
IJSRD - International Journal for Scientific Research & Development| Vol. 4, Issue 01, 2016 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 521 

Modulational Instability of Laser Beam in Ferroelectric Material with 

Strain Dependent Dielectric Constant 
Moolchandra Rajpoot1 Sanjay Dixit2 

1,2Department of Physics 

1,2Barakatullah University Bhopal, Govt. Motilal Vigyan Mahavidyalaya, 462003 Bhopal, India
Abstract— The effect is considered of relativistic mass 

variation of the electron and a large transverse magneto-

static field on the modulational instability of a laser beam 

and consequent amplification of acoustic waves. The 

analysis is based on the hydrodynamic model of plasma in 

the collision dominated regime. Using coupled mode theory 

the modulational instability in the medium is investigated 

and the threshold value of the pump electric field and the 

conditions of the initial growth rates of unstable acoustic 

waves are deduced. It is found that the condition of 

instability gets modified due to the presence of the 

relativistic mass variation, in ferroelectric material in which 

dependence of dielectric constant on strain of material is 

considered. Numerical estimations are made for BaTiO3.. 
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I. INTRODUCTION 

The plane waves in a nonlinear dispersive medium can 

become modulationally unstable. The study of modulation 

can be made with respect to amplitude as well as frequency. 

The stumulus for the investigation of this type of instability 

in gaseous plasma stems from Volkov [1] who during the 

study of the stability of a plane electromagnetic wave 

propagating through unmagnetised plasma anticipated self 

modulational instabilities of the electromagnetic waves in 

the plasmas. Mathur and Sangoo et al state that the 

modulation of a microwave while propagating through a 

piezoelectric semiconducting plasma. in duly irradiated by 

an acoustic wave [2]. They assumed the frequency of the 

acoustic wave to be real and thus overlooked the possibility 

of instability of the modulated mode. The modulation of a 

laser beam produced due to certain plasma effects in 

semiconductors was reported by Sen and Kaw [3]. 

Lashmore-Davies [4] has described a mechanism for the 

spontaneous break-up of a shear Alfven wave above a 

certain threshold and has shown that the same mechanism 

could be effectively applied to study modulational instability 

of other finite amplitude waves in plasmas. Modulational 

instabilities of various finite amplitude waves haves been 

studied recently in gaseous plasmas [5-7]. The study of the 

frequency modulation instability in semiconductors has 

emerged as one of the most active frontiers in solid-state 

plasmas [8-10] because its vast potentialities in microwave 

devices based on this principle are playing an important role 

as low-noise amplifiers and oscillators [11,12]. Recently, 

Ghosh et al. have reported the analytical study of the 

excitation of acoustic [8] and hybrid modes [10] due to the 

modulation of a laser beam in transversely magnetized 

semiconductors. In nearly all the papers the threshold 

electric field has been reported of the mass carrier with drift 

velocity. But for such a high-amplitude electric field, it is 

necessary to include this variation and look for its effects on 

the propagation characteristics and the instability of the 

excited wave. Recently Ghosh and Dixit [13], hereafter 

referred to as I, have reported the effect of the mass 

variation on parametric interactions and the resulting 

instability if acoustic wave. 

Motivated by the intense interest in the field of 

frequency modulation instability in this paper we seek to 

study in analytical terms the effect relativistic mass variation 

on the modulation instability of acoustic wave in plasma of 

n-type (electrons only), homogeneous pulsed laser beam. 

Using coupled-mode theory kl«1 the modulation instability 

in the medium has been investigated and the threshold value 

of the pump electric field amplitude and the initial growth 

rates of the unstable acoustic waves, well above the 

threshold, have been investigated. The present analysis 

reveals that the growth rates as well as the threshold pump 

field increase due to the relativistic mass variation. Numeric 

estimates of the acoustic wave increment in the instability 

region made for n-InSb 77K. 

II. THEORETICAL FORMULATION 

We use the hydrodynamic model of a homogeneous one 

element as electron in ferroelectric semiconducting plasma 

of modulational countless extent at high frequency electric 

field E_0  exp[i(Ω_0 t-k_0.r)] is applied analogous to the 

wave vector k with x-axis and magnetic field B_0 is taken  

normal to k on z- axis. We implicit that Ω_0 (≈Ω_p  )≫v. 

