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            Abstract

            
               
Objectives: To study the propagation of electromagnetic waves through the four periodic continuous layers with different refractive indices
                  and spectral analysis with normalized frequency with respect to transmittance and dispersion. Methods: By considering the assumptions the theoretical analysis has been done. Methodology has taken from quantum mechanical treatment
                  of an electron in a potential well with boundary conditions. The dispersion relation is taken from Bloach wave concept. The
                  calculation is taken for arbitrary structure of different refractive indices. The electric field has connected with the periodic
                  1-D layered structure. The electromagnetic wave as form incident wave, the transmitted wave and reflected wave have been derived
                  using the transmission matrix method. Findings: In theoretical analysis, it is found that the transmittance spectra increasing with continuous increase refractive index.
                  The analysis has been done for a s-polarized or transverse electric mode (TE mode) wave. Properties of these crystals are
                  different from the ordinary materials. Applications: It works as s- polarized filter and blocks p-polarized wave. Calculation has taken for TE mode configuration.
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               Introduction

            With proper application of potential, motion of electron in a dielectric can be controlled. The speed of electron in a circuit
               has certain limitations. To improve the speed of information, photons can be considered as carrying agents, which travel with
               the speed of light. It is difficult to control the motion of photons than an electron. The photon is related to the light
               and light is an electromagnetic wave. The electromagnetic wave has electric as well as the magnetic field. These two different
               fields are responsible for the interaction with materials. Electric field interacts with material’s atom while the interaction
               of magnetic field is normally weak 1. Photonic crystals are emerging in the field of Photonics and are used in different areas such as to control the propagation
               of light, controlling of signals for a specific frequency. Passing information from one place to another is faster through
               electromagnetic wave than electronic signals in photonic crystals. The idea of ligament model for light has led in the last
               40 years in optics and optical﻿ technology to a completely new direction that deals with periodically dielectric media and
               the light propagation busy in it. 2 The novel materials, which have extremely interesting properties, were given the name Photonic Crystal (PC). As crystal is
               a periodic arrangement of atoms or molecules in space 3, like that photonic crystals are the periodic arrangement of dielectric materials. Its periodicity is of the order of a wavelength.
               It can be constructed by the periodic arrangement of dielectric-dielectric or dielectric-metal materials. The composition
               of metal and a dielectric layer is said to be metallodielectric photonic crystals 4. It is found with properties like perfect reflectance, used as anti-reflecting coatings. Refractive index defines the properties
               of a material and is given in terms of permittivity 
                  
                      
                     (
                     ε
                     )
                   and permeability  
                  
                     (
                     μ
                     )
                   of the medium as 
                  
                      
                     n
                     =
                     
                        ε
                        μ
                     
                  . Photonic crystals provide gap, which is photonic band-gap, which controls the propagation of waves. The regular multiplication
               of a wave inside the crystal provides band-gap. Band-gap is the frequency range for which the propagation of photons is prohibited
               inside the photonic crystal 5. Photonic crystals have some specific photonic band structures. It has properties like, pass band, stop band and defect states,
               that is, some frequencies are allowed and some forbidden. Researchers are continuously trying to construct photonic crystals
               as per specific need. In this process, there are various techniques have been developed to fabricate photonic crystals for
               the practical application. The laser direct writing method, vertical deposition method and the laser holographic lithography
               method are used for the fabrication of photonic crystals. Eli Yablonovitch and Sajeev Jhon independently proposed the concept
               of photonic crystal in 1987 6. The first assumption to control the propagation of light by a one dimensional periodic structure was given by Igor A. et.
               al. 7. Ho K. M. et. al. proposed the band-gap structure for FCC lattices. The construction of periodic optical dielectric metamaterials
               that affects the motion of photons is called as photonic crystals. These are macroscopic periodic or non-periodic artificial
               structures govern by both their cellular architecture and chemical composition with specific properties 8. Metamaterial structure exists negative index dielectric material of refraction. The negative refraction has been experimentally
               verified by Valanju et al. 9. In the present work, theoretical analysis of the four layer periodic photonic crystal structure has been done. The medium
               is assumed to be isotropic and lossless. Electromagnetic wave incident on the surface of crystal then reflection, refraction
               and transmission of waves occurs. Continuously increase in refractive index, angle of refraction should decrease in a regular
               way. The wave will propagate in a particular direction. Transmittance should increase. The transmittance of the electromagnetic
               wave propagation has exactly calculated by the transfer matrix method (TMM) 10. This gives an idea that light is guided by the materials. By considering the assumptions the theoretical analysis has done.
               The results have plotted by the calculations. Methodology has taken from quantum mechanical treatment of an electron in a
               potential well with boundary conditions 11. The dispersion relation is taken from Bloach wave concept. 12 The analysis has done for a s-polarized or transverse electric mode (TE mode) wave.
            

