
University of Utah
Advanced Electromagnetics

Equivalence Principle and Image 
Theory 

• Dr. Sai Ananthanarayanan
• University of Utah

• Department of Electrical and Computer Engineering
• www.ece.utah.edu/~psai

1



































Induction Theorem
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Example
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Physical Equivalence
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J1, M1 E1, H1



Actual and Equivalent Problems
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Why are we bothered?
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1. If we have an infinite plain solution can be easily

obtained using image theory and one of the equivalence 

studied

2. Both the induction and physical equivalence suggest 

more appropriate approximations or simplifications that 

we can make when we attempt to solve a problem 

whose exact solution is not easily obtainable.



When making approximations do both equivalents lead to 
identical approximate results or is one superior to other?
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Summary
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Induction equivalence

Known current, but the medium within and outside the obstacle are not

the same. 6.30-6.35 cannot be used

Physical equivalence

Unknown current, but the medium within and outside the obstacle are 

the same. 6.30-6.35 can be used



Approximations (Induction Equivalence)
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1. Difficulty is obtaining  a solution due to lack of equations that can be used 

with known current densities

2. Crudest approximation is the assumption that the obstacle is electrically

large and then we can use image theory to solve the problem.

3. This assumes that locally on the surface of the obstacle each point

and its immediate neighbors form a flat surface

4. Best results will be for scatterers whose electrical dimensions are large 

in comparison to wavelength



Approximations (Induction Equivalence)
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Approximations (Physical Equivalence)

1. Difficulty arises because we donot know the current density that must be 

placed along surface S1

2. Crudest approximation is the assumption that the total tangential H field on the

surface of the conductor is twice that of the tangential H1 .

3. The current density to be placed on the surface is:



38

Approximations (Physical Equivalence)


