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Abstract: Amplitude modulation as well as demodulation of an electromagnetic wave in transversely
magnetized quantum plasma with strain dependent dielectric constant is analyzed in different wave number
regions over a wide range of carrier cyclotron frequency. The consideration of quantum effects in modulation
and demodulation is of prime importance for the adding of new dimensions in acousto-electric magnetized
semiconductor plasma. It is found that quantum effects modify the amplitude modulation and demodulation
processes effectively. Numerical estimates are made for n-BaTiO; crystal at 77K duly shined by a pulsed 10.6
um CO, laser .Complete absorption of the wave takes place in all the possible wavelength regimes when the
cyclotron frequency w. becomes nearly equal to w,.
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I.  Introduction

Motivated by the extensive researches in the field of semiconductor quantum plasma from the different
researchers, [1-3] in present paper analytical investigations are made for the amplitude modulation and
demodulation of an electromagnetic wave in material with strain dependent dielectric constant (SDDC) using
quantum hydrodynamic model (QHD). Amplitude modulation (AM) is modulation technique used in
communication process in which the amplitude of high frequency carrier wave is changed in accordance with
the message or information signal. AM generation involves mixing of a carrier and an information signal. The
modulation of an electromagnetic wave propagating through plasma is nothing but the periodic variations of the
propagation parameters. When an unmodulated electromagnetic wave propagates through plasma medium with
periodically varying parameters, it gets modulated or demodulated in terms of amplitude or frequency. This
periodic variation in the propagation parameter has been caused by time-varying charge carrier density and
collision frequency of plasma. Modulation or demodulation of pump wave is the process of changing amplitude
or frequency or phase. In contrast to frequency modulation and phase modulation, AM technique was the
earliest form of modulation used to transmit audio signals. This type of modulation when utilized to best
advantage, its efficiency can either equal or exceed that of all other modulation processes. In many complex
modulation schemes, the phenomenon of modulation of an electromagnetic wave by an acoustic wave is very
useful in large number of applications involving the transmission, display and processing of information. An
AM type system transmits the carrier and both side bands with equal efficiency. This is often used for maximum
simplicity and economy, particularly at low outputs [4].

The fabrication of some acoustoelectrical devices is based on the interaction of acoustic vibrations and
the mobile carriers. This interaction gives useful information regarding the physical properties of the host
medium. In the study of possible interactions in media where wave functions of the neighboring particles
overlapped, quantum corrections that may be estimated by QHD model of plasmas, plays an important role.
These wave function overlapping becomes possible only when the deBroglie wave length of the charged
particles becomes comparable to the dimensions of the plasma system. There is noticeable interest for quantum
plasmas due to their wide-ranging applications in ultra small electronic devices [5-7].

The intense pump beam electrostrictively generates an acoustic wave within the SDDC medium that
induces an interaction between free charge carriers and the acoustic phonons. This interaction induces strong
space charge field that modulates the pump beam. Thus, the applied optical and generated acoustic wave in an
electrostrictive modulator can produce amplitude modulation and demodulation effect at acoustic wave
frequency. Several reports on modulation in semiconductor plasmas has been reported by a number of workers
[8-11]. Nimje and his coworkers [12] reported the amplitude modulation and demodulation of an
electromagnetic wave in presence of hot carriers in magnetized diffusive semiconductor plasmas using
hydrodynamic model. Yadav and Ghosh [13] have observed the amplitude modulation and demodulation in
strain dependent diffusive semiconductors. The diffusion of carriers shows the strong influence on the
nonlinearity of high mobility I11-V compounds semiconductor. The semiconductor technology is generally
based on the high mobility of excited charge carriers through diffusion processes. The modulation of a laser
beam produced due to certain plasma effect in semiconductor was reported by Sen and Kaw [14]. Recently,
extensive studies with quantum correction on parametric interactions and longitudinal phonon Plasmon
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interactions have been reported [15-16]. The concept of amplitude modulation and demodulation in
semiconductor plasma has reported by many researchers but the study of such process in quantum plasma
systems seems to be theoretically unexplored. Hence, inspired by the above status in the present paper, authors
studied quantum effects on amplitude modulation and demodulation of electromagnetic wave in SDDC material.
For the study of quantum effect in such process, author used QHD model which is an embracing model
developed for quantum plasma through the pioneering works of Manfredi and Hass [17].

