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Crystallographic Independent Parametric Instability

Of Laser Beams In Material With Strain Dependent

Constant By Doping Rh+4 in BaTiO3 Matrix
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Abstract— in this present article, the parametric excitation of acoustic wave along the crystallographic direction in strain dependent dielectric constant

of doped BaTiO3 matrix was analyzed by the hydrodynamic model of plasma. The coupled mode theory was used to calculate the threshold electric field

and growth of acoustic wave along the certain direction of the crystallographic plane of the material. These analyses are investigated in electron- phonon

collision dominated regime of the material. BaTiO3 itself show high dielectric constant due to temperature dependent crystallographic phase transfor-

mation. By introducing the dopant in the crystallographic plane, the resultant structure of BaTiO3 shows slightly modification in dielectric constant as well

as stiffness of the material, which is responsible for changing the acoustic velocity in the different crystallographic plane. With the help numerical calcula-

tion, the anomalous growth can be obtained in high dielectric constant along the different crystallographic plane. But their results show no changing of

parametric instability of laser beam along the crystallographic plane because of the retention of centrosymmetric structure in doped BaTiO3.

Index Terms— Crystallographic plane, Centro symmetric structure, plasma, acoustic wave

—————————— ——————————

1  INTRODUCTION
he medium for charge carriers in different types of the

solids is characterized by their high value of dielectric

constant, which makes it possible to ionize atoms easily and

realize the plasma state even at very low temperature. Plas-

mon excitation at the surface is one of the most relevant pro-

cesses with the interaction of swift charged particles with the

solid samples. These ions are tightly connected with the lattice

of the materials. In this case, the particles moving with the

velocity greater than v>v0 (where v0 is the Bohr orbital velocity

of an electron in a hydrogen atom in the ground state) transfer

the certain amount of energy to the electron subsystem. These

oscillatory charge particles movies freely over the entire sur-

face with violating the neutrality conditions by applying the

electric field. Thus the dielectric constant of the medium is one

of the most important parameters for the study of the sub-

stances. The materials with high dielectric constant are more

efficient in the field of study of solid state plasmas.

In the recent past years, there has been a tremendous

surge of research activities in nonlinear effects in plasmas be-

cause it is realized that the linear approximation becomes in-

adequate especially to explain the fundamental features of the

plasma instabilities. Among them the nonlinear wave instabili-

ties in plasmas are of particular interest due to their high prac-

tical aspect. Current instabilities in plasma represent the in-

crease of the amplitude of some oscillations at the   expense of

other  or  at  the  expense  of  the  energy  sources  drift  flux  to

waves in the plasma and form certain types of waves to other.

The absolute instability is a spontaneous, unlimited growth in

a time of a fluctuation at a fixed point of the system (the per-

turbation is spatially limited but not limited time). It is possi-

ble to call such a system to a generator of vibrations. With the

convective instability, the transport of a perturbation to a dif-

ferent spatial point is responsible for the limitation of its in-

crease in time at a given point. Under these conditions, there is

an energy flux that grows as the coordinates increases, and

this kind of instability corresponds to the amplification of the

wave. The attenuation due to energy losses accompanying the

wave propagation can be regarded as the negative amplifica-
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tion.  The electric field E of an electromagnetic wave slightly

affects the dielectric constant of the medium;

o ,

2
2 0E

And also in the refractive index,

2
0 2n n n E 0 0n 2 2 0/ 2n ;  E2 is taken

to be  an average over the period.  Absorption, reflectance and

transmittance of the electromagnetic waves have a wide appli-

cation in the different filed by the interaction between of elec-

tromagnetic waves and low temperature exiting plasma, and

the study of reflection, absorption, and transmission of elec-

tromagnetic waves in un-magnetized, magnetized, non-

uniform,  and  uniform  plasma  have  been  gained  importance

for the intensive research of wave instabilities in solid state

plasmas, by the interactions between electromagnetic waves

and low-temperature plasma [1]. Tang et al studied the ab-

sorption, reflection and transmittance of electromagnetic

waves in a nonuniform plasma slab immersed in uniform

magnetic field [2]. Laroussi and Roth [3] studied the ray trac-

ing  technique  to  deal  with  the  problem  of  electromagnetic

wave interaction with a non-uniform plasma slab in the differ-

ent materials. Their model is based on the neglecting the multi

reflection of the wave from the uniform plasma slab. Gurel et

al [4] studied the interaction of electromagnetic waves by us-

ing the sinusoidal to determine new reflection, absorption and

transmission characteristics in an inhomogeneous plasma slab.

