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1. (6%, 7%, 7%) Suppose the potential at the surface of a hollow hemisphere is specified, as shown
in the figure, where V,(a,0)=0, V,(b,0)=V,(2cos@—5cosOsin’ @), V,(r,z/2)=0. V; 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 in the region b<r<a.

[Hint: P(x)=1, P(x)=x, B(x)=(3x"-1)/2, and PB,(x)=(5x"-3x)/2.]

2. (10%, 10%) A point charge g is situated a large distance r from a neutral atom of polarizability
a.
(a) Find the induced dipole moment of the atom p.

(b) Find the force between them (attractive or repulsive).

3. (10%, 10%) A point charge ¢ 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) Find the position and the value of the image charge.
(b) Verify that the tangential component of the electric field is zero throughout on the surface of
the metal sphere.

[Hint: 1. use the notations shown below. 2. Assume ¢ lays on the z-axis]




4. (8%, 6%, 6%) Consider two infinite parallel metal plates separated by a distance s are at potential
0 and ¥} as shown in the figure. .
(a) Use Poisson’s equation to find the potential V' in the region between the plates where the

o X
space change density is p = p rk

(b) Find the electric field E in the region between the plates.

(c) Use the boundary condition to determine the charge densities on the plates.

[Note: The electric field inside the metal plate is zero Ej, ;5. =0.]

V=0 V=V,
e
x=() x=d

5. (8%, 6%, 6%) Consider a hollowed charged sphere with radius R and uniform charge density o
as shown in the figure. The inner radius of the spherical cavity is R/2 .
(a) If the observer is very far from the charged sphere, find the multiple expansion of the
potential ¥ in power of 1/r
(b) Find the dipole moment p.
(c) Find the electric field E up to the dipole term.
[Note: Specify a vector with both magnitude and direction.]




(a)
(1) Vi(a,0)=0

Boundary condition 1 (ii) ¥,(b,60) =V,(2cos @ —5cos@sin’ §) = V,(5cos’ @ —3cos §) = 2V, P,
(i) V,(r,6 = 7/2) =0

General solution V' (r,0) =Y (4" +B,r"""")P,(cos )

=0
(b)
B.C.(i)) >V(a,0)=) (4a" +Ba"*")P(cos0)=0 = B, =—A,a*"
=0
B.C. (i) >V (b,0)=) (4,b"+Bb"")P,(cos ) =2V, P (cos )
=0
Comparing the coefficiency = 4,6° + Bb™ =2V,, A4, =B, =0 for (=0,1,2,4,5,...

B.C. (iii) >V (r,0=%)=(4r" + By )P(0)=0
= A4,=B,=0 except / =3,
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2.
(a)
The electric field of a point charge E = L%f'
4re r
I aq.
The induced dipole moment p = gE = ——-F
dze 1

(b)




2
The total electric static energy U = —(%)p ‘E= —(%)(%)2 a_%
Note: (é) comes from the fact that the dipole moment p is induced by E.

2
The force bewteen is F=-VU = — ZOz(L)2 q—sf' attractive.
4re” r

The direction of the induced dipole p is in line with the electric field E generated by the charge g.

3.(a)

Assume the image charge ¢’ is placed at a distance b from the center of the sphere.
It is equipotential on the surface of a grounded sphere.
Using two boundary conditions at £, and P,
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two equations and two unknowns (¢ and b)
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2
b= R—(position), q = —Eq(value of the image charge)
a a

(b)
The potential outside the sphere when V=0

' 2
Vi(r)= ! { c + 9 }, Whereb:R— andq’:—ﬁq
a
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The potential outside the sphere when V=V,

V(r)= 1 47r¢90RVOJr q L4
4re, r |r—b2| |r—a2|

{|r —b2| = sin? 0+ (rcos 0 —b)* =(r* —2brcos 0+b)
where

Ir—a2| = \J( sin> 0+ (rcos 0—a)’ =¥ —2arcosO+a’)

On the surface of the metal sphere, E=-VV(r)= —a—Vf‘ —la—Vé
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4.(a)
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dlz/:_@ = V(x):—pox +ex+c,

dx &yd 6¢,d

Use the boundary conditions to determine the coefficiencies.
V{0)=0 = ¢,=0

d)=p, =Pl g = o =Yool

6¢, d 650
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6c,d d 6g,
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5.
(a)

Consider this problem as two charge spheres, one with charge density p
the other with opposite charge density — p.
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Using the principle of superposition, we find,
1

R
1 37 g3 47[ Ry (2 “—)cosO+...)

R —
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L 7,37 p3 4r R\3 4r
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= L 79 12(2—)c050+...
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The first term is the monopole term and the second term is the dipole term.

OR,

So the dipole moment p = 16
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