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Abstract: The procedure used to obtain the expression of the dielectric tensor of cold plasma in a rotating electromagnetic 

field has been presented in our previous paper [1]. We used this procedure to derivate the dielectric tensor for hot plasma in a 

rotating electromagnetic field. By means of the expression of dielectric tensor which expresses the linear response of plasma, 

we derived, discussed and compared the dispersion relation for waves in hot plasma with the one obtained for cold plasma 

located in a rotating electromagnetic field. This dispersion relation, which is 
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KKK εδ , depends on three 

variables: wave’s vector K
�

, angular frequency Ω and temperature parameter Ta of particles kind ‘‘a’’. The super fix “c” means 

“hot” in this relation. We observed that more the temperature is higher, more is the electrical conductivity of plasma (weak is 

the resistivity of hot plasma). The study revealed that the dispersion relation has a temperature parameter in its exponential 

part. We observe also that: 1) when the temperature parameter Ta tends to zero, the exponential factor tends to unity. 
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KKK εδ  is the dispersion relation of cold plasma, where the super fix “f” means “cold”. 2) the temperature 

parameter Ta tends to infinity when exponential factor tends to zero. 02 =− KKK ijji δ  is the limit case of dispersion relation 

of hot plasma. 
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1. Introduction 

The dispersion relation and the dielectric tensor of waves 

in plasma have been extensively studied over the last decade 

“[2], [3], [4], [5], [6]”. The primary purpose of these 

investigations is to gain a better understanding of plasma 

properties, specially studying waves propagation in plasma 

and producing renewable energy by the thermonuclear fusion 

controlled reaction. The subject of waves propagation in 

plasmas can not been considered as a simple problem, from 

mathematically point of view. In collisionless plasma it 

involves the use of Maxwell’s equations for the components 

of the electromagnetic field, coupled to a set of Vlasov 

equations for the distributions of each of the plasma species. 

Macroscopic instabilities of plasmas are important subjects 

in fusion research and have been extensively studied by use 

of magnetohydrodynamics. In a high temperature plasma, 

however, kinetic effects play a vital role in stabilizing and 

destabilizing plasmas. In most of previous analyses, kinetic 

effects are involved perturbatively. 

Dielectric tensor can be derived for different physics models 

such as multi-fluid model, kinetic model (without drift motion), 

drift kinetic model, drift kinetic model taking account of 

particle orbit, and so on. Propagation of electromagnetic waves 

in plasmas is the basis for understanding their optical 

properties in different ranges of frequencies and wavelengths. 

A large number of articles and books are now available, 

concerning derivation of dielectric tensor and dispersion 

relation for plasmas “[7], [8], [9], [10]”. 

In order to study the propagation of electromagnetic waves 

in plasmas, the dispersion relation of waves is the used 

fundamental tool because it connects two dependants variables 

of plasma: the angular frequency (Ω) and the propagation 

waves vector 



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k  as in expression ( ) 0, =ΩkD

�

[1] where D 

denote the flux density of electric current. 
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The rotating electromagnetic field in which our hot plasma 

is located has been described by Lofo L.B. and Kazadi M.B. 

[11]. The rotating field axe has been chosen along the OZ 

with angular velocity ( )ωω ,0,0=
→

 [12] 

This paper is devoted to derive the dispersion equation of 

waves for hot plasma located in a rotating electromagnetic 

field. To achieve our purpose, our work is subdivided as 

follow: in section 2, we derive the dielectric tensor of waves 

for hot plasma located in a rotating electromagnetic field [1]. 

In section 3, we calculate the dispersion relation of waves for 

hot plasma and then, the section 4 will content our 

conclusions. 

2. Derivation of Dielectric Tensor for 

Waves in Hot Plasma “[1], [2], [3], [4], 

[11], [12], [13], [14]” 

Let us consider our plasma with two species of particles, 

each denoted by the index “a”. Each species is describe by a 

distribution function , where ,  and t are 

respectively momentum,  position vector and the time. This 

function is normalized as follows: 

                       (1) 

Where  is the number of particles of type “a” by 

unit of volume, at the position vector r and the time t. In the 

absence of collision the behaviour of the system is governed 

by the Vlasov - Maxwell system of equations. 

A plasma is said to be hot when the aleatory component of 

particles velocity is not neglected i.e. one can take into 

account of temperature effects. In this approximation the 

distribution function of plasma particles will be given by the 

Maxwell-Boltzmann distribution function [15] as follow: 

             (2) 

where the suffix ″a″ takes the two values of particles 

component (ions or electrons), 

fa: distribution function of particle kind ″a″  

p: particles moment 

ma: particles mass of kind ″a″ 

χ: Boltzmann constant 

Ta: particles temperature of kind ″a″ 

The dielectric tensor of plasma is as follow: 

                               (3) 

where is the delta Dirac distribution function and is 

the electrical conductivity tensor of plasma. This last term is 

given by [12]: 

                        (4) 

where the: 

ea: particles electrical charge of kind ″a″ 

na: particles electrical density of kind ″a″ 

Pai: particles moment of kind ″a″  and i
th

 line 

From the expression (3) the product  can be written as follow: 
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Remembering that: 

                                   (5) 

and 

                                   (6) 

( )trpf a ,,
�

p
�

r

),(),,( 3 trnpdtrpf aa

�� =∫

),( trna

�

( ) ( ) 






