. PKUBLEMS

1. REASONING AND SOLUTION According to Equation 21.1, the magnitude B of
the magnetic field is

F | 8.7x10° N B s
; QP . = [81x10° T
g,vsind  (12x107°C)(9.0x10° m/s) sin 90.0° = ‘

2 REASONING AND SOLUTION The magnitude of the force can be determined using

Equation 21.1, F = qvB sin 6, where 8 is the angle between the velocity and the magnetic
field. The direction of the force is determined by using Right-Hand Rule No. 1.

a. F=qvBsin 30.0° = (8.4 x 10°¢ C)(45 m/s)(0.30 T) sin 30.0° = 5.7 x 107N |,
directed | into the paper |.

b. F=gqvB sin 90.0° = (8.4 x 1076 C)(45 m/s)(0.30 T) sin 90.0°= | 1.1x 107N |,
directed | into the paper |.

c. F = qvB sin 150°= (84 x 107 C)(45 m/s)(0.30 T)sin150° = |5.7x1075N |,

directed | into the paper |.

3. REASONING AND SOLUTION

a. The magnitude of the magnetic force is given by F = gvB sin 8. We have, therefore,

-3
p-_Ff _ 7.31x107 N =[6.50x102T

gvsind  (25.0x107C)(4.50 x 10° m/s)sin90.0°

b. For the second charge,

F 1.90x10° N _
gBsind  (5.00x 107 C)(6.50 x 10 T)sin 40.0°

9.10x10° m/s

V2=




4. REASONING According to Equation 21.1, the magnetic force has a magnitude of
F=¢qvBsin 6. The field B and the directional angle @ are the same for each particle.
Particle 1, however, travels faster than particle 2. By itself, a faster speed v would lead to a
greater force magnitude F. But the force on each particle is the same. Therefore, partlcle 1
must have a smaller charge to counteract the effect of its greater speed.

SOLUTION Applying Equation 21.1 to each particle, we have

F=qvBsind ad F=gq,v,Bsind

Particle 1 Particle 2

Dividing the equation for particle 1 by the equation for particle 2 and remembering that
v, = 3v, gives

F_gvBsn6 4 L YV

F q,v,Bsin6 q,v, q, -‘_’-1_ 3v,

Wi

5. [ssm] REASONING According to Equation 21.1, the magnitude of the magnetic force on
a moving charge is F =g vB sinf. Since the magnetic field points due north and the

proton moves eastward, &= 90.0°. Furthermore, since the magnetic force on the moving
proton balances its weight, we have mg = q,vB sin@, where m is the mass of the proton.

This expression can be solved for the speed v.

SOLUTION Solving for the speed v, we have

_ mg _ (1.67x107 kg)(9.80m/s?)
q,B sind (1.6x10™° C)2.5x10~° T)sin 90.0°

=|4.1x10"% m/s

6. REASONING According to Equation 21.1, the magnetic force has a magnitude of
F = qvB sin 6, where q is the magnitude of the charge, B is the magnitude of the magnetic
field, v is the speed, and 6 is the angle of the velocity with respect to the field. As 6
increases from 0° to 90°, the force increases. Therefore, the angle we seek must lic between

25° and 90°.

SOLUTION Letting 6, =25° and 6, be the desired angle, we can apply Equation 21.1 to
both situations as follows:

F=gvBsind, and 2F=qvBsind,
—_— . -

Situation 1 Situation 2
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Dividing the equation for situation 2 by the equation for situation 1 gives

2F qvBsiné,
F qvBsin@,

or siné, =2sinf, =2sin25°=0.85

6, =sin™ (0.85) =

7. REASONING The angle @ between the electron’s velocity and the magnetic field can be
found from Equation 21.1,
sinfd = £
qvB
According to Newton’s second law, the magnitude F of the force is equal to the product of
the electron’s mass m and the magnitude a of its acceleration, F = ma.
SOLUTION The angle fis
, 9.11x 107! kg})(3.50 x 10" m/s?
@ = sin™ [ﬂ) = sin™ ( &)l ) =
qvB (1.60x107° C)(6.80 x 10° m/s)(8.70x 10~ T)

