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In the present work a comprehensive analytical investigation is made of the
parametric decomposition of high-power helicon wave into another helicon
and an acoustic wave in a longitudinally magnetized inhomogeous
semiconducting plasmas for belonging to the class 43m and in BaTiO3. The
dispersion relation is obtained by using a hydrodynamic model of an
homogeneous, piezoelectric, one-component (electron) semiconducting
plasma. The threshold value of pump electric field and the growth rate of
unstable mode well above the threshold are also discussed in the present
study. This analysis is applied to a specific semiconductor, n-InSh at 77K
and BaTiO; with strain dependent dielectric constant (SDDC). The laser
wave intensities used are in the range of 10°t010™ Wm™ which is assumed to
be less than the damage threshold of the InSb crystal. The growth rate which

is being found in this study is 10*° s™. In non liner wave propagation by the
analyses of interaction depending on a particular physical situation is of great
importance. It is a fact that the study of matter wave interaction provides a
tremendous insight that is very much helpful to analyses the fundamental
properties and characteristics of the medium.

Moolchandra Rajpoot.

Introduction:-

The analysis of Laser, the sources of high-intensity radiation in the micro-wave and infrared optical spectra range,
has caused significant increase of both theoretical and experimental investigation of nonlinear interaction of high
intensity electromagnetic field with matter. the work in parametric achievement of strong radiation on different
direction media have been carried out first for gaseous plasmas in connection with the problem of plasma
acceleration by radiation, Which needed to be solved on the way to the controlled thermonuclear fusion (1). It
appears from the available literature that no logical attempt has been made so far to investigate the most suitable
conditions to get maximum amplified acoustic flux in the solid medium using minimum external power. An
important problem in nonlinear acoustics is amplification or attenuation of waves in piezoelectric semiconductors
because of immediate relevance to problems of acoustic gain or loss. Of all the techniques, parametric interaction is
powerful enough to treat these nonlinearities. Motivated by the intense report the results of the analytical
investigations of parametric conversion of electromagnetic waves into an acoustic wave in magnetized piezoelectric
semiconducting plasma, under a general configuration and discuss the possibilities of obtaining maximum growth of
the unstable acoustic mode in the crystal. In piezoelectric semiconducting plasma, the presence of a time varying
electric field produces time varying electrostrictive strain in the medium and thus drives an acoustic wave in it;
consequently, the phenomenon of parametric conversion occurs due to the interaction of an electromagnetic wave
with the generated acoustic wave in the medium. The present paper such an attempt by choosing a general
configuration of the pump wave, propagation vector, and the magnretostatic field which covers the two important
geometries, viz., the faraday and the Voigt ones as well. We have considered one component (electron) of cubic
ferroelectric semiconducting plasma subjected to a large magnetostatic field B,y in xz plane making an arbitrary
angle with respected to propagation vectors of scattered electromagnetic and general acoustic wave. Two
theoretically model compare given explanation in methodology.
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Methodology:-

We have focus our concentration towards the non-linear wave interaction in  semiconductor plasma. The most
systematically investigated of these interactions is the parametric instability so called for the reason that of an
comparison with the parametric amplifiers. The consequent properties distinguish the parametric interactions.

(1) The impel and the energized oscillations have to persuade a wave vector (K) and frequency (£2) selection rule
described as

Q= Q,+Q; and Ky=K+K;

The frequency and wave vector relations reproduce the energy and momentum conservation relations. The
instability occurs only when the pump amplitude exceeds a certain critical threshold. The frequency of the
amplified oscillations can be indomitable by pump frequency rather than by the natural frequency of the system.
We will use the hydrodynamic model of non degenerating semiconductor plasma combining the equations of
motions of the charged fluid with Maxwell's equations. We obtain the dispersion relation for unlike wave in terms of
frequency () and wave vector (K). The electro kinetic branches of the dispersion relation are examined; the
promulgation characteristics and the possibilities of instabilities are investigated in the present work.