Il. Theoretical Formulation
Authors have used the QHD model to get the objective established in introduction section. Authors
have considered a homogeneous n-type crystal (n-BaTiO3) for the theoretical formulation of amplitude

modulated laser beam. The medium is immersed in a static magnetic field (BO) pointing along z-axis that is
normal to the propagation vector of parametrically generated acoustic wave (ka) along x-axis ;. Here, we have
assumed €xp {i (kX— a)t)} dependency of the field quantities. The low-frequency perturbations are assumed to

be due to the acoustic wave (a)a,ka) produced by acoustic polarization in the crystal. The electron
concentration oscillates at the acoustic wave frequency due to the SDDC field associated with the acoustic

wave. The pump wave then gives rise to a transverse current density at the frequencies @, and (a)o ia)a)

where @, is the pump wave frequency. The transverse current densities produced at frequency (a)o T a)a)are

known as first order side band current densities. These side band current densities produce side band electric
field vectors and this way the pump wave gets modulated. In the subsequent analysis the side bands will be

represented by the suffixes £, where + stands for the mode propagating with the frequency (a)o + a)a) and —
stands for (a)o -, ) mode.

The equation of motion for u(x,t) is considered in order to find the perturbed current density in SDDC
crystal which describes the lattice vibration and is given by,

o’u d%u OE,
P? =C ox2 _(‘EgEo) a;
where p and C are the mass density and the elastic constant respectively, £ is the dielectric constant when the

@)

strain is zero and g is coupling constant is given by ¢ = % The * over a quantity represents its complex

conjugate.
The space charge field E; is determined by the Poisson equation as
P
OF, _en,  (a9E,)@ u )
OX £ & OX

where last term on RHS represents the SDDC contribution. To compute the perturbation current density in n-
type SDDC crystal using equations (1) and (2), one obtains the perturbed carrier concentration as
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In which Va is the acoustic speed in the crystal lattice given byvé1 =[%j% and A= {‘9 g ‘Eo KC} is the

n =

dimensionless coupling coefficient due to SDDC.
The oscillatory electron fluid velocity in presence of the pump electric field E, as well as that due to the side

band modes E_, can be obtained by using the electron momentum transfer equation of the QHD model which is
given below

av, oP > o,
J+VV_+V02 _:E[E.+(\/-XBO)]— 1 . h2 21 (4)
ot J ox) ' mt! ! mn, ox  4m°n, ox

ven /. . _— N %7, /12
where, P, _m T%z is the Fermi pressure in which Fermi velocity V, =8 % with Boltzmann
n

0

constant Kz and Fermi temperature T .
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Here, the subscript j stands for 0, + and — modes. The above equation describes the electron motion
under the influence of the electric fields associated with the pump and side band modes in which m is the
effective mass of the electron and v is the phenomenological electron collision frequency. n; stands for
perturbed and unperturbed electron density. In the above relation, the pump magnetic field is neglected by
assuming that the electron plasma frequency of the medium is of the order of pump frequency. By linearizing
equation (4), the velocity components are obtained as,

(eE/j(v—la)) X V 2Kk ?

Vi, = +—— ®)
v —iw, F + @] w;,
eE/
m (£2 8 Vf2 k 2 (6)
V., = — /11T 4+ —
Yo v —ie, ) el ] w
2,2
with V2=V, (1+T,) and r,= LS represents the inclusion of quantum effect in the interaction process.
B f

. eB . n ez %
In equations (5) and (6) @, =9 m is the cyclotron frequency and w, =|"° e is the plasma

frequency.
The total transverse current density in the medium is given by,

J oot = va +va exp{(k X — wt)}} @)

where, NV, exp{ (k X—w; t)}represents the current generated due to the interaction of the pump with acoustic
wave. Using equations (5), (6) and (7) in the general wave equation,

82 Et;)tal 82 Etzotal —u aJ total _ 0 (®)
OX ot ot

where 1 is the permeability of the medium and neglecting exp($ ikaX) in comparison to 1, we obtained the
following expressions for modulation indices,

— ue

. . 21,2
E, i, 1euCk, A% (v —im,) 1+ka
- (2, .2 2\ : ' 2 ©)
E,  mplk, 2k)l(a)c tV— )_ '(Za)ov)J @y
in which = gE, . By rationalization of above equation, one obtains the real part of modulational indices as,
E. w, 1UCK. A’ \0? +v* - @ VK2
+ _ 0 ( 0) 1_|_ - (10)

& i, <2for -] 4oi] o

It can be inferred from the above equation that quantum effects appear in the parameter Vf' and SDDC

p

contribution contained in A and /£ play a significant role in deciding the magnitudes of the modulation indices
in semiconductor plasma.

