18.

19.

20.

(IT) At highway speeds, a particular automobile is capable
of an acceleration of about 1.6 m/s”. At this rate, how long
does it take to accelerate from 80km/h to 110 km/h?

(IT) A sports car moving at constant speed travels 110 m
in 5.0 s If it then brakes and comes to a stop in 4.0 s, what
is its acceleration in m/s2? Express the answer in terms of
“g’s” where 1.00g = 9.80 m/s’.

(11I) The position of a racing car, which starts from rest at
¢ = 0 and moves in a straight line, is given as a function
of time in the following Table. Estimate (a) its velocity
and (b) its acceleration as a function of time. Display each
in a Table and on a graph.

t(s)

0 025 050 075 100 150 2.00 250

x(m) O 011 046 1.06 194 462 855 1379

t(s)

3.00 350 400 450 500 550 6.00

x (m) 2036 2831 37.65 48.37 6030 73.26 87.16

2-5 and 2-6 Motion at Constant Acceleration

21.

[
oo

30.

(I) A car accelerates from 13 m/s to 25 m/s in 6.0s. What
was its acceleration? How far did it travel in this time?
Assume constant acceleration.

. (I) A car slows down from 23 m/s to rest in a distance of

85 m. What was its acceleration, assumed constant?

. (I) A light plane must reach a speed of 33 m/s for takeoff.

How long a runway is needed if the (constant) accelera-
tion is 3.0 m/s%?

1. (II) A world-class sprinter can burst out of the blocks to

essentially top speed (of about 11.5 m/s) in the first 15.0m
of the race. What is the average acceleration of this
sprinter, and how long does it take her to reach that speed?

5. (I) A car slows down uniformly from a speed of 21.0m/s

to rest in 6.00 s. How far did it travel in that time?

. (II) In coming to a stop, a car leaves skid marks 92 m long

on the highway. Assuming a deceleration of 7.00 m/s?,
estimate the speed of the car just before braking.

. (II) A car traveling 85 km/h strikes a tree. The front end

of the car compresses and the driver comes to rest after
traveling 0.80 m. What was the average acceleration of the
driver during the collision? Express the answer in terms
of “g’s” where 1.00g = 9.80m/s".

. (II) Determine the stopping distances for a car with an initial

speed of 95km/h and human reaction time of 1.0s, for an
acceleration (a) a = —4.0 m/s% (b) a = —8.0m/s”.

29. (IIT) Show that the equation for the stopping distance

of a car is ds = votg — v3/(2a), where vy is the initial
speed of the car, fg is the driver’s reaction time, and a is
the constant acceleration (and is negative).

(1IT) A car is behind a truck going 25m/s on the highway.
The car’s driver looks for an opportunity to pass, guessing
that his car can accelerate at 1.0 m/s*. He gauges that he
has to cover the 20-m length of the truck, plus 10m clear
room at the rear of the truck and 10m more at the front of
it. In the oncoming lane, he sees a car approaching, prob-
ably also traveling at 25m/s. He estimates that the car is
about 400 m away. Should he attempt the pass? Give details.

. (JII) A runner hopes to complete the 10,000-m run in less

than 30.0 min. After exactly 27.0 min, there are still 1100 m
to go. The runner must then accelerate at 0.20m/s* for
how many seconds in order to achieve the desired time?

32. (III) A person driving her car at 45 km/h approaches an

intersection just as the traffic light turns yellow. She
knows that the yellow light lasts only 2.0's before turning
red, and she is 28 m away from the near side of the inter-
section (Fig. 2-31). Should she try to stop, or should she
speed up to cross the intersection before the light turns
red? The intersection is 15m wide. Her car’s maximum
deceleration is —5.8 m/s?, whereas it can accelerate from
45km/h to 65km/h in 6.0s. Ignore the length of her car
and her reaction time.