Theoretical formulation for piezoelectric semiconductor plasma:-

Here we used the equation of Elasticity for describing the motion of lattice in SDDC crystal become
a%u a%u OE

05z = Cugz— 1y @)

a

% = %(EO + UO X Bo) - VU(), (2)

a kT

%‘I‘ (UO.V)v1 = %(El + Uy X Bo) - VU — an()V nq, (3)

aaitl + (Uo.V)nl + ng(v. Ul) = 0, (4)

VxE = -2, (5)

VXH1=]1+%; (6)

a

Dl = €E1 + 614 % (7)
-y 10E 9%, du

VXVXE = —pis, oz Mg (e14 az)’ ®)

Where the perturbed current density J; is given by

J1 = e(ngvy + nyvy). ©)]

1
Here, u, is the absolute permeability, C;, [= (sosLuo)E] is the velocity of the light inside the crystal having dielectric
constant ;, £, the permittivity of free space.

AEp = =5 SRy (10)
And consequently, one finds
eZ
o Q- k22

“ V.E, (11)

N = —————2>
Is = ¢ Q?—k2¢?

1
Where C, = (C‘”/Q)Zis the transverse acoustic velocity in the crystal and & = gy¢;. the fast component ny; can be
expressed in terms of nys by using (2)to (5)and (10) as

2ik6 E
|| s, (12)

Mr = 7 502t e0)

: = =2 o? 2
Inwhich & = Qo — Qp, O = Q{1 - 7o), Oh = O + k2, Q) = ™5, v}, = 2,
Q.= 22 E = —Quup,, Qp = Qcsin.
In deriving (12), we have restricted ourselves to the range Qy ~ €, and followed the usual procedure (2). Using
eqation (1) and assuming the proportionality of the pump as exp(iQ,t), the components of v, are obtained as.

_ Qczvoy

Yox = Gogr vy (13)
_ € (iQo+v)

Yoy = m {(iﬂg+v)2+ﬂg}] EO' (14)
—_ QCXQOy

Voz = (i§20+v)' (15)
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In which Q,, = Q,cos 6 and Q2 = QZ + Q. similarly, the components of v; (= v;; + vy) are derived from
eg.(3) and given by

— 2
— e .{(Q—iV) —Q?x} iQcx Qcz b Qex Qg k3v?h e1q
Uiy = m{(ﬁ—iv)z_gg} [_L (Q-w) Eyx = Qe Eyy + @-w) E, + @) - Ul (16)

N~ . k3v?
vy, = m [QCZElx — i(Q+ W)Ey, — QbE;, +iQ,, . Qlith ﬂu] 17)

and
— 2 — 2 5
_ —e —iQ0 Oy ib{(@-w) -0} {@-w) =04} k302, ey
e Ee ) [ R B N I B | (9
— 2,2
WhereQ =Q —k.vy, b= 1+ kg# Using egs. (6) and (7) one gets u in terms of E; as
14
S PR S I S
u= erl4 erl4 I:Ql[l() 891] E]'x. (19)
One finds the components of J; along the three axes by using eqg. (9), (11) to (19) as:
— 2
_ Q2 -i{(@ - w) -0k} _ iQex Qer b
jlx - {(ﬁ —iv)Z—QE}[ (ﬁ—iv) Elx chEly + (Q v) Elz ’ (20)
—ieQ} , .
Jy = #[zQCZEM +(Q — iv)Ey, — iQ.,bEy, |, (21)
—er —iQeyx Qy b(Q- w) -0%, | o(kfct-a?) _
]12 a —Q){(Q W) —Q%} o— v Elx chEly { o_iv + ngp {(Q lV) Q }] Elz ) (22)

chch k3 Uth 814

@-w) o
{(ﬁ—i‘/) —ng} kavtzfl €14 UOZQS 2 2.2 el4k 2i6kE

Elz » (Q+iv) sz, £ w, And Q= {Q —k € — 0¢ }{1 - Qo(v2+§2)}'

From (8) the wave equation for the parametrlcally excited waves with frequency Q, (= Q, as Q < Q,) and wave

number k; (= k) is obtained by assuming the space and time dependence as exp[i(Q,t — kyz)],

, o} a2 a

ik{Ey, + jki Eyy +iQpo)y — 2 7By = —Ho e (314 i): (23)

Where i and j denote the unit wave vectors along x- and y-axes.

