RECOMMENDED PROBLEMS

CHAPTER 6
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A light string can
[Vl support a station-

[ ary hanging load
of 25.0 kg before
breaking. An object
of mass m = 3.00 kg
attached to the string
rotates on a friction-
less, horizontal table
in a circle of radius
r = 0.800 m, and .
the other end of the Figure P6.1
string is held fixed
as in Figure P6.1. What range of speeds can the object
have before the string breaks?
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8. Consider a conical pendulum (Fig. P6.8) with a bob
of mass m = 80.0 kg on a string of length L = 10.0 m

|

1
that makes an angle of 6 = 5.00° with the vertical. Deter- L i
mine (a) the horizontal and vertical components of the 'F:
force exerted by the string on the pen- m°~l~)
dulum and (b) the radial acceleration of S
the bob. Figure P6.8
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A coin placed 30.0 cm from the center
of a rotating, horizontal turntable slips
when its speed is 50.0 cm/s. (a) What
force causes the centripetal acceleration
when the coin is stationary relative to
the turntable? (b) What is the coeffi-
cient of static friction between coin and turntable?
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10. Why is the following situation :l]

impossible? The object of mass T B

m = 4.00 kg in Figure P6.10 is ¢

attached to a vertical rod by two PR

strings of length € = 2,00 m. The { 4 Qm

strings are attached to the rod N S

at points a distance d = 3.00 m ¢

apart. The object rotates in a y b

horizontal circle at a constant - j]*

speed of v = 3.00 m/s, and the

strings remain taut. The rod Figure P6.10

rotates along with the object so
that the strings do not wrap onto the rod. What If?
Could this situation be possible on another planet?
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El A crate of eggs is located in the middle of the flatbed

of a pickup truck as the truck negotiates a curve in the
flat road. The curve may be regarded as an arc of a
circle of radius 35.0 m. If the coefficient of static fric-
tion between crate and truck is 0.600, how fast can the
truck be moving without the crate sliding?




Al dlea Jielan) 8Ll Juab il
LY daalal) b el il aud sama

15. A child of mass m swings in a swing supported by two
chains, each of length R. If the tension in each chain
at the lowest point is 7; find (a) the child’s speed at the
lowest point and (b) the force exerted by the seat on the
child at the lowest point. (Ignore the mass of the seat.)
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16. A roller-coaster car (Fig. P6.16) has a mass of 500 kg

Y4 when fully loaded with passengers. The path of the
coaster from its initial point shown in the figure to point A o P \
involves only up-and-down motion (as seen by the rid- (’ /: \\' A / )
ers), with no motion to the left or right. (a) If the vehicle \_o_AIA %
has a speed of 20.0 m/s at point ®, what is the force = KA

exerted by the track on the car at this point? (b) What is
the maximum speed the vehicle can have at point
and still remain on the track? Assume the roller-coaster Figure PE.16 Trobicis 164nd 85,
tracks at points @ and ® are parts of vertical circles of

radius r; = 10.0 m and r, = 15.0 m, respectively.
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17. A roller coaster at the Six
Flags Great America amuse-
ment park in Gurnee, Illi-
nois, incorporates some
clever design technology and
some basic physics. Each ver-
tical loop, instead of being
circular, is shaped like a tear-
drop (Fig. P6.17). The cars
ride on the inside of the loop
at the top, and the speeds
are fast enough to ensure the y
cars remain on the track. Figure P6.17

The biggest loop is 40.0 m high. Suppose the speed at
the top of the loop is 13.0 m/s and the corresponding
centripetal acceleration of the riders is 2¢. (a) What is
the radius of the arc of the teardrop at the top? (b) If
the total mass of a car plus the riders is M, what force
does the rail exert on the car at the top? (c) Suppose
the roller coaster had a circular loop of radius 20.0 m.
If the cars have the same speed, 13.0 m/s at the top,
what is the centripetal acceleration of the riders at the
top? (d) Comment on the normal force at the top in
the situation described in part (c) and on the advan-
tages of having teardrop-shaped loops.

Frank Cezus/Getty Images
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18. One end of a cord is fixed and a small
0.500-kg object is attached to the '
other end, where it swings in a section |
of a vertical circle of radius 2.00 m as L_,
shown in Figure P6.18. When 6 = 20.0°, | 0
the speed of the object is 8.00 m/s. |
At this instant, find (a) the tension
in the string, (b) the tangential and Figure P6.18
radial components of acceleration,
and (c) the total acceleration. (d) Is your answer
changed if the object is swinging down toward its
lowest point instead of swinging up? (e¢) Explain your
answer to part (d).

>
9
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@An object of mass m =
1 0.500 kg is suspended
from the ceiling of an
accelerating truck as
shown in Figure P6.21.
Taking @ = 3.00 m/s?,
find (a) the angle 6 that

the string makes with
the vertical and (b) the
tension 7'in the string.

Figure P6.21

10
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A person stands on a scale in an elevator. As the elevator

starts, the scale has a constant reading of 591 N. As the
elevator later stops, the scale reading is 391 N. Assum-
ing the magnitude of the acceleration is the same
during starting and stopping, determine (a) the weight
of the person, (b) the person’s mass, and (c) the accel-
eration of the elevator.

11
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37. A car travels clockwise at con-
stant speed around a circular
section of a horizontal road as
shown in the aerial view of Fig-
ure P6.37. Find the directions of
its velocity and acceleration at (a)
position @ and (b) position ®.

