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@Review. A bead slides without fric-
[T tion around a loop-the-loop (Fig.
[N P8.5). The bead is released from
rest at a height & = 3.50R. (a) What

is its speed at point @? (b) How large is the normal Figure P8.5
force on the bead at point @ if its mass is 5.00 g?
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6. A block of mass m = 5.00 kg is released from point ®

and slides on the frictionless track shown in Figure
P8.6. Determine (a) the block’s speed at points ® and
© and (b) the net work done by the gravitational force
on the block as it moves from point @ to point ©.

Figure P8.6
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Two objects are connected
"] by a light string passing over

a light, frictionless pulley as :
shown in Figure P8.7. The (/( :;
object of mass m; = 5.00 kg L

is released from rest at a
height 2 = 4.00 m above the

table. Using the isolated sys- "

tem model, (a) determine f T
the speed of the object of _f h
mass my = 3.00 kg just as E| l

the 5.00-kg object hits the
table and (b) find the maxi-

mum height above the table

to which the 3.00-kg object Figure P8.7
rises. Problems 7 and 8.
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8. Two objects are connected by a light string passing
over a light, frictionless pulley as shown in Figure P8.7.
The object of mass m, is released from rest at height
h above the table. Using the isolated system model,
(a) determine the speed of my just as m; hits the table
and (b) find the maximum height above the table to
which m, rises.
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9. A light, rigid rod is 77.0 cm long. Its top end is piv-
oted on a frictionless, horizontal axle. The rod hangs
straight down at rest with a small, massive ball attached
to its bottom end. You strike the ball, suddenly giving
it a horizontal velocity so that it swings around in a full
circle. What minimum speed at the bottom is required
to make the ball go over the top of the circle?
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11. Review. The system shown in Figure
PR.11 congists of a light, inextensible
cord, light, frictionless pulleys, and
blocks of equal mass. Notice that
block B is attached to one of the pul-
leys. The system is initially held at
rest so that the blocks are at the same
height above the ground. The blocks
are then released. Find the speed of . .
block A at the moment the vertical
separation of the blocks is 4. Figure P8.11

@_------.@r
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13. A sled of mass m is given a kick on a frozen pond. The
kick imparts to the sled an initial speed of v. The coef-
ficient of kinetic friction between sled and ice is w,.
Use energy considerations to find the distance the sled
moves before it stops.
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A crate of mass 10.0 kg is pulled up a rough incline with
] an initial speed of 1.50 m/s. The pulling force is 100 N
parallel to the incline, which makes an angle of 20.0°
with the horizontal. The coefficient of kinetic friction
is 0.400, and the crate is pulled 5.00 m. (a) How much
work is done by the gravitational force on the crate?
(b) Determine the increase in internal energy of the
crate—incline system owing to friction. (¢) How much
work is done by the 100-N force on the crate? (d) What
is the change in kinetic energy of the crate? (¢) What is
the speed of the crate after being pulled 5.00 m?
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15. A block of mass m = 2.00 kg
s attached to a spring of
force constant £ = 500 N/m
as shown in Figure P8.15.
1'he block is pulled to a posi-
tion x; = 5.00 cm to the right
of equilibriur_n and released Figure P8.15
from rest. Find the speed
the block has as it passes
through equilibrium if (a) the horizontal surface is
frictionless and (b) the coefficient of friction between
block and surface is w, = 0.350.

x=0 x=x;
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17. A smooth circular hoop with a radius of 0.500 m is
placed flat on the floor. A 0.400-kg particle slides
around the inside edge of the hoop. The particle is
given an initial speed of 8.00 m/s. After one revolu-
tion, its speed has dropped to 6.00 m/s because of fric-
tion with the floor. (a) Find the energy transformed
from mechanical to internal in the particle-hoop-
floor system as a result of friction in one revolution.
(b) What is the total number of revolutions the particle
makes before stopping? Assume the friction force
remains constant during the entire motion.

10
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@The coetficient of friction
il between the block of mass
m, = 3.00 kg and the surface
in Figure P8.22 is u, = 0.400.
The system starts from rest.
What is the speed of the ball
of mass m, = 5.00 kg when it
has fallen a distance h =

1.50 m?

