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Electromagnetic Theorems and Concepts

Fig. Classic image current problem (HMD and VMD) for electric wall
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Electromagnetic Theorems and Concepts

• Magnetic field due to ᇱ :
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• Apply duality theorem (Electric field due to ᇱ )
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• For any arbitrary oriented magnetic current Im

• along of length dl at the position ᇱ
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Electromagnetic Theorems and Concepts

Fig. Classic image current problem for electric wall
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HMD1

HMD2

o

P (x,y,0)

S1 (0,0,d)

S2 (0,0,-d)

• Interface is at z=0
• For HMD1, ଵ ௗ

ଶ ଶ ଶ 

• ௗ

• For HMD2, ଶ ௗ
ଶ ଶ ଶ 

• ௗ

• Note that ௗ is equal for both HMDs
• but ௗ is not the same for both HMDs
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Electromagnetic Theorems and Concepts
•
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• For both HMDs, we have ௗ 

• For HMD1, 

• ௗ   

• ௧
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• For HMD2, 
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Electromagnetic Theorems and Concepts

Fig. Classic image current problem for electric wall
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VMD1

VMD2

o

P (x,y,0)

S1 (0,0,d)

S2 (0,0,-d)

• Interface is at z=0
• For VMD1, ଵ ௗ

ଶ ଶ ଶ 

• ௗ

• For VMD2, ଶ ௗ
ଶ ଶ ଶ 

• ௗ

• Note that ௗ is equal for both VMDs
• but ௗ is not the same for both VMDs
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Electromagnetic Theorems and Concepts
•
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• For both VMDs, we have ௗ 

• For VMD1, 

• ௗ   
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• For VMD2, 

• ௗ   

• ௧
ெమ ଵ
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• therefore, ௧
ெభ

௧
ெమ
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Electromagnetic Theorems and Concepts

Fig. Classic image current (HED, HMD, VED, VMD) problem for magnetic wall
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Electromagnetic Theorems and Concepts

Fig. Classic image current problem for magnetic wall
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HED1

HED2

o

P (x,y,0)

S1 (0,0,d)

S2 (0,0,-d)

• Interface is at z=0
• For HED1, ଵ ௗ

ଶ ଶ ଶ 

• ௗ

• For HED2, ଶ ௗ
ଶ ଶ ଶ 

• ௗ

• Note that ௗ is equal for both HEDs
• but ௗ is not the same for both HEDs
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Electromagnetic Theorems and Concepts
•
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• For both HEDs, we have ௗ 

• For HED1, 

• ௗ   
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• For HED2, 

• ௗ   

• ௧
ுாమ ଵ
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• therefore, ௧
ுாభ

௧
ுாమ
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Electromagnetic Theorems and Concepts

Fig. Classic image current problem for magnetic wall
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VED1

VED2

o

P (x,y,0)

S1 (0,0,d)

S2 (0,0,-d)

• Interface is at z=0
• For VED1, ଵ ௗ

ଶ ଶ ଶ 

• ௗ

• For VED2, ଶ ௗ
ଶ ଶ ଶ 

• ௗ

• Note that ௗ is equal for both VEDs
• but ௗ is not the same for both VEDs
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•
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• For both VEDs, we have ௗ 

• For VED1, 
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• For VED2, 

• ௗ   

• ௧
ா మ ଵ

ସగ
ିఉ

ଵ


య

ఉ


మ 

• therefore, ௧
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Electromagnetic Theorems and Concepts

Fig. Classic image current problem for magnetic wall
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HMD1

HMD2

o

P (x,y,0)

S1 (0,0,d)

S2 (0,0,-d)

• Interface is at z=0
• For HED1, ଵ ௗ

ଶ ଶ ଶ 

• ௗ ௗ
⃗



• For HED2, ଶ ௗ
ଶ ଶ ଶ 

• ௗ ௗ
⃗



• Note that ௗ is equal for both HEDs
• but ௗ is not the same for both HEDs
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•
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Apply Duality Principles (  ,  , ᇱ  ᇱ ) 
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• Replace ᇱ by  and ᇱ by 
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Electromagnetic Theorems and Concepts
• For HMD1, and for HMD2,
• So the second term cancels out 

• For both HMDs, we have ௗ ௗ in first term, let us calculate  
• HMD1,
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Electromagnetic Theorems and Concepts
• For HMD2, 
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Electromagnetic Theorems and Concepts

Fig. Classic image current problem for magnetic wall
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VMD1

VMD2

o

P (x,y,0)

S1 (0,0,d)

S2 (0,0,-d)

• Interface is at z=0
• For VED1, ଵ ௗ

ଶ ଶ ଶ 

• ௗ ௗ
⃗



• For VED2, ଶ ௗ
ଶ ଶ ଶ 

• ௗ , ௗ
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• Note that ௗ is equal for both VEDs
• but ௗ is not the same for both VEDs
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•
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• For VMD1, and for VMD2,
• So the second term does not contribute to tangential components of magnetic field 

• For both HMDs, we have ௗ ௗ in first term, let us calculate  
• HMD1,

• ௗ ௗ ௗ ௗ
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• For HMD2, 
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• therefore, ௧
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