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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,8) =0, V,(b,d) =V, (2cosd—-5cosfsin’ ), V,(r,z/2)=0. Vo is a
constant.

(&) Show the general solutionintheregion b<r<a.

(b) Determine the potential in theregion b<r <a, using the boundary conditions.
(c) Calculatethe électric fieldintheregion b<r <a.

[Hint: P(x)=1 R(X)=x, P,(X)=(3x*-1)/2, and R(x)=(5x"-3x)/2]

2. (10%, 10%) A point charge q 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 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) 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 q lays on the z-axisg]



4. (8%, 6%, 6%) Consider two infinite parallel metal plates separated by a distance s are at potential
0 and Vy as shown in thefigure. .
() Use Poisson’s equation to find the potential V in the region between the plates where the
space change density is p = pog .
(b) Find the electric field E in the region between the plates.
(c) Usethe boundary condition to determine the charge densities on the plates.
[Note: The electric field inside the metal plateiszero Ejgge =0.]

V=0 V=V,
S
X=0 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 iISR/2 .
(@) If the observer is very far from the charged sphere, find the multiple expansion of the
potential V in power of 1/r
(b) Find the dipole moment p.
(c) Find the electric field E up to the dipole term.
[Note: Specify avector with both magnitude and direction.]
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Boundary condition < (ii) V, (b, 8) =V, (2cosé —5cosdsin® §) =V, (5cos’ § — 3cosd) = 2V,P,
(i) \y(r,0=7/2) =0
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(=0
(b)
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The electric field of apoint chargeE—i&f
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The induced dipole moment p = aE = ia_qf
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The total electric static energy U = —(%)p E= -(%)(%)2 aq”
;
Note: (%) comes from the fact that the dipole moment p isinduced by E.
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The force bewteenisF = -VU = —Zoz(i)2 9 % attractive.
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The direction of the induced dipole p isin line with the electric field E generated by the charge q.
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Assume the image charge ' is placed at adistance b from the center of the sphere.
It is equipotential on the surface of a grounded sphere.
Using two boundary conditions at B, and P,
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two equations and two unknowns (q' and b)

atp, — 19, 9 9
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b= % (position), (' = —g g(value of the image charge)

(b)
The potentia outside the sphere when V=0
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The potential outside the sphere when V=V,
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Use the boundary conditions to determine the coefficiencies.
V({0)=0 = ¢,=0

pod” Vo . Pod
( ) 0 65‘0 ¢d = ¢ d 650
3

V=22 Yo Py,

6e,d d  6e,
(b)

3

V(X)=—&+(£+@)X

6es,d d  6e,

2
E:_vv(x):&_(\iJr&-d)g
2¢,d d  6g,
(©
_ M Pl PAV/ d

Bro= (eS| oe u(Buma Bea) - D

2pd Voo 2p,d &V,
EX= =(—O__0)X Oy =8(Eous' e~ >ihs e)=( > _M)

d 360 d d 0 tsid % 3 d

5.
(@

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,
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The first term is the monopole term and the second term is the dipole term.

So the dipole moment p = —(19—6Ri
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