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Abstract— In this paper dispersion relation in TE mode in 

cylindrical waveguide contain dielectric rod and plasma layer are 

investigated using Maxwell equations, and boundary conditions. 

The dispersion relation is simulated in slow wave. The effect of 

plasma radius variation on the frequency spectra of slow waves 

are simulated by maple software. It is found that decrease in 

plasma radius causes a higher frequency in slow waves which is 

practical in telecommunication. Furthermore, the frequency 

spectrum of the waves is slightly shifted by thickness of the 

umagnetized degenerate plasma layer. 

Keywords — Dispersion relation, cylindrical waveguide, 

dielectric rod, plasma layer, Maxwell equation  

 

I. INTRODUCTION (HEADING 1) 

Recently there is an increasing interest in coherent 

radiation form short bunches of electrons as a source of 

millimeter and sub-millimeter waves [1]. It is well known 

that microwave energy is widely used to heat and drive 

steady-state currents in magnetically confined plasmas for 
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controlled fusion experiment [2]. Electrons and ions in 

plasma are natural species in that become a subject to 

numerous natural oscillations particularly in the microwave 

frequency range. For this reason, a device filled with 

plasma may serve as a source of microwave radiation [1,3]. 

Moreover, the electron beam-plasma interaction have been 

used as a high power source of microwave and millimetre 

radiation [4]. However, it is released that the injection of 

background plasma in the electron-wave interaction region 

can reduce the space-charge wave limitations [5]. Furthermore 

it has been found experimentally that the injection of plasma 

into the microwave apparatus enhances the interaction 

efficiency and the output power much more than that of for 

vacuum case. Plasma also can improve the transmission 

quality of electron beam as light beam transmit without a 

guiding magnetic field. Thus high-power microwave devices 

get lots of attention [6]. 

In this paper the electromagnetic dispersion relation in TE 

mode in cylindrical waveguide with dielectric rod and 

unmagnetized degenerate plasma layer are investigated. The 

effect of plasma radius variation on the slow waves frequency 

are simulated by maple software. We found that for plasma 

with smaller radius, a higher frequency in slow waves will 

produce. This attribute of plasma can be used for 

telecommunication applications.  Additionally, the frequency 

spectrum of the waves is slightly shifted by thickness of the 

umagnetized degenerate plasma layer. 

II. THEORY 

The structure of cylindrical waveguide with radius mR  for 

unmagnetized degenerate plasma layer with radius 
pR which 

covered dielectric rod with radius 
dR  in center of waveguide is 

shown in Figure 1. 

 
Figure 1: The cylindrical waveguide structure with 

dielectric rod and unmagnetized degenerate plasma layer 

 

To study the dispersion relations of electromagnetic waves in 

proposed structure, Maxwell’s equations are used [3]
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where B  and  represents the perturbed values of magnetic 

and electric fields. Here   shows the dielectric tensor. 

The system of fundamental equations describing general 

behaviour of symmetric magnetic field in this geometry can be 

attained as follows [3] 
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Here 
zk  shows the axial wave number,  

 represents the 

transverse component of plasma dielectric tensor,    is 

angular frequency of electromagnetic wave, c shows the speed 

of light and 2

 is the transverse Laplacion. Eq. 3 describes TE 

symmetric wave’s propagation along the axis of the waveguide 

with non-zero field components of axial electric field zE , 

angular magnetic field B  and radial magnetic field rB . 

III. SLOW WAVES 

To achieve the slow waves [4], the phase velocity should 

be smaller than the speed of light in vacuum ( )
ph z

ck    

thus the following parameters are introduced  
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where in Eq. (5) 
p

 
  is defined as[7] 
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In  Eq.6
p  is the angular frequency of electromagnetic 

wave and the summation extends over all types of charged 
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particles in the degenerate plasma. 
FV 

  is Fermi velocity of 

charge carriers of type  of degenerate plasma . 

 

Based on the Eq. 3, the magnetic field for different parts of 

cylindrical waveguide is 
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Where 
iD (i=1,2,..5) are constant coefficients. 

,
m m

IJ and 
m

K  are representing the Bessel function of 

the mth order, the first kind and the second kind of modified 

Bessel function in  mth order, respectively. In addition ,p dx x  

and '
x

 are real values in limited area           
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Considering the boundary conditions [2] 
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the dispersion relation is obtained from the following 

determinant 
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In Figure 2 the frequency is normalized by plasma 

frequency 
pe , and 

zk  is normalized by
pe

c  . 

Figure 2 shows the dispersion relation for two different 

plasma radii in slow waves with smooth- wall waveguide. 

Simulated results show that a decrease in plasma 

radii pR causes increase in frequency of waves. 

 
Figure 2.simulated result for dispersion relation of slow 

wave for two different plasma radii of 8
p

mR   (dash lines) 

and 7.1
p

mR   (dot lines). 

IV. CONCLUSIONS 

In this paper the electromagnetic dispersion relation in TE 

mode for dielectric rod and unmagnetized degenerate plasma 

layer is investigated. It is found that decrease in plasma radius 

causes a higher frequency in slow waves in TE mode. Also, 

the frequency spectrum of the waves is slightly shifted by 

thickness of the umagnetized degenerate plasma layer. 
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