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3. Direct Integration of the Field Equations 
 

 Vector equivalent theorem   ∇は積分座標系  
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Vector Algebra   ベクトル解析の公式  ｎ：外向き 

 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Maxwell's Equations 
                                   Duality of E and H 
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Maxwell equation and Vector equivalent theorem → Direct Integration 

 
 
 
 
Maxwell equation 
 
 
 

 
 

Vector equivalent theorem 
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Extraction Singularities 特異点の抽出 
 
・Definition gradient 
 
( , , ) 1x y z r rρ

ρ∴

が 方向へ動く　 が小さく、 が大きく

　ベクトルは 方向を向いている
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From the duality of E and H, 
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On the other hand, from the duality 
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Integral Expression of EM Fields 
 

 
    
 
 
 
 
 
 

Compare it with 1-13. 
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