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Exercises and Problems 47

DATA

For Thought and Discussion

12,

Under what conditions is the magnitude of the vector sum
A+ B equal to the sum of the magnuudes of the two vectors?
Can two vectors of equal magnitude sum 10 zero? How about two
vectors of unequal magnitude?

Repeat Question 2 for threg vectors

Can an object have a southward acceleration while moving north-
ward? A westward acceleration while moving northward?
You're a passenger in a car rounding a curve. The driver claims
the car isn't accelerating because the speedometer reading is un-
changing. Explain why the driver is wrong.

In what sense is Equation 3.8 really two (or three) equations?

Is a projectile’s speed constant throughout its parabolic trajectory?
Is there any point on a projectile’s trajectory where velocity and
acceleration are perpendicular?

How is it possible for an object to be moving in one direction but
accelerating in another?

You're in a bus moving with constant velocity on a level road
when you throw a ball straight up. When the ball returns, does it
land ahead of you, behind you, or back at your hand? Explain.
Which of the following are legitimate mathematical equa-
tions? Explain. (a) v = SA:A misy (b) v = 5 m/s; (c)a = evidr,
(d)a = d¥fdr, (e)V = 5i m/s.

You would probably reject as unscientific any c¢laim that Earth is
flat. Yet the assumption of Section 3.5 that leads to parabolic pro-
jectile trajectories is tantamount to assuming a flat Earth. Explain.

Fxercises and Problems

Exercises

Section 3.1 Vectors

13.

14,

16.

17.

18.

19.

You walk west 220 m, then north 150 m. What are the magnitude
and direction of your displacement vector?

An ion in a mass spectrometer follows a semicircular path of ra-
dius 15.2 cm. What are (a) the distance it travels and (b) the mag-
nitude of its displacement?

A migrating whale follows the west coast of Mexico and North
America toward its summer home in Alaska, It first travels 360
km northwest 10 just off the coast of northern California, and
then turns due north and travels 400 km toward its destination.
Determine graphically the magnitude and direction of iis dis-
placement.

Vector A has magnitude 3.0 m and points to the right; vector B
has magnitude 4.0 m and points vertically upward. Find the mag-
nitude and direction of vector C suchthat A + B + C = C.
Use unit vectors to express a displacement of 120 km at 29°
counterclockwise from the x-axis.

Find the magnitude of the vector 347 + 13} m and determine s
angle to the y-axis.

(a) What's the magnitude of ¥ + J? (b) What angle does & make
with the x-axis?

Section 3.2 Velocity and Acceleration Vectors

20.

You're leading an international effort 1o save Earth from an as-
teroid heading toward us at 135 km/s. Your team mounts a rocket

22.
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24,

26.

27.
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on the asteroid and fires it for 10 min, after which the asteroid is
moving at 19 km/s at 28 to its original path. In a news confer-
ence. what do vou report for the magnitude of the acceleration
imparted to the asteroid?

An object is moving at 18 m/s at 220° counterclockwise from the
x-axis. Find the x- and y-components of its velocity.

A car drives north at 40 mi/h for 10 min, then turns east and
goes 5.0 mi at 60 mi/h, Finally, it goes southwest at 30 mi/h for
6.0 min. Determine the car’s (a) displacement and (b) average
velocity for this trip.

An object’s velocity is ¥ = ¢r°f + dJ, where ¢ is time and ¢ and
d are positive consiants with appropriate units. What's the direc-
tion of the object’s acceleration?

A car, initially going eastward, rounds a 90° curve and ends up
heading southward, If the speedometer reading remains constant,
what’s the direction of the car’s average acceleration vector?
What are (a) the average velocity and (b) the average acceleration
of the tip of the 2.4-cm-long hour hand of a clock in the inter-
val from noon to 6 py? Use unit vector notation, with the x-axis
pointing toward 3 and the y-axis toward noon.

An ice skater is gliding along at 2.4 m/s, when she undergoes
an acceleration of magnitude 1.1 m/s? for 3.0 5. After that she's
moving at 5.7 nv/s. Find the angle between her acceleration vecior
and her initial velocity, Hint: You don’t need to do a complicated
caleulation.

An object is moving in the x-direction at 1.3 m/s when it under-
goes an acceleration @ = 0.52] m/s”, Find its velocity vector
after 4.4 s.

Section 3.3 Relative Motion

28.

29.

30,

31

You're a pilot beginning a 1300-km flight. Your plane’s speed is
1006 km/h, and air traffic control says you’ll have to head 157
west of south te maintain a southward course. If the Right takes
100 min, whai’s the wind velocity?

You wish to row straight across a 63-m-wide river. You can row
at a steady 1.3 m/s relative to the water, and the river flows at
0.57 m/s, (a) What direction should you head? (b} How long will
il take you to cross the iver?

