12. A rubber stopper on the end of a string is swung
steadily in a horizontal circle. In one trial, it moves at
speed vin a circle of radius . In a second trial, it moves
at a higher speed 3v in a circle of radius 37 In this
second trial, is its acceleration (a) the same as in the
first trial, (b) three times larger, (c) one-third as large,
(d) nine times larger, or (€) one-ninth as large?

13

In which of the following situations is the moving
object appropriately modeled as a projectile? Choose
all correct answers. (a) A shoe is tossed in an arbitrary

ceptual Que‘sti’(»m’vs :

A spacecraft drifts through space at a constant velocity.
Suddenly, a gas leak in the side of the spacecraft givesita
constant acceleration in a direction perpendicular to the
initial velocity. The orientation of the spacecraft does not
change, so the acceleration remains perpendicular to
the original direction of the velocity. What is the shape
of the path followed by the spacecraft in this situation?

An ice skater is executing a figure eight, consisting of two
identically shaped, tangent circular paths. Throughout
the first loop she increases her speed uniformly, and dur-
ing the second loop she moves at a constant speed. Draw
a motion diagram showing her velocity and acceleration
vectors at several points along the path of motion.

.

If you know the position vectors of a particle at two
points along its path and also know the time interval
during which it moved from one point to the other,
can you determine the particle’s instantaneous veloc-
ity? Its average velocity? Explain.

Rsiceig . The problems found in this
WebAssign chapter may be assigned

online in Enhanced WebAssign

Enhanced WebAssign

Guided Problem
1. straightforward; 2. intermediate;
3. challenging

full solution available in the Student
Solutions Manual/Study Guide

WebAssign

Enhanced WebAssign

Analysis Model tutorial available in

Master It tutorial available in Enhanced

Watch It video solution available in
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Problems

direction. (b) A jet airplane crosses the sky with its
engines thrusting the plane forward. (c) A rocket leaves
the launch pad. (d) A rocket moves through the sky, at
much less than the speed of sound, after its fuel has
been used up. () A diver throws a stone under water.

14

A certain light truck can go around a curve having a
radius of 150 m with a maximum speed of 32.0 m/s.
To have the same acceleration, at what maximum speed
can it go around a curve having a radius of 75.0 m?
@) 64 m/s (b) 45 m/s (c) 32 m/s d) 23 m/s (e) 16 m/s

Describe how a driver can steer a car traveling at con-
stant speed so that (a) the acceleration is zero or (b) the
magnitude of the acceleration remains constant.

A projectile is launched at some angle to the hori-
zontal with some initial speed v, and air resistance is
negligible. (a) Is the projectile a freely falling body?
(b) What is its acceleration in the vertical direction?
(c) What is its acceleration in the horizontal direction?

- Construct motion diagrams showing the velocity and
acceleration of a projectile at several points along its
path, assuming (a) the projectile is launched horizon-
tally and (b) the projectile is Jaunched at an angle 6
with the horizontal.

(7. Explain whether or not the following particles have
an acceleration: (a) a particle moving in a straight line
with constant speed and (b) a particle moving around
a curve with constant speed.

Section 4.1 The Position, Velocity, and Acceleration Vectors

A motorist drives south at 20.0 m/s for 3.00 min, then
turns west and travels at 25.0 m/s for 2.00 min, and
finally travels northwest at 30.0 m/s for 1.00 min. For
this 6.00-min trip, find (a) the total vector displace-
ment, (b) the average speed, and (c) the average veloc-
ity. Let the positive % axis point east.

e

When the Sun is directly overhead, a hawk dives toward
the ground with a constant velocity of 5.00 m/s at 60.0°
below the horizontal. Calculate the speed of its shadow
on the level ground. )

Suppose the position vector for a particle is given as
a function of time by ¥(¢) = x(¢)i + y(2)j, with x(5) =
at+ band y(#) = ¢’ + d,where a=1.00m/s, 5= 1.00 m,

¢=0.125m/s2, and d = 1.00 m. (a) Calculate the aver-
age velocity during the time interval from ¢ = 2.00 s to

t=4.00s. (b) Determine the velocity and the speed at
t=2.00s.

The coordinates of an object moving in the xy plane
vary with time according to the equations x
—5.00 sin ot and 9 = 4.00 — 5.00 cos wt, where w is a
constant, x and y are in meters, and #is in seconds.
(@) Determine the components of velocity of the
object at ¢ = 0. (b) Determine the components of
acceleration of the object at ¢ = 0. (c) Write expres-
sions for the position vector, the velocity vector, and
the acceleration vector of the object at any time > 0.
(d) Describe the path of the object in an xy plot.

-
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5. A golf ball is hit off a tee at the edge of a cliff. Its x and
y coordinates as functions of time are glven by x = 18.0t
and y = 4.00¢ — 4.90¢%, where x and y are in meters and ¢
is in seconds. (a) Write a vector expressmn for the ball’s
posmon as a function of time, using the unit vectors
i and j. By taking derlvatlves, obtain expressions for
(b) the velocity vector ¥V as s a function of time and
{c) the acceleration vector @ as a function of time.
(d) Next use unit-vector notation to write expressions
for the position, the velocity, and the acceleration of
the golfball at t = 3.00s.

Section 4.2 Two-Dimensional Motion
with Constant Acceleration

. A particle 1n1t1a11y located at the origin has an accel-

- eration of @ = 3. 00j m/s? and an initial velocity of

= 5.00i m/s. Find (a) the vector position of the par-

tlcle at any time £, (b) the velocity of the particle at any

time £, (c) the coordinates of the particle at = 2.00 s,
and (d) the speed of the particle at ¢ = 2.00 s.

