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In this paper, we have investigated the quantum plasma effects on circular polarized wave in cold 
plasma. In this present paper, we have described the electron quantum plasma on the propagation of 
circular polarized waves. We also studied the dispersion equation of plasma propagating over the 
cold plasma covered the external magnetic field occupying on the QHD model. We obtained 
numerical and analytically dispersion relation of magnetized and unmagnetised quantum plasma. It 
is shown that the large amplitude of circular polarized wave in quantum plasma. 
 
 
 
 
 
 

 
 
 

 
 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 
 
 
 
 

 
 

 
 

 
  
 

 
 

INTRODUCTION 
 

Quantum plasma has been fascinating a considerable 
modernization in the field of quantum physics. The 
involvement of quantum terms of equation in plasma fluid, like 
as quantum diffraction effect, mutated equation of state, linear 
and nonlinear acoustic waves,  parametric and modulation 
instability of quantum plasma, SRS and SBS instabilities of 
electromagnetic wave in ultra-cold plasma, the propagation 
waves and instabilities in quantum plasmas. S Chandra et.al. 
[1] are showed that the application of quantum effect such as 
quantum echo, instabilities of quantum plasma in Fermi gases, 
quantum landau damping. Traditionally plasma physics has 
mainly focused on regimes characteristics by high temperature 
and low density where quantum effects are no any impact. But 
in plasma density is so high and temperature is law. Thermal 
De Broglie wavelength of electron is comparing the antiparticle 
distance. Semiconductor, metal and laser plasma this 
consideration is strongly fulfilled. 
 

A Mulley.et al. [2] studied on the various types of model in 
quantum plasma. These models are Wigner passion system, 
which involves integral-differential equations and other one is 
most popular quantum hydrodynamics model i.e. QHD, 
quantum hydrodynamics’ model have been considered as an 
extension of usual fluid model in plasma. QHD model in 

semiconductor plasma have been new mathematical model or 
empirical modification to the fluid model of quantum plasma .  
QHD model are invented to initiative work of G. Manfred 
et.al[3].QHD model imitative by catching the velocity space, 
moments of the Wigner equation in classical fluid model.QHD 
model has contained the well set equation interpret the 
transport of charge, momentum and  energy of the charged 
particle collaborate over an ascetic invariable of electrostatic 
plasma potential. The fluid model of quantum plasma is 
generalized by QHD model with the involvement of quantum 
correction, the term is recognized as the Bohm potential term 
relevantly epitomizes the negative differential resistance. In 
quantum phenomena, Bohm potential are established on the 
resonant tunneling. Dense quantum plasma is the most 
important effect of quantum plasma. 
 

Bahaa.F.et.al[4] investigated the quantum plasma effect the 
comparisons of De Broglie wavelength of the charge carrier 
and spatial scale of plasma system is the most important in 
dense quantum  plasma. H.Ren et.al[5] highlighted the new 
dispersion relation with quantum effect correction for a bit 
types of linear and nonlinear waves in a uniform cold quantum 
plasma with non-zero external magnetic field and also 
investigate Kumar et.al [6] explained the  cold quantum plasma  
and retrieved the dispersion relation for the propagation of 
linear polarized laser beam adopting perturbation techniques. In 
adding the surface plasma vacuum interface of a captivate 
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enough study seeing that the frequency spectra have species 
function in various field such as laser physics, plasma 
spectroscopy and plasma technology[7] .in dense quantum 
plasma of half space establish the dispersion relation for 
surface Plasmon’s obtained by M. Laser et.al [8].  And also 
find out the dispersion relation of one, two stream and beam 
plasma instabilities in uniform magnetized plasma are obtained 
over the new dielectric tensor [9]. 
 

In present paper we have described three componenet of the 
electron quantum plasma of the quantum effects on the 
propagation of circularly polarized wave. We also studied the 
dispersion equation of propagate over the cold plasma covered 
the external magnetic field occupying on the QHD model. 
 

Governing Equations 
 

In consideration of a circularly polarized laser beam expressed  
By the electric field  
 

� = ��[���(��� − ��)��� + ���(��� − ��)���� 
 

And the magnetic field 
 

� = ��[−���(��� − ��)��� + ���(��� − ��)���� 
 

Propagating over the quantum plasma electron is mesmerized 
in an ambient static magnetic field�� = ����. By the QHD 
model the dynamics of electrons are governed by the pursuing 
the equation of continuity and momentum. 
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Where n is the number of density, m is mass of electron and � 
velocity of electron and ℏ is the Planck’s constant divided 
by2�. Electrons are executing the pressure law and show the 
equation of state in one dimensional zero temperature Fermi 
gas. 
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�������
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Here ���� = √
��������

�
    is the Fermi thermal speed,��� is the 

Boltzmann’s constant, 		�� is  the equilibrium particle number 
density .we have to admitted the quantum statistical effects 
over Fermi temperature and quantum diffraction in ℏ 
dependent.we will obtained classical hydrodynamics equations, 
we can set ℏ equal the temperature of electron. 
 

