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| Problem Solutions

The magnetic flux through the area enclosed by the loop is

®; = BAcos6 = B(7r* )eos0°=(0.30 T)[ﬂ(0.25 m)z:l =(59x107 T-mz—]

The magnetic flux 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 # is the angle the magnetic
field makes with the normal to the plane of the loop. Thus,

10% m

an

2
@, = BAcost=(500%10" T){Z0.0 crnz( J }c056=(1.00x10'7 T-m*)cosé

(a) When B is perpendicular to the plane of the loop, #=0° and
@, =[1.00x107 T-m?

() If #=30.0° then ®,={1.00x107 T-m?)cos30.0°={8.66x10° T-m?

(c) I 0=90.0°then @, =(100x107 T -m*})c0s90.0°=0]

The magnetic flux 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 & is the angle the magnetic
field makes with the normal to the plane of the loop. Thus,

@, = BAcosd=(0.300 T){2.00 m)’ c0s50.0°=| 7.71x 107 T-m?

The magnetic field lines are tangent to the surface of the cylinder, so that no magnetic
field lines penetrate the cylindrical surface. The total flux through the cylinder is

(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 , s0 &=90.0°. Therefore,
@; = BAcos8 = BAcos90.0°=[0]
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The magnetic field generated by the current in the solenoid is

B=pnl = (4w %107 T-m/A)[-dﬂ

)(15.0 A)=2.36><10'2 T
200 m

and the flux through each turn on the solenoid is

&, =BAcosé

7(4.00x10™ m)’
4

:(2.36><10“2 T) cos0°=[{2.96x10"° T-m?

(a) The magnetic flux through an area A may be written as

&, =(Bcosf)A

=(component of B perpendicular to A)-A

Thus, the flux through the shaded side of the cube is

@, =B,-A=(50T)-(25x107 m)’ =[3.1x10% T-m*|

(b) Unlike electric field lines, magnetic field lines always form closed loops, without
beginning or end. Therefore, no magnetic field lines originate or terminate within
the cube and any line entering the cube at one point must emerge from the cube at
some other point. The net flux through the cube, and indeed through any closed
surface, is zero . 5

|a®,| _ (AB)Acoss (1.5T—O)[::z'(l.6><10'3m)m]cosoO g

=1.0x10° V=010 mV
1€1=" Al 120x10~ s =107V

|A®;| _ BlAAlcosd
At At

€] 18x10° V. _peer
(|A.A|/At)c056' (0.10 mz/S)COSOD ‘ j

From |€ |

, we find that
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AD
20.10 |€]= Atﬂ = =

(015 T)[#(0.12 m)’ -0 ]cos0°

= =34x107 V=34 mV|

0.20s

|- jad;| [A(Bcosd)| A
Y

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 ¢, =0° and &, =180°. Thus, we find

0.20 T)cos180° - (0.30 T)cos0%7(0.30 m)°
|£|=|( )cos150 (015 )cos0}7(0.30 m) =9.4x107 V={94mV|
o5

_A®, NBA[A(cos8)] oo po__ €A
TOAt At ’ ~ NA[A(cos8) ]

20.12  |€]

-3
o (0.166 V){2.77x10 s) ~520x10° T=[520 7]

) 500[7:( 0.150 m)* /4][cos0° —¢0s90°]

20.13 The required induced emf is |8| =IR=(0.10 A)(8.0Q)=0.80V.

From |€| = A;I:B =[i—fJNAcosa

AB_ & 080V z

At NAcos# (75)[(0.050 m)(0.080 m) Jeos0®

20.14 The initial magnetic field inside the solenoid is

. 100
B=ynl :(47rx10 7 T'm/A)(O.ZOO -

J(s.oo A)=1.88x10°T

(a) @, =BAC059=(1.88X10_3 T)(l.OO:-(l(Y2 m)2 cos(°®

1.88x107 T-m’ |
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l (b) When the current is zero, the flux through the loop is ®, =0 and the average
| induced emf has been

6.28x10° Vv

At 3.00s

i 72
” (€= 202 _188x107 Tom® -0 _
i

20.15 If the solenoid has current [, the magnetic field inside it is

300
0.200 m

B=yyynl =(4rx107 T-m/A)( }I=(6.007rx10"" T/A)-1

(@) Ad,=(AB)Acos@

il

(6.007x10°* T/A)(50 A~2.0 A)][ #(15x107 m)’ |cos0e

={4.0x107° T-m?