         

         
               Theoretical analysis

            Now we are considering a 1D periodic structure in which propagation of an electromagnetic wave from the left to the right
               side along the positive X-axis direction and the launching medium is homogeneous along incident and transmitted directions.
            

            
                  
                  Figure 1

                  Periodic layered 1-D structure
                  

               
[image: https://s3-us-west-2.amazonaws.com/typeset-media-server/8c28cb30-ccc4-4777-96c3-d7bbc2897019image1.png]

            The electric field has connected with the periodic 1-D layered structure. The electromagnetic wave as form incident wave,
               the transmitted wave and reflected wave has been derived using the transmission matrix method. The Maxwell’s equations of
               electromagnetic wave and interface boundary conditions gives the electric fields. The derivatives of equation show the continuity
               of the electric field at the interfaces of each 1D layer. By mathemetical calculation, in nth layer structure, the amplitude of the wave related to the transfer matrix as:
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            Where m11, m12, m21 and m22 are the elements of transfer matrix. 13. Transfer matrix elements m11, m12, m21 and m22 are :
            

            

            
                
                  
                     
                        
                           
                        
                        
                           
                              
                                 
                                    
                                       
                                          m
                                          11
                                       
                                       =
                                        
                                       
                                          1
                                          4
                                       
                                       
                                          
                                             
                                                e
                                                
                                                   i
                                                   
                                                      k
                                                      1
                                                   
                                                   a
                                                
                                             
                                             .
                                             
                                                e
                                                
                                                   i
                                                   
                                                      k
                                                      3
                                                   
                                                   
                                                      a
                                                      1
                                                   
                                                
                                             
                                             
                                                
                                                   s
                                                   i
                                                   n
                                                   
                                                      
                                                         
                                                            (
                                                            k
                                                         
                                                         2
                                                      
                                                      b
                                                      )
                                                      
                                                         
                                                            
                                                               
                                                                  i
                                                                  
                                                                     k
                                                                     2
                                                                  
                                                               
                                                               
                                                                  k
                                                                  3
                                                               
                                                            
                                                            +
                                                            
                                                               
                                                                  i
                                                                  
                                                                     k
                                                                     3
                                                                  
                                                               
                                                               
                                                                  k
                                                                  4
                                                               
                                                            
                                                         
                                                      
                                                      +
                                                      c
                                                      o
                                                      s
                                                      
                                                         
                                                            
                                                               k
                                                               2
                                                            
                                                            b
                                                         
                                                      
                                                      
                                                         
                                                            
                                                               
                                                                  k
                                                                  2
                                                               
                                                               
                                                                  k
                                                                  4
                                                               
                                                            
                                                            +
                                                            1
                                                         
                                                      
                                                   
                                                
                                             
                                             ×
                                             
                                                
                                                   s
                                                   i
                                                   n
                                                   
                                                      
                                                         
                                                            (
                                                            k
                                                         
                                                         4
                                                      
                                                      
                                                         b
                                                         1
                                                      
                                                      )
                                                      
                                                         
                                                            
                                                               
                                                                  i
                                                                  
                                                                     k
                                                                     1
                                                                  
                                                               
                                                               
                                                                  k
                                                                  2
                                                               
                                                            
                                                            +
                                                            
                                                               
                                                                  i
                                                                  
                                                                     k
                                                                     4
                                                                  
                                                               
                                                               
                                                                  k
                                                                  1
                                                               
                                                            
                                                         
                                                      
                                                      +
                                                      c
                                                      o
                                                      s
                                                      