7. The vector position of a partlcle varies in time accord—

.mg to the expressmn ¥ = 3.00i — 6. OOt2J, where ¥ is
in meters and ¢ is in seconds. (a) Find an expression
for the velocity of the particle as a function of time.
(b) Determine the acceleration of the particle as a
function of time. (c) Calculate the particle’s position
and velocity at't = 1.00 s.

8. It is not possible to see very small objects, such as

viruses, using an ordinary light microscope. An elec-
tron microscope, however, can view such objects using
an electron beam instead of a light beam. Electron
microscopy has proved invaluable for investigations
of viruses, cell membranes and subcellular structures,
bacterial surfaces, visual receptors, chloroplasts, and
the contractile properties of muscles. The “lenses” of
an electron microscope consist of electric and mag-
netic fields that control the electron beam. As an exam-
ple of the manipulation of an electron beam, consider
an electron traveling away from the orlgln along the
x axis in the xy plane with initial velocity ¥, = vi. As it
passes through the reglon x =0 to x = d, the electron
experiences acceleration @ = a, i+ a, j» where a, and
a, are constants. For the case v; = 1.80 X 107 m/s,
8.00 X 10* m/s2?, and a,= 1. 60 x 105 m /s2, determlne
at x = d = 0.010 0 m (a) the position of the electron,
(b) the velocity of the electron, (c) the speed of the
electron, and (d) the direction of travel of the electron
(i.e., the angle between its velocity and the x axis).

.A fish swimming in a horizontal plane has veloc-
ity V;=(4.001+ 1.00j) m/s at a point in the
ocean where the position relative to a certain rock
is ¥;=(10.01 — 4.00j) m.  After the fish swims
w1th constant acceleration for 20.0 s, its velocity is

= (20.01 — 5. 00j) m/s. (a) Whatare the components
of the acceleration of the fish? (b) What is the direc-
tion of its acceleration with respect to unit vector i?
(c) If the fish maintains constant acceleration, where is
itat £= 25.0 s and in what direction is it moving?

10. Review. A snowmobile is originally at the point with
position vector 29.0 m at 95.0° counterclockwise from

the x axis, moving with velocity 4.50 m/s at 40.0° It
moves with constant acceleration 1.90 m/s? at 200°,
After 5.00 s have elapsed, find (a) its velocity and (b) its
position vector.

Section 4.3 Projectile Motion
Note: Ignore air resistance in all problems and take. J

g = 9.80 m/s? at the Farth’s surface.

11. Mayan kings and many school sports teams are named
for the puina, cougar, or mountain lion—Felis concolor—
the best jumper among animals. It can jump to a height
of 12.0 ft when leavmg the ground at an angle of 45.0°.
With what speed, in SI units, does it leave the ground
to make this leap?

12. An astronaut on a strange planet finds that she can
jump a maximum horizontal distance of 15.0 m if her
initial speed is 3.00 m/s. What is the free-fall accelera-
tion on the planet?

In alocal bar, a customer slides an empty beer mug down
the counter for a refill. The height of the counter is
1.22 m. The mug slides off the counter and strikes the
floor 1.40 m from the base of the counter. (a) With what
velocity did the mug leave the counter? (b) What was the
direction of the mug’s velocity just before it hit the floor?

14. In a local bar, a customer slides an empty beer mug
down the counter for a refill. The height of the counter
is k. The mug slides off the counter and strikes the floor
at distance dfrom the base of the counter. (a) With what
velocity did the mug leave the counter? (b) What was the
direction of the mug’s velocity just before it hit the floor?

15. A projectile is fired in such a way that its horizontal
range is equal to three times its maximum height.
What is the angle of projection?

16. To start an avalanche on a mountain slope, an artillery

M shell is fired with an initial velocity of 300 m/s at 55.0°
above the horizontal. It explodes on the mountainside
42.0 s after firing. What are the x and y coordinates of
the shell where it explodes, relative to its firing point?

17. Chinook salmon are able to move through water espe-
cially fast by j Jumplng out of the water periodically.
This behavior is called povpozsmg Suppose a salmon
swimming in still water jumps out of the water with
velocity 6.26 m/s at 45.0° above the horizontal, sails
through the air a distance L before returning to the
water, and then swims the same distance L underwa-
ter in a straight, horizontal line with velocity 3.58 m/s
before jumping out again. (a) Determine the average
velocity of the fish for the entire process of jumping
and swimming underwater. (b) Consider the time
interval required to travel the entire distance of 2L.
By what percentage is this time interval reduced by
the Jumplng/smmmlng process compared with simply
swimming underwater at 3.58 m/s?

18. A rock is thrown upward from level ground in such a
way that the maximum height of its flight is equal to
its horizontal range R. (a) At what angle 0 is the rock
thrown? (b) In terms of its original range R, what is
the range R, the rock can attain if it is launched at



the same speed but at the optimal angle for maximum
range? (c) What If? Would your answer to part (a) be
different if the rock is thrown with the same speed on a
different planet? Explain.

