Chapter 22

Magnetism

Answers to Even-numbered Conceptual Questions

2.

10.

12.

14.

16.

18.

20.

22,

Yes. If an electric field exists in this region of space, and no magnetic field is present, the
electric field will exert a force on the electron and cause it to accelerate.

The magnetic field in the continental United States points primarily toward the north.
Therefore, an electron moving toward the east experiences a downward magnetic force.
Of course, the magnetic force on a positively-charged proton moving toward the east is
upward.

In this case, the magnetic force on the electron points to the east.

In each case, the force acting on the particle must point toward the center of curvature of
its path. Therefore, particles 1 and 2 have negative charges; particle 3 has a positive
charge.

We want the magnetic force on the proton to be toward the center of the Earth, so that it
provides some of the necessary centripetal force. It follows that the proton must move in
a westward direction.

In a uniform electric field, the force on a charged particle is always in the same direction,
leading to parabolic trajectories. In a uniform magnetic field, the force of a charged
particle is always at right angles to the motion, resulting in circular or helical trajectories.
Perhaps even more important, a charged particle experiences a force due to an electric
field whether it is moving or at rest; in a magnetic field, the particle must be moving to
experience a force.

The electric field must point in the positive x direction, regardless of the sign of the
particle’s charge.

A current-carrying wire in a uniform magnetic field can experience zero force only if the
wire points in the same or opposite direction as the magnetic field. In such a case, the
angle 6in Equation 22-4 will be either 0° or 180°, in which case F'= ILB sin 8= 0.

The force between wires carrying currents in the same direction is attractive, and inversely
proportional to the distance between the wires. Similarly, the force between wires with
oppositely directed currents is repulsive. It follows from simple geometry, then, that the
net force acting on wire 2 is directed toward wire 4.

If we apply the right-hand rule to wires 2 and 4, we see that they produce magnetic fields
at the center of the square that point toward wire 3. On the other hand, the magnetic fields
produced by wires 1 and 3 at the center of the square cancel one another. It follows that
the total magnetic field at the center of the square points toward wire 3.

If the current loop is to attract the magnet, it must produce a magnetic field with its north
pole pointing to the right; that is, pointing toward the south pole of the bar magnet. For
this to be the case, the current in the wire must point out of the page, which means, in turn,
that terminal A must be the positive terminal.
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Solutions to Problems

1. F=ma=evB

1.6x107° C)(9.5 @) (1.2 T)
2B _ ( 275) =1 1.1x10° m/s?
m 1.673x1027 kg
-15
2. v L 8.9x10 " N 4.6x10° m/s

“eB (1.6x107°C)0.12T)

3. F=qvBsin0°=[0]

_aB_ (1601077 €)(355 ™) (4.05x107° T)
m 1.673x1077 kg

1.38x10° m/s?

5. F=qvBsind

stinfli
qvB
-6
(@) O=sin"! 48x10 N =|81°

(0.32x107° C)(16 mj(0.95 T)
S

-6
(b) 0=sin"' 3.0x10 7 N =[38°

(0.32x107° C)(16 mj(o.% T)
S

-7
(©) O=sin! 10x10 " N =[12°

(0.32x107° C)(16 m)(o.% T)
S

6. F =gvBsin90°

p-ti
v
A . 6.8 & _ . -
Fy=qvy| —L |sin6 =2 Fsin@) =— (2.2><10 4 N)sm25°: 2.7x10° N
qv Vi 23 %

7. F=F,sin45°=(6.2x10"1* N)sin45°=| 4.4x10716 N

8. Since the electron experiences zero magnetic force when traveling along the x-axis, B is directed along the x-

axis. Using the RHR in conjunction with the fact that the charge of an electron is negative, we see that B points
in the
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[ negative x-direction].

—-13
B:EZ 2.0x10 N ):

ev  (1.6x107" C)(9.1x105 m

9. (a) Since the magnetic force is directly proportional to both the charge and the speed of the particles, and since
the particles experience the same force, must have a greater speed because particle 1 has the
greater charge.

