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9.2 — Faraday’s Law of Induction

e A solenoid is an electromagnet that can be used to produce a constant magnetic field with a large
volume.

The magnitude of the magnetic field inside an ideal solenoid is

B = ugni

ﬂoNi
L

9.2 — Faraday’s Law of Induction
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9.2 — Faraday’s Law of Induction

ddp
dt

B
1Wb=1Tm2 —Acosed—

@y = BAcosH AV ina=

dt

B HdA
cos6—-

= wAB sin 6
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Self-Test Opportunity 9.1

o1

The plane of the circular loop shown in the figure is perpendicular to a magnetic field with magnitude B
= 0.500 T. The magnetic field goes to zero at a constant rate in 0.250 s. The induced voltage in the loop

is 1.24 V during that time. What is the radius of the loop?

9.2 — Faraday’s Law of Induction
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Self-Test Opportunity 9.1 01

The plane of the circular loop shown in the figure is perpendicular to a magnetic field with magnitude B
= 0.500 T. The magnetic field goes to zero at a constant rate in 0.250 s. The induced voltage in the loop
is 1.24 V during that time. What is the radius of the loop?
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= 0.444 m.

o ‘Avind‘: 1.24 V
7r|dB/dt| 7 (2.00 T/S)

JI !
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Example 9.1 02

A current of 600 mA is flowing in an ideal solenoid, resulting in a magnetic field of 0.025 T inside the
solenoid. Then the current increases with time, ¢, according to i(t) =i, |1 + (2.4 s~%)t?|. If a circular coil
of radius 3.4 cm with N = 200 windings is located inside the solenoid with its normal vector parallel to
the magnetic field, what is the induced potential difference in the coil at t = 2.0 s?

Solenoid Voltmeter’

Coil inside
solenoid

Power supply Ammeter

9.2 — Faraday’s Law of Induction
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Example 9.1 02

A current of 600 mA is flowing in an ideal solenoid, resulting in a magnetic field of 0.025 T inside the
solenoid. Then the current increases with time, ¢, according to i(t) =i, |1 + (2.4 s~%)t?|. If a circular coil
of radius 3.4 cm with N = 200 windings is located inside the solenoid with its normal vector parallel to
the magnetic field, what is the induced potential difference in the coil at t = 2.0 s?

AV, q=— Acos@cé—B A = N7R” =2007(0.034 m)* =0.73 m”.

d _ Because the magnetic field is proportional to the current, we
—[B (1+ (24 2)1:2)} . ! ; . rent, W
drl~ 0 ' iImmediately obtain for the time dependence of the magnetic field in

= — ABcos0(2(24 s7)1) this case B(t) = B, ll +(24 S_z)tzl’

= — Acos0

= — (0.73 m?)(0.025 T)(cosOO)(4.8 s_z)t _ Vl’

- (_0088 V/S) L. i Coil inside

solenoid

At time t = 2.0 s, the induced potential difference in the

Power supply Ammeter

9.2 — Faraday’s Law of Induction e e
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Concept Check 9.2

A power supply is connected to loop 1 and an
ammeter as shown in the figure. Loop 2 is close to
loop 1 and is connected to a voltmeter. A graph of the
current i through loop 1 as a function of time, ¢, is also
shown in the figure. Which graph best describes the
induced potential difference, AVj,q, in loop 2 as a
function of time, t?

AVlnd
A

a) graph1

b) graph 2

c) graph3
d) graph 4

9.2 — Faraday’s Law of Induction
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Concept Check 9.2

A power supply is connected to loop 1 and an
ammeter as shown in the figure. Loop 2 is close to
loop 1 and is connected to a voltmeter. A graph of the
current i through loop 1 as a function of time, ¢, is also
shown in the figure. Which graph best describes the
induced potential difference, AVj,q, in loop 2 as a
function of time, t?

AVlnd
A

a) grapha

b) graph 2

c) graph3
d) graph 4
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Example 9.2

A rectangular wire loop of width w = 3.2 ¢cm and depth dg = 4.8 cm is pulled out of the gap between
two permanent magnets. A magnetic field of magnitude B = 0.073 T is present throughout the gap. If
the loop is removed at a constant speed of 1.6 cm/s, what is the induced voltage in the loop as a

function of time?

9.2 — Faraday’s Law of Induction
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Example 9.2 04

A rectangular wire loop of width w = 3.2 ¢cm and depth dg = 4.8 cm is pulled out of the gap between
two permanent magnets. A magnetic field of magnitude B = 0.073 T is present throughout the gap. If
the loop is removed at a constant speed of 1.6 cm/s, what is the induced voltage in the loop as a

function of time?

AV, , = — Bcos§ 4 A@®) = W)(d() = w(d, — o),

d
= —Bcosf— [w(d — ut)|

= wuB cosé’
= (0.031 m)(0.016 m/s)(0.073 T)cosO®°

=36x10"" V.

9.2 — Faraday’s Law of Induction
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Concept Check 9.3 05

A long wire carries a current, i, as shown in the figure. A square loop moves in the same plane as the
wire, as indicated. In which cases will the loop have an induced current?

a) casesi1and?2

b) cases1and3

C) cases2and3 ' ' '
‘ i

d) None of the loops will have an induced current.

e) All of the loops will have an induced current.

9.2 — Faraday’s Law of Induction
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Concept Check 9.3 05

A long wire carries a current, i, as shown in the figure. A square loop moves in the same plane as the
wire, as indicated. In which cases will the loop have an induced current?

a) casesi1and?2

b) cases1and3

c) cases2and3 ' ' '
‘ i

d) None of the loops will have an induced current.

e) All of the loops will have an induced current.

9.2 — Faraday’s Law of Induction
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Multiple Choice Questions 9.1

A solenoid with 200 turns and a cross-sectional area of 60 cm? has a magnetic field of 0.60 T along its
axis. If the field is confined within the solenoid and changes at a rate of 0.20 T/s, the magnitude of the
induced potential difference in the solenoid will be

a) 0.0020V.
b) 0.02V.
c) o0.001V.

d) 0.24 V.

9.2 — Faraday’s Law of Induction
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Multiple Choice Questions 9.1 0b

A solenoid with 200 turns and a cross-sectional area of 60 cm? has a magnetic field of 0.60 T along its
axis. If the field is confined within the solenoid and changes at a rate of 0.20 T/s, the magnitude of the
induced potential difference in the solenoid will be

. V. do
a) 0.0020 AViq= —N dtB
b) 0.02V.

= —NA HdB
c) 0.001V. = coS dt

d) 0.24 V. = —(200)(60 x 107*) cos 0 (0.2)
= —0.24

9.2 — Faraday’s Law of Induction
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Multiple Choice Questions 9.3

Which of the following will induce a current in a loop of wire in a uniform magnetic field?

a) decreasing the strength of the field
rotating the loop about an axis parallel to the field
moving the loop within the field
all of the above

none of the above

9.2 — Faraday’s Law of Induction
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Multiple Choice Questions 9.3

Which of the following will induce a current in a loop of wire in a uniform magnetic field?

a) decreasing the strength of the field
rotating the loop about an axis parallel to the field
moving the loop within the field
all of the above

none of the above

9.2 — Faraday’s Law of Induction
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Multiple Choice Questions 9.4

Faraday’s Law of Induction states that

a) a potential difference is induced in a loop when there is a change in
the magnetic flux through the loop.

b) the currentinduced in a loop by a changing magnetic field produces
a magnetic field that opposes this change in magnetic field.

c) achanging magnetic field induces an electric field.

d) the inductance of a device is a measure of its opposition to changes
in current flowing through it.

e) magnetic flux is the product of the average magnetic field and the
area perpendicular to it that it penetrates.

9.2 — Faraday’s Law of Induction
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Multiple Choice Questions 9.4

Faraday’s Law of Induction states that

a) a potential difference is induced in a loop when there is a change
in the magnetic flux through the loop.

b) the currentinduced in a loop by a changing magnetic field produces
a magnetic field that opposes this change in magnetic field.

c) achanging magnetic field induces an electric field.

d) the inductance of a device is a measure of its opposition to changes
in current flowing through it.

e) magnetic flux is the product of the average magnetic field and the
area perpendicular to it that it penetrates.

