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6.641 Electromagnetic Fields, Forces, and Motion 

Quiz 1 Solution 


1. a) By placing the image surface charge as below we can find the potential in region 

( 0 y d  ).≤ ≤
σ σ 0 cos ( )= kx 

ε0

y d 
x 

d 
= −σ 0 cos ( )σ kx 

−k d  − y −k d  + y 

Φ( x, y) = σ 0 cos ( 
2 
kx 
ε0 

) 
k
e ( )

−
σ 0 cos ( 

2 
kx 
ε0 

) 
k
e ( )

=
σ 0 cos 

ε
( 
0 

kx
k 
)e−kd sinh  ( )ky  

∂Φ 0 cos ( ) −kdσ kx e 
b) E = −∇Φ⇒  Ey = −  

∂y 
= −  

ε0 

cosh ( )ky  

σ 0 cos kx e ky σ cos kx e 
Ey y| =0 = −  

2 
(
ε0 

) −kd 

(e + e−ky ) |y=0 = −  0 

ε
( 

0 

) −kd 

σ = ε0 Ey |y=0 = −  σ 0 cos  (kx)e−kd sf 

c) The force on the surface charge is just caused by the electrical field induced by the image charge. 
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2. a) ∇iJ = 0 , By symmetry we just have an r component of J . 
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c) total volume charge 
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total surface charge on each electrode 
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b) Vector potential from a single line current Iiz  is: 
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Vector potential from original current plus the three image currents shown is required so that 
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perfectly conducting surface) is: 
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