                                                         
                                                            
                                                               k
                                                               4
                                                            
                                                            
                                                               b
                                                               1
                                                            
                                                         
                                                      
                                                      
                                                         
                                                            
                                                               
                                                                  k
                                                                  4
                                                               
                                                               
                                                                  k
                                                                  2
                                                               
                                                            
                                                            +
                                                            1
                                                         
                                                      
                                                   
                                                
                                             
                                          
                                       
                                    
                                 
                                 
                                    
                                 
                                 
                                    
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                       +
                                       
                                          1
                                          4
                                       
                                       
                                          
                                             
                                                e
                                                
                                                   i
                                                   
                                                      k
                                                      1
                                                   
                                                   a
                                                
                                             
                                             .
                                             
                                                e
                                                
                                                   -
                                                   i
                                                   
                                                      k
                                                      3
                                                   
                                                   
                                                      a
                                                      1
                                                   
                                                
                                             
                                             
                                                
                                                   s
                                                   i
                                                   n
                                                   
                                                      
                                                         
                                                            (
                                                            k
                                                         
                                                         2
                                                      
                                                      b
                                                      )
                                                      
                                                         
                                                            
                                                               
                                                                  i
                                                                  
                                                                     k
                                                                     2
                                                                  
                                                               
                                                               
                                                                  k
                                                                  3
                                                               
                                                            
                                                            -
                                                            
                                                               
                                                                  i
                                                                  
                                                                     k
                                                                     3
                                                                  
                                                               
                                                               
                                                                  k
                                                                  4
                                                               
                                                            
                                                         
                                                      
                                                      -
                                                      c
                                                      o
                                                      s
                                                      
                                                         
                                                            
                                                               k
                                                               2
                                                            
                                                            b
                                                         
                                                      
                                                      
                                                         
                                                            
                                                               
                                                                  k
                                                                  2
                                                               
                                                               
                                                                  k
                                                                  4
                                                               
                                                            
                                                            -
                                                            1
                                                         
                                                      
                                                   
                                                
                                             
                                             ×
                                             
                                                
                                                   s
                                                   i
                                                   n
                                                   
                                                      
                                                         
                                                            (
                                                            k
                                                         
                                                         4
                                                      
                                                      
                                                         b
                                                         1
                                                      
                                                      )
                                                      
                                                         
                                                            
                                                               
                                                                  i
                                                                  
                                                                     k
                                                                     1
                                                                  
                                                               
                                                               
                                                                  k
                                                                  2
                                                               
                                                            
                                                            -
                                                            
                                                               
                                                                  i
                                                                  
                                                                     k
                                                                     4
                                                                  
                                                               
                                                               
                                                                  k
                                                                  1
                                                               
                                                            
                                                         
                                                      
                                                      -
                                                      c
                                                      o
                                                      s
                                                      
                                                         
                                                            
                                                               k
                                                               4
                                                            
                                                            
                                                               b
                                                               1
                                                            
                                                         
                                                      
                                                      
                                                         
                                                            
                                                               
                                                                  k
                                                                  4
                                                               
                                                               
                                                                  k
                                                                  2
                                                               
                                                            
                                                            -
                                                            1
                                                         
                                                      
                                                   
                                                
                                             
                                          
                                       
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                       (
                                       2
                                       )
                                    
                                 
                              
                           
                        
                        
                           
                        
                     
                  
               
            

             

            

            

            

            
                
                  
                     
                        
                           
                        
                        
                           
                              
                                 m
                                 12
                              
                              =
                              -
                               
                              
                                 1
                                 4
                              
                              
                                 
                                    
                                       e
                                       
                                          -
                                          i
                                          
                                             k
                                             1
                                          
                                          a
                                       
                                    
                                    .
                                    
