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Section 21.1 Magnetic Flelds, Section 21.2 The Force That a
Magnetic Field Exerts on & Moving Charge

1. ssm Due to friction with the air, an airplane has acquired a
net charge of 1.70 X 1075 C. The plane moves with a speed of
2.80 X 10? m/s at an angle @ with respect to the earth’s magnetic
field, the magnitude of which is 5.00 X 10~ T. The magnetic
force on the airplane has a magnitude of 2.30 X 10~ N. Find the
angle 6. (There are two possible angles.)

2 A particle with a charge of +8.4 uC and a speed of 45 m/s
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enters a uniform magnetic field whose magnitude is 0.30 T. For
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each of the cases in the drawing, find the magnitude and direction
of the magnetic force on the particle.

3. A charge g, = 25.0 uC moves with a speed of 4.50 X
10° m/s perpendicular.to a uniform magnefic ficld. The charge ex-
periences a magnetic force of 7.31 X 107 N, A second charge
gz = 5.00 pC wravels at an angle of 40.0° with respect to the same
magnetic field and experiences a 1.90 X 107N force. Determine
(a) the magnitude of the magnetic ficld and (b) the speed of g,.

4. A charged body, moving with 2 velocity of 8.0 X 10* m/s at
an angle of 30.0° with respect to a magnetic ficld of strength
5.6 X 1075 T, expericnces a force of 2.0 X 10™* N. What is the

itude of the charge?

M:m_ S$M At a certain location, the horizontal component of thé
carth’s magnetic field is 2.5 X 10~ T, due north. A proton movel
eastward with just the right speed, so the magnetic force on it balt
ances its weight. Find the speed of the proton. :

. An electron is moving through a magnetic field whose magni:
tude is 8.70 X 107* T. The electron cxperiences only a magnetic
force and has an acceleration of magnitude 3.50 X 10" m/s%. At a
certain instant, it has a speed of 6.80 X 10% m/s. Determine the
angle @ (less than 90°) between the electron’s velocity and the
magnetic field.

7. A charged particle is projected perpendicularly into a mag-
netic field at a speed of 1400 m/s and experiences a force of mag-

nitude F. If the speed of the particle were 1800 m/s, at what angle
8 (less than 90°) with respect to the field would the particle cxpe-

rience the same force magnitude 9

y‘{ The drawing shows a charged particle (g = +2.80 X 1076 C)

moving along the +y axis with a speed of 4.80 X 10° m/s. A
magnetic field of magnitude 3.35 X 107° T is directed along the
+z axis, and an electric field of magnirude 123 N/C points along
the ~ x axis. Determine the (a) magnitude and (b) direction of the
net force that acts on the particle.

z
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9. ssm www The clectrons in the beam of a television tube
have & kinetic energy of 2.40 X 10~ J. Initially, the electrons
move horizontally from west to east. The vertical component of
the earth’s magnetic ficld points down, toward the surface of the
earth, and has a magnitude of 2.00 X 107* T. (2) In what direction
are the clectrons deflected by this field component? (b) What is
the acceleration of an electron in part (a)?
*10. There is a 0.200-T magnetic field directed along the +x axis
' and a ficld of unknown magnitude along the +y axis. A particle
. carrying a charge of 6.50 X 1073 C experiences a maximum force
. of 0.455 N when traveling at a speed of 2.00 X 10* m/s through
. the region where the ficlds are. Find theé magnitude of the un-
= known field.
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. Section 21.3 The Motion of a

. Charged Particle in a Magnetic Field,

. Section 21.4 The Mass Spectrometer

11. An electron moves at a speed of 6.0 X 10% m/s perpendicu-
lar to a constant magnetic field. The path is a circle of radius
13X 107 m. (a) Draw a sketch showing the magnetic field
* and the electron’s path. (b) What is the magnitude of the field?
- (¢) Find the magnitude of the electron’s acceleration.

12. An ionized helium atom has a mass of 6.6 X 10~% kg and
a speed of 4.4 X 10° m/s. The atom moves perpendicular to a

0.75-T magnetic field on a circular path of radius 0.012 m. Deter-
mine whether the charge of the ionized helium atorn is +e or +2e.

retanrae b 1

13. ssm A beam of protons moves in a circle of radius 0.25 m.
The protons move perpendicular to a 0.30-T magnetic field. {(a)
What is the speed of each proton? (b) Determine the magnitude of
the centripetal force that acts on each proton.

14% 'An o-particle has a charge of +2¢ and a mass of 6.64 X
107% kg. It is accelerated from rest through a potential difference
of 1.20 X 10°V and then enters a uniform magnetic field whose
magnitude is 2.20 T. The a-pasticle moves perpendicular o the
magnetic field at all times, What is (a) the speed of the a-particle,
(b) the magnitude of the magnetic force exerted on it, and (c) the
radius of its circular path? :

15. The solar wind is a thin, hot gas given off by the sun.
Charged particles in this gas enter the magnetic field of the earth
and can experience a magnetic force. Suppose a charged particle
traveling with a speed of 9.0 X 10° m/s encounters the earth’s
magnetic field at an altitade where the field has 2 magnitude of
1.2 x 107" T. Assuming that the particle’s velocity is perpendicu-
lar to the magnetic ficld, find the radius of the circular path on
which the particle would move if it were (a) an electron and (b) a
proton.

16. * An ion source in a mass spectrometer produces deutesons,
(A deuteron is a particle that has approximately twice the mass of
a proton, but the same charge.) Each deuteron is accelerated from
rest through a potential difference of 2.00 X 10? V, after which it
enters a 0.600-T magnetic field. Find the radivs of its circular
path.

17. ssm www A charpged particle with a charge-to-mass ratio -
of g/m = 5.7 X 10° C/kg travels on a circular path that is perpen- -

dicular to a magnetic field whose magnitude is 0.72 T. How much
time does it take for the particle to complete one revolution?

18. Review Conceptual Example 2 before attempting this prob-
lem. Derive an expression for the magnitude » of the velocity “se-
lected” by the velocity selector. This expression should give v in
termns of the strengths E and B of the electric and magnetic fields,
respectively.

19. Suppose that an ion source in a mass spectrometer produces
doubly ionized gold ions (Au**), each with a mass of 3.27 X
1072 kg, The ions are accelerated from rest through a potential
difference of 1.00 kV. Then, a 0.500-T magnetic field causes the
ions to follow a circular path. Determine the radius of the path.

*#20. ' A proton and a deuteron are accelerated from rest through
the same potential differencd. (A deuteron consists of a proton and
a neutron bound together). They then enter the bending region of
the mass spectrometer shown in Figure 21.15. The horizontal dis-
tance between where the proton enters the magnetic field and the

detector is 1.10 cm. How far must the detector be moved to the |

right to detect the deuteron?

‘_21. $5m A particle of chiarge +7.3 uC and mass 3.8 X 10~ ke
s traveling perpendicular to a 1.6-T magnetic field, as the drawing
shows. The speed of the particle is 44 m/s. (a) What is the value
of the angle , such that the particle’s subsequent path will inter-

4 B (into page)

sect the y axis at the greatest possible value of y? -(b} Determine
this value of y.

*22, Review Conceptual Example 2 as background for this prob- .
lem. A charged particle moves through a velocity selector at a
constant speed in a straight line. The electric field of the velocity
selector is 3.80 X- 10® N/C, while the magnetic field is 0.360 T.
When the electric Reld is tumed off, the charged particle fravels
on a.circular pith whose tadius is 4.30 cm. Find the charge-to-~
mass ratio of the particle.

*23. A proton with a speed-of 2.2 X 10 m/s is shot into a region
between two plates that are separated by a distance of 0.18 m. As
.the drawing shows, a magnetic field exists between the plates, and
it is perpendicular to the velocity of the proton. What must be the
magnitude of the magnetic field, so the proton just misses collid-
-ing with the opposite plate?
B
[

x X

Proton —-

o Y x =

*24. As preparation for this problem, review Conceptual Example
4. The radius of the track for particle 3 (kinetic energy = KE,)
is exactly 22 times larger than the initial radius of the tack for
particle 1 (initial kinetic energy = KE,). Determine the ratio
KE,/KE,. ' »

*25. ssm www A particle of mass 6.0 X 107% kg and charge
+7.2 pC is traveling due east. It enters perpendicular to a mag-
netic field whose magnimde is 3.0 T. After entering the field, the
particle completes one-half of a circle and exits the field traveling:
due west. How much time does the particle spend in the magnetic
field? . .

*26. An c-particle is the nucleus of a helium atom: the orbiting
electrons are missing. The a-particle contains two protons
and two neutrens, and has a mass of 6.64 X 10™% kg. Suppose an
a-particle is accelerated from rest through a potential difference
and then enters a region where its velocity is perpendicular to
a 0.0210-T magnetic field. With what angular speed w does the
a-particle move on its circular path?

7. Refer 10 question 11 (not problem 11) before starting this
problem. Suppose that the target discussed there is located at the
coordinates x = —0.10 m and y = ~ 0.10 m. In addition, suppose
that the particle is a proton and the magnetic field has a magnitude

of 0.010 T. The speed at which the particle is projected is the same
for either of the two paths leading to the target. Find the speed.
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Section 300=2  Magnetic Frold

@Iu a maencue leld diected verncally opward a
pric

e rmalie moeving north is deflected toward the
cast, What 15 the sign ol the charge of the piade?

0-2_A parncle with 2 mass of 5.00 x 10~ kg and a
frge of 3.50 x 1077 C has ata given instant a velace-
ay with a magnitude of 2.00 x 10° m-s™" in the
tydircction. What are the magnitude and direction ol
the acceleration of the particle that is produced by a
wniform magnetic {icld that has magnitude 0.8 T and is
in the —x-direction?
30-3 A particle having a mass of 0.500 g carrics a
charge of 4.60 % 1078 C. The particle is given an initial
horizontal velocity that is due cast and has a magnitude
o[6.00 x 10" m-s™'. What arc the magnitude and di-
rection of the magnenc field that will keep the particie
moving in the earth’s gravitational ficld n the same
horizongal. eastward direction?

[ R I

10-4 & parucle with a charge of ~2.50 % {37 G

g with an instantancous veloaty ot magnicude
v=4.00 x 10 m-s"'in the xy-plane avan angle of 507
counterclockwise lrom the +x-axts. What are the magm-
wde and dircetion of the lorce exerted on this parucle
by a magneuc ficld with magnitude 2.00 T in the

a) —x-direction?
b) +i-dirccuon?

0-5Each of the leuered circles at the corners of the
in Fig. 30~ 19 represents a positive charge ¢

x FIGURE 30-19

moving with a velocity of magnitude vin the direction
indicated. The region in the Migure is a uniform mag-
netic field B, parallel to the x-axis and directed toward
the right. Copy the figure. find the magnitude and di-
rection of the force on cach charge, and show the force

in your diagram.

Segiton J0=%  Fhowsan's Measurement uf efm
Secaon 30-6 Dotofies und Aaas Npeetroseopry

003 Jeahe Banbridge nuss specinooeter iy
30— 121 suppuse the ungnene beld magunuede £ m
the veluciy s_ulc:.:lur e E30 T and wons hiaving a speed
of 400 % 10 m-s ' pass through undellecied.

.

1) What is the clearic licld between the plates P
and £°?

by I the separmion ol the plites is 0.500 e¢m, wha
the potental difference between the plates?

30-14 .

a} What is the speed of a beam ol clectrons when
simuliancous influence of an clectric field of
340 % 1P V-m ™" and a magncuc ficld of 8.00
107% T, with both fields normal te the beam
and 1o cxch vilier, produces no detlecuon of the

Lieed

ety 5

s,

clecrons?

A

1 Show m a dagram the relatve oneatiton ol the

vectors v, £, and B,

—-..‘A e

¢) What s the radius ol twe clecaan path when the
electric tield 18 remwoved? «
3015 The eleewric leld bewween the plates ol the ve
locity sclector in a Bainbridge mass specirometer is
£.20 x 10° Vv-m™’, and the magnenc feld in both re- ¢
gions is 0.600 T. A siream of singly charged neon '
atoms moves in a cirgular path of 0.728.m radius in b
magnetic ficld. Determine the mass of one neon atom.

and the mass number of this ncon 1sotope.

B

A

by

30-46 A particle with mass m and charge +g staris
from rest at the origin in Fig, 30-29. There 15 a uni-
torm elecuric field £ in the postuve yv-direcuion and a
unilorm magneuc field B directed tward the rcader.
e is shown in more advanced books that the path is a
cvelord whose radius of curvawre at the wop points is
twice the y-courdinate at that level

a) Explain why the path has tns gencral shape and
why it is repetitive.

v FICURE 30-24



Section 21.5 The Force on a Current in a Magnetic Field

28. The drawing shows wires of length L and current /, lying in
a plane that is perpendicular to a magnetic field B. In all cases
B=025T, L=060m, and /] = 15 A, Find the magnitude and
direction of the magnetic force on each wire.

