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Abstract:  The modal dispersion and cutoff conditions for a W-type plasma loaded circular waveguide are presented. The 

proposed waveguide has three parts namely the core with higher index, the inner cladding with plasma and outer cladding 

with air. The dispersion equation is obtained by solving the Maxwell’s equation and matching the field at various interfaces. 

The graphs for modal characteristics are presented. It is noted as the width of plasma layer increases, the cutoff frequency 

also increases considerably in all considered case. This analysis shows that the introduction of plasma in waveguide provides 

additional parameters for controlling the propagation property. 

 

INTRODUCTION. 

 

Optical fiber and optical waveguides have been integral part of the modern communication systems [1-13]. The development 

of high quality optical fiber technology, the optical communication industry has witnessed an enormous growth in the last 

four decades. Fiber optics is now taken for granted in view of wide-ranging application as the most suitable singular medium 

for transmission of voice; video and data signals. Indeed, optical fibers have now penetrated virtually all segments of 

telecommunication networks. The most popular waveguide for optical communication is the standard optical fiber having 

circular cross-section core cross-section. However; planar; rectangular; triangular; super elliptical and hypocycloidal 

waveguides are also widely known for their use in integrated optical devices, laser beam technology and optical fiber based 

sensors [6-10]. The first communication expert to direct serious attention to glass fibers for long distance was Kao, then at 

standard  telecommunication laboratories in England. At that time [1968] typical fiber losses were above 1000db/Km; but 

Kao suggested that purer materials should permit much lower losses. In1970, Kapron, Keck and Maurer announced the 

achievement of losses under 20db/Km in single mode fibers hundreds of meter long. Moreover the doubly clad optical 

waveguides is a novel type of optical waveguides having various advantages on the single clad fiber [14-15]. It consists of 

the three portions; core has the highest refractive index n1; the intermediate layer (inner cladding) has the lowest index n2 and 

outermost part (outer cladding) has the index n3. All three portions are assumed to be project insulators with the free space 

permeability 0 and also assumed that outer cladding extends to infinity .The radius of the core is denoted by ‘a’ and thickness 

of the inner cladding is ‘b’. There is several method of making a W-type fiber. This waveguides differ from the standard 

circular step-index fibers in respect of bounded condition of light wave.  The Chemical Vapor-Deposition Technique [CVDT] 

is one the promising methods [16-17]. In this paper we will explore some of the fundamental properties of a doubly clad 

optical waveguides with especial reference to their use in optical communications system. Here we are study the propagation 

properties, modal characteristics equations, modal cut off conditions; dispersion curves and other relevant properties of a 

doubly clad optical waveguides by using analytical methods of studied waveguides in view of theoretical under standing. 

Hence the present paper reports the finding of a theoretical study of modal properties of a double clad optical waveguides. 

Although the proposed waveguide presents a complicated mathematical problem and therefore; we do not attempt to describe 

in details the various complex mode and corresponding modal fields which will be generated in such a system; but restrict 

our selves to the estimation of the propagation constant only. 

 

THEORETICAL BACKGROUND: 

 

Here we will use a simple matrix method to compute the modal characteristics of a doubly clad waveguide. The basic idea is 

to replace the boundary condition by a matrix equation. The cross–sectional view of doubly clad waveguide is shown in Fig.1.  

The core has the largest refractive index of the three, and the outer cladding index is the next largest. Thereby we have suitably 

designed alternating claddings of low and high refractive indices. The index profile is shown in Fig. 2.   

We choose the cylindrical coordinate system for proposed geometry and assume that electromagnetic wave propagates along 

the z-axis. Using these coordinates and Maxwell equations we can obtain the expressions for the field E and H in terms of 
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the new coordinates. The details of this procedure are given in a classical paper [1-2]. The axial field components can be 

written as 
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Also A, B, C, D, F,G,L and M are unknown constants and n1, n2, and n3 are the permittivity of the core, inner and outer 

cladding region respectively . Here 1=2=3=0 is the permeability of the medium. nJ  is the Bessel function for the guiding 

region nI and  nK are the modified Bessel function for the inner and outer cladding regions respectively. 

Here  is the axial component of propagation vector,  is the wave frequency, 0 is the permeability of non-magnetic medium. 

The boundary conditions can be written as 
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Thus we get a set of equations having four unknown constants. The nontrivial solution will exist only when the determinant 

formed by the coefficients of the unknown constants is equal to zero. Hence we have  
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The dimensionless V-parameter is introduced to incorporate the parameters n1, n2, n3, a, and k0 which may possibly have an 

effect on the propagation. 
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where k0 is vacuum wavenumber. We define the usual normalized propagation parameter  
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NUMERICAL COMPUTATIONS, RESULTS AND DISCUSSION: 

 

The characteristic equation (4) contains all of the information that we can obtain from our modal analysis and it gives the 

central results of this investigation. We now proceed to some numerical computation in order to have the modal dispersion 

curves for the proposed waveguide. It is convenient to plot the normalized propagation constant 
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. Now we choose the refractive indices n1=1.50, n2=1.20, n3=1.30 for core, 

inner cladding and outer cladding respectively  also an operating wavelength m 55.10 =  and various values of 

dimensional parameter a in a regular increasing order. For each value of a  we obtain the V-parameter and also compute the 

values of  from the characteristic equation (4) by graphical method. It means that the left hand side of characteristic equation 

is plotted against  for the assumed value of a and the zero crossing of the graph with the  axis are noted. These values are 

the solutions of the characteristic equation for the different modes. For example the lowest zero crossing value of  

corresponds to the lowest order mode. From these value of  we can compute the values of b/ and then plot the dispersion 

curves for the different modes. These graphs are shown in figure (3) for these modes. These dispersion curves have the 

expected shape, which means that the doubly clad waveguide does not cause a change in the shape of dispersion curves. The 

cutoff frequencies obtained from the characteristic equation (4) for these modes are at V=1.82, V=5.83 and V=9.48 

respectively. 

 

Figure Caption : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.  Geometry of the proposed doubly clad optical waveguide 
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Fig. 2.  Index profile of a weakly guiding fiber waveguide. 

 

 

 
 

Fig. 3 

Fig. 3.  Dispersion curves (b/ versus V) of a few lowest modes for the proposed waveguide. 
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