Since then a number of researchers have been concentrated to

observe the experimentally excitations of various collective

modes in solids. Several of these plasma instabilities can now

be considered as probable tool useful for the designing of new

devices. The major practical interest in semiconductor-plasma

instabilities are due to the existence of the different geometries

of the applied electric and magnetic fields and the electro ki-

netic-wave propagation in the crystal as the physical condi-

tions to maximize the growth rate of the propagating wave [5,

6]. The propagation characteristics of the electro-kinetic wave

in a system are investigated from the dispersion relation.

Chaudhary [7] et al., reported the reflection and transmittance

by using the quantum hydrodynamic model in un-magnetized

extrinsic semiconductor. They have found the quantum effect

through Bohm potential which significantly modifies the dis-

persion and absorption characteristics of the electrokinetic

wave spectrum by supposing the streaming carrier's flow in

un- magnetized extrinsic semiconductor.

In nonlinear wave propagation, the analysis of inter-

action depending on a particular physical situation is of great

importance. As a consequence of nonlinear interactions be-

tween matter and wave, the phenomenon arises such as par-

ametric, modulation and stimulated scatterings. The most

fundamental interaction is the Parametric Interaction. The un-

derstandings of these phenomena have led to their successful

application in the field like laser technology, laser spectrosco-

py, optical communication, photo physics, Photochemistry,

Material Processing, etc. It is well known fact that the study of

matter wave interaction provides a tremendous insight that is

helpful in analyzing the basic properties of the medium. Ginz-

burg and Zheleznyakov [8] reported in deep for the method of

emission and the effect of that by using coupled mode theory

for the chain analysis of the nonlinear interaction with plasma

material .The systematic development of nonlinear wave in-

teractions of  kinetic treatment was done by Chandran [9].

Haas [10] et al, reported the multistream model for spinless

electrons in relativistic quantum plasma by using the suitable

fluid-like version of the Klein-Gordon-Maxwell system. They

reported the Fermi-Dirac equilibrium and the study of relativ-

istic effects for quantum ion-acoustic wave propagation by

using relativistic quantum kinetic models. The agglomeration

is done by the ion implantation in the semiconductor material.

So the presence of this colloid as well as the charged moving

particle will convert the medium in the multi-component me-

dium of the semiconductor plasma. It is known fact that the

study of wave  propagation through a medium always pro-

vides the  information about the properties of the host materi-

al, therefore such ion-implanted semiconductor that resembles

a dusty plasma system become promising medium to study
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wave propagation phenomena during the last decade.

Ghosh and Agrawal [11, 12] studied the paramet-

ric excitation of ultrasonic and Helicon waves by a laser beam.

Ghosh and Dixit [13-15] gave parametric decay of  the high

power Helicon wave in semiconductor plasma and parametric

instability in laser beam and stimulated Raman scattering and

Raman Instability by Helicon. The quantum effect on paramet-

ric amplification characteristics was also used to study the

propagation of the wave in plasma media [16]. They have em-

ployed the Quantum Hydrodynamic model (QHD) for the

electron dynamics in the semiconductor plasma and predicted

the parametric interaction of a laser radiation in the un-

magnetized piezoelectric semiconductor plasma. It was found

that the Bohm potential in the electron dynamics enhances the

gain coefficient of parametrically generated modes whereas

reduces the threshold pump intensity.

                The present work is aimed to analyze the parametric

instabilities of a laser beams in substituting BaTiO3 with high

dielectric constant and their results are compared with un-

substituted BaTiO3. By substitution of certain positive ions like

Rh+4 or  Ce  (III),  they  affect  the  lattice  of  the  BaTiO3 but the

density of the material is unchanged with the embedded posi-

tive ions. BaTiO3 itself is piezoelectric material and possess the

pervoskite structure. Centrosymmetric crystal exhibits possess

high dielectric constant ( 103) by reducing their symmetry

centre in an external electric field. It gives the strong electro-

chemical coupling which is propotional to the square of field.