(@) ) ()

29, ssm An electric power line carries a current of 1400 A in a
Iocation where the earth’s magnetic field is 5.0 X 1073 T. The line
makes an angle of 75° with respect to the field. Determine the
magnitude of the magnetic force on a 120-m length of line.

30. Near the equator in Scuth America the earth’s magnetic field
has a strength of 3.2 X 1073 T; the feld is paralle! to the surface
of the earth and points due north. A straight wire, 46 m in length,
has an east-west orientation and experiences a magnetic force of
0.058 N, directed ventically down (toward the carth). What is the
magnitude and direction of the current in the wire?

31. A square coil of wire containing a single turn is placed in a
uniform 0.25-T magnetic field, as the drawing shows. Each side
has a length of 0.32 m, and the current in the coil is 12 A, Deter-
mine the magnitude of the magnetic force on each of the four
sides.

3 go_oqylln 3

!

32. The trnangular loop of wire shown in the drawing carries a
current of I = 4.70 A. A uniform magnetic field is directed paral-

c

1 N\

B T
55.0°
A T 3 B
200m d

lel to side AB of the triangle and has a magnitude of 1.80 T.
() Find the magnitude and direction of the magnetic ﬁ_)rcc exerted
on each side of the triangle. (b) Determine the magnitude of
net force exerted on the triangle. -

33. ssm A wire of length 0.655 m carries a current of 21.0 A.
In the presence of a 0.470-T magnetic field, the wire experiences a
force of 5.46 N. What is the angle (less than %0°) between the
wire and the magnetic field?

34, At New York City, the carth’s magnetic field has a vertical
(downward) component of 5.2 X 107 T and a horizontal compo-
nent of 1.8 %X 10~% T that is directed toward geographic north.
What is the magnitude of the magnetic force on a long, straight
wire, 6.0 m in length, that carries a 28-A current due east?

*35, The drawing shows a thin, uniform rod, which has a length
of 0.40 m and a mass of 0.080 kg. This rod lies in the planc of the
paper and is attached to the floor by a hinge at point P. A uniform
magnetic field of 0.31 T is directed perpendicularly into the plane
of the paper. There is a current [ = 3.8 A.in the rod, which does
not rotate clockwise or counter-clockwise. Find the angle 6.
(Hint: The magnetic force may be taken to act at the center of

gravity.)

*36. A 125-mn rectangular coil of wire is hung from one arm of
a balance, as the drawing shows. With the magnetic field tummed
off, 2 mass M is added to the pan on the other arm to balance the
mass of the coil. When a constant magnetic field of magnitude
0.200 T is turned on and there is a current of 8.50 A in the coil,
how much additional mass m must be added to regain the
balance?

L—:

St

P Mo : i
; 1 : ?

— 125-turn coil
14

1 —jcooisom
lr/ A

w:w‘A\ P

33) 5726 °
39) §.2x00 W
35) 57°

25) 2.39
29) g1~
30) cust 2 west, 324
31) 0. %61, 0960, 0N

32) om, 34,2 4/, 3420, 0N
UJ'I'UFPW who pape

3¢ 0325 ks



o 2
.
- -~
i Y
- - A 5

020—kg alupminum md'(lcngd: ] o
downdwmkatacousmntvclomy}!wmuchmmﬂm

-—_375 L«ﬁ»f-ézm/“’ '
- /«/Xu: pq | )
N 3?\ ;;,q, | - ' - | IR .



'S

“ouj '$U0G-§ AGiIM UOr 8661 © 1BuAdoD

Y

~-F

Line
of
action

)

ze-12 3HNOI

“(u)z;



Section 21.6 The Torque on a Current-Carrying Coil

40, A circular coil of one turn is made from a wire of length
7.00 X 1072 m. There is a current of 4.30 A in the wire. In the
presence of a 2.50-T magnetic field, what is the largest torque that
this loop can experience?

41. ssm A circular coil of wire has a radius of 0.10 m. The coil
has 50 turns and a current of 15 A, and is pleced in a magnetic
field whose magnitude is 0.20 T. (a) Determine the magnetic mo-
ment of the coil, (b} What is the maximum torque the coil can ex-
perience in this field? '

42. Suppose the current-carrying triangle in problem 32 is free
to rotate about an axis that is attached along side AC. Using the
data in that problem, find (a) the magnetic moment of the triangle
and (b) the magnitude of the net torque exerted on it by the mag-
- netic field. .

43. A 0.50-m length of wirc is formed into a single-tum, square
loop in which there is a current of 12 A. The loop is placed in a
magnetic field of 0.12 T, as in Figure 21.23a. What is the maxi-
mum torgue that the loop can experience?

44. A coil carries a current and experiences a torque due to 2
magnetic field. The value of the torque is 80.0% of the maximum
possible torque. (a) What is the smallest angle between the mag-
netic ficld and the normal to the plane of the coil? (b) Make a
drawing, showing how this coil wouid be oriented relative to the
magnetic field. Be sure to include the angle in the drawing.

45. ssm www The rectangular loop in the drawing consists
of 75 tums and carries a current of J = 44 A. A 1.8-T magnetic
field is directed along the +y axis. If the loop is free to rotate
about the z axis, (2) determine the magnitude of the net torque ex-
erted on the loop and (b) state whether the 35% angle will increase
or decrease.

z

Fes

IX

46. Review Conceptual Example 7 as background for this prob-
lem. A square coil of N tums carries a current Iin a magnetic field
B. The coil is made from a length L of wire. Derive an expression
for the maximum torque that this coil experiences. Aside from
numerical factors, the expression contains the variables N, I, B,
and L.

+47. The coil in Figure 21.232 contains 380 wrns and has an ared
per tum of 2.5 X 107 m” The magnetic field is 0.12 T, and the
current in the coil is 0.16 A. A brake shoe is pressed perpendicu-
larly against the shaft to keep the coil from turning. The coeffi-

cient of static friction between the shaft and the brake shoe is

0.70. If the radius of the shaft is 0.010 m, what is the magnitude of
the minimum normal force that the brake shoe exeris on the shaft?

*48. A square coil and a rectangular coil are each made from the
me length of wire. Each contains a single torn. The long sides of
wie rectangle are twice as long as the short sides. Find the matio

Tyquare! Trocuangle of the maximum torques that these coils experience
in the same magnetic ficld when they contain the same current.

*+49. ssm A charge of 4.0 X 1075 C is placed on a small con-

ducting sphere that is located at the end of a thin insulating rod
whose length is 0.20 m. The rod rotates with an angular speed of

-w = 150 rad/s about an axis that passes perpendicularly through

its other end. Find the magnetic moment of the rotating charge.
(Hint: The charge travels around a circle in a time equal 10 the
period of the motion.)
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Puysics

30-17 A horizontal rod 0.200 m long is mounted on a

talance and carries a current. At the location of the rod
there is a uniform horizontal magnetic field with mag-

sitnde 0.0800 T and direction perpendicular (o the rod.

The magnetic force on the rod is measured by the bal-
ance and is found to be 0.240 N. What is the current?

30-18 In Exercise 30—17, suppose the magnetic [ield is
horizontal but makes an angle of 30.0° with the rod.
What is the current in the rod?

30-19 A wire along the x-axis carries a current of

600 A in the +x-direction. Calculate the force (magni-
wde and direction) on a 1.00-cm section of the wire
exerted by the following uniform magnetic fields:

a) B = 0.600 T, in the —y-direction:

b B =0.500 T, in the +z-direction;

¢} B = 0.300 T. in the —x-direction:

d} B = 0.200 T, in the xz-plane at an angle of 60.0°
from the +x-axis and 30.0° from the +z-axis.

30-20 A straight, vertical wire carries a current of

800 A upward in a region between the poles of a large
superconducting clectromagnet, where the magnetic
field has magnitude B = 3.00 T and is horizontal. What
are the magnitude and direction of the magnetic force
on z 1.00-cm section of the wire if the magnetic field

.ircction is
d) east? b) south?

Section 30—8 Force and Torque
on a Current Loof

c) 30.0° south of west?

30-21 What is the maximum torgue on a rectangular
coil 5.00 cm x 12.0 em and of 600 turns when carrving
a current of 4.00 x 1072 A in a uniform field with
magnitude 0.300 T?

30-22 The plane of a rectangular loop of wire

500 cm X 8.00 cm is parallel to a magnetic field

with magnitude 0.150 T. The loop carries a current of
8.00 A.

2) What torque acts on the loop?

b) What is the magnetic moment of the loop?
30-23 A circular coil of wire B.00 cm in diameter has
19 turns and carries 2 current of 4.00 A, The coil is in
a region where the magnetic field is 0.600 T.

a) Whar is the maximum torque on the coil?

b) In what position would the torque be one-half as

great as in part (a)?

Exercises 595

uniform magnetic field with B = 0.750 T. What is the
change in potential energy of the coil when it is rotated
1807 so that its magnetic moment is antiparallel to the
field?

30-25 A circular coil with area A and N wrns is [ree o
rotate about a diameter that’coincides with the x-axis.
Gurrent / is circulating in the coil. There is a uniform
magnetic field B in the positive y-direction. Calculate
the magnitude of the torque T*

when the
coil is oriented as shown in parts (a, through (d) of
Fig. 30-22. :

iy
N\

(a) (B {c) td)

FIGURE 30-22
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30-24 A coil with magnetic moment m = 2.80 A-m" is
oriented initially with its magnetic moment parallel 1o a

| ) 4207
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Section 21.7 Magnetic Fields Produced by Corrents.

50. Along, straight wire carries a current of 48 A. The magnetic -
i field produced by this current at & cenain point is 8.0 X 107 T,
How far is the point from the wire? :

“ i 51. Ina lsghmmg bolt, 15 C of charge fiows in 3 tiric of 1.5 X £ ‘“’" beneath it at a distance of 8.2 X |0'1 m. Determine the cur
) : 1073 5. Assuming that-the hghlnmg bolt can be represented as i

long, straight line of current, what is the magnitude of the m..lg—

netic field at a distance of 25 m from the bol!"

52. Whal must be the radms of 3 c:rcu!ar loop of wire so the
i magnetic ficld at its center is I 8 x 10~* T when the loop carviesa”
. currentof 12 A7 o

53, ssm A long so!cnond has I400 tumns per meter of Icngth.'
and it carries 2 cum:nl .3.5 A A sma!I -circular ccul of %

i ;._ -m.:gmludc and direction of the net magncuc ﬁcld at point:
‘A and (b) B.

_Wbai must bc the magmtudc and dx-
mncr co:l) of the cum:nt in

.'nagnel ] b
o cancel the mutuai rcpulsnon f the »

_n)r curr_ems of 8.0 Ain opposuc dlrecuons, as tﬁc drawmg mdi 1
ates: Fii dkthe magnuudc ol‘ thc nct magm:m: ﬁcld K lhc p(mu-; .-

.5' ¥ & ssm Two ngad rods are onenlcd parallel lo cach othcr .uul

the ground The rods camry the same current in the same dirce:
.. The length of each rod is 0.85 m.,,whlle the mass of each s
0.073 kg. One rod is hcld in placc above the gmund and thc ulhcrt

.Sb) 0. un S
o 5') 8)(6

" 52) ‘{ Zmo

| 53) thw "u M

-,:x thin ring, of msulau _ma =}
i ?e:zmd rotates with an angulas sp_ecd Of




40, REASONING AND SOLUTION We know that the torgque in 1= MIAH sin b For the tanmum lanque, §=
LT, To find Ihe area A, re thal fie length of the wire is .= Drr, where r 18 the rakius of the qircle, Thua,

o b (200 % 10672 myderm L1 x 1072

The area of the cirgle 1x, terelore,

Am e mnl 134 1072 mp? = 2 800 0 10

The maximam torque i
ra NIABsin 90.0° = (14,30 AX3.899% 1074 m? H2.50T) = | 4.19%107 N.m

41, [SEM] REASONING ANDSOLUTIGN
3. The megnetic momed of the wil is

Magnetic moment = NIA = (S1Y15 AY[r(0.10 m)? ]=

where we have tied the fact that the ares of the irular loop v A = P x{0.10 m}z.

b. Acconling to Equation 21.4, the iomee i the product of the magnalic moment NiA and BSin g, lowcve,
the maxinm torgue ocsurs when ¢ w 90.0% o we have

7=( Magnetic mamenty{ & sin 90.0°)= (24 A-m*}0.20 T) =[3AN-m ]

42 REASONING The magretic moment of the cirat-carmping angl Is the product of 1he cuzreat £ and the
ane A of the wiangle. The Magnitude Tof the tonque caeried on the iangle by ihe magnetic ficld Is ogual o
the prtuct of tha magnelke snmeot, the ma; I the angie

uwida 4 gl Gl and the sine of the angle &

herween the maguetic ficld and the normml o the plane of Ihe riangle, r= (Magnclic momens) B sia &

wele B of te megnetic Gebd oo e sine

SOLUTION
. The area of a triangle is equal 1o one-hall the base limes the heighi,
A = ${2.00m)[{200m)ian $50°] =2.85 m?

