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Question 1 (previous exam problem)

Two in�nitely large charge sheets are located at x = 0 and x = a,
with regions 1 and 2 de�ned to be between the sheets. Region 1 is

free space, and region is �lled with a perfect dielectri with uniform

permittivity ε2 = 4ε0. The polarization �eld in region 2 is
~P = 6ε0ẑ − 3ε0x̂

C
m2 .

1. Determine ~E and ~D in region 2

2. Determine ~E and ~D in region 1

3. Find surface charge densities on the

two sheets at x = 0 and x = a

4. Describe how the surface charge

densities will change if a thin

perfectly conducting plate is

inserted between regions 1 and 2.

5. If region 1 were instead �lled with

the same material as region 2,

would one need to increase or

decrease ρs (x = 0) on surface 1 to

maintain the same voltage drop

between x = 0 and x = a?



Question 2 (previous exam problem)

Consider a pair of parallel plates in free space, each of dimension

10m× 10m, separated by a distance of 3m and both parallel to the

xy − plane. The bottom plate is grounded while the upper plate is

held at a constant voltage of 5V. The area between the plates is

�lled by air, ε = ε0. Ignore all fringing �elds, i.e. assume all ~E �leds

between the plates to be oriented in the ẑ direction.
1. Write Laplace's equation for the region between

the plates. Solve for the electrostatic potential

V (z) in the region between the plates. Let the

bottom plate be at z = 0 and the top plate be at

z = 3m.

2. The 2-plate system constitues a parallel-plate

capacitor. What is the capacitance C?

3. What is the surface charge density ρs on the top

and bottom plates? You can assume that ~E = 0

above and below the 2-plate system.



Question 2 - cont. (previous exam problem)

Consider a pair of parallel plates in free space, each of dimension

10m× 10m, separated by a distance of 3m and both parallel to the

xy − plane. The bottom plate is grounded while the upper plate is

held at a constant voltage of 5V. The area between the plates is

�lled by air, ε = ε0. Ignore all fringing �elds, i.e. assume all ~E �leds

between the plates to be oriented in the ẑ direction.
4. Now a 10m× 10m slab of perfect dielectric with

permittivity ε = 9ε0 and thickness 1m is inserted

between the plates, such that there are 1m air

gaps above and below the slab. What is the new

capacitance C ′ of the new con�guration?

5. What is the surface charge density ρ′s on the top

and bottom plates in the new con�guration?

6. What is the amount of work needed to insert the

dielectric slab into this position?



Question 3

In a charge-free space, the electric �eld in region 1 (ε1 = ε0) where
y > 0 is given by ~E1 = 2x̂ − 4ŷ V

m . Region 2 where y < 0 is �lled

with dielectric ε2 = 2ε0. Determine ~E and ~D �elds in both regions.



Question 4

A parallel plate capacitor where each plate has width w and length

b with plate separation d �lled with a dielectric slab of permittivity

ε. The plates are maintained at the constant potential di�erence

∆V .

The dielectric slab is withdrawn from the capacitor along the

direction of the b-dimension until the length x remains as

illustrated in the �gure. Determine the force needed to pull the

dielectric slab back into place.




