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九十六學年第一學期PHYS2310電磁學 期中考試題(共兩頁) 
[Griffiths Ch.1-3]  2007/11/13,  10:10am–12:00am, 教師：張存續 

 
記得寫上學號，班別及姓名等。請依題號順序每頁答一題。 
◇ Useful formulas  
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1. (8%,12%) 2 2 2ˆˆ ˆcos cos cos sinr r rθ φ θ φ= + −v r θ φ   

(a) Compute ∇⋅ v . 
(b) Check the divergence theorem using the volume shown in the figure (one octant of the sphere 
of radius R). 
[Hint: Make sure you include the entire surface.] 

 

 
 
2. (6%,7%,7%) A solid sphere of radius R is uniformly charged with the volume charge density ρ.  

(a) Find the voltage V and the electric field E in the two regions r R≤  and r R> .  
(b) Find the total energy using ρ and V. 
(c) Find the total energy using E and V. Take a spherical volume of radius a ( a R> ).  

[Hint: The energy 201
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W Vd E d V dερ τ τ
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= = + ⋅ 
 

∫ ∫ ∫ E a .] 

 
 
 
3. (10%, 10%) A metal sphere of radius R carries a total charge Q. 

(a) Use the boundary condition to determine the surface charge density σ on the metal sphere 
( r R= ).  

(b) Calculate the force of repulsion between the “northern” hemisphere and the “southern” 
hemisphere.  

[Hint: The repulsive force per unit area (or the electrostatic pressure) 20 ˆ
2
Eε

=f n .] 
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4. (7%,7%,6%) A uniform line charge λ is placed on an infinite straight wire, a distance d above a 
grounded conducting plane.  
(a) Find the potential V in the region above the plane. 
(b) Find the surface charge density σ induced on the conducting plane. 
(c) Find the force on the wire per unit length. 
[Hint: Use the method of images.] 

 
 
 
 
 
 
 
 
 
5. (6%, 8%, 6%) Suppose the potential at the surface of a hollow hemisphere is specified, as shown 

in the figure, where 3
1 0( , ) (5cos 3cos )V a Vθ θ θ= − , 2 ( , ) 0V b θ = , 3 ( , 2) 0V r π = . V0 is a 

constant.  
(a) Show the general solution in the region b r a≤ ≤ . 
(b) Determine the potential in the region b r a≤ ≤ , using the boundary conditions.  
(c) Calculate the electric field at the inner shell ( )r b=E  and outer shell ( )r a=E . 
[Hint: 2

0 1 2( ) 1,  ( ) ,  ( ) (3 1) / 2,P x P x x P x x= = = −  and 3
3 ( ) (5 3 ) / 2P x x x= − .]  
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1. 
(a)  
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(b)  
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2.  
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(b) 
0

1
2 2

R

W Vd Vdρρ τ τ= =∫ ∫  

2 2 2

00
3 5

2

0
2 5

0

1 (3 ) sin
2 2 6

   3 4
2 6 3 5
4   

15

R

W Vd R r r dr d d

R RR

R

ρ ρρ τ θ θ φ
ε

ρ ρ π
ε

πρ
ε

 
= = − 

 
 

= − 
 

=

∫ ∫ ∫∫

 

(c)  
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3.  
(a) 

Simple solution: 24
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4.  
(a)  
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Assume the image line charge of  is placed at a distance  below the plane.  
1 ˆUsing the Gauss's law, the electric field outside a line charge  is . 
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(b)  
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5.  
(a)  
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(b)  
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