9.2 — Faraday’s Law of Induction
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Multiple Choice Questions 9.8 09

You have a light bulb, a bar magnet, a spool of wire that you can cut into as many pieces as you want,
and nothing else. How can you get the bulb to light up?

a) You can’t. The bulb needs electricity to light it, not magnetism.

b) You cut a length of wire, connect the light bulb to the two ends of the wire,
and pass the magnet through the loop that is formed.

c) You cut two lengths of wire and connect the magnet and the bulb in series.

9.2 — Faraday’s Law of Induction
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Multiple Choice Questions 9.8 09

You have a light bulb, a bar magnet, a spool of wire that you can cut into as many pieces as you want,
and nothing else. How can you get the bulb to light up?

a) You can’t. The bulb needs electricity to light it, not magnetism.

b) You cut a length of wire, connect the light bulb to the two ends of the
wire, and pass the magnet through the loop that is formed.

c) You cut two lengths of wire and connect the magnet and the bulb in series.

9.2 — Faraday’s Law of Induction
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Exercise 9.28

A circular coil of wire with 20 turns and a radius of 40.0 cm is laying flat on a horizontal tabletop as
shown in the figure. There is a uniform magnetic field extending over the entire table with a magnitude
of 5.00 T and directed to the north and downward, making an angle of 25.8° with the horizontal. What
is the magnitude of the magnetic flux through the coil?

9.2 — Faraday’s Law of Induction
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Exercise 9.28 10

A circular coil of wire with 20 turns and a radius of 40.0 cm is laying flat on a horizontal tabletop as
shown in the figure. There is a uniform magnetic field extending over the entire table with a magnitude
of 5.00 T and directed to the north and downward, making an angle of 25.8° with the horizontal. What
is the magnitude of the magnetic flux through the coil?

® = NBA cos =20(5.00 T)z(0.400 m)” cos(90°—25.8°) =21.9 T m’

9.2 — Faraday’s Law of Induction
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Exercise 9.29

When a magnet in an MRI is abruptly shut down, the magnet is said to be quenched. Quenching can
occur in as little as 20.0 s. Suppose a magnet with an initial field of 1.20 T is quenched in 20.0°s, and the
final field is approximately zero. Under these conditions, what is the average induced potential
difference around a conducting loop of radius 1.00 cm (about the size of a wedding ring) oriented

perpendicular to the field?

9.2 — Faraday’s Law of Induction
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Exercise 9.29 11

When a magnet in an MRI is abruptly shut down, the magnet is said to be quenched. Quenching can
occur in as little as 20.0 s. Suppose a magnet with an initial field of 1.20 T is quenched in 20.0°s, and the
final field is approximately zero. Under these conditions, what is the average induced potential
difference around a conducting loop of radius 1.00 cm (about the size of a wedding ring) oriented
perpendicular to the field?

The potential difference around the loop is:

emf — g7, N - — =—7Ar ——=—7
dt At At At At 20.0 s

Note that the area of the ring is perpendicular to the field. Thus, the normal of the area is parallel to the
field and cosé =1.

__dd_ Ad_ A(AB)  AB , AB (00100 m)z(O T-1.20 T

j:1.89-105 V.

9.2 — Faraday’s Law of Induction
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Exercise 9.30

An 8-turn coil has square loops measuring 0.200 m along a side and a resistance of 3.00 Q. It is placed
in a magnetic field that makes an angle of 40.0° with the plane of each loop. The magnitude of this field
varies with time according to B = 1.50t3, where t is measured in seconds and B in teslas. What is the

induced current in the coilat ¢t =2.00s?

9.2 — Faraday’s Law of Induction
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Exercise 9.30 12

An 8-turn coil has square loops measuring 0.200 m along a side and a resistance of 3.00 Q. It is placed
in a magnetic field that makes an angle of 40.0° with the plane of each loop. The magnitude of this field
varies with time according to B = 1.50t3, where t is measured in seconds and B in teslas. What is the

induced current in the coilat ¢t =2.00s?

If the angle between the B-field and the plane of the loop is 40°, then the angle between the B-field and
the normal to the loop is 90°—40° =50°, and so the voltage across the loop is given by:

d(1.50t3)

V., =-— A0y =— d (NAB Cos 9) =—NA cos Hd—B =—NAcos6@
dt dt dt dt

The current induced if the loop has a resistance of R=3.00 Q is:
V| NI’ (c0s50.0°)4.50¢*  (8)(0.200 m)" (c0s50.0°)4.50(2.00 s)’

R R (3.00 Q)

=—NL’*(c0s50.0°)4.50¢".

=1.23 A.

9.2 — Faraday’s Law of Induction
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Exercise 9.31 13

A metal loop has an area of 0.200 m2? and is placed flat on the ground. There is a uniform magnetic field
pointing due west, as shown in the figure. This magnetic field initially has a magnitude of 0.1223 T, which
decreases steadily to 0.075 T during a period of 0.579 s. Find the potential difference induced in the

loop during this time.

A —————
e S

9.2 — Faraday’s Law of Induction
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Exercise 9.31

A metal loop has an area of 0.200 m2? and is placed flat on the ground. There is a uniform magnetic field
pointing due west, as shown in the figure. This magnetic field initially has a magnitude of 0.1223 T, which
decreases steadily to 0.075 T during a period of 0.579 s. Find the potential difference induced in the

loop during this time.

Because the magnetic field is perpendicular to the normal of the loop, there is no flux through the loop: e——
@ = ABcos90° =0.
Since there is no flux through the loop, there is no induced voltage: V = ——=-——-=0.

dt dt

9.2 — Faraday’s Law of Induction
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Exercise 9.32 14

A respiration monitor has a flexible loop of copper wire, which wraps about the chest. As the wearer
breathes, the radius of the loop of wire increases and decreases. When a person in the Earth’s magnetic
field (assume 0.426 x 104 T) inhales, what is the average current in the loop, assuming that it has a
resistance of 30.0 Q and increases in radius from 20.0 cm to 25.0 cm over 1.00 s? Assume that the
magnetic field is perpendicular to the plane of the loop.

9.2 — Faraday’s Law of Induction
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Exercise 9.32 14

A respiration monitor has a flexible loop of copper wire, which wraps about the chest. As the wearer
breathes, the radius of the loop of wire increases and decreases. When a person in the Earth’s magnetic
field (assume 0.426 x 104 T) inhales, what is the average current in the loop, assuming that it has a
resistance of 30.0 Q and increases in radius from 20.0 cm to 25.0 cm over 1.00 s? Assume that the
magnetic field is perpendicular to the plane of the loop.

SIMPLIFY: T};e induced current in the loop is:
_1(_d®, ) _1(dAB) _B(dA) _Bdzr’ Bx(dr ) Br|r-r
R{ at R\ dt R\ dt R dt R\ dt R\ At |

(4.26-10° T)n[(o.zm m)’ —(0.200 m)’

CALCULATE: i=-
30.0 Q 1.00 s

} =-1.00374-107 A

ROUND: The induced current in the loop is i =-1.00-10"" A.

9.2 — Faraday’s Law of Induction



https://t.me/InLibrary
https://youtu.be/-psIP8Pb1v0

Lenz’s Law

Chapter g
Lesson 3 — Revision Paper

y2alldaz,



https://t.me/InLibrary
https://t.me/InLibrary
https://t.me/InLibrary
https://t.me/InLibrary

9.3—Lenz’'s Law

e Lenz's Law states that a changing magnetic flux through a conducting loop induces a current in the
loop that opposes the change in magnetic flux.

