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Problem 1

a)

The potential outside is given by:
V(r,0) = E P (cos)
and inside

V(r.0) =Y Ar'P(cosb)
B,
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outside

gives A, =

r=R

At the surface
V(R,0) = 2 —L_P,(cos) = V,cos’ 6

with

B, = 21; L i f V(R,0)P,(cos)sin6d0

We can write the potential at the surface of the sphere as

2
VRO) = V,cos* 0=V, (0 5 v, CPcost) + 1 cos0)

which gives

B - 212+1Rz+1V f( P,(cos6) + — P (cos6))P,(cos0)sin6HdO

giving
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B, =RV,

Therefore:
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b) The surface charge is determined by the equation:

av.
()'(6) - _ 0( oumde _ inside )
or
We had
outside

V(r,0) = E%PZ (cosH)

and inside

!
V(r0) =Y Ar'P(cost) = E%P, (cos0)

Inserting this in the expression for o

l

o(0) = —80(2 (I+ 1) — 5P (cos) -1 ’ZM P(cos0))| _,
=&, > (21+1) I+2P (cosb)

Inserting for By:

B,P, (cos@) B,P,(cos0)

0(0) =&, (— I
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¢) The quadrupole moment is given by:

p=[r*P,(cosO)dq = 2R* [ P,(cos0)o(0)sin6d6

=2nR* fP (cos 6) Yo ( Py(cosO) + ?OP (cos0))sin6dO

= 4mg, %VOR3

This is, apart from the 4se, term, the same as the coefficient of P,(cos6) in the
expression for the potential, which is given by:

(r.0) = —. P2 p (cosh)
dme, r

quadru
0



Problem 4.14

Total charge on the dielectric is Qot = fgonda + [, ppdr = $3P - da - [, V-Pdr. But the divergence

theorem says 5'5 P-da= fv V-Pdr, 30 Qene = 0. ged

Problem 4.21

Let @ be the charge on a length ¢ of the inner conductor.
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Problem 4.30
Net force is E to the right | (see diagram). Note that the field lines must bulge to the right, as shown, because

E is perpendicular to the surface of each conductor.






