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Induced Fields

Magnetic fields may vary in time. 

Experiments conducted in 1831 showed that an emf can be induced in a circuit 
by a changing magnetic field. 

▪ Experiments were done by Michael Faraday and Joseph Henry. 

The results of these experiments led to Faraday’s Law of Induction. 

An induced current is produced by a changing magnetic field. 

There is an induced emf associated with the induced current. 

A current can be produced without a battery present in the circuit. 

Faraday’s law of induction describes the induced emf.

Introduction



Michael Faraday

1791 – 1867 

British physicist and chemist 

Great experimental scientist 

Contributions to early electricity include:  

▪ Invention of motor, generator, and 
transformer 

▪ Electromagnetic induction 

▪ Laws of electrolysis
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EMF Produced by a Changing Magnetic Field, 1

A loop of wire is connected to a 
sensitive ammeter. 

When a magnet is moved toward the 
loop, the ammeter deflects. 

▪ The direction was arbitrarily 
chosen to be negative.
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EMF Produced by a Changing Magnetic Field, 2

When the magnet is held stationary, 
there is no deflection of the ammeter. 

Therefore, there is no induced current. 

▪ Even though the magnet is in the 
loop
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EMF Produced by a Changing Magnetic Field, 3

The magnet is moved away from the 
loop. 

The ammeter deflects in the opposite 
direction.
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Induced Current Experiment, Summary
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EMF Produced by a Changing Magnetic Field, Summary

The ammeter deflects when the magnet is moving toward or away from the loop. 
The ammeter also deflects when the loop is moved toward or away from the 
magnet. 
Therefore, the loop detects that the magnet is moving relative to it. 

▪ We relate this detection to a change in the magnetic field. 

▪ This is the induced current that is produced by an induced emf.
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Faraday’s Experiment – Set Up

A primary coil is connected to a switch 
and a battery. 

The wire is wrapped around an iron 
ring. 

A secondary coil is also wrapped 
around the iron ring. 

There is no battery present in the 
secondary coil. 

The secondary coil is not directly 
connected to the primary coil.
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Faraday’s Experiment

Close the switch and observe the current readings given by the ammeter.
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Faraday’s Experiment – Findings 

At the instant the switch is closed, the ammeter changes from zero in one 
direction and then returns to zero. 

When the switch is opened, the ammeter changes in the opposite direction and 
then returns to zero. 

The ammeter reads zero when there is a steady current or when there is no 
current in the primary circuit.
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Faraday’s Experiment – Conclusions 

An electric current can be induced in a loop by a changing magnetic field. 

▪ This would be the current in the secondary circuit of this experimental set-up. 
The induced current exists only while the magnetic field through the loop is 
changing.  
This is generally expressed as: an induced emf is produced in the loop by the 
changing magnetic field. 
▪ The actual existence of the magnetic flux is not sufficient to produce the 

induced emf, the flux must be changing.
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Faraday’s Law of Induction – Statements 
The emf induced in a circuit is directly proportional to the time rate of change of the magnetic 
flux through the circuit. 

Mathematically, 

 

Remember  is the magnetic flux through the circuit and is found by 

 

If the circuit consists of  loops, all of the same area, and if  is the flux through one loop, an 
emf is induced in every loop and Faraday’s law becomes 

ε = −
dΦB

dt

ΦB

ΦB = ∫ B ⋅ dA

N ΦB

ε = − N
dΦB

dt
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Faraday’s Law – Example 

Assume a loop enclosing an area  lies 
in a uniform magnetic field. 

The magnetic flux through the loop is 

 
 

The induced emf is  

.

A

ΦB = BA cos θ .

ε = − d /dt(BA cos θ)
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Ways of Inducing an emf

The magnitude of the magnetic field can change with time. 

The area enclosed by the loop can change with time. 

The angle between the magnetic field and the normal to the loop can change 
with time. 