A plane with airspeed 370 km/h llies perpendicularly across the
jet stream, its nose pointed into the jet stream at 32° from the per-
pendicular direction of its flight. Find the speed of the jet stream,
A flock of geese is attempting (0 migrate due south, but the wind
is blowing from the west at 5.1 m/s. If the birds can fly at 7.5 m/s
relative to the air, what direction should they head?

Section 3.4 Constant Acceleration

32

33.

The position of an object as a function of time is given by
F= (3204 1807 + (1.7 — 24:%)F m, with 7 in seconds,
Find the object’s acceleration vector.

You're sailboarding at 6.5 m/s when & wind gust hits, lasting 6.3 s
accelerating your board at 0.48 m/s” at 35° 1o vour original
direction. FFind the magnitude and direction of your displacement
during the gust.

Section 3.5 Projectile Motion

34,

You toss an apple horizontaily at 8.7 m/s from a height of 2.6 m.
Simultanecusly, you drop a peach {rom the same height. How
long does each take to reach the ground?
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35.

36.

37.

38,

39.

A carpenter tosses a shingle horizontally off an 8.8-m-high roof
at 11 m/s. (a) How long does it take the shingle to reach the
ground? (b) How far does it move horizontally?

An arrow fired horizontally at 41 m/s travels 23 m horizontally.
From what height was it fired?

Droplets in an ink-jet printer are ejected horizontally at 12 m/s
and travel a horizontal distance of 1.0 mm to the paper. How far
do they fall in this interval?

Protons drop 1.2 pm over the 1.7-km length of a particle
accelerator. What's their approximate average speed?

If you can hit a golf ball 180 m on Earth, how far can you hit it
on the Moon? (Your answer will be an underestimate because it
neglects air resistance on Earth.)

Section 3.6 Uniform Circular Motion

40.

41,

42.

43.

China’s high-speed rail network calls for 2 minimum turn radius
of 7.0 km for 350-km/h trains. What's the magnitude of a train’s
acceleration in this case?

The minute hand of a clock is 7.50 cm long. Find the magnitude
of the acceleration of its tip.

How fast would a car have to round a 75-m-radius turn for its
acceleration to be numerically equal to that of gravity?

Estimate the acceleration of the Moon, which completes a nearly
circular orbit of 384.4 Mm radius in 27 days.

Global Positioning System (GPS) satellites circle Earth at
altitudes of approximately 20,000 km, where the gravitational
acceleration has 5.8% of its surface value. To the nearest hour,
what's the orbital period of the GPS satellites?

Problems

45.

46.

47.

48.
BIO

49,

50.

51

a2,

Two vectors A and B have the same e magnitude A and are at right
angles. Find the magnitudes of (a) A+ 2Band {b) 34 — B.
Vector A has magnitude 1.0 m and points 35° clockwise from
the x-axis. Yector B has magnitude 1.8 m. Find the direction of B
such that A + Bisinthe v«dlrex,uon
Let A ]5; - 440; and B = 317 +
A+B+C=0.

A biologist looking through a microscope sees a bacterium
at 7p = 2.2i + 3.7} — 1.2k pm. After 6.2 s, it’s located at
7= 460 + 1.9& pm. Find (a) its average velocity, expressed in
unit vectors, and (h) its average speed.

A particle’s position is 7 = (c£* — 24)F + (2c8 — di)],
where ¢ and 4 are positive constants. Find expressions for times
t = 0 when the pacticle is moving in {a} the x-direction and (b)
the y-direction.

For the particle in Problem 49, is there any time ¢ = { when the
particle is (a) at rest and (b) accelerating in the x-direction? If
either answer is “yes,” find the time(s).

You're designing a “cloverleaf” highway interchange. Vehicles
will exil the highway and slow to a constant 70 km/h before ne-
gotiating a circular turn. If a vehicle’s acceleration is not to ex-
ceed 0.40g (i.e., 40% of Earth’s gravitational acceleration), then
what’s the minimum radius for the tun? Assume the road is flat,
not banked (more on this in Chapter 5).

An object undergoes acceleration 2.37 + 3.67 m/s” for 10 5. At
the end of this time, its velocity is 337 <+ [5] m/s. (a) What was
its velocity at the beginning of the 10-s interval? (b) By how
much did its speed change? (¢) By how much did its direction
change? (d) Show that the speed change is not given by the
magnitude of the acceleration multiplied by the time. Why not?
The New York Wheel is the world’s largest Ferris wheel. It's 183
meters in dismeter and rotates once every 37.3 min. Find the

184, Find € such that

58.

59.

60

61.

62,

63.

64,

65.

66.

