19.47 The magnetic tield inside a long solenoid 1s B = g1l = g, [%)I . Thus, the required
current is
1.00x10™* T)(0.400 m
=2k _ ( X ) =3.18x10" A=|31.8 mA

N (472x107 T-m/A)(1000)

20.3  The magnetic tlux through the loop is given by ®, =BAcos@ where B is the magnitude

of the magnetic field, A is the area enclosed by the loop, and @ 1s the angle the magnetic
field makes with the normal to the plane ot the loop. Thus,

®, =BAcos8=(0300 T)(2.00 m)’ c0s50.0°=7.71x 10" T-m?

20.6 The magnetic tield generated by the current in the solenoid is

B=unl=(4zx107 T. m/A)[U ;[?[?

)(15.0 A)=236x10" T
m

and the tlux through each tum on the solenoid is

®,=BAcosd

7(4.00x107 m)
1

=(2.36:><1|:r2 T) cos(0°=[2.96x10" T-m?

|A®;| |A(Bcos @) A

20.11 The magnitude of the induced emf is €] = v v

It the normal to the plane ot the loop is considered to point in the original direction of
the magnetic field, then 6 =0° and 8, =180°. Thus, we find

(0.20 T)cos180° —(0.30 T)cos 0°|#(0.30 m)’

=94x107 V={94 mV
1.55s 8 m

1=




20.16 The magnitude of the average emf is

N(A®,) NBA[A(cos6)]

£1= Af Af

200(1.1 T){100x 107 m*)(cos0°—cos180°)

=44V
0.10s
Theretore, the average induced current is I = ] AV 8.8 A
R 500
20.18 From &=B{v, the required speed is
S00 A)(6.00 Q
bt IR _(050A)(6000Q) e
B Bf (250T)(1.20 m)

20.23 (a) To oppose the motion of the magnet, the magnetic tield 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 lett | through the resistor.




20,25

(a)

Atter the right end of the coil has _
entered the field, but the left end Bin
has not, the flux through the area

—
enclosed by the coil is directed into —1.—
the page and 1s increasing in - v w w s ww
magnitude. This increasing flux _L
A A A A A A s
fe—t—>

induces an emf of magnitude

in the loop. Note that in the above equation, AA 1s the area enclosed by the coil that
enters the field in time Af. This emt produces a counterclockwise current in the
loop to oppose the increasing inward flux. The magnitude of this current is

I =€&/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 tield directed into the page.
The tield exerts a magnetic torce of magnitude

22 2
F=BI(Nw)= B[NiHH?J(Nﬂ?) = N BRH? Y| 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 emft or current in the

loop, and the field exerts | zero| force on the loop.

Atter the right end of the loop emerges from the field, and before the lett end
emerges, the tflux 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 I=E/R = NBwv/R . This current flowing

upward, through conductors of total length Nw, in the left end of the loop,
experiences a magnetic force given by

22 _ 2
F=BI(Nw)= B[Niuﬁ?)(Nﬂ?) = NBww directed | toward the left

R




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

(a) As thebattery current is growing in magnitude, the induced current in the
rightmost coil opposes the increasing rightward directed field by generating a field

toward to the lett along the axis. Thus, the induced current must be | lett to right

through the resistor.

(b) Once the battery current, and the field it produces, have stabilized, the flux through
the rightmost ¢oil is constant and there is | no induced current |.

(c) As the switch is opened, the battery current and the field it produces rapidly
decrease In magnitude. To oppose this decrease in the rightward directed tield, the
induced current must produce a field toward the right along the axis, so the

induced current is |right to lett | through the resistor.

20.34 (a) Using €, ,, =NBA®w,

E,... =1000(0.20 T)(0.10 mﬁ)[(so "’E")(Z"’ rad )] =75x10° =[75 KV

S 1 rev

(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 tield |.

20,57 (a) To move the bar at uniform speed, the magnitude ot the applied force must equal
that of the magnetic force retarding the motion of the bar. Therefore, F,, = BI£. The

magnitude of the induced current is

- €] (Ad,/At) B(AA/At) Biv
"R R R R

so the field strengthis B =;—R, giving F, =I’R [v
v

Thus, the current is

F_. 1.00 NY{(2.00
1=\j » ( A m/5)= 0.500 A
R 8.00 0

(b) P=I’R=(0500A) (8.000Q)=[2.00 W

(€©) P =E,p-v=(1.00 N)(2.00 m/s)=|2.00 W




150A-020A
020 s

20,37

SEH-’

=L|£ =(3.D[}x1[}‘3 I—I)( )=2.D><;1|:r2 V=20mV
Af

20,43 The maximum currentin a RL circuit I _=E&/R, so the resistance is

R E 060V _90 0

I 0300A

max

The inductive time constant is 7 =L/R , so

L=7-R=(600x10" 5)(20 Q)=1.2x107 H=[12 mH

- L =8.DD mI—I= 700 s

20.46 (a) =100

b) I =%(1 _B-t;f)=[i.gg g)(l _ 2010 5/2.00x107 s ) -10176 A

£ 600V

[ =2 =[150 A
R 4000

(€)

max £

(d) I=1__(1-¢") yields e =1-1I/I
TNax y

and t=—zIn(1-1/I,, )=—(2.00 ms)In(1-0.800)=[3.22 ms

20.48 (a) The inductance of a solenoid is given by L= u,N*A/#, where N is the number of

turns on the solenoid, A is its cross-sectional area, and £ is its length. For the given
solenoild,

_#N () (4mx107 T-my/A)(300)" 2 (5.00x 107 m) WYITIET
f 0.200 m

(b) When the solenoid described above carries a current of 1 =0.500 A, the stored
energy 1s

PE, = LI =—(444x10° H)(0500 A)’ =[5.55x10" ]




