Physics 4B
Chapter 28: Magnetic Fields

“It is never to late to be what you might have been.”” — George Eliot

“Only those who risk going too far can possibly find out how far they can go.” - T.S. Eliot

Reading: pages 735 — 757; skip section 28-5
Outline:

= magnetic fields
introduction (PowerPoint)
magnetic field lines (PowerPoint)
= magnetic force on a charged particle
cross product and right-hand rule (RHR)
= crossed electric and magnetic fields
= a circulating charged particle
helical paths
aurora borealis (PowerPoint)
= cyclotrons and synchrotrons (read on your own)
= magnetic force on a current carrying wire
= torque an a current loop
magnetic dipole moment

Problem Solving Techniques

You should know how to compute the magnetic force on a moving charge. Use F = gqvBsindto
compute the magnitude and use the right-hand rule to find the direction. Draw a diagram to help find

the angle & between the vectors Vand E In other cases, the velocity and field might be given in

-

- -~

unit vector notation, Use ? j= koJx k=i ,and ExizJ - You also need to know that the sign of

- -

the vector product reverses if the factors are interchanged: Jxizk , for example. Remember that
the vector product of two parallel vectors is 0: & % =0, for example.

Some problems deal with the simultaneous influence of electric and magnetic fields. Use
(E + VX 3) In many cases, the charge is not accelerated but continues in a straight line with

constant speed. Then, E4+vxB=0. This equation is often used to find the value of one of three
quantities that appear in it.
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Some problems deal with a charged particle that moves around a circular orbit, under the influence
of a uniform magnetic field. You should know the relationship between the particle speed, the orbit
radius, and the magnetic field. The period of the motion is given by T = 22zm/qB, where m is the
mass of the particle, q is its charge, and B is the magnitude of the magnetic field. The radius of the
orbit is given by r = mv/gB, where v is the particle speed.

You should know how to calculate the force of a magnetic field on a current-carrying wire and the
torque of a uniform magnetic field on a current-carrying loop. Often the easiest way to compute the

torque is by using T= u* & . You will need to know how to compute the dipole moment #, both
magnitude and direction, of a current loop.

Questions and Example Problems from Chapter 28

Question 1
For four situations, here is the velocity v of a proton at a certain instant as it moves through a

uniform magnetic field B
() V=21 -3]and B=4k (b) V=3I +2] and B=-4k
(c)V=3]-2kand B=4i (d) v=20i and B=-4i

Without written calculation, rank the situations according to the magnitude of the magnetic force on
the proton, greatest first.

Question 2
The figure shows three situations in which a charged particle with velocity v travels through a

uniform magnetic field B . In each situation, what is the direction of the magnetic force IfB on the
particle?
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Problem 1
An electron in a TV camera tube is moving at 7.20 x 10° m/s in a magnetic field of strength

83.0 mT. (a) Without knowing the direction of the field, what can you say about the greatest and
least magnitudes of the force acting on the electron due to the field? (b) At one point the electron has
an acceleration of magnitude 4.90 x 10* m/s%. What is the angle between the electron's velocity and

the magnetic field?

Problem 2
An electron that has velocity v = (2.0x10°m/s)i +(3.0x10°m/s) j moves through the magnetic

field B =(0.300T)i —(0.15T) . (a) Find the force on the electron. (b) Repeat your calculation for a
proton having the same velocity.



Problem 3
A proton travels through uniform magnetic and electric fields. The magnetic field is B =—2.5i mT.

At one instant the velocity of the proton is vV = ZOOO]m/s. At that instant and in unit vector notation,
what is the net force acting on the proton if the electric field is (a) 4.00k V/m, (b) ~4.00k V/m , and

(c) 4.00i V/m?

Problem 4
An electron with kinetic energy 1.20 keV circles in a plane perpendicular to a uniform magnetic

field. The orbit radius is 25.0 cm. Find (a) the speed of the electron, (b) the magnetic field, (c) the
frequency of circling, and (d) the period of the motion.



Problem 5
An electron has a velocity of (32i +40]) km/s as it enters a uniform magnetic field of magnitude

field B = 60fyT . What are (a) the radius of the helical path taken by the electron and (b) the pitch of

the path? (c) To an observer looking into the magnetic field region from the entrance point of the
electron, does the electron spiral clockwise or counterclockwise as it moves?

Problem 6
A 13.0 g wire of length L = 62.0 cm is suspended by a pair of flexible leads in a uniform magnetic

field of magnitude 0.440 T (see the figure below). What are the (a) magnitude and (b) direction (left
or right) of the current required to remove the tension in the supporting leads?
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Problem 7
A wire 50.0 cm long lying along the x axis carries a current of 0.500 A in the positive x direction,

through a magnetic field B = (3.00mT)]+ (10.0mT)l2. In unit vector notation, what is the magnetic
force on the wire?

Problem 8
A single-turn current loop, carrying a current of 4.00 A, is in the shape of a right triangle with sides

50.0, 120, and 130 cm. The loop is in a uniform magnetic field of magnitude 75.0 mT whose
direction is parallel to the current in the 130 cm side of the loop. What is the magnitude of the
magnetic force on (a) the 130 cm side, (b) the 50.0 cm side, and (c) the 120 cm side? (d) What is the
magnitude of the net force on the loop?



Problem 9

A circular wire loop whose radius is 15.0 cm carries a current of 2.60 A. It is placed so that the
normal to its plane makes an angle of 41.0° with a uniform magnetic field of 12.0 T. (a) Calculate
the magnetic dipole moment of the loop. (b) What torque acts on the loop?

Problem 10

A circular coil of 160 turns has a radius of 1.90 cm. (a) Calculate the current that results in a
magnetic dipole moment of 2.30 Am?. (b) Find the maximum torque that the coil, carrying this
current, can experience in a uniform 35.0 mT magnetic field.

Problem 11

Two concentric, circular wire loops, of radii r; = 20.0 cm and r, = 30.0 cm, are located in the xy
plane; each carries a clockwise current of 7.00 A (see the figure below). (a) Find the net magnetic
dipole moment of this system. (b) Repeat for reversed current in the inner loop.
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