(b) F =4gvBsind=F, =qv,Bsin6

v_l_l

%) 4

10. Fy =gEx =(6.60x107° C)(1250 %jx =(8.25x10> N)&

Since Fj; < Fg, the force due to the magnetic field opposes the force due to the electric field. So,

Fp = —FpX, where Fz >0. According to the RHR, ¥ is in the | negative y-direction .
Fhet =qE—qvB
qvB = qE — Fyet

VZL[E_Fnet]
B q

-3
1 [1250E—6'23X10 N]

S1.02T C 6.60x10° C

~[300m4]

11. (a) Fg =eE = Fgx

-13
:wg: (5.0x10° N/O)%
1.6x1077C

(b) Fyz=—Fgk and Vv =1y, so B=—Bi.
FE_FB :F
FB :FE—ervB

_ 13 -13
B fE=F,_ 8OxI0PN-75x100N, iy

ev (1.6><10_19C)(1.5><106%)
(9.11x1072 kg)(6.27x10° m
12. =22 = ( S)z 6.5x10° m
eB (1.6x107"2 C)(0.55 T)
(1.673x10727 kg)(6.27x10° ™
3. r="0- 19 ( S):
eB (1.6x107'2 €)(0.55 T)
N
450N

E
14. v=—= =1 3.8 km/s
V= =0y = 38 kms |
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15. According to the RHR, the force due to the magnetic field is in the positive y-direction. Since the force due to the
electric field must oppose the magnetic force, E must point in the negative y-direction.

E=vB(-y) = (4.5x103 mj(o.% T)(=9) =| (-4.3x10° N/C)y

S

—6
16, @) v == e [T T
B dB | (2.75x107 m)(0.065 T)

(b) | According to the RHR, the direction of the magnetic force experienced by a positively charged ion is
down. The electric force opposes the magnetic force, so the electric field points up. If the ion is negatively
charged, the direction of the magnetic force is up. In this case, the electric field still points up, but the
force points down. So, the answer does not depend on the sign of the ions. Since the electric field points in
the direction of decreasing potential, the bottom electrode is at the higher potential.

17. lmv2 =elV
2

2elV
V= /—

m
mv m [2eV 1 [2mV 1 [209.11x1072 kg)(410 V)
g _m |2V 1 | - = 0.40 mT
er er\ m r e 0.17m\/ 1.60x107Y° ¢

-6
18, @) vo @B (125x10 C)(26.58m)(1.01T)= BRI
m 2.80x107° kg

-5
b) t:@:bz;n: 27(2.80x107° kg) :
q

v (12.5x107° C)(1.01 T)

19. (a) According to the RHR, a positively charged particle would experience a force to the left. Since the particle is
experiencing a force to the right, it must be | negatively charged |.

erB - (1.60x107"° C)(0.520 m)(0.180 T) T54]
2 =150

(b) m
v (1.67><10_27 g)(6.0x106 m)
u S

20. K= lmv2
2

f2K
V=,—

m
mv_m [2K \2mK \/2(1.673><10_27 kg)(4.9x107'0 )
ol = |2 = =[3.1cm
eB eB\ m eB

(1.6x107 €)(0.26 T)

21. (a) ,:Z_l(ﬂj:ﬂzf[m‘)}_ zm

2 20 v v o q_B 4B
2my +2 27 =
, F@my +2my)  7(1.673x10 klg9+1.675><10 ke) _oax10 s
2eB (1.60x1077 C)(0.155 T)
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Physics: An Introduction

(b) The time does not depend upon the speed of the particle, so the answer to part (a) will [stay the same .

(©

=

424x1077 s
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22. (a) Since r = p/(eB) for both particles, and since p and B are the same for both particles, the ratio of radii is .

1 1
(b) Emvzz—mv2

PP 2 (A~
VP _ B
Ve m,

1 2

_mv 2™ 2K

) %evB evB

1
K, zaeveBre
K _1 B
P57

K. =K,

1 1
5 ev.Br, = 5 ev, Br,

Vele = Vplp

»

Ve
My
_9.11x1073 kg
1.673x107%" kg

-[005]

23. F =ILBsin90° = (0.675 A)(2.55 m)(0.720 T) =[ 1.24 N

=t | o

24. F =ILBsin6 = (2.8 A)(2.25 m)(0.88 T)sin36.0° =

. F
25. sinf =——
ILB

.1 F . 1 1.6 N
0 =sin"! —— =sin =|63°
ILB (3.0 A)(1.2 m)(0.50 T)

26. F =ILBsin®
Ftop = Fyottom = ILB(0) = @
Fiegy = Fyigny = ILBsin90°= (9.5 A)(0.46 m)(0.34 T) =

27. F=mg=ILB
0.17 kg)(9.81 mz)
p="¢& _ S/ _034T
IL (11 A)0.45m)

If up is in the positive y-direction, B = (-0.34 T)z.
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28. (a) % = [Bsin@

29.

