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Section A

1. A square loop of wire with side length a has a current I passing through it. What
is the magnitude of its magnetic dipole moment p? [2]
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This current loop is placed in a uniform magnetic field B. Draw the configuration which
is the lowest energy state, showing the directions of fi and B. [4]
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What is the magnetic potential energy of this configuration? 2]
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2. The magnetic field in a circular region of space is increasing into the page, as
shown in the figure below. Add two representative field lines to the diagram to show
the direction of the induced electric field outside of this region. [4]
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3. Briefly explain, with the aid of diagrams, what happens when a paramagnetic
material is brought near to the north pole of a permanent magnet.

retic matenals hart QXAS‘I‘I@ dt()o|€$) can o

poé:;'mﬁe Mo{'lof\ a—f elechons *

[12]

[t

.-7

These ot Wda‘"% a"jAeA |r€ *{’LOC 1S Mo 9)04'0\40( %C[A
dve f ther Hemal mobiom,

Near fe rorth pole o} o pomonert magreh) e magredic
10;00( aligns  thees Aipales s thot fle matena| has

an oreall  dupole womeat -

L R
===
i
/A
The paamagret  Aow e a dipile &n 112 /“ayre#?

4—.@{4 of fle P@Wmef/\a‘ The non- v 74@/p4
J"’ fle W Motjrd cdu s, fle PM’MQ/’%#‘O

he MWO/GJ VT




Section B

4.

(a) State Faraday and Lenz’s laws of electromagnetic induction. 6]
Fomdas: — j;‘E

Lenz: Tle eﬁ@a& ot d&%rb/wﬁr‘c}/‘fc  adeeATom
ach 4o o pese 1le Hhange thak

Canmse) Hem

(b) A square conducting loop with sides of length a and total electrical resistance R is
moved at a constant speed v toward a region with uniform magnetic flux density
B out of the page as shown in the following figure. The field region is of thickness
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Determine the magnetic flux ®p through the loop as a function of time ¢ for

0 < t < 2d/v and sketch ®pg(t) versus time for the same interval. Take positive

circulation to correspond. to the direction shown in the figure. [10]
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\%
) Determine the current I(t) flowing through the loop for 0 < ¢ < 2d/v. [9]
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5. A beam of particles, all of the same positive charge ¢ but of differing speeds v and
differing masses m, is incident on the device shown:
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In the device, there is a uniform magnetic field B perpendicular to the plane of the
paper, and a uniform electric field E as indicated; particles may only leave through the
openings O1 and O2 which may be assumed to have negligible width and to be field-free.

(a) Determine the direction and magnitude of the magnetic field that will allow par-
ticles of a particular velocity v to continue undeflected and to leave the device

through the opening O2.
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(b) If E = 0, show that only particles of a particular momentum may escape through
O1 and find an expression for this momentum. Explain why the energy of the
particles is unchanged in this situation. [15]
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6.
(a) Use Ampere’s law to show that the magnetic field a perpendicular distance r from
a long straight wire carrying current I has magnitude B = pol/(2nr). 8]
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(b) How may we use the principle of superposition to help us calculate the magnetic
field at a point in space near a collection of sources? 4]
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(c) The diagram below shows two long straight wires lying in the zy-plane, each
carrying a current I. The wires cross at an angle of 60° as shown, symmetric
about the y-axis and with the intersection at the origin. Find the magnitude of
the magnetic field B(x,0,0) along the z-axis, and the magnitude of the magnetic
field B(0,y,0) along the y-axis. [14]
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