The elastic anistrpoy and piezoelectric effect induced from the

electric  field  and  electron  –phonon  interaction  are  casued  by

strain dependence of dielectric constant (SDDC) due to elec-

trostriction. By substitution of the rare earth elements in per-

voskite structure, the lattices slightly expand and possess

slightly higher dielectric constant than that from the BaTiO3

and their results shows that slightly stronger amplification of

acoustic waves occurred in SDDC materials than in piezoelec-

tric. And the parametric instability is free from the crystallo-

graphic axis for the propagation of the acoustic wave.

2 THEORY AND METHODOLOGY

We have considered the parametric instability from the prop-

agation of the electromagnetic wave insides the ferroelectric

tetragonal and rhombohedral BaTiO3 with space  groups

P4mm and R3mand the paraelectric cubic (Pm3m) and antifer-

rodistortive tetragonal phases (I4/mcm) of SrTiO3 (ST). The

variable such as atomic displacements, macroscopic strain,

and electric field are used to calculate the phonon spectra,

elastic, piezoelectric and dielectric tensors, which are related

to the second derivatives of the total energy. The second order

derivate of total energy with respect to electric filed and strain

gives the idea about the dielectric susceptibility and elastic

constants, respectively, while the piezoelectric tensor is mixed

of the second derivative of total energy with respect to strain

and electric field. A light wave propagating in crystals is the

phenomenon of the superposition of two waves, mutually

perpendicular polarized, with different wave vectors. The ex-

citation of the acoustic wave is due to application of the high

frequency Laser beam. This laser beam with the sinusoidal

nature of the electric field 0 0cosE t  is applied parallel to

the wave vector (along the x-axis) [17-18]. The dipole approx-

imation has been treated for the development of uniform field

of the Laser beam in which we have assumed that the wave-

length of the excited acoustic wave is very small compared to

the scale length of the applied electromagnetic field variations

(i.e., 0k k  thus 0 0k ). For the numerical calculation, we

have taken 0 p .  The basic equations used in the

present analysis are as follows:-

0
0 0 0cosev E t

t m
             (1)

1 1
0 1 1 1

0

Bk T nev E
t x m mn x

        (2)
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t x dx
          (3)
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Equation (1) represents the zeroth-order equation for the  mo-

tion, electrons and shows that the electrons will oscillate under

the influence of the high-frequency electric field

0 0cos .E t  Equations (2) and (3) are the first-order mo-

mentum transfer and continuity equations for electrons, re-

spectively, Bk  is the Boltzmann constant, and T the tempera-

ture. The space-charge field 1E  is determined by the Poisson

relation (4), where the second term on the right-hand side

gives the SDDC contribution to the polarization, 1n  is  the

electron density perturbation. Equation (5) is the equation of

elasticity theory describing the motion of the lattice in the

strain dependent dielectric constant (SDDC) crystal; u is the

lattice displacement and  the mass density of the crystal.

We assume that the acoustic wave has an angular

frequency  and wave number k such that 0  and

the low-frequency perturbations are proportional to exp

.i t kx  The transverse acoustic wave is propagating

in such a direction of the crystal that it produces a longitudinal

electric field. Using (4) and (5) one obtains

1
0

00

0

22
0

22
0222 n

eEg
u

kEg
k S     (6)

Where 2/1)/(Cs  is the transverse acoustic

velocity in the crystal? and differentiating (6) with respect to

time and using (4) and (5), in the collision-dominated regime

)( okr  one obtains

2
2 21 1 1

1 12 E o
n n env n gE k u ikn E
t t m

        (7)

Where )/(222 mTkk BR , p being the electron-

plasma frequency in the lattice given by

2/12 )/( oop mne and ( / ) cos( )o oE e m E t  and  

is  the  electron-electron  collision  frequency  and  given  by  the

following expression: 6
3/2

ln5 10 o

e

n
T

 sec-1, where  Te is

electron temperature.  Equation (10) can now be resolved into

two components (fast and slow) by writing 1 f sn n n (sub-

scripts f and s represent the fast and the slow components,

respectively). Hence we obtained

Eiknn
t
n

t
n

sfR
ff 2

2

2

(8)

and'

EiknukgE
m

en
n

t
n

fo
o

sR
s 22

2
(9)