_ AVind _

E
l

vB

AVind = lvB

AVipa =

9.3-Lenz's Law
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Self-Test Opportunity 9.2

A square conducting loop with very small resistance is moved at constant speed from a region with no
magnetic field through a region of constant magnetic field and then into a region with no magnetic
field, as shown in the figure. As the loop enters the magnetic field, what is the direction of the induced
current? As the loop leaves the magnetic field, what is the direction of the induced current?

® ® ® ® ® ®

® ® ® ® ® ®

® ® ® ® ® ®

9.3-Lenz's Law
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Self-Test Opportunity 9.2 01

A square conducting loop with very small resistance is moved at constant speed from a region with no
magnetic field through a region of constant magnetic field and then into a region with no magnetic
field, as shown in the figure. As the loop enters the magnetic field, what is the direction of the induced
current? As the loop leaves the magnetic field, what is the direction of the induced current?

® ® ® ® ® ®
As the loop enters the magnetic field,

the magnetic flux is increasing. The

® ® ® ® ® ®

® ® ® ® ® ®

current induced in the loop will be in the
counterclockwise direction to oppose
the increase in the flux.

As the loop exits the magnetic field, the magnetic flux is
decreasing. The current induced in the loop will be in a

clockwise direction to oppose the decrease in the flux.

9.3-Lenz's Law
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Concept Check 9.4

A metal bar is moving with constant velocity ¥ through a uniform
magnetic field pointing into the page, as shown in the figure. Which of
the following most accurately represents the charge distribution on the
surface of the metal bar?

a) distributiona

distribution 2

++ 4+ ++++ +
+++++++ +

. +++
distribution 3
distribution 4
distribution g
+++ ——=

Distribution Distribution Distribution Distribution Distribution
1 2 3 4 5

9.3-Lenz's Law =il = e
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Concept Check 9.4

A metal bar is moving with constant velocity ¥ through a uniform
magnetic field pointing into the page, as shown in the figure. Which of
the following most accurately represents the charge distribution on the
surface of the metal bar?

a) distributiona

distribution 2

++ 4+ ++++ +
+++++++ +

. +++
distribution 3
distribution 4
distribution g
+++ ——=

Distribution Distribution Distribution Distribution d‘s ‘ R
1 2 3 4

9.3-Lenz's Law =il = e
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Example 9.3

In 1996, the Space Shuttle Columbia deployed a tethered satellite on a wire out to a distance of 20. km.
The wire was oriented perpendicular to the Earth’s magnetic field at that point, and the magnitude of
the field was B = 5.2 x 105 T. Columbia was traveling at a speed of 7.6 km/s. What was the potential

difference induced between the ends of the wire?

9.3-Lenz's Law
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Example 9.3 03
In 1996, the Space Shuttle Columbia deployed a tethered satellite on a wire out to a distance of 20. km.
The wire was oriented perpendicular to the Earth’s magnetic field at that point, and the magnitude of
the field was B = 5.2 x 105 T. Columbia was traveling at a speed of 7.6 km/s. What was the potential

difference induced between the ends of the wire?

AV, . =vLB = (7.6 x10°> m/s)(20.0x10° m)(5.1x10™> T)=7.8 kV.
ind

9.3-Lenz's Law
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Example 9.4
A conducting rod is pulled horizontally by a constant force of magnitude, F = 5.00 N, along a set of
conducting rails separated by a distance a = 0.500 m. The two rails are connected, and no friction
occurs between the rod and the rails. A uniform magnetic field with magnitude B = 0.500 T is directed
into the page. The rod moves at constant speed, v = 5.00 m/s. What is the magnitude of the induced
potential difference in the loop formed by the connected rails and the moving rod?

9.3-Lenz's Law
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04

Example 9.4
A conducting rod is pulled horizontally by a constant force of magnitude, F = 5.00 N, along a set of
conducting rails separated by a distance a = 0.500 m. The two rails are connected, and no friction
occurs between the rod and the rails. A uniform magnetic field with magnitude B = 0.500 T is directed
into the page. The rod moves at constant speed, v = 5.00 m/s. What is the magnitude of the induced
potential difference in the loop formed by the connected rails and the moving rod?

AVind = [vB
= (0.5)(5)(0.5)
=1.25V

9.3-Lenz's Law
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Concept Check 9.5

05

A wire loop is placed in a uniform magnetic field. Over a period of 2 s, the loop is shrunk. Which

statement about the induced potential difference is correct?

®

a) There will be some induced potential ®© ®©
difference.

O]
3
There will be no induced potential ®
difference because the loop changes size ®
along one axis and not the other. ®
Q
O]
O]

There will be no induced potential
difference because the loop is not closed.

© O\® © 0 60 o

There will be no induced potential
difference because the loop is shrinking.

9.3-Lenz's Law
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O]
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©®
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Concept Check 9.5

05

A wire loop is placed in a uniform magnetic field. Over a period of 2 s, the loop is shrunk. Which

statement about the induced potential difference is correct?

®

a) There will be some induced potential ®© ®©
difference.

O]
3
There will be no induced potential ®
difference because the loop changes size ®
along one axis and not the other. ®
Q
O]
O]

There will be no induced potential
difference because the loop is not closed.

© O\® © 0 60 o

There will be no induced potential
difference because the loop is shrinking.

9.3-Lenz's Law
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Solved Problem 9.1 06

A conducting rod with length £ = 8.17 cm rotates around one of its ends in a uniform magnetic field
that has a magnitude B = 1.53 T and is directed parallel to the rotation axis of the rod. The other end of
the rod slides on a frictionless conducting ring. The rod makes 6.00 revolutions per second. A resistor,
R = 1.63 mQ, is connected between the rotating rod and the conducting ring. What is the power
dissipated in the resistor due to magnetic induction?

® ® ® ® ®|I® ® ® ® ®
® ® ® ® ® ® ® ® ® ®

9.3-Lenz's Law

I
|
o
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Solved Problem 9.1 06

A conducting rod with length £ = 8.17 cm rotates around one of its ends in a uniform magnetic field
that has a magnitude B = 1.53 T and is directed parallel to the rotation axis of the rod. The other end of
the rod slides on a frictionless conducting ring. The rod makes 6.00 revolutions per second. A resistor,
R = 1.63 mQ, is connected between the rotating rod and the conducting ring. What is the power
dissipated in the resistor due to magnetic induction?

Brr?  (1.53)(m)(0.0817)?

=0.1
T 1/6 0.1925V

AVind =

AVZ  (0.1925)°

P = —
R 1.63 x 103

=22.7TW

® ® ® ® ®|I® ® ® ® ®
® ® ® ® ® ® ® ® ®

9.3-Lenz's Law
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Solved Problem 9.1 06

A conducting rod with length £ = 8.17 cm rotates around one of its ends in a uniform magnetic field
that has a magnitude B = 1.53 T and is directed parallel to the rotation axis of the rod. The other end of
the rod slides on a frictionless conducting ring. The rod makes 6.00 revolutions per second. A resistor,
R = 1.63 mQ, is connected between the rotating rod and the conducting ring. What is the power
dissipated in the resistor due to magnetic induction?

AV
T’ R

AV, 4 =fv(r)Bdr. R%

Textbook Solution

AV, =vlB. o)=L p=
14

® ® ® ® ®|I® ® ® ® ®
® ® ® ® ® ® ® ® ® ®

252 )4 2 2 4
p=T B/ _T (1.53 T) (0.0817 m)2 — 527345 W.