                                       e
                                       
                                          i
                                          
                                             k
                                             3
                                          
                                          
                                             a
                                             1
                                          
                                       
                                    
                                    
                                       
                                          s
                                          i
                                          n
                                          
                                             
                                                
                                                   (
                                                   k
                                                
                                                2
                                             
                                             b
                                             )
                                             
                                                
                                                   
                                                      
                                                         i
                                                         
                                                            k
                                                            2
                                                         
                                                      
                                                      
                                                         k
                                                         3
                                                      
                                                   
                                                   +
                                                   
                                                      
                                                         i
                                                         
                                                            k
                                                            3
                                                         
                                                      
                                                      
                                                         k
                                                         4
                                                      
                                                   
                                                
                                             
                                             +
                                             c
                                             o
                                             s
                                             
                                                
                                                   
                                                      k
                                                      2
                                                   
                                                   b
                                                
                                             
                                             
                                                
                                                   
                                                      
                                                         k
                                                         2
                                                      
                                                      
                                                         k
                                                         4
                                                      
                                                   
                                                   +
                                                   1
                                                
                                             
                                          
                                       
                                    
                                    ×
                                    
                                       
                                          s
                                          i
                                          n
                                          
                                             
                                                
                                                   (
                                                   k
                                                
                                                4
                                             
                                             
                                                b
                                                1
                                             
                                             )
                                             
                                                
                                                   
                                                      
                                                         i
                                                         
                                                            k
                                                            1
                                                         
                                                      
                                                      
                                                         k
                                                         2
                                                      
                                                   
                                                   -
                                                   
                                                      
                                                         i
                                                         
                                                            k
                                                            4
                                                         
                                                      
                                                      
                                                         k
                                                         1
                                                      
                                                   
                                                
                                             
                                             +
                                             c
                                             o
                                             s
                                             
                                                
                                                   
                                                      k
                                                      4
                                                   
                                                   
                                                      b
                                                      1
                                                   
                                                
                                             
                                             
                                                
                                                   
                                                      
                                                         k
                                                         4
                                                      
                                                      
                                                         k
                                                         2
                                                      
                                                   
                                                   -
                                                   1
                                                
                                             
                                          
                                       
                                    
                                 
                              
                           
                        
                        
                           
                        
                        
                           
                               
                               
                               
                               
                               
                               
                               
                               
                               
                               
                               
                               
                              -
                              
                                 1
                                 4
                              
                              
                                 
                                    
                                       e
                                       
                                          -
                                          i
                                          
                                             k
                                             1
                                          
                                          a
                                       
                                    
                                    .
                                    
                                       e
                                       
                                          -
                                          i
                                          
                                             k
                                             3
                                          
                                          
                                             a
                                             1
                                          
                                       
                                    
                                    
                                       
                                          s
                                          i
                                          n
                                          
                                             
                                                
                                                   (
                                                   k
                                                
                                                2
                                             
                                             b
                                             )
                                             
                                                
                                                   
                                                      
                                                         i
                                                         
                                                            k
                                                            2
                                                         
                                                      
                                                      
                                                         k
                                                         3
                                                      
                                                   
                                                   -
                                                   
                                                      
                                                         i
                                                         
                                                            k
                                                            3
                                                         
                                                      
                                                      
                                                         k
                                                         4
                                                      
                                                   
                                                
                                             
                                             -
                                             c
                                             o
                                             s
                                             
                                                
                                                   
                                                      k
                                                      2
                                                   
                                                   b
                                                
                                             
                                             
                                                
                                                   
                                                      
                                                         k
                                                         2
                                                      
                                                      
                                                         k
                                                         4
                                                      
                                                   
                                                   -
                                                   1
                                                
                                             
                                          
                                       
                                    
                                    ×
                                    
                                       
                                          s
                                          i
                                          n
                                          
                                             
                                                
                                                   (
                                                   k
                                                
                                                4
                                             
                                             
                                                b
                                                1
                                             
                                             )
                                             
                                                
                                                   
                                                      
                                                         i
                                                         
                                                            k
                                                            1
                                                         
                                                      
                                                      
                                                         k
                                                         2
                                                      
                                                   
                                                   +
                                                   
                                                      
                                                         i
                                                         
                                                            k
                                                            4
                                                         
                                                      
                                                      
                                                         k
                                                         1
                                                      
                                                   
                                                
                                             
                                             -
                                             c
                                             o
                                             s
                                             
                                                
                                                   
                                                      k
                                                      4
                                                   
                                                   
                                                      b
                                                      1
                                                   
                                                
                                             