The mzgnetic momen is

Magnetic moment= 1A = (4.‘10/\)(2.86 m? )= 13.4 A-m?

b. The msghitude of Lhe ref lorgue exerted on the triangle i

lorgue Ia § oy 0 = Frooy,no where Fi o Bs the brake foree, and r ix the radius of te shafl and also the fever

arm, ‘The marimum value for the briee force available frem matic friction e Fryake = #yF iy where Fyy is the

normal force pressing ihe brake shoe ageisal the shaft, The brake torque, then, is Fyrake = #Fpir- Therefore,
Deain tha itade of the ri: narma! force s lollowa:

Toke = Trrax or  pFyr = NIAR

Mg (800164 asx 107 m? Y021}

£
¥ (C.70)(0.010m)

4B, REASONING AND SOLUTION Actonding to Equation 244, the muximum torque for & singhe lm ia Trax
& (A8, When he lengih Lof the wire is usod 1o make the aquase, cach 2ida of be squars has 2 tengsh L4, The
area of the square is Agr = ()L, For the reclangle. vince twa ddes have » length 4, while 1he vher twa
wdex have 2 tengih 24, i Golloms 1het £ = 6, o & U6, The wrea i6 Aygypangte = 24° = UL, thing
Exquation 214 for the squarc and the rectingle, we obtain

Toguare . L - Anqaau . (LI4): m@
rln.l.ugh IAru:umk a Avrﬂwk Z(Lf 6)

45, REASONING  The magnetic momwnl of the raating charge can he fourd fram the expression
Maguetic moment = NIA. For tiis sivation, ¥ 21, Thas, we seed 10 fi5d the cumomst and e wrea for
the rolating chazge. This can be dane by rescsting to first principles.

SQLUTION The cusrent for the rotallng chicge is, by definilion (xec Fquation 20}, § = Aq/ A, where a9
is the amount af charge that passes by 1 given point during a time inlerval Ar, Since the chazge passes by once
per revolutivg, we san find ihe cumrent by divuling the tolal zotating chizge by the persd T of revolutioa.

-
; T - Ag = g - {50 rullsN4.0x10°° C) = 05%10-5 A
T ixle ir in

The area ufthe rotating charge is A = 4¢% = £(0.20 m)? =0.13 in®

Therelore, the magnetic mument is
Mugneric monent = NIA = {1495 x 10 AXM LI m? )] L2x107F Ao

0. REASONING AND SOLUTION The magnitude 8 of the magnet fickd at a ditance ¢ £rom 2 tuag straght
wire carryiag a currend £ 46 8w 42 8r). Thus, the tatance ix

syl (w1077 T A Y48A)

= ST AT 11.5)
T 2x(Rox 10 T) ¢

r = (Mugnesic uoment)8sin ¢ 21.4)

= (134 A:m? XLBOT Jsin 400 =

43,

REASONING AND SOLUTION The mazimum tonpue occurs when dm 90.0° x0 thal 1 NIAB. For 2 ware
Koop, 4w LAY = 1030 1) = 1.6 %107 . S,

£ NIAB = {1X12AX16x 0 m¥ U012 TY =

REASONING AND SOLUTTON The torque is given by re NEAZ 3in f

3. The axiFum foenjue oocirs when ¢#=90.0* (in éw 1) {n this case we want the twngue 10 be
BO.0% of the raanrum valus, so

NIABsin @ =D.B00{MIAB5in20.0°)  sothat g = sin™! (0,800) =

a5

[ [WRW] REASONING The torque on the loop ia gives by Fauation 214, £ NIABsin ¢, From
the drawing in the teat, we see that the angle @ beeween Lhe sormm) do the plane of the loop and the magnetic
fickd is S - 357 = 55¢°. The e of the Toap is
070 rmx 056 mu 0.3 m,

SOLUTION
. The magnitude of the net omue exerted on the Joop is

£= NIABsing=(15)(4.4 A)0.35 m* (1.8 TYsin 55°={ [T N-m
. Asdiscussed in Lhe texl, when 3 current-carying foop in placed in 1 magnatic field, the loop tends W rotare
#ach that its nore] Secames aligned with the magnetic ficld. The nemml to (e Malics an angle of 55°
with respect 1 the tagolie fickd. Since this angla decrorses as the loop roiuted, tha § 35° angk increases

46,

REASONING AND SOLUTION Acconting te Equaton 214, U meximum tonue @
Trax * MIAG #in 90.0° = MIAD, The area A of asquarc is 4 w dl. where o s e leagih of one of the aides,
Since the lotal lenph L of the wire is used 10 sreats 4 sidea, (e length of one side in 4 w LHAN). Thun, the
el A = [U{-W)lz, Using this cxpressian for the ares, we find thal the saXimem tonque ix

1
Tou = NIAB = M(s%) 8=

47

REASONING AND SGLUTION 1o Fgure 21,235 the magnetic lomue is 3 maaimum, Equation 21.4 pives
(hia masimim wimee a4 5, = MIAB. The tonque from Lhe brake balances Ihis kxgnctic lorque. The brake

51

REASONING AND SOLUTION The current associatesi with the lightning boll is

A 15C
1atla 10%10% A
A T ks

The magnesic field near ihis eurrent is given by

nt (4xx 107 T-ma)1.0x10* A) ~

52

REASONING AND SOLUTION ‘The magnetic fick? at the center of 3 curent baop of radias R is given by B
= 2R}, 30 tha

_ it fme107 TomaXiza) —
=58~ 2018107 T) '

5

REASGNING The ool camies a cumment and experiences & ongue when it is placed in an external
magrede fiskd, Thus, when the cail is placel in the magnens fiekd due 10 the sokenvid, it will experiense a
wiegee given by Bquation 20 7= MIABsing, where ¥ is the number af turna in the coil, A is the area of
the coil, & is the mugnetic fichl imide the solenoil, and @ is 1he ungle belween the nuemal to the planc of the
coil and the magnetic fickl,  The magnatic fickd in the sotancid ¢an be fwid from Equation 26.7. B = pign/,
wheze 1t is Lha number of tims per unit fength of the soleachd and J is the cumom throggh the selesout.

SOLUTION The mapnetic (ixld inside the salenaid in
B=ponl =(4xx1077 T m/AN 1400 wemsim X3.5 A)= 62x107 T

The torque eaerted on he el b

r= NiABsia = (50M0.50 AX1.23 107% m?3(6.2% 10" Tsin 90.0°) =




s,

REASONING The drawing beinw shaws & top view of the curen-camying wiee. The mapnetic field tha it
pastuces ut a didanee £ below ha wire i1 labeled 30 ”win and poinix t0 the lefL {ihe direction o determined by

uning Right-1Tend Rule No. 2). The magnitude of 8. b B w gyfidar The
disgram alsu shows (he earth®s mugnetic field, 8,1y, 4 she set mepaetic fizld, 'Y
B a8 wiaed by the rumpas, By umng thess resulis with the al of I
HIFCHAMELrY, we ChN delermine the cusrest in the wire,

SOLUTION  From the nght wisogle m the duwing, we me dut By
Bepnpy ™ Buirg 130 38 Substinnting in the value of Bie fom abuve and Cealh
solving for the current £, we lnd thet

Buire

L2 2x(1.9%107 m){4.5% 10 T) .
Hy tan 357 (3% 107 T /A Yan 357

55

REASONING AND SOLUTION

. In Figure 71.31a the magnetic fekd 1hal <xing 4 the location of ¢ach wire points upward. Since Ihe current
114 each wire 15 the aame, e fields at the locationa of the wires alio huve the same magnitedes. Thercfine, &

wiogle caseral ficld that paints Wi cance] the mutual repuision of Ihe wires, if this exvermd
fiehs has » pagaitude that equate that of the feld producad by cither wire,

b. Eguation 21.5 gives the magnitacie of the (eld prodoced by u long alraight wire, The exemal field most
fave this magnifede:

il (422307 T-m/A Y25 A) B —
= Ix(0.016m} =

56,

REASONING AND SOLUTION 1et the current in tha Sefl-hand wire be labeted /) and that in the tight-hund
wire fy.

a ALpoit A7 B inup and By isdow, 30 we sublract them Lo et e nel field. We have

By = pigly Mxdy gy (80 AVIZH(0.030 mlf
By = pglyfindy w pgy (.0 A 26(0.150 m)]

Byt ~By={43%10° T

b. Atpeint & #) and 8, arcboth dawn 50 we add the two, We have

b net finkd a2 paint A iz

) = 400 AV20.060 )]
By =ty (8.0 AV 2(0.060 )

Ascoding to Right-Hand fate No. 2, the direction of By [n perpendicular v the plune of the paper and

directed into the pege, awuy Irer the cember. Taking “out of the page™ as the positive direction. e net
ragnetic feld st poins A i

8, = By -8, = SEXIOST-28%107°T = | +28%10°¢ T

where the glus aign indivated thatl

[[1he direction of B, s out of the page, towind the reader |

b. The magnitude uf ihe ssignets Geld 3% poing B due Lo the horizontal wire is

2l {42107 T-m/A)(5.6A)

2z 2x(0.20m}

By =56%10°9T
Acconding lo Right-Hand Rule No. 2, the direction of By is parpendicular 1o the planc of the page and divecied
ira the page, away she resder,

The magnitude of the magsetic fetd al point £ duc to the vertical wire iy

ol {42107 T-miAX56A)

By = =

=28x 1075 T
2ar 2x(0,40m) 8%

Accorging 1o Right-Hand Raks ¥o. 2, the direction of By is perpendiculas o ihe plane of he page snd dinected

wul of the page, lowand the reader, Taking “out of the page”™ as the positive direction, the net magnetic fieht 1
pOLNLA i

B, = ~By +By = ~56xHT+2E%107 T = -28%107°T

The magnitude of the Tagnaic e B, = , and the minus sign indicated that

{he dirccion of 8, is inte the page, away from the neader |.

REASONING AND SOLUTION The mapnide B; of the magnetic fekd due Lo the inner ceil 14
By = 2o
The magnetic ficks By doe w the vuter cnif must cancel that due (0 the inner coil. Wehave
By = gl 2erg

il this rust equal 8, Therefore,

Sa the nes lickd at poizt B in
ap=8y+By

5T

[38H] REASONMING The wo rods airact each olbes because they cach cuy & cument / in the sane
duection. The botom md (oats because it 18 In cplibrivm. ‘The iwe (arces thal act o5 the boliam rod are the
dawnwazd force of gravity aeg and the upward mugnetic force of aitraction to the upper rod. If the two rods are
sdtstance 3 apa, (e mARTRatic fleld generatod by Lhe log tod 4L the Tooution of the bollom md is (aee Eauation
N5 8=y, IR2xs). Acconding to Fguation 213, the wmghetic force exented o the bttom rod 1t

F= iLBsind= ,unlstin $H2X8). where & in e angle between the magnetic field wl the location of

1wt botiam rd and the direction uf the current in the batlomrod. Since the nds e parallel, the magnetic fickd
1 perpendicular o the Uirection uf the current (RITK-2), and & = 90.0°, 5o that sin &= §.0.

SOLUTION Taking upwand as the posulive direction, the niel foxce on the houam rad s

I*Lsing
."'.'9_1___.. —mg=(
2Rs
Solving for 1, we find

2 -3
Zrmgs 2600073 kgx2.80 mis? x82% 1072 m)

I=
Aol Y {dax107 T -mANO8S m)y

=[ 1K A

38,

REASONING The magnitade B of the magnetic ekl praduced by 3 long straight wire is given by Equution
215 a0 Bw fgaf 2y, The net nagnetic Geld produced a1 any rpot dus to the twa wired is he veetor sum of the
magnetic fickls groducsd by (he wires. To find the directions of the magaetic fidkix, we will use Right-Elend

Rule No. 2.

SOLUTION
o The magnitude By of the magnetic field at point A due la the horizoniaj wire it
Ll {arx10 F.ovaX56A)

56x10°%T
Tar 27{0.20m) =36x10

BH
AcconEng ko Right-Hand Rule No. 2, the direction of By i pespendicatar o Lhe plane of the paper and
directed out of the prge, toward the teader,
The stagnitude By of the sgnelic feld at point A duc 1o the: vertical wize ix

aod  (dex107 T mAXS56A)

= o =2Ex 10T
B=7m= 22(040m) 3%

nefiNif2ar, = BolRo/2xrg
0 that

3 £ £20 tarns )

A {0.017m?
fo= 4 l?;jl"fj = BOAN e 001z m) ~

1n order for the two Skl 10 be equal in magnitvde but uppatile in diroction, the cusrent In the ouler coil muma
Mow in the | Opposite direction | as the inoar cof) cument.