The piezoelectric component of the electron-phonon interaction

is responsible for the propogation acoustic wave inside the semi-

conducting material. At the same time, it starts to couple with

TO-phonon via anharmonic channel. This copling is cused the

excitation  of  coherent ultrasonic which gives the periodic modu-

lation of the electromagnetic waves in semiconductor structure by

dynamical Bragg scattering phenomena. In Bragg scattering, the

two values of the wave vector k1 and k2 of the incident wave and

the two-values of the vector '
1k  and '

2k  the  light  scattered  at  a

given angle is used to determine the four different wave vectors

of the phonons, qij, which satisfy the following condition
'

ij i jq k k     (i,j=1,2)                              (10)

Christoffel’s equation relates acoustic velocities to crystallo-
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graphic direction and the elastic moduli  [19]

2det 0ik ik                                         (11)

Where  is the density of the considered material,  is the

speed of the sound velocity, and ik  is d delta function (i.e.,

when i k 0ik ). The Kelvin-Christoffel stiffness ik  is

2 2 2
11 1 11 2 66 3 55n C n C n C ,

2 2 2
22 1 66 2 22 3 44n C n C n C ,

2 2 2
33 1 55 2 44 3 33n C n C n C

23 2 3 23 44n n C C  , 13 1 3 13 55n n C C ,

12 1 2 12 66n n C C   ,

                                                                               (12)

Where  the  ni  and  Cij are the direction cosines of measured

phonons and elastic moduli respectively. To which, the first

term is according to the Hook’s relationship and the second

term are due to the presence of strain in the material, where C

is defined the elastic stiffness constant. The excitation of the

acoustic wave is due to application of the high frequency La-

ser beam. By using the hydrodynamic model of a homogene-

ous one-component material, we evaluate the coupling be-

tween conduction electron and acoustic wave in strain de-

pendent dielectric constant. The strain dependent dielectric

constant of the materials is given by the following expression:

0 1 gS                 (13)

Where 0 is the dielectric constant when the strain S is zero

and g is coupling constant.  Here Electric displacement is giv-

en by:

0D E gSE                         (14)

The shape of the dynamic structure factor can be analyzed

within the framework of the generalized hydrodynamic mod-

el. The shape of the dynamic structure factor can be expressed

by the following relation:

0
2 22 2

"

/ ' "
pp

MII
q M M

     (15)

Where q is related to the wave number of the incident light ki

and to the refractive index of the medium n  by the re-

lationship q=2nki, , q is the mass density, and

' "M M iM the longitudinal acoustic (LA)

modulus. The two limiting cases are considered for character-

izing the limiting values of the longitudinal modulus i.e., very

low frequency or high temperature (relaxed case) and very

high frequency or low temperature (unrelaxed case).  We as-

sume that the acoustic wave is characterized by the angular

frequency  and wave number k such that 0 and the low

frequency perturbation is directly given by

the exp i t kx . The transverse wave propagating

along the different crystallographic plane of the crystal which

produce the longitudinal electric filed are given by the follow-

ing differential equation

2 2 2 2
2 2 2 0 0 0 0

1
0 0

s
g E k gE ek u n        (16)

And s
C

 is the acoustic velocity in the crystal. Accord-

ing to crystallographic, the wave is propagating either along

the transverse direction or longitudinal direction. The calculat-

ing threshold value of the high-frequency oscillatory electric

field 0thE is raised from the given equation:

2/1223

2
)(v

ek
mE R

oth (17)

To obtain the initial growth rate i  well above the threshold

and the phase velocity /r k  of the unstable mode,

we get
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3  RESULTS AND DISCUSSION
 The analytical investigations of the parametric instabilities