I11. Result And Discussion
In this section we analyze the above expression (10) to discuss the amplitude modulation/demodulation
due to acousto-electric interaction with and without quantum effect in the presence of SDDC in materials with
high dielectric constant. To get some numerical appreciation, we use the following parameters of n-BaTiO;
semiconductor crystal assumed to be duly irradiated by 10.6 um pulsed CO, laser at 77K:.

m=0.0145m,,v =5x10"s™" & =2000
V, =25x10°ms™, m, =1.6x10%sec™ w, =2x10"sec™, p=4x10°kgm™=T =77k..

DOI: 10.9790/4861-0806051418 www.iosrjournals.org 16 | Page



Amplitude Modulation and Demodulation in Magnetized Quantum Plasma with SDDC

Expression (10) for the modulation index in the SDDC material with and without quantum effect can
be analyzed for two different wave number regimes viz., (i) k, > 2k and (ii) k, <2k
(i) When k_ > 2k :

The variation of E%O and Eﬁo with the applied magnetic field @, are depicted in figures land 2.1t

may be inferred from figures that when one applies weak magnetic field, the cyclotron frequency @, becomes
smaller than the carrier frequency @,, then both the modes are in phase with pump wave, which exhibits

modulation process. At a particular value of magnetic field when @, = @, the modulation indices of both the
modes become zero and complete absorption of waves takes place on neglecting the collision term in equation
(10). On further increasing the cyclotron frequency (60C > a)o)both side band go out of phase. These out of
phase side bands then interact with the pump wave under this condition to produce demodulated acoustic wave.
We conclude that demodulation process can be observed in the regime K, > 2K with (60C > a)o)in presence

and absence of quantum term. It can also be seen that the modulation index of the minus mode is always greater
than that of the plus mode.
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Figure 2. Variation of modulation index of

Figure 1. Variation of modulation index of minus mode (when ka > 2K ) with magnetic
plus mode (whenk, >2K) with magnetic

field with and without quantum effects.

field with and without quantum effects.

(i) Whenk, < 2K :

The variation of E% and Eﬁ with the applied magnetic field @, are depicted in figures 3 and 4. In
0 0

this wave number regime the behavior of modulation indices for plus and minus modes are (as shown in figures
3 and 4) opposite in nature. In the same wave number regime the amplitude of the plus mode is positive under

the condition (a)C < a)o). Hence under this regime of cyclotron frequency, the amplitude of plus mode is in

phase with the pump wave. This side band then interacts with the wave to produce modulated acoustic wave.
However, when the carrier frequency becomes nearly equal to the cyclotron frequency, complete absorption of

waves takes place on neglecting the collision term in equation (10). In the range defined as (a)C > a)o), the

modulation indices of plus mode is negative. This out of phase side band waves then again interact with the
pump to produce a demodulated wave which exhibits demodulation process. From figure 4 we can see that in

this wave number regime the amplitude of the minus mode is negative under the condition (a)c < a)o) and out
of phase with pump wave. This side band then interacts with the wave to produce demodulated acoustic wave.
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Figure 3. Variation of modulation index
of plus mode (whenk, <2K) with

magnetic field with and without quantum
effects.
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Figure 4. Variation of modulation index of
minus mode (when K, < 2K) with magnetic
field with and without quantum effects.

When the carrier frequency becomes nearly equal to the cyclotron frequency, complete absorption of
waves takes place on neglecting the collision term in equation (10). A slight tuning in the range defined as

(a)C > a)o) at this resonance condition decreases the indices abruptly to zero and exhibits modulation process.

Thus, for a particular magnetic field if one gets modulation of plus side band mode then minus side band mode
becomes demodulated and vice-versa. It is a very fascinating result.