REASGNING AND SOLUTION The net forve on the wire Joop 1 2 xumof the forces oo cach scgirent of the
loop. The farces on the twa segments perpendicuiar fa the Jong arigh wire cancel each wther aut. The net
farce on the koop T sherefore e sum of e forces on the parallel segments inear asd far). These wo

AUD S0 M0 )| M 3 Tw m‘4 N

0T Rl —agl12 AXDS AND.S0 mi 2t

Fpouglyislidmdp = p (12 AXIS AYD.50 mi|2=(0.26 m}] = 5.2 W

Ntz Fy isa fotee of trstion. while Fy le a repultive onc. The magnitude of the net [oeve L, therefore,

FaFy—Fp=27w 0 N 1221040 = [ 1.5 %' N
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408 MAGNETIC FORCES AND MAGNETIC FIELDS D (' Bce,

PRACTICE PROBLEMS

[. The electrons in the beam of a television tube have an energy of 15 keV. The tube is oriented so that the
electrons move horizontally from east Lo west. The earth's magnetic field points down and has a magnitude

B = 4.5 x 10-5T. (a) In what direction will the beam dellect? (b) What is the acceleration of a given electron?

L f x>

2. Protons in a magnetic field of 0.80 T follow a circular trajectory of 75-cm radius. (a) What is the speed of the
protons? (b) If electrons traveled at the same speed in this field, what would the radius of their trajectory be?

5 25007 Y
Xy 0 Tm

3. Twoisotopes of carbon, carbon-12 and carbon-13, have masses of 19.92 x 10-27 kg and 21.59 x 10-27 kg,

respectively. These two isotopes are singly ionized and cach is given a speed of 6.667 x 10° m/s. The jons then
enter the bending region of a mass spectrometer where the magnetic field is 0.8500 T. Determine the spatial
separation between the two isotopes after they have traveled through a half-circle.

/- Exsp "

4. A weighing scale supports a battery, to which a rigid wire [oop is attached, as shown in the figure. The lower

part of the loop is in a magnetic field of 0.20 T. If the combined mass of the battery and wire loop is 0.25 kg,
what current in the wire is necessary for the scale (o indicate zero weight? Which pole of the battery is positive?

2;7?
|l¢—— 0s0m —»

Battery
| : I
B (out of page)
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5. Two wires parallel to one another are separated by 1.0 m, as shown in the figure. Each carries a current ol 3.0
A, but in opposite directions. Find the magnitude and direction of the magnetic licld at a point P midway

belween the wires.

4 1 (in) P I.(out)
4o T ® * ©
D@WV\ I< 1.0m b‘i

- - -

6. Two parallel straight wires are separated by a distance 0f 0.75 m and carry currents I} =25 A andlp =35 A,

Find the force (magnitude and direction) that each wire exerts on a 2.5 m length of the other wire if the currenls
are (a) in the same direction and (b) in the opposite directions.

S Ep o TV

—

7. Youare given 251 m of copper wire that can carry a current of 0.500 A without cxcessive heating. This wire is
used to make a solenoid of 25.0 cm length and 3.00 cm diameter. Determine the magnetic {ield that can be
achieved at the center of the solenoid.

) S b6xco 3T

8. Four long, parallel conductors all carry currents of 5.0 A. An end view of the conductors is shown in the figure
below. The current directions for wires A and D are into the page (indicated by crosses) while the current
directions for B and C are out of the page (indicated by dots). Calculate the magnitude and direction of the
magnetic field at point P, located at the center of the square of edge tength 0.40 m.

SO Xe T A B
B Lo @ 20)

[ Bav!
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SOLUTIONS AND ANSWERS '

Practice Problems

1. (a) The direction of the beam is obtained using RHR-1. With B down (fingers point down}, and the velocity to
the west (thumb to the west), the palm of the hand (F) is facing south. For an clectron, force is directed north.

(b) The kinetic energy is

KE = (1/2)mv2 = (15 000 eV)(1.6 x 10119 /1 eV) =24 x 10°15 .
Solving for v yields,

v2 = 2KE/m = 2(2.4 x 10-15 1)/(9.11 x 1031 kg) = v =7.3 x 107 m/s.

The force is F=qvB sin 8 (8 =90°).  The acceleration can therefore be obtained using

a = Fim = qvB sin 90°m = (1.6 x 10719 C)(7.3 x 107 m/s)(4.5 x 103 T)/(9.11 x 1031 kg) = 5.8 x 1014 m/sZ.

2. (a) Solving equation (21.2) for the velocity yields
v = qrB/m = (1.6 x 10719 C)(0.75 m)(0.80 TY/(1.67 x 1027 kg) = 5.7 x 107 m/s.

(b) For an electron,

r=mvigB = (9.11 x 1031 kg)(5.7 x 107 m/s)/[(1.6 x 10-1° C)(0.80 D)} = 4.1 x 104 m.

3. The spatial separation of the two isotopes is the difference between the diameter of their trajectories. Therefore,

rjp = mypvigB = (19.92 x 10-27 kg)(6.667 x 105 m/s)/[(1.602 x 10712 €)(0.8500 T)} = 9.753 x 10-2 m.
ry3 = my3vigB = (21.59 x 1027 kg)(6.667 x 105 m/s)/[(1.602 x 10-12 C)(0.8500 T)] = 10.57 x 10"Z m.

The spatial separation is therefore, s=2(rj3-12)=1.6 x 1 0-2Zm.

4. To support the weight of the battery, the magnetic force on the wire must equal the weight of the battery. That is
F =ILB sin 8 = mg. Using 8 = 90° we can solve for the current to oblain,

I = mg/LB = (0.25 kg)(9.80 m/s2)/{(0.50 m)(0.20 T) =25 A.

In order to balance the weight, the magnetic force must be directed UP. Since the field is OUT of the page,
and the force is up, RHR-1 tells us I is to the left. Therefore, the right-hand terminal is positive.

5. Atpoint P, the field due to each wire is pointing DOWN, as determined from RHR-2. Since each wire carries
the same current and is at the same distance from P, the total field is

BT = 2B = 2(ugl/2mr) = polinr = (4n x 107 T m/A)3.0 AYn(0.50 m) =2.4 x 1 06 T, DOWN. .
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The magnitude of the force between the wires (see example 9 in the text) is
F = pgljlhl/2ar = (4n x 1077 T m/A)(25 AX35 A)(2.5 m)/2n(0.75 m=58x1 0-4N.

(a) If the currents are in the same direction, by RHR-2 and RHR-1, the force is one of attraction.
(b) If the currents flow in opposite directions through each wire, the force is one of repulsion.

To find the number of turns of wire, divide the total length of the wire (251 m) by the length per turn, which is
justl=2nr= 2m(1.50 x 102 m) = 0.0942 m per turn. Thus, N = (251 m)/(0.0942 m/turn) = 2660 turns. Since
the solenoid is 25.0 cm in length, n = 2660 turns/0.250 m = 10 600 turns/m. The magnetic field at the center is

B = pgnl = (4 x 10°T T m/A)(10 600 m1)(0.500 A) = 6.66 x 10°3T.

oo

the directions of the fizlds due to each wire is shown below.

A B

D

Since each wire carries the same current, and each is equidistant from the center, 12 = (0.20 m)2 +(0.20 m)z, 50
r = 0.28 m. The field due to each wire is

B = pglf2nr= (4 x 10-7 T m/AX5.0 A)/2m(0.28 m) = 3.6 x 106T.
Note that the x-components of the fields vanish, while the y-components add together. The total field is thus,

Byop = 4B sin 45° = 4(3.6 x 100 T) sin 45°=1.0 x 10-5 T, DOWN.

Quiz answers

ol e
o0 n o
0 = O n
oo oo



A




hw (into paper)







Line
of
action

»




&P
.. p@? |

X €— —
d P I
| a8ed JO

suerd ojur g




plouajos

sjod
yyoN

—— —




Electromagnetic
Induction



Electromagnetic Induction

PREVIEW

Whenever the magnetic flux changes through a loop, an emf is generated in the loop. This observation is given
substance in the form of Faraday's Law of Electromagnetic Induction which is presented in this chapter.
Electromagnetic induction is used to explain the operation of electric generators and useful circuit devices called
inductors along with the operation of the common transformer.

QUICK REFERENCE
important Terms

Induced current
The current produced in a conducting coil when it is exposed to a changing magnetic field or its area or

orientation changes relative to a magnetic field.

Induced emf
The emf in a coil or loop when it is exposed to a changing magnetic field or its area or its orientation changes in

a magnetic field. The induced emf MAY produce an induced current if the coil or loop is a conductor.
Motional emf -
The emf produced across a conductor due to its motion through a magnetic field.

Magnetic flux
The product of the area of a loop, the magnetic field through the loop and the cosine of the angle that the

magnetic field makes with a line drawn normal to the plane of the Joop. It is the change of magnetic flux through
a loop which produces the induced emf.

Induced magnetic field
The magnetic field which is produced by an induced current.

Back emf
The induced emf produced in the rotating coils of a mator whose polarity is opposite the polarity of the emf

applied to the motor.

Mutual induction
The process by which a changing current in one circuit produces a changing magnetic field which induces a

current in another circuit.

Self-induction
The process by which a changing current in a circnit induces an emf in the same cireuit,

Inductors
Coils which are used as circuit elements to exploit their property of self-induction.

Transformer
A device which uses mutual inductance between primary and secondary coils to increase or decrease an ac voltage.

Induced emfs

The emf induced in a rod moving perpendicularly with respect to a magnetic field is

emf = vBL (22.1)
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The emf induced in a coil of N loops (Faraday's Law)

_NAD

emf = AL

The emf produced by a generator
emf = NABw sin wt

The emf due to mutual induction

(o) M AI1
€ =-M—
2 At
The emf due to self-induction
emf=-LAL
At
Magnetic Flux
The magnetic {lux through a plane area or coil
$=BAcos¢
inductance
Mutual inductance of two coils
' - N ®,
Il
Self-induction of a coil
L=----NI¢

Motors
The current drawn by a motor (emf is the “back emf™ of the motor)

I=V-emf
R

Energy in Inductors

The energy stored in an inductor due to self inductanceis

Energy = —%—le

The energy densityin a magnetic field

Energy density = 1 g®
21,
Transformers
The transformer equation
VS —_ NS
v

P P

(22.3)

(22.4)

(22.7)

(22.9)

(22.2)

(22.6)

(22.8)

(22.5)

(22.10)

(22.11)

(22.12)




Name

Date

Faraday’s Law of Induction

10. * Figure 23-32 shows the magnetic flux through a coil as a fune-
tion of time., At what times shown in this plot do (a} the magnetic
flux and (b) the induced emf have the greatest magnitude?

A FIGURE 23-32 Problems 10 and 13

11, * Figure 23-33 shows the magnetic flux through a single-loop
coil as a function of time, What is the induced emf in the coil at
(a}t = 0.050s, )t = 0.15s, and (¢} ¢ = 0.50 5?

w
Il

+ + } ! ! } } e £ (5)
01 02 03 04 Oiﬁ 07 08 09
i
-54

A FIGURE 23-33 Problems 11 and 12

12. ¢+ I? The magnetic flux through a single-loop coil is given by
Figure 23-33. (a) Is the magnetic flux at t = (.25 s greater
than, less than, or the same as the magnetic flux at f = 0.55 s7
Explain. (b) Is the induced emf at ¢ = 0.25 s greater than, less
than, or the same as the induced emf at ¢ = 0.55 s? Explain.

-- ~-{c) Calculate; the:induced emf at the times ¢ = 0.255s and

f=0.55s,

13. + ¢ IP Considera single-loop coil whose magnetic flux is given by
Figure 23-32. (a) Is the magnitude of the induced emf in this coil
greater near f = 0.4 5 or near t = 0.5 57 Explain. (b) At what
times in this plot do you expect the induced emf in the coil tohave
a maximum magnitude? Explain. {c) Estimate the induced emfin
the coil at timesnear! = 0.3s,1 = 04 sand? = 0.5s.

14. =+ Asingle conducting loop of wirehasanareaof 7.4 X 107 m®
and a resistance of 110 {}. Perpendicular to the plane of the loop
is a magnetic field of strength 0.28 T. At what rate (in T/s) must
this field change if the induced current in the loop is to be 0.32 A7

15. *+ The area of.a 120-turn coil oriented with its plane perpen-
dicular to a 0.20-T magnetic field is 0.050 m2. Find the average
induced emf in this coil if the magnetic field reverses its direc-
tionin 0.34 s.

Electricity

1) — QeI kv, Oy, 0- O KV B
12) greater, same, _37.5 Wbls
0,04 KV
13) 0.575,
OoilOa\g} 0.5 sec
—OlO{KV
Ov
+0. 06 KV
i
1Y) 38. 5V, H.§xe0 A

15Y 7.1V
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‘Section 23—4 Lenz's Law
"18. = A bar magnet with its north pole pointing downward i

Name

Per. Date

Lenz’s Law

falling toward the center of a horizontal conducting ring. As
viewed from above, is the direction of the induced current in
the ring clockwise or counterclockwise? Explain.