                                             
                                                
                                                   
                                                      
                                                         k
                                                         4
                                                      
                                                      
                                                         k
                                                         2
                                                      
                                                   
                                                   +
                                                   1
                                                
                                             
                                          
                                       
                                    
                                 
                              
                               
                               
                               
                               
                               
                              (
                              3
                              )
                               
                               
                           
                        
                     
                  
               
            

            

            

            
                
                  
                     
                        
                           
                        
                        
                           
                              
                                 m
                                 21
                              
                              =
                              -
                               
                              
                                 1
                                 4
                              
                              
                                 
                                    
                                       e
                                       
                                          i
                                          
                                             k
                                             1
                                          
                                          a
                                       
                                    
                                    .
                                    
                                       e
                                       
                                          i
                                          
                                             k
                                             3
                                          
                                          
                                             a
                                             1
                                          
                                       
                                    
                                    
                                       
                                          s
                                          i
                                          n
                                          
                                             
                                                
                                                   (
                                                   k
                                                
                                                2
                                             
                                             b
                                             )
                                             
                                                
                                                   
                                                      
                                                         i
                                                         
                                                            k
                                                            2
                                                         
                                                      
                                                      
                                                         k
                                                         3
                                                      
                                                   
                                                   -
                                                   
                                                      
                                                         i
                                                         
                                                            k
                                                            3
                                                         
                                                      
                                                      
                                                         k
                                                         4
                                                      
                                                   
                                                
                                             
                                             +
                                             c
                                             o
                                             s
                                             
                                                
                                                   
                                                      k
                                                      2
                                                   
                                                   b
                                                
                                             
                                             
                                                
                                                   
                                                      
                                                         k
                                                         2
                                                      
                                                      
                                                         k
                                                         4
                                                      
                                                   
                                                   -
                                                   1
                                                
                                             
                                          
                                       
                                    
                                    ×
                                    
                                       
                                          s
                                          i
                                          n
                                          
                                             
                                                
                                                   (
                                                   k
                                                
                                                4
                                             
                                             
                                                b
                                                1
                                             
                                             )
                                             
                                                
                                                   
                                                      
                                                         i
                                                         
                                                            k
                                                            1
                                                         
                                                      
                                                      
                                                         k
                                                         2
                                                      
                                                   
                                                   +
                                                   
                                                      
                                                         i
                                                         
                                                            k
                                                            4
                                                         
                                                      
                                                      
                                                         k
                                                         1
                                                      
                                                   
                                                
                                             
                                             +
                                             c
                                             o
                                             s
                                             
                                                
                                                   
                                                      k
                                                      4
                                                   
                                                   
                                                      b
                                                      1
                                                   
                                                
                                             
                                             
                                                
                                                   
                                                      
                                                         k
                                                         4
                                                      
                                                      
                                                         k
                                                         2
                                                      
                                                   
                                                   +
                                                   1
                                                
                                             
                                          
                                       
                                    
                                 
                              
                           
                        
                        
                           
                        
                        
                           
                               
                               
                               
                               
                               
                               
                               
                               
                               
                               
                               
                               
                              -
                              
                                 1
                                 4
                              
                              
                                 
                                    
                                       e
                                       
                                          i
                                          
                                             k
                                             1
                                          
                                          a
                                       
                                    
                                    .
                                    
                                       e
                                       
                                          -
                                          i
                                          
                                             k
                                             3
                                          
                                          
                                             a
                                             1
                                          
                                       
                                    
                                    
                                       
                                          s
                                          i
                                          n
                                          
                                             
                                                
                                                   (
                                                   k
                                                
                                                2
                                             
                                             b
                                             )
                                             
                                                
                                                   
                                                      
                                                         i
                                                         
                                                            k
                                                            2
                                                         
                                                      
                                                      
                                                         k
                                                         3
                                                      
                                                   
                                                   +
                                                   
                                                      
                                                         i
                                                         
                                                            k
                                                            3
                                                         
                                                      
                                                      
                                                         k
                                                         4
                                                      
                                                   
                                                
                                             
                                             -
                                             c
                                             o
                                             s
                                             
                                                
                                                   