30.

31.

32.

33.

34.

% 0.033N
B m

=—2 = - =| 41 mT
Isin@ (6.2 A)sin7.5°

0.015N
m

F
b) 0= sin~! L = sin~! =|3.4°
®) B (6.2 A)(0.04078 T)

F =mg=ILBsin@
J—
LBsin@
1 is minimized when 6 =90°.
(0.75 kg)(9.81m2)
I= 5 =|25A
(3.7 m)(0.81 T)sin 90° -

N~

Physics: An Introduction

(a) |According to the RHR, the magnetic force points towards north, 18° above the horizontal|

1074T
F=1ILBsin@ = (110 A)(250 m)(0.59 G sin90°=| 1.6 N
(110 A)(250 m)( )[ G J

(b) |According to the RHR, the magnetic force points towards east]
1074 T
1G

F =ILBsin6 = (110 A)(250 m)(0.59 G)( Jsin 72°=[15N

XF, =0=Tcosf—-mg
2F,=0=Tsin0—-ILB
mg _ ILB
cos® sin@

ILB
tand = ——
mg
_1ILB
an  ——

mg

T 23 N-m
1= = =|73A
NABsin@ (200)(0.22 m)(0.16 m)(0.45 T)(1)

7=1I1ABsin @
7 is maximized when @ = 90°.

r=(2.6 A)7(0.23 m)*(0.95 T)=[ 041 N-m

T=

f=|t

r=tmax 1 p_ apsing
2 2

O =sin"! (lj =30°
2

The angle the plane of the loop makes with the field is 90° — 30° = .

84



Physics: An Introduction Chapter 22: Magnetism

35. r=1I4Bsin@=(9.5 A)(0.46 m)>(0.34 T)sin90° =[ 0.68 N-m

36. (a) A circle has a larger area than a square when the perimeters of each are equal. So, since the torque is directly
proportional to the area of the loop, the maximum torque of the square loop is the maximum
torque of the circular loop.

L 2 2
(b) Tsquare _ 1A B :é: (Z) _ L_ (4_”j =
Teircle IAC B AC 16 L2

I

37. Let B=(0.050 T)x.

(@) Fiop = NILBsin 62 =10(0.22 A)(0.15 m)(0.050 T)(sin 25°)z = | (7.0x107> N)z

Fhottom = —Fiop =| (-7.0x107 N)z

Fioyp = —NILBsin 0§ =—10(0.22 A)(0.080 m)(0.050 T)sin90°§ =| (-8.8x107> N)y

- R
Fiight = —Fer =| (8.8x10 " N)y

(b) Foo = Ftop +Fyottom + Fleft + Fright = E

(¢) 7= NIABsin®=10(0.22 A)(0.080 m)(0.15 m)(0.050 T)sin65°=|1.2x107> N-m

(d) The forces on the left and right sides of the loop will rotate it clockwise as viewed from above until its
normal is aligned with B (zero torque). So, the loop will end up with an orientation given by .

47x1077 Tm)(6.81 A)
38. B:“LI:( A) -
2xr 27(0.0525 m)

2.59x107 T

4zx1077 Im)(72 A)
39, =20 :( )

27B 27(5.0x107> T)

-[z5en]

40. Onthecircle, B=B,. Since B =0, ZBAL =0= tiplenciosed> SO lenclosed = 0-

-7 T. 2
. F_IuolllzL_(szlO Tm)(120 A)
) 2rd 27(0.35 m)

(250 m)=2.1N

Wires with parallel currents attract, so ‘ F=2.1N towards each otheA.

-4
4. = 27rB _ 27(0.50 m)(5.70><10 T) _M3KkA
Ho 4zx107" T
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43. (a) According to the RHR, the magnetic field due to each current is out of the page at 4, whereas at B, the field
due to the 6.2-A current is into the page and the field due to the 4.5-A current is out of the page. So, since the
magnitudes of the fields due to each wire are the same at each point but their directions are opposite at B, the
magnitude of the net magnetic field is greatest at @

®) B, - Holy | ol
2zr  2mr

=20 1+ 1)
27r

_(47r><10_7T'Tm)
~ 27(0.16 m)
=[13x107° T

(6.2A+45A)

Bp :&(11_12)
2xr

(4mx107 Tm)
"~ 27(0.16 m)
=|2.1x10° T

(6.2A-45A)

44. (a) According to the RHR, the magnetic field due to each current is out of the page at B, whereas at 4, the field
due to the 6.2-A current is into the page and the field due to the 4.5-A current is out of the page. So, since the
magnitudes of the fields due to each wire are the same at each point but their directions are opposite at 4, the
magnitude of the net magnetic field is greatest at .