67.

magnitudes of (a) the average velocity and (b) the average accel-
eration at the wheel’s rim, over a 5.00-min interval. (¢) Compare
vour answer to (b) with the wheel’s instantaneous accelerations.
A ferryboat sails between towns directly opposite each other on a
river, moving at speed v’ relative to the water, (a) Find an expres-
sion for the angle it should head at if the river flows at speed V.
(b) What's the significance of your answer if V' = v'?

. The sum of two vectors, A+ B is perpendicular to their differ-

ence. A — B. How do the vectors’ magnitudes compare?

Write an expression for a unit vector at 457 clockwise from the
X-axis.

An object is initially moving in the x-direction at 4.5 m/s, when it
undergoes an acceleration in the y-direction for a period of 18 s.
If the object moves equal distances in the x- and y-directions dur-
ing this time, what’s the magnitude of its acceleration?

A particle leaves the origin with its initial velocity given
by Vg = 117 4+ 14j m/s, undergoing constant acceleration
d = —1.27+ 026] m/s’. (a) When does the particle cross the
v-axis? (b) What's its y-coordinate at the time? (¢) How fast s it
moving, and in what direction?

A kid fires a squirt gun horizontally from 1.6 m above the
ground, It hits another kid 2.1 m away square in the back, 0.93 m
above the ground. What was the water’s initial speed?

A projectile has horizontal range & on level ground and reaches
maximum height A. Find an expression for i1s initial speed.

You throw a baseball at a 457 angle to the horizontal, aiming at a
friend who's sitting in a tree a distance it above level ground. At
the instant you throw your ball. your friend drops another ball. (a)
Show that the two balls will collide. no matter what your ball’s
mitial speed, provided it’s greater than some minimum value. (b}
Find an expression for that minimum speed.

In a chase scene, a movie stuntman runs horizontally off the flat
roof of one building and lands on another roof 1.9 m lower. If the
gap between the buildings is 4.5 m wide, how fast must he run to
cross the gap?

Standing on the ground 3.0 m from a building, you want to throw
a package from your 1.5-m shoulder level to someone in a win-
dow 4.2 m above the ground. At what speed and angle should
you throw the package so it just barely clears the windowsill?
Derive a general formula for the horizontal distance covered by a
projectile launched horizontally at speed v, from height A.
Consider two projectiles launched on level ground with the same
speed, at angles 45° = . Show that the ratio of their flight times
is tan(a + 45°).

You toss a protein bar to your hiking companion located 8.6 m up
a 39° slope, as shown in Fig. 3.24. Determine the initial velocity
vector so that when the bar reaches your friend, it's moving
horizontally.

FIGURE 3.24 Problem 66

The table below lists position versus time for an object moving

DOATA in the x—y plane. which is horizontal in this case. Make a plot




68.

65.

70.

7.

72

74.

T

of position y versus x to determine the nature of the object’s
path. Then determine the magnitudes of the object’s velocity and
acceleration.

Time, 1(8) x(m) vy (my Time.z(s) x(m) y(m)
0 0 0 0.70 241 3.15
0.10 0.65  0.09 0.80 2.17 395
0.20 1.25 0.33 0.90 1.77 4.27
0.30 1.77 0.73 1.00 1325 4.67
0.40 2.17 1.25 1.10 0.63 491
0.50 241 1.85 1.20 0.00 5.00
0.60 2.50 2.50

A projectile launched at angle ¢ to the horizontal reaches maxi-
mum height /. Show that its horizontal range is 4k /tan 6.

As an expert witness, you're testifying in a case involving a mo-
torcycle accident. A motorcyclist driving in a 60-km/h zone hit a
stopped car on a level road. The motorcyclist was thrown from
his bike and landed 39 m down the road. You're asked whether he
was speeding, What's your answer?

Show that, for a given initial speed, the horizontal range of a pro-
jectile is the same for launch angles 45° + « and 45° — «a.

A basketball player is 15 ft horizontally from the center of the
basket, which is 10 ft off the ground. At what angle should the
player aim the ball from a height of 8.2 ft with a speed of 26 ft/s?
Two projectiles are launched simultaneously from the same
point, with different launch speeds and angles. Show that no
combination of speeds and angles will permit them to land simul-
taneously and at the same point.

Consider the two projectiles in GOT IT? 3.5. Suppose the 45°
projectile is launched with speed v and that it’s in the air for time
r. Find expressions for (a) the launch speed and (b) the flight time
of the 60° projectile. in terms of v and 1.

The portion of a projectile’s parabolic trajectory in the vicinity
of the peak can be approximated as a circle. If the projectile’s
speed at the peak of the trajectory is v, formulate an argument to
show that the curvature radius of the circle that approximates the
parabola is r = v¥/g.