Any combination of the above can occur.
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A circular loop of wire of radius  is placed in a magnetic field directed perpendicular to the plane of 
the loop as in the figure. If the field decreases at the rate of  in some time interval, find the 
magnitude of the emf induced in the loop during this interval.

12.0 cm
0.0500 T/s

Problem 30.1:

The magnitude of the induced emf in the coil is



|ε | =
ΔΦB

Δt
= ( ΔB

Δt ) A = (0.0500 T/s)[π(0.120 m)2]
= 2.26 × 10−3 V = 2.26mV
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spot where the friction 
at the tip prevents its 
rotation. Record the 
sense of rotation of the 
screw and report what 
happens if (a) the disk 
magnet is turned over 
to reverse its poles, and 
(b) the battery is turned 
over so that the screw 
hangs from the button.

2. Your group has an 
idea for the design of a 
new fitness apparatus 
that will make use of induced emf. You plan to construct 
a cylindrical cage, with a horizontal axis, using 32 metal 
rods of length , 5 0.800!m mounted between two circular 
metal endpieces of radius r 5 25.0 cm as shown in part (a) 
of Figure TP30.2. Between the endpieces you will connect 
a resistor. This cage will be mounted on a pivot so that it 
can rotate around the centers of the metal endpieces. In 
addition, an electromagnet is mounted with one pole inside 
the cage and the other outside, as shown in part (b) of 
Figure TP30.2. The figure shows an endview of the poles 
of the magnet, which extend into the page a distance ,, so 
that the magnetic poles are as long as the metal rods. The 
magnet produces a magnetic field of magnitude B 5 0.250 
T between its poles. In use, the operator stands facing the 
cage and continuously pulls downward on the metal rods 
at the left of the cage as shown in Figure TP30.2b. This sets 

the cage in rotation, causing the metal rods to pass between 
the poles of the magnet. The emf generated in the metal 
rods creates a current, and the magnetic force on this cur-
rent provides a resistive force to the rotation of the cage. 
(a) Discuss in your group the following and perform the 
requested calculation: Your design goal is that the opera-
tor should do work at the rate of 100 watts when the cage is 
rotating at a constant angular speed of 5.00 rad/s. Before 
building the apparatus, see if your design goal is feasible by 
calculating the resistance required between the endpieces. 
(b) Discuss in your group the following questions: How safe 
is this device? Can you see a safety flaw?

Wire

AA battery

Wood
screw

Disk
magnet

Figure TP30.1

N

Pull
down
here

South pole is in
the cage and not

visible in this view.

S

a b

Figure TP30.2

Problems
See the Preface for an explanation of the icons used in this problems set. 
For additional assessment items for this section, go to 

SECTION 30.1 Faraday’s Law of Induction

1. A circular loop of wire of radius 12.0 cm is placed in a 
magnetic field directed perpendicular to the plane of the 
loop as in Figure P30.1. If the field decreases at the rate of 
0.050 0!T/s in some time interval, find the magnitude of the 
emf induced in the loop during this interval.

2. An instrument based on induced emf has been used to 
measure projectile speeds up to 6 km/s. A small magnet is 
imbedded in the projectile as shown in Figure P30.2. The 
projectile passes through two coils separated by a distance 
d. As the projectile passes through each coil, a pulse of emf 
is induced in the coil. The time interval between pulses 

can be measured accurately with an oscilloscope, and thus 
the speed can be determined. (a) Sketch a graph of DV ver-
sus t for the arrangement shown. Consider a current that 
flows counterclockwise as viewed from the starting point 
of the projectile as positive. On your graph, indicate which 
pulse is from coil 1 and which is from coil 2. (b) If the 
pulse separation is 2.40 ms and d 5 1.50 m, what is the 
projectile speed? 

3. Scientific work is currently under way to determine whether 
weak oscillating magnetic fields can affect human health. 
For example, one study found that drivers of trains had a 
higher incidence of blood cancer than other railway work-
ers, possibly due to long exposure to mechanical devices 
in the train engine cab. Consider a magnetic field of mag-
nitude 1.00 3 1023 T, oscillating sinusoidally at 60.0 Hz. 