I I
(b) B, =201 fola

2xr  2mr
=20 (1~ 1)
2rr
(47r><10_7T'Tm)
=L A 62A-45A)
27(0.16 m)
=2.1x10°°T
BBZ&UHQ)
2xr
(47x107 Tm)
= 2 62A+454)
27(0.16 m)
=[13x10° T
-5
S 27025 m)(W;T)
Tr.
45. [ = = =[31A
Ho 4z x1077 Tm
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46. (a) —

47.

48.

49.

50.

51.

52.

-7 T-
F_uyhl, (47r>< 107 TR ) (433 A)Y2.75 A)
27d 272(0.322 m)

=[7.40x107° N/m

(b) The force exerted on a meter of the 4.33-A wire is the as the force exerted on a meter of the 2.75-A
wire because these forces form an action-reaction pair.

Let I} be located at the origin and /, be located on the x-axis. Then the coordinates of P are (0, 5.0 cm).
B-B, +B,

I
- Hotig ,uo 2 == (Xcosf+ysin0)
27K 27rr2

4;r><10_7T.7In
:( A ) 30A %+ 404 (Xc0s225° + §5in 225°)

2 0.050m™ 50,050 m)®
=(4.0x107°T)x-(8.0x107° T)y

B=1J(4.0x107° T)? +(-8.0x10°° T)? =| 8.9x107° T

1 -8.0x107°T
4.0x107°T

6 = tan = | 63° below the dashed line to the right of P

-5
HoN (4;: x1077 TTm)(450)

_BL _ (13T)0.75m)

=] 9.2x10*
Hol (47r><10_7T'Tm)(8.4 A)

B = ponl =| 4zx1077 L0 (3250 m~1)(3.75x 103 A) =[ 153 T
0 A

The number of turns multiplied by the circumference of the tube will give the necessary length of wire.

BiC (2.5x 103G)(1° Tj(oss m)7z(0.12 m)

ve=BEC . - [21in

Hol (47r><10_7 )(2 0A)

In order for a magnetic field to exert a force on a particle, the particle must have charge and be moving, so the
force on the proton is @

. 27rB _ 27(0.50 m7)(1.0 T _ 55100 A
Ho 47 x10” %
—15
54, Izszzzn(o.oso m)(1.70><10 T _ 551010 A
Ho 4rx10” T'Tm
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mlv m2V
55. Ri=—1-  Ry=—2-
1 qB 2 qB
m R] 48.9 cm
—=—= =|0.946
my Ry 51.7cm
56, K =Lm?
2
_[x
m

. mJﬁ NPT \/2(9.11><10*31kg)(45x103eV)(1.6x10*19$)
p="v oM 2R - ~[29 4T
er er m er

(1.6x107"° C)(250 m)

57 [= BL _ BL _ Bdwire _ (15 T)(00022 m) _
#mN ( L ) Ho 47x107 Tm

0 dwire

58. (a) The current-carrying wire generates a magnetic field that is directed into the page, perpendicular to all four
sides of the square loop. The force on each side of the loop is directed away from the center of the loop,
perpendicular to each side, and in the plane of the loop. Because the force is stronger closer to the wire, the
net force is [ towards the wire .

(b) Due to symmetry, the forces due to the sides of the loop cancel.
Fhet = ILB o5 — IL By,

I I
_ IL(L_LJ
27”'close 2ﬂrfar

_,uOLII’[ 1 _Lj

2z Telose Tfar
) (47r><10_7 T-Tm)(l.o m)(2.5 A)(14 A)[ ! !
a 2 02m 12m
=[3x107° N

59. (a) The magnetic field is directed out of the page, the force on each side of the loop is directed toward the loop’s
center, and because the force is stronger closer to the wire, the net force is faway from the wirg. Due to
symmetry, the forces due to the sides of the loop cancel.

