Chapter 20
Induced Voltages

and Inductance

Problem Solutions

20.1 The magnetic flux through the area enclosed by the loop is

@, =BAcos® =B(7r*)cos0°=(0.30 T) [n(O.ZS m)ZH 5.9%x107 T-m?

20.5 (a) Every field line that comes up through the area A on one side of the wire goes back
down through area A on the other side of the wire. Thus, the net flux through the

coil is

(b) The magnetic field is parallel to the plane of the coil , so 8 =90.0°. Therefore,
®, = BAcos6 =BAc0s90.0°=0|

2
20.8 ‘g‘z\Ach\ :(AB)ACOSQZ(1-5 T-0) [7[(1.6x 10° m| Jcos()’

=1.0x10"* V=[0.10 mV
At At 120x 10° s

A®,| |A(Bcoso)|A
At At

20.11 The magnitude of the induced emf is €| = |

If the normal to the plane of the loop is considered to point in the original direction of
the magnetic field, then 6, =0° and 6; =180° . Thus, we find

(0.20 T) cos 180° ( 0.30 T) cos®|z( 0.30 m)*

€] = o e =9.4x10° V=94 mV]
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20.13 The required induced emfis |€]|=IR=(0.10 A)(8.0 Q) =0.80 V.

From |€|= AEB =(AA—]? ]NACOS@

AB €] 0.80 V
At NAcos®  (75)[(0.050 m)(0.080 m] ] cos? 27 7s]

20.16 The magnitude of the average emf is

(AD,) _ NBAI:A(COS@)]

N
== At

200( 1.1 T){ 100x 10" nt')( cos® - cos 180
- 0.10s

=44V

20.18 From & =B{tv, the required speed is

_ & _IR_(0.500 A)(6.00Q) _
"“BC BE (250T)(1.20 m] =[1.00 mys|

2019 € =B,Tv,where B, is the component of the magnetic field perpendicular to the
velocity v. Thus,

€ =[(50.0x10°° T)sin58.0°|(60.0 m) (300 m/s) =[0.763 V|

20.23 (a) To oppose the motion of the magnet, the magnetic field generated by the induced
current should be directed to the right along the axis of the coil. The current must

then be | left to right | through the resistor.

(b) The magnetic field produced by the current should be directed to the left along the

axis of the coil, so the current must be | right to left through the resistor.



2025 (a)

(b)
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After the right end of the coil has

entered the field, but the left end B,

v = E = E = = =
has not, the flux through the area E—
enclosed by the coil is directed into |. AL SR SR T A A
the page and is increasing in o X ® ® m B ®
magnitude. This increasing flux |
induces an emf of magnitude ‘Ll 5 B

= =NBwv
At At

< A% NB(AA)

in the loop. Note that in the above equation, AA is the area enclosed by the coil that
enters the field in time Af. This emf produces a counterclockwise current in the
loop to oppose the increasing inward flux. The magnitude of this current is

I =E/R=NBwv/R . The right end of the loop is now a conductor, of length Nw,
carrying a current toward the top of the page through a field directed into the page.
The field exerts a magnetic force of magnitude

2
F=BI(Nw) = B(N]j’{wv ](Nw) = NBRﬂ directed ‘ toward the left ‘

on this conductor, and hence, on the loop.

When the loop is entirely within the magnetic field, the flux through the area
enclosed by the loop is constant. Hence, there is no induced emf or current in the

loop, and the field exerts force on the loop.

After the right end of the loop emerges from the field, and before the left end
emerges, the flux through the loop is directed into the page and decreasing. This
decreasing flux induces an emf of magnitude |E|=NBwv in the loop, which
produces an induced current directed clockwise around the loop so as to oppose
the decreasing flux. The current has magnitude [ =E/R=NBwuv/R . This current
flowing upward, through conductors of total length Nw, in the left end of the loop,
experiences a magnetic force given by

directed ‘ toward the left ‘

F = BI( Nw) :B(NBW ](Nw) _| NBw*

R

20.27 Since the magnetic force, F,, =quBsin®, on a positive charge is directed toward the top
of the bar when the velocity is to the right, the right hand rule says that the magnetic

field is directed .
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20.29

20.31

When the switch is closed, the current from the battery produces a magnetic field
directed toward the left along the axis of both coils.

(@) As the current from the battery, and the leftward field it produces, increase in
magnitude, the induced current in the leftmost coil opposes the increased leftward

field by flowing | right to left | through R and producing a field directed toward the
right along the axis.

(b) As the variable resistance is decreased, the battery current and the leftward field
generated by it increase in magnitude. To oppose this, the induced current is

right to left | through R, producing a field directed toward the right along the axis.

(c) Moving the circuit containing R to the left decreases the leftward field (due to the
battery current) along its axis. To oppose this decrease, the induced current is

left to right | through R, producing an additional field directed toward the left
along the axis.

(d) As the switch is opened, the battery current and the leftward field it produces
decrease rapidly in magnitude. To oppose this decrease, the induced current is

left to right | through R, generating additional magnetic field directed toward the
left along the axis.

Note the similarity between the situation in this problem and a generator. In a
generator, one normally has a loop rotating in a constant magnetic field so the flux
through the loop varies sinusoidally in time. In this problem, we have a stationary loop
in an oscillating magnetic field, and the flux through the loop varies sinusoidally in
time. In both cases, a sinusoidal emf E=E__ sin@t where E,, =NBA® is induced in
the loop.

The loop in this case consists of a single band (N =1) around the perimeter of a red
blood cell with diameter 4 =8.0x10° m . The angular frequency of the oscillating flux
through the area of this loop is @ =27 f = 27(60 Hz) =120z rad/s. The maximum
induced emf is then

3 6 2 ;1

20.34 (a) Using €., =NBAow,

S 1 rev

£, =1000( 0.20 T)( 0.10 ?) K 60 ﬂj{ 27 radﬂ = 7.5¢ 10 =
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(b) &, occurs when the flux through the loop is changing the most rapidly. This is

when the plane of the loop is ‘ parallel to the magnetic field ‘ )

Al 1.50 A— 0.20 A
2037 |E.|=L|>|=(3.00x10° H =2.0x10% V=[20mV
o=t ()
_ 2 2
L_uONzA_(Mxlo 7 T-m/ Al (400) [7:(2.5><1(r2 m| }
20.39 (a) t 0.20 m

=2.0x10"° H=

Al |E] 75x10° V
=L(AI/At), —=—=""""——=|38 A
(b) From |g| ( / )’ At L 20x10° H



