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Physical Systems — spring 2007
EM HW 3a Tues.17 April 2007 - Griffiths Ch.8.2 4 §

Problem 8.5 Coasider an infinite parallel-plate capacitor, with the lower plate (at z = —d/2)
canrying the charge density —o, and the upper plate (at z = +d/2) carcying the charge dcns:ty
+o.
{a) Determine all nine elements of the stress teasor, in the region between the plates. Display
your answer as a 3 % 3 matrix:
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Maxwell stress tensor, g
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@)_}I:iﬁqszz}om&o fomeperunnmmlhe:opplatc. Compare Eq. 2.51.
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- Thus the force per unit volume (Eq. 8.18) can be written in the much simpler form
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The rotal force on the charges in V (Eq. 8.15} is evidently
= ? da — 1 /
f‘; A — e ar ), Sdr. (3.22)
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(c) What is the momentum per unit area, per unit time, crossing the xy planc (or any other
plmptallelmtlutone,bumtheplm)?
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(d) At the plates this momentum is absorbed, and the plates recoil (unless theve is some
nonelectrical force holding them in position). Find the recoil force per unit area on the top
plate, and compare your answer to (b). [Note: This is not an additional force, but rather an
alternative way of calculating the same force—in (b) we got it from the force law, and in (d)
we did it by canservation of momentum )
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That argument applies to any surface charge; in the particular case of a conductor, the
fickd is zexo inside and (o /€o)il outside (Eq. 2.48), so the average is (0/2¢p)f, and the force
per unit area is -
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This amounts to an outward electrostatic pressure on the surface, tending to draw the
conductor into the ficld, regardless of the sign of 0. Expressing the pressure in terms of the
field just outside the surface,