Fhet = ILB o5 — IL By,

n
I I
= IL(L_LJ
27ose 27Ny

_yOLH'( 1 _LJ

2 Tclose  far
(42x107 T;n)a.Om)(z.SA)(MA)( L j
2 02m 12m

=[3x10° N
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(b) The net force [increases by a factor of twol, because the force F = ILB on each of the two horizontal sides of
the loop is doubled as their length doubles.

(¢) The net force , because there is less force on the bottom side of the loop to cancel the force on the

. . . L1
top side. In the calculation of the magnitude, the quantity — grows smaller and has less effect on the
Tfar

. 1
quantity

Tclose  Tfar

60. F‘M =gvxB=q(VxB), so FE = ¢E must equal —g(VxB) and E = —(vxB).

|V| :\/(4.4><103 rn/s)2 +(2.7><103 m/s)2 =5.16x10° m/s, and V lies in the first quadrant of the x-y plane,

forming an angle of 6, = tan”! (2.7/4.4) =32° with the positive x axis.
E = —(vxB) also lies in the xy plane, perpendicular to both ¥ and B, in the direction O =122° with a
magnitude of £ =vBsin90° =(5.16x% 103 m/s)(0.73 T) =3.77 kN/C. In component form,

E= (3.77 x10° %)[(005122%5( +(sin122°)§]

=| (=2.0x10° N/C)x +(3.2x10° N/C)y

61. (a) %mvzzeV

2elV
y= /—

m
3 -19 3 3
F=evB=eB >V =Bﬁ{2e V(0957 ), |2L60x10 " ©O) §110.0><10 V) _[9.08x102 N
m m 9.11x1073 kg

(b) Since the speed of the electron is proportional to the square root of the voltage and the force is proportional
to the speed, the maximum force found in part (a) will | increase | if the voltage is increased.

1.43x107'' N

(¢) F=B

3 -19 3 3
26V _ (0,957 1) |20-00x10 7 C) (js.()xlo V) _
m 9.11x107 kg

62. F=qv(B,i-B.Y)

F=qvB?+B.? =(34x107° C)(62 ?}/(0.50 T)? +(0.75 T)? =

0 =tan"! =5 _ tan”! 05T _
B, 0.50 T

[The direction of the force is 56° measured from the positive z-axis towards the negative y-axis in the yz-plane |

-56°

63. (a) The force due to the magnetic field is in the positive y-direction, so the electric field needs to be in the
negative y-direction.

E=-vB§ = —(1.42x 10° 2)(0.52 Ty =| (-74 kV/m)y
S
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(b) V=Ed= [73,840 Vj(o.ozs m)=[1.8kV

m

(¢) The electric field lines begin at the top plate, so since electric field lines begin at positive charges and end at
negative charges, the plate should be positively charged.

my
64. (a) r=—
@ r=2
8.70x10° m
a_v _ S =14.52x10 C/kg
m  Br (121T)0.159 m)

(b) Since 4 i inversely proportional to 7, 4 would be that found in part (a) if » were greater.
m m

65. By =B, +B,,
Mol ol
= L( +L(
27n 27ry

:‘uLI l_}_L (
2r\n n

-7T
_(47r><10 Tm)(z.zA)

1 1
= +
2 (0.075 m 3(0.075 m)J(

[ |

S ol (1 1 wl(1, 1
= A

r

(47r><10_7 T'Tm)(z.z A)

- — — /,10[ l/\ 1/\ l 1 A A
Be =B + By =20 —A +—A | = + =[ (7.8 4" |
¢ =PeT e = ( 3(0.075m)  0.075 m (7.8 4T)

2z

66. EA:E1A+E2A
1 1
:;UO A +:u0 (
27 27ry

:,uOI l/\ _L/\
27\ R 153
—7 T.
_(47z><10 Tm)(z.z A)

1 A
2 0.075m  3(0.075 m)

[
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By =Bz +Byp
wl(1, 1
:L(_( +—( )
2z \ R )
(472')(10_7T'Am)(2.2A)( . : j

2z 0.075m 0.075m
=[ (12 u1)(

Be =Bjc +Byc
_tol l( LN
2z \ R 7
ol 1 T,
2 o n
(4;; x1077 T'Tm)(z.z A)

1 1),
= - +
2 3(0.075m) 0.075m

(@™ |

47 %1077 Tm)(225x10° A)
I
67. (a) B:&:( A)
2xr 272(75 m)

- [0

7 Tm 3412
F oy :(471'><10 m)(225%10° A)
L 2rd 27(25m)

(b)

SETT

68. (a) Since B o I/r, and since Wire 2 is closer to point 4 than is Wire 1, the magnitude of the current in Wire 2 is

that in Wire 1.