2
RT 1.63x1072 € )(650 s
9.3-Lenz's Law '

I
i
o
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Multiple Choice Questions 9.13 07

Suppose the length of the rotating rod in Solved Problem g.1 is increased by a factor of 2. By what
factor does the power dissipated in the resistor change?

a) 1/2
2

4
8

5® © ops

® ® ® ® |1 ® ® ® ®
® ® ® @ ® ® ® ® ® ®

QE® ® @ ®

9.3 - Lenz's Law
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Multiple Choice Questions 9.13

07

Suppose the length of the rotating rod in Solved Problem g.1 is increased by a factor of 2. By what

factor does the power dissipated in the resistor change?

a) P, AVE
P, AV?
(Bnr%)z
NT T
(Bnr%)z
T
_ ri re 1

Tt @rpt 16
Pz — 16P1

9.3-Lenz's Law

50 ® o

® ® ® ® |1 ® ® ® ®

®
®
®
®
®
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Multiple Choice Questions 9.14 08

Suppose the resistance of the resistor in Solved Problem g.1 is increased by a factor of 2. By what
factor does the power dissipated in the resistor change?

a) 1/2
2

4
8

50 ® o

® ® ® ® |1 ® ® ® ®
® ® ® @ ® ® ® ® ® ®

QE® ® @ ®

9.3-Lenz's Law
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Multiple Choice Questions 9.14 08

Suppose the resistance of the resistor in Solved Problem g.1 is increased by a factor of 2. By what
factor does the power dissipated in the resistor change?

a) 1/2 P, R,
P, R,
2R,
= —= 2
4 R4

P—1P
2 =50

2

50 ® o

® ® ® ® |1 ® ® ® ®
® ® ® @ ® ® ® ® ® ®

QE® ® @ ®

9.3-Lenz's Law
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Multiple Choice Questions 9.2 09

The rectangular loop of wire shown in the figure is pulled with a constant acceleration from a region of
zero magnetic field into a region of a uniform magnetic field. During this process, the current induced in

the loop

a) will be zero.

will be some constant value that is not zero.

will increase linearly with time.

will increase exponentially with time.

will increase linearly with the square of the time.

9.3 -Lenz's Law
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Multiple Choice Questions 9.2 09

The rectangular loop of wire shown in the figure is pulled with a constant acceleration from a region of
zero magnetic field into a region of a uniform magnetic field. During this process, the current induced in
the loop

a) will be zero.
b) will be some constant value that is not zero.

c) will increase linearly with time.

d) will increase exponentially with time.

e) will increase linearly with the square of the time.

AVind = lv(t)B

9.3 -Lenz's Law
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Multiple Choice Questions 9.5 10

A conducting ring is moving from left to right through a uniform magnetic field, as shown in the figure.
In which region(s) is there an induced current in the ring?

a) regionsBandD
regions B, C, and D

region C

®
®
® § /
Ny
® ¥
®
®

regions A through E

N Q¥ @ @ ® PR
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https://t.me/InLibrary

Multiple Choice Questions 9.5 10

A conducting ring is moving from left to right through a uniform magnetic field, as shown in the figure.
In which region(s) is there an induced current in the ring?

a) regions Band D
regions B, C, and D
region C

regions A through E

®
®
®
®
®
X
®
C

9.3 - Lenz's Law



https://t.me/InLibrary
https://youtu.be/PySfJUjSnPM?t=301

Multiple Choice Questions 9.6 11

A circular loop of wire moving in the xy-plane with a constant velocity in the negative x-direction enters
a uniform magnetic field, which covers the region in which x < o, as shown in the figure. The surface
normal vector of the loop points in the direction of the magnetic field. Which of the following
statements is correct?

®
<

a) The induced potential difference in the loop is at a maximum as the
edge of the loop just enters the region with the magnetic field.

The induced potential difference in the loop is at a maximum when
one fourth of the loop is in the region with the magnetic field.

The induced potential difference in the loop is at a maximum when
the loop is halfway into the region with the magnetic field.

The induced potential difference in the loop is constant from the
instant the loop starts to enter the region with the magnetic field.

® @ ® ® ® ® ® @ & ®
@ @ @ ® ® ;I8 & @ & ®
@ @ @ ® ¥ & @ & ®
®@ @ @ ® ¥ & @ & ®

® @ @ ® ¥ I ® @ @

9.3-Lenz's Law
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Multiple Choice Questions 9.6 11

A circular loop of wire moving in the xy-plane with a constant velocity in the negative x-direction enters
a uniform magnetic field, which covers the region in which x < o, as shown in the figure. The surface
normal vector of the loop points in the direction of the magnetic field. Which of the following
statements is correct?

®
<

a) The induced potential difference in the loop is at a maximum as the
edge of the loop just enters the region with the magnetic field.

The induced potential difference in the loop is at a maximum when
one fourth of the loop is in the region with the magnetic field.

The induced potential difference in the loop is at a maximum
when the loop is halfway into the region with the magnetic field.

The induced potential difference in the loop is constant from the

® @ ® ® ® ® ® @ & ®
@ @ @ ® ® ;I8 & @ & ®
@ @ @ ® ¥ & @ & ®
®@ @ @ ® ¥ & @ & ®

® @ @ ® ¥ I ® @ @

instant the loop starts to enter the region with the magnetic field.
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Multiple Choice Questions 9.9 12

Calculate the potential difference induced between the tips of the wings of a Boeing 747-400 with a
wingspan of 64.67 m when it is in level flight at a speed of 913 km/h. Assume that the magnitude of the
downward component of the Earth’s magnetic field is B = 5.00 x 10°5T.

a) 0.820V
b) 2.95V
c) 10.4V
d) 30.aV
e) 225V

9.3 - Lenz's Law
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Multiple Choice Questions 9.9 12

Calculate the potential difference induced between the tips of the wings of a Boeing 747-400 with a
wingspan of 64.67 m when it is in level flight at a speed of 913 km/h. Assume that the magnitude of the
downward component of the Earth’s magnetic field is B = 5.00 x 10°5T.

a) 0.820V AVi,q = lVB
b) 2.95V
c) 10.4V
d) 30.aV
e) 225V

9.3 - Lenz's Law
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Exercise 9.35 13

The conducting loop in the shape of a quarter-circle shown in the figure has a radius of 10.0 cm and a
resistance of 0.200 Q. The magnetic field strength within the dotted circle of radius 3.00 cm is initially
2.00 T. The magnetic field strength then decreases from 2.00 T to 1.00 T in 2.00 s. Find (a) the
magnitude and (b) the direction of the induced current in the loop.

9.3-Lenz's Law
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Exercise 9.35 13

The conducting loop in the shape of a quarter-circle shown in the figure has a radius of 10.0 cm and a
resistance of 0.200 Q. The magnetic field strength within the dotted circle of radius 3.00 cm is initially
2.00 T. The magnetic field strength then decreases from 2.00 T to 1.00 T in 2.00 s. Find (a) the
magnitude and (b) the direction of the induced current in the loop.

(a) The decreasing B field creates a changing flux through the loop, confined to the area of the dotted
circle of radius, r = 3.00 cm. The varying flux creates an emf of:
2
iv, d(AB)  d(7rB) ,dB _ _mzﬁ:_mz[fsf -B J

A‘/ind:_ === == =—7r
dt dt dt dt At At

This corresponds to a current of:
2
vV ar’(B,—B ) x(0.0300m) (1,00 T-2.00T
R R At 0.200 Q 2.00 s

(b) The B field points into the page, thus a decrease in the B field will induce a current corresponding to a
B field which points into the page. By the right-hand rule, the induced current flows clockwise.

J =0.00707 A=7.07 mA

d‘ s ‘ &

9.3-Lenz's Law =il = e
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Exercise 9.37

A helicopter hovers above the north magnetic pole in a magnetic field of magnitude 0.426 G and
oriented perpendicular to the ground. The helicopter rotors are 10.0 m long, are made of aluminum,
and rotate about the hub with a rotational speed of 1.00 x 104 rpm. What is the potential difference

from the hub to the end of a rotor ?

9.3-Lenz's Law



https://t.me/InLibrary

Exercise 9.37 14

A helicopter hovers above the north magnetic pole in a magnetic field of magnitude 0.426 G and
oriented perpendicular to the ground. The helicopter rotors are 10.0 m long, are made of aluminum,
and rotate about the hub with a rotational speed of 1.00 x 104 rpm. What is the potential difference
from the hub to the end of a rotor ?

RESEARCH: The potential difference across a wire moving in a magnetic field is AV, , =vLB. Each
element of the blade travels at a different speed, v =r@. To calculate the potential difference, the length

must be divided into pieces of length, dl, which travel at v =lw. The value should be integrated over the
total length, from 0 to L.