Here we  used these basic equations as 
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 By using (1) and (3), and differentiating eqn (4) with 

respect to time, we get these equations 

Γ0𝑚 (
𝜕2𝑛

𝜕𝑡2) + Γ0𝑚Ω𝑅
2 𝑛 + Γ0𝑚𝑣 (

𝜕𝑛
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In collision-dominated regime (𝑣 ≫ Ω, 𝑘. 𝑣0, 𝑘0. 𝑣0) 𝑣𝑦 we 

obtained from (5) and  get it while substituted in (7) we 

obtains 
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here 𝜚 the density of the crystal, 𝐶 is appropriate elastic 

stiffness constant, and 휀0𝑔𝐸0 is the strain dependent 

dielectric constant. 
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In the plasma the density perturbation has been assumed to 

vary as 𝑬𝟎𝑒𝑥𝑝[𝑖(𝑘𝑥 − Ω𝑡)], the preliminary laser beam can 

now strike with the density perturbation to produce forced 

wave turbulence at upper (Ω0 + Ω) and lower (Ω0 − Ω) 

side-band frequencies [4]. These bands are forced waves and 

we may write down the expressions from (8) for them as: 

𝑛(Ω±, 𝑘±) =
−𝑘2(

𝑛0𝑒𝜀0𝑔𝐸0
Γ0𝑚𝜀

)𝑢

−Ω
2

±−𝑖𝑣Ω±+Ω̅𝑅
2 +𝑖𝑘±�̅̅�0

,                             (9) 

Where Ω± = Ω0 ± Ω,  k± = k0 ± k and the side-band 

waves 𝑛(Ω±, 𝑘±) vary as 𝑒𝑥𝑝[𝑖(k±𝑥 − Ω±𝑡)]. This method 

is similar to that of Lashmore-Davies [4]. 

From [6] one can write 𝑛 = 𝑛(Ω+, 𝑘+) + 𝑛(Ω−, 𝑘−) and 

using the values of  𝑛(Ω+, 𝑘+) and 𝑛(Ω−, 𝑘−) from (3) in 

(6) assuming 𝑘0 ≈ 𝑘, the dispersion relation is obtained as  
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2
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where δ = Ω0 + Ω̅𝑅. 

Equation (10) represents the general dispersion relation of 

the acoustic wave including the relativistic effect due to 

modulation of a high- power laser beam of finite wave 

number in the region 𝑘 ≪ 1 for ferroelectric semiconducting 

plasma in existence of dc  transverse magnetic field. 

A. Growth Rate And Threshold Field 

The dispersion relation given by (4) can now be solved to 

explore systematically the prospect of modulational 

instability and the consequent parametric amplification of 

the acoustic wave in accordance with the work of Pantell et. 

al. [10]. The study of the special effects of a transverse dc 

magnetic field, finite pump wave number on instability also 

the propagation characteristics of the amplified acoustic 

waves. Eqn.(10) given the dispersion relation to solved 

complex values of the acoustic wave of Ω = Ω𝑟 ± 𝑖Ωi with 

real positive values of k and the system is said to support an 

absolute instability only when Ωi > 0. Separating the real 

and imaginary parts of (10) under the collision- dominated 

regime (𝑣 ≫ Ω), one obtains 
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and 
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Where 𝐺 = −𝑣2 + 𝛿2 +
𝑣𝑘+�̅̅�0

Ω0
. 

Equation (12) shows that the excited acoustic mode will be 

unstable only when 𝐸0 ≠ 0 and 𝐺 = 2𝛿2. The same 

equation also shows that in the absence of the laser field 

𝐸0, �̅̅�0 becomes zero and consequently. Therefore, the laser 

field would be necessary to couple the acoustic and 

electromagnetic fields together and the growth rate would be 

directly proportional to the laser field. In the presence of the 

laser field necessary for the onset of instability by putting 

Ωi = 0 in (12) yielding  

𝐺 = 2𝛿2                                                               (13) 

Optimisation of  Ωi with respect to 𝛿 yields 𝛿 =
1

2
𝑣. Thus 

the threshold value of the high-frequency oscillatory electric 

field 𝐸0𝑡ℎ for the instability is obtained from (13) as 𝐸0𝑡ℎ =
Γ0𝑚

2𝑒

Ω0𝑣

𝑘 + 𝑘0
(1 −

Ω𝑐
2

Ω0
2),                                   (14) 

Where (32) of I is used to obtain 𝑣0𝑦.To obtain the growth 

rate |Ωi| of the unstable acoustic mode well above the 

threshold we use (12) which yields |Ωi| =
Ω𝑃

2

2Ω𝑟Ω̅𝑅
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2𝑔2𝐸0

2𝑘2
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III. RESULT AND DISCUSSION 

From equation (14) one can notice that the ratio of the 

threshold electric fields with 𝑘 ≈ 𝑘0 and  𝑘 ≫ 𝑘0 at 𝐵0 ≠ 0 

becomes 

 
(𝐸0𝑡ℎ) 𝑘0≈𝑘

(𝐸0𝑡ℎ) 𝑘0≪𝑘
= 0.5.                                                 (16) 

Our next aim is to study the effect of a dc magnetic field 𝐵0 

on 𝐸0𝑡ℎ whence Ωc(≈ Ωp) ≫ 𝑣, and consequently, (14) 

yields 
(𝐸0𝑡ℎ) 𝐵0≠0, 𝑘0≪𝑘

(𝐸0𝑡ℎ) 𝐵0=0, 𝑘0≪𝑘
= 1 −

Ω𝑐
2

Ω0
2                                      (17) 

It can be safeguard inferred from (16) that in a magnetic 

plasma, the threshold value of the high  frequency oscillated 

electric field 𝐸0𝑡ℎ for the onset of instability can be reduced 

appreciably in evaluation with the unmagnetised plasma. 

