
Electricity and Magnetism: PHY-204 Fall Semester 2014

Tutoring Session 8: Moving Charges in and outside a

Magnetic Field

1. A metal rod having a mass per unit length λ carries a current I. The rod hangs from

two vertical wires in a uniform vertical magnetic field as shown in Figure 1. The wires

make an angle θ with the vertical when in equilibrium. Determine the magnitude of

the magnetic field.

FIG. 1: Current carrying rod.

2. Consider a solenoid of length L that is made up of N circular loops, each of radius

R wound tightly next to each other. The conventional current in the loops is I. The

direction of the magnetic field generated is as shown by the arrow in the accompanying

figure.

(a) Taking the origin to be at the center of the solenoid and the x-axis aligned with

the axis of the solenoid, show that the magnetic field along the axis of the solenoid,

Bx, is given by

Bx =
µ0

4π

2πIN

L

[
x+ L/2√

(x+ L/2)2 +R2
− x− L/2√

(x− L/2)2 +R2

]
(1)

where x is the distance from the center of the solenoid. You will need the result∫
dx

[x2+a2]3/2
= x

a2[x2+a2]1/2
.
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(b) Sketch Bx as a function of x.

(c) Find an expression for B at the center of the solenoid in the limit R << L.

3. This question concerns the Hall Effect. You have a battery with known emf = K, a

sensitive voltmeter, and a slab of high-resistance metal in which the mobile charges

are electrons with mobility u; there are n electrons per cubic meter. The metal slab

has length L, height h, and width w. You also have low-resistance wires that you

can use to connect the components in Figure 2 together. There is a uniform magnetic

field pointing up throughout the region where the slab is located, produced by a large

magnetic not shown in the figure. The goal is to figure out the magnitude B of this

magnetic field, using the available equipment.

FIG. 2: Find the magnitude B of the magnetic field.

(a) Draw wires on the diagram to show how you would connect the equipment.

(b) Explain in detail, including appropriate diagrams, how you will determine B, and

give an algebraic expression for B involving the reading ∆V on the voltmeter and

the known quantities (K, u, n, L, h, w).
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