L L 1
SIMPLIFY: [AV =| vBdl=| loBdl=—@BL
0 0 2
, . o 1f2z(rpm) )
In terms of the blade’s rpm, the potential differenceis V = Sl e0s BL".
s
7r(1.00-104 rpm)
60.0 s/rpm

CALCULATE: V :(

J(0.426-104 T)(5.00 m)" =0.557633 V ~ 0.558 V

9.3-Lenz's Law
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Exercise 9.38
An elastic circular conducting loop expands at a constant rate over time such that its radius is given by
r(t) = ro + vt, where ry = 0.1200 m and v = 0.0150 m/s. The loop has a constant resistance of R =12.0
Q and is placed in a uniform magnetic field of magnitude By = 0.750 T, perpendicular to the plane of
the loop, as shown in the figure. Calculate the direction and the magnitude of the induced current, i, at
t =5.00s.

9.3-Lenz's Law
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Exercise 9.38 15

An elastic circular conducting loop expands at a constant rate over time such that its radius is given by
r(t) = ro + vt, where ry = 0.1200 m and v = 0.0150 m/s. The loop has a constant resistance of R =12.0
Q and is placed in a uniform magnetic field of magnitude By = 0.750 T, perpendicular to the plane of
the loop, as shown in the figure. Calculate the direction and the magnitude of the induced current, i, at

t =5.00s.

RESEARCH: The flux through the loop is ®, = AB = 7r’B. The induced current of the loop is i =V /R, EO

where the voltage is given by V =—d®, / dt.
SIMPLIFY: The induced current in the wire is:

LV __1do, :_ii(rz):_(ﬂ_BJi(ro+vt)z:_7732(7'0+Vf)v:_2}er(

R R dt Rdt R |dt R

CALCULATE: The magnitude of the induced current at t = 5.00 s is:

750 T
i= —M(o.owo m/s)[ 0.100 m +(0.0150 m/s)(5.00 ) | =0.0010308 A.

12.0 Q

9.3-Lenz's Law
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Additional Exercises 9.62 16

A wire of length £ = 10.0 cm is moving with constant velocity in the xy-plane; the wire is parallel to the
y-axis and moving along the x-axis. If a magnetic field of magnitude 1.00 T is pointing along the positive
z-axis, what must the velocity of the wire be in order for a potential difference of 2.00 V to be induced
across it?

9.3-Lenz's Law
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Additional Exercises 9.62 16

A wire of length £ = 10.0 cm is moving with constant velocity in the xy-plane; the wire is parallel to the
y-axis and moving along the x-axis. If a magnetic field of magnitude 1.00 T is pointing along the positive
z-axis, what must the velocity of the wire be in order for a potential difference of 2.00 V to be induced
across it?

The induced voltage is given by:
dd AV 200V

AV, 4|=|-—|=vLB=2.00V = v=——= =20.0 m/s.
dt BL  (0.100 m)(1.00 T)

9.3-Lenz's Law
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Additional Exercises 9.63 17

The magnetic field inside the solenoid in the figure changes at the rate of 1.50 T/s. A conducting coil
with 2000 turns surrounds the solenoid, as shown. The radius of the solenoid is 4.00 cm, and the radius

l
\J

of the coil is 7.00 cm. What is the potential difference induced in the coil?

9.3-Lenz's Law
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Additional Exercises 9.63 17

The magnetic field inside the solenoid in the figure changes at the rate of 1.50 T/s. A conducting coil
with 2000 turns surrounds the solenoid, as shown. The radius of the solenoid is 4.00 cm, and the radius
of the coil is 7.00 cm. What is the potential difference induced in the coil?

The potential difference is given by Faraday’s law:

'.
AV | = _do :Ad_B:,[de_B=yr(o.o4oo m)2(1.50 T/s)=7.54-10" V ’
L

ind dr dt dt

Note that the radius of the coil is irrelevant.

9.3-Lenz's Law
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Additional Exercises 9.69 18

A single loop of wire with an area of 5.00 m2? is located in the plane of the page, as shown in the figure.
A time-varying magnetic field in the region of the loop is directed into the page, and its magnitude is
given by B =3.00 T + (2.00 T/s)t. At t = 2.00 s, what are the induced potential difference in the loop and
the direction of the induced current?

9.3 - Lenz's Law
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Additional Exercises 9.69 18

A single loop of wire with an area of 5.00 m2? is located in the plane of the page, as shown in the figure.
A time-varying magnetic field in the region of the loop is directed into the page, and its magnitude is
given by B =3.00 T + (2.00 T/s)t. At t = 2.00 s, what are the induced potential difference in the loop and
the direction of the induced current?

Since the normal vector of the loop and the magnetic field is parallel, cos@ =1. The negative sign can be

dropped and AV, becomes:

=Ad—B:Ai(3.oo T+2.00t T/s)=A(2.00 T/s)=(5.00 m* )(2.00 T/s)=10.0 V.

dt dt

AV

ind

9.3-Lenz's Law
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Generators and Motors

Chapter g
Lesson 4 — Revision Paper
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9.4 — Generators and Motors

e Lenz's Law states that a changing magnetic flux through a conducting loop induces a current in the
loop that opposes the change in magnetic flux.

AVing = NABw sin 6
Vinax = NABw

i . Imax
effective — \/—
2

9.4 — Generators and Motors
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Self-Test Opportunity 9.4 01

A generator is operated by rotating a coil of N turns in a constant magnetic field of magnitude B at a
frequency f. The resistance of the coil is R, and the cross-sectional area of the coil is A. Which of the
following statements is true?

a) The average induced potential difference doubles if the frequency, f, is doubled.

b) The average induced potential difference doubles if the resistance, R, is doubled.

c) The average induced potential difference doubles if the magnetic field’s magnitude, B, is doubled.

d) The average induced potential difference doubles if the area, A, is doubled.

9.4 — Generators and Motors
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Self-Test Opportunity 9.4 01

A generator is operated by rotating a coil of N turns in a constant magnetic field of magnitude B at a
frequency f. The resistance of the coil is R, and the cross-sectional area of the coil is A. Which of the
following statements is true?

a) The average induced potential difference doubles if the frequency, f, is doubled.

b) The average induced potential difference doubles if the resistance, R, is doubled.

c) The average induced potential difference doubles if the magnetic field’s magnitude, B, is doubled.

d) The average induced potential difference doubles if the area, A, is doubled.

AVi,q = —NABw
= —NAB(2xf)

9.4 — Generators and Motors
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Exercise 9.43

A simple generator consists of a loop rotating inside a constant magnetic field. If the loop is rotating
with frequency f, the magnetic flux is given by ®(t) = BAcos(2rft). If B=1.00 T and 4 = 1.00 m?,
what must the value of f be for the maximum induced potential difference to be 110.V?

9.4 — Generators and Motors
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02

Exercise 9.43

A simple generator consists of a loop rotating inside a constant magnetic field. If the loop is rotating
with frequency f, the magnetic flux is given by ®(t) = BAcos(2rft). If B=1.00 T and 4 = 1.00 m?,
what must the value of f be for the maximum induced potential difference to be 110.V?

V.ux = NABw
= NAB(2xf)
Voo 110

f=Napzr - D zn 1> Hz

(I)(t):BAcos(Zﬁﬁ), A\/'ind:i;fz—ZﬂjBAsin(mz’ft). The maximum occurs when ‘sin(erft)‘:l.

110.V _ 110.V
27BA 27(1.00 T)(1.00 mz)

=17.5 Hz.

AV, =27fBA =110. V. Substitute the values to obtain: f =

ind,max

9.4 — Generators and Motors
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Exercise 9.44 03

A motor has a single loop inside a magnetic field of magnitude 0.870 T. If the area of the loop is 300.
cm?, find the maximum angular speed possible for this motor when connected to a source of emf

providing 170. V.

