Problem 1: A metal sphere of radius carries a charge of Q. It is surrounded, out to radius b, by linear
dielectric material of permittivitye. Find the potential at the center of the sphere.

Sketch Problem

Start by telling me everything you can about the potential and how to solve the problem?



Use Gauss’s Law:

%B'%:Qf—enc

Where are there free charges and bound charges?

Find D, E everywhere



Now find V everywhere

Now let’s find the bound charge densities, remember:
P= GOXeE
pp=—V-P

O'b=P'ﬁ



Example: A sphere of homogenous linear dielectric material is placed in an otherwise uniform electric
field E, k. Find the electric field inside the sphere.

What are our Boundary Conditions:



Atr->0
Vin = Finite
At the boundary
Vin = Vour
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At r - Large
E= Eok -V, = —Egrcos®
Remember the solution to Laplace’s equation in spherical coords has the following form:
V() = Z(Aﬂ"l + Bir~"1)Py(cos M)

Applying the first B.C. inside, we reduce it to:

Vip = Z A;rt Py(cos )

How about outside?

Vour = —Eor cosV + Z B;r~=1 P/(cos V)

Which we can rewrite
Vout = —EqrP;(cos?) + Z B,r~t1 P,(cos )

Now let’s look at the boundary:

Vin = Vout

Z A;R' P,(cos®9) = —E4RP;(cos¥) + Z B,R~'"1 P;(cos )

Forl=1
A1 = _EO + BlR_3

Everywhere else:
Al — B1R21+1

The other condition:



aVin aVout
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av;
a;n = z 1A;r'=1 P;(cos )

av.

% = —EycosV + Z(—l — 1B, "2 Py(cos )

For I=1

€
— A, =—Ey+(-1—1)BR3—> A, =—Ey,+ (-2)B;R73

o
Everywhere else
€
e—lAl = (=l —1)B,R2!*1

(o]

Both A; and B, are zero unless I=1.

€
E_Al = _EO + (_Z)BlR_3

o
Ay = —Ey+ B;R73

The solution is:

Ay=——>Ey & B =S LR
7 oe+27° 17 e+2 0
Vin = > E 9= E
m= et2 0T COST = e+2 0%
The field is just
- — 3 P —
E=-VV= 0

€e+2
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W= ZgV2[Vdg — eV
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