19. » A Wire Loop and a Magnet A loop of wire is dropped and
allowed to fall between the poles of a horseshoe magnel, as
shown in Figure 23-34. State whether the induced current in
the loop is clockwise or counterclockwise when (a) the loop is

above the magnet and {(b) the loop is below the magnet.

i

MR A TR A i e - :
A FIGURE 23-34 Problems 19,20, and 21

20, =+ Suppose we change the situation shown in Figure 23-34 o
follows: Instead of allowing the loop to fall on its own, we
attach a string fo it and Jower it with constant speed along the
path indicated by the dashed line. Is the tension in the string
greater than, less than, or equal to the weight of the loop? Give
specific answers for times when (a) the loop is above the mag-
net and {b) the loop is below the magnet. Explain in each case.

21. »e Rather than letting the loop fall downward in Figure 23-34,
suppose we attach astring to it and raiseit upward withconstant
speed along the path indicated by the dashed line. Is the tensian
in the string greater than, less than, or equal to the weight uf
the loop? Give specific answers for times when (a) the loop b
below the magnet and (b} the loop is above the magnet, Explain

in each case,

»» Figure 23-35 shows a current-carrying wire and a circult
containing a resistor R. (a) If the current in the wire is constant,
is the induced current in the circuit clockwise, counterclock-
wise, or zero? Explain, (b) If the current in the wire increases, in
the induced current in the circuit clockwise, counterclockwise,
or zero? Explain.

A FIGURE 23-35 Problems 22 and 23

73, »» Consider the physical system shown in Figure 23-35. If the
current in the wire changes direction, is the induced current in
the circuit clockwise, counterclockwise, or zero? Explain.

:
l
:
i

e

26, »# Referring to Problem 25, which

24. =+ A long, straight, current-carrying wire passes through the
center of a circular coil. The wire is perpendicular to the plane
of the coil. {a} If the current in the wire is constant, is the i
fiuced emf in the coil zero or nonzero? Explain. (b) lft'he current
in the wire increases, is the induced emf in the coil zero or
nonzero? Explain. {¢) Does your answer to part {b) change if the

wire no longer passes through the center of the coil but is st
perpendicular to its plane? Explain, s colbutisedl
. ** Figure 23-36 shows a circuit containin, i

. A« g a resistor and an
un.charged capa?tor. Pointing into the plane of the circuit is a
Lfruf(?rm magnehc'ﬂeld B. If the magnetic field reverses direc-
tion in a short period of time, which plate of the capacitor {top
or bottom) becomes positively charged? Explain.

A FIGURE 23--3é Problems 25 and 26

m plate of the capacitor (top or
bottom). becomes positively charged if the magnetic ﬁeldpin-
creases in magnitude with time? Explain,

[

1gycew
1w cew
20) less, less
A1) greader, grearer

33) Zevo, Cw

23) cew

Al Zero, 2er0, 1o Change
25) TOF,
26> BoromMm



Sample Problem

Figure 31-63a shows a rectangular conducdng loop of resistance
R, width L, and length b being pulied at consiant speed v through
a region of width d in which a uniform magnst sTeld Bis produced:
by an electromagnet. Let L = 40 mm, b = 10 cm, d = 15 cm,
R=16808=20T and v = 1.0 mfs.

fa) Plot the magnetic flux Py through the loopas a function of the
position x of the rght side of the loop.

(b} Plot the induced emf as a function of the position of the loop.
Indicate the directions of the induced emf.

{c) Plot the rate of production of thermal energy in the loop as a
function of the position of the loop.

(a)

AR
x

*

X

x_



Name per. ___ date
Faraday’s law of Electromagnetic Induction

A square loop moves at a constant velocity of 1 m/s to the right across two
regions of uniform magnetic field. One region extends fromx =-4tox =0, and has a
uniform field directed into the page. The second region extends from x = 0 to x = 4, with
a uniform magnetic field directed out of the page. The magnitudes of the fields are equal.

Plot the magnetic flux through the loop, and the induced current, as a function of time.
Take the flux to be positive if the field is into the page, and take clockwise to be positive
for induced current.

Given:
R=1.00hms
B=0.5Tesla



Name
AP Physics B

per. __ Date
DiBucci

Electromagnetic induction and Lenz’s Law

Two coils, 1 and 2, with iron cores are positioned as shown in the figure. Coil 1 is part ofa
circuit with a battery and a switch.

Coill 2

Coill

. B

e A

.
C

J

R
1.Immediately after the switch (8) is closed, in which direction does the magnetic field point
inside coil 17 In what direction does the induced magnetic field point in coil 27

2. Immediately after the switch (S) is closed, in which direction will the induced current
flow through resistar R in coil 27

3.After the switch (S) has been closed for a long time, in which direction will the current
flow in resistor r in coil 1 and resistor R in coil 2?

4.Assume the switch (S) has been closed for a long time. If coil 1 is moved towards coil 2,
in which direction will the induced magnetic field point in coil 2? And in which
direction will the induced current flow through the resistor R in coil 2?

5.If switch (S) has been closed for a long time and coil 1 is suddenly moved away from coil
2, in which direction will the induced magnetic field point inside coil 2? In which
direction will the induced current flow through resistor R in coil 22

6. Suppose again that switch (S) has been closed for a long time, and then the switch is
- suddenly opened. In which direction will the induced magnetic field point in coil 27 In

which direction will the induced current flow through R in coil 27



oi

" from coil I, in which direction will current flow in resistor R?

3. Assume the switch is iriitialijrbpen and there is no currcﬁt in either coil. If the polarity of

 the battery were switch in coil 1, arid the switch is closed, in which direction will current
flow through the resistor R.in coil 22 ¥ L

4. Answer the following question based on the situation described in number 3. Assume you are
looking directly into coil 2 from the point of view at point C. Sketch the direction of the
circulating induced current and the direction of the induced magnetic field in the space below.

12 is suddenly moved:

2 Assume the switch in ¢oil 1 hasbecnclosedfor along time., If coil 2lsmoved away e

s a1 it L v e

i B e o R B



on 22.2 Motional Kmf

ssm A spark can jump between two nontouching conductors
the potential difference between them is sufficiently large. A po-
Miestial difference of approximately 940 V is required to produce a
% in an air gap of 1.0 X 107* m. Suppose the light bulb in Fig-
4k is replaced by such a gap. How fast would a 1.3-m rod
7’1o be moving in a magnetic field of 4.8 T to cause a spark to
mp across the gap?

The wingspan {tip-to-lip) of a Boeing 747 jetliner is 59 m.
plane is flying horizontally at a speed of 220 m/s. The ventical
mponent of the earth’s magnetic field is 5.0 X 107 T. Find the
af induced between the wing lips.

Near San Francisco. where the vertically downward compo-
ent of the earth’s magnetic field is 4.8 X 1073 T, a car is travel-
> forward at 25 m/s. An emf of 2.4 X 1072 V is induced be-
yecn the sides of the car. (a) Which side of the car is positive, the
ver's side or the passenger’s side? (b) What is the widih of

N

Two metal bars have the same length. Each is pushed through
gnetic field as in Figure 22.4a. The emf generated between
ends of each bar is the same. Bar | moves through a field of
T at a speed of 5.8 m/s. Bar 2 moves through a field of
T. What is the speed of bar 27

L

ssm www The drawing shows three identical rods {A. B.

ve

anad L} MOVINE 1T UTHTITHL PIGHWD £ SUHIGHL THEEBHLLL 1w
magnitude 0.45 T is dirccted along the +y axis. The length of
each rod is L = 1.3 m, and the speeds are the same, v, = Uy =
ve = 2.7 m/s. For each rod. find the magnitude of the motional
emf. and indicate which end (} or 2) of the rod is positive.

6. A metal rod (length = 0.75 m) moves perpendicular o a
magnetic field of 0.15 T. An emf of 0.24 V exists between the

ends of the rod. How far does the rod move in 7.0 s?

*7,  Suppose the light bulb in Figure 22.4b is replaced with a short
wire of zero resistance, and the resistance of the rails is negligible.
The only resistance is from the moving rod, which is iron {resis-
tivity = 9.7 X 107" £2-m). The rod has a cross-sectional area of
3.1 X 107" m® and moves with a speed of 2.0 m/s. The magnetic
field has a magnitude of 0.050 T. What is the current in the rod?

*8. Refer 10 the drawing that accompanies conceptual question 6
(not problem 6). Suppose that the voltage of the battery in the cir-
cuit is 3.0 V, the magnitude of the magnetic field (directed perpen-
dicularly into the plane of the paper) is 0.60 T, and the Iength of
the rod between the rails is 0.20 m. Assuming that the rails are
very long and have negligible resistance, find the maximum speed
auained by the rod after the switch is closed.

*9, ssm Suppose the light bulb in Figure 22.4b is replaced by a
6.0-0) electric heater that consumes 15 W of power. The conduct-
ing bar moves 1o the right at a constant speed, the field strength is
2.4 T, and the length of the bar between the rails is 1.2 m. (a) How
fast is the bar moving? {b) What force must be applied to the
bar 1o keep it moving 1o the right at the constant speed found in
part {a)?

*#10, Review Conceptual Example 3 as an aid in solving this prob-
lem. A conducting rod slides down between two frictionless verti-
cal copper tracks at 2 constant speed of 4.0 m/s perpendicular to a
0.50-T magnetic field (see the drawing). The resistance of the rod
and tracks is negligible. The rod maintains electrical contact with
the tracks at all times and has a length of 1.3 m. A 0.75-) resistor

is attached between the tops of the tracks. {2) What is the mass of
the rod? (b} Find the change in the gravitational potential energy
that occurs in a time of 0.20 s. (c) Find the electrical energy dissi-
pated in the resistorin 0.20 s.



Section 22.3 Magnetic Flux

For problems in this set, assume that the magnetic flux is a
positive quantity.

11. A hand is held fiat and placed in & uniform magnetic field of
magnitude 0.35 T. The hand has an area of 0.0160 m* and negligi-
ble thickness. Determine the magnetic flux that passes through the
hand when the normal to the hand is (a) parallel and (b) perpen-
dicular to the magnetic field.

12. A magnetic field has a magnitude of 0.078 T and is uniform
over a circular surface that has a radius of 0.10 m. The field is ori-
ented at an angle of ¢ = 25° with respect to the normal to the sur-
face. What is the flux through the surface?

13, ssm A siandard door into a house rotates about a vertical
axis through one side, as defined by the door’s hinges. A uniform
magnetic field is parallel to the ground and perpendicular to this
axis. Through what angle must the door rotate so that the mag-
netic flux that passes through it decreases from its maximum value
1o one-third of its maximum value?

14. The drawing shows three square surfaces, one lying in the xy»
plane. one in the xz plane, and one in the yz plane. The sides of
each sguare have lengths of 2.0 X 1072 m. A uniform magnetic
field exists in this region, and its components are: B, = 0.30 T,
B, = 0.80 T. and B, = 0.30 T. Determine the magnetic flux that
passes through the surface that lies in (a) the xy piane, (b) the xz
plane, and (c) the yz plane.

L - s v

15 A house has a floor area of 112 m? and an outside wal}%

has an area of 28 m?. The earth’s magnetic field here has g KgE
zontal component of 2.6 X 1073 T that points due north and 5
tical component of 4,2 X 1073 T that points straight down, to
the earth. Determine the magnetic flux through the wall if the wal
faces (a) north and (b) east. {¢) Calculate the magnetic fux
passes through the floor.

*16. A rectangular Joop of wire is moving toward the bono;n‘
the page with a speed of 0.020 m/s (see the drawing), The !oop
leaving a region in which a 2.4-T magnetic field exists: the magi
netic field outside this region is zero. During a ume of 2.0 s, w"
is the magnitude of the change in the magnetic flox?

. - L . .
B
{out of LA S
paper)
. - e -
L] , a .. L}
s
L] - - L]
7
/
0.080 m’ 1

%17. ssm www A five-sided object, whose dimensions
' shown in the drawing, is placed in a uniform magnetic field.
" magnetic field has a magnitude of 0.25 T and points along,
: positive y direction. Determine the magnetic flux through eath
| the five sides.




Section 22.4 Faraday’s Law ol EIECTFOMugITI some-——=
18. A magnetic field is perpendicular to 3 0.040-m X .,._,
i rectangular coil of wire that has one hundrefd 'lums. ln. nm 2
t  0.050 s, an average emf of magni_l_ude 1.5Vis Indlfccd in 3
. What is the magnitude of the change in the magnetic field?
+" 19, The drawing shows a straight wire, a part of which s 2
to the shape of a circle. The radius of the circle is 2.0 cm- Acom

¥, magnetic field of magnitude 0.55 T is directed pcrp-cnd!