Figure P8.22

11
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[23]A 5.00-kg block is set into A
[ motion up an inclined plane U/f d P
with an initial speed of v; = \</ /

8.00 m/s (Fig. P8.23). The -

block comes to rest after trav- /&

eling d = 3.00 m along the
plane, which is inclined at
an angle of 8 = 30.0° to the Figure P8.23
horizontal. For this motion,

determine (a) the change in the block’s kinetic energy,
(b) the change in the potential energy of the block—
Earth system, and (c) the friction force exerted on the
block (assumed to be constant). (d) What is the coef-
ficient of kinetic friction?

12
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A 200-g block is pressed against a spring of force

mg)nstant 1.40 kKN/m until the block compresses the
spring 10.0 cm. The spring rests at the bottom of a
ramp inclined at 60.0° to the horizontal. Using energy
considerations, determine how far up the incline the
block moves from its initial position before it stops
(a) if the ramp exerts no friction force on the block
and (b) if the coefficient of kinetic friction is 0.400.

13
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27. A child of mass m starts from rest and slides without
friction from a height 4 along a slide next to a pool
(Fig. P8.27). She is launched from a height /5 into
the air over the pool. We wish to find the maximum
height she reaches above the water in her projec-
tile motion. (a) Is the child—Earth system isolated or

force acting within the system? (c) Define the con- 1
figuration of the system when the child is at the water T
level as having zero gravitational potential energy.

Express the total energy of the system when the child * " ————— -y
is at the top of the waterslide. (d) Express the total J J]— T
energy of the system when the child is at the launch-
ing point. (e) Express the total energy of the system
when the child is at the highest point in her pm]ectlle
motion. (f) From parts (c) and (d), determine her ini-
tial speed v; at the launch point in terms of g and .
(g) From parts (d), (e), and (f), determine her maxi-
mum airborne height y_ . in terms of 4 and the launch
angle 6. (h) Would your answers be the same if the
waterslide were not frictionless? Explain.

Figure P8.27

14
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38. A 650-kg elevator starts from rest. It moves upward
for 3.00 s with constant acceleration until it reaches
its cruising speed of 1.75 m/s. (a) What is the average
power of the elevator motor during this time inter-
val? (b) How does this power compare with the motor
power when the elevator moves at its cruising speed?

15
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43. A small block of mass m = 200 g is released from rest
at point @ along the horizontal diameter on the inside
of a frictionless, hemispherical bowl of radius R =
30.0 cm (Fig. P8.43). Calculate (a) the gravitational
potential energy of the block-Earth system when the
block is at point @ relative to point ®, (b) the kinetic
energy of the block at point ®, (c) its speed at point
®, and (d) its kinetic energy and the potential energy Figure P8.43 Problems 43 and 44.
when the block is at point ©.

16
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What If? The block of mass m = 200 g described in
Problem 43 (Fig. P8.43) is released from rest at point
@, and the surface of the bowl is rough. The block’s
speed at point is 1.50 m/s. (a) What is its kinetic
energy at point ®? (b) How much mechanical energy
is transformed into internal energy as the block moves
from point ® to point ®? (c) Is it possible to determine
the coefficient of friction from these results in any sim-
ple manner? (d) Explain your answer to part (c).

17
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46. Review. As shown in Fig-
ure P8.46, a light string S—
that does not stretch — T
changes from horizon-
tal to vertical as it passes E
over the edge of a table. I

'

m

The string connects m,, a

3.50-kg block originally

at rest on the horizontal

tableataheight 2= 1.20m Figure P8.46

above the floor, to my, a

hanging 1.90-kg block originally a distance 4 = 0.900 m
above the floor. Neither the surface of the table nor its
edge exerts a force of kinetic friction. The blocks start
to move from rest. The sliding block m, is projected hor-
izontally after reaching the edge of the table. The hang-
ing block m, stops without bouncing when it strikes the
floor. Consider the two blocks plus the Earth as the sys-
tem. (a) Find the speed at which m, leaves the edge of
the table. (b) Find the impact speed of m; on the floor.
(c) What is the shortest length of the string so that it
does not go taut while m is in flight? (d) Is the energy
of the system when it is released from rest equal to the
energy of the system just before m, strikes the ground?
(e) Why or why not?