B

A

Figure P30.1

V1 V2

d

S N
vS

Figure P30.2
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A coil consists of  turns of wire. Each turn is a square of side  , and a uniform magnetic field directed perpendicular to the 
plane of the coil is turned on. The figure shows the behavior of the magnitude of the magnetic field with time. From  to , 
the field changes linearly from  to  . After  the magnitude of the field decays in time according to the expression 

, where  is some constant and . 

(A) What is the magnitude of the induced emf in the coil between  and  

(B) What is the magnitude of the induced emf in the coil after  ?

200 d = 18 cm
t = 0 t = 0.80 s

0 0.50 T t = 0.80 s,
B = Bmaxe−at a Bmax = 0.50 T

t = 0 t = 0.80 s?

t = 0.80 s

Example 30.1: Inducing an emf in a Coil

(A) 





(B) 





|ε | = N
ΔΦB

Δt
= N

Δ(BA)
Δt

= NA
ΔB
Δt

= Nd2
Bf − Bi

Δt

|ε | = (200)(0.18 m)2 (0.50 T − 0)
0.80 s

= 4.0 V

ε = − N
dΦB

dt
= − N

d
dt (ABmaxe−at) = − NABmax

d
dt

e−at = aNd2Bmaxe−at

ε = a(200)(0.18 m)2(0.50 T)e−at = 3.2ae−at
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From this expression, we see that an emf can be induced in the circuit in several ways:

 � The magnitude of B
S

 can change with time.
 � The area enclosed by the loop can change with time.
 � The angle � between B

S
 and the normal to the loop can change with time.

 � Any combination of the above can occur.

Q UICK QUIZ 30.1  A circular loop of wire is held in a uniform magnetic field, 
with the plane of the loop perpendicular to the field lines. Which of the fol-
lowing will not cause a current to be induced in the loop? (a) crushing the loop 
(b)!rotating the loop about an axis perpendicular to the field lines (c)!keeping 
the orientation of the loop fixed and moving it along the field lines (d) pulling 
the loop out of the field

Some Applications of Faraday’s Law
The ground fault circuit interrupter (GFCI), mentioned in Section 27.5, is an 
interesting safety device that protects users of electrical appliances in the home 
against electric shock. Its operation makes use of Faraday’s law. In the GFCI 
shown in Figure 30.4, wire 1 leads from the wall outlet to the appliance to be 
protected and wire 2 leads from the appliance back to the wall outlet. An iron 
ring surrounds the two wires, and a sensing coil is wrapped around part of the 
ring. Because the currents in the wires are in opposite directions and of equal 
magnitude, there is zero net current flowing through the ring and the net mag-
netic flux through the sensing coil is zero. Now suppose the return current in 
wire 2 changes so that the two currents are not equal in magnitude. (That can 
happen if, for example, the appliance becomes wet, enabling current to leak to 
ground.) Then the net current through the ring is not zero and the magnetic flux 
through the sensing coil is no longer zero. Because household current is alternat-
ing (meaning that its direction keeps reversing), the magnetic flux through the 
sensing coil changes with time, inducing an emf in the coil. This induced emf is 
used to trigger a circuit breaker, which stops the current before it is able to reach 
a harmful level.

Another interesting application of Faraday’s law is the production of sound in 
an electric guitar. The coil in this case, called the pickup coil, is placed near the 
vibrating guitar string, which is made of a metal that can be magnetized. A perma-
nent magnet inside the coil magnetizes the portion of the string nearest the coil 
(Fig. 30.5a). When the string vibrates at some frequency, its magnetized segment 
produces a changing magnetic flux through the coil. The changing flux induces an 
emf in the coil that is fed to an amplifier. The output of the amplifier is sent to the 
loudspeakers, which produce the sound waves we hear.