8. REASONING AND SOLUTION Equation 21.1 gives the magnitude F of the maximum
force on the particle as F' =g vBsin 90.0°=q,vB, where B is the magnitude of the net
magnetic field. Since the two field components B, and B, are perpendicular, the
Pythagorean theorem indicates that B= 1/Bj + By2 . Therefore, we find _that

F
— 2 2 _ £ . . .
B= JBx +B) = " . Squaring this result and solving for the y component of the
magnetic field gives
T F? 0.455N)’
B = |- B - ( ) ~(0.200T)* =[0.287 T
y 2 X 2
(207) [(6.50x 10 C)(2.00x 10* m/s)]
9. [ssM][www] REASONING The direction in which the electrons are deflected can be

determined using Right-Hand Rule No. 1 and reversing the direction of the force (RHR-1
applies to positive charges, and electrons are negatively charged).

Each electron experiences an acceleration a given by Newton’s second law of motion,
a = F/m, where F is the net force and m is the mass of the electron. The only force acting on

the electron is the magnetic force, F' = g vB sin 6, so it is the net force. The speed v of the



electron is related to its kinetic energy KE by the relation KE = 1mv?. Thus, we have
enough information to find the acceleration. ]

SOLUTION 1
a. According to RHR-1, if you extend your right hand so that your fingers point along the §
direction of the magnetic field B and your thumb points in the direction of the velocity v of a |
positive charge, your palm will face in the direction of the force F on the positive charge.

For the electron in question, the fingers of the right hand should be oriented downward '
(direction of B) with the thumb pointing to the east(direction of v). The palm of the right 3
hand points due north (the direction of F on & positive charge). Since the electron is §

negatively charged, it will be deflected m .

b. The acceleration of an electron is given by Newton’s second law, where the net force is l
the magnetic force. Thus,
F  q,vBsind
a = — = —
m m

Since the kinetic energy is KE =1mv?, the speed of the electron is.v =,/2(KE)/m . Thus,
the acceleration of the electron is : .

2(KE) , ..
q,vBsinf o m Bsind
a = m -: ,’ m

[2(2.40x 1075 J | |

(1.60x 107" C)\/ §11 = )(2.00><1jo-5- T)sin 90.0°
- ikl s = [255x10% m/s

9.11x 107" kg | S

10. REASONING AND SOLUTION

b. The magmtude of the magnetlc ﬁeld isB= mv/qr (see Equatlon 21 2) Therefore,

| (9»,11x 107 kg)(6.0x 10°m/s)

26x10°T
(1.60x 107 C)(1.3x 107 m) -

c. From Newton’s second law, the electron's acceleration is a = F/m, where the force can be

. obtained using Equation 21.1: . o N



F=¢qvBsin 6
= (1.60 x 107" C)(6.0 x 10° m/s)(2.6 x 102 T) sin 90.0° =2.5x 107N

The acceleration is, therefore,
F 25x10°“N
m

- — = [27x10%m/s?
9.11x107 kg

a =

f 11. REASONING AND SOLUTION The charge can be found from Equation 21.2 as

6.6x102kg)(4.4x10°m/s
g g)(4.4 ) = 32510
Br (0.75T)(0.012 m)

Since e = 1.6 x 10™'° C, we see that the charge of the ionized helium is .




16. REASONING AND SOLUTION The magnitudes of the magnetic and electric forces are
equal. Therefore, F; = F;, or qvB = qE. Solving for v yields,

v=|E/B|

i
i
3
J
;
q




. REASONING AND SOLUTION The radius of curvature for a particle in a mass
spectrometer is given by (see Section 21.4)

2(3.27x 107 kg)(1.00x 10> V
N E (3:27% 8)(1.00 ' ) _ [o0%0em
9B (3.2x107" €)(0.500 T)




21. REASONING AND SOLUTION The proton will miss the opposite plate if the distance
between the plates is equal to the radius of the circular orbit of the proton. Therefore,

=27 6
g™ _ (1.67x10™ kg)(2.2x10°m/s) _ oot
qr (1.6 x107° C)(0.18 m)




26.

