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TEz-Scattering by a Circular PEC Cylinder – Analytical Solution 
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 Consider a uniform plane wave traveling in the positive x-direction that is 

incident on a PEC cylinder of radius a situated in a homogeneous free space. 
 Objective: 

o Compute the currents induced on the circular PEC cylinder 
o Compute the field scattered by the circular PEC Cylinder 

 Analytical Solution 
o Based on an addition theorem expansion of the incident field into cylindrical 

harmonics 
o Posing the scattered field to be a superposition of cylindrical harmonics 
o Enforce the boundary condition on the surface of the cylinder 

( ) 0totE af r= =  
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Cylindrical Harmonic Expansion of the Fields 
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 The incident field can be re-written via a cylindrical harmonic expansion: 
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 The incident electric field can then be expressed as: 
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o Expanding: 
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 where nJ   is the derivative with respect to the argument 
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Cylindrical Harmonic Expansion of the Scattered Fields 
 

 In the region ar> , the scattered fields are also posed as cylindrical harmonic 
expansions: 

    2scat jn
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 The electric field is computed from the posed magnetic field: 
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o Expanding: 
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 Our next task is to solve for the infinite set of unknowns nc . 
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Boundary Condition 
 

 Boundary condition: 
o ( ) 0totE af r= =  
o ( ) ( )inc scatE a E af fr r= =- =  

 From the cylindrical harmonic expansion: 
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 Enforcing the orthogonality of the harmonics: 
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Solving for the Current Density 
 The total magnetic field can be expressed as: 
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 where, the infinite series have been modified to a semi-infinite series, & 

 
1, 0
2, 0n

n
n

k
ì =ïï=íï >ïî

 

 The surface current density induced on the PEC surface: 
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 Thus, 
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 Recall the Wronskian: 
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 The current density is then more conveniently written as: 
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 This is the exact solution for the induced surface current density on a circular 
PEC cylinder excited by a TEz-polarized UPW traveling in the +x direction. 

 
 Example:  Circular PEC Cylinder, ka = 8.0 
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Computing the Far Field 
 In the “far” scattered field, we assume 

o Region where the distance from the cylinder ( ) / 1ar l- >>  
o More fundamentally: 1ok r>>  

 
 Asymptotic approximation of the Hankel function: 
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 Therefore, in the far field: 
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Echo Width 
 Recall, the echo width is defined as: 
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 In the far field: 
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 Therefore 

o  

 
   

 
2

2
2

0

2 2

2 cos

lim 2

n o
o n o

no n o
D

o o

J k a
H n

k H k a
H

  
 

  














 

 or 
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MathCad Example 
 

 


