
Physics Enhancement Programme 

Selection Test 2 

Solution 

1. Construct spherical Gaussian surface with radius r and centered at the origin. By 

 symmetry, the field should be radial and with constant magnitude on the surface. 

 Hence Gauss’s law implies 
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 For b r a  , E 0 , since it is inside a conductor.     (2) 

 

The volume charge density is zero because there can be no volume charge inside 

a conductor in electrostatics.          (0.5) 

 

Construct spherical Gaussian surface centered at the origin and with radius r, 

where b r a  . Since the E field is zero inside the conductor, by Gauss’s law, 

the total charge enclosed by this surface should be zero. Hence the total amount  

of charge on the inner surface is 34

3
R . By symmetry, the charges should be 

uniformly distributed over the surface. Hence 
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Since the conductor is isolated and carries no net charge, the total amount of 

charge on the outer surface must be 34

3
R . Again, by symmetry, the 

distribution is uniform. Hence 
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Construct spherical Gaussian surface centered at the origin and with radius r, 

where r b . Since 3
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By definition,  
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2. Let the solution of the following configuration be  1 ,x y . 
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 a V = 0 

  

 

 V = V0 V = 0 
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 O V = 0     a 

 Let the solution of the following configuration be  2 ,x y . 
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 Let the solution of the following configuration be  3 ,x y . 
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 Let the solution of the following configuration be  4 ,x y . 
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 a V = V0 
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 Then the solution of the following configuration is 

            1 2 3 4, , , , ,x y x y x y x y x y      
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 a V = V0 
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 But it is trivial that   0,x y V  . 

 Besides, by symmetry we have 

         1 2 3 4/ 2, / 2 / 2, / 2 / 2, / 2 / 2, / 2a a a a a a a a     



 Hence 

         0
1 / 2, / 2

4

V
a a          (8) 

 

3. (a)  

 

                    

                    

S S

C S

d d
t t

d
d d

dt

d

dt


 
        

 

    


  

 

 

B B
E E a a

E l B a  

For 0t  , 0 , 0
d

dt
 
   . 

For 0a v t  , Bavt , 
d

vBa
dt

 
    . 

For 2a v t a v  , 2Ba Bavt   , 
d

vBa
dt

 
   . 

For 2t a v ,  0 , 0
d

dt
 
   .       (4) 

 

(b)  

0 0 0 0 0

0 0 0

0

                               0

t t

t t

    

 
  



    
         

    

   
         

   

E
J J E

J J

 

(2) 

 

4. (a) Construct circular Amperian loop with radius s. The loop is centered at the 

  wire and lies on a plane perpendicular to it. 

By symmetry, the H field should be along the tangential direction and with 

constant magnitude along the wire. Hence, by Ampere’s law 
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(b) Since 
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J J , inside the cylinder, Jb is everywhere zero except at 

the location of the wire, at which 
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5. Let the dipole be 

 ˆ ˆ ˆ
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 then the image dipole is 
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 located at  0,0, a .           (2) 

 The total electric field just above the conducting plate is 
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(3) 

The surface charge density can be obtained by 
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Since the wavelength of the thermal neutrons is comparable with the atom 

separation, they can be diffracted by the crystal.          (2 point) 
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(c) the kinetic energy of the recoiling electron = 3.88´10-15 J     (1 points)
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The electron make an angle 90-51.2 = 38.8  with the x-axis.  (1 point)
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the image is 5cm to the right of the second lens which is real  (1 point).
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