S

Fw the plane of the paper. Someone grabs the ends ol the wire and
= 1l it taut. so the radius of the circle shrinks 1o zero in a time of
0_25 s. Find the magnitude of the average induced emf between
% ends of the wire.

ﬁ. A planar coil of wire has a single tum. The normal to this
il is parallel to a uniform and constant (in time) magnetic field
" 1.7 T. An emf that has a magnitude of 2.6 V is induced in this
1 because the coil’s area A is shrinking. What is the magnitude
AA/Ar, which is the rate (in m/s) at which the area changes?

v

ﬁi. ssm A circular coil (950 tums, radivs = 0.060 m) is rotat-
* g in a usiform magnetic field, At 1 = 0. the normal to the coil is
o endicular to the magnetic field. At 1 = (.010 s. the normal
,&‘@akes an angle of ¢ = 45° with the field. because the coil has
S made one-eighth of a revolution. An average emf of magnitude

$.065 V is induced in the coil. Find the magnitude of the magnetic

A “15-turn conducting coil has an area of 8.5 X 107 m* and
the normal to the coil is parallel to a magnetic field B. The coil
as 8 resistance of 14 0. At what rate (in T/s) must the magnitude

oB change for an induced current of 7.0 mA 10 exist in the coil?

& Magnetic resonance imaging (MRI) is a medical tech-
¥ique for producing “pictures” of the interior of the body. The pa-
ient is placed within a strong magnetic field. One safety concern
hat would happen to the positively and negatively charged
ricles in the body fluids if an equipment failure caused the
‘magnetic field to be shut off suddenly. An induced emf could
nse these particles to flow, producing an electric current within
*Fthe body. Suppose the largest surface of the body through which
*: flux passes has an area of 0.032 m? and a normal that is parallel to
magnetic field of 1.5T. Determine the smallest time period dur-

which the field can be allowed to vanish if the magnitude of
ihe average induced emf is to be kept less than 0.010 V.

, A 1.5-m-long aluminum rod is rotating about an axis that is
% Perpendicular to one end. A 0.16-T magnetic field is directed par-
Tiliel 10 the axis. The rod rotates through one-fourth of a circle in
'.een the ends of the rod during this time?

. ssm www A conducting coil of 1850 tumns is connected
a galvanometer, and the total resistance of the circuit is 45.0 L.

%;Ihc area of each turn is 4.70 X 107 m?, This coil is moved from

?“l region where the magnetic field is zero into a region where itis
" nonzero, the normal to the coil being kept parallel to the magnetic
i¢Beld. The amount of charge that is induced to flow around the cir-
] tuit is measured to be 8.87 X 1073 C, Find the magnitude of the

gnetic field, (Such a device can be used to measure the mag-
fic field strength and is called a flux meter)

5*3" £ A uniform and constant {in time) magnetic field has a mag-
S nitde of 0.15 T and is perpendicular to a circular loop of wire
*{one turn) that has a radius of 0.30 m. This circle, without chang-
2Ig its orientation relative to the field, changes into a square in &

Efime interval of 0.22 s. Find the magnitude of the emf induced in

2], A copper rod is sliding on two conducting rails that make an
ngle of 15° with respect to each other, as in the drawing. The rod

{ 5. What is the magnitude of the average €nf generated be-

t < T hi “ "
B linto paper) « « x x P

8 /
x x * _........_’." x

oo gge V= 0.40 m/s

]
A o - C
C

x x = x x x

is moving to the right with a constant speed of 0.40 m/s. A 0.42-T
uniform magnetic field is perpendicular to the plane of the paper.
Determine the magnitude of the average emf induced in the trian-
gle ABC during the 5.0-s period after the rod has passed point A.

*+28, Two 0.68-m-long conducting rods are rotating at the same

speed in opposite directions, and both are perpendicular to a 4.7-T
magnetic field. As the drawing shows, the ends of these rods come
to within 1.0 mm of each other as they rotate, Moreover, the fixed
ends about which the rods are rotating are connected by a wire, so
these ends are at the same electric potential, If a potential dif-
ference of 4.5 X 10 V is required to cause a 1.0-mm spark in
air. what is the angular speed (in rad/s) of the rods when a spark
jumps across the gap?

_—— LO-mmgap -
x 7 ~% x - x ™ x
~ rd -~
’ \ ’ ~
. S v .,
B (into paper) ; . "' "
1)
i i
x ® (3] x
' o ¥
F '
|" A .’
~ - ~ r
.4 \__._.X ”aﬂ *\-«._. )("a =
Wire
N
»
-

==




Section 22.5 Lenz’s Law

29. ssm In Figure 22.1, suppose the north and south pales of
the magnet were interchanged. Determine the direction of the cur-
rent through the ammeter in parts b and ¢ of the picture (left-to-
right or right-to-ieft). Give your rationate.

33. ssm Review Conceptual Example 9 as an aid in under-
standing this problem. A long. straight wire lies on a table and car-
ries a current /. As the drawing shows, a small circular loop of
wire is pushed across the top of the table from position 1 to posi-

30. Whatis the direction ?f the '“d:“d Cf’dm:m through R in the * tion 2. Determine the direction of the induced current, clockwise
ing as the current [ increases! Provide a reason for your " or counterclockwise, as the loop moves past (a) position 1 and
er * (b) position 2. Justify your answers.

R f
WM , 1 Table top;

.QEI
) Q

31. The drawing shows that a uniform magnetic ficld is directed
perpendicularly out of the plane of the paper and fills the entire re-
gion to the left of the y axis. There is no magnetic field to the right
of the y axis. A tgid right tiangle ABC is made of copper wire,

%34, Indicate the direction of the electric field between the plates

N
jout of paper) . ;
B iout of paper) of the parallel plate capacitor shown in the drawing if the %

) \ ) netic field is decreasing in time. Give your reasoning.
) A

A - 4

\ B w\f paper)

. " Capacitor

. ]

. . . . #35. A circular loop of wire rests on a table. A long, straight wire
. N . lies on this loop, dirzctly over its center, as the drawing illustrategs
The triangle rotates counterclockwise about the origin a1 point C. . The current ] in the straight wire is increasing. In what direction'#'.

3

What is the direction {clockwise or counterclockwise) of the in-
duced current when the triangle is crossing (a) the +y axis, (b) the
—x axis, (c) the —y axis, and {d) the +x axis? For each case, jus-

tify your answer.

the induced current, if any, in the loop? Give your reasoning,

wE

; Table top
H .
i

33, As the picture shows. a loop of copper wire is lying flaton a A
table and is attached to a battery via a switch. The current [ in the k J 3
loop establishes the magnetic field lines shown in color. There are “ St T
also two smaller conducting loops 4 and B lying Aat on the table,

but not connected 1o bauneries. Determine the direction of the in- ’ - - .5

duced current in foops A and B when the switch is (a) opened and %

**36. A wire loop is suspended from a strin i ed
. . . R g that is attach
1 (b) closed agaimn. Specify the dlret?uon of the currents 10 be clock- point P in the drawing. When released. the loop swings dovms =
wise or counterclockwise when viewed from above the table. Ac- from left to right, through a unifo agnetic field ‘“i . pmd‘_ 2

g count for your answer. ' of the Joop remaining perpendicular to the plane of the paper ot
[ Switch -, times. (a) Determine the direction of the current induced in (i3
loop as it swings past the locations labeled 1 and II. Spccnfy
rection of the current in terms of the points x, y, and z on thE'! :

rent at the locations 11 and 1 when the loop swings back, from R
10 left? Provide reasons for your answers. &

=
) . | o 7 ~ -

Copper loop T

0

Magnetic field lines
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AP Phpsia B

MEr. Difucet

Solullnns to problems Sectinea 1,2~ 128

2231 6-10skip &
1081 30.38

2201 12,14,18,17 254v 1822, 15

REASQONING AND SOLUTION  According 1o Equation 2.1, the motional emf whea the veloaity v, the tmapnebic fickt
B. ard the fength L are matuslly perpendiculac ia given by ¢l = vBL. Therefoce in under for 4 spark 10 Jump across the gag,
the rod would have 10 be maving in i nugnedic fiekd wich 3

in 0V

—Y
o TEET 3™

v

e

REASGNING AND SOLUTION \!sing Equation 20,1, we Gind

einf = vl = (220 VAK$.0 % 1970 THI9 m) =

REASONING AND SOLUTION
4. The righi-hand rule saowa hal positive chiarge would be forced W the .

b, Acvonling s Fguation 3,). the walth of (e car in
pooml 24wty
8 (25 ms) (a8 %10 T)

= (20w}

REASONING Acconting 16 Equation 319, the omf is fives by emf wvBL for each baz. The faet hat the <md is the same for
exch bar is the stanting peitd for our slution.

SOLUTION Lhing Equation 205 and the (c1 ithe emd is the s for cach bar, we have
v B L=y B,L
Tn this expreusion the length Lof each bar is the same and can be elittinated algebraically, Axaresilt, we find

_hh_(EmSXO1T) e

=, 03T

[WWW| REASONING AND SOLUTION For sach of he three fods is the drawing, we have the faltowing:

Rod A: The motionl emf is , because the velosity of the md Is parallel  the direction of the sagoetic field, and the
charges do nof experience » magnetic force.

Rod B: The motional emf i, acconding ta Equation 22,1,

el =vBL=(2.7 wsH045 T(13 m={1.6 V]

The paritive end of Rod 2 is.

Kod C. The motknal enf is
. ar the ends of the nd io become: chirged. the magnetic force muu be dinected paralle] to the fength of the nod.

brecausathe mapnetic force £ ot each charge is directsd pampendicifar 1o the leagth of the

Chapler 22 Problsms 85
1= VIR = vBIIR

1

#(BLY (40 mis Y030 T (L3 m)?

S 01501980 mis? )

%. Thechange in height in s fime. A% it
Al == VAL
The change in gravitational PE s

APE = mgdb = - mgval « — {0.23 kg)9.B0 misDHA0 meN0.A0 1) =

€. The vnergy dissipated in the resintor is the amount by which the gr

 polential encrgy

REASONING AND SOLUTION The sagnetic lux is & = TIA coc .

2 Shwe g = 0.0, we have

© = (035 THON 160 m?) con 0.0 w

b. Sinee § = WP, we have

D m (0,35 THOGTHE md) cus 507 w

REASONING AND SOLUTION The Nux throgh the circutar surface is

G a BAcos = e ot g = (0078 THEND 10 mit e 25°w | 2.2 % 1073 Wh

REASONING  The gencral capresion for the magnetic flux through an area A it given by Equation 32.%

® = BACUSY where B In the magnilude uf the imagnetic field and @ 1 the angle of inchination of \he nuagnene fichd B with
neapeet 1 the normal to the ares.

The magaciic (Tux through the wnt in 2 manimim when the magneis Gehf liies e perpencicutar b the door and @ =0 w0
tha @, = ¢m“ = BA(cos 1P) = BA|

SOLUTION When the door ratates through an angle g, the magnelic fun that puaes through the door decreases fam iv
maxinym value o one-thind of its maumum vatie. Therefore @y = —;Q’m. and we have

cos @y =l! of ¢, =cos™ C—F

©y = BAcos @, =-;8A w

REASONING AND SOLUTION ¥When canputing the nugnetic Rux, we quitiply ihe avrponent af the magnetic ekl 1hat is
paraliel 4o the mormal la the serface by the sren ol 1 satface,

a3, For ihe suiface that lies in the 2y plane, the normal is parallel 1o the 7 axis, s

® =B A ROI0THIO 1077 ¥ w | 12X 10 Wh

A4

ELECTACMAGNETIC INDUCTION

REASONING AND SOLUTION The distance travehed in nime £ i x ot Uang Eguauon 20,1 w eapreas the spea of the fod
it eApr sl givek

