


MIT 8.02 Spring 2002 - Final Exam Solutions

Problem 4 (See homework problem 1.6.)
(There are many ways to do the details of this problem.)
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By symmetry, the field must be directed normal to the slab and sheet. Take positive E to
be up and negative E to be down. By the principle of linear superposition, the electric field
at any point will be the sum of the field due to the sheet and the field due to the slab.

First consider the sheet. We apply Gauss's law to the familiar "Gaussian pillbox" enclos
ing a small patch, and with its two endcaps equidistant from the sheet. This gives us
Esheet = -(J/2Eo above the sheet and Esheet = +(J/2Eo below, independent of exact distance
from the sheet.

Next consider the slab. We apply Gauss's law to a Gaussian pillbox with one endcap out
side and above the slab and the other endcap outside and below the slab (at the same
distance from the slab as is the first endcap). This gives E slab = +pD/2Eo above the slab
and E slab = - pD/2Eo below, independent of exact distance from the slab. Inside the slab,
since the charge density is constant, E slab changes linearly with position from the "above"
value to the "below" value.

(a) At a distance h above the sheet, we are also above the slab, and the total electric field is

(J pD (pD - (J)
E = Esheet + E slab = -- + - = --"--------'--
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(b) At a distance d < D below the top surface of the slab, E slab = p(D - 2d) /2Eo: this
expression is linear in d, and goes to +pD/2Eo when d = 0 and -pD/2Eo when d = D. Also,
we are below the sheet. Thus,
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(c) At a distance H below the bottom surface of the slab, we are outside the slab and below
the sheet as well. The electric field is

(J pD ((J - pD)
E = Esheet + E slab = - - - = ----
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Problem 5
(a) Since there is no current flowing after a long time, the resistor and the self-inductor are
irrelevant. The voltage across both capacitors is V, and the electric field between the plates
of each is simply E = V/d (directed downward, since the upper plates carry the positive
charge).

(b) Since the battery is still connected, the voltage across each capacitor is still V, and we
still have E = V / d (downward) between the plates of each.
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