19



Al dlea Jielan) 8Ll Juab il
Aaadluy) daslal) 3 ol i) and sama

59. A horizontal spring attached to a wall has a force con-
stant of k = 850 N/m. A block of mass m = 1.00 kg
is attached to the spring and rests on a frictionless,
horizontal surface as in Figure P8.59. (a) The block
is pulled to a position x; = 6.00 cm from equilibrium
and released. Find the elastic potential energy stored
in the spring when the block is 6.00 cm from equilib-
rium and when the block passes through equilibrium.
(b) Find the speed of the block as it passes through the
equilibrium point. (c) What is the speed of the block
when it is at a position x;/2 = 3.00 cm? (d) Why isn’t
the answer to part (c) half the answer to part (b)?

x=0 x=x/2 x=ux

Figure P8.59

20
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62. A 1.00-kg object slides
Mo the right on a sur-
face having a coeffi-
cient of kinetic friction
0.250 (Fig. P8.62a).
The object has a speed
of v; = 3.00 m/s when
it makes contact with
a light spring (Fig.
P8.62b) that has a force
constant of 50.0 N/m.
The object comes to
rest after the spring
has been compressed
a distance d (Fig.

V=0
P8.62c). The object is g lD__m

then forced toward the
left by the spring (Fig.
P8.62d) and continues Figure P8.62

to move in that direc-

tion beyond the spring’s unstretched position. Finally,
the object comes to rest a distance D to the left of the
unstretched spring (Fig. P8.62e). Find (a) the distance of
compression d, (b) the speed v at the unstretched posi-
tion when the object is moving to the left (Fig. P8.62d),
and (c) the distance Dwhere the object comes to rest.

21
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[63.] A 10.0-kg block is released from rest at point ® in Fig-

] ure P8.63. The track is frictionless except for the por-
tion between points ® and ©, which has a length of ®
6.00 m. The block travels down the track, hits a spring 3.00
of force constant 2 250 N/m, and compresses the l [+—6.00m M
®  ©

spring 0.300 m from its equilibrium position before
coming to rest momentarily. Determine the coefficient
of kinetic friction between the block and the rough Figure P8.63
surface between points ® and ©.

22
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A block of mass 0.500 kg is pushed against a horizon-
tal spring of negligible mass until the spring is com-
pressed a distance x (Fig. P8.65). The force constant of
the spring is 450 N/m. When it is released, the block
travels along a frictionless, horizontal surface to point
@), the bottom of a vertical circular track of radius R = R |
1.00 m, and continues to move up the track. The block’s \ / o /
speed at the bottom of the track is vg = 12.0 m/s, "*‘\ — /’" x>l
and the block experiences an average friction force of S~ =~
7.00 N while sliding up the track. (a) What is x? (b) If ®
the block were to reach the top of the track, what would Figure P8.65
be its speed at that point? (c) Does the block actually
reach the top of the track, or does it fall off before
reaching the top?

S,
Y,

23
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68. A pendulum, comprising a light
string of length L and a small

1
sphere, swings in the vertical 6] 4
plane. The string hits a peg located I _L
a distance d below the point of Peg*\
suspension (Fig. P8.68). (a) Show ‘\\ E \\\

that if the sphere is released from N4~

a height below that of the peg, it .

will r%turn to this height aftlnjargl-:he Figure P8.68
string strikes the peg. (b) Show that if the pendulum is
released from rest at the horizontal position (6 = 90°)
and is to swing in a complete circle centered on the peg,
the minimum value of d must be 31/5.

24
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72. A roller-coaster car shown in Figure P8.72 is released
from rest from a height 4 and then moves freely with
negligible friction. The roller-coaster track includes a
circular loop of radius Rin a vertical plane. (a) First
suppose the car barely makes it around the loop; at the
top of the loop, the riders are upside down and feel
weightless. Find the required height 4 of the release
point above the bottom of the loop in terms of R.
(b) Now assume the release point is at or above the
minimum required height. Show that the normal force
on the car at the bottom of the loop exceeds the nor-
mal force at the top of the loop by six times the car’s
weight. The normal force on each rider follows the
same rule. Such a large normal force is dangerous
and very uncomfortable for the riders. Roller coasters Figure P8.72
are therefore not built with circular loops in vertical
planes. Figure P6.17 (page 170) shows an actual design.

25
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A ball whirls around in a wvertical circle at the end of a
string. The other end of the string is fixed at the cen-
ter of the circle. Assuming the total energy of the ball-
Earth system remains constant, show that the tension
in the string at the bottom is greater than the tension
at the top by six times the ball’s weight.

26
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