N{A® 4(40x10° T-m?
(b) |€]= (82s) _ ( )=1.8><10‘5V= 18 uv
At 090 s

20.16 The magnitude of the average emf is

gl N(a0,) NBA[A(cost)]
==z At

200(1.1 T)(100x10™ m*)(cos0°~ cos180°)
- 0.10s

Therefore, the average induced current is I = |

20.17  If the magnetic field makes an angle of 28.0° with the plane of the coil, the angle it makes
with the normal to the plane of the coil is #=62.0°. Thus,

&= N(A®;) NB(AA)cos8
A At

_ 200(50.0x10° T)[(39.0 cm?)( 1 m?/10* em?) |cos62.0°

: =1.012x107° V= _10.2 vV
\ 1.80s m
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. 2018 From ¢ =B{v, the required speed is

yo £ IR (0500 A)(6.00Q)
" Bf Bf (250T)(1.20m)

=[1.00 my/s

,‘: 2019 £=B, fv, 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|

The speed of the beam after falling freely for 9.00 m, starting from rest (voy = 0) ,i8

v, =J0%, +24,(Ay) =J0+2(-9.80 m/s*)(~9.00 m) =13.3 m/s

Since the induced emfis £ =B, fv, where B, is the component of the magnetic field
perpendicular to the velocity v, we find

£ =(18.0x10™ T)(12.0 m)(13.3 m/s)=2.87x10" V =[2.87 mV |

(a) Observe that only the horizontal component, B, , of Earth’s magnetic field is
effective in exerting a vertical force on charged particles in the antenna. For the
magnetic force, F,, =q4uB, sin@, on positive charges in the antenna to be directed

upward and have maximumn magnitude (when 6=90°), the car should move
l toward the east I through the northward horizontal component of the magnetic
field.

& =B,{v, where B, is the horizontal component of the magnetic field.

h

[(50.0x10° T)cos65.0°|(1.20 m){(ﬁS.O k_mJ[QEE‘_IE/_SH

1 km/h

4.58x10™* V
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During each revolution, one of the rotor blades sweeps out a horizontal circular area of
radius £ A= ¢ . The number of magnetic field lines cut per revolution is
A®, =B, A=B,,.,A. The induced emf is then

vertical

AD, B (nf?) (50x10° T)[#(30 m)’]

=20 - =28x10™ V=28 mV
At Vf 0.50 s

(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.

(a) As the bottom conductor of the loop falls, it cuts across
the magnetic field lines coming out of the page. This
induces an emf of magnitude £ =Bwv in this conductor,
with the left end at the higher potential. As a result, an
mduced current of magnitude

]
=

Zwe
R

flows clockwise around the loop. The field then exerts

an upward force of magnitude

2.2
E =BIw=B(BwU]w= B'wv
R R

on this current-carrying conductor forming the bottom of the loop. If the loop is
falling at terminal speed, the magnitude of this force must equal the downward
gravitational force acting on the loop. That is, when v=v,, we must have

MgR

B*w'y,
Bw’

R = Mg or v, =

(b) A larger resistance would make the current smaller, so the loop must reach higher
speed before the magnitude of the magnetic force will equal the gravitational force.

(¢) The magnetic force is proportional to the product of the field and the current, while |
the current itself is proportional to the field. If B is cut in half, the speed must
become four times larger to compensate and yield a magnetic force with magnitude
equal to the that of the gravitational force.
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. 20,25 (a) After the right end of the coil has
entered the field, but the left end _
has not, the flux through the area S A
enclosed by the coil is directed into
the page and is increasing in
magnitude. This increasing flux
induces an emf of magnitude

AD, NB(AA)

|} = = NBwv
Af At

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

I =E/R=NBuwy/R . The right end of the loop is now a conductor, of length Nuw,

carrying a current toward the top of the page through a field directed into the page.
The field exerts a magnetic force of magnitude

N?B*w*v

NBwv)(Nw) =—r directed | toward the left]

F=BI(N ):B[

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 |€|= 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

N2B*w’y

NBwa(Nw)= —R directed Itoward the leftl

F=BI(N ):B[

L 2026 When the switch is closed, the magnetic field due to the current from the battery will be
directed to the left along the axis of the cylinder. To oppose this increasing leftward flux,
the induced current in the other loop must produce a field directed to the right through

the area it encloses. Thus, the induced current is | left to right | through the resistor.
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20.28

20.29
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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 i

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

(a) As the battery 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 left along the axis. Thus, the induced current must be | left to right
through the resistor.