due to different electric field from the Laser beam are applied

to an SDDC crystal like PZT (taken as BaTiO3).  For the inves-

tigation  of  this  result,  numerical  estimation  has  been  carried

by considering the following physical parameter: the effective

mass of electron m=0.0145mo, where mo is the free mass of the

electron and theoretical density of  6.07 g/cm3 [20] is calculat-

ed  from  the  molar  weight  of  the  nominal  composition  and

from the unit cell volume calculated from the refined PXRD

data (obtained from conventionally sintered Pz26); the dielec-

tric constant used in this expression [21] is =varied according

to axis and effect of the dopant Rh+4 and the refractive index

taken as ; the effective carrier concentration [22] var-

ies from lower temperature to the higher temperature, but

generally taken to be 2-4 x1024. For numerical calculation of the

above analysis, the wave is irradiated on a specific case of cen-

tro- symmetric crystal with 10.6 m CO2 laser. The basic pa-

rameter is wave number k0=5.92x105 m-1, and the frequency 0

=1.78x1014sec-1. The effect, phonon anharmonicity in acoustic

wave propagation deals with the resonantly enhanced acous-

to-optical susceptibilities, refers to an operating acoustic inten-

sity I ac varies 1 – 100 kW/cm-2 and the acoustic frequency var-

ies from ac~ 0.1– 1 GHz. The Bragg diffraction of far-infrared

polaritons can be used to interpret the propagation of THz

field by controlling AW (acoustic wave) through pumping by

AW [23]. Thus we can analyze the data in terms of the phonon

anharmonicity which create an acoustically induced Bragg

grating. The parametric interaction and resultant instability in

SDDC with high dielectric constant depends upon the wave

propagation inside the considered material. As we know,

when a plane wave propagates in a piezoelectric material, the

equation of motion can be expressed from the following rela-

tionship:

2
q i ijkl j l kV u q q u             (19)

Where Vq is the velocity of the acoustic phonon propagating

with wave vector q, which can be determined from the Bril-

louin scattering frequency shift, ui is the polarization of the

wave. In expression (36), piezoelectrically stiffened elastic

modulus is given by

rij r skl sE E
ijkl ijkl ijklS

mn m n

e q e q
C C

l l
      (20)

ijklC  is the elastic constant in constant electric field, rije  is the

piezoelectric stress , and s
mn is the permittivity at the constant

strain, whereas lm and ln are the directional cosine of the wave

propagation direction, i.e., the cosine of the angles between

the wave propagation direction and three coordinate axes. The

collinear effect was totally considered in explaining the piezo-

electricity and the polarization rotation are computed from

strain, electric field, and the polarization in parallel along (111)

to (001) and with the field direction (001) showed very large

piezoelectric response from the development of the new pie-

zoelectric strain. This effect has been observed at the phase

boundary between rhombohedral and tetragonal phases in

BaTiO3.  This is due to monoclinic phase, which can be under-

stood as an intermediate state between the rhombohedral (po-

larization (111))  and tetragonal (polarization (001)) .The te-

tragonal symmetry in PZT  is found  in  the composition of

50/50, there is a total 11 independent electrostatic constant: six

elastic ( ijklC ) constant, three piezoelectric constant ( rije ) and

two dielectric constants ( s
mn ).  Table 1 represent the six inde-

pendent elastic constants for the rhombohedral group 3m:

11
EC , 33

EC , 12
EC , 13

EC , 44
EC 66

EC , 15e , 31e , 33e 11
s  and 33

s  in

Voigt notation, respectively. The wave vector and the mode of
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the designations of the phone used for the determination of

the dielectric, piezoelectric, and elastic constant are tabulated

in Table 1. The phonon velocity, Vq is related to the Brillouin

shift, /q B qV k  by the equation

02 sin / 2
B B

q
q

c stiffnessV
k n                                                                                                    (21)

Where 0 is the frequency of the incident light, n is the refrac-

tive index of the scattering material used in the experiment, kq

is the phonon wave vector involved in the scattering process

and  is the scattering angle between the incident frequency

and scattering frequency. These constant is directly evaluated

by measuring an LA and two TA phonon velocities along

[100], [001] and [101] by using backscattering and 90o scatter-

ing respectively. From the above relationship, the Brillouin

frequency shift in a different direction (100), (010), and (001)

are used to evaluate the phonon velocity and the velocity ani-

sotropy. The velocity of the compression mode (LA) change

according to the direction of propagation and the velocities of

the first shear mode (TA1) and the second shear mode (TA2)

mode shows the maximum propagation in the direction (010)

and the particles showing the perpendicular displacement.

The TA1 and TA2 modes show the maximum velocity in [101]

and minimum in [101], which indicates the presence of a “soft

acoustic mode” in [101] of the Rh : BaTiO3 single crystal. Thus

the dielectric constants of Rh: BaTiO3, 11
s  and 33

s  are taken

to be 1.98x10-8F/m and 5.2x10-10F / m respectively which is

considered from high frequency Brillouin scattering. All the

result used for the numerical analysis of the modulation or

demodulation of the wave is tabulated in table 2. It can be seen

from the table, there is no difference between the elastic con-

stant of BaTiO3 and  Rh:  BaTiO3 and between BaTiO3 and  Ce:

BaTiO3.

From the results, it suggests that the substitution of

Rh+4 occupy the same position at Ti+4 ion sites of BaTiO3 and

almost it has no impact on the modification of the crystal

structure or even the lattice parameter of BaTiO3. However,

there is apparently difference obtained in e13 between BaTiO3

and Rh: BaTiO3 which indicates that the Rh-atoms doing only

affects the electronic structure and the nature of the materials.

It shows the better photo refractive properties and better

source of the electron. For the study of parametric instabilities,

three different materials are selected, which is mentioned

above.

Table1: Relation between acoustic phonon velocities with elas-

tic, piezoelectric, and dielectric constant along [001] poled di-

rection in R: BaTiO3. This parameter is determined through the

Brillouin scattering geometries ( =6. 07 g/cm3). [24]

Direction Mode Parameter Scattering
geometries

[100]

LA 2
11
E

qV C Backscattering
TA1 2

66
E

qV C Backscattering
TA2 2 15

44
11

E
q s

eV C Platelet ge-
ometry

LA 2 15
33
E

q s

eV C Backscattering
[001] TA1 2

44
E

qV C Backscattering
TA2 2

44
E

qV C Backscattering
LA 2

11 12 662 / 2E E E
qV C C C  90o scattering

[101] TA1 2 15
44
E

q s

eV C 90o scattering

Table 2: Elastic Coefficients (G Pa) and piezoelectric coeffi-
cients (cm-2)

2
2 33

33
33

[100] E
L s

eV C
2

2 15
2 44

11

[100] E
T s

eV C

2
LV 33

EC 2
33 33/ se 2

2TV 44
EC 2

15 11/ se

Present
Rh:BaTiO3

196 175 21 114 58 56

Ding et al,
for

Ce:BaTiO3

245 189 56 125 54 71

Li et al,
for Ba-
TiO3

230 160 70.2 117 56.2 60.8

Shaefer et
al., for
BaTiO3

153.0 147.9 5.1 125.5 54.9 70.6
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The crystal is irradiated with a pulsed CO2 laser. The

parametric instabilities arise from the acoustic velocity propa-

gated in the different direction. Due to the propagation of the

wave, the variation of the threshold electric field and growth

rate are observed differences in different material due to

acoustic velocity, propagated in different directions. Figure 1 a

and b show the change in threshold electric field with wave

number and the plasma frequency along the different direc-

tion of propagation in Rh: BaTiO3 and BaTiO3.  It can be seen

from the figure that the threshold electric field decrease with

increase the k as well as plasma frequency.
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Figure 1: Variation of the threshold electric field Eoth with

wave number and plasma frequency for (a) Rh: BaTiO3 in lon-
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Figure 2: Variation of the threshold electric field Eoth with

wave number and plasma frequency for (a) BaTiO3 in longitu-

dinal direction [100]  (b) BaTiO3

This investigation was carried out at 300 K. The only differ-

ence between these materials is the presence of the excess

number of charged particles, i.e., hole and electron respective-

ly. From the observed figure, it is shown that as the wave

number increase in the experiment the threshold electric field

decreases, while in term of the observed pattern, it is found

that for a lower value of the wave number indicates the large

decrement of the threshold electric filed
dE
dk

, and becomes

smaller  for large value of  k.  It  is  also evident from the figure

that the Rh: BaTiO3 show  large  amplitude  of  the  threshold

electric filed that BaTiO3. The decapitation rate of the
dE
dk

  in

Rh: BaTiO3 is 100 times more than the decapitation rate of the

dE
dk

  in BaTiO3. The threshold electric field across the longitu-

dinal direction:
2

2 33
33

33

[100] E
L s

eV C  is  slightly much more

as compared to the threshold electric field across the trans-

verse direction:
2

2 15
2 44

11

[100] E
T s

eV C .The acoustic veloci-

ties obviously change with crystallographic direction which

depend upon the crystal structure and phase transformation

as can be seen in Table 2. The shear velocity calculated from

2
33

33
333[100] 5.6824 10 / sec

E
s

L

eC
V m  and  from

344[100] 5.369386 10 / sec
E

L
CV m  is  slightly  en-

hanced  due  to  incorporation  of  extra  terms
2
33

33
s

e  and also

slightly improved the threshold electric field in both the

phase. In transverse direction, the acoustic velocity is given

by

2
15

44
411[100] 6.15558 10 / sec

E
s

T

eC
V m . The

transverse velocity is slightly enhanced by again introducing

the extra term
2
15

11
s

e
.  These extra terms slightly modifies the

threshold electric filed and growth rate. The electric field de-

pendence growth rate is shown in figure 2 and b. Hera as

shown in figure 2, it is found that the growth rate i directly

increases with an increase the electric field in both the crystals.