Circuit
breaker

Sensing
coil

Alternating
current

Iron
ring

1

2

Figure 30.4  Essential components 
of a ground fault circuit interrupter.

Figure 30.5  (a) In an electric 
guitar, a vibrating magnetized 
string induces an emf in a pickup 
coil. (b) The pickups (the circles 
beneath the metallic strings) of 
this electric guitar detect the vibra-
tions of the strings and send this 
information through an amplifier 
and into speakers. (A switch on the 
guitar allows the musician to select 
which set of six pickups is used.)
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 Example 30.1    Inducing an emf in a Coil

A coil consists of 200 turns of wire. Each turn is a square of side d 5 
18!cm, and a uniform magnetic field directed perpendicular to the plane 
of the coil is turned on. Figure 30.6 shows the behavior of the magnitude 
of the magnetic field with time. From t 5 0 to t 5 0.80!s, the field changes 
linearly from 0 to 0.50 T. After t 5 0.80 s, the magnitude of the field 
decays in time according to the expression B 5 Bmaxe

2at, where a is some 
constant and Bmax 5 0.50 T.

(A) What is the magnitude of the induced emf in the coil between t!5 0 
and t 5 0.80 s?

B

0.80 s

Bmax

t

Figure 30.6  (Example 30.1) The magnitude of 
the uniform magnetic field through a loop of wire 
increases linearly and then decreases exponentially.
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A long solenoid has  turns per meter and carries a current given by , where  is 
in amperes and  is in seconds. Inside the solenoid and coaxial with it is a coil that has a radius of  
and consists of a total of  turns of fine wire. What emf is induced in the coil by the changing current?

n = 400 I = 30.0 (1 − e−1.60t) I
t R = 6.00 cm

N = 250

Problem 30.4:

The solenoid creates a magnetic field





The magnetic flux through one turn of the flat coil is





The emf generated in the -turn coil is 


B = μ0nI = (4π × 10−7 N/A2)(400 turns /m)(30.0 A)(1 − e−1.60t)
B = (1.51 × 10−2 N/m ⋅ A) (1 − e−1.60t)

ΦB = B∫ d A = B (πR2)
= (1.51 × 10−2 N/m ⋅ A) (1 − e−1.60t) [π (0.0600 m)2]
= (1.71 × 10−4 N/m ⋅ A) (1 − e−1.60t)

N

ε = − (250)(1.71 × 10−4 N ⋅ m
A ) d (1 − e−1.60t)

dt

= − (0.0426
N ⋅ m

A ) (1.60 s−1) e−1.60t

ε = 68.2e−1.60t,  where t is in seconds and ε is in mV .

Problems 993

10. A coil of 15 turns and radius 10.0 cm surrounds a long
solenoid of radius 2.00 cm and 1.00 ! 103 turns/meter
(Fig. P31.10). The current in the solenoid changes as
I " (5.00 A) sin(120t). Find the induced emf in the 
15-turn coil as a function of time.

11. Find the current through section PQ of length a " 65.0 cm
in Figure P31.11. The circuit is located in a magnetic field
whose magnitude varies with time according to the expres-
sion B " (1.00 ! 10#3 T/s)t. Assume the resistance per
length of the wire is 0.100 $/m.

12. A 30-turn circular coil of radius 4.00 cm and resistance
1.00 $ is placed in a magnetic field directed perpen-
dicular to the plane of the coil. The magnitude of the
magnetic field varies in time according to the expression
B " 0.010 0t % 0.040 0t 2, where t is in seconds and
B is in tesla. Calculate the induced emf in the coil at
t " 5.00 s.

A long solenoid has n " 400 turns per meter and carries a
current given by I " (30.0 A)(1 # e#1.60t ). Inside the sole-
noid and coaxial with it is a coil that has a radius of
6.00 cm and consists of a total of N " 250 turns of fine
wire (Fig. P31.13). What emf is induced in the coil by the
changing current?

13.