9. The speed of a projectile when it reaches its maximum

height is one-half its speed when it is at half its maxi-
mum height. What is the initial projection angle of the
projectile?
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of mass, which we will define in Chapter 9. His center
of mass is at elevation 1.02 m when he leaves the floor.
It reaches a maximum height of 1.85 m above the floor
and is at elevation 0.900 m when he touches down again.
Determine (a) his time of flight (his “hang time”),
(b) his horizontal and (c) vertical velocity components at
the instant of takeoff, and (d) his takeoff angle. (¢) For
comparison, determine the hang time of a whitetail

deer making a jump (Fig. P4.24b) with center-of-mass

I; A ball is tossed from an upper-story window of a build- elevations y; = 1.20 m, y,_. = 2.50 m, and 3= 0700 m.

Jing. The ball is given an initial velocity of 8.00 m/s at
an angle of 20.0° below the horizontal. It strikes the Fras
ground 3.00 s later. (a) How far horizontally from the
base of the building does the ball strike the ground?
(b) Find the height from which the ball was thrown.
(c) Howlong does it take the ball to reach a point 10.0 m
below the level of launching?

21, A firefighter, a distance d from a burning building,

directs a stream of water from a fire hose at angle 6,
above the horizontal as shown in Figure P4.21. If the
initial speed of the stream is v, at what height % does

the water strike the building?

© epa european pressphoto agency b.v./

B. G. Smith/Shutterstock.com

Figure P4.24

2B, A playground is on the flat roof of a city school, 6.00 m
above the street below (Fig. P4.25). The vertical wall
of the building is 2 = 7.00 m high, forming a 1-m-high
railing around the playground. A ball has fallen to
the street below, and a passerby returns it by launch-
ing it at an angle of § = 53.0° above the horizontal at a
point d = 24.0 m from the base of the building wall. The
ball takes 2.20 s to reach a point vertically above the
wall. (a) Find the speed at which the ball was launched.
(b) Find the vertical distance by which the ball clears

the wall. (¢) Find the horizontal distance from the wall

‘ Figure P4.21 to the point on the roof where the ball lands.

22. A landscape architect is
planning an artificial water-
fall in a city park. Water
flowing at 1.70 m/s will
leave the end of a horizon-
tal channel at the top of
a vertical wall £ = 2.35 m
high, and from there it will
fall into a pool (Fig. P4.22). ‘
(a) Will the space behind .
the waterfallp be wide Figure P4.22
enough for a pedestrian walkway? (b) To sell her plan to
the city council, the architect wants to build a model to
standard scale, which is one-twelfth actual size. How fast
should the water flow in the channel in the model?

A placekicker must kick a football from a point 36.0 m

] (about 40 yards) from the goal. Half the crowd hopes

B the ball will clear the crossbar, which is 3.05 m high.

- When kicked, the ball leaves the ground with a speed

of 20.0 m/s at an angle of 53.0° to the horizontal. (a) By

how much does the ball clear or fall short of clearing

the crossbar? (b) Does the ball approach the crossbar
while still rising or while falling?

Figure P4.25

26. The motion of a human body through space can be

* modeled as the motion of a particle at the body’s cen-
ter of mass as we will study in Chapter 9. The compo-
nents of the displacement of an athlete’s center of mass
from the beginning to the end of a certain jump are
described by the equations

%= 0+ (11.2 m/s)(cos 18.5%)¢
0.360m = 0.840 m + (11.2 m/s)(sin 18.5%)¢ — $(9.80 m/s?)#>

where ¢1is in seconds and is the time at which the ath-
lete ends the jump. Identify (a) the athlete’s position
and (b) his vector velocity at the takeoff point. (c) How

- A basketball star covers 2.80 m horizontally in a jump to far did he jump?

dunk the ball (Fig. P4.24a). His motion through space A soccer player kicks a rock horizbntally off a
¢an be modeled precisely as that of a particle at his center [} 40.0-m-high cliff into a pool of water. If the player

B Nless otherwise noted, all content on this page is © Cengage Learning.
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29. A student stands at the
edge of a cliff and throws

Chapter 4 Motion in Two Dimensions

hears the sound of the splash 3.00 s later, what was the
initial speed given to the rock? Assume the speed of
sound in air is 343 m/s.

28. A projectile is fired from the top of a cliff of height &

above the ocean below. The projectile is fired at an
angle 6 above the horizontal and with an initial speed
v;. (a) Find a symbolic expression in terms of the vari-
ables v, g, and 6 for the time at which the projectile
reaches its maximum height. (b) Using the result of
part (a), find an expression for the maximum height
hyax above the ocean attained by the projectile in
terms of &, v, g, and 6.

a stone horizontally over
the edge with a speed of
v; = 18.0 m/s. The cliff is
k = 50.0 m-above a body
of water as shown in Fig-
ure P4.29. (a) What are
the coordinates of the ini-
tial position of the stone?
(b) What are the compo-
nents of the initial velocity
of the stone? (c) Whatis the
appropriate analysis model
for the vertical motion of
the stone? (d) What is the
appropriate analysis model for the horizontal motion
of the stone? (e) Write symbolic equations for the xand
y components of the velocity of the stone as a function
of time. (f) Write symbolic equations for the position
of the stone as a function of time. (g) How long after
being released does the stone strike the water below
the cliff? (h) With what speed and angle of impact does
the stone land?

Figure P4.29

38. The record distance in the sport of fhrowing cowpats

is 81.1 m. This record toss was set by Steve Urner of
the United States in 1981. Assuming the initial launch
angle was 45° and neglecting air resistance, determine
(a) the initial speed of the projectile and (b) the total
time interval the projectile was in flight. (c) How would
the answers change if the range were the same but the
launch angle were greater than 45°? Explain.