(b) Once the battery current, and the field it produces, have stabilized, the flux through
the rightmost coil 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 field, the
induced current must produce a field toward the right along the axis, so the

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

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

(a) 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.




| 030 £, =NB,,,.Aw=100(2.0x10° T)(0.20 m) [(1500 rev )( 27 rad ](1 min ﬂ

20.32
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horizontal

min /\ 1rev 60s

=1.3x107 V=

2031 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 € =&__ sinwt where £, = 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) =120~ rad/s. The maximum

induced emf is then

(1.0x10° T)7(8.0x10° m)’ (1207 5*)

zd?
£ =NBAw=B = =11.9x10™M V
VL 4

(a) Immediately after the switch is closed, the motor coils are still stationary and the
£ 240V
back emf is zero. Thus, [=—=———=|8.0 A
e .o

(b)) At maximum speed, £, =145V and

E~E, 240V-145V

= LS. S = .ZA
I=— oo
() E,,=E-IR=240V—-(6.0A)30Q)=
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20.33 (a) When a coil having N turns and enclosing area A rotates at angular frequency @ in

20.34

20.35

a constant magnetic field, the emf induced in the coil is

E=E ,sinwt where £, =NB Aw

max

Here, B, is the magnitude of the magnetic field perpendicular to the rotation axis of
the coil. In the given case, B, =55.0 4T ; A=zab where a=(10.0 cm)/2 and
b=(4.00 cm)/2; and

w=27f= 2::(100 i J[ ! m‘“) =10.5 rad/s
min A 60.0 s

Thus,  &,,=(10.0)(55.0x10° T)[-E(OJOO m)(0.0400 m):|(10.5 rad/s)

or €, =1.81x107° V :

(b) When the rotation axis is parallel to the field, then B, =0 giving E. .= @

(b)

w=(120 eV J(lmm)(?—ﬂ rad]:zl;; E

max

It is easily understood that the induced emf is always zero in this case if you

recognize that the magnetic field lines are always parallet to the plane of the coil,
and the flux through the coil has a constant value of zero.

Using €, = NBAw,

27 rad
£ =1000(0.20 T)0,10 m? EJ[ J =75%10° =[7.
max =1000(0.20 )(OIOm)[[()O - T )[775%

€ ax 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 |.

min 60s 1rev 5

2

and the period is T= Pl 0.50 s

(a)

(b)

Ennex = NBA® =500(0.60 T)[ (0.080 m)(0.20 m) (47 rad/s)=

£ =€, sin(wt)=(60 V)sin{(zi:rr rad/s)(% S]:I =
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(c) The emf is first maximum at # =-§£— = 0'5;0 20135

0.36 Treating the coiled telephone cord as a solenoid,

n 2| T _2y?
14 0.600 m

=1.36x10"° H=

! LY s (150A-020AY ay_
‘.37 .| L‘Atl (3.00x10 H)[ 30 s )_2.0><10 A%

T.-m?
A

P38 The units of N;DB are

|

From the force on a moving charged particle, F =4uB, the magnetic field is B= £ and
qu
we find that

N N-s
1T=1 =1
C-(m/s) C-m

Thus, T -m? =[ N:-s ]_mz =M=(ljﬁs=v,s
Cm C C

T-m* V-s

and = T which is the same as the units of

AIjAt

aNa_(47x107 T-m/A)(400)" | 7(2.5%10° m)']
=TT 020 m

=2.0x10° H=[2.0 mi]]

39 (a)

AL _|g] _ 75x10° V

F - lCl_ 79 ¥ 38 A
b) From [£]=L{AI/A). 3 =T =3 6xi0% B
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From |€]=L(AI/At), the self-inductance is

__lel _240x10°V

=2,40%10° H
Al/At 100 Afs

Then, from L=N®, /I, the magnetic flux through each turn is

1 (2:40%10° H)(4.00 A
b, == 1 JBOA) o T
"N 500

The inductive time constant is 7=L/R . From |€|=L{Al/At), the self-inductance is
L= --l~'-5—‘l-— with units of Y. [y—] s =% s. Thus, the units of the time constant are
AIJAt Als \A

Qs _
Q

(a) The time constant of the RL circuitis 7=L/R, and that of the RC circuitis 7=RC.If
the two time constants have the same value, then

L {L [ 3.00 H
RC=—,or R= j—=|———— =100x10% =100 kQ
R or C \300x10°F -

(b) The common value of the two time constants is
L 3.00 H 3
Tm—m—e—— =3 00X 10~ 5 =|3.00 ms
R~ 100x10° ©