The general dispersion relation for the parametric conversion can now be obtained by substituting the components of

J, from eqgation (20) to (22) in the wave equation (23). After some algebraic simplification, one gets

a;; Q2 g3
a1 Gz A3| =0 (24)

az; dazz d04ss

k3
Where we have assumed Ej, >» —Z—% w, By » Qe L ei‘* u,

Q2

— 2
205 {(0-iv) - %} —i0102Q,,

Where ap = kZCE — Q% + — — i y A = ——— =75 = —azq,
2 @-iv){(@-w)" - a?} ] _{(Q—iv) - o} ]
010200, Qcr b 0,02 (- —i0102Q. b
a3 = —= s . gy = kiCE — _1,;( W). a23—#’2L,
(@-v){(@-w)" - aF} (@-iv) a2 {@-w) =02}
—01030., Q¢ 01020,
a = — — ] a = Y 7 v and
3t (1—Q)(Q—iv){(n—iv)2—n§} 3 a-of(@-w) -2}
_ 2
G = 0103b{(@-iv) - 0%} Q(kfct-of) 2 [1 _ pokfcleds (25)
BT a-o@-w{@-w)-02) (1-0 (@2—k2¢?)

Eq.(24)shows that the three modes represented by a;; = 0, a,, = 0 and as3 = 0 are coupled to each other via the finite
magneto static field B,.

Isotropic Semiconducting Plasma:-

Q2 - kK2cH[-a(Q-iv) + Q] = -, p(Q - iv) (26)

in which D = k2C?uqe? /o,

Magnetoactive semiconducting plasma:

Faraday geometry:-

(k,ky Il By L Eo)

For this case, we get the dispersion relation (24) as

asz(a11az; — az1a;,) =0 (27)
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From (26) one can infer that a;; = 0 yields results similar to those obtained for isotropic semiconducting plasma,

which are non interesting. However, the equation a;ia,, —a;;a;; =0 corresponds to two transverse

electromagnetic waves in a system consisting of electron plasma and acoustic phonon and coupled to each other

through a finite magnetostatic field.

Voigt geometry k,ky L By L Ey:- when a large magnetostatic field is applied such thatk,k; L By L E, (24)

yields

a11(azas3 — azaz) =0 (28)

a;; = 0 represents a transverse electromagnetic wave propagating in a semiconducting plasma while the term inside

the bracket, when equated to zero, refer to the parametric coupling of a high- frequency electromagnetic pump wave

to a scattered electromagnetic wave and a produced acoustic wave in a system comprising the electron plasma.

ThUS a;,0a33 = dy30a3; giVeS

mef@-w)f|_ .2 {1 _ _mokPcledy } Q(kfci-af) Q0f@-iv) | _ ofepaga?

@-w) -0 ! o(0?-k2cF) -0 a-o{@-w)"-a2) (1—Q){(ﬁ—zv)2_ng]z’
(29)

kiCct — QF +

Where Q, stands for Q, .

Equation (28) can be further simplified by assuming k?C? =~ Q%, Q. > kv, and Q; < v(where Q = Q, +
iQ; ),whence we get

Q@ = K*CHI0% — (1 -QQ, — )] = —0;D(1 - Q)(Q, — iv), (30)

It can observe from above equation that the acoustic and the electromagnetic modes are coupled via the piezoelectric
properties of the crystal. To explore the possibility of instability, we solve (29) for complex Q(= Q, + i€;) with
real positive values of the wave number k such that Q, = kC,, Q; < Q, and we assume £, >» k.v,. Equating the
imaginary parts of (29), one can have

(-9 Dv
& = 20,(0%-010,) (31)

In obtaining (30) we have neglected 1 in comparison with Q in the right- hand side of (29). The threshold value of
the electric field amplitude of the pump under Voigt geometry is obtained by making £; = 0 in (30), which yields

Q=1
Thus one gets
1
(Eoun) = Z-[95 = (2 + D] (22)°, (32)