31. A boy stands on a diving board and tosses a stone into

a swimming pool. The stone is thrown from a height of
2.50 m above the water surface with a velocity of 4.00 m/s
at an angle of 60.0° above the horizontal. As the stone
strikes the water surface, it immediately slows down to
exactly half the speed it had when it struck the water
and maintains that speed while in the water. After the
stone enters the water, it moves in a straight line in the
direction of the velocity it had when it struck the water.
If the pool is 3.00 m deep, how much time elapses
between when the stone is thrown and when it strikes
the bottom of the pool?

32. A home run is hit in such a way that the baseball just

clears a wall 21.0 m high, located 130 m from home
plate. The ball is hit at an angle of 35.0° to the hori-
zontal, and air resistance is negligible. Find (a) the

initial speed of the ball, (b) the time it takes the ball
to reach the wall, and (c) the velocity components and
the speed of the ball when it reaches the wall. (Assume
the ball is hit at a height of 1.00 m above the ground.)

Section 4.4 Analysis Model: Particle

in

Uniform Circular Motion

Note: Problems 6 and 13 in Chapter 6 can also be
assigned with this section.

The athlete shown in Figure P4.33 rotates a 1.00-kg dis-
. cus along a circular path of radius 1.06 m. The maxi-

34

35

mum speed of the discus is 20.0 m/s. Determine the
magnitude of the maximum radial acceleration of the
discus.

Adrian Dennis/AFP/Getty Images

Figure P4.33

.In Example 4.6, we found the centripetal accelera-
tion of the Earth as it revolves around the Sun. From
information on the endpapers of this book, compute
the centripetal acceleration of a point on the surface of
the Earth at the equator caused by the rotation of the
Earth about its axis.

Casting molten metal is important in many industrial
processes. Centrifugal casting is used for manufacturing
pipes, bearings, and many other structures. A variety of
sophisticated techniques have been invented, but the
basic idea is as illustrated in Figure P4.35. A cylindrical
enclosure is rotated rapidly and steadily about a hori-
zontal axis. Molten metal is poured into the rotating
cylinder and then cooled, forming the finished prod-
uct. Turning the cylinder at a high rotation rate forces
the solidifying metal strongly to the outside. Any bub-
bles are displaced toward the axis, so unwanted voids
will not be present in the casting. Sometimes it is desir-
able to form a composite casting, such as for a bearing.
Here a strong steel outer surface is poured and then
inside it a lining of special low-friction metal. In some
applications, a very strong metal is given a coating of
corrosion-resistant metal. Centrifugal casting results
in strong bonding between the layers.

.

Preheated steel sheath

A

1" 7 Axis of rotation

v

|
|
|

Molten rnetall

Figure P4.35

Unless otherwise noted. all content on this page is © Cengage Leaming.



Suppose a copper sleeve of inner radius 2.10 cm
and outer radius 2.20 c¢m is to be cast. To eliminate
bubbles and give high structural integrity, the cen-
tripetal acceleration of each bit of metal should be at
least 100g. What rate of rotation is required? State the
answer in revolutions per minute.

36. A tire 0.500 m in radius rotates at a constant rate of
200 rev/min. Find the speed and acceleration of a small
stone lodged in the tread of the tire (on its outer edge).

37. Review. The 20-g centrifuge at NASA’s Ames Research
m Center in Mountain View, California, is a horizontal,
cylindrical tube 58.0 ft long and is represented in Fig-
ure P4.37. Assume an astronaut in training sits in a
seat at one end, facing the axis of rotation 29.0 ft away.
Determine the rotation rate, in revolutions per second,
required to give the astronaut a centripetal accelera-
tion of 20.0g.

29 ft

. 3

Figure P4.37

An athlete swings a ball, connected to the end of a chain,
in a horizontal circle. The athlete is able to rotate the
ball at the rate of 8.00 rev/s when the length of the chain
is 0.600 m. When he increases the length to 0.900 m, he
is able to rotate the ball only 6.00 rev/s. (a) Which rate of
rotation gives the greater speed for the ball? (b) What is
the centripetal acceleration of the ball at 8.00 rev/s?
(c) What is the centripetal acceleration at 6.00 rev/s?

The astronaut orbit-
ing the Earth in Figure
P4.39 is preparing to
dock with a Westar VI
satellite. The satellite
is in a circular orbit
600 km above the
Earth’s surface, where
the free-fall accelera-
tion is 8.21 m/s2. Take
the radius of the Farth
as 6 400 km. Determine the speed of the satellite and
the time interval required to complete one orbit around
the Farth, which is the period of the satellite.

¥

Figure P4.39

Section 4.5 Tangential and Radial Acceleration

Figure P4.40 represents the

total acceleration of a particle s
moving clockwise in a circle

of radius 2.50 m at a certain !
instant of time. For that instant,’ I\
find (a) the radial acceleration /
of the particle, (b) the speed of < s
the particle, and (c) its tangen-
tial acceleration.

=15.0 m/s?

Figure P4.40

Utless Otherwise noted, all content on this page is © Cengage Leaming.
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Problems

A train slows down as it rounds a sharp horizontal
urn, going from 90.0 km/h to 50.0 km/h in the 15.0 s
it takes to round the bend. The radius of the curve is
150 m. Compute the acceleration at the moment the
train speed reaches 50.0 km/h. Assume the train con-
tinues to slow down at this time at the same rate.

A ball swings counterclockwise in a vertical circle at
the end of a rope 1.50 m long. When the ball is 36.9°
past the lowest point on its way up, its total acceleration

is (—22.51 + 20.2}) m/s2. For that instant, (a) sketch a
vector diagram showing the components of its acceler-
ation, (b) determine the magnitude of its radial accel-
eration, and (c) determine the speed and velocity of
the ball.