14. An instrument based on induced emf has been used to
measure projectile speeds up to 6 km/s. A small magnet is
imbedded in the projectile, as shown in Figure P31.14.
The projectile passes through two coils separated by a
distance d. As the projectile passes through each coil a
pulse of emf is induced in the coil. The time interval
between pulses can be measured accurately with an oscillo-
scope, and thus the speed can be determined. (a) Sketch a
graph of &V versus t for the arrangement shown. Consider
a current that flows counterclockwise as viewed from the
starting point of the projectile as positive. On your graph,
indicate which pulse is from coil 1 and which is from coil
2. (b) If the pulse separation is 2.40 ms and d " 1.50 m,
what is the projectile speed?

A coil formed by wrapping 50 turns of wire in the shape of
a square is positioned in a magnetic field so that the
normal to the plane of the coil makes an angle of 30.0°
with the direction of the field. When the magnetic field is
increased uniformly from 200 'T to 600 'T in 0.400 s, an
emf of magnitude 80.0 mV is induced in the coil. What is
the total length of the wire?

16. When a wire carries an AC current with a known frequency,
you can use a Rogowski coil to determine the amplitude I max
of the current without disconnecting the wire to shunt the

15.

I

w

h

L

Figure P31.9 Problems 9 and 71.
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R
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Figure P31.16
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Motional emf

A motional emf is the emf induced in a 
conductor moving through a constant 
magnetic field. 

The electrons in the conductor 
experience a force, 

 

that is directed along .

FB = q v × B

ℓ
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Sliding Conducting Bar

A conducting bar moving through a uniform field and the equivalent circuit 
diagram. 

Assume the bar has zero resistance. 

The stationary part of the circuit has a resistance .R
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Sliding Conducting Bar, cont.

The induced emf is 

 

Since the resistance in the circuit is , the current is  

ε = −
dΦB

dt
= −

d
dt

(Bℓx) = − Bℓ
dx
dt

= − Bℓv

R

I =
|ε |
R

=
Bℓv

R

Section  30.2



Sliding Conducting Bar, Energy Considerations

The applied force does work on the conducting bar. 

▪ Model the circuit as a nonisolated system. 

This moves the charges through a magnetic field and establishes a current. 
The change in energy of the system during some time interval must be equal to 
the transfer of energy into the system by work. 
The power input is equal to the rate at which energy is delivered to the resistor. 

Papp = Fappv = FBv = (IℓB)v = I(Bℓv) = Iε = I(IR) = I2R = − Pelec
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A conducting bar of length  moves to the right on two frictionless rails as shown in the figure. A uniform 
magnetic field directed into the page has a magnitude of  . Assume  and . 
(a) At what constant speed should the bar move to produce an  current in the resistor? 

(b) What is the direction of the induced current?  

(c) At what rate is energy delivered to the resistor?  

(d) Explain the origin of the energy being delivered to the resistor.

ℓ
0.300 T R = 9.00 Ω ℓ = 0.350 m

8.50 − mA

Problem 30.15:

(a) We know that  then 
 




(b) counterclockwise.


(c) 


(d) Work is being done by the external force, which is transformed into 
internal energy in the resistor. 

|ε | = Bℓv

v =
ε

Bℓ
=

IR
Bℓ

= (8.50 × 10−3 A)(9.00Ω)
(0.300 T)(0.350 m)

= 0.729 m /s

P = I2R = (8.50 × 10−3 A)2(9.00Ω)

= 6.50 × 10−4 W = 0.650 mW
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    30.2 Motional emf 803

The magnitude of the emf is the same result that we obtained in Equation 30.4 
using a force model! Because the resistance of the circuit is R, the magnitude of the 
induced current is

 I 5
u«u
R

5
B/v
R

 (30.6)

Using Figure 30.7, we analyzed the motional emf generated in a moving bar 
using a force model. With the help of Figure 30.8, we used Faraday’s law to generate 
the same expression for the motional emf. Now let’s consider an energy approach. 
You may wonder about the source of the energy delivered to the resistor in Figure 
30.8 because there is no battery in the circuit. Assume that the bar is modeled as a 
particle in equilibrium, moving at constant speed under the influence of two forces 
of equal magnitude: Fapp 5 FB. The applied force must do work on the bar to keep 
it moving at this constant speed against the magnetic force F

S
B on the moving elec-

trons. The transfer of energy represented by this work results in the warming up of 
the resistor!