                                                      k
                                                      2
                                                   
                                                   b
                                                
                                             
                                             
                                                
                                                   
                                                      
                                                         k
                                                         2
                                                      
                                                      
                                                         k
                                                         4
                                                      
                                                   
                                                   +
                                                   1
                                                
                                             
                                          
                                       
                                    
                                    ×
                                    
                                       
                                          s
                                          i
                                          n
                                          
                                             
                                                
                                                   (
                                                   k
                                                
                                                4
                                             
                                             
                                                b
                                                1
                                             
                                             )
                                             
                                                
                                                   
                                                      
                                                         i
                                                         
                                                            k
                                                            1
                                                         
                                                      
                                                      
                                                         k
                                                         2
                                                      
                                                   
                                                   -
                                                   
                                                      
                                                         i
                                                         
                                                            k
                                                            4
                                                         
                                                      
                                                      
                                                         k
                                                         1
                                                      
                                                   
                                                
                                             
                                             -
                                             c
                                             o
                                             s
                                             
                                                
                                                   
                                                      k
                                                      4
                                                   
                                                   
                                                      b
                                                      1
                                                   
                                                
                                             
                                             
                                                
                                                   
                                                      
                                                         k
                                                         4
                                                      
                                                      
                                                         k
                                                         2
                                                      
                                                   
                                                   -
                                                   1
                                                
                                             
                                          
                                       
                                    
                                 
                              
                               
                               
                               
                               
                               
                               
                               
                              (
                              4
                              )
                           
                        
                     
                  
               
            

            
                
                  
                     
                        
                           
                              
                                 
                                    
                                 
                                 
                                    
                                       
                                          m
                                          22
                                       
                                       =
                                        
                                       
                                          1
                                          4
                                       
                                       
                                          
                                             
                                                e
                                                
                                                   -
                                                   i
                                                   
                                                      k
                                                      1
                                                   
                                                   a
                                                
                                             
                                             .
                                             
                                                e
                                                
                                                   i
                                                   
                                                      k
                                                      3
                                                   
                                                   
                                                      a
                                                      1
                                                   
                                                
                                             
                                             
                                                
                                                   s
                                                   i
                                                   n
                                                   
                                                      
                                                         
                                                            (
                                                            k
                                                         
                                                         2
                                                      
                                                      b
                                                      )
                                                      
                                                         
                                                            
                                                               
                                                                  i
                                                                  
                                                                     k
                                                                     2
                                                                  
                                                               
                                                               
                                                                  k
                                                                  3
                                                               
                                                            
                                                            -
                                                            
                                                               
                                                                  i
                                                                  
                                                                     k
                                                                     3
                                                                  
                                                               
                                                               
                                                                  k
                                                                  4
                                                               
                                                            
                                                         
                                                      
                                                      +
                                                      c
                                                      o
                                                      s
                                                      
                                                         
                                                            
                                                               k
                                                               2
                                                            
                                                            b
                                                         
                                                      
                                                      
                                                         
                                                            
                                                               
                                                                  k
                                                                  2
                                                               
                                                               
                                                                  k
                                                                  4
                                                               
                                                            
                                                            -
                                                            1
                                                         
                                                      
                                                   
                                                
                                             
                                             ×
                                             
                                                
                                                   s
                                                   i
                                                   n
                                                   
                                                      
                                                         
                                                            (
                                                            k
                                                         
                                                         4
                                                      
                                                      
                                                         b
                                                         1
                                                      
                                                      )
                                                      
                                                         
                                                            
                                                               
                                                                  i
                                                                  
                                                                     k
                                                                     1
                                                                  
                                                               
                                                               
                                                                  k
                                                                  2
                                                               
                                                            
                                                            -
                                                            
                                                               
                                                                  i
                                                                  
                                                                     k
                                                                     4
                                                                  
                                                               
                                                               
                                                                  k
                                                                  1
                                                               
                                                            
                                                         
                                                      
                                                      +
                                                      c
                                                      o
                                                      s
                                                      
                                                         
                                                            
                                                               k
                                                               4
                                                            
                                                            
                                                               b
                                                               1
                                                            
                                                         
                                                      
                                                      
                                                         
