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Abstract ─ Wavelet based approach for solving the modes of 

waveguide is by solving the partial differential equation. Any 

wavelet expansion approach to solving differential equations 

is a projection method in which the goal is to use the fewest 

number of expansion coefficients to represent the solution 

since it leads to efficient numerical computations. Specifically, 

we describe a method for constructing the wavelet 

representation and describe a fast, adaptive algorithm for 

applying these operators to functions expanded in wavelet 

basis. Here solutions using wavelet depends on initial and 

boundary data. Using the wavelet approach to partial 

derivatives gives sparse matrices which is easier in 

computation.  

Index Terms: Multiresolution analysis, modes, 
rectangular waveguide, Wavelets.  

INTRODUCTION 
The ultimate goal is to obtain a basis whose 
elements are both spatially and frequency 
localized. The vector expansion coefficient in the 
basis will provide both spatial and frequency 
information. Wavelet provide such a basis. We 
can also compute the DFTs quickly via FFT but 
Fourier basis is not spatially localized. We obtain 
a basis that can  be computed quickly ݓ ∈
݈ଶሺܼ௡ሻ	is such that ܤ ൌ ܴ௞ ௞ܹୀ଴

ேିଵis an 
orthonormal basis for ݈ଶሺܼ௡ሻ.Then the coefficient 
of a vector z in terms of B are the inner 
products൏ ,ݖ ܴ௞ܹ ൐.Instead of looking for one 
vector W whose full set of translates form an 
orthonormal basis we look for two vectors u and 
v such that the set of their translates by even 
integers forms an orthonormal basis. 

I. REPRESENTATION OF FUNCTIONS IN WAVELET BASIS 
The projection of function f(x) onto subspace ௃ܸ  
is by ( ௝ܲ 	f )(x)= ∑ ௞௝௞ఢ௓ݏ ߮௝,௞ሺݔሻ where ௝ܲ 
denotes the projection operator onto subspace 

௃ܸ.The set of coefficients ݏ௝௞ఢ௓, which is referred 
to as averages is computed by 

௞௝ݏ ൌ න ݂ሺݔሻ߮௝,௞ሺݔሻ݀ݔ
ାஶ

ିஶ
 

II.REPRESENTATION OF OPERATORS IN WAVELET BASIS

Here two dimensional wavelet bases are 
computed by tensor product of two one 
dimensional wavelet basis functions. 
ѱ௝,௝ᇲ,௞,௞ᇲሺݔ, ሻݕ ൌ ѱ௝,௞ሺݔሻѱ௝ᇲ,௞ᇱ ,      (1) 

Where j, j’, k, k’ ∈ ܼ.Wavelet functions is ѱ and 
the scaling function is φ. Space of the dimension 
N=2௡.The family of functions  

߮௝,௞ሺݔሻ=2
ିೕ
మφሺ2ି௝ݔ െ ݇ሻ୩஫୞ forms an 

orthonormal basis of ௝ܸ and a family of functions 
of 

ѱ௝,௞ሺݔሻ=2
ିೕ
మѱሺ2ି௝ݔ െ ݇ሻ୩஫୞  .            (2) 

forms an orthonormal basis of ௝ܹ.The function φ 
may be expressed as a linear combination of the 
basis function of ܸି ଵ 
߮ሺݔሻ ൌ √2∑ ݄௞߮ሺ2x െ kሻ୐౜ିଵ

௞ୀ଴  .         (3) 

Similarly 
ѱሺݔሻ ൌ √2∑ ݃௞ѱሺ2x െ kሻ୐౜ିଵ

௞ୀ଴   .        (4) 

in multiresolution analysis (MRA) of ܮଶ(R) as  
… ⊂ ଶܸ 	⊂ ଵܸ ⊂ ଴ܸ 	⊂ ܸି ଵ ⊂ ܸି ଶ 	⊂ ܸି ଷ ⊂ ⋯ (5)
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III. CONSTRUCTION OF MULTIRESOLUTION ANALYSIS 

AND DAUBCHIES WAVELET DESIGN: 
 
Daubchies D6 wavelet on Z is used to construct a 
wavelet system on R, with compactly supported 
wavelets [6].Ingrid Daubchies wavelets are very 
well localized in space rather than in frequency. 
N is divisible by 2௉for some positive 
integers.Rଶ୏ݒ௞ୀ଴

ெିଵ ∪ Rଶ୏ݑ௞ୀ଴
ெିଵ is a first stage 

wavelet basis for ݈ሺܼሻ. 
 