 −= −

aa

aaa
Tm

p
Tmtpf

χ
χπ

2
exp2,

2
23�

ijijij i σπδε
Ω

+= 4

ijδ ijσ

( ) ( ) ( )2 0
 

0
, 1 a

a

i t K Rja a a
ij ai

a a j p P

ee n f
K dt P e dp

m p

ω
σ

∞ Ω + •

→

 ∧   ∂
 Ω = − + × × ×    Ω ∂     

∑ ∫ ∫
� �

�

�

� �

�

�

�

a
RK
��

⋅

( ) ( )( ) ( ) ( )( )
  

sin 1 cos
aa

a
a a h h

a a h a h

b p bb P b P b
R P t t t

m m m
ω ω

ω ω

  ∧ ∧⋅ ∧ = − + + − 
  

� �
� ��

�
��

� �

( ) ( ) ( )( )
( ) ( )( )

  
, sin 1 cosa h h

a a h a h

b k bb k b k b
K k t t t

m m m
ω ω

ω ω

  ∧ ∧⋅ ∧ = − + + − 
  

� � �
� � �

� �

��



 American Journal of Physics and Applications 2016; 4(1): 1-4 3 

 

Integrating over  the expression (4), we obtain the electrical conductivity tensor as follow: 

                                (7) 

where  is the Larmor frequency or the 

plasma frequency for the particles of species “a”, and

is the Jacobian [16] 

We can write the different components of electrical 

conductivity tensor of hot plasma in the form: 

     (8) 

   (9) 

                   (10) 

Therefore 

                  (11) 

Where is the electrical conductivity tensor of waves for 

hot plasma located in a rotating electromagnetic field [1]. 

From the expression (11), by putting it in the expression 

(2), we find the electrical dielectric tensor of hot plasma as 

follows: 
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where the super fix “c” stand for “hot”. 

One can see that the  components given by equation 

(12) are exactly equivalent to those appearing in Ref. [1], 

except that they content a temperature parameter in their 

exponential part. 

3. Calculation of Dispersion Relation of 

Waves in Hot Plasma “[7, 8], [9], [10]” 

For the sake of simplicity we shall consider in this work 

that our plasma is a completely ionised gas i.e. it constituted 

of charged particles in electromagnetic field ( )trE ,
�

�

 and 

( )trB ,
�

�

. The laws of electromagnetic theory establish the 

connexion between the average values of the charge and 

current density on the one hand and the strength of the 

electrical and magnetic field in the other hand. These laws 

can be written in the form of the system of differential 

equations of Maxwell equations. The system of Maxwell 

equations can be written in the form [12]: 

               (a) 

                     (b) 

                             (c) 

                          (d) 

where  et  are respectively the electrical 

charge and current density. 

By combining the Maxwell equations (a) and (b) we obtain 

the following expression: 

              (13) 

The relation (13) is the wave’s electromagnetic 

propagation equation for hot plasma. 

Applying to this expression (13) Fourier transforms [14], 

we obtain the following formula: 

 (14) 

where K is the intensity the wave vector  and  the 

pulsation or angular frequency of plasma. Remembering that 

the electrical current density is connected to the electrical 

field by the expression: 
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                  (15) 

By substituting in the expression (14) the expression (15) 

we obtain: 

 (16) 

Which is a system of ‘’n’’ equations to be solved. The 

component ‘i’ of this system of equations can be written: 

        (17) 

From the solubility condition for this system of equations 

we find the dispersion relation: 
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In order to see how this dispersion relation varies with 

respect to the temperature, let us consider the non-zero 

components of . Indeed, 

For i=j=1 

         (19) 

And for i=j=2 

           (20) 

The expression (18) of dispersion relation hot plasma has in 

its exponential part, the parameter ″temperature″. Its presence 

indicates clearly that the temperature effects play an important 

capital role in the waves propagation in hot plasma located in 

rotating electromagnetic field. When thermal motion is taken 

into consideration the dielectric tensor is not Hermitean. 

As the plasma considered in this work is hot, we observe 

that the dispersion relation depends on temperature parameter 

Ta. And, this parameter is an exponential factor in the 

expression of the dielectric tensor of cold plasma located in a 

rotating electromagnetic field. More the temperature is 

higher, more is the electrical conductivity of plasma (weak is 

the resistivity of hot plasma).We observe also that: 

1) the temperature parameter Ta tends tozéro, the 

exponential factor tends to unity. 

0
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2
2 =Ω+− f

ijijji
c

KKK εδ  which is the dispersion 

relation of cold plasma obtained in the previous work
[3]

. 

2) the temperature parameter Ta tends to infinity when 

exponential factor tends to zero. 02 =− KKK ijji δ  

which is the limit case of dispersion relation of hot plasma. 

4. Conclusion 

In this work we find that the dispersion relation has a 

temperature parameter in its exponential part. Consequently, 

this dispersion relation depends on three variables: wave’s 

vector K
�

, angular frequency i Ω and temperature parameter 

Ta of particles kind ‘‘a’’. As the considered plasma is hot, we 

observe that the dispersion relation depends on temperature 

parameter Ta. And, the temperature parameter is as 

exponential factor dielectric tensor of cold plasma located in 

a rotating electromagnetic field. More the temperature is 

higher, more the electrical conductivity of plasma is great 

(weak is the resistivity of hot plasma). We observe also that: 

� the temperature parameter Ta tends to zéro, the 

exponential factor tends to unity. 

0
2

2
2 =Ω+− f

ijijji
c

KKK εδ  which is the dispersion relation 

of cold plasma obtained in the previous works [9], [10]. 

� the temperature parameter Ta tends to infinity when 

exponential factor tends to zero. 02 =− KKK ijji δ  which 

is the limit case of dispersion relation of hot plasma. 
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