(2) Can a particle moving with instantaneous speed
3.00 m/s on a path with radius of curvature 2.00 m
have an acceleration of magnitude 6.00 m/s?? (b) Can
it have an acceleration of magnitude 4.00 m/s% In
each case, if the answer is yes, explain how it can hap-
pen; if the answer is no, explain why not.

43.

Section 4.6 Relative Velocity and Relative Acceleration

44. The pilot of an airplane notes that the compass indi-
cates a heading due west. The airplane’s speed relative
to the air is 150 km/h. The air is moving in a wind at
30.0 km/h toward the north. Find the velocity of the
airplane relative to the ground.

An airplane maintains a speed of 630 km/h relative
to the air it is flying through as it makes a trip to a
city 750 km away to the north. (a) What time interval is
required for the trip if the plane flies through a head-
wind blowing at 35.0 km/h toward the south? (b) What
time interval is required if there is a tailwind with the
same speed? (c) What time interval is required if there
is a crosswind blowing at 35.0 km/h to the east relative
to the ground?

46

A moving beltway at an airport has a speed v; and a
length L. A woman stands on the beltway as it moves
from one end to the other, while a man in a hurry to
reach his flight walks on the beltway with a speed of
v, relative to the moving beltway. (2) What time inter-
val is required for the woman to travel the distance L?
(b) What time interval is required for the man to travel
this distance? (c) A second beltway is located next
to the first one. It is identical to the first one but moves
in the opposite direction at speed v;. Just as the man
steps onto the beginning of the beltway and begins to
walk at speed v, relative to his beltway, a child steps on
the other end of the adjacent beltway. The child stands
at rest relative to this second beltway. How long after
stepping on the beltway does the man pass the child?

A police car traveling at 95.0 km/h is traveling west,
chasing a motorist traveling at 80.0 km/h. (a) What is
the velocity of the motorist relative to the police car?
(b) What is the velocity of the police car relative to the
motorist? (c) If they are originally 250 m apart, in what
time interval will the police car overtake the motorist?

48. A car travels due east with a speed of 50.0 km/h. Rain-
I drops are falling at a constant speed vertically with




106

Chapter 4 Motion in Two Dimensions

respect to the Earth. The traces of the rain on the side
windows of the car make an angle of 60.0° with the ver-
tical. Find the velocity of the rain with respect to (a) the
car and (b) the Earth.

49. A bolt drops from the ceiling of a moving train car
that is accelerating northward at a rate of 2.50 m/s2.
(a) What is the acceleration of the bolt relative to the
train car? (b) What is the acceleration of the bolt rela-
tive to the Earth? (c) Describe the trajectory of the bolt
as seen by an observer inside the train car. (d) Describe
the trajectory of the bolt as seen by an observer fixed
on the Earth.

A river has a steady speed of 0.500 m/s. A student swims

fupstream a distance of 1.00 km and swims back to the
starting point. (a) If the student can swim at a speed
of 1.20 m/s in still water, how long does the trip take?
(b) How much time is required in still water for the
same length swim? (c) Intuitively, why does the swim
take longer when there is a current?

51. A river flows with a steady speed v. A student swims
upstream a distance ¢ and then back to the starting
point. The student can swim at speed ¢ in still water.
(@) In terms of d, v, and ¢, what time interval is required
for the round trip? (b) What time interval would be
required if the water were still? (c) Which time interval
is larger? Explain whether it is always larger.

52. A Coast Guard cutter detects an unidentified ship at
a distance of 20.0 km in the direction 15.0° east of
north. The ship is traveling at 26.0 km/h on a course
at 40.0° east of north. The Coast Guard wishes to send
a speedboat to intercept and investigate the vessel. If
the speedboat travels at 50.0 km/h, in what direction
should it head? Express the direction as a compass
bearing with respect to due north.

A science student is riding on a flatcar of a train trav-
i cling along a straight, horizontal track at a constant
ispeed of 10.0 m/s. The student throws a ball into the
air along a path that he judges to make an initial angle
of 60.0° with the horizontal and to be in line with the
track. The student’s professor, who is standing on the
ground nearby, observes the ball to rise vertically. How
high does she see the ball rise? :

54. A farm truck moves
due east with a constant
velocity of 9:50 m/s
on a limitless, hori-
zontal stretch of road.
A boy riding on the
back of the truck
throws a can of soda
upward (Fig. P4.54)
and catches the projectile at the same location on the
truck bed, but 16.0 m farther down the road. (@) In
the frame of reference of the truck, at what angle to
the vertical does the boy throw the can? (b) What is the
initial speed of the can relative to the truck? (c) What
is the shape of the can’s trajectory as seen by the boy?
An observer on the ground watches the boy throw the

Figure P4.54

Additional Problems

55. A ball on the end of a string is whirled around in g

56. A ball is thrown with an initial speed v, at an angle 9,

57. Why is the following situation impossible? A normally pro

58. A particle starts from the origin with velocity 51 m/s

59. The “Vomit Comet.” In microgravity astronaut training

can and catch it. In this observer’s frame of reference,
(d) describe the shape of the can’s path and (e) deter.
mine the initial velocity of the can. ‘

horizontal circle of radius 0.300 m. The plane of the:
circle is 1.20 m above the ground. The string breaks’
and the ball lands 2.00 m (horizontally) away from the -
point on the ground directly beneath the ball’s loca-
tion when the string breaks. Find the radial accelera-
. tion of the ball during its circular motion.

