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6.641, Electromagnetic Fields, Forces, and Motion 
Prof. Markus Zahn 

Lecture 12: Electroquasistatic Forces 
 

 
I. EQS Energy Method of Forces 

 
a) Circuit Point of View 

Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
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b) Energy Point of View 
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Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
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II. Forces In Capacitors 
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Courtesy of Krieger Publishing. Used with permission. 
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a) Coulombic force method on upper electrode: 
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b)  

 

 
 

Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
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III. Energy Conversion Cycles 
 

 
 
Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
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ξ ξ∫ ∫v vvdq = f d  

 

ξ ξ >∫ ∫v vvdq, f d 0  

 
Electric energy in, mechanical energy out. 

 

ξ ξ <∫ ∫v vvdq, f d 0  

 
Electric power out, mechanical energy in. 
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IV. Force on a Dielectric Material 
 

 

 
Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
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Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
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V. Physical Model of Forces on Dielectrics 

 

 
Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
 
 

( ) ( )⎡ ⎤+ −⎢ ⎥⎣ ⎦dipole
f = q E r d E r  

 

( ) ( ) ( )⎡ ⎤+ ∇ −⎢ ⎥⎣ ⎦
i= q E r d E r E r  

 

( )∇i= q d E  

 

( )∇i= p E   Kelvin force 
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Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
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