The maximum current in a RL circuit I, = &/ R, so the resistance is

€ _ 60V o
I 0.300 A

max

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

L=7-R=(600x10" 5)(20 Q)=1.2x10" H=
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£ 2044 The current in the RL circuit at time tis I= %(1 —e™"), The potential difference across
the resistor is AV, =RI=€ (1 —e ), and from Kirchhoff's loop rule, the potential
difference across the inductor is
AV, =€~V =E[1-(1-¢"")|= €
(@) Att=0, AV, =£(1—e"°)=£(1—1)=@
(b) Ati=7, AV, =E(1-¢")=(60V)(1-0.368)=
© Att=0,AV,=€e’=E€=[60V
(d) Att=r1, AV, =E¢” =(6.0V)(0.368)=

2045 From I:Imx(la-e""’), el =1——II—

max

-I— =0.900 at f=23.00 s, then

max

~ -3.00s
e 3% ~0100 or T=————=130s
o = In(0.100)

Since the time constant of an RL circuit is 7=L/R, the resistance is

T

_£_2.50 _
R_r” 130 s _

L 800mH
20.46 (a) T=E=m'“=
(b) I =%(1 _e-e/r) =(zgg z](l_e—mmo*’ 82 00,107 s) =

£ _6.
L == = =[1.50 A
(C) max R
(d) =l (1-¢") yields e =1-I/L,,,

and t=—rin(1-1/1,,,)=—(2.00 ms)In(1-0.800) =[3:22 ms]
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= 2
2047 PE, =—L12 2(700><103H)(2.00 Ay =[0.1407]

20.48

20.49

20.50

(a) The inductance of a solenoid is given by L= 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
solenoid,

. ﬂuNz (?Z'Tg) ) (471—)(10*7 T.1'1'[/13;)(300)2.5'1,'(\5.0())(10_2 1'1'1)2 z|:4'44>(10_3 H

f 0.200 m

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

PE, = LI =2(4.44x10° H)(0500 A}’ =[5.55x10° ]

SR . £ . .
The current in the circuit at time tis [ = E( 1-¢' ) , and the energy stored in the

inductor is PE, =%LI 2

=£ 24V—C’:OA and

(a) Ast—ow, [
"R 80Q

max

PE, - 21.12 :%(4.0 H)(3.0 AY =[18]

() Att=7,I=1I,(1-¢")=(3.0A)(1-0.368)=19 A

and  PE %(4.0 H)(19 AY =

(a) When the two resistors are in series, the total resistance is

R,, =R+ R=2R, and the time constant of the circuit is 7 = Ri =] ==
&

(b) With the resistors now connected in parallel, the total resistance is

and the time constantis r=—-= _f{_

_(R)(R) R L [2Ln
B T2

eq
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According to Lenz’s law, a current will be induced in the coil to oppose the change in
magnetic flux due to the magnet. Therefore, current must be directed from b to 4

through the resistor, and V, -V, will be .

While the coil is between the poles of the magnet, the component of the field
perpendicular to the plane of the coil is B, =0.10 T. After the coil is pulled out of the

field, B; =0.
The magnitude of the average induced emf as the coil is moved is

&)= NAD _ABA) _, (4B)4
At At At

and the average induced current in the galvanometer is

| _lel _N(aB)a _10(010 T-0)[ #(0.020 m)’]
"R R(AY) (2.0 )(0.20 )

=3.1x107* A:

This means the galvanometer will Flefinitely show the induced current| and even be

overloaded.

(a) The current in the solenoid reaches I =0.632], inatimeof t=7= L/R, where

[ _HNA _ (47x107 T-m/A)(12500)" (1.00x10™* m?)
ST 7.00x10% m

_0280H _ b
Thus, f= 1100 =2.00x10 s-

(b) The change in the solenoid current during this time is

=0.280 H

AI=0.6321. . ~0= 0.632(91] - 0.632(5’9'0—V] —271A
R 1400

so the average back emf is

Al 271 A
E . =L—|=(0280H) —————— |=|379V
()00 T
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© A% _(AB)A_ Hun(an]A _ mN(ADA
At A At 2£-(At)

(47x107 T-m/A)(12500)(2.71 A){1.00x10* m) x0TV

=11. —3 v
270010 ) (2005103 5310

N, (a®,/At) (820)(1.52x107 V) 1

E .
dy ==t = =0.0519 A=[51.9 mA
( ) Rcoil Rcoi! 240 g
20.54
&(t)

{b) (a)

10 mV A

Original Curve

5mV A

-5mV +

-10mV + B

(a) Doubling the number of turns doubles the amplitude but does not alter the period.