Oooooon g 0
O0O00000 wpe 0
Ll I ] \-H LA
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FIGURE 2-31 Problem 32.

_7 Falling Objects [neglect air resistance]
@ (1) A stone is dropped from the top of a cliff. It hits the

ground below after 3.25 s. How high is the cliff?
(I) If a car rolls gently (v = 0) off a vertical cliff, how
long does it take it to reach 85 km/h?

. (I) Estimate (q) how long it took King Kong to fall

straight down from the top of the Empire State Building
(380 m high), and (b) his velocity just before “landing™?
(I1) A baseball is hit nearly straight up into the air with a
speed of 22 m/s. (a) How high does it go? (b) How long is
it in the air?

(II) A ballplayer catches a ball 3.0s after throwing it

vertically upward, With what speed did he throw it, and
what height did it reach?

38. (IT) An object starts from rest and falls under the influ-

ence of gravity. Draw graphs of (a) its speed and (b) the
distance it has fallen, as a function of time from ¢ = 0 to
¢t = 5.00s. Ignore air resistance.

(IT) A helicopter is ascending vertically with a speed of
520 m/s. At a height of 125 m above the Earth, a package
is dropped from a window. How much time does it take
for the package to reach the ground? [Hint: The
package’s initial speed equals the helicopter’s.]

40. (II) For an object falling freely from rest, show that the

distance traveled during each successive second increases
in the ratio of successive odd integers (1, 3, 5, etc.). This
was first shown by Galileo. See Figs. 2-18 and 2-21.

41, (I1) If air resistance is neglected, show (algebraically) that

a ball thrown vertically upward with a speed vy will have
the same speed, vy, when it comes back down to the
starting point.

42. (II) A stone is thrown vertically upward with a speed of

18.0m/s. (a) How fast is it moving when it reaches a
height of 11.0m? (b) How long is required to reach this
height? (¢) Why are there two answers to (b)?

43. (1) Estimate the time between each photoflash of the

apple in Fig. 2-18 (or number of photoflashes per second).
Assume the apple is about 10cm in diameter. [Hint: Use
two apple positions, but not the unclear ones at the top.]

40 CHAPTER 2 Describing Motion: Kinematics in One Dimension
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44,

46.

(I1T) A falling stone takes 0.28 s to travel past a window
2.2m tall (Fig. 2-32). From what height above the top of
the window did the stone fall?

e =1 |

i 5 @
L
e o To travel
| : this

2.2 ml|| - > distance
l | took
- | 0.28s
|| R

‘k 2 | FIGURE 2-32
G Problem 44.

5. (IIT) A rock is dropped from a sea cliff, and the sound of

it striking the ocean is heard 3.2s later. If the speed

of sound is 340 m/s, how high is the cliff?

(IIT) Suppose you adjust your garden hose nozzle for a hard

stream of water. You point the nozzle vertically upward at
a height of 1.5m above the
ground (Fig. 2-33). When you
quickly move the nozzle away
from the vertical, you hear the
water striking the ground next

l to you for another 2.0s. What
is the water speed as it leaves
the nozzle?

FIGURE 2-33
Problem 46.

IH) A stone is thrown vertically upward with a speed of
12.0m/s from the edge of a cliff 70.0 m high (Fig. 2-34).

(a) How much later does it
reach the bottom of the cliff?
(b) What is its speed just
before hitting? (¢) What total
distance did it travel?

FIGURE 2-34
Problem 47.

.(HI) A baseball is seen to pass upward by a window 28 m

above the street with a vertical speed of 13 m/s. If the ball
was thrown from the street, (¢) what was its initial speed,
(b) what altitude does it reach, (¢) when was it thrown,
and (d) when does it reach the street again?

* 2-8 Graphical Analysis

*49. (I) Figure 2-29 shows the velocity of a train as a function

*
un
[

of time. (a) At what time was its velocity greatest?
(b) During what periods, if any, was the velocity constant?
(¢) During what periods, if any, was the acceleration
constant? (d) When was the magnitude of the accelera-
tion greatest?