12
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39. A string under a ten-
sion of 50.0 N is used
to whirl a rock in a
horizontal circle of S
radius 2.50 m at a
speed of 20.4 m/s on
a frictionless surface
as shown in Figure
P6.39. As the string
is pulled in, the
speed of the rock Figure P6.39
increases. When the
string on the table is 1.00 m long and the speed of the
rock is 51.0 m/s, the string breaks. What is the breaking
strength, in newtons, of the string?

13
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40. Disturbed by speeding cars outside his workplace,
Nobel laureate Arthur Holly Compton designed a
speed bump (called the “Holly hump”) and had it
installed. Suppose a 1 800-kg car passes over a hump
in a roadway that follows the arc of a circle of radius
20.4 m as shown in Figure P6.40. (a) If the car travels at
30.0 km/h, what force does the road exert on the car as
the car passes the high-
est point of the hump? R
(b) What If? What is —5:"’
the maximum speed ﬁ-
the car can have with- _@
out losing contact with
the road as it passes this
highest point?

Figure P6.40
Problems 40 and 41.

14



Al dlea Jielan) 8Ll Juab il
Sy daalall (8 ol hdll ol (saa

42. A child’s toy consists of a small m
wedge that has an acute angle 6 L/\
(Fig. P6.42). The sloping side of e
the wedge is frictionless, and an %
object of mass m on it remains
at constant height if the wedge
IS spun at a certain constant
speed. The wedge is spun by ¢ | &
rotating, as an axis, a vertical
rod that is firmly attached to
the wedge at the bottom end. .
Show that, when the object sits Figure P6.42

at rest at a point at distance L up along the wedge, the
speed of the object must be v = (gL sin §)'/2.

15
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45. A ball of mass m = 0.275 kg swings o7 TTTN
in a vertical circular path on a /,’ \\\
string L = 0.850 m long as in Fig-  / \
ure P6.45. (a) What are the forces | [
acting on the ball at any point on \ L)
the path? (b) Draw force diagrams \\\ | 1
for the ball when it is at the bottom S~ Tm
of the circle and when it is at the Figure P6.45

top. (c) If its speed is 5.20 m/s at
the top of the circle, what is the
tension in the string there? (d) If the string breaks when
its tension exceeds 22.5 N, what is the maximum speed
the ball can have at the bottom before that happens?

16
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54. A puck of mass m, is tied
to a string and allowed
to revolve in a circle of
radius R on a friction-
less, horizontal table.
The other end of the
string passes through a
small hole in the cen-
ter of the table, and
an object of mass m; is
tied to it (Fig. P6.54). Figure P6.54
The suspended object

remains in equilibrium while the puck on the tabletop
revolves. Find symbolic expressions for (a) the tension in
the string, (b) the radial force acting on the puck, and
(c) the speed of the puck. (d) Qualitatively describe what
will happen in the motion of the puck if the value of m,
is increased by placing a small additional load on the
puck. (e) Qualitatively describe what will happen in the
motion of the puck if the value of mj, is instead decreased
by removing a part of the hanging load.

17
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Figure P6.57 shows
[Yila photo of a swing
ride at an amusement
park. The structure
consists ot a horizon-
tal, rotating, circular
platform of diameter
D from which seats
of mass m arc sus-
pended at the end
of massless chains
of length d. When
the system rotates at

Stuart Gregory/Getty Images

Figure P6.57

constant speed, the chains swing outward and make
an angle 6 with the vertical. Consider such a ride with
the following parameters: D = 8.00 m, d = 2.50 m,
m = 10.0 kg, and 6 = 28.0°. (a) What is the speed of
each seat? (b) Draw a diagram of forces acting on the
combination of a seat and a 40.0-kg child and (c) find
the tension in the chain.

18
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An amusement park ride - | -

consists of a large vertical

cylinder that spins about

its axis fast enough that

any person inside is held

up against the wall when

the floor drops away (Fig.

P6.59). The coefficient

of static friction between

person and wall is p,

and the radius of the cyl-

inder is R. (a) Show that Figure P6.59

the maximum period of

revolution necessary to keep the person from falling is
T = (47?Ru,/2)"/*. (b) If the rate of revolution of the
cylinder is made to be somewhat larger, what hap-
pens to the magnitude of each one of the forces act-
ing on the person? What happens in the motion of the
person? (c) If the rate of revolution of the cylinder is
instead made to be somewhat smaller, what happens to
the magnitude of each one of the forces acting on the
person? How does the motion of the person change?

19
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61. A car rounds a banked curve as discussed in Example
6.4 and shown in Figure 6.5. The radius of curvature
of the road is R, the banking angle is 6, and the coef-
ficient of static friction is u. (a) Determine the range
of speeds the car can have without slipping up or down
the road. (b) Find the minimum value for u, such that
the minimum speed is zero.

20
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68. A single bead can slide with negligible :
friction on a stiff wire that has been _. }\
bent into a circular loop of radius s

9 .
15.0 cm as shown in Figure P6.68. The : . D
circle is always in a vertical plane and - | <
rotates steadily about its vertical diam- "
eter with a period of 0.450 s. The posi- Figure P6.68

tion of the bead is described by the

angle 0 that the radial line, from the center of the loop
to the bead, makes with the vertical. (a) At what angle
up from the bottom of the circle can the bead stay
motionless relative to the turning circle? (b) What If?
Repeat the problem, this time taking the period of the
circle’s rotation as 0.850 s. (c¢) Describe how the solu-
tion to part (b) is different from the solution to part
(). (d) For any period or loop size, is there always an
angle at which the bead can stand still relative to the
loop? (e) Are there ever more than two angles? Arnold
Arons suggested the idea for this problem.

21
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