A jet is diving vertically downward at 1200 km/h. If the pilot
can withstand a maximum acceleration of 5g (i.e., 5 times Earth's
gravitational acceleration) before losing consciousness, at what
height must the plane start a90 circular turn, from vertical to
horizontal. in order to pull out of the dive? See Fig. 3.25, assume
the speed remains constant, and neglect gravity.

FIGURE 3.25

76.

77.

78.

79.

80.

81,

82.

CH
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84.
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Your alpine rescue team is using a slingshot to send an emer-
gency medical packet to climbers stranded on a ledge, as shown
in Fig. 3.26: your job is to calculate the launch speed. What do
you report?

FIGURE3.26 Problem 76

If you can throw a stone straight up to height s, what’s the maxi-
mum horizontal distance you could throw it over level ground?
In a conversion from military 1o peacetime use, a missile with
maximum horizontal range 180 km is being adapted for studying
Earth’s upper atmosphere. What is the maximum altitude it can
achieve if launched vertically?

A soccer player can kick the ball 28 m on level ground, with its
initial velocity at 40° to the horizontal, AL the same initial speed
and angle to the horizontal, whalt horizontal distance can the
player kick the ball on a 15° upward slope?

A diver leaves a 3-m board on a trajectory that takes her 2.5 m
above the board and then into the water 2.8 m horizontally from
the end of the board. At what speed and angle did she leave the
board?

Using calculus, you can find a function’s maximum or minimum
by differentiating and setting the result to zero. Do this for Equa-
tion 3.15. differentiating with respect to #, and thus verify that
the maximum range occurs for § = 45°,

You're a consulting engineer specializing in athletic facilities,
and you've been asked to help design the Olympic ski jump pic-
wred in Fig. 3.27. Skiers will leave the jump at 28 m/s and 9.57
below the horizontal, and land 55 m horizontally from the end of
the jump. Your job is to specify the slope of the ground so skiers’
trajectories make an angle of only 3.0 with the ground on land-
ing. ensuring their safety. What slope do you specify?

FIGURE 3.27 Froblem 82

Differentiate the trajectory Equation 3.14 1o find its slope,
tan f = dy/edx, and show that the slope is in the direction of the
projectile’s velocity, as given by Equations 3.10 and 3.11.

Your medieval history class is constructing a trebuchet, a
catapult-like weapon for hurling stones at enemy castles. The
plan is to launch stones off a 75-m-high cliff, with initial speed
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36 m/s. Some members of the class think a 45° launch angle will
give the maximum range, but others claim the cliff height makes
a difference. What do you give for the angle that will maximize
the range?

85. Generalize Problem 84 to find an expression for the angle that

CH  will maximize the range of a projectile launched with speed v
from height & above level ground.

86. {a) Show that the position of a particle on a circle of radius R

CH  with its center at the origin is 7 = R(cos 67 + sin #}), where
# is the angle the position vector makes with the x-axis. (b) If
the particle moves with constant speed v starting on the x-axis at
t = {, find an expression for # in terms of time ¢ and the period 7
to complete a full circle. (¢) Differentiate the position vector
twice with respect to time o find the acceleration, and show that
its magnitude is given by Equation 3.16 and its direction is to-
ward the center of the circle.

87. In dealing with nonuniform circular motion, as shown in Fig.
3.23, we should write Equation 3.16 as a, = v¥/r, to show that
this is only the radial component of the acceleration. Recogniz-
ing that v is the objects speed, which changes only in the pres-
ence of tangential acceleration, differentiate this equation with
respect to time to find a relation between the magnitude of the
tangential acceleration and the rate of change of the magnitude of
the radial acceleration. Assume the radius stays constant.

88. Repeat Problem 87, now generalizing to the case where not only

CH " the speed but also the radius may be changing.

Passage Problems

Alice (A), Bob (B). and Cartie (C) all start from their dorm and head
for the library for an evening study session. Alice takes a straight path,
while the paths Bob and Carrie follow are portions of circular arcs, as
shown in Fig. 3.28. Each student walks at a constant speed. All three
leave the dorm at the same time, and they arrive simultaneously at the
library.

L.ibrary

FIGURE3.28 Passage Problems 89-92

89. Which statement characterizes the distances the students travel?
a. They're equal.
bbhC>A>B
c. C>B>A
d B=GE >»%
90. Which statement characterizes the students’ displacements?
a. They're equal.
b C>A=>8B
c. C>B>A
d B=>=C=A
91. Which statement characterizes their average speeds?
a. They're equal.
b C>=A>B
c. C=B>A
d B=C=A
92. Which statement characterizes their accelerations while walking
(not starting and stopping)?
a. They're equal.
b. None accelerates.
c. A=B=C
d. C>»>B = A
e B>C>A
f. There’s not enough information to decide.

Answers to Chapter Questions

Answer to Chapter Opening Question
Assuming negligible air resistance, the penguin should leave the water
at a 457 angle.

Answers to GOT IