z;W‘<; QJ; o Self—
focu31ng of ordlnary mode 1s retarded on account of magneulc
fleld but that of extra ordlnary mode 1s enhancegL TeWarl and

- Kumar (1975) have studled the Self-focu51ng of electromagnetlc
beam 1n magnetoplasma, follOW1ng a rlgorous klnetlc approacn,
dlelectric constant of the magnetoplasma is saturated and
perlodlc f00u81ng of the beam occnrs. Sodha, Khanna and
Trlpathl (197h) have also stndled the self-focu51ng in afmagneto-
plasma, when the collls1ons are few and thc energy dlSSlpatlon 3
- is caused by thermal conductlon. The 1mportant result was

that even at low powers of the beam, when the dlelectrlc
constant is not saturated, berlodlc focnS1ng of the beam

oceurs (For detalls see Sodha, Ghatak and Trlpathl 1976).

| Recently Sodha and Tripat hl'(1976 1977B) have concluded that
'the self focuS1ng of electromagnetlc beams for a glven set of 8
parameters, occurs only when the power of the beam lres '

betWeen two cr:Lt:Lcal values ngﬁ uﬂd PC.VQ. . FOT PL?{:Y‘\‘)
the beam suffers monotonlc dlvergenﬂea for gﬁﬂ%(f)<;*uLY'Q,

the beam propagates in a self made oselllatory wave guide, tf*

w1th the 1nten31ty on the axis belng always greater than the
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-'1n1t1al value; for ED.>>5%Y£L the propagatlon of +he beam tahes
~place ln oselllatlng wave gulde, with the 1nten81ty on the '
ax1s belng always less than the 1n1t1al value."'

| . The’ nonllnear phenomena dlscussed 50 far'are very mhch
affected by the appllcatlon of an external ﬁagnetlc field, /“ .
The current dehs1ty in a magnetoplasma due to an electrlc fleld

1s not allgned along the electrlc fields i €. the_condudt1v1ty

~and effectlve dlel‘ctrlc co stant of the plasma a 'Ttensors.

tensor of the magnetoplasma 1s not symmetrlcal., Two'"”

.1ndependent modes (1n general elllptlcally polarlzed) of
‘.propagatlon ex1st in the limit of llnear theory in. such a

| medlum (Glnzburg 1970). When the dlrectwon of the phase

A ve1001ty 001n01des W1th the external magnetlc fleld the two |
'modes are 01rcularly polarlzed. The rlght handed 01rcularly
polarlzed mode . 1s sen31t1ve to electron cyclotron resonance

beoause hoth the electrlc and The external magnetlc fleld

Vrotate the electrons in the- same sense.~jThe author has
'studled the soatlal growth of perturbatlon in a magnetoplasma
in. Chapter I. The 1nvest1gatlons are. l‘mlted by con81der1ng ,

only one mode at. a tlme. The cross f00u31ng of the two modes

e(extra ordlnary mode and ordlnary modf; has,beenineglected onf

'account of weak coupllng between them.z | "ﬁl‘ A’
| Be81des the fllamentatlon 1nstab111ty of Gau551an laser‘

fbeam in a plasma, the author has also dlscussed the/dynamlcs

'of the growth of a rlpple on a unlform Dlane wavefront.' The
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nonunlformlty in the 1ntensvty of the beam along 1ts Wave P
‘front con51dered here is on account of perturbatlon field
(1.e. Gauss1an rlpple) For a rlpple of low power 1n comparlson
Vto that of the maln beam, the nonunlform fleld responsable for N
the redlstrlbutlon of carflers arises on account of ‘the non | .
llnear coupllng of the fleld of the maln beam and that of the |
'rlpple. Consequently the. redlstrlbutlon of carrlers (and hence’
'nonllnear part of the effectlve dlelcctrlc constant of the
plasma) is hlghly dependent on the phase dlfference (%?
between the eleotrio vector of rlpple and main beam, ‘power of
the maln beam, the nonllnear absorptlon if presenta yﬂ .

