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1. (25 pts total) Spherical Capacitor with Two Dielectrics

Consider a spherical capacitor of inner radius Ry and outer radius Ry (see figure). The conduc-
tors have charge +Q. The region between R; and Ry is filled with two different linear dielectrics.
Half the region has permittivity €, the other half has permittivity .

(a) (6 pts) If €g=e€p, determine the electric field everywhere. J
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For (b-d), take €4 7# €.
(b) (8 pts) Assuming that any E and D fields are purely radial (i.e, no 6 or ¢ components), find
E and D in the region between the conductors
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(c) (6 pts) What is the polanzatlon in the region between the conductors? b fb R
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(d) (5 pts) What are the surface bound charge distri tlons a R1 and Ro?
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2. (25 pts total) Electrostatic Energy
Consider a conducting sphere in vacuum of radius
whose radius approaches infinity.

R concentric with another conducting sphere
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(a) (6 pts) What is the capacitance of these concentrlc conducting sph
Pk change ¥R on et sploge omd =
?)o‘rm xmg,( d«géammm 91:«:,1’ welan ﬁ?\&uabifﬁ AV = J Eval

A\j, /‘(M:’; B L\ umu»«f».amﬁg;}! ffs

w ey MEa R §(1)- Q' ¢ ix
Ca{)a cibomee = m S >
Reb el ¥

AE=0 4o ¥<R

(b) (6 pts) Suppose the inner sphere carries a charge +Q. What is the total electrostatlc energy

in the surrounding space?

f%g& leu‘rﬁaf 42(;5 wéﬂcé\a - Wm éhmz& wr @P&&M
el p )

Creck;  Le,§E7dT=7

(c) (7 pts) Consider a concentric spherical region of space with radius Ro (Ry > R). What is
the value of Ry if two-thirds of the electrostatic energy lies within it?
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(d) (6 pts) Now suppose that the sphencal—shell regi
with a linear dielectric with perm1tt1v1ty ¢. How does your answer to part (a) change? <
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3. (25 pts total) Dielectrics and Electrostatic Energy
Two long coaxial conducting cylinders (inner radius a, outer radius b, total height [) stand ver-

tically in a tank of dielectric oil (susceptibility x. and mass density p). The inner cylinder is
maintained at potential V, the outer cylinder is grounded (see figure). The liquid oil column
rises between the cylinders to a height h. Assume no fringing fields.

(a) (8 pts) What is the capacitance as a function of h?
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(¢) (7 pts) Find the equilibrium height heq of the oil between the cylinders.
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(d) (6 pts) What are the free surface charge densities (m’ﬁ"fﬁ’ém‘fﬁ‘der in the regions -
above and below the oil? ‘ ZN e W \/
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