with the horizontal. The horizontal range of the ball
is R, and the ball reaches a2 maximum height R/6. In
terms of R and g find (a) the time interval during
which the ball is in motion, (b) the ball’s speed at the
peak of its path, (c) the initial vertical component of -4
its velocity, (d) its initial speed, and () the angle 6
(f) Suppose the ball is thrown at the same initial speed
found in (d) but at the angle appropriate for reach-
ing the greatest height that it can. Find this height.
(8) Suppose the ball is thrown at the same initial speed
but at the angle for greatest possible range. Find this -
maximum horizontal range. '

portioned adult walks briskly along a straight line in the
+x direction, standing straight up and holding his right
arm vertical and next to his body so that the arm does
not swing. His right hand holds a ball at his side a dis-
tance / above the floor. When the ball passes above a
point marked as x = 0 on the horizontal floor, he opens
his fingers to release the ball from rest relative to his .
hand. The ball strikes the ground for the first time at

position x = 7.004. :

at £ = 0 and moves in the xy plane with a varying accel
eration given by @ = (6V/%]), where % is in meters per
second squared and £ is in seconds. (a) Determine the
velocity of the particle as a function of time. (b) Deter-
mine the position of the particle as a function of time.

and equipment testing, NASA flies a KC135A aircraft
along a parabolic flight path. As shown in Figure P4.59,
the aircraft climbs from 24 000 ft to 31 000 ft, where

45° nose high

7

31000 -

Altitude (ft)

24 000

Maneuver time (s)

Figure P4.59
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it enters a parabolic path with a velocity of 143 m/s
nose high at 45.0° and exits with velocity 143 m/s at
45.0° nose low. During this portion of the flight, the
aircraft and objects inside its padded cabin are in free
fall; astronauts and equipment float freely as if there
were no gravity. What are the aircraft’s (a) speed and
(b) altitude at the top of the maneuver? (c) What is the
time interval spent in microgravity?

). A basketball player is standing on the floor 10.0 m from

the basket as in Figure P4.60. The height of the basket
is 3.05 m, and he shoots the ball at a 40.0° angle with
the horizontal from a height of 2.00 m. (a) What is the
acceleration of the basketball at the highest point in
its trajectory? (b) At what speed must the player throw
the basketball so that the ball goes through the hoop
without striking the backboard?

Figure P4.60

in the clockwise direction. The flea Jjumps straight up
to a height of 5.00 cm. At takeoff, it gives itself no hori-
zontal velocity relative to the turntable. The flea lands
on the turntable at point ®. Choose the origin of coor-
dinates to be at the center of the turntable and the posi-
tive x axis passing through ® at the moment of takeoff.
Then the original position of the flea is 10.0] cm.
(@) Find the position of point @ when the flea lands.
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leave simultaneously and drive for 2.50 h in the direc-
tions shown. Car 1 has a speed of 90.0 km/h. If the
cars arrive simultaneously at the lake, what is the speed
of car 2?

Figure P4.64

65. A catapult launches a rocket at an angle of 53.0° above

the horizontal with an initial speed of 100 m/s. The
rocket engine immediately starts a burn, and for $.00 s
the rocket moves along its initial line of motion with
an acceleration of 30.0 m/s2. Then its engine fails, and
the rocket proceeds to move in free fall. Find (2) the
maximum altitude reached by the rocket, (b) its total

61. Lisa in her Lamborghini accelerates at the rate of time of flight, and (c) its horizontal range.
(8.001 — 2.00j) m/! s, while Jill in her Jaguar acceler- g, A cannon with a muzzle speed of 1 000 m/s is used to
ates at (l-Opi + 3.00j) m/ s2-.They both start from rest start an avalanche on a mountain slope. The target
at the origin of an xy coordinate system. After 5.00 s, is 2 000 m from the cannon horizontally and 800 m
(a) what is Lisa’s speed with respect to Jill, (b) how far above the cannon. At what angle, above the horizontal,
apart are they, and (c) what is Lisa’s acceleration relative should the cannon be fired?
iR
. to Jill ] ) Why is the following situation impossible? Albert Pujols hits
52, A boy throws a stone horizontally from the top of a cliff a home run so that the baseball Just clears the top row
of height % toward the ocean below. The stone strikes of bleachers, 24.0 m high, located 130 m from home
the ocean at distance d from the base of the cliff. In plate. The ball is hit at 41.7 m/s at an angle of 35.0° to
terms of 4, 4, and g, find expressions for (a) the time the horizontal, and air resistance is negligible.
t at which the stone lands in the ocean, (b) the initial 68. A 1t tal solash droplet flies off &
speed of the stone, (c) the speed of the stone immedi- - £18 some molten meta *p ashies, one droplet tlies o 0_
. L the east with initial velocity v; at angle 6, above the hor
ately before it reaches the ocean, and (d) the direction . Lo : )
£ ) L . . izontal, and another droplet flies off to the west with
of the stone’s velocity immediately before it reaches the -
ocean , the same speed at the same angle above the horizontal
" N ] . : ‘ as shown in Figure P4.68. In terms of v; and 6, find
63. A flea is at point @ on a horizontal turntable, 10.0 cm the distance between the two droplets as a function of ,
from the center. The turntable is rotating at 33.3 rev/min time.

“Figure P4.68

(b) Find the position of point ® when the flea lands.

