PEP 2017
Assignment 13

27.4 - A particle with mass 1.81 X 107> kg and a charge of 27.22 - In an experiment with Figure E27.22

1.22 X 1078 C has, at a given instant, a velocity U = (3.00 X cosmic rays, a vertical beam of par-

10* m/s)j. What are the magnitude and directiog of the particle’s ticles that have charge of magnitude \

acceleratiozl produced by a uniform magnetic field B = (1.63 T)7 + 3¢ and mass 12 times the proton Y 95.0 cm

(0.980 T)y? mass enters a uniform horizontal o o | 4 o o
magnetic field of 0.250 T and is \ A

, - bent in a semicircle of diameter e ° w--§ o B
271.14 -+ The magnetic field B ‘n Fi
. o agne o1ag 7 Figure E27.14 95.0 cm, as shown in Fig. E27.22.
Ina certamn Teglon 1s 1. ’ (a) Find the speed of the particles © ® o o o
E_Td 1ts fllrlejtlo;;z;sl;ha(t )Oévilhet and the sign of their charge. (b) Is
rZaxis I g, B/ A a 2 it reasonable to ignore the gravity force on the particles? (c) How
is the magnetic flux across the .

does the speed of the particles as they enter the field compare to

surface abcd in the figure? i i
(b) What is the magnetic flux their speed as they exit the field?

across the surface befc? (c) What
i1s the magnetic flux across the
surface aefd? (d) What is the net
flux through all five surfaces that
enclose the shaded volume?




21.39 - A long wire carry-
ing 4.50 A of current makes
two 90° bends, as shown in
Fig. E27.39. The bent part of
the wire passes through a
uniform 0.240-T magnetic
field directed as shown in the
figure and confined to a lim-
ited region of space. Find the
magnitude and direction of
the force that the magnetic
field exerts on the wire.

Figure E27.39
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27.45 + The 20.0 cm X 35.0 cm rectangular circuit shown in Fig.

E27.45 is hinged along side ab.
It carries a clockwise 5.00-A
current and is located in a uni-
form 1.20-T magnetic field ori-
ented perpendicular to two of
its sides, as shown. (a) Draw a
clear diagram showing the
direction of the force that the
magnetic field exerts on each
segment of the circuit (ab, bc,
etc.). (b) Of the four forces you
drew in part (a), decide which

Figure E27.45
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ones exert a torque about the hinge ab. Then calculate only those
forces that exert this torque. (c) Use your results from part (b) to
calculate the torque that the magnetic field exerts on the circuit

about the hinge axis ab.

21.718 - The rectangular loop
shown in Fig. P27.78 is pivoted
about the y-axis and carries a
current of 15.0 A in the direction
indicated. (a) If the loop is in a
uniform magnetic field with
magnitude 0.48 T in the +x-
direction, find the magnitude and
direction of the torque required
to hold the loop in the position
shown. (b) Repeat part (a) for the
case in which the field is in the
—z-direction. (c) For each of
the above magnetic fields, what
torque would be required if the
loop were pivoted about an axis
through its center, parallel to the
y-axis?

Figure P27.78

y

\15\.0 A

8.00 cm

30.0° T——

6.00 cm



27.4. IDENTIFY: Apply Newton’s second law, with the force being the magnetic force.
SETUP: jxi=—k
qvx B

EXECUTE: F =md=gVxB gives d= and

m

-8 4 )
_(122x107 €)(3.0x10 3m/s)(1.63T)(]><1)=_(0'330m/52)k.
1.81x107° kg

QY




27.14.

IDENTIFY: When B is uniform across the surface, ® 5 = B- A = BAcos¢.

SETUP: A is normal to the surface and is directed outward from the enclosed volume. For surface abcd,
A=—Ai. For surface befe, A= —Ak. For surface aefd, cos¢=3/5 and the flux is positive.

EXECUTE: (a) ®p(abed) = B-A=0.

(b) @y (befc)=B- A=—-(0.128 T)(0.300 m)(0.300 m) =—0.0115 Wb.

(¢) ®y(aefd)=B-A=BAcosp= %(0.128 T)(0.500 m)(0.300 m) =+0.0115 Whb.

(d) The net flux through the rest of the surfaces is zero since they are parallel to the x-axis. The total flux is
the sum of all parts above, which is zero.
EVALUATE: The total flux through any closed surface, that encloses a volume, is zero.



27.22.

2

IDENTIFY: For motion in an arc of a circle, a = % and the net force is radially inward, toward the center
of the circle.

