
Electricity and Magnetism: PHY-204. 12 November, 2015

Individual ASSIGNMENT

Assignment 4: Moving Charges, Magnetic Fields, Forces and

Torques

This homework must be solved individually.

1. A sphere of mass M and radius R is suspended from a pivot P by means of a massless

rod. The distance from P to the center of the sphere is h. N thin wires of mass m each

are wrapped around the sphere as shown in the diagram below. The entire system is

immersed in a uniform magnetic field B⃗, in the direction shown. When there is no

current in the wires the system hangs vertically.

A current I now passes through each of the wires causing the sphere to move in the

direction shown and the rod to make an angle θ with the vertical direction.
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(a) Draw the direction of the current on the diagram. [1 mark]

(b) Show that when the sphere comes to rest, θ = θ0 where

tan θ0 =
NIπR2B

hg(M +Nm)
.

[5 marks]

(c) When the sphere is suspended at angle θ0 the direction of the current is suddenly

reversed. Find the maximum speed v of the sphere in its subsequent motion. You

can ignore air resistance and frictional forces. [7 marks]
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(d) Can the magnetic dipole moment and the magnetic field be completely aligned

in this system? Explain your reasoning. [2 marks]

2. A strong magnet is placed under a horizontal conducting ring of radius r that carries

current I as shown below. If the magnetic field B⃗ makes an angle θ with the vertical

at the ring’s location, what are the magnitude and direction of the resultant magnetic

force on the ring? [10 marks]

3. A nonconducting sphere has mass 80.0 g and radius 20.0 cm. A flat, compact coil

of wire with five turns is wrapped tightly around it, with each turn concentric with

the sphere. As shown below, the sphere is placed on an inclined plane that slopes

downward to the left, making an angle θ with the horizontal so that the coil is parallel

to the inclined plane. A uniform magnetic field of 0.350 T vertically upward exists in

the region of the sphere. What current in the coil will enable the sphere to rest in

equilibrium on the inclined plane? Show that the result does not depend on the value

of θ. [15 marks]
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