9.4 — Generators and Motors
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Exercise 9.44 03

A motor has a single loop inside a magnetic field of magnitude 0.870 T. If the area of the loop is 300.
cm?, find the maximum angular speed possible for this motor when connected to a source of emf

providing 170. V.

V.ux = NABw

_ Jmax _ 179 = 6.51 x 103 rad
©=NAB T (1)(300 x 10-4)(0.870) _ rad/s

9.4 — Generators and Motors
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Exercise 9.45

Your friend decides to produce electrical power by turning a coil of 1.00 x 105 circular loops of wire
around an axis perpendicular to the Earth’s magnetic field, which has a local magnitude of 0.300 G. The

loops have a radius of 25.0 cm.

a) If your friend turns the coil at a frequency of 150. Hz, what peak current will flow in a resistor,
R =1.50 kQ, connected to the coil?

9.4 — Generators and Motors
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Exercise 9.45 04

Your friend decides to produce electrical power by turning a coil of 1.00 x 105 circular loops of wire
around an axis perpendicular to the Earth’s magnetic field, which has a local magnitude of 0.300 G. The

loops have a radius of 25.0 cm.

a) If your friend turns the coil at a frequency of 150. Hz, what peak current will flow in a resistor,
R =1.50 kQ, connected to the coil?

Voux = NABw

= N(nr?)B(2xf)
= (1 x 10°)(m(0.25)2)(0.3 x 107*)(2m(150)) = 555V

V,ax 555
I = = =0.370 A
max = ~p— =15 108 0370

9.4 — Generators and Motors
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Exercise 9.45 05

Your friend decides to produce electrical power by turning a coil of 1.00 x 105 circular loops of wire
around an axis perpendicular to the Earth’s magnetic field, which has a local magnitude of 0.300 G. The
loops have a radius of 25.0 cm.

b) The average current flowing in the coil will be 0.7071 times the peak current. What will be the
average power obtained from this device?

9.4 — Generators and Motors



https://t.me/InLibrary

Exercise 9.45 05

Your friend decides to produce electrical power by turning a coil of 1.00 x 105 circular loops of wire
around an axis perpendicular to the Earth’s magnetic field, which has a local magnitude of 0.300 G. The

loops have a radius of 25.0 cm.

b) The average current flowing in the coil will be 0.7071 times the peak current. What will be the
average power obtained from this device?

Pavg = igffR
- (0.370
V2

2
) (1.5x10%) =103 W

9.4 — Generators and Motors
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9.7 — Self-Induction and Mutual Induction

Ny

The inductance, L, of a device with L
conducting loops is — i

The inductance of a solenoid is given by L = [,LoanA = MONZA/f

_1Tm2

The unit of inductance is the henry (H) 1H =

1A

9.7 — Self-Induction and Mutual Induction
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9.7 — Self-Induction and Mutual Induction

e The self-induced potential difference, e The mutual inductance between two
AVina 1, for any inductor is given by coils is given by

di
dt

AVind — L

e The potential difference induced by mutual inductance between tow coils is given by

di, di,
AVind,Z — — VI — || AVind,l = —M—
dt dt

9.7 — Self-Induction and Mutual Induction
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Solved Problem g.2 01

A long solenoid with a circular cross section of radius r, = 2.80 cm and n = 290 turns/cm is inside and
coaxial with a short coil that has a circular cross section of radius r, = 4.90 cm and N = 31 turns. The
current in the solenoid is increased at a constant rate from zero to i = 2.20 A over a time interval of 48.0
ms. What is the potential difference induced in the short coil while the current is changing?

9.7 — Self-Induction and Mutual Induction
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Solved Problem g.2 01

A long solenoid with a circular cross section of radius r, = 2.80 cm and n = 290 turns/cm is inside and
coaxial with a short coil that has a circular cross section of radius r, = 4.90 cm and N = 31 turns. The
current in the solenoid is increased at a constant rate from zero to i = 2.20 A over a time interval of 48.0
ms. What is the potential difference induced in the short coil while the current is changing?

di,
dt
= —(31)(m(0.028)?) (P0(290 % 102)) ( S )

= —(N mripon)

48 x 103
=—-0.128YV

B N (mry)(uoniz) ) di,
] dt

%)

9.7 — Self-Induction and Mutual Induction
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Solved Problem g.2 01

A long solenoid with a circular cross section of radius r, = 2.80 cm and n = 290 turns/cm is inside and
coaxial with a short coil that has a circular cross section of radius r, = 4.90 cm and N = 31 turns. The
current in the solenoid is increased at a constant rate from zero to i = 2.20 A over a time interval of 48.0
ms. What is the potential difference induced in the short coil while the current is changing?

dB
AVipg1 = —N2A4 cOos 0 — We can also use Faraday’s Laws of Induction to solve the problem

dt

d(ponqi di
—N,A4cos 0 (om1 1) = —N,A{ponq COS 9 —=

dt dt

290 2.2
—(31)(7(0.028)? ), (10—2> cos 0 (48 v 10_3>

—0.128V

9.7 — Self-Induction and Mutual Induction
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Multiple Choice Questions 9.7

Which of the following statements regarding self-induction is correct?

Self-induction occurs only when a direct current is
flowing through a circuit.

Self-induction occurs only when an alternating current
is flowing through a circuit.

Self-induction occurs when either a direct current or an
alternating current is flowing through a circuit.

Self-induction occurs when either a direct current or an

alternating current is flowing through a circuit as long
as the current is varying.

9.7 — Self-Induction and Mutual Induction
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Multiple Choice Questions 9.7

Which of the following statements regarding self-induction is correct?

Self-induction occurs only when a direct current is
flowing through a circuit.

Self-induction occurs only when an alternating current
is flowing through a circuit.

Self-induction occurs when either a direct current or an
alternating current is flowing through a circuit.

Self-induction occurs when either a direct current or

an alternating current is flowing through a circuit as
long as the current is varying.

9.7 — Self-Induction and Mutual Induction
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Multiple Choice Questions 9.10 03

A long solenoid with a circular cross section of radius r, = 2.80 cm and n = 290 turns/cm is inside of and
coaxial with a short coil that has a circular cross section of radius r, = 4.90 cm and N = 31 turns.
Suppose the current in the short coil is increased steadily from zero to i =2.80 Ain 18.0 ms. What is the
magnitude of the potential difference induced in the solenoid while the current in the short coil is

changing?

a) 0.0991V
0.128V
0.233V

0.433V
0.750V
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Multiple Choice Questions 9.10 03

A long solenoid with a circular cross section of radius r, = 2.80 cm and n = 290 turns/cm is inside of and
coaxial with a short coil that has a circular cross section of radius r, = 4.90 cm and N = 31 turns.
Suppose the current in the short coil is increased steadily from zero to i =2.80 Ain 18.0 ms. What is the
magnitude of the potential difference induced in the solenoid while the current in the short coil is

changing?

a) 0.0991\/ M = N]_AB _ N1A|J.0n1i2

= BoNin44
0.128V Ly iy
0.233V = po(31)(290 x 102)(m(0.028)%) =2.783 x 1073 H

0.433V MWigy = -ME2 (2.783 x 1073) 2.8
433 ind,1 = dt ~— 7 18 x 103

0.750V = —0.433V
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Exercise 9.46 04

Find the mutual inductance of the solenoid and the coil described in Example 9.1 and the induced
potential difference in the coil at t = 2.0 s using the techniques described in Section 9.7. How do the
results for the induced potential difference compare?

Example 9.1
A current of 600 mA is flowing in an ideal solenoid, resulting in a magnetic field of 0.025 T inside the

solenoid. Then the current increases with time, t, according to i(r) = i, [1 + (2.4 s2)?

If a circular coil of radius 3.4 cm with N = 200 windings is located inside the solenoid with its normal
vector parallel to the magnetic field (Figure 9.8), what is the induced potential difference in the coil at t
=2.057

9.7 — Self-Induction and Mutual Induction
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Exercise 9.46 04

Find the mutual inductance of the solenoid and the coil described in Example 9.1 and the induced
potential difference in the coil at t = 2.0 s using the techniques described in Section 9.7. How do the
results for the induced potential difference compare?