Let’s verify this statement mathematically. Identifying the bar and magnetic field 
as a nonisolated system for energy, the appropriate reduction of Equation 8.2 is 0 5 
Wapp 1 TET, where Wapp is the work done by the agent moving the bar and TET is the 
energy transferred out of the bar and into the resistor by electrical transmission. 
Taking a time derivative of this equation gives dWapp/dt 5 2dTET  /dt or Papp 5 2Pelec. 
In this expression, Papp is the power input from the agent moving the bar and Pelec  
is the rate of energy transferring from the bar to the resistor by electricity. The 
power Pelec is a negative number because energy is leaving the bar by this method. 
Let us verify this equation by using, respectively, Equations 8.18, 5.8, 28.10, 30.5, 
26.7, and 26.22:

 Papp 5 Fappv 5 FBv 5 (I,B)v 5 I(B,v) 5 I« 5 I(IR) 5 I  2R 5 2Pelec (30.7)

In the final step, we recognize that P 5 I  2R is the rate of energy delivered to the 
resistor, so 2I  2R is the rate at which energy leaves the bar.

Q UICK QUIZ 30.2  In Figure 30.8a, a given applied force of magnitude F results 
in a constant speed v and a power input P. Imagine that the force is increased 
so that the constant speed of the bar is doubled to 2v. Under these conditions, 
what are the new force and the new power input? (a) 2F and 2P (b) 4F and 2P  
(c) 2F and 4P (d) 4F and 4P

 Example 30.2    Magnetic Force Acting on a Sliding Bar

The conducting bar illustrated in Figure 30.9 moves on two frictionless, par-
allel rails in the presence of a uniform magnetic field directed into the page. 
The bar has mass m, and its length is ,. The bar is given an initial velocity vSi to 
the right and is released at t 5 0.

(A) Using Newton’s laws, find the speed of the bar as a function of time after 
it is released.

S O L U T I O N

Conceptualize As the bar slides to the right in Figure 30.9, a counterclockwise 
current is established in the circuit consisting of the bar, the rails, and the resis-
tor. The upward current in the bar results in a magnetic force to the left on the 
bar as shown in the figure. Therefore, the bar must slow down, so our mathemat-
ical solution should demonstrate that.

Categorize The text already categorizes this problem as one that uses Newton’s laws. We model the bar as a particle under a 
net!force.

!
R FB

S
vi
S

Bin
S

x

I

Figure 30.9 (Example 30.2) A conducting 
bar of length , on two fixed conducting rails 
is given an initial velocity vSi to the right.

continued
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The conducting bar illustrated in the figure moves on two frictionless, parallel rails in the presence of a 
uniform magnetic field directed into the page. The bar has mass , and its length is . The bar is given an 
initial velocity  to the right and is released at . 

(A) Using Newton's laws, find the speed of the bar as a function of time after it is released.

m ℓ
v i t = 0

Example 30.2: Magnetic Force Acting on a Sliding Bar

Fx = ma → − IℓB = m
dv
dt

m
dv
dt

= − ( Bℓv
R ) ℓB = −

B2ℓ2

R
v

dv
v

= − ( B2ℓ2

mR ) dt

∫
v

vi

dv
v

= −
B2ℓ2

mR ∫
t

0
dt

ln ( v
vi ) = − ( B2ℓ2

mR ) t

v = vie−t/τ
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    30.2 Motional emf 803

The magnitude of the emf is the same result that we obtained in Equation 30.4 
using a force model! Because the resistance of the circuit is R, the magnitude of the 
induced current is