By the using of perturbation technique, we shall be estimate 
any physical quantity			∅ represent the following form  
						∅ = ∅� + ∅� 
Here ∅� is the unperturbed value and  ∅� ≪ ∅� is the small 
perturbation  
 

∅� ∝ ���(−��� + ��, �) 
We get, 
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Equation (4) are represented the Bohmpotential, has been 
perturbatively expanded using [10]. The basic set of linearized 
equations in homogeneous quantum magnetized cold plasma is  
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Derive the expression of k from the equation (6) 
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In 2012 B.F Mohamed and Rehab.A studied two components 
of the plasma electrons in the plane of circularized polarized 
laser beam we have extended that equation in threecomponents 
of plasma electron in circular polarized laser beam are showed 
in below 
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Where,� = ��
� 	− ���,����

�	, �, =
�
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And �� =
���

�
							��	�ℎ�	��������	������	���������	.still at 

the similar time the current density and dielectric tensor � are 
given by 
 

� = ��. ��																																																																																																																														(11) 
 

Here   �� is the electrical conductivity and E is electric field. 
Commonly we approximate the current density assumes the 
current simply is proportional to the electric field 
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Where ��			��	�ℎ�	����	������	���		���
� = �

���
�

���
�  is the plasma 

electron frequency? 
Since the dispersion relation are follows 
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DISCUSSIONS 
 

In case of unmagnetized plasma 
 

We are concentrated to find out the dispersion relation in 
equation (13) numerically and analytically 
 

In few cases for�� = 0 
 

In first case, the absence of external magnetic field i.e. the 
propagation of linear polarized laser beam in unmagnetized 
quantum plasma (�� = 0) and reduced the following equation 

 

�
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�
�
�
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= 0																																													 
Those are gives two dispersion relation and they are explain the 
propagate of laser beam in unmagnetized plasma. At this case 
the equations are obtained 
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In case of magnetized plasma 
 

In second case presence of  external magnetic field i.e the 
propagation of linear polarized laser beam in magnetized 
plasma and this ignoring the quantum effect for the region of 
Bohm potential and Fermi temperature of quantum statistical 
effect the (R=0) equation (13) becomes 
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Equation (16) expressed the dispersion relation of linear 
polarized laser beam propagating in classical plasma showed in 
equation (14)  
 

Taking some normalized  
 

� = � ��� 	, �	 =
������

��
	 , � =

��

��
		 , �	 =

�

����
, �� =

��
���   

,	� = 1 ��  
 

And also the plasmonic coupling �Τ =
ℏ��

�����
� � those values are 

showed that the ratio between the plasmonic energy density to 
the electron Fermi energy density  
 

By the following values modified and rewrite the equation (16) 
 

�� −���1 + ���� + ���(1 + ����)�

+ �������(1 + ����) = 0																(19) 
 

Numerical calculation 
 

The parameters of piezoelectric material InSb at room 
temperature 77 k, m0=9.11x 10-31kg , n0=1023m-3, Cs=4x 103ms-

1 , �� =1.37x1016s-3,VFe=1.4x108, ℏ =6.6x10-34Js, � =5.15x 

1011,N = 2.6x1015,In equation (19) plotted the different values 
T. 
 

 

 
Figure 1 plot the all parameters Insb in equation (19), and display the 

dispersion curve for different values of T =1, 2,3,4,5. 

 
Figure 2 using equation (13) showed that the normalized frequency(� =
�
��� ) and the normalized wave numbers (�	 =

�����

��
)for different values 

of�� = 1,2,3,4,5. 

 
 

Figure 3 display a curve of dispersion relation of magnetized circular polarized 
wave in quantum plasma for parameters of (��=0.2, 0.4) for increased wave 

number also increased its wave frequency. 
 

CONCLUSION 
 

In this paper we have explained that the dispersion relation of 
magnetised and unmagnetised quantum plasma through using 
QHD equation and Maxwell equations. Apply perturbation 
technique and obtained three component of plasma electron in 
circular polarized laser beam. We have studied that the large 
circular polarized wave in presence of electric and magnetic 
field. In this paper showed that the quantum effect on phase 
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velocity and for increases the wave number, wave frequency 
are also increased applied with more magnetic field. 
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