                                                            
                                                               
                                                                  k
                                                                  4
                                                               
                                                               
                                                                  k
                                                                  2
                                                               
                                                            
                                                            -
                                                            1
                                                         
                                                      
                                                   
                                                
                                             
                                          
                                       
                                    
                                 
                                 
                                    
                                 
                                 
                                    
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                       +
                                       
                                          1
                                          4
                                       
                                       
                                          
                                             
                                                e
                                                
                                                   -
                                                   i
                                                   
                                                      k
                                                      1
                                                   
                                                   a
                                                
                                             
                                             .
                                             
                                                e
                                                
                                                   -
                                                   i
                                                   
                                                      k
                                                      3
                                                   
                                                   
                                                      a
                                                      1
                                                   
                                                
                                             
                                             
                                                
                                                   s
                                                   i
                                                   n
                                                   
                                                      
                                                         
                                                            (
                                                            k
                                                         
                                                         2
                                                      
                                                      b
                                                      )
                                                      
                                                         
                                                            
                                                               
                                                                  i
                                                                  
                                                                     k
                                                                     2
                                                                  
                                                               
                                                               
                                                                  k
                                                                  3
                                                               
                                                            
                                                            +
                                                            
                                                               
                                                                  i
                                                                  
                                                                     k
                                                                     3
                                                                  
                                                               
                                                               
                                                                  k
                                                                  4
                                                               
                                                            
                                                         
                                                      
                                                      -
                                                      c
                                                      o
                                                      s
                                                      
                                                         
                                                            
                                                               k
                                                               2
                                                            
                                                            b
                                                         
                                                      
                                                      
                                                         
                                                            
                                                               
                                                                  k
                                                                  2
                                                               
                                                               
                                                                  k
                                                                  4
                                                               
                                                            
                                                            +
                                                            1
                                                         
                                                      
                                                   
                                                
                                             
                                             ×
                                             
                                                
                                                   s
                                                   i
                                                   n
                                                   
                                                      
                                                         
                                                            (
                                                            k
                                                         
                                                         4
                                                      
                                                      
                                                         b
                                                         1
                                                      
                                                      )
                                                      
                                                         
                                                            
                                                               
                                                                  i
                                                                  
                                                                     k
                                                                     1
                                                                  
                                                               
                                                               
                                                                  k
                                                                  2
                                                               
                                                            
                                                            +
                                                            
                                                               
                                                                  i
                                                                  
                                                                     k
                                                                     4
                                                                  
                                                               
                                                               
                                                                  k
                                                                  1
                                                               
                                                            
                                                         
                                                      
                                                      -
                                                      c
                                                      o
                                                      s
                                                      
                                                         
                                                            
                                                               k
                                                               4
                                                            
                                                            
                                                               b
                                                               1
                                                            
                                                         
                                                      
                                                      
                                                         
                                                            
                                                               
                                                                  k
                                                                  4
                                                               
                                                               
                                                                  k
                                                                  2
                                                               
                                                            
                                                            +
                                                            1
                                                         
                                                      
                                                   
                                                
                                             
                                          
                                       
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                       (
                                       5
                                       )
                                    
                                 
                              
                           
                        
                        
                           
                        
                     
                  
               
            

            

            

            

            Where  
                  
                     
                        k
                        1
                     
                  ,  
                  
                     
                        k
                        2
                     
                     ,
                      
                      
                     
                        k
                        3
                     
                   and  
                  
                     
                        k
                        4
                     
                   are the wave propagation vectors in  
                  
                     
                        a
                        1
                     
                     ,
                      
                      
                     
                        a
                        2
                     
                     ,
                      
                      
                     
                        b
                        1
                     
                      
                     a
                     n
                     d
                      
                     
                        b
                        2
                     
                      
                     t
                     h
                     i
                     c
                     k
                     n
                     e
                     s
                     s
                      
                     o
                     f
                      
                     t
                     h
                     e
                      
                  layers respectively, which is given by the following relation:
            

            
                
                  
                      
                     
                        k
                        j
                     
                     =
                     
                        
                           
                              
                                 
                                    
                                       