REASONING According to Equation 21.3, the magnetic force has a magnitude of ,
F=ILB sin 6, where I is the current, B is the magnitude of the magnetic field, L is the length
of the wire, and &= 90° is the angle of the wire with respect to the field.

SOLUTION Using Equation 21.3, we find that

-5
F 7.1x107” N

L = = =
IBsing (0.66 A)(4.7x10~° T)sin58°

27.

@ REASONING AND SOLUTION The magnetic force exerted on the power line is ]
given by Equation 21.3,

F = ILBsin@= (1400 A)(120 m)(5.0x 10~ T)(sin 75°) =

28.

REASONING AND SOLUTION The magnitude F of the force on a current / is given by
Equation 21.3 as F'= ILB sin 6, where L is the length of the wire and @ is the angle between 1
the wire and a magnetic field that has a magnitude B. Applying this equation in the two §
situations described in this problem and recognizing that L, B, and @ are the same in each, 3
we find that

F, I LBsin0 I 0.030N 2.7A

F, I,LBsin@ I, 0.047N I

4.2A

or I,=(2.7 A)( 0.047 NJ=

) 0.030N




36. REASONING AND SOLUTION The maximum torque occurs when ¢= 90.0° so that 7=
NIAB. For a square loop, 4 = (L/4)* = (0.50 m/4)* = 1.6 x 10 m”. So,

r = NIAB = ()(124)(1.6x102 m?)(0.12T) = [ 0.023N-m




39. REASONING The magnetic moment of the current-carrying triangle is the product of the
current I and the area A of the triangle. The magnitude 7 of the torque exerted on the triangle
by the magnetic field is equal to the product of the magnetic moment, the magnitude B of
the magnetic field, and the sine of the angle ¢ between the magnetic field and the normal to
the plane of the triangle, 7= (Magnetic moment) B sin ¢.

SOLUTION
a. The area of a triangle is equal to one-half the base times the height,

A = 1(2.00m)[(2.00 m) tan 55.0°] =2.86 m’

The magnetic moment is
Magnetic moment = I4 = (4.70 A)(2.86 m’ ) =|134A m’




46. REASONING AND SOLUTION The magnitude B of the magnetic field at a distance r
from a long straight wire carrying a current / is B = Hl/(27r). Thus, the distance is

p,d  (47x107 T-m/A)(48A)
r = = = {0.12 21.5
278 27(8.0x 107 T) =z (21.5)

47. REASONING AND SOLUTION The current associated with the lightning bolt is

I=—=—""—=10x10*A

The magnetic field near this current is given by

pJ  (4nx107T-m/A)(1.0x10*A)

B
2nr 2n(25m)

=|80x107°T

48. REASONING AND SOLUTION The magnetic field at the center of a current loop of
radius R is given by B = u J/(2R), so that

p,d  (4nx107T-m/A)(12A)

R = = 42x107m
2B 2(1.8x107*T)

49. [ssm] REASONING AND SOLUTION The magnetic field inside a long solenoid is
given by Equation 21.7:

B=punl=(4rx107 T-m/A)(

1400 turns
0.65m

)(4.7 A)=|13x102 T




64. REASONING AND SOLUTION The speed of the electron can be determined using
eV =(1/2)m* so that

vV =

2(1.60x107° C)(19000V
2eV =\/ (1.60x 10" C)( ) 817x107 s

m 9.11x 107 kg

The magnetic force is given by

F=gqvBsin€ = (1.60 x 10™° C)(8.17 x 10" m/s)(0.28 T) sin 90.0° = | 3.7x 10" N




72. REASONING AND SOLUTION The magnetic field due to the circular loop alone is
I ; , o

B, = %‘-’R—l. The field due to the straight wire is B, = 5—0212_ . These two fields cancel at the
V4

center of the loop, so that their magnitudes must be equal:

#OII ___ /‘0(6'611)

or H=21R
2R 2nH