L, 1
(b) —=—
|
1’2 llcm
I,==I= 3.7A)=|12 A
=20 =2 ) [12A]

The field due to Wire 2 must be directed out of the page because it must oppose the field due to Wire 1,
which is into the page. So, according to the RHR, 7/, must flow | to the left |.

69. (a) The field due to the current in Wire 1 is into the page, so the current in Wire 2 must be flowing from left to
right. When parallel wires carry currents flowing in opposite directions, the force between the wires is
repusivd
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) F ol

2rd
_ HohL| 271 B,
2xd Ho

I Lr
= %(Bnet -By)

_ I]Ll’z

I . o .
7 [Bnet +%) taking ( -direction as positive
h

1

47x1077 Tm)3.7 A)
_ (3.7 A)(0.71 m)(0.11 m) 0'21T+( A )
0.22m 27(0.33 m)

[o3v]
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70. B=(1.3x10"%)Bg =(1.3x10"3)(5.0x107° T)=6.5x10!" T

(a) F=ILBsin@
= (1.8 A)(2.5 m)(6.5x10'% T)sin75°
=|2.8x10""' N

(b) max. F, = evBsin90°
=(1.60x107"° C)[2.2><106 2j(6.5><1010 T)
S

=23 mN
2
FH = ke—z
s
19
_| 8.99%10° N- 1211 (1.60x10~ _ C)2
C (5.29x107"" m)
=8.2x107° N
The hypothetical force from the magnetar is much greater than the electron-proton force within a hydrogen]|
atom

71. Let the x-axis be along the axis of the solenoids with the positive direction to the right.

(a) For ideal solenoids, the field between them is entirely due to the outer solenoid because the field outside the
inner one is zero.

B = uom 1 (—%) = —(4;”10‘7 TAmj(IOS )(100 ij(l 25 A)k =[ (-16.5 mD)k

() B = uom !l (—%)+ pyny Lo
= po(np Iy —mIp)X

[4;”10‘7 n )[(125 em )(2.17 A)— (105 cm™1)(1.25 A)][

-7 6wt

72. (a) According to the RHR, the magnetic field due to the long, straight wire points in the positive z-direction
along the positive y-axis and points in the negative z-direction along the negative y-axis. So, the net magnetic
field of the system is zero at a point along the .

100 cmjA
X
1m

(b) Set Byjiform = Bwire-

Hol

2zr

_ Ml
27 B

uniform

47x1077 Tm)(342 A)
K *)

B

uniform =

27(1.45%107° T)

-[2on]
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73. Tpax =1ABsin90° =I4AB

max
1

7=1ABsin@ :%rmax :EIAB

siné =

0 =sin”! [lJ
2

=30°
The angle the plane of the loop makes with the field is 90° — 30° = .

7 T-m _1.( 100 cm
74. (@) B=pgnl =| 4zx107" —— |(55 em™ )| ——— |(0.150 A) =] 1.0 mT
st =[47x1077 L5 e 12 150 )= [T T

Lol
(b) B=" = ol

r

I =27rnl; =27(1.25 cm)(55 cm ™~ 1)(0.150 A) =

N | —

75. Fp =eE =(1.60x107"? C)(220 N/O)x
=(3.52x107"7 N)&

Fy =e(vxB)
y X y

—e Z
B, B.| |B, B.|' |B, B,
=e(vy,B.X-vB.y-v,B,z)since v, =B, =0

v

1% v v v X v

25’+

Z| A
X—

= (1.60x107"? C)KO.67><104 2j(—o.n T)f(—(l.leOS Ej(—o.n T)y—(0.67x104 2j(o.zs T)i}
S S S
=(~1.18x10710 N)x +(2.64x107"° N)§ —(2.68x1071% N)z
Foo = Fp +F = (-8.3x10717 N)&+(2.64x1071° N)§ —(2.68x107' N)z

Fre = F2 + F} + F2 =[ 27x107° N

N
76. (a) B=—t0g
2R

(21)(471'><10_7 TTm)
T 2(0.060 m)

2(2.20><10_4 1)1
A

When / is increasing at a rate of 1.2x 107 Ass, Bis increasing at a rate of

(2.20x107% T/A)(1.2x107 A/s)=| 2.6x10> T/s |.