                                          
                                             n
                                             j
                                          
                                          ω
                                       
                                       c
                                    
                                 
                                 2
                              
                              -
                              
                                 β
                                 2
                              
                           
                        
                        
                           1
                           2
                        
                     
                     =
                     
                        
                           ω
                           c
                        
                     
                     
                        n
                        j
                     
                     c
                     o
                     s
                     
                        θ
                        j
                     
                     ,
                      
                      
                      
                      
                      
                     
                        θ
                        j
                     
                     =
                     s
                     i
                     
                        n
                        
                           -
                           1
                        
                     
                     
                        
                           
                              
                                 n
                                 0
                              
                              .
                              s
                              i
                              n
                              
                                 θ
                                 0
                              
                           
                           
                              n
                              j
                           
                        
                     
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                     (
                     6
                     )
                  
               
            

            where  
                  
                     β
                   is the z-component of the wave vector.  
                  
                     j
                     =
                     1
                     ,
                      
                     2
                     ,
                      
                     3
                      
                     a
                     n
                     d
                      
                     4
                      
                     r
                     e
                     s
                     p
                     e
                     c
                     t
                     i
                     v
                     e
                     l
                     y
                  . 
            

            The Bloch wave with period 
                  
                      
                     d
                     (
                     =
                     
                        a
                        1
                     
                     +
                     
                        a
                        2
                     
                     +
                     
                        b
                        1
                     
                     +
                     
                        b
                        2
                     
                     )
                  , by the condition as: 
            

               
               
                     
                     
                        E
                        K
                     
                     
                        
                           x
                           +
                           d
                        
                     
                     =
                     
                        E
                        K
                     
                     
                        x
                     
                      
                  
                     (7)

               

            

            we can write the dispersion relation as:
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            The band gap argument corresponds to undefined complex solutions of a real dispersion relation. 14

            By the use of the Chebyshev Identity 15, the transfer matrix for N number of periodic layers is calculated as:
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            and the transmittance of the wave is given by:
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            By the use of equation (11), we get the transmittance of the wave and by the use of equation (8) get the photonic band gap.﻿
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            By the use of equations (6) and (8), the Figure  2, Figure  3, Figure  4 are plotted for dispersion relation with normalized frequency. It is found that the band-gap appears for some frequencies.
               Propagation wave in this frequency range is prohibited. The band-gap tunes with change in refractive indices of medium. It
               has observed that band-gap shifts towards lower frequencies so the propagation of waves for smaller frequencies will be prohibited.﻿
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                  Figures for normalized frequency and transmittance,  
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                  Figures for normalized frequency and transmittance,  
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                  Figures for normalized frequency and transmittance,  
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            Figure  4, Figure  5, Figure  6, Figure  7 show transmittance spectra for variation of angle of incidence and refractive indices. Here observed some peaks at 
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                   it means for selected frequency transmittance will be maximum. As the increase in angle of incidence, the peak shifts towards
               higher frequency so transmittance can obtain for higher frequencies analytically.  
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                  Figures for normalized frequency and transmittance,  
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                  Figures for normalized frequency and transmittance,  
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            Figure  8, Figure  9, Figure  10, Figure  11 shows that transmittance has been observed. In Figure  8, Figure  10 do not show a good transmission, here only at a particular frequency the transmission is observed. 
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                  Figures for normalized frequency and transmittance,  
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            In Figure  12, Figure  13, Figure  14, Figure  15 found a good transmittance but Figure  11 is good only for a particular frequency. Figure  12, Figure  13, Figure  14, Figure  15 are transmittance spectra for a four layer structure. The regions with zero transmittance founded in all. There are some
               regions that show zero transmittance. In that region perfect reflectance will observe. The propagation wave is prohibited
               in these regions. It shows the photonic band-gap. 
            

         

         
               Conclusion

            From the results and analysis, it is found that the structure appears with band-gap by the increase in refractive index at
               different refractive incidences. For some angles with a constant refractive index of materials, transmittance found to be
               maximum for a particular frequency. These structures can be used for the selection of a specific frequency. The materials
               lie between the considered refractive indices should show the same behavior as obtained. It is for s-polarized wave so; it
               works as s-polarized filter and completely stops the p-polarized wave.
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