SET Up: The direction of the force is shown in Figure 27.22. The mass of a proton is 1.67 x107%7 kg.

EXECUTE: (a) F is opposite to the right-hand rule direction, so the charge is negative. F =mdi gives
lg| BR _ 3(1.60x107" €)(0.250 T)(0.475 m)
m 12(1.67x107%7 kg)

b) F, =|q|vBsing=3(1.60x10"" C)(2.84x10° m/s)(0.250 T)sin90°=3.41x10""> N.
B =9

=2.84%10° m/s.

2
|q|vBsin¢=m%. $=90° and v=

w=mg =12(1.67x 1077 kg)(9.80 m/s? )= 1.96x107% N. The magnetic force is much larger than the

weight of the particle, so it is a very good approximation to neglect gravity.
EVALUATE: (c) The magnetic force is always perpendicular to the path and does no work. The particles
move with constant speed.
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Figure 27.22



27.39.

IDENTIFY: Apply F =IIBsing.

SET Up: Label the three segments in the field as a, b, and c. Let x be the length of segment a. Segment b has
length 0.300 m and segment ¢ has length 0.600 m — x. Figure 27.39a shows the direction of the force on each
segment. For each segment, ¢ =90°. The total force on the wire is the vector sum of the forces on each segment.

EXECUTE: F, = [IB =(4.50 A)x(0.240 T). F, =(4.50 A)(0.600 m—x)(0.240 T). Since F, and F, are

in the same direction their vector sum has magnitude
F,, =F,+F,=(4.50 A)(0.600 m)(0.240 T) =0.648 N and is directed toward the bottom of the page in

Figure 27.39a. F;, =(4.50 A)(0.300 m)(0.240 T)=0.324 N and is directed to the right. The vector
addition diagram for F,. and F, is given in Figure 27.39b.

F.. 0.648N
F=yF2+F?=1(0.648 N)> +(0.324 N)> =0.724 N. tanf =49 =
\/ ac b \/( ) ( ) Fb 0324 N

force has magnitude 0.724 N and its direction is specified by 8 = 63.4° in Figure 27.39b.
EVALUATE: All three current segments are perpendicular to the magnetic field, so ¢ =90° for each in the

and @ =63.4°. The net

force equation. The direction of the force on a segment depends on the direction of the current for that segment.
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Figure 27.39



27.45.

IDENTIFY: The wire segments carry a current in an external magnetic field. Only segments ab and cd will
experience a magnetic force since the other two segments carry a current parallel (and antiparallel) to the
magnetic field. Only the force on segment cd will produce a torque about the hinge.

SET UP: F =IIBsing. The direction of the magnetic force is given by the right-hand rule applied to the

directions of / and B. The torque due to a force equals the force times the moment arm, the perpendicular
distance between the axis and the line of action of the force.

EXECUTE: (a) The direction of the magnetic force on each segment of the circuit is shown in Figure 27.45.
For segments bc and da the current is parallel or antiparallel to the field and the force on these segments is zero.
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Figure 27.45

(b) F .5 acts at the hinge and therefore produces no torque. F,; tends to rotate the loop about the hinge so
it does produce a torque about this axis. F,; = I[Bsing =(5.00 A)(0.200 m)(1.20 T)sin90°=1.20 N

(¢) 7=FI=(1.20 N)(0.350 m)=0.420 N - m.

EVALUATE: The torque is directed so as to rotate side cd out of the plane of the page in Figure 27.45.



27.78.

IDENTIFY: The torque exerted by the magnetic field is 7 = fix B. The torque required to hold the loop in
place is —7.

SET UP: u=1A4. i is normal to the plane of the loop, with a direction given by the right-hand rule that is
illustrated in Figure 27.32 in the textbook. 7= I4Bsin¢@, where ¢ is the angle between the normal to the
loop and the direction of B.

EXECUTE: (a) 7 =IAB sin 60° = (15.0 A)(0.060 m)(0.080 m)(0.48 T)sin60°=0.030 N - m, in the —j
direction. To keep the loop in place, you must provide a torque in the +j direction.
(b) 7=1A4B sin 30°=(15.0 A)(0.60 m)(0.080 m)(0.48 T)sin30°=0.017 N - m, in the +} direction. You

must provide a torque in the —; direction to keep the loop in place.

EVALUATE: (c) If the loop was pivoted through its center, then there would be a torque on both sides of
the loop parallel to the rotation axis. However, the lever arm is only half as large, so the total torque in each
case is identical to the values found in parts (a) and (b).