The subscript V stand for the parameters under Voigt configuration. In obtaining (31) we have assumed Qg (=
Q.) >» wv. It can now be noticed from (30) that the condition of instability (Q; < 0) become Q >1 when Q% > Q,Q,
and the condition is reversed (i.e. Q < 1) when Q% < Q,0,. But in the second case the precondition (E, # 0) for
parametric interaction is violated. Thus to get parametric interaction we have to adjust the carrier concentration to
achieve the condition Q% > Q,Q,., which gives a threshold value of carrier concentration as

oo = 3 (20, — k*03), (33)
Thus the growth rate of the produced acoustic wave well above the threshold pump amplitude in a piezoelectric
semiconducting plasma under Voigt geometry is obtained as

_ (e)? 0201k2cfpoety 2
o, = () 2eCH 0kt ){ah— (2 s aDF (34)
Where it is presumed that at such an electric field amplitude of the pump Q >1 and
Q% > ,0,. One can conclude that in Voigt configuration, the growth rate well above the threshold is finite only
when By # 0 and E, # 0 because the term (v, X By), leading to nonlinear coupling of the three interacting waves
is finite only when B, # 0 and B, # 0.
General geometry:-
When the magnetostatic field B, is applied at an arbitrary angle 6 such that 0° < 8 < 90°, one gets the most
general dispersion relation from (24), after some mathematical simplification, as
(02 — K2CH[03{(Q2 — 03)? — 204,05} — 0,;(1 - Q)(Q, — iv) (02 — 02)?] = —(1 - Q)DQ, (2, —
w)(QF — Q)2 (35)
Where it is presumed that kC? ~ Q%, Q; < vand Q, > k.v,. a solution of (34) complex
Q(= Q, + iQ;), With real positive values of k by assuming Q, > k. C; and Q, > ; yield the following expression
for the growth rate Q;:

1

Q)¢ = [(1 = QQDv(Q} — 0] x [20,[0F{(0F — 0D)* - 202,04} - Q.0 - 0] (36)
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where subscript G stands for parameters under common geometry. Q; < 0, have been measured as solutions in place
of the unstable acoustic mode propagating with a phase velocity v, (= Q, /k) and a growth rate |€;|. The threshold
(Q; = 0) electric field amplitude obligatory for the onset of parametric excitation of acoustic mode is obtained from
(35) by putting Q =1, as )

(Eg)g = 22009 ()2 37)
The growth rate well above the threshold is obtained as

2
s = (5) (0102 k2CE poef, (02 — ODEF] x [2C20{(0F — 0F + v?) PI0R{(QF — 02)? — 202,02}~
0,0,(07 - 0] (38)
In obtaining wq. (37) we have assumed that Q > 1,
Q3[(02 — 03?2 - 202,021 > 0,0,(Q2 - 02)?,
which gives the threshold value of the carrier concentration as-

mege Q19,
Notp = eg : [1—{293;59?2/(9%—9%)2} - sztzh ) (39)
It can be inferred from (32) and (38) that in the general geometry the threshold value of carrier concentration is
larger than that in the voigt geometry.
Theoretical formulation for strain dependent dielectric constant:-
Using earlier theory to developed these hypothesis important changes. The equation of Elasticity theory recitation
the motion of lattice in SDDC crystal become
a%u a%u
€52 = oz — eagEo a2’
Dy = gFE + &ygsE,
aJ1 1 92E; 92(e0gsE) du

VxVxE = — = —5—5 -
1 Hoe = oz ~ M52 &

J1 = e(nouy + nyup).

enq g09Ep
V.Ey = T~ 20970 g2,
0 €0

£0

02— K 2y2- SOQQEOE k2
n, = p 0Z—k%p 2 V. El, and
_ 2ikSE
My = Qo(w2+62) Mif

In which Q,, = Q. sin6 and 0 = Q% + Q. similarly, the components of v, (= vy, + v;) are derived from eq.
and given by