Example 9.1

A current of 600 mA is flowing in an ideal solenoid, resulting in a magnetic field of 0.025 T inside the
solenoid. Then the current increases with time, t, according to i(r) = i, [1 + (2.4 s 2)?

If a circular coil of radius 3.4 cm with N = 200 windings is located inside the solenoid with its normal
vector parallel to the magnetic field (Figure 9.8), what is the induced potential difference in the coil at t
=2.057

B 025T
First solve for n: B=pyni = n=—7= 0.0 =33158.

#i (1.2566-10° mkgs? A”)(0.60 A)

M =N, zun,r’ :200z(1.2566-10’6 m kg s A’z)(33158)(0.034 m) =0.0302 H, i(t)=i, (1+(2.4 sz)tz)
di

v ==M—"=(0.0302 H)(2)(0.60 A)(2457)(205)==017V

The results match those of the example.
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Exercise 9.47 05

The figure shows the current through a 10.0-mH inductor over a time interval of 8.00 ms. Draw a graph
showing the self-induced potential difference, AV 4, L, for the inductor over the same interval.

i (A)
A
4.00

| /\: >  (ms)

8.00
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Exercise 9.47 05

The figure shows the current through a 10.0-mH inductor over a time interval of 8.00 ms. Draw a graph
showing the self-induced potential difference, AV 4, L, for the inductor over the same interval.

The potential across an inductor is given by: AV, , = —L%, where % is the slope. i (A)
A

V(10v), 4.00 +
4.00- /_\
1 B A+ Y 5 ¢ (ms)

.00 /(ms) 8.00
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06

Exercise 9.48

A short coil with radius R =10.0 cm contains N = 30.0 turns and surrounds a long solenoid with radius r
= 8.00 cm containing n = 60 turns per centimeter. The current in the short coil is increased at a
constant rate from zeroto i =2.00 A in atime of t =12.0 s. Calculate the induced potential difference in

the long solenoid while the current is increasing in the short coil.
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Exercise 9.48 0b

A short coil with radius R =10.0 cm contains N = 30.0 turns and surrounds a long solenoid with radius r
= 8.00 cm containing n = 60 turns per centimeter. The current in the short coil is increased at a
constant rate from zeroto i =2.00 A in atime of t =12.0 s. Calculate the induced potential difference in
the long solenoid while the current is increasing in the short coil.

_ N1AB _ NlAp.Onliz
iy iz
= 1o(30)(6000)(7(0.08)%) = 4.55 x 103 H

= poN1im14

di, _ -0
AVing1 = —M—= = —(4.55x 10 3)( = )

—7.58 x 1074V
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9.8 — RL Circuits

e AnRL circuit is a circuit that has both a e When a source of emf is suddenly
resistor and an inductor connected in removed from an RL circuit:

series to a source of potential
difference. di

L—+iR=0
V L ar + IR “
=L—+i
emf dt i(t) = ige t/™re

Vem (1 — e~ t/(L/R)) L

R TRL :E
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9.8 — RL Circuits

e In RL circuits, immediately after the e In RL circuits, a long time after the
switch is closed, the inductor functions switch is closed, the inductor acts like a
as an open-circuit. short-circuit.

9.8 — RL Circuits
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Concept Check 9.7

Consider the RL circuit shown in the figure. When the switch is closed, the
current in the circuit increases exponentially to the value i = V ,s/R. If
the inductor in this circuit is replaced with an inductor having three times
the number of turns per unit length, the time required to reach a current of
magnitude 0.9i

a) increases.
b) decreases.

c) staysthe same.

9.8 — RL Circuits



https://t.me/InLibrary

Concept Check 9.7

Consider the RL circuit shown in the figure. When the switch is closed, the
current in the circuit increases exponentially to the value i = V ,s/R. If
the inductor in this circuit is replaced with an inductor having three times
the number of turns per unit length, the time required to reach a current of
magnitude 0.9i

a) increases.
b) decreases.

c) staysthe same.

L
TRL ZE
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Solved Problem 9.3

A series circuit contains a battery that supplies Veyms = 40.0 V, an
inductor with L = 2.20 H, a resistor with R = 160.0 Q, and a switch,
connected as shown. The switch is closed at time t = 0. How much work
is done by the battery betweent=0andt=1.65x 102s?

9.8 — RL Circuits
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Solved Problem 9.3

A series circuit contains a battery that supplies Veyms = 40.0 V, an
inductor with L = 2.20 H, a resistor with R = 160.0 Q, and a switch,
connected as shown. The switch is closed at time t = 0. How much work
is done by the battery betweent=0andt=1.65x 102s?

T T
W = f P(¢) dt = j (Vo) i) dt
0 0

T

V

— j(Vemf)< ;mf (1 . e—t/(L/R))> dt
0

1.65x10~2
40

— j (40) (1—60 (1-— e—t/<2-2/16°>)> dt = 0.0689 ]
0
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Solved Problem 9.3

A series circuit contains a battery that supplies Veyms = 40.0 V, an
inductor with L = 2.20 H, a resistor with R = 160.0 Q, and a switch,
connected as shown. The switch is closed at time t = 0. How much work
is done by the battery betweent=0andt=1.65x 102s?

P(t) = Vemri(t),

W =6.89x10"7J.

9.8 — RL Circuits
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Exercise 9.49 03

Consider an RL circuit with resistance R = 1.00 MQ and inductance L = 1.00 H, which is powered by a
10.0-V battery.

a) Whatisthe time constant of the circuit?
b) If the switch is closed at time t = 0, what is the current just after that time? After 2.00 ps? When a

long time has passed?
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Exercise 9.49 03

Consider an RL circuit with resistance R = 1.00 MQ and inductance L = 1.00 H, which is powered by a
10.0-V battery.

a) Whatisthe time constant of the circuit?
b) If the switch is closed at time t = 0, what is the current just after that time? After 2.00 ps? When a

long time has passed?

L 1 %
= —1x10 s i(t) = =20 (1 — e~t/W/R)

TRL= R T 1x106 R

i(0) = (0)=0A

1 x 106°
10

g (1 — eI = 8,65 x 107°A

i(2x107%) =

j(00) 10 1x10°°A
o0 ) = -
‘ 1 x 106 Jlasedl = &

9.8 — RL Circuits =il = e



https://t.me/InLibrary
https://youtu.be/eCkBdQq63cg?t=661

Exercise 9.50

In the circuit in the figure, R = 120. Q, L = 3.00 H, and Vs = 40.0 V.
After the switch is closed, how long will it take the current in the
inductor to reach 300. mA?

9.8 — RL Circuits
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Exercise 9.50

In the circuit in the figure, R = 120. Q, L = 3.00 H, and Vs = 40.0 V.
After the switch is closed, how long will it take the current in the
inductor to reach 300. mA? n

) ) _ 3 0.3
l(t) = lmax(l —e t/r) (1 — m)
i(t) PRy

= 0.0576 s

L(t
1-— © Or substitute directly in calculator and SHIFT + SOLVE

lmax

i(t)) i(t) = V;“‘f (1 — e t/U/R)

40
3 =——(1— e t/(3/120)
0.3 120 ( e )

t=0.0576s

lmax
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Exercise 9.51 05

The current is increasing at a rate of 3.60 A/s in an RL circuit with R =3.25 Q and L = 440. mH. What is
the potential difference across the circuit at the moment when the current in the circuit is 3.00 A?

9.8 — RL Circuits
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Exercise 9.51 05

The current is increasing at a rate of 3.60 A/s in an RL circuit with R =3.25 Q and L = 440. mH. What is
the potential difference across the circuit at the moment when the current in the circuit is 3.00 A?