. (IT) The position of a rabbit along a straight tunnel as a

function of time is plotted in Fig. 2-28. What is its instan-
taneous velocity (a) at ¢ = 10.0s and (b) at t = 30.0s?
What is its average velocity (¢) between ¢ =0 and
t =50s, (d) between (= 250s and ¢ = 30.0s, and
(e) between ¢ = 40.0s and ¢ = 50.0s?

. (II) In Fig. 2-28, (a) during what time periods, if any, is
the velocity constant? (b) At what time is the velocity
greatest? (¢) At what time, if any, is the velocity zero?
(d) Does the object move in one direction or in both
directions during the time shown?

. (IT) A certain type of automobile can accelerate approxi-
mately as shown in the velocity—time graph of Fig. 2-35.
(The short flat spots in the curve represent shifting of the
gears.) (@) Estimate the average acceleration of the car in
second gear and in fourth gear. (b) Estimate how far the
car traveled while in fourth gear.

_ m—

"’ﬁt—ll gear
fmar

40 g
//f;-d/;ear

/j f

/ 2nd

1st gear

50

v (m/s)
=

gear

0 t(s)
0 10 20 30 40

FIGURE 2-35 Problems 52 and 53. The velocity of an auto-
mobile as a function of time, starting from a dead stop. The
jumps in the curve represent gear shifts.

* 5

3

5

3. (II) Estimate the average acceleration of the car in the

previous Problem (Fig. 2-35) when it is in (a) first,
(b) third, and (c) fifth gear. (d) What is its average accel-
eration through the first four gears?

. (II) In Fig. 2-29, estimate the distance the object traveled
during (@) the first minute, and (b) the second minute.

. (II) Construct the » vs. ¢ graph for the object whose
displacement as a function of time is given by Fig. 2-28.
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9.

10.

(II) An airplane is traveling 735 km/h in a direction 41.5°
west of north (Fig. 3-31). (a) Find the components of the
velocity vector in the northerly and westerly directions.
(b) How far north and how far west has the plane trav-
eled after 3.00 h?

N

vy, 41.5°
(735 km/h)

FIGURE 3-31
Problem 9.

S

(II) Three vectors are shown in Fig. 3-32. Their
magnitudes are given in arbitrary units. Determine the
sum of the three vectors. Give the resultant in terms of
(a) components, (b) magnitude and angle with the x axis.

11.

12.

13.

14.

15.

66

y
6\.
/‘
@\\9 AA-Q\
6\ e
5 n&
56.0°
28.0°
C (C=31.0)

FIGURE 3-32 Problems 10, 11, 12, 13, and 14.
Vector magnitudes are given in arbitrary units.

(IT) Determine the vector A — C, given the vectors A and
C in Fig. 3-32.

(I1) (a) Given the vectors A and B shown in Fig. 3-32,
determine B — A. (b) Determine A — B without using
your answer in (a). Then compare your results and see if
they are opposite.

(I) For the vectors given in Fig. 3-32, determine
(@)A-B+C, (b)A+B-C,and (c)C - A - B.
(II) For the vectors shown in Fig. 3-32, determine
(a) B — 2A, (b) 2A — 3B + 2C.

(IT) The summit of a mountain, 2450 m above base camp,
is measured on a map to be 4580 m horizontally from the
camp in a direction 32.4° west of north. What are the
components of the displacement vector from camp to
summit? What is its magnitude? Choose the x axis east, y
axis north, and z axis up.

CHAPTER 3 Kinematics in Two Dimensions; Vectors

16.

(II) You are given a vector in the xy plane that has a
magnitude of 70.0 units and a y component of —55.0 units.
What are the two possibilities for its x component?

3-5 and 3-6 Projectile Motion (neglect air resistance)

19.

(I) A tiger leaps horizontally from a 6.5-m-high rock with
a speed of 3.5 m/s. How far from the base of the rock will
she land?

(I) A diver running 1.8 m/s dives out horizontally from
the edge of a vertical cliff and 3.0 s later reaches the water
below. How high was the cliff, and how far from its base
did the diver hit the water?

(IT) A fire hose held near the ground shoots water at a
speed of 6.8 m/s. At what angle(s) should the nozzle point
in order that the water land 2.0 m away (Fig. 3-33)? Why
are there two different angles? Sketch the two trajectories.

1 20m 1

FIGURE 3-33 Problem 19.

(II) Romeo is chucking pebbles gently up to Juliet’s

window, and he wants the pebbles to hit the window with
only a horizontal component of velocity. He is standing at
the edge of a rose garden 4.5m below her window and
5.0 m from the base of the wall (Fig. 3—-34). How fast are
the pebbles going when they hit her window?

FIGURE 3-34
Problem 20.

I 50m |

(IT) A ball is thrown horizontally from the roof of a
building 45.0 m tall and lands 24.0 m from the base. What
was the ball’s initial speed?

22. (II) A football is kicked at ground level with a speed of

18.0m/s at an angle of 35.0° to the horizontal. How much
later does it hit the ground?

(I) A ball thrown horizontally at 22.2 m/s from the roof
of a building lands 36.0 m from the base of the building.
How tall is the building?













25.

26.

27.

28.

(I) An athlete executing a long jump leaves the ground
at a 28.0° angle and travels 7.80m. (¢) What was the
takeoff speed? (b) If this speed were increased by just
5.0%, how much longer would the jump be?

(IT) Determine how much farther a person can jump on
the Moon as compared to the Earth if the takeoff speed
and angle are the same. The acceleration due to gravity
on the Moon is one-sixth what it is on Earth.

(II) A hunter aims directly at a target (on the same level)
75.0 m away. (a) If the bullet leaves the gun at a speed of
180 m/s, by how much will it miss the target? (b) At what
angle should the gun be aimed so as to hit the target?

(II) The pilot of an airplane traveling 180 km/h wants to
drop supplies to flood victims isolated on a patch of land
160 m below. The supplies should be dropped how many
seconds before the plane is directly overhead?

(IT) Show that the speed with which a projectile leaves
the ground is equal to its speed just before it strikes the
ground at the end of its journey, assuming the firing level
equals the landing level.

@ (I1) Suppose the kick in Example 3-5 is attempted 36.0 m

from the goalposts, whose crossbar is 3.00m above the
ground. If the football is directed correctly between the
goalposts, will it pass over the bar and be a field goal?

Show why or why not.
II) A projectile is fired with an initial speed of 65.2m/s

31.

at an angle of 34.5° above the horizontal on a long flat
firing range. Determine (@) the maximum height reached
by the projectile, (b) the total time in the air, (c) the total
horizontal distance covered (that is, the range), and
(d) the velocity of the projectile 1.50s after firing.

(II) A projectile is shot from the edge of a cliff 125m
above ground level with an initial speed of 65.0m/s at an
angle of 37.0° with the horizontal, as shown in Fig. 3-35.
(a) Determine the time taken by the projectile to hit point
P at ground level. (b) Determine the range X of the projec-
tile as measured from the base of the cliff. At the instant
just before the projectile hits point P, find (c) the horizontal
and the vertical components of its velocity, (d) the magni-
tude of the velocity, and (e) the angle made by the velocity
vector with the horizontal. (f) Find the maximum height
above the cliff top reached by the projectile.

X 1

FIGURE 3-35 Problem 31.

33.

34.

(1) A shotputter throws the shot with an initial speed of
15.5m/s at a 34.0° angle to the horizontal. Calculate the
horizontal distance traveled by the shot if it leaves the
athlete’s hand at a height of 2.20 m above the ground.

