MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Department of Electrical Engineering and Computer Science

6.014 Electrodynamics

| ssued: March 12, 2002
Problem Set 6 Duein Lecture: March 21, 2002

Reminder:  Quiz 1isduring lecture, Tuesday March 19, closed book, no calculators.
It covers all material taught through March 8, and through Problem Set
5. (Please note that Problem Set 6 is not due until the following
Lecture)

Suggested Reading: Text: 3.4 < 88, 95-96, Supplemental notesfor R11, L11

Problem 6.1

A paralld-plate structure has plate separation d and area A. The medium between
the plates is dry earth with permittivity e = 3e, = 4.8 10" and conductivity s = 10™
[SmY].
a) What isthe relaxation time t of this capacitor (seconds)?
b) If d = 1 meter and A = 10 n?, what is the resistance R of the structure?
C) For the same d and A, what is the capacitance C of this structure?

d) If we put N of these capacitorsin parallel, what thenist?

e) If we put M of these capacitorsin series, what thenist?

Problem 6.2

Assume we wish to manufacture an inductor with the highest inductance L we can
using iron with m= 10° m,, and with a fixed value for solenoid cross-sectional area A [n]
and number of turns N. Compare the two choices of a solenoid completely filled by
permeability m and a toroida solenoid with the largest gap d that satisfies the
approximation that the magnetic energy stored in the gap comprises about half the total
stored magnetic energy, i.e.. (dnmy)? @(2pR)?> where we fix R @2A%° [m]. (See dide
L11-9). Which configuration has the higher inductance, and by approximately what
ratio?
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Problem 6.3

Using graphical field sketching techniques, sketch the approximate isopotentials
and electric field lines for the two perfect conductors shown herein cross—sectlon
Let's define Eqnax and Enin as the maximum and o
minimum electric field strengths at the inner
conductor. What is the approximate ratio
of Emax/Enin (based on your sketch)?
Assume this cross-section is constant down the ™
length of this co-axial system.

Problem 6.4

A perfect conductor is shaped as shown, and linearly increasing electric potentials
are applied aong the remaining two sides of the rectangle. At these two edges they
increase linearly from zero at the conductor to V volts at the open corner, as illustrated:

a) Provide an expression for the vV
glectric potential intherectangle. =~ @R ®
b) Sketch the approximate electric i
fields within the rectangle. c!
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