(b) Doubling the angular velocity doubles the amplitude and also cuts the period in
half.

(¢) Doubling the angular velocity while reducing the number of turns to one half the
original value leaves the amplitude unchanged but does cut the period in half.

2

av

2055 Q=1 (Af)="2

(At)=%[‘m)“ )(At): B(a4)

At R

(15.0x10° T)[(0.200 m)* -0}

- =120x10"° C=1.20 uC
or Q 0500 2




' 2056 (a)

(b)

| 2057 (a)

(b)
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PE, = -_ELIZ 2(50.0 H)(50.0x10° A)’ =[6.25x10" ]

F_pl, _ (47107 T-m/A)(50.0x10° AY
¢ 2md 27(0.250 m)

_n00x10° N=|2.00 XY
m m

To move the bar at uniform speed, the magnitude of 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/AL) ) Bfv

=1 -
R R R R

so the field strengthis B= ;’I:; ,giving F =1 R [v

Thus, the current is

(100 N)(2.00 m/s) _
500 A
N S (L

#=1*R =(0.500 A)*(8.00 Q)={2.00 W

P o = Epp - w7 = (1.00 N')(2.00 m/s)=
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20.58 When A and B are 3.00 m apart, the area enclosed A
by the loop consists of four triangular sections, 3.00 m 3.00 m
each having hypotenuse of 3.00 m, altitude of
—
1.50 m, and base of /(3.00 m)* —(1.50 m)* =2.60 m
\ ) ) 3.00m 3.00m -+

The decrease in the enclosed area has been
AA=A - A, =(3.00 m) - 4[%(1.50 m)(2.60 m):| =121m?

The average induced current has been

I (A®,/At)  B(AA/At) (0100 T)(1.21m?/0.100 s)

E.|
Llavl_ = = =0,121 A
* R R R 10,02

As the enclosed area decreases, the flux {directed into the page) through this area also
decreases. Thus, the induced current will be directed around the loop to

create additional flux directed into the page through the enclosed area. ‘ ¥

20,59 If d is the distance from the lightning bolt to the center of the coil, then

&, |= N(A®,) _N(AB)A _ N[t (Al)/2nd]A Ny, (Al)A
B At At 27d(At)

100(47x107 T-m/A)(6.02x10° A -0)[ 7(0.800 m)’ ]
B 27(200 m)(10.5%10°® s)

=1.15x10" V={115 kV

20.60 The flux through the surface area of the tent is the same as that through the tent base.
Thus, as the tent is flattened, the change is flux is

AD, = B(AA,,, )= B[ L(2L)-L(2-Lcos@)]=2I"B(1~cos8)
The magnitude of the average induced emf is then

2 _ 2 _ =
=802 _2PB(1cos0) 2015 m) (030 T)(1—cos6) ey

av

At At 0.10s
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_a®, B(a4) B[(md'/4)-0]
I= At At At

; 2061 (a) [E,

_ (250 mT)7(2.00x10? m)’

T 4(500x107 5) =[0157 mV]

As the inward directed flux through the loop decreases, the induced current goes
clockwise around the loop in an attempt to create additional inward flux through
the enclosed area. With positive charges accumulating at B,

| point B is at a higher potential than A |

_A®, (aB)A _[(100-25.0) mT]#(2.00x10* m)

At A 4(400x107 s) =[589mY]

£

av

(b)

As the inward directed flux through the enclosed area increases, the induced
current goes counterclockwise around the loop in an attempt to create flux directed
outward through the enclosed area.

With positive charges now accumulating at A,

| point A is at a higher potential than B |

20,62 The induced emf in the ring is

E ! - A"I)B — (AB)Asafenuid — (ABsolmoid /2) Asofeﬂor'd — l ﬂon( Msulﬂrmid ) A )
A At At 2 At solencid

_%[(4”104 T-m/A)(1000)(270 A/s)(] 300107 m]z)} =4.80x10% V

Thus, the induced current in the ring is

&

av

4.80x107* V
[ = = =-1.60 A
R 3.00x10% Q

20.63 (a) As the rolling axle (of length £ =1.50 m) moves perpendicularly to the uniform
magnetic field, an induced emf of magnitude |£f=B{v will exist between its ends.