(IT) At what projection angle will the range of a projectile
equal its maximum height?

(III) Revisit Conceptual Example 3-7, and assume that the
boy with the slingshot is below the boy in the tree
(Fig. 3-36), and so aims upward, directly at the boy in the
tree. Show that again the boy in the tree makes the wrong
move by letting go at the moment the water balloon is shot.

35.

FIGURE 3-36 Problem 34.

(III) A rescue plane wants to drop supplies to isolated
mountain climbers on a rocky ridge 235 m below. If the
plane is traveling horizontally with a speed of 250 km/h
(69.4 m/s), (@) how far in advance of the recipients (hori-
zontal distance) must the goods be dropped (Fig. 3-37a)?
(b) Suppose, instead, that the plane releases the supplies a
horizontal distance of 425 m in advance of the mountain
climbers. What vertical velocity (up or down) should the
supplies be given so that they arrive precisely at the
climbers’ position (Fig. 3-37b)? (¢) With what speed do
the supplies land in the latter case?

Vxo
“Dropped”\ E:
(vy9=0)

=~ < _ Thrown upward?
~(yo>0)
N

~

235m  Thrown downward? ~~
('Uyo <0)

(b)

1 425 m

FIGURE 3-37 Problem 35.
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60. An Olympic long jumper is capable of jumping 8.0 m.

Assuming his horizontal speed is 9.1 m/s as he leaves the

- ground, how long is he in the air and how high does he

go? Assume that he lands standing upright—that is, the
same way he left the ground.

61. Apollo astronauts took a “nine iron” to the Moon and hit
a golf ball about 180 m! Assuming that the swing, launch
angle, and so on, were the same as on Earth where the
same astronaut could hit it only 35 m, estimate the accel-
eration due to gravity on the surface of the Moon.
(Neglect air resistance in both cases, but on the Moon
there is none!)

62. When Babe Ruth hit a homer over the 7.5-m-high right-
field fence 95 m from home plate, roughly what was the
minimum speed of the ball when it left the bat? Assume
the ball was hit 1.0m above the ground and its path
initially made a 38° angle with the ground.

63. The cliff divers of Acapulco push off horizontally from
rock platforms about 35 m above the water, but they must
clear rocky outcrops at water level that extend out into the
water 5.0 m from the base of the cliff directly under their
launch point. See Fig. 3-44. What minimum pushoff speed
is necessary to clear the rocks? How long are they in
the air?

FIGURE 3-44 Problem 63.

t serve, a tennis player aims to hit the ball horizontally.
What minimum speed is required for the ball to clear the

0.90-m-high net about 15.0 m from the server if the ball is
“launched” from a height of 2.50 m? Where will the ball
land if it just clears the net (and will it be “good” in the
sense that it lands within 7.0 m of the net)? How long will
it be in the air? See Fig. 3-45.

FIGURE 3-45 Problem 64.

‘Spymaster Paul, flying a constant 215 km/h horizontally

in a low-flying helicopter, wants to drop secret documents
into his contact’s open car which is traveling 155 km/h on
a level highway 78.0 m below. At what angle (to the hori-
zontal) should the car be in his sights when the packet is
released (Fig. 3-46)?

——215 km/h
— 3

FIGURE 3-46 Problem 65.

66. The speed of a boat in still water is v. The boat is to make
a round trip in a river whose current travels at speed u.
Derive a formula for the time needed to make a round trip
of total distance D if the boat makes the round trip by
moving (a) upstream and back downstream, (b) directly
across the river and back. We must assume u < v; why?

)

| 195 m }

FIGURE 3-47 Problem 67.

67. A projectile is launched from ground level to the top of a
cliff which is 195 m away and 155 m high (see Fig. 3-47).
If the projectile lands on top of the cliff 7.6s after it is
fired, find the initial velocity of the projectile (magnitude
and direction). Neglect air resistance.

1 15.0 m

7.0 m |
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