In aodltlon to 1t the generatlon of plasma wave and |
second barmonlc generatlon has also been analysed In recent
’experlments rLee et al. (197#) Yamabe et al. (1 77) Sigel |
eet al. (1976) Jackel et al, (1976)‘Son 1rrad1atlon of targets

by 1ntense laser beam, the scatterlng at . Lif 72ﬂ£~and ;l‘cjb
have been observed. L1u and Rosenbluth (1976)’has glven an ll~
pexplanatlon for the scattered loss at EL béuby con51der1ne the-’
‘parametrlc decay of ‘an 1nc1dent pump wave nto two plasmas.’,4
Sodha,kSharma and Kaushlk (1976) also 1nvest1gated the effeot

of the self focu31ng of the pump wave on the exc1tatlon of
plasma Wave and predlcted that scattered power at.j%£§¥L gets 5

_ enhanced. Sodha, Sharma and Kaushlk (1976) have also
efexplalned the observed scattered loss at fﬁ Cl)o by cons1der1ngs
the excltatlon of a plasma wave at ;L Cbc frequency on acoountt

of the Y?”)( L; force (whcrc“xy* is the drift veloc1ty of



"'Vron and LS is ‘the magnetic flold of: the wave).vr

This eX01ted plasma wave 1nteracts w1th the 1ncom1ng pump ,
wave and gives" the SCattered power at 53650 In the present
»the51s the author has also glven a possible explanatlon of E
‘the second harmonlc (;ZL(A}QJ,Observed 1n laser plasma |
alnteractlon experlments. The phy31cal me chan;sm oan.be_-
“brlefly understood as follows.; .

| In the presence of a CauSS1an beam the oarrlers get
redlstrlbuted from high fleld reglon to. low fleld reglon, on/f
account of ponderomotlve force and a transverse den51ty
gradlent 1s establlshed in the plasma. When the electrlc )
‘vector of the maln beam 13 parallel to the den51ty gradlent,“
the plasma wave at the pump Wave frequenoy is generated. In
addltlon to thlS theé transverse 1ntens1ty gradﬂent of the
'electromagnetlc wave also contrlbutes 81an1flcantly to the S
. plasma wave generatlon. The generated plasma Wave 1nteracts__;'
| with the electromagnetlo wwve and leads to the generatlon of;“
Second harmonlc. if the 1n1t1al power of “the pump wave 1s E
more than the crltlcal power for self~ focu81ng, the main beam
.gets self—focuued -and hence the generated plasma wave and
' second harmonlc whlch depend on the bach ground electron
concentratlon and power of the main beam also get 81gn1f1cantly
modlfled. : 7

The the51s has ‘been lelded 1nto SlX chaptersy a

E chapterW1se Summary is glven below.,
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Chapter-I Spatl 1 growth of fllamentatlon
cle 1nstab111tv 1n a magnetOplasma

‘ | This chapter nreSents an 1n¢est1gatlon of the effect
of saturatlng nonllnearlty on the sPatlal growth of fllamentc
‘tlon lnStabllltJ of a Gauss1an electromavnetlc beam in a
: magnetoplasma. The nonllnearlty arlses on account of the
nonunlform heatlnd and consequent redlstrlbutlon of plasma
“in a collisional plasma and beoause of ponderomotlve force f
in a. 0011181onless plasma. The growth. rate is a- sen31t1ve
' functlon of the dlstance of propagatlon on account of self-
| focuS1ng effects and is enhanced with the 1ncrease of statlc

magnetlc field for extra ordlnary wavesg the reverse is

,,true for ordlnary waves.

1Chapter~II Growth of fllamentatlon 1nstab111tv in

a stronglz\lonized plasm

ThlS chapter presents an 1nvest1gatlon of the growth

of perturbatlon in the 1ntens1ty dlstrlbutlon of a Gauss1an ‘i
electromagnetlc beam propagatlng in a s rongly 1onlzed

. plasma. The lass of energy 1s assumed to be due to electronlc
thermal conductlon. For beams converglng, on_account of
self—focuS1ng, the amplltude of perturbatlon changes much
faster wrth dlstance than the aX1al amplltude in the absence

of perturbatlons and hence the growth rate becomes a

“senS1tIve functlon of the d:stance of propagatlon. w



Cfa,ter III Tem,oral rowth of Filamentation =
g 1nstab111tv in plasmas ;

In this chapter author has derlved an eXpre581on for
the growth rate of fllamentatlon 1nstab111ty, valld for
arbltrary 1nten81ty of the electromagn tlc wave and upto
plasma resonanoe.? (Q)F> ohere Qp axw (30 are the fleld
’ free plasma frequency and Eh wave frequenoy respectlvely)
On the short tlme scale (tjééiz—) L& belng ‘the energy
relaxatlon tlme) i.ee in a oolllslonless plasma, the non
‘llnearlty arlses on account of ponderomotlve force and
.consequent depletlon of electrons in reglons of large wave .
'amplltude. On the tlme scale of energy relaxatlon tlme 1.e.
in a colllslonal plasma, the domlnant nonllnearlty arises or
aocount of preferentlal heatlng of electrons. It 1s found
’that (1) maximum- growth rate attalns 1ts ma11mum for an
'optlmum 1nten81ty of the beam, (11) fllamentatlon 1s;

predloteo even.ln\the over~dense plasmaS‘( qu,>CQD D

‘Chapter IV s Fllamentatlon lnstabllltv of electromagnetlc
‘ beams 1n an 1nhomoaeneous plasma :