— 2
_ e ,{(Q—iv) _Q%X} iQex Qe b Qex Qg kgv?h £09Eo
Uiz = m{(@-w)’ - a2} [_ @+iv) Erx = Qes By @+iv) 127 @ra) 02 e O
= . k302 E
vy, = m [QCZEM — i(Q+ W)Ey, — QubEy, + 0, .#%u],and
_ —e —chchx 0. F +ib[(§—iy)z_ngz} _ i{(ﬁ—iv)z_ngz}k%?h c09Eo
Viz = m[(ﬁ_iv)z_ﬂ } (ﬂ+lv) cx =y @+iv) 1z (@+iv) Q2 g Ul
Jz i kf
- kQeggEy - kQegEg [Q1u0 - goﬂl] Elx
— 2
3 £002 -i{(@-iv) - 02} 3 0000y b
S = (G a2 }'[ @y T eyt oy e (0)
Jiy = & i Erx + (@ — iv)Ey, — i, bEy, |, 1)
{(.Q lv)
and
— 2 — 2
e —i0ee O i{p(@-iv) - 0%} Q(ktct-ah)f(@-w) - 0%}
) o g~ QB+ + Ei,|, 22
he =0 of@-w) -0z} | @-w) TI¥ Ty @+w) 1 0103 ! (22)

Where we have assumed that

_ 2
{(Q_i") - Q%Z} k3viy e0gEo
(§+ iv) QZZ, €0 ’

ﬂcxﬂcz k3 Uth £O!IEO

(Q W) QZ and

Ep, » wale

k3 E
200, By > Qpy “fh f"fﬂ Su, Ey, »
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Q — V0z0&0 {QZ _ kzvz _ 8(2)ngsz} {1 _ Zi(Skf }
kﬂs(z)ngg S 0€o ’ Qo(w2+62))°

From (8) the wave equation for the parametrically excited waves with frequency Q, (= Qpas Q < ) and wave
number k; (= k) is obtained by assuming the space and time dependence as exp[i(Qt — k;2)],

. n . % 92 ou .
lklelx + ]klely + l‘Q‘ll'l(]Jl - C—ElE]' = —ﬂom(SOgEo E) ObtaInS
— 2
e o] e gl sl "
BT aco@-w{@-w)-a2 -0 1 (@—k207)

Eq.(24)shows that the three modes represented by a;; = 0, a,, = 0 and as3 = 0 are coupled to each other via the finite

magneto static field B,.

Isotropic Semiconducting Plasma:-

Q2 — k)[-0(Q-iv)+ Q] = —,D(Q - iv) (25)
2,2 2. .2p2

Inwhich D = £-LK0c097Ed

1
sQ0\2
(Eoun) = Z-[0v2 + 02) — 0F] (=22)°
_ (e 0201 k%Cluoed 9% ES 2
11, = (m) 2002(0%— 010, ){(v2+02)-03}* °
Q% — K2)[QF{(QF — 02)* — 202,08} — 0, (1 - Q(Q, — i(QF — QD)= —(1 - QDO (Q, —
iv)(QF — Q2)? (26)

(@6 = [(1 - QQDv(Q, — iv)(@ — 02)2]. [20, [03{(Q? - 02)? — 202,02} — 0,0,(2% - 02 27)

The growth rate well above the threshold is obtained as

2
e = (5) 12402 k2CP poed g?E3(QF — QDEF]. [2020((0F + v?) — QFVI0F((QF — 02)? — 202,02} -
-1
0,0,(92 - 02)?]] (28)

In obtaining wq. (37) we have assumed that Q > 1,
QR(QF = Q8 — 202,021 > 0,0,(QF - Q)
which gives the threshold value of the carrier concentration as-

oeh = 3+ “1_{ l }] - kZUtzhl (29)

e? 202,02, /(02-02)’

Result Discussion and conclusion:-

Results thus obtained are being compared between two theoretical model with the help of graphs:

(a) Depending of growth of rate of the excited model on the pump electric field amplitude two different graph firs
is for piezoelectric semiconductor plasma and ferroelectric semiconducting plasmass with strain dependent
dielelctric materials (SDDC).

(b)The dependent of the growth rate on the wave number k at angle 45 variation of the threshold pump amplitude
with k at angle 45.

( c) Dependence of the growth rate on magnetostatics field at 45 angle and k variation of Eqy,  with Q..

(d) Dependence of the growth rate on the angle theta for E, and Q..
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