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Chapter 13 ELECTROMAGNETIC INDUCTION
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Movement of a magnet relative to a coil produces emfs as shown (a—d). The same
emfs are produced if the coil is moved relative to the magnet. This short-lived emf is
only present during the motion. The greater the speed, the greater the magnitude of the
emf, and the emf is zero when there is no motion, as shown in (e).



FIGURE 13.3

openstax”

(@) (D) ()

(a) Closing the switch of circuit 1 produces a short-lived current surge in circuit 2.
(b) If the switch remains closed, no current is observed in circuit 2.

(c) Opening the switch again produces a short-lived current in circuit 2 but in the opposite
direction from before.
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FIGURE 13.4
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The magnetic flux is the amount of magnetic field lines cutting through a surface area A
defined by the unit area vector . If the angle between the unit area and magnetic field
vector are parallel or antiparallel, as shown in the diagram, the magnetic flux is the
highest possible value given the values of area and magnetic field.
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FIGURE 13.5
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(a) Acircuit bounding an arbitrary open surface S. The planar area bounded by the circuit is
not part of S.

(b) Three arbitrary open surfaces bounded by the same circuit. The value of ®_ is the same
for all these surfaces.
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A square coil with N turns of wire with uniform magnetic field directed in the downward
direction, perpendicular to the coil.
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FIGURE 13.7
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The change in magnetic flux caused by the approaching magnet induces a current in the loop.

(a) An approaching north pole induces a counterclockwise current with respect to the bar
magnet.

(b) An approaching south pole induces a clockwise current with respect to the bar magnet.
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(a) Asolenoid connected to a source of emf.
(b) Opening switch S terminates the current, which in turn induces an emf in the solenoid.

(c) Potential difference between the ends of the sharply pointed rods is produced by inducing an emf
in a coil. This potential difference is large enough to produce an arc between the sharp points.
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A circular coil in a decreasing magnetic field.
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The jumping ring. When a current is
turned on in the vertical solenoid, a
current is induced in the metal ring. The
stray field produced by the solenoid
causes the ring to jump off the solenoid.
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(a) Magnetic flux changes as a loop moves into a magnetic field;

(b) magnetic flux changes as a loop rotates in a magnetic field.



FIGURE 13.12

openstax”

A conducting rod is pushed to the right at constant velocity. The resulting change in the
magnetic flux induces a current in the circuit.
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FIGURE 13.13
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Armature Rails

Magnetic field interacts with current
in armature, generating force

Projectile

Armature and projectile
accelerated forward

Current
by magnetic force

Magnetic field generated
by current in rails

Current through two rails drives a conductive projectile forward by the magnetic force
created.
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With the imaginary rectangle shown, we can use Faraday’s law to calculate the induced
emf in the moving rod.
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(a) The end of a rotating metal rod slides along a circular wire in a horizontal plane.
(b) The induced current in the rod.

(c) The magnetic force on an infinitesimal current segment.
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FIGURE 13.17
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A rectangular coil rotating in a uniform
magnetic field.
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(a) The current in a long solenoid is decreasing exponentially.

(b) A cross-sectional view of the solenoid from its left end. The cross-section shown is
near the middle of the solenoid. An electric field is induced both inside and outside the
solenoid.
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A common physics demonstration device for exploring eddy currents and magnetic damping.
(a) The motion of a metal pendulum bob swinging between the poles of a magnet is quickly
damped by the action of eddy currents. (b) There is little effect on the motion of a slotted
metal bob, implying that eddy currents are made less effective. (c) There is also no magnetic
damping on a nonconducting bob, since the eddy currents are extremely small.
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A more detailed look at the conducting plate passing between the poles of a magnet. As
it enters and leaves the field, the change in flux produces an eddy current. Magnetic
force on the current loop opposes the motion. There is no current and no magnetic drag
when the plate is completely inside the uniform field.
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Eddy currents induced in a slotted metal plate entering a magnetic field form small
loops, and the forces on them tend to cancel, thereby making magnetic drag almost
zero.
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Magnet

Magnetic damping of this sensitive balance slows its oscillations. Since Faraday’s law
of induction gives the greatest effect for the most rapid change, damping is greatest for
large oscillations and goes to zero as the motion stops.
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Example 13.9: When this generator coil ™ |
is rotated through one-fourth of a —
revolution, the magnetic flux ®_ changes ;‘ I’
from its maximum to zero, inducing an

Carbon
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brush . Fish
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A generator with a single rectangular coil rotated at constant angular velocity in a
uniform magnetic field produces an emf that varies sinusoidally in time. Note the
generator is similar to a motor, except the shaft is rotated to produce a current rather
than the other way around.
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FIGURE 13.32

openstax”

0—=120V
Could be greater if overspun

AAN AIJ/
R

Back emf

,..-""". hlZﬂV

Driving
emf

The coil of a dc motor is represented as a resistor in this schematic. The back emf is
represented as a variable emf that opposes the emf driving the motor. Back emf is zero
when the motor is not turning and increases proportionally to the motor’s angular
velocity.
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How would changing the radius of loop D shown below affect its emf, assuming C and D are much closer together
compared to their radii?
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The circular conducting loops shown in the accompanying figure are parallel, perpendicular to the plane of the
page, and coaxial. (a) When the switch S is closed, what is the direction of the current induced in D? (b) When the
switch is opened, what is the direction of the current induced in loop D?
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The north pole of a magnet is moved toward a copper loop, as shown
below. If you are looking at the loop from above the magnet, will you
say the induced current is circulating clockwise or counterclockwise?
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The accompanying figure shows a conducting ring at various
positions as it moves through a magnetic field. What is the
sense of the induced emf for each of those positions?
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The copper sheet shown below is partially in a magnetic field.
When it is pulled to the right, a resisting force pulls it to the left.
Explain. What happen if the sheet is pushed to the left?
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A coil is moved through a magnetic field as shown below. The field is
uniform inside the rectangle and zero outside. What is the direction of
the induced current and what is the direction of the magnetic force on
the coil at each position shown?
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The magnetic field through a circular loop of radius 10.0 cm varies with
time as shown below. The field is perpendicular to the loop. Plot the
magnitude of the induced emf in the loop as a function of time.
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The accompanying figure shows a single-turn rectangular coil that has a resistance of 208 7pe

B =B¢ " B, =025T
' ' a

magnetic field at all points inside the coil varies according to * where nd

< =200 Hz. What is the current induced in the coil at (a) { = 0.001s (b) 0.002 s, (c) 2.0 s?
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A rectangular wire loop with length a and width b lies in the xy-plane, as shown below. Within the loop

. . . . Bir) {'|11.;mr-;:'5i' +11 w1m-r.r|l;;'| . H, ') -
there is a time-dependent magnetic field given by ' ,with ™' T in

tesla. Determine the emf induced in the loop as a function of time.
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The magnetic flux through the loop shown in the accompanying figure varies with time according to

=200 sin(1207¢), ()

where ~ ™ is in webers. What are the direction and magnitude of the current

through the 3-00-€2 resistor at (a) =0 ®)' =LA g (c) I =300
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Use Lenz’s law to
determine the direction of
induced current in each
case.
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The rectangular loop of N turns shown below moves to the right with a constant velocity while leaving the poles of
a large electromagnet. (a) Assuming that the magnetic field is uniform between the pole faces and negligible
elsewhere, determine the induced emf in the loop. (b) What is the source of work that produces this emf?
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