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九十五學年第一學期PHYS2310電磁學 期中考試題(共兩頁) 
[Griffiths Ch. 1-3]  2006/11/14,  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。 
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1. (6%,6%,6%) Show that  
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simple zero, located at .
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(c) Check Stokes’ theorem for the function ˆy=v z , using the triangular shown in the figure. 
 
 
 
 
2. (4%, 4%, 4%, 4%) A metal sphere of radius R, carrying charge q, is surrounded by a thick 

concentric metal shell (inner radius a, outer radius b). The shell carries no net charge.  
(a) Find the surface charge density σ  at R, at a, and at b. 
(b) Find the electric field at following two regions R r a≤ ≤  and r b≥ . 
(c) Find the potential at the center ( 0r = ), using the infinity as the reference point. 
(d) If the outer shell is grounded, what is the potential of the inner sphere and what is the new 
surface charge density at b, ( )bσ ? 

 
 
 
 
3. (4%, 4%, 8%) The potential of some configuration is given by the expression ( ) rV Ae rλ−=r , 

where A and λ are constants. 
(a) Find the energy density (energy per unit volume). 
(b) Find the charge density ρ(r).  
(c) Find the total charge Q (do it two different ways) and verify the divergence theorem.  
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4. (4%, 6%, 6%) An infinite long rectangular metal pipe (sides a and b) is grounded, but one end, at 
x=0, is maintained at a specific potential as indicated in the figure, ( , )V y z =  

0 sin(2 / )sin(3 / )V y a z bπ π , where V0 is a constant.  
(a) Write down the boundary conditions. 
(b) Write down the general solutions. 
(c) Find the potential inside the pipe.  
 

 
 
 
 
 
 
5. (6%, 6%, 6%) Suppose the potential at the surface of a sphere is specified, 2

0 0( , ) sinV R Vθ θ= , 
where R0 is the radius of the sphere and V0 is a constant. There is no charge inside or outside the 
sphere.  
(a) Show that the potential outside the sphere. 
(b) Show that the electric field outside the sphere. 
(c) Show that the potential inside the sphere. 
[Hint: use Legendre polynomials, 2

0 1 2( ) 1,  ( ) ,  and ( ) (3 1) / 2P x P x x P x x= = = − .]  
 
 
 
 
 
 
6. (4%, 6%, 6%) A point charge q is situated at distance a from the center of a conducting sphere of 

radius R. The sphere is maintained at the constant potential V. 
(a) If V=0, find the position and value of the image charge. 
(b) Find the electric field on the surface of the metal sphere. 
(c) If V=V0, find the potential outside the sphere.  
[Hint: 1. use the notations shown below. 2. Assume q lays on the z-axis] 
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1.(a)  
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(c)  
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2. Use Gauss’s law  

(a) 2 2 2( ) ,   ( ) ,   and  ( )
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4

qE R r a r b
rπε

= ≤ ≤ ≥  

(c) 
0

1 1 1( ) .     (0) ( ) ( )
4

r b R

a

qV r d V V R d d
b R aπε∞ ∞

= − ⋅ = = − ⋅ − ⋅ = + −∫ ∫ ∫E r E r E r  

(d) 
0

1 1( ) ,    ( ) ( )    and    ( ) 0
4

r R

a a

qV r d V R d b
R a

σ
πε

= − ⋅ = − ⋅ = − =∫ ∫E r E r  



 - 4 -

3. (a)  
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(b)  
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(c)  
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0 0 0

Use Gauss's law, the charge enclosed in a sphere of radius 
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4. (a)  

0

(i) 0 when 0,
(ii) 0 when ,
(iii) 0 when z 0,
(iv) 0 when z .
(v) sin(2 y/a)sin(3 /b) when 0,
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(b)  
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5. (a)  
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(b)  
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6.(a)  

1 2

1
0

Assume the image charge  is placed at a distance  from the center of the sphere.  
It is equipotential on the surface of a grounded sphere. 
Using two boundary conditions at  and 
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(b)  
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(c)  
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