The threshold electric field reduces to almost half of its 

value required for the onset of instability in the presence of a 

spatially non-uniform pump with  𝑘0 ≪ 𝑘 when one takes 

the spatial dependence of the pump, such that  𝑘0 ≈ 𝑘 (15).  

The efficient investigations of the modulational 

instability of the laser beam and subsequent amplification of 

the acoustic wave and the effect of relativistic mass 

deviation on it, have also been dealt with in the present 

paper. The analytical results obtained are applied to a 

particular semiconductor like BaTiO3. The physical 

constants taken are the same as in I. the results are plotted in 

Fig. 1 to 5. Fig. 1 Shows the dependence of the threshold 

electric field 𝐸0𝑡ℎ on the applied dc magnetic field in terms 

of  Ωc for different values of Γ0 when 𝑘 = 2 × 107𝑚−1. 

𝐸0𝑡ℎ Decreases sharply for Ωc = 1.0 × 101s−1 and for Ωc =
1.0 × 1016s−1 it remains nearly constant. In the non-

relativistic limit i.e. Γ0 = 1.0, the threshold field is found to 

be smaller than that in the relativistic limit (when 𝛤0 = 5.0). 

Fig. 2 Shows that the value of  𝐸0𝑡ℎ decreases sharply with 

increase in k for Ωc = 1.5 × 1016s−1. But k cannot be 

increased to very large values as in that case of the 

assumption 𝑘𝑙 ≪ 1 break down and the quantum-mechnical 

approach should be followed. The calculated value of the 

electric field amplitude can be obtained by irradiating the 

BaTiO3 crystal with a 1.06𝜇𝑚 Nd: YAG laser. Fig. 3 Shows 

the variation of the growth rate |Ωi| with the wave number k 

for different values of Γ0 when 𝐸0 = 1 × 1012𝑉𝑚−1 

and Ωc = 1.5 × 1010s−1. One may infer from this figure 

that the growth rate |Ωi| increase with increase in the wave 

number k. Larger growth is obtained in the relativistic limit ( 

𝛤0 = 5.0) than in the non-relativistic case when  Γ0 = 1.0. 

The variation of the growth rate |Ωi| with  Ωc when 𝐸0 =
1 × 1012𝑉𝑚−1 and 𝑘 = 2 × 106𝑚−1 is plotted in Fig. 4. 

Shows that when |Ωi| remains nearly unaffected by  Ωc in 

the relativistic limit (𝛤0 = 5.0)whereas in the no-relativistic 

limit (𝛤0 = 1.0) it decrease up to  Ωc ≈  Ω0 ≈ 1.78 ×
1010𝑠−1 and then remains constant in the region  Ωc >  Ω0. 
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Fig. 5 Shows the variation of the growth rate |Ωi| with the 

electric field amplitude 𝐸0(𝐸0 > 𝐸0𝑡ℎ). It is found that in the 

non-relativistic limit, |Ωi| decreases with the increases 𝐸0. 

But in the relativistic limit, it first increases with 𝐸0, attains 

a maximum values at 𝐸0 = 2 × 1012𝑉𝑚−1, and then starts 

decreasing with the increase in 𝐸0. 

IV. GRAPHS 

 
Fig. 1: shows the dependence of the threshold electric field 

 
Fig. 2: shows that the value of  E_0th decreases sharply 

𝐸0𝑡ℎ on the applied dc magnetic field in terms of  Ωc              

with increase in k for Ωc. for different values of Γ0. 

 

Fig. 3: Shows the variation of the growth rate |Ωi| with the 

wave number k for different values of Γ0 

 
Fig. 4: Shows that when |Ωi| remains nearly unaffected by 

 Ωc in the relativistic limit 

 
Fig. 5: Shows the variation of the growth rate |Ωi| with the 

electric field amplitude 𝐸0. 

V. CONCLUSION        

This discussion reveals that the amplification of an acoustic 

wave due to modulation instability of laser beam can be 

easily achieved with larger growth rate in relativistic 

ferroelectric semiconducting plasma except with a much 

higher value of high-frequency oscillatory electric field than 

in the non-relativistic limit. One should also note that this 

amplification process can be achieved in a magnetoplasma 

with much lower amplitude of the high frequency laser filed 

than in the unmagnetised crystal. The results of this 

investigation also suggest that the occurrence of 

modulational instabilities in gaseous plasmas can be varied 

over a wide range of values without much difficulty.  
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