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1. (8%,12%) v =r"cosOF +r cos g0 —r> cos Osin ¢

(a) Compute V-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 p.
(a) Find the voltage V" and the electric field E in the two regions »<R and r>R.
(b) Find the total energy using p and V.
(c) Find the total energy using E and V. Take a spherical volume of radius a (a > R).
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[Hint: The energy W —EIder —?UE dr+qSSVE-da] Ny

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 ¢ on the metal sphere
(r=R).
(b) Calculate the force of repulsion between the “northern” hemisphere and the “southern”

hemisphere.
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[Hint: The repulsive force per unit area (or the electrostatic pressure) f = ?OE ]




4. (7%,7%,6%) A uniform line charge A 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 o 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 V(a,8)=V,(5cos’@—3cos®), V,(b,0)=0, V,(r,x/2)=0. V, is a
constant.

(a) Show the general solution in the region h<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 E(r =b5) and outer shell E(r=a).
[Hint: P(x)=1, P(x)=x, B(x)=(3x"-1)/2, and P,(x)=(5x"-3x)/2.]
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v =r’cosbf +r* cos #0 — r* cos @sin ¢
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(b)
The divergence theorem j V.vdr = SBV -da
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xy-plane: da = —rdrd0¢, ¢ =0, v-da = (r’ cos@sin @)rdrdd =0,
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yz-plane: da =rdrd 09, ¢ = /2, v-da=—(r" cosOsin §)rdrd 6 = —r cos Odrd 0, j J- —(r cos@)drd 0 = _ZR4

Rrz/2

zx-plane: da—rdrd¢9 0=r/2, v-da=(r’ cos@)rdrdg =1’ cos gdrdp, I j @ cos¢)drd¢—
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curved surface: da = R>sin 8d0d¢r, r =R, v-da =(R*cos@)R’ sin dOd ¢ = %sin 20d6dg,
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3.
(a)
Simple solution: o = Q_ 0 5
A 4rnR
\ . o 1.
Use Gauss's law, we obtain £ = —r forr>R
dre, r
o Q
Normal component (£, , —E,,,..)=—, E, .., =0, o= 5
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\ : 0O 1,
Use Gauss's law, we obtain £ = —r forr>R
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4.

(a)
Assume the image line charge of — A is placed at a distance d below the plane.
Using the Gauss's law, the electric field outside a line charge 4 is E = 5 if'.
TE, T
r A5
So ¥ ==[E-dl =—"—In=V () -V, ()
; 2re, r
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5.
(a)
() V,(a,0) =V,(5cos’ @ —3cosb)
Boundary condition < (ii) ¥,(b,0) =0
(i) V,(r,60 =7/2)=0
General solution V' (r,0) =Y (4" +B,r"""")P,(cos6)
=0
(b)
5. \,,
ety 0



B.C. (ii) >V (b,0)=) (4b" +Bb""")P(cosf)=0 = B, =—A4,b*"

(=0
BC. (i) > V(a,0)=>Y (4b"+Bb"")P,(cos ) =2V, P(cos )
=0

Comparing the coefficiency = A3a3 + B3a"4 =2V,, A, =B,=0for/=0,1,2,4,5,...
B.C. (1) =»V(r,0=%)= (A3r3 + B3r‘3)P3 0)=0
= A, =B, =0 except { =3,

4 447
2V,a and B, = 2V,a™b
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