ûሺnሻ ൌ ෌ uሺkሻ
ହ

௞ୀ଴
 ௜௞௡/ே .       (6)	ଶగି݌ݔ݁

,ଵݑ  , ଵϵ ݈ଶሺܼሻݒ
 pth stage	௣ϵ݈ଶሺܼே/ଶ೛ሻݒ௣ݑ	, ଶϵ݈ଶሺܼே/ଶሻݒ	,ଶݑ
wavelet basis can be obtained.Defining ѱି௝,௞ ൌ
ܴଶೕ௞ ௝݂and ߮ି௝,௞ ൌ ܴଶೕ௞݃௝we call it resulting 
orthonormal system.Daubchies D6 wavelet basis 
݈ଶሺܼሻ where 6 refers to number of nonzero 
components of u and v. 
 

A. wavelet  with  compact  support  and  their 

computation: 

If u ൌ uሺkሻ୩∈୞ and  
m଴ሺߦሻ ൌ 1/√2∑ ሺ݇ሻ௞∈௓ݑ ݁ି௜௞క .         (7) 
Then П௝ୀଵ

ାஶ݉଴൫2/ߦ௝൯ converges to a function 
ො߮ ∈ ݈ଶሺܴሻ.A wavelet system for ݈ଶሺܼሻ was 
constructed with generators u and v that had only 
six nonzero components[6]. 
݉଴ሺߦሻ ൌ 1/√2∑ ሺ݇ሻ݁ି௜௞కேݑ

௞ୀ଴ .        (7’) 
For some positive integers N. Suppose 

│݉଴ሺߦሻ│ ൑ 1 for all ߦ ∈ ܴ  
and ݉଴ሺ0ሻ ൌ 1.  

If φ (ξ)=П௝ୀଵ
ାஶ݉଴ሺ

ஞ

ଶౠ
ሻ.   (8) 

Then  φ  has compact support with supp φ⊆
ሾ0.ܰሿ. u(k)=0 for k<0 and  k>N. 
Since v(k)=ሺെ1ሻ௞ିଵݑሺ1 െ ݇ሻ,          (9) 
– ሺ݇ሻis nonzero only when 0≤1-k≤N orݒ	
N+1≤k≤1. 
ѱ⊆ [-N/2 +1/2, N/2 +1/2] 
This is the interval of length N. 
 
IV.TWO DIMENSIONAL WAVELET ANALYSIS FOR THE 

MODES IN A RECTANGULAR WAVEGUIDE: 
The waveguide cross section is given by [0, 
a]x[0, b].The modes in terms of Wavelet 
transform can be expressed as  

݂ሺݔ, ሻݕ

ൌ෍ ܿሾ݊, ݇,݉, ሻݔሿѱ௡,௞ሺݏ
௡,௞∈ாሺ௠,௦ሻ∈ி

ѱ௡,௞ሺݕሻ. 

     (10) 
 
Where 

ѱ௡,௞ሺݔሻ ൌ 2
೙
మѱሺ2௡ݔ െ ݇ሻ, ѱ௠,௦ሺݕሻ ൌ

2
೘
మѱሺ2௡ݕ െ  ሻ    (11)ݏ

 
With ѱሺݔሻ as the mother wavelet function.We 
assume that ѱ(x) is concentrated over 
[0,1] .݂(x,y ) is the solution to the two 
dimensional modified Helmholtz equation. 

