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Chapter 4 Homework Problems

The vector position of a particle varies in time according
to the expression ¥ = 3.00i — 6.00123, where T is in meters
and ¢ is in seconds. (a) Find an expression for the veloc-
ity of the particle as a function of time. (b) Determine the
acceleration of the particle as a function of time. (c) Calcu-
late the particle’s position and velocity at ¢ = 1.00 s.

[EJ In a local bar, a customer slides an empty beer mug
down the counter for a refill. The height of the counter
is h. The mug slides off the counter and strikes the floor
at distance d 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?

e EJ 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 6 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.

. [Fl A firefighter, a distance d from a burning building,

directs a stream of water from a fire hose at angle 8, above
the horizontal as shown in Figure P4.15. If the initial speed
of the stream is v;, at what height /& does the water strike the
building?

18. A landscape architect is plan-

ning an artificial waterfall in
a city park. Water flowing at
1.70 m/s will leave the end of a
horizontal channel at the top
of a vertical wall 2 = 2.35 m
high, and from there it will
fall into a pool (Fig. P4.18).
(a) Will the space behind the
waterfall be wide enough for
a pedestrian walkway? (b) To
sell her plan to the city coun-
cil, 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?

Figure P4.18

21. A soccer player kicks a rock horizontally off a 40.0-m-high

cliff into a pool of water. If the player 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.

25. 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° below 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?



30. 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 s the
centripetal acceleration of the ball at 8.00 rev/s? (c) What
is the centripetal acceleration at 6.00 rev/s?

39. A bolt diops 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 i: the acceleration of the bolt relative 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.

32.| Figure P4.32 represents the total a=15.0m/s?
acceleration of a particle mov- 7T TS

ing clockwise in a circle of radius ,’/ Y
2.50 m at a certain instant of ,"550 m 7\
time. For that instant, find (a) the | I
radial acceleration of the particle, \\ 30.0° /,
(b) the speed of the particle, and \\\ ///
(c) its tangential acceleration. S~ __ -7

41. [AYIe] IEJ A river flows with a steady speed v. A student
swims upstream a distance d and then back to the start-
ing point. The student can swim at speed c¢ in still water.
(a) 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.

48. B} A boy throws a stone horizontally from the top of a cliff
of height & toward the ocean below. The stone strikes the
ocean at distance d from the base of the cliff. In terms of
h, d, and g, find expressions for (a) the time ¢ at which the
stone lands in the ocean, (b) the initial speed of the stone,
(c) the speed of the stone immediately before it reaches the
ocean, and (d) the direction of the stone’s velocity immedi-
ately before it reaches the ocean.

Y1 A hawk is flying horizontally at 10.0 m/s in a straight
line, 200 m above the ground. A mouse it has been carry-
ing struggles free from its talons. The hawk continues on
its path at the same speed for 2.00 s before attempting 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 dur-
ing its descent? (c) For what time interval did the mouse
experience free fall?

[BXE 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 P4.67. 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 just
before the landing. (c) Explain how you think the results
might be affected if air resistance were included.

N L2