V. Conclusions
From the above discussion the modulation and demodulation of the EM wave by the acoustic wave can
be easily achieved by using material with high dielectric constant. It is found that quantum effect plays a
significant role in deciding the parameter range and selecting the side band mode, which will be modulated by
the above mentioned interaction. The quantum correction term alters the result favorably. It always increases the

value of modulation/demodulation indices for both the modes around @, = @), .Thus in presence of quantum

term the material with strain dependent dielectric constant offers an interesting medium for the purpose of
investigations of different modulational interactions and one hopes to open a potential experimental tool for

energy transmission and solid state diagnostics in crystals with high dielectric constant.

References

[1]. F. Hass, L.G. Garcia, J. Goedert and G. Manfredi, Quantum ion-acoustic wave, 2003, Phys. Plasmas, 10(10), 2003, 3858-3866.

[2]. P. K. Shukla and S. Ali, Dust acoustic waves in quantum plasmas Phys. Plasmas, 12, 2005, 114502-03.

[3]- A.P. Mishra and A.R Chowdhury, Modulation of dust acoustic waves with a quantum correction, Phys. Plasmas 13, 2006, 072305-
12.

[4]. R. Sanghvi and S. Ghosh, Amplitude Modulation and Demodulation of Electromagnetic Waves in Magnetized with Strain-
Dependent Dielectric Constant, Material, Phys. Stat. Sol. 118, 1990, 235.

[5]- Aartee Sharma, Nilesh Nimje, N. Yadav and S. Ghosh, Effect of Density Gradient on Longitudinal Phonon-Plasmon

[6]. Interactions in Colloids Laden Semiconductor Quantum Plasmas, International J. of Adv. Res. in Physical Sci. 1, 2014, 19-27.

[7]. Amar P. Mishra and P. K. Shukla., Amplitude modulation of electron plasma oscillations in a dense electron-hole plasma, Phys. of
Plasmas, 14, 2007, 082312.

[8]. S. Ghosh, Swati Dubey, and R. Vanshpal, Quantum effect on parametric amplification characteristics in piezoelectric
semiconductors, Phys. Lett. A, 375, 2010, 43-47.

[9]. S.S. Mathur,and MS. Sagoo, Ultrasonic modulation of microwaves in piezoelectric semiconductors, Canadian J. of Phys,,
51,1973, 2459-63.

[10].  C.N. Lashmore Davies,Modulational instability of a finite amplitude Alfven wave, Phys. of Fluids, 19, 1976, 587.

[11].  A. Neogi, KP. Maheswari and MS. Sodha, Modulational instability in optically strained magneto-active semiconductors, J. of the
Optical Society of America B, 11, 1994, 597-604.

[12]. S. Ghosh and M.P. Rishi, Acousto-optic modulation in magnetised diffusive semiconductors, European Physical J. D:Atomic,
Molecular, Optical and Plasma Physics, 19, 2002, 223-30.

[13].  Nilesh Nimje, Swati Dubey and S. Ghosh, Amplitude Modulation and Demodulation of an Electromagnetic Wave in Magnetised
acousto-optic diffusive semiconductor plasmas, Optics and Laser Technology, 44 , 2012, 744-748.

[14]. S. Ghosh and Nishchhal Yadav, Amplitude Modulation and Demodulation in Strain Dependent Diffusive semiconductors, Acta
Physica Polonica A, 112, 2007.

[15].  A. Sen, and P. Kaw, Resonant absorption method of laser modulation, Journal of Physics D: Applied Physics, 6, 1973,2091.

[16]. S. Ghosh, Swati Dubey, and R. Vanshpal, Quantum effect on parametric amplification characteristics in piezoelectric
semiconductors Phys. Lett. A, 375, 2010, 43-47.

[17]. Aartee Sharma, Nilesh Nimje, N. Yadav and S. Ghosh, Longitudinal phonon-plasmon interaction in quantum semiconductor
plasmas with non-participating colioids, International Journal of Physics and Mathematical Sciences, 4(2), 2013, 45-50.

[18].  G. Manfredi and F. Hass, Self-consistent fluid model for a quantum electron gas, Phys. Rev. B, 64, 2001, 075316-23.

DOI: 10.9790/4861-0806051418

www.iosrjournals.org 18 | Page