. . 1 . . . . 1 A
(b) B is proportional to 2’ and R is proportional to JZ, so B is proportional to ﬁ As A goes to > B

increases by a factor of ! V2|

172
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77. The field lines due to the solenoid and the wire are perpendicular.

B=yB,> + B}

2
=J(”°’Wj +(ugnt,)?

1
=Ho

N}

W
471'2}"2

+nzls2

2 2
- (47”10—7 T mj (16 4) +(22 cm™? [loloﬂj (0.50 A)?
m

A )\ 422(0.0075 m)?
[T

78. Fixed charge on a rotating ring is equivalent to a fixed wire loop with moving charge (current).
I =AwR
Find the field.

1 AoR 1
B:/JL — M = —,uoﬂa)
2R 2R 2
N L IL
7d Hollw
79. B =gy —1 =y 21 =0
Ho A T
I ndLB
ILIOLW
R=p Ly _plLy
A4 g
V =IR
~ [ﬁdLSBJ[ pLy, ]
HoLy, 727‘2
_ pdBL
B 2
Hor

_(2.3x1078 Q- m)(0.045 m)(0.015 T)(1.65 m)
(4;; %107 TTm)(o.oozl m)>

-[457]

80. (a) According to the RHR, the field due to the straight wire is out of the page at the center of the loop. The field
generated by the current in the loop must be into the page so that the net field is zero. Again using the RHR,
we find that the current must flow | clockwise | in the loop to oppose the field due to the straight wire.

Mol Hol
(b) Bstraight wire = 27T(R+§) = 7R
5 Holoop _ sl
P =R T 3zR
21
1 =| —
loop 3z
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81.

82.

83.

. ev
The current due to the electron is / = 2—
r

(47107 Tm) 160107 ©)(2.2x10° ) _[13T

B:ﬂOI:&[ ev j: Hoev _
2r  2r\27r) 4z? 47(529%107" m)?

The magnetic field exerts an upward force on one side of the square loop. When this force exceeds that due to
gravity, three sides of the loop lift from the table pivoting about an axis along the line of the fourth side of the
loop. So, we must find the minimum torque about this axis due to the field and thus the minimum magnetic field.

Find the center of mass of the loop. Let the y-axis lie along the edge which does not lift from the table, and let the
x-axis bisect this edge so that the center of the opposite edge has coordinates (L = 15 cm, 0).

e _5(5)r5(3)r @0 1,
S m 2
Set 7

gravity = Tmagnetic-

XemFy =7Fp
%ng = LILB,;y
mg
min — ﬁ
(0.035 kg)(9.81sm2)

2(18 A)(0.15 m)

S

(a) Along the bottom side of the square, wire 1 contributes a magnetic field that points straight down with

magnitude
1 1
B, = ol _ #oli
2ry  27x

while wire 2 contributes a field that points straight down with magnitude
_Holy _ Holy
2- 27ry - 27(5.0 cm—x)
So the net magnetic field along the bottom of the square points and has magnitude

B=B +B, =20 Lo L
27\ x 50cm-—x

:(2X10_7 T-m [3.0A+ 40 A j
A X 0.050 m—x

6.0x1077 Tm 8.0x107 T-m
X 0.050 m—x

where x is measured in meters.
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(b) Along the left side of the square, wire 1 contributes a magnetic field that points in the positive x direction
with magnitude

p = Mol _ toli
=01 01
2rn 27wy
Wire 2 contributes a magnetic field that points down and to the left at an angle 8 to the horizontal, such that
cosf= ot
V(5.0 cm)? + 32
sin 0 = 5.0 cm

A (5.0 cm)2 + y2

The magnetic field of the field from wire 2 is

B, - Holy _ Holy
271 272(5.0 cm)? + 2
So
By =—(B, cos )X — (B, sinO)§
_ Holry 4o HoDr(30em)

27[(5.0 cm)2 +y2] 27[(5.0 cm)2 +y2]
The magnitude of the net magnetic force along the left side of the square is then

2 2
B Z\/(Bl +Bzx) +Bzy

2 2
Holy Holry | #0r(5.0 cm)
27y 22[(5.0 cm)? + y?] 27{(5.0 cm)? + 7]

2 2
_ [2X10_7 T-mj 30A  (40Ay | _020A-m
A Yy (0.050 m)> —y? (0.050 m)® — 2

where y is measured in meters.
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