ቆ
߲ଶ

ଶݔ߲
൅

߲ଶ

ଶݕ߲
൅ ࣓૛ߝߤ ൅ ଶቇߣ ݂ሺݔ, ሻݕ ൌ 0, ሺݔ, ሻݕ

∈ ሾ0, ܽሿݔሾ0, ܾሿ 
     (12) 
 
The number ݇ ൌ  can be regarded as ߝߤ√߱
estimate of the estimate of special frequency of 
variation of the mode over the guide .The 
problem of  is how to choose the index sets E and 
F appropriately. Let N(1, x),N(2,x) be 
respectively  the minimum and maximum  
indices of the resolution in the set E and 
N(1,y),N(2,y) in the set F respectively specify the 
x range of the resolution levels. For a given n 
∈ ሾ	Nሺ1, xሻ, Nሺ2, xሻሿ,assuming that the translation 
factor k varies from ݇ሺ1, ,ݔ ݊ሻ to ݇ሺ1, ,ݕ ݊ሻ and 
for a given ݉	 ∈ ሾNሺ1, yሻ, Nሺ2, yሻ],assuming that 
the translation variables varies from ݇ሺ1,  ሻ to݉,ݕ
݇ሺ2,  , ሻ.In other words݉,ݕ
 
ܧ ൌ ሺ݊, ݇ሻ: ܰሺ1, ሻݔ ൑ ܰሺ2, ,ሻݔ ݇ሺ1, ,ݔ ݊ሻ ൑ ݇ ൑
݇ሺ2, ,ݔ ݊ሻ.     (13)      
 
ܨ ൌ ሺ݉, :ሻݏ ܰሺ1, ሻݕ ൑ ܰሺ2, ,ሻݕ ݇ሺ1, ሻ݉,ݕ ൑ ݇ ൑
݇ሺ2,  ሻ     (14)݉,ݕ
We consider the Wavelet ѱ௡,௞.It  is aconcentrated 

over the range [
௞

ଶ೙
, ௞ାଵ
ଶ೙

].For a given n,we want k 

to a range such that this support covers the  x 
span[0,a] of the wavelength, ie 0 ൑ ݇ ൑ 2௡ܽ.              
Likewise for the wavelengths  we want for a 
given m, s to be such that 0 ൑ ݏ ൑ 2௠ܾ. 
So in order to analyse the modes in a waveguide 
first step is to design a compactly supported 
wavelet, which exists between [0, a] and is zero 
at x=0 and x=a. We generate a one dimensional 
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wavelet first. Meyer and Daubchies wavelets are 
two such wavelets which are compactly 
supported. Here Daubchies D6 wavelets have 
been designed.  
 

V.SIMULATION AND RESULTS: 

 
Fig1. plot of φ(x) mother wavelet   function w.r.t   

x using the discretization method 
 
  orthogonality of φ(x) and ѱ(x) is checked. We 
take the inner product of φ(x) and ѱ(x) over the 
interval [a, b]  

A. Solving partial differential equation with the 

help of wavelets: 

ቂ డ
మ

డ௫మ
൅ డమ

డ௬మ
൅ ݇ଶቃѱሺݔ,  ሻ=0   (15)ݕ

where ѱ(x, y) 
Represents two dimensional wavelets. Plugging 
in the expansion of f(x, y) into the Helmholtz 
equation  gives  
ѱ(x, y)=∑ ܿሾ݊, ݇, ݊ᇱ, ݇ᇱሿேభஸ௡ஸேమ

௞భሺ௡ሻஸ௞ஸ௞మሺ௡ሻ
௄భሺ௡ᇲሻஸ௄ᇲஸ௄మሺ௡ᇲሻ

 

ѱ௡,௞ሺݔሻѱ௡ᇲ,௞ᇲሺݕሻ 

෍ࢉሾ࢔, ,࢑ ,ᇱ࢔ ᇱሿ࢑ ሺѱᇱᇱ
ሻݕᇲሺ࢑,ᇲ࢔ሻѱݔሺ࢑,࢔

൅ ѱ࢑,࢔ሺݔሻѱ࢔ᇲ,࢑ᇲ
ᇱᇱሺݕሻሻ

൅ ᆋ෍ࢉሾ࢔, ,࢑ ,ᇱ࢔ ᇱሿ࢑ ѱ࢑,࢔ሺݔሻѱ࢔ᇲ,࢑ᇲሺݕሻ ൌ 0 

     (16) 
Multiplying the equation with		ѱ௠,௦ሺݔሻ	ѱ௠ᇱ,௦ᇱሺݕሻ 
we  get  
∑ ,࢔ሾࢉ ,࢑ ,ᇱ࢔ ࢑,࢔ᇱሿ࢑ ᆄ࢓ᇱ࢔ᇱᆄ࢙ᇱ࢑ᇱ ൏ ѱᇱᇱ