Thls chapter presents an 1nvest1gatlon of the Spatlal
'and temporal growth rates of fllamentatlon 1nstab111ty due
to the propagatlon of a Gau881an 1aser beam 1n_an aX1ally
1nhomogeneous plasma ([Ne = = No Cﬂr. }, L belng the
characterlstlc 1ength of 1nhomogene1ty) On the tlme scale
of energy relaxatlon time (tﬁjﬁ ‘EZJ Q:E belng the energy
relaxatlon trme) the nonllnearlty arlses due to preferentlalr

1heat1ng‘and consequent depletlon ofrearrlers.~ Whlle'on thet‘”



short tlme scale‘ fnderomotlve force is taken tof

:»be the souroe of nonllnearl yta The effect of selfulnduoed-ft
ylnhomogenelty (1ntroduoed due to self- focu51ng of the maln‘vihn,
"beam) and that of background on the temporal and spatlal
growth of fllamentatlon 1nstab111ty is found to be drastlc.‘
The tfeory is valld even around plasma resonance and 1nto

’the over—dense plasmas w1th1n the WKB and parax1al ray

- apnrox1mat10ns.,

’Chapterév Growth of a Gau851an i le on a unlform ];
: : plane wavefront 1n plasmas .

, Thls chapter present“fan 1nvest1gat10n of the growth

of a Gauss1an rlp@le on a_u form plane wavefront of an Eh_

wave 1n plasmas.. In colllslonless plasmas and in short
tlme SCale ("t'(&(qug ioQ belng the energy relaxatlon tlme)
1n a oolllslonal plasma, ponderomotlve force is the domlnant

7 Fﬁof nonllnearlty In ‘the time soale of energy

relaxatlon tlme(;t'§7QT )ZUla.COlllS10ﬂaL nlasma, preferen~a
tlal heatlng of electrons in the reglons of large 1nten31ty

' and consequent redlstrlbutlon.of plasma 1s the sole mechanlsm .
of nonllnearlty., The theory reveals that the rlpple gets

self- focused when the 1n1t1al power of the rlpple (P) is

between two crltlcal pOWefS“ ﬁ:%d and{%ﬂ(gL When §>>’Ft7ﬁ'v.

lja'or wJ(QMres;{;)ectj_vely, 0501llatory and monotonous defocu81ngg3¢f

'ﬁﬁof the rlpple ooours, osc1llatory self-focu81ng of the

: rlpple occurs when. !OC-YQ<P (\PC‘(LL The crltlcal power

‘for Self focu31ng of the rlpple and. the nature of self—
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focuS1ng is hlghly dependent on- the power of the maln beam,
the phase dlfference between the electrlc vector of the

rlpple and the maln beam and also the nonllnear absorptlon.k

:The theory 1s also valld for a weakly nhomogeneous

I ‘AVIY Generatlon of plasma wave and second
Tf-‘}a‘~; ' harmonlc generatlon e T

ThlS chapter presents an 1nvest1vat10n of the generatlon
- of a plasma wave at pump wave frequenqy and Second harmonlc

generatlon on account of self 1nduced transverse:7nhomogene1ty

plasma wave at the pump Wave freduency 1s generated, In J“d!
'addltlon to thlS the transveTSe 1nten81ty gradlent of the EM
wave also contrlbutes 81gn1f1cantly to the plasma wave

‘generatlon. The power 01 the plasma wave exhlblts max1mum #;i

‘and mlnlmum w1th the power of the pump Wave (at 2=0). The

generated plaSma%wave 1nteracts w1th* hetEMrJave and leads..”

to the generatlon of second harmonlc. Further,' the 1n1t1al
power of the pump wave is more than the crltlcal power for
selfwfocu81ng)the beam gets self focused and hence the S

generated plasma Wave and second harmonlc Wthh depend on. the

'background electron concentratlon and power of the maln beam

,also get accordlngly modlfled.

£
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