= (0.44)(3.6) + (3)(3.25)
=11.3V

The potential drop is the sum of the potential drop across the resistor and the inductor:

AV =iR+ L% =(3.0 A)(3.25Q2)+(0.440)(3.6 A/s)=11=11.3 V.
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Exercise 9.52

In the circuit in the figure, a battery supplies Vems =18.0Vand R1=6.00 Q,
R2 = 6.00 Q, and L = 5.00 H. Calculate each of the following immediately
after the switch is closed:

a) the current flowing out of the battery

b) the currentthrough Ra

c) the current through R2

)
)

the potential difference across R1
the potential difference across R2
the potential difference across L
the rate of current change across R1

9.8 — RL Circuits
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Exercise 9.52

In the circuit in the figure, a battery supplies Vems =18.0Vand R1=6.00 Q,

R2 = 6.00 Q, and L = 5.00 H. Calculate each of the following immediately

after the switch is closed: +

a) the current flowing out of the battery ]
the current through R1

the current through R2

the potential difference across R1
the potential difference across R2
the potential difference across L
the rate of current change across R1

(a) The inductor functions as an open-circuit,soi=V_./R, =18 V/6.0 Q=3.0 A.
(b) The inductor acts as an open-circuit, so there is no current across it and hence no current across R,.
(c) The current across R, is given by Ohm’s Law, i=V__./R.

(d) The potential difference across a resistor is also given by Ohm’s Law, AV =iR.
(e) Same as (d).

(f) The sum of the voltages around any loop is zero. - Continued

(g) The rate of current change across R, is the same as that of L.

9.8 — RL Circuits
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Exercise 9.52

In the circuit in the figure, a battery supplies Vems =18.0Vand R1=6.00 Q,
R2 = 6.00 Q, and L = 5.00 H. Calculate each of the following immediately
after the switch is closed:

a) the current flowing out of the battery

b) the currentthrough Ra _ _

c) the currentthrough R2 + Ry = lmax =

)
)

the potential difference across R1
the potential difference across R2
the potential difference across L . AVg, = iRy = (3)(6) =18V

the rate of current change across R1 S AVeng—V,—Vg, =0=18V
1

AVg, =0A

Vems 18 Vi =AVems — Vg, =18-0=18YV
= =3A

lmax -

V, = L—
L dt
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Exercise 9.53

In the circuit in the figure, a battery supplies Veps =18.0 Vand R1=6.00 Q,
R2 = 6.00 Q, and L = 5.00 H. Calculate each of the following a long time
after the switch is closed:

a) the current flowing out of the battery

b) the currentthrough Ra

c) the current through R2

)
)

the potential difference across R1
the potential difference across R2
the potential difference across L
the rate of current change across R1

9.8 — RL Circuits
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Exercise 9.53

In the circuit in the figure, a battery supplies Veps =18.0 Vand R1=6.00 Q,
R2 = 6.00 Q, and L = 5.00 H. Calculate each of the following a long time
after the switch is closed: +
a) the current flowing out of the battery ]
the current through R1
the current through R2
the potential difference across R1
the potential difference across R2
the potential difference across L . AVg, = iRy = (3)(6) =18V

the rate of current change across R1 S AVeng—V,—Vg, =0=18V
1

AVg, = iR, = (3)(6) = 18 A

Veme 18 Vy=AVems— Vg, =18 18 =0V

i = = 6A
‘" Req 3

Voor 18
] pr— p— pr— 3 A
' T R T 6

b.
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Exercise 9.54

A circuit contains a battery, three identical resistors, and an inductor, as
shown in the figure. What will be the current through each resistor
(a) immediately after the switch is closed and

(b) a long time after the switch is closed?
(c) Suppose the switch is reopened a long time after it has been closed.

What is the current in each resistor? After a long time?
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Exercise 9.54

A circuit contains a battery, three identical resistors, and an inductor, as
shown in the figure. What will be the current through each resistor

(a) immediately after the switch is closed and

(b) a long time after the switch is closed?

(c) Suppose the switch is reopened a long time after it has been closed.
What is the current in each resistor? After a long time?

If the resistors are identical
d. it=i1=i2 l3=0
b. it = il iz == i3

C. l1=0 i3=—i2

i1=i2=i3=0

9.8 — RL Circuits
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9.9 — Energy and Energy Density of a Magnetic Field

e Energy is stored in a magnetic field.

e The energy, Up, stored in the magnetic field of an inductor
with an inductance L and carrying a current i is given by

1
i = 5 (non*€A)i*

9.9 — Energy and Energy Density of a Magnetic Field
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Concept Check 9.8 01

A long solenoid has a circular cross section of radius r = 8.120 cm, a length £ = 0.540 m, and n =
2.00 x 104 turns/m. The solenoid stores 42.5 mJ of energy when it carries a current i. If the current is
doubled, to 2i, the energy stored in the solenoid

a) decreases by a factor of 4.
decreases by a factor of 2.
remains the same.
increases by a factor of 2.

increases by a factor of 4.
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Concept Check 9.8 01

A long solenoid has a circular cross section of radius r = 8.120 cm, a length £ = 0.540 m, and n =
2.00 x 104 turns/m. The solenoid stores 42.5 mJ of energy when it carries a current i. If the current is
doubled, to 2i, the energy stored in the solenoid

a) decreases by a factor of 4.
decreases by a factor of 2.
remains the same.
increases by a factor of 2.

increases by a factor of 4.
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02

Multiple Choice Questions 9.11

A long solenoid has a circular cross section of radius r = 8.120 cm, a length 2 = 0.540 m, and n = 2.00 x
10% turns/m. The solenoid is carrying a current of magnitude i = 4.04 x 103 A. How much energy is
stored in the magnetic field of the solenoid?

a) 2.11x107)J
8.91x10°
4.57 X 1075 J
6.66 x 1073
4.55 %107t J
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Multiple Choice Questions 9.11 02

A long solenoid has a circular cross section of radius r = 8.120 cm, a length 2 = 0.540 m, and n = 2.00 x
10% turns/m. The solenoid is carrying a current of magnitude i = 4.04 x 103 A. How much energy is
stored in the magnetic field of the solenoid?

a) 2.11x107)J 1 1
Ug = ELiz = E(uonzt’A)iz
8.91x10°

4.57 % 10°J _1 (uo(Z x 10%)(0.54)(m(0. 081)2)) (4.04 x 1073)2

6.66 x 103 J 2

455 X107 ) =4.57x107°]

9.9 — Energy and Energy Density of a Magnetic Field



https://t.me/InLibrary
https://youtu.be/9dG0dRzu29E?t=313

Exercise 9.56 03

A clinical MRI (magnetic resonance imaging) superconducting magnet can be approximated as a
solenoid with a diameter of 1.00 m, a length of 1.50 m, and a uniform magnetic field of 3.00 T.
Determine (b) the total energy in the solenoid.
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Exercise 9.56 03

A clinical MRI (magnetic resonance imaging) superconducting magnet can be approximated as a
solenoid with a diameter of 1.00 m, a length of 1.50 m, and a uniform magnetic field of 3.00 T.
Determine (b) the total energy in the solenoid.
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Exercise 9.58

An emf of 20.0V is applied to a coil with an inductance of 40.0 mH and a resistance of 0.500 Q.

a) Determine the energy stored in the magnetic field when the current
reaches 1/4 of its maximum value.

b) How long does it take for the current to reach this value?

9.9 — Energy and Energy Density of a Magnetic Field



https://t.me/InLibrary

Exercise 9.58

An emf of 20.0V is applied to a coil with an inductance of 40.0 mH and a resistance of 0.500 Q.

a) Determine the energy stored in the magnetic field when the current
reaches 1/4 of its maximum value.

b) How long does it take for the current to reach this value?

1 1(Vems 1/20 Vemf
| — — 1§ = — == —] = A 1 = — e~ t/(L/R)
=g tmax 4( R ) 4 <0. 5) 10 (e =—p (A-e )

[(t
UB=%Li2=%(4O><10‘3)(10)2=2] t=—rln<1—.l()>

lmax

40 x 1073 10
= — In(1-—

0.5 40

=0.0230s
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