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TFY 4240 

Øving 4 2006, Solution 
 

 

Problem 1 

 

a) 

The potential outside is given by: 

      

V (r, ) =
Bl

rl+1Pl (cos )

and  inside

V (r, ) = Alr
lPl (cos )

 

      Vinside =Voutside r=R
  gives   Al =

Bl

R2l+1  

 

At the surface 

V (R, ) =
Bl

Rl+1Pl (cos ) =V0 cos
2

with

Bl =
2l +1

2
Rl+1 V (R, )

0

Pl (cos )sin d

 

 

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

 

V (R, ) =V0 cos2
=V0(

3cos2 1

3
+

1

3
) =V0(

2

3
P2(cos ) +

1

3
P0(cos ))

which  gives

Bl =
2l +1

2
Rl+1V0 (

2

3
P2(cos ) +

1

3
P0(cos ))

0

Pl (cos )sin d

 

 

giving 

 

B0 =
1

3
RV0

B2 =
2
3
R3V0

 

 

Therefore: 

 

Voutside =V0(
1

3

R

r
P0(cos ) +

2

3

R3

r3
P2(cos )) 
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b) The surface charge is determined by the equation: 

( ) = 0(
Voutside

r

Vinside

r
)  

We had 

 
outside

V (r, ) =
Bl

rl+1Pl (cos )

and  inside

V (r, ) = Alr
lPl (cos ) =

Blr
l

R2l+1Pl (cos )

 

 

Inserting this in the expression for  

 

( ) = 0( (l +1)
Bl

rl+2Pl (cos ) l
Blr

l 1

R2l+1 Pl (cos ))
r=R

        = 0 (2l +1)
Bl

Rl+2Pl (cos )

 

 

Inserting for Bl: 

 

( ) = 0(
B0P0(cos )

R2 +
B2P2(cos )

R4 )

       = 0V0

R
(
1

3
P0(cos ) +

10

3
P2(cos ))

       = 0V0

3R
(15cos2 4)

 

 

c) The quadrupole moment is given by: 

 

p = r2P2(cos )dq = 2 R4 P2(cos ) ( )sin d

      

    = 2 R4 P2(cos )
0

0V0

R
(
1

3
P0(cos ) +

10

3
P2(cos ))sin d

     = 4 0

2
3
V0R

3

 

 

 

This is, apart from the 4 0  term, the same as the coefficient of P2(cos )  in the 

expression for the potential, which is given by: 

Vquadru(r, ) =
1

4 0

p2
r3
P2(cos )  



 3

 

 

 