 I 5
u«u
R

5
B/v
R

 (30.6)

Using Figure 30.7, we analyzed the motional emf generated in a moving bar 
using a force model. With the help of Figure 30.8, we used Faraday’s law to generate 
the same expression for the motional emf. Now let’s consider an energy approach. 
You may wonder about the source of the energy delivered to the resistor in Figure 
30.8 because there is no battery in the circuit. Assume that the bar is modeled as a 
particle in equilibrium, moving at constant speed under the influence of two forces 
of equal magnitude: Fapp 5 FB. The applied force must do work on the bar to keep 
it moving at this constant speed against the magnetic force F

S
B on the moving elec-

trons. The transfer of energy represented by this work results in the warming up of 
the resistor!

Let’s verify this statement mathematically. Identifying the bar and magnetic field 
as a nonisolated system for energy, the appropriate reduction of Equation 8.2 is 0 5 
Wapp 1 TET, where Wapp is the work done by the agent moving the bar and TET is the 
energy transferred out of the bar and into the resistor by electrical transmission. 
Taking a time derivative of this equation gives dWapp/dt 5 2dTET  /dt or Papp 5 2Pelec. 
In this expression, Papp is the power input from the agent moving the bar and Pelec  
is the rate of energy transferring from the bar to the resistor by electricity. The 
power Pelec is a negative number because energy is leaving the bar by this method. 
Let us verify this equation by using, respectively, Equations 8.18, 5.8, 28.10, 30.5, 
26.7, and 26.22:

 Papp 5 Fappv 5 FBv 5 (I,B)v 5 I(B,v) 5 I« 5 I(IR) 5 I  2R 5 2Pelec (30.7)

In the final step, we recognize that P 5 I  2R is the rate of energy delivered to the 
resistor, so 2I  2R is the rate at which energy leaves the bar.

Q UICK QUIZ 30.2  In Figure 30.8a, a given applied force of magnitude F results 
in a constant speed v and a power input P. Imagine that the force is increased 
so that the constant speed of the bar is doubled to 2v. Under these conditions, 
what are the new force and the new power input? (a) 2F and 2P (b) 4F and 2P  
(c) 2F and 4P (d) 4F and 4P

 Example 30.2    Magnetic Force Acting on a Sliding Bar

The conducting bar illustrated in Figure 30.9 moves on two frictionless, par-
allel rails in the presence of a uniform magnetic field directed into the page. 
The bar has mass m, and its length is ,. The bar is given an initial velocity vSi to 
the right and is released at t 5 0.

(A) Using Newton’s laws, find the speed of the bar as a function of time after 
it is released.

S O L U T I O N

Conceptualize As the bar slides to the right in Figure 30.9, a counterclockwise 
current is established in the circuit consisting of the bar, the rails, and the resis-
tor. The upward current in the bar results in a magnetic force to the left on the 
bar as shown in the figure. Therefore, the bar must slow down, so our mathemat-
ical solution should demonstrate that.

Categorize The text already categorizes this problem as one that uses Newton’s laws. We model the bar as a particle under a 
net!force.
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Figure 30.9 (Example 30.2) A conducting 
bar of length , on two fixed conducting rails 
is given an initial velocity vSi to the right.
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The conducting bar illustrated in the figure moves on two frictionless, parallel rails in the presence of a 
uniform magnetic field directed into the page. The bar has mass , and its length is . The bar is given an 
initial velocity  to the right and is released at . 

(B) Show that the same result is found by using an energy approach.
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Section  30.2

    30.2 Motional emf 803

The magnitude of the emf is the same result that we obtained in Equation 30.4 
using a force model! Because the resistance of the circuit is R, the magnitude of the 
induced current is

 I 5
u«u
R

5
B/v
R

 (30.6)
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Figure 30.9 (Example 30.2) A conducting 
bar of length , on two fixed conducting rails 
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