{ emf nay ]
=\ aL)"[(u.ls'rqus 0 sp=

T, REASONING AND SBLUTION Oha's law respuiren § m czrlf R, wherg omé = vJIf. and B A, llence,
=B _ 20 nusXROSETH X100 m? y
2T x107" -m
% REASONING Once the awitch in clowed, threre is o current i the md, The magneiic lield applict 2 farce 10 1his cerseat 4w
scceleraies the rod to the ight. Ax the 1od beging 0 v, however, 2 motional emd appears between the s of the rad, The
ntanal eml depends on the spead of the mud and increases a the specd increases,  Equally wperil s the facl thal the
muettal e peposes the eml of the battery, The et emd caumay the cument in the rod i the alzsbraic sum of the 1wo end
coneributions. Thas, ax the speed of ihe md increnses and the imolionat ere increases, e (gt 20¥ decrctses Ag (he w1 oo
decreases, the current in the rod decreases und w0 Ooes the force that feld applics 1 the curreat. Eventually, ihe mpeod reachos
the poit whea Lhe molions] emi has the same nagnitude as the battary emd, and the pef emf Becornes zen. Al this poull, there 1
™ langes 2 net force acting o the rd and the speod remains constan: from (his point olward, aceunliag W Newton's second law
This mazmmairs speed can be Jerermined by using Equation 20.1 for the mosanat emd, with # value of Ihe mrtionad e that
euuals 1he battery e,
SGLUTION Using Equation 20.1 (emf w vfFL) and @ valiie of 1.0 Y for the emd, we [ind that the maximom speebof the rod Fa
emf oy
I . — _25 mis
L {0.60 THO.20 m) -
9, REASONING Ths rmaving rod acts as a battery da¢a in supplyiog an-erd or volage in the circuil. The poed af the rod
s
# relted lo the enad by Equation 3.1, ¢f = vBL. From Eguatica 20.6c. we have P=(eml' ) /R, where 2 is the power
consumed by the curyit and R ik the resistance in the ciecuil,
SGLUTION
3. Salving Equaljon 30.6¢ for the etnd, we have
emf =PR =JUS WHs0 Q) =95V
The speed of the pg is
emf 95V
Ve
L8 {24THL2m)
. The ferce exerted on the rod by the magnelic ficld is given by Equacion 21.3 with & = %0°, and { = emlfR. Therefone
N cmf 9.5V
Fe1L8(sin w::(—R )LB==(—-——609 (1.2 m¥2.4 T={16N]
10, REASONING AND SOLUTION
2. Newton's cecond faw gives Ihe magnetic retanding fores 10 be
Foupg=iBL
Now the current, f, ic
485 ELECTROMAGMETIC INDUCTION
b, Tor the purface shat liea i the az plane, the nommal it parallel 1o 1l ¥ axis, s
@=BA=080THZEX 10 i w | .2 % 10 Wb
¢. For the surface that lica in the y7 piane. the hormal i1 panllel to Ihe X axis, 50
=B A= THZOx 167 i m | 20% 107 Wh
15, REASONING AND SOLUTION
a, Asconding to Equation 22.2, we have & w BA cor §. [f the will faces nonk, then
= ByA con 007 + By A o1 907w A = 6% 107 D28 oty u | 73107 Wh
b If the wall faces exu, then
B = By A con 90% 4 By A con 90° =
& The rormal o the floor 15 vestical, 53
&= By A cos %0+ By 008 007 = By mid 2 105 Tyl 12 my - | 47 % 107° Whe
16, REASONING AND SOLUTION The change in Bux A is given by A% »B AA card, where AA it the aea of e oep shat
Teaved U pegaott of the magnens ficid in 2 wme 31, Thit ares it the product of the widih of the rectangle 1.083 md usd the Jengels
¥ AL of the side \hat leaven the tmapnotic fied, Ad = (0,080 m) v &1
Ad w18 AA Con ¢ m (2.4 THODRT mHD 020 Vs3I0 o007 m | 7.7 x ¢ Wh
" REASOMING “The general eapeesnon for the magnelic fux through an ares A is piven hy Equation 22.3-
&= BAcosgh, where # b the magritude uf the mognatic fiekd and # i ihe angle of inctination af Ihe Hugneic field B with
seapeect to Lhe mormal 1o 1he area,
SOLUTION Since ine nugnetie ficld B s paralfet to the wurfase for the triangular ends and the bounm wrface, gy Moy thivegh
<ach of hese dhree sutflces is
The flux through e 1.3 mby 0.30 m face is
©= (025 THL2 n)X,38 m) cos OF = D090 Wb
Fur dhe 1 2 mby O 30 moade, e arce makes an angle @ wiih the magnetic liehd B, where
< D30 m
=%~ 1an (—-“-“-“ =53
¢ .40
Therefore,
= (025 THI.2 m}0.50 m) cus $3° =| 0.090 Wh
1. REASONING AND SOLUTION Faralays law ghves £07 the mugnlod of the changs in Lhe mogneiic field



Chepler22 Problema 617

_(emDar (LS Vy{00s0s) -
Ap=y TS ((LG0 m {0.060 m) ~(53rT

REASONING AND SOLUTION The average end Induced in the cirvular wire i given by

A-4
el = -B( ﬂ)cus#

I~tgy

The change 10 31 wea 18 cuzal 10 Lhe final ersa of the gircle (4 4 0) muras the Intial wea (4 = xr
0—zgrt
el = —B[ cus g
]

=t

8-m{20x 107 m)

anf = -{0),
emf = ~{0,55 T} 03550

cos 0.0°=| 28x1077 v

20

REASONING  Acconding o Fuaday's liw a given in Eqoasion 233 (withous ibe menas =gn), the magniude of the eml
ernd = SAVAS fod a single lum (Mw Ly Singe g marmml i paraliel o the magnete field, the angle ¢hetneen the nommal and e
fickd o g 07 when calculaing ihe fus @ from Equaion 223 Gw 4 cos 0% B4, We will use Uua capression for the flun i
lranxlay's 1aw,

SOLUTICN Represcraing the Ous 29 @ = BA, we find that Faraday’s law (without U rartus sign) beconies

o o A2 ALBA) _ BAA

1)
Ar Ar Ar

in hls ressh we have psed the fact thay ihe fiekd magaitude B I3 conatant. Rearvangiag Equacan (1) gives

AA eml 16V
4.0 268 i3]

13T

REASGNING Acconding to Equation 22.1, the average en incluced in a coil of M lcopsix emf =~ NAD/ Af,
SCLUTION For the circular coil in quenion. the flux drrough a single tum cunges by

A= BAcos 45°~ BAcos $0° = HAcos 45°
Juring the imerval of Af = 0010 s, Therefore. for ¥ tamy, Faraduy's Jaw gives the magnitsde of the erf {withoal the minus

g0} as

ol = NBAcos 457
Ar

Since the 00ons are circular, the zrea A of eachfoop is equal 10 xl Salving for &, we have

B B Chaglar 23 Problems 0689
emf:ﬂxd!mlz chrele ~ " aquare
Ar At

]
Aar !

In ihis expression Arte ™ xrz. The ancumierence of e circle is 2orr and each side of the square hed & kngth £ of one founk

of 1his valee or Lm a2, The area of e square is, then A
in Equalioa (1), we find that the ragritede of the emd is

arc™ e x"rzu. Using these eapressions for Acirgle o9

Asquare
Blose = Phue _ B{Ee* 220214} Bt -xta)
n Y ar

{015 T)r(030 m)’ (1-x74)

022s

emf

2

REASONING AND SOLUTION Farsday's law cans be vsed if we can find the flux chiange through the tisayle s the har afides,
A = DIA = DiBhid - byhs2)

where e b and s sepresent the hases and heights of (he wiangle, At 1ime zer0, The height and base of the tiangle are both
rerd. Attine, Mmt= 501,

hwbpn 15

buw
Now
20 (1183 Biviy? tan 157
Farabay's law gives \he magnimude of the el 1o be
emf = AL m (17 BTt on 850

el = (142} (042 THOAO M) (3 0 5) tan 15%= [F033 V]

REASGNING AND SOLUTION Comsider one rviilutivn of sither rod. The magritude uf the i wxluord scrmas the vod is
e = BAMA = NExL Wat

The angular specd of the nds is

W= Ix/A1
a
.
emf w B,"02
The o ips b opposne palarisy since they a2 rtaeng in opposize ditections. Jlence, the Jifference in pulentials of the Lips 1
av=sLle
o
av 45x10' ¥
= = e 35 | 2 1K) ikl
BL? (&7 TH(0.68 m)* (2100 radh]

4R

ELECTROMAGHETIC INQUCTION
{emf jAr 4165 V0010 s}

NA? cos A5 (950N 060 m)? cos 45°

~[asx100]

hrA

HEASQONING AND SOLUTION The maghitude of the eird is given by Faraday's Luw o be

el = NiABJAUA cos (0.0
w
ABIAL € emlf(NA)
Chhen's faw grvex emd = IR, w0

ap I (Oxw?AYI40)

Bl o TS T
Ar NA L (I5)(a5%107 m?) (Brsws]

REASONING AND SOLUTION Faaday's law gives {uving only the magniwdz of the inducad emf)

30w DA cor B0 erd = (1.5 THO12 mBM0.010 Vi =

. REASONING AND SOLUTION The rod may be viewed 28 sweaang out 4 ares whose initial vadoe i 0.0 m2 andl final vatue i

1%, The Nux chxzige thit (0 this sweep it
A= Bx e 2H
s Iaracuy's law gives the magninue of L emé 10 be

el = AGVAL = (174)(0.16 THEKL.S m)240.66 5) =

A REASONING AND SOLUTION

Acconting 1o Ohm's law, the eml developed by the coil is cmf = IR,

which, when comblned with the definition of electric cumment becomes ey = {AqIRKAI. The magritude of the emf is 4l Biven
by Exuition 32,3 (Faraday's luw) wilhout the mirus sign;

I's Py Y
emfuNﬂle HAcos U‘—OJ NEBA
Ar

ar At
Cambining the two expressions for the e, we kave

-3
(A:’)R =_.'{AQ:A_ o 8 (84)R _ 88710 cx45.um&

NA (1850447010~ Yy

690

REASONING Acconding 1o Faraday's faw as given I Equation 22.3 (without the minys sign), the magniinde of the emf Is
emi w ASYAI for a single wm (Na 1), Since the magneue field is perpendicutar (o the plane of the loug, it is parallel t the
normal, Therefore, he angle @ berween the normal and the fleld is #m 0* when calculating the fun @ from Equation 22.3:
o u BA cos 07 = BA. We will use this expression for the fux in Faraday's law.

SOLUTION Represcruing (he flus a4 € A4, we find (il Faraday™s law (withou the minus sign) becomes.

ELECTROMAGHETIC INDUCTION

. {55M] REASONING AND SOLUTION I the nonh and sauth poles of the magnet are inerchanged, e eurren in the

ameneter woukd simply be reversad in irection,

Therefore, in Figuze 22.1b, the current will iow | right 10 Jeft | thmughthe zmumcter,

Sinstarly, in Figure 22.3c. the cumend will flow through the wrmcler.

. REASONING AND SOLUTION Tho current, /, procuces 3 Reld, B, perpendicular 1o tie piane of the cirtuit contzining e

realaanca & and o the paper. As ] increases, B Increases, and Ihe induced feld must be direcied out of Lhe puper 1y coumieract
the increase in B, The cument in the circuit necessary 1o produce tis induced field ran be counterclockwise. Therzlore, this
curzent Naws through the resistar from .

1.

REASONING AND SOLUTION
2, When the tnangle is coseing e + y axix, the magnetic Mux through 3t beging Is increase, The induced fotd muss be into e
paper by Lonz's Liw, The induced curent must, therefore, be fCW] .

b. When the triungle crorses the -2 Lxis, the fux thraugh it 15 not changing o 20k No tnusend fiekd will be produced anmd there
will be .

. Upon crossing the -y axis the coil will experience 3 decrease in Mux so the idveed ficht will be out of the paper. The
induced cument mas then be [COW] .

4. As the riangle gomes the +X aals, the Mlux through i is not changing st all. Mo induced fetd will be produced and there will
ne .

. REASONING AND SOLUTION

4 When the swiich is dpened. the Mux theugh coils A and B will depreme, The induoed fiekds produced by each ool mast,
Jocurding 10 Leny's taw, oppose the clunge in Mux due o the appliad Meld, The nduerd fighd produced by A wall be dawn, and
the snduced field prduced by B will 2¢ up, The induced cumen diseciiont negessary 1o produes the dduced fiekls ire tkn

CW for A and OCW fur I

h. When the switch s chosad, the Mlutes through the coils will increze. The induced fiekds will then reverse direvtions o will the
cumrens. The currerst are then

COW for A snd CW lor B

REASONING 10 solving this problem. we 2pply Len's faw, which csseniiadly ssys that the change i mugnene flus
eragt be opposed by ihe induced magnelic ficld

SoLLUTON

& The magnetc Grlt due 1o (he wire in the vicinily of pasiton | is diretied oul of the gaper. The ¢oil is moving clowr o the
wine inlo 3 region of Mgher magnetic ekl 50 the Tux theough the coil is increasing. Lenz's law demesnds that the induced el
<counicract this increase, The dircctlon of the induced field, therefome, must be inw the paper. The cament in the Sl must de

[ciockwise ]

b, lnzegion 2, the magneuc fiekd i3 directod ima the aper and is docreasing s the cuil moves away from the wire. The icluced
wagnetic Held, therefore, maust be directed into Lhe paper. $0 the Currend in the cuil sl e .
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Magnetism
Practice Test

MULTIPLE CHOICE
1. The earth's magnetic north pole is magnetically

a) north.
b) south.
¢) neutral.

2. The SI unit of magnetic field is the

a) weber.
b) gauss.
c) tesla.
d) lorentz.