The decrement is found very large up to 9 1
0 2.5 10E Vm .

In the range 9 1
0 2.5 10E Vm , the growth rate i  de-

creases very slowly or becomes independent from the applied

electric field (E0).  The large amplification coefficient is ob-

served in doped with Rh+4: in BaTiO3 matrix. From the analy-

sis of the results, it is found that large growth is observed in

Rh+4 BaTiO3, roughly 10 times from the  BaTiO3. Figure 3 a and

b also represents the variation of the growth rate with wave

number of Rh: BaTiO3 in the different crystallographic plane.

Figure 4 a and b shows growth rate with wave number of Ba-
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TiO3 along different crystallographic plane. This show steeply

decreases  of  growth  rate  with  wave  number  up  to  3.1  x109

V/m. In Rh: BaTiO3, it shows 10 times more growth as BaTiO3.

The major impact is due to only large difference in high dielec-

tric constant. But beyond that, it shows the independent rela-

tion of k with the decease of the growth rate. The difference in

magnitude is explained by this difference in acoustic damping.

It is due to the interaction of the electromagnetic wave with

piezoelectric plasma. In these limits the acoustic damping is

described by 0" 0M and

"M where is the longitu-

dinal viscosity and is the limiting longitudinal viscosity.

The presence of very high frequency relaxation processes in

solids and it is phenomenological described by the Voigt

model of visco elasticity, corresponding to a longitudinal

modulus written as "M M i . To

change the crystallographic direction form longitudinal to

transverse direction, it shows slight variation in transverse

viscosity. The overall impact of viscosity does not change the

growth of parametric instability from the absorption of the

electromagnetic wave

0
2

4
6

8
10

x 10
9

0

5

10

x 10
9

0

1

2

3

4

5

6

x 10
24

Electric Field (V/m)
Wave Number (1/m)

G
ro

w
th

ra
te

(1
/s)

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

x 10
24

Longitudinal direction in [100]

0
2

4
6

8
10

x 10
9

0

5

10

x 10
9

0

1

2

3

4

5

x 10
24

Electric Field (V/m)
Wave Number (1/m)

G
ro

w
th

ra
te

(1
/s)

0.5

1

1.5

2

2.5

3

3.5

4
x 10

24

Transverse direction in [100]

Figure 3: Variation of the growth rate i  with wave number

and electric field for (a) Rh: BaTiO3 in longitudinal direction in

[100] (b) Rh: BaTiO3 in Transverse direction in [100]
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Figure 4: Variation of the growth rate i  with wave number

and electric field for (a) BaTiO3 in the longitudinal direction in

[100] (b) BaTiO3 in Transverse direction in [100].

4  CONCLUSION
1. From the above discussion, the parametric instability of the

plasma wave by the acoustic wave can be easily achieved by

using the high dielectric material. This type of the dielectric

property is found in strain dependent dielectric material which

is developed by the change in crystal structure by expanding

the entire lattice through doping in the parent structure.

2. By introducing the Rh+4 in BaTiO3 matrix, it changes the die-

lectric constant, and they also affect the threshold electric

filed and growth. The results show a considerable growth rate

in Rh: BaTiO3 by optimizing the parameter like electric field

and  wave  number.  It  shows  10  times  more  growth  than  Ba-

TiO3 because of the high dielectric constant.

3. The threshold electric filed and growth due to high dielectric

material decrease with increase the wave number as well as

electric field. They show the optimum value at the specific

wave number and electric field.

4. From the obtained numerical results, the growth rate is found

same in all directions. The propagation of the acoustic wave

along any direction of prorogation doesn’t disturb the thresh-

old electric field. Even the sign of the electric field is not

changed with charge the direction of propagation of acoustic

wave inside the material.

5. This property is very useful to design the optoelectric device

like optical resonator, oscillators, etc. because of retention of

the crystal symmetry of the material after doped with Rh+4.
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