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Question 1. (10 points)

An alternating current I(t) = I,coswt flows down a long straight wire, and returns along a
coaxial conducting tube of radius a.

1. In what direction does the induced electric field point? (2 points)

2. Assuming that the field goes to zero as the distance from the axis goes to infinity, find the
electric field as a function of coordinates and time. (6 points)

3. Find the displacement current density J; (2 points)

Answers



Model answers (Griffiths, Problem 7.15; Problem 7.36) (10 points)

1. (2 points)

The magnetic field (in the quasistatic approximation) is “circumferential”. This is analogous
to the current in a solenoid, and hence the electric field is longitudinal (1 point).

The direction is along z: E || 1. (1 point)

2. (6 points)

Use the “amperian loop” shown (1 point) 'S
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Question 2. (9 points)

The constant current / runs through thin wires that connect
to the centers of the plates that form a parallel-plate
capacitor (see Figure). The radius of the capacitor is a, and
the separation of the plates is w<<a. Assume that the
current flows out over the plates in such a way that the
surface charge is uniform, at any given time, and is zero at
time ¢ = 0.

1. Find the electric field between the plates, as a function
of time . (3 points)

2. Using the cylindrical surface with radius s as depicted in Figure, which is open at the right
end and extends to the left through the plate and terminates outside the capacitor, find the
magnetic field between the plates at a distance s from the axis. (6 points)

Tip: Note that the displacement current through this surface is zero, and there are two
contributions to esc: incoming current / and outcoming current due to redistribution of
charges over the capacitor plate.

Answers



Model answers (Problem 7.35/7.34): (9 points)

1. (3 points)
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(1 point)

2. (6 points)
A surface current flows radially outward over the left plate; let I(s) be the total current
crossing a circle of radius s. The charge density (at time ¢) is

a(t) = %

Since we are told this is independent of s, it must be that

[ —1(s)]
52 =F
where S is a constant. But I(a) = 0,s0 fa? =1,or B =1/a? and I(s) = I(1 — s%/a?)
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Question 3. (11 points)

A square loop of wire, of side a, lies midway between two long wires, 3a apart, and in the
same plane. (Actually, the long wires are sides of a large rectangular loop, but the short ends
are so far away that they can be neglected.) A clockwise current / in the small square loop is
gradually increasing: dI/dt=k (k is a constant).
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1. Find the mutual inductance of the loops. (6 points)
2. Find the emf induced in the big loop. (2 points)
3. Which way will the induced current flow? (3 points)

Answers



Model answers (Problem 7.23): (11 points)

1. (6 points)

It is hard to calculate M using a current in the little loop, so, exploiting the equality of the
mutual inductances, we will find the flux through the little loop when a current / flows in the
big loop

o = MI (2 points)
The field of one long wire is B = 5_732
I (%1 la
1=Hi —ads=u0 In2
2m ), 2m
(2 points)
So that the total flux is
laln2 aln?2
=20, =200 5 y=R
s
(2 points)
2. (2 points)
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3. (3 points)

Direction: Field lines point in, for the inside of the little loop, and out everywhere outside the
little loop. The big loop encloses all of the former, and only part of the latter, so net flux is
inward. Therefore, the net flux (through the big loop), due to / in the little loop, is into the
page. (2 points)

This flux is increasing, so the induced current in the big loop is such that its field points out of
the page: it flows counterclockwise. (1 point)



Question 4. (10 points)

1. Find the self-inductance £ per unit length of a long solenoid, of radius R, carrying » turns
per unit length. (3 points)

2. Find the energy stored in a section of length / of such a solenoid calculated via self-
inductance. (3 points)

3. Now find the energy stored in a section of length / of such a solenoid using the expression
for the energy via magnetic field. (3 points)

4. Do the results of question 2 and 3 make sense? (1 point)

Answers



Model answers (Problem 7.24 and 7.28): (10 points)

1. (3 points)

B =pugnl =

Flux through a single turn ®,; = ponITR?

In a length / there are n/ such turns, so that total flux
® = pyn?mR?Il

The definition of self-inductance

® =1Ll

so that self-inductance per unit length is

L = pon’nR?

2. (3 points)

1 1
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3. (3 points)
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B = ponl inside and zero outside; [ dt = mR?1
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4. Yes, the energy is the same. Our equations work! (1 point)

M Lshens,

Maxim Pchenitchnikov Steven Hoekstra
April 30 2018
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