current in the circuit causes the light bulb to glow. Does the bulb
glow continually, glow briefly and then go out, or repeatedly turn
on and off like a turn signal on a car? Explain.

14. In Figure 21.28, assume that the current /; is larger than the
current I, . In parts @ and b, decide whether there are places where
the total magnetic field is zero. State whether they are located to

the left of both wires, between the wires, or to the right of both

wires. Give your reasoning.

15. The drawing shows an end-on view O

of three parallel wires that are perpendicu- ’

lar to the plane of the paper. In two of the Current

wires the current is directed into the paper, while in the remain-
ing wire the current is directed out of the paper. The two outer-
most wires are held rigidly in place. Which way will the middle
wire move? Explain.

16. For each electromagnet at the left of the drawing, explain
whether it will be attracted to or repelled from the permanent
magnet at the right.

(a)

® §

17. For each electromagnet at the left of the drawing, explain
whether it will be attracted to or repelled from the adjacent elec-
tromagnet at the right.

PROBLEMS

Problems 661

18. Refer to Figure 21.5. If the earth’s magnetism is assumed to
originate from a large circular loop of current within the earth,
how is the plane of this current loop oriented relative to the mag-
netic axis, and what is the direction of the cwrent around the
loop?

19. There are four wires viewed end-on in the drawing. They are
long, straight, and perpendicular to the plane of the paper. Their
cross sections lic at the corners of a square. Currents of the same
magnitude are in each of these wires, Choose the direction of the
current for each wire, so that when any single current is turned
off, the total magnetic field at point P (the center of the square) is
directed toward a corner of the square. Account for your answer.

Wire 1 Wire 2
O
I |

|
| P
| . :
| |
: |
-~
Wire 4 Wire 3

20. Suppose you have two bars, one of which is a permanent
magnet and the other of which is not a magnet, but is made from
a ferromagnetic material like iron. The two bars look exactly
alike. (a) Using a third bar, which is known to be a magnet, how
can you determine which of the look-alike bars is the permanent
magnet and which is not? (b) Can you determine the identities of
the look-alike bars with the aid of a third bar that is not a magnet,
but is made from a ferromagnetic material? Give reasons for your
answers.

21. In a TV commercial that advertises a soda pop, a strong elec-
tromagnet picks up a delivery truck carrying cans of the soft
drink. The picture switches to the interior of the truck, where
cans are scen to fly upward and stick to the roof just beneath the
electromagnet, Are these cans made entirely of aluminum? Jus-
tify your answer.

ssm Solution is in the Student Solutions Manual. www Solution is available on the World Wide Web at http Jiwww.wiley.com/college/cutnell

4 This icon represents a biomedical application.

Section 21.1 Magnetic Fields, Section 21.2 The Force That a
Magnetic Field Exerts on a Moving Charge

1. ssm A charge of 12 pC, traveling with a speed of 9.0 X
106 m/s in a direction perpendicular to a magnetic field, experi-
ences a magnetic force of 8.7 X 107% N. What is the magnitude
of the field?

2. A particle with a charge of +84 uC and a speed of 45 m/s
enters a uniform magnetic field whose magnitude is 0.30 T. For
each of the cases in the drawing, find the magnitude and direction
of the magnetic force on the particle.

N -

v v N

A ¢ 150° B
P00 D ——

-

(a) ®) ()

3. A charge ¢, = 25.0 uC moves with a speed of 4.50 X
10 m/s perpendicular to a uniform magnetic field. The charge
experiences a magnetic force of 7.31 X 107 N. A second charge
