The current produced in the closed-loop circuit by this induced emf has magnitude

£

av

I: =

) (A®,/At)  B{AA/AL) _Blv_ (0.800 T)(1.50 m)(3.00 m/s) :

R R R R 0.400 £2
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(b) The induced current through the axle will cause the magnetic field to exert a
retarding force of magnitude F. =BI{ on the axle. The direction of this force will be
opposite to that of the velocity ¥ so as to oppose the motion of the axle. If the axle
is to continue moving at constant speed, an applied force in the direction of ¥ and

having magnitude F,, = F, must be exerted on the axle. 4

o s

E,, =BI£ =(0.800 T)(9.00 A)(1.50 m)=[10.8 N

(c) Using the right-hand rule, observe that positive charges within the moving axle
experience a magnetic force toward the rail containing point b, and negative charges
experience a force directed toward the rail containing point a. Thus, the rail
containing b will be positive relative to the other rail. Point

| b is then at a higher potential than a |, and the current goes from b to 4 through the

resistor K.

(@) [No]. Both the velocity ¥ of the rolling axle and the magnetic field B are

unchanged. Thus, the polarity of the induced emf in the moving axle is unchanged,
and the current continues to be directed from b to a through the resistor R.

2064 (a) The flowing water is a conductor moving through Earth’s magnetic field. A
motional emf given by || =B(w)v will exist in the water between the plates and
the induced current in the load resistor is

I= IEI/R!MHI = B(w)U/Rtoia!

£ w
Where I{!otaszuvicr+R=p:q-+R=pE+R
Thus [ B(w)v | _ abuB
’ p(wfab)+R | p+abR/w
(b) If R=0,

(100 m)(5.00 m)(3.00 m/s)(50.0x10™ T)

100 2-m+0

=750x10"* A=[0.750 mA
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20,65 Consider the closed conducting path made up by
the horizontal wire, the vertical rails and the path
containing the resistance R at the bottom of the
figure. As the wire slides down the rails, the
outward directed flux through the area enclosed
by this path is decreasing as the area decreases.
This decreasing flux produces an induced current
which flows counterclockwise around the
conducting path (and hence, right to left through
the horizontal wire) to oppose the decrease in flux.

The wire is now carrying a current toward the left
through a magnetic field directed out of the page.
The field then exerts an upward magnetic force on
the wire of magnitude

|A®,|/At)0  B(B|AA|/At)E  B*(00)0 B
R - R - R R

B
" F=BI#sin90° mB[%Jﬂ = (

Observe that this upward directed magnetic force opposes the weight of the wire, and
its magnitude is proportional to the speed of the falling wire. The wire will be at its

terminal speed (v =2,) when the magnitude of the magnetic force equals the weight of
the wire. That is, when

B* %y,
R

mgR

=mg which gives B

The flux through the area enclosed by the coil is
given by ®; =BA, where B is the magnetic field
perpendicular to the plane of the coil, and A is the
enclosed area. Compare Figures (a) and (b) at the
right and observe that when B> 0, @, is directed
into the page through the interior of the coil. The
induced current in the coil will have a magnitude
of

12l

]=
R R

IACIJB/At|_ |aB|} A
1 At JR

where R is the resistance of the coil.
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CHAPTER 20

(a)

(b)

()

(d)

From the above result, note that the induced current has greatest magnitude when
|AB|/At is the greatest (that is, when the graph of B vs. t has the steepest slope).

From Figure (a) above, this is seen to be in the interval [betweent=0and t=20s B

I =0 when |AB|/At =0 (that is, when B is constant). This is true in the interval
[betweent=2.0sand t=4.0s .

No. The direction of the induced current will aiways be such as to oppose the
change that is occurring in the flux through the coil. When B is decreasing the
change in the flux (and hence the induced current) is directed opposile to what it is
when B is increasing.

Between £=0 and t =2.0 s, the flux through the coil is directed into the page and
decreasing in magnitude. The induced current must flow around the coil

so that the flux it generates through the interior of the coil is into the page opposing
the change that is occurring in the primary flux. The magnitude is

2
(=(128 £=(0.60T)0.20m 65T
At JR 20s /0250

Between f=2.0 sand t =4.0 s, the induced ‘ current is zeroJ because the flux is

constant.

Between t=4.0 and ¢ = 6.0 s, the flux through the coil is directed into the page and
increasing in magnitude. The induced current must flow [counterclockwiseil around

the coil so that the flux it generates through the interior of the coil is out of the page
opposing the change that is occurring in the primary flux. The current magnitude is

2
I:(M_Iil]iz[o.SO TJOQO ™ 6T A|

At JR 20s /0250