࢙࢓ѱ࢑,࢔ ൐
൅∑ ,࢓ሾࢉ ,࢙ ,ᇱ࢔ ᇱ࢑,ᇱ࢔ᇱሿ࢑ ൏
ѱ࢓ᇱ࢙ᇱѱᇱᇱ

ᇱ࢑ᇱ࢔ ൐+ࢎ૛ࢉሾ࢓, ,ᇱ࢓,࢙ ሿ′࢙ ൌ ૙; 
     (17) 

Where ݄ଶ ൌ ߱ଶ߳ߤ ൅  ଶ.  (18)ߛ
This forms a matrix- 
ܿܣ ൅ ଶܿߣ ൌ 0    (19) 
࡭ሺݐ݁݀  ൅ ሻܫߣ ൌ 0  (20) 
         ߱૛߳ߤ ൅ ଶߛ ൌ െߣ(the Eigen value) 
Modes in a waveguide: are defined by- 
݄ଶ ൌ ሺ௠గ

௔
ሻଶ ൅ ሺ௡గ

௕
ሻଶ   (21) 

Where ܶܧଵ଴ mode is dominating mode. Similarly 
 .ଶ଴ modes also existܧܶ	, ,ଵଵܧܶ	,ଵ଴ܧܶ
 

RESULTS 
Simulating equation 17 we get the modes 
propagated inside the rectangular waveguide. 
following modes at different dimensions of 
waveguides - 
at a=0.5,b=0.25   3 modes ݄ଶ ൌ െ0.9838 െ
0݅, ૛ࢎ ൌ െ0.3018 െ 0݅,dominant mode(ࢎ૛ ൌ
െ0.6559 ൅ 0݅) at ௖݂ ൌ

௛

√ଶగ∗√ఓఢ
 

at a=0.5,b=0.25 and taking ࢉࢌ ൌ 1.5 ∗ 10଼,݄ଶ െ
0.13820݅, ሺ݄ଶ	݁݀݋݉	ݐ݊ܽ݊݅݉݋݀ ൌ െ0.0333 െ
0݅, െ0.0608 ൅ 0݅, 3.16݆, 3.14݆ሻ 
 

CONCLUSION 
Using wavelet based method Helmholtz equation 
is resolved. All these simulations are carried out 
in Mat lab. Applying discrete signal analysis, the 
work became more simple to analyse the 
electromagnetic wave problems. This numerical 
method gives us scope to find propagation of 
waves in waveguides of different types and 
shapes. Also there is a wide scope to implement it 
on DSP chip. Similar methods can also be 
applied to optical waveguides. 

REFERENCES 
[1] R. L, Wagner,“A study of wavelets for the   solution of 

electromagnetic integral      equations,” IEEE Trans. Antennas 
Propagate., vol.43, Issue:8, 1995. 

[2]  Samit Barai and Anurag Sharma, “Wavelet-Galerkin solver for the 
analysis of optical waveguides,” JOSA A, Vol. 26, Issue 4, pp. 931-
937(2009) 

[3] J. Gu, Z. Tian, Q. Xing, C. Wang, Y. Li, F. Liu, L. Chai, and C. 
Wang, Chinese Optics Letters, Vol. 8, Issue 11, pp. 1057-1060 
(2010) 

[4]  G. beylkin, J. M. Keiser “An Adaptive Pseudo-     Wavelet Approach 
for solving Nonlinear Partial Differential Equations,” Academic 
Press, Wavelet Analysis and Applications, V.6, ,1997. 

[5]  G. Kaiser, Physical Wavelets and Radar Variational Approach to 
Remote Sensing, IEEE, Antennas and Propagation Magazine, 
February 1996 

[6]  Michael W. Frazier, “An Introduction to Wavelets through Linear 
Alzebra”. 

 [7]    R.M. Rao, A.S. Bopardikar “Wavelet Transforms –Introduction to 
theory and applications ”. 

  

Manisha Khulbe et al, / (IJCSIT) International Journal of Computer Science and Information Technologies, Vol. 7 (4) , 2016, 1760-1762

www.ijcsit.com 1762