3. A vertical wire carries a current straight up in a region where the
magnetic field vector points due north. What is the direction of the resulting
force on this current?

a) Down
b) North
¢) East
d) West

4, A wire carries a current of 10 A in a direction of 30e with respect to the
direction of a 0.30-T magnetic field. Find the magnitude of the magnetic force
on a 0.50 m length of the wire.

a) 0.75 ¥
b) 1.5 N
c) 3.0 N
d) 6.0 N
5. A 2.0-m wire carrying a current of 0.60 A is oriented parallel to a

uniform magnetic field of 0.50 T. What is the magnitude of the force it
experiences?

a) zero

b) 0.60 W
c) 0.18 N
d) 0.30 N

6. What is the force per meter on a straight wire carrying 5.0 A when it is
placed in a magnetic field of 0.020 T? The wire makes an angle of 272 with
respect to the magnetic field lines.

a) 0.022 N
b) 0.045 N
¢} 0.17 N
d) 0.26 N

7. The direction of the force on.a current-carrying wire in a magnetic field
ig described by which of the following?

a) perpendicular to the current



b) perpendicular to the magnetic field
c) both a) and b} are valid
d) neither a) nor b) is valid

8. A stationary proton is in a uniform magnetic field of 0.20 T. What is the
magnitude of the magnetic force on the proton?

a) zero

b) 1.6X10-20 N
c) 3.2X10-20 N
4) 1.6X10-21 N

9. A proton moving at 5.0X104 m/s horizontally enters a region where a
magnetic field of 0.12 T is present, directed vertically downward. What force
acts on the proton?

a} zero

h) 3.2X10-16 N
c) 6.4X10-16 N
d) 9.6X10-16 N

10. At a particular instant, an electron moves eastward at speed V in a
uniform magnetic field that is directed straight downward. The magnetic force
that acts on it ia

a}) zero.

b) directed upward.

¢) directed to the south.
d) none of the above.

11. A charged particle is injected into a uniform magnetic field such that its
velocity vector is perpendicular to the magnetic field vector. Ignoring the
particle's weight, the particle will

a) move in a straight line.

b) follow a spiral path.

¢} move along a parabolic path.
d) follow a circular path.

12. An electron moving along the +x axis enters a region where there is a
uniform magnetic field in the +y direction. What is the direction of the
magnetic force on the electron? (+x to right, +y up, and +z out of the page.}

a) +z direction
b) -z direction
g) -y direction
d) -x direction

13, Which of the following is correct?

a) When a current carrying wire is in your right hand, thumb in the direction of
the magnetic field lines, your fingexs point in the direction of the current.

b) When a current carrying wire is in your left hand, thumb in the direction of

the magnetic field lines, your fingers point in the direction of the current.

c) When a current carrying wire is in your right hand, thumb in direction of the
current, your fingers point in the direction of the magnetic field lines.

d) When a current carrying wire is in your left hand, thumb pointing in the



direction of the current, your fingers point in the direction of the magnetic
field lines.

14. How much current must flow for 1.0X10-3 T of magnetic field to be present
1.0 cm from a wire?

a) 0.050 A
b} 9.2 A
c) 16 A
d) s0 A

15. A high power line carrying 1000 A generates what magnetic field at the
ground, 10 m away?

a}) 4.7X10-6 T
b) 6.4X10-6 T
c) 2.0X10-5 T
d) 5.6X10-5 T

16. At what distance from a long straight wire carrying a current of 5.0 A is
the magnitude of the magnetic field due to the wire equal to the strength of the
earth's magnetic field of about 5.0X10-5 T?

a) 1.0 cm
bh) 2.0 cm
¢} 3.0 cm
d) 4.0 cm
17. Two long parallel wires placed side-by-side on a horizontal table carry

identical size currents in opposite directions. The wire on your right carries
current toward you, and the wire on your left carries current away from you.
From your point of view, the magnetic field at the point exactly midway between
the two wires

a) points up.

b) points down.

¢) points toward you.
d)} is zero.

18, At double the distance from a long current-carrying wire, the strength of
the magnetic field produced by that wire decreases to

a) 1/8 of its original value.
b} 1/4 of its oxiginal value.
¢} 1/2 of its original value.
d) none of the above.

19. A horizental wire carries a current straight toward you. From youf point
of view, the magnetic field caused by this current

a) points directly away from you.

b} points to the left.

¢} circles the wire in a clockwise direction.

d) circles the wire in a counter-clockwise direction.

20. A vertical wire carries a current straight down. To the east of this
wire, the magnetic field points



a} north.
b) east.
¢) south.
d) down.

21. Two long parallel wires carry currents of 20 A and 5.0 A in opposite
directions. The wires are separated by 0.20 m. What is the magnetic field
midway between the two wires?

a) 1.0%X10-5 T
b) 3.0X10-5 T
c) 4.0X10-5 T
d) 5.0X10-5 T

22, Two long parallel wires carry currents of 5.0 A and 8.0 A in the same
direction. The wires are separated by 0.30 m. Find the magnetic force per unit
length between the two wires.

a) 2.7X10-5 N attractive
b) 7.2X10-5 N attractive
c) 2.7¥10-5 N repulsive
d) 7.2%X10-5 N repulsive

23. what is the magnetic field at the center of a circular loop of wire of
radius 4.0 cm when a current of 2.0 A flows in the wire?

a) 1.3X10-6 T
b) 3.1X10-6 T
c) 1.3X10-5 T
d) 3.1X10-5 T

24. A current carrying circular loop of wire lies flat on a table top. When
viewed from above, the current moves around the loop in a counterclockwise
sense. What is the direction of the magnetic field caused by this current,
inside the loop? The magnetic field

a) circles the loop in a clockwise direction.

b) circles the loop in a counterclockwise direction.
¢) points straight up.

d) points straight down.

25. A solenoid 20 cm long is wound with 5000 turns of wire. What magnetic
field is produced at the centerxr of the solencid when a current of 10 A flows?

a) 1.6 T
b) 0.84 T
c) 0.67 T
d) 6.3+ T

26. Calculate the magnitude of the magnetic field at the center of a scolenoid
which has 100 turns, is 0.10 m long and carries a current of 1.0 A.

a) 1.1 mT
bB) 1.3 mT
e} 1.5 mT
d) 1.7 mT



27. What is the magnetic moment of a rectangular loop of 120 turns that
carries 6.0 A if its dimensions are 4.0 cm X 8.0 cm?

a) 0.23 Adm2
b) 2.3 Af(m2
c) 23 Alm2

d) 230 AGm2

28. A circulaxr loop of wire of cross-sectional area 0.12 m2 consists of 200
turns, each carrying 0.50 A. 1t is placed in a magnetic f£ield of 0.050 T
oriented at 30z to the plane of the loop. What torque acts on the loop?

a) 0.25 mON

b) 0.52 miN

c} 2.5 miN

4) 5.2 mfN

29. Consider two current-carrying circular loops. Both are made from one

strand of wire and both carry the same current, but one has twice the radius of
the other. Compared to the magnetic moment of the smaller lcop, the magnetic
moment of the larger loop is

a) 16 times strongex.
k) 8 times stronger.
c) 4 times stronger.
d) 2 times stronger.

30. The maximum torgue on a current carrying loop occurs when the angle
between the loop's magnetic moment and the magnetic field vector ig

a) Oe

b) 902

c) 180a

d) None of the above.

31. When placed askew in a magnetic field, a current carrying loop that is
free to rotate in any direction will experience a torque until its magnetic
moment vector

a) is at right angles to the magnetic fileld vector.

b) makes a 45@ angle with the magnetic field vector.

¢) makes an angle of 270@ with the magnetic field vector.
d) is aligned with the magnetic field vector.

32. A circular loop of radius 0.10 m is rotating in a uniform magnetic field
of 0.20 T. Find the magnetic flux through the loop when the plane of the loop
and the magnetic field vector are parallel.

a) zero

b) 3.1X10-3 TOm2
¢) 5.5X10-3 TOm2
d) 6.3X10-3 Tm2

33. A circular loop of radius 0.10 m is rotating in a uniform magnetic field
of 0.20 T. Find the magnetic flux through the loop when the plane of the loop
and the magnetic field vector are perpendicular.



a) zero

b} 3.1X10-3 TGm2
¢) 5.5X10-3 T{m2
d) 6.3%X10~3 TGm2

34, A coil is wrapped with 200 turns of wire on a square frame with sides 18
cm. A uniform magnetic field is applied perpendicular to the plane of the coil.
If the field changes uniformly from 0.50 T to 0 in 8.0 8, find the average value
of the induced emf.

a) 2.1 mv
b} 4.1 mV
c) 0.21 V
d) 0.41 V
35. A coil of 160 turns and area 0.20 m2 is placed with its axis parallel to a

magnetic field of 0.40 T. The magnetic field changea from 0.40 T in the x-
direction to 0.40 T in the negative x-direction in 2.0 s, If the resistance of
the coil is 16 &, at what rate is power generated in the coil?

a) 5.0 W
by 10 W
c) 15 W
d 20W

36. A wire moves across a magnetic field. The emf produced in the wire
depends on :

a) the field's magnetic flusx.

b) the length of the wire.

c) the orientation of the wire with respect to the magnetic field vector.
d) all of the above.

37. The cross-sectional area of an adjustable single loop is reduced from 1.0
m2 to 0.25 m2 in 0.10 s. What is the average emf that is induced in this coil
if it is in a region where B = 2.0 T upward, and the coil's plane is
perpendicular to B?

a) 12 Vv
b)) 15 Vv
c) 18 V
4 21 v

38. Faraday's law of induction states that the emf induced in a loop of wire
is proportional to

a) the magnetic flux.

b) the magnetic flux density times the loop's area.
¢) the time variation of the magnetic flux.

d) current divided by time.

39. The flux through a coil changes from 4.0X10-5 Wb to 5.0X10-5 Wb in 0.10 s.
What emf is induced in this co0il?

a) 5.0X10-4 V
b) 4.0X10-4 V



¢) 1.0X10-4 V
d) None of the above

40, A coil lies flat on a table top in a region where the magnetic field
vector points straight up. The magnetic field vanishes suddenly. When viewed
from above, what is the sense of the induced current in this coil as the field
fades?

a)} The induced current flows counterclockwise,

b) The induced current flows clockwise.

¢) There is no induced current in this coil.

d) The current flows clockwise initially, and then it flows counterclockwise
before stopping.

4%. A circular loop of wire is rotated at constant angular speed about an
axis whose direction can be varied. In a region where a uniform magnetic field
pointa straight down, what must be the orientation of the loop's axis of
rotation if the induced emf is to be zero?

a) Any horizontal orientation will do.

b) It must make an angle of 4502 to the vertical.
c) It must be vertical.

d} None of the above.

42, A horizontal rod (oriented in the east-west direction) is moved northward
at constant velocity through a magnetic field that points straight down. Which
statement is true?

a) The west end of the rod is at higher potential than the east end.
b) The east end of the rod is at higher potential than the west end.
c) The top surface of the rod is at higher potential than the bottom surface.
d) The bottom surface of the rod is at higher potential than the top surface.

43. A circular coil lies flat on a horizontal table. A bar magnet is held
above its center with its north pole pointing down. The stationary magnet
induces (when viewed from above)

a) no current in the ceoil.

b) a clockwise current in the coil.

¢) a counterclockwise current in the coil.

d) a current whose direction cannot be determined from the information given.

44. A circular coil lies flat on a horizontal table. A bar magnet is held
above its center with its north pole pointing down, and released. BAs it
approaches the coil, the falling magnet induces {when viewed from above)

a) no current in the coil.

b) a clockwise current in the ceoil.

¢) a counterclockwise current in the coil.

d) a current whose direction cannot be determined from the information provided.

45. A long straight wire lies on a horizontal table and carries an ever-
increasing current northward. Two coils of wire lie flat on the table, one on
either side of the wire. When viewed from above, the induced current circles

a} clockwise in both coils.
b} counterclockwise in both coils.



c) clockwise in the east coil and counterclockwise in the west coil.
d) counterclockwise in the east coil and clockwise in the west coil.

46, A coil lies flat on a level table top in a region where the magnetic field
vector peints straight up. The magnetic field suddenly grows stronger. When
viewed from above, what is the direction of the induced current in this coil as
the field increases?

a) counterclockwise

) clockwise

@) Clockwise initially, then counterclockwise before stopping.
d) There is no induced current in this coil.

47. A coil lies flat on a horizontal table top in a region where the magnetic
field points straight down. The magnetic field disappears suddenly. When
viewed from above, what is the direction of the induced current in this coil as
the field disappears?

a) counterclockwise

b) clockwise

¢) Clockwise initially, then counterclockwise before stopping.
d) There is no induced current.

48. According to Lenz's law, the direction of an induced current in a
conductor will be that which tends to prduce which of the following effects?

a) enhance the effect which produces it.
b) produce a greater heating effect.

c) produce the greatest voltage.

d) oppose the effect which produces it.

49. A bar magnet falls through a loop of wire with the north pole entering
first. As the north pole enters the wire, the induced current will be (as
viewed from above}

a) zero

b) clockwise

¢) counterclockwise
d) to top of loop