64, Towns A and B in Figure P4.64 are 80.0 km apart. A
“lll couple arranges to drive from town A and meet a cou-
ple driving from town B at the lake, L. The two couples

69. An astronaut on the surface of the Moon fires a can-
non to launch an experiment package, which leaves
the barrel moving horizontally. Assume the free-fall
acceleration on the Moon is one-sixth of that on the

&
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Earth. (a) What must the muzzle speed of the package
be so that it travels completely around the Moon and
returns to its original location? (b) What time interval
does this trip around the Moon require?

A pendulum with a cord of
length r = 1.00 m swings in
a vertical plane (Fig. P4.70).
When the pendulum is in
the two horizontal positions
6 = 90.0° and 9 = 270°, its
speed is 5.00 m/s. Find the
magnitude of (a) the radial
acceleration and (b) the
tangential acceleration for
these positions. (c) Draw
vector diagrams to deter-
mine the direction of the
total acceleration for these
two positions. (d) Calculate
the magnitude and direction of the total acceleration
at these two positions.

Figure P4.70

A hawk is flying horizontally at 10.0 m/s in a straight
ffif line, 200 m above the ground. A mouse it has been car-

72.

73.

rying struggles free from its talons. The hawk continues
on its path at the same speed for 2.00 s before attempt-
ing to retrieve its prey. To accomplish the retrieval, it
dives in a straight line at constant speed and recaptures
the mouse 3.00 m above the ground. (a) Assuming no
air resistance acts on the mouse, find the diving speed
of the hawk. (b) What angle did the hawk make with
the horizontal during its descent? (c) For what time
interval did the mouse experience free fall?

A projectile is launched from the point (x = 0, y=0),
with velocity (12.0i + 49.0§) m/s, at t = 0. (a) Make a
table listing the projectile’s distance || from the ori-
gin at the end of each second thereafter, for 0 < ¢t <
10s. Tabulating the xand y coordinates and the compo-
nents of velocity v, and v, will also be useful. (b) Notice
that the projectile’s distance from its starting point
increases with time, goes through a maximum, and
starts to decrease. Prove that the distance is a maximum
when the position vector is perpendicular to the veloc-
ity. Suggestion: Argue that if ¥ is not perpendicular to
¥, then |?| must be increasing or decreasing. (c) Deter-
mine the magnitude of the maximum displacement.
(d) Explain your method for solving part (c).

A spring cannon is located at the edge of a table that
is 1.20 m above the floor. A steel ball is launched from
the cannon with speed v; at 35.0° above the horizontal.
(a) Find the horizontal position of the ball as a func-
tion of v; at the instant it lands on the floor. We write
this function as x(v,). Evaluate x for (b) ;= 0.100 m/s
and for (c) »; = 100 m/s. (d) Assume 1y, is close to but
not equal to zero. Show that one term in the answer to
part (a) dominates so that the function x(v;) reduces to
a simpler form. (e) If v;is very large, what is the approx-
imate form of x(v,)? (f) Describe the overall shape of
the graph of the function x(v;).

74. An outfielder throws a baseball to his catcher in an

attempt to throw out a runner at home plate. The ba]
bounces once before reaching the catcher. Assume the
angle at which the bounced ball leaves the ground ;
the same as the angle at which the outfielder threw i
as shown in Figure P4.74, but that the ball’s speed after
the bounce is one-half of what it was before the bounce
(2) Assume the ball is always thrown with the same
initial speed and ignore air resistance. At what angle ¢

. should the fielder throw the ball to make it go the same

distance Dwith one bounce (blue path) as a ball thrown
upward at 45.0° with no bounce (green path)? (b) Deter-
mine the ratio of the time interval for the one-bounce
throw to the flight time for the no-bounce throw.

Figure P4.74

A World War II bomber flies horizontally over level

7
é

terrain with a speed of 275 m/s relative to the ground
and at an altitude of 3.00 km. The bombardier releases
one bomb. (a) How far does the bomb travel horizon-
tally between its release and its impact on the ground?
Ignore the effects of air resistance. (b) The pilot main-
tains the plane’s original course, altitude, and speed
through a storm of flak. Where is the plane when the
bomb hits the ground? (c) The bomb hits the target
seen in the telescopic bombsight at the moment of the
bomb’s release. At what angle from the vertical was the
bombsight set?

6. A truck loaded with cannonball watermelons stops sud-

denly to avoid running over the edge of a washed-out
bridge (Fig. P4.76). The quick stop causes a number of
melons to fly off the truck. One melon leaves the hood
of the truck with an initial speed v; = 10.0 m/s in the
horizontal direction. A cross section of the bank has
the shape of the bottom half of a parabola, with its ver-
tex at the initial location of the projected watermelon
and with the equation y? = 16x, where xand y are mea-

y

v;=10.0 m/s

Figure P4.76 The blue dashed curve
shows the parabolic shape of the bank.
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sured in meters. What are the x and y coordinates of
the melon when it splatters on the bank?

A car is parked on a steep incline, making an angle of
37.0° below the horizontal and overlooking the ocean,
~ when its brakes fail and it begins to roll. Starting from
rest at £ = 0, the car rolls down the incline with a con-
stant acceleration of 4.00 m/s?, traveling 50.0 m to the
edge of a vertical cliff. The cliff is 30.0 m above the
ocean. Find (a) the speed of the car when it reaches
the edge of the cliff, (b) the time interval elapsed when
it arrives there, (c) the velocity of the car when it lands
in the ocean, (d) the total time interval the car is in
motion, and (e) the position of the car when it lands in
the ocean, relative to the base of the cliff.

78. An aging coyote cannot run
fast enough to catch a road-
runner. He purchases on
eBay a set of jet-powered roller
skates, which provide a con-
stant horizontal acceleration of
15.0 m/s? (Fig. P4.78). The coy-
ote starts at rest 70.0 m from = Y
the edge of a cliff at the instant
the roadrunner zips past in the
direction of the cliff. (a) Deter-
mine the minimum constant speed the roadrunner must
have to reach the cliff before the coyote. At the edge of
the cliff, the roadrunner escapes by making a sudden
turn, while the coyote continues straight ahead. The coy-
ote’s skates remain horizontal and continue to operate
while he is in flight, so his acceleration while in the air
is (15.01 — 9.80j) m/s2 (b) The cliffis 100 m above the
flat floor of the desert. Determine how far from the base
of the vertical cliff the coyote lands. (c) Determine the
components of the coyote’s impact velocity.

Figure P4.78

79. Afisherman sets out upstream on a river. His small boat,
powered by an outboard motor, travels at a constant
speed v in still water. The water flows at a lower con-
stant speed v,,. The fisherman has traveled upstream
for 2.00 km when his ice chest falls out of the boat. He
notices that the chest is missing only after he has gone
upstream for another 15.0 min. At that point, he turns
around and heads back downstream, all the time travel-
ing at the same speed relative to the water. He catches
up with the floating ice chest just as he returns to his
starting point. How fast is the river flowing? Solve this
problem in two ways. (a) First, use the Earth as a refer-
ence frame. With respect to the Earth, the boat travels
upstream at speed v — v, and downstream at v + v,
(b) A second much simpler and more elegant solution
is obtained by using the water as the reference frame.
This approach has important applications in many
more complicated problems; examples are calculating
the motion of rockets and satellites and analyzing the
Scattering of subatomic particles from massive targets.

80. Do not hurt yourself; do not strike your hand against
anything. Within these limitations, describe what you
do to give your hand a large acceleration. Compute an
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order-of-magnitude estimate of this acceleration, stating
the quantities you measure or estimate and their values.

Challenge Problems
A skier leaves the ramp of a ski jump with a velocity of

v=10.0 m/s at & = 15.0° above the horizontal as shown
in Figure P4.81. The slope where she will land is inclined
downward at ¢ = 50.0°, and air resistance is negligible.
Find (a) the distance from the end of the ramp to where
the jumper lands and (b) her velocity components
Jjust before the landing. (c) Explain how you think the
results might be affected if air resistance were included.

Figure P4.81

82. Two swimmers, Chris and Sarah, start together at the

same point on the bank of a wide stream that flows
with a speed v. Both move at the same speed ¢ (where
¢ > v) relative to the water. Chris swims downstream
a distance L and then upstream the same distance.
Sarah swims so that her motion relative to the Earth
is perpendicular to the banks of the stream. She swims
the distance L and then back the same distance, with
both swimmers returning to the starting point. In
terms of L, ¢, and v, find the time intervals required
(a) for Chris’s round trip and (b) for Sarah’s round trip.
(c) Explain which swimmer returns first.

83. The water in a river flows uniformly at a constant speed

of 2.50 m/s between parallel banks 80.0 m apart. You
are to deliver a package across the river, but you can
swim only at 1.50 m/s. (a) If you choose to minimize the
time you spend in the water, in what direction should
you head? (b) How far downstream will you be carried?
(c) If you choose to minimize the distance downstream
that the river carries you, in what direction should you
head? (d) How far downstream will you be carried?

84. A person standing at the top of a hemispherical rock of

radius R kicks a ball (initially at rest on the top of the
rock) to give it horizontal velocity ¥; as shown in Fig-
ure P4.84. (a) What must be its minimum initial speed

Figure P4.84
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if the ball is never to hit the rock after it is kicked?
(b) With this initial speed, how far from the base of the
rock does the ball hit the ground?

A dive-bomber has a velocity of 280 m/s at an angle §
below the horizontal. When the altitude of the aircraft
is 2.15 km, it releases a bomb, which subsequently hits
a target on the ground. The magnitude of the displace-
ment from the point of release of the bomb to the tar-
getis 3.25 km. Find the angle 6.

A projectile is fired up an incline (incline angle ¢)
with an initial speed v; at an angle 6, with respect to the
horizontal (8, > ¢) as shown in Figure P4.86. (a) Show
that the projectile travels a distance d up the incline,
where

i 2v,% cosf; sin(6; — ¢)
gcos?

Path of the projectile

/’,-)—\\

~

~
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88.

launch angle 6 given by

89.

(b) For what value of §; is d 2 maximum, and what
that maximum value?

A fireworks rocket explodes at height A, the peak
its vertical trajectory. It throws out burning fragmen
in all directions, but all at the same speed v. Pelle
of solidified metal fall to the ground without air resj
tance. Find the smallest angle that the final velocity o
an impacting fragment makes with the horizontal.

In the What If? section of Example 4.5, it was claime
that the maximum range of a ski jumper occurs for

6 = 45° — g
where ¢ is the angle the hill makes with the horizont:
in Figure 4.14. Prove this claim by deriving the equ

tion above.

An enemy ship is on the east side of a mountain island
as shown in Figure P4.89. The enemy ship has maneu:
vered to within 2 500 m of the 1 800-m-high mountain
peak and can shoot projectiles with an initial speed of |
250 m/s. If the western shoreline is horizontally 300
from the peak, what are the distances from the wester
shore at which a ship can be safe from the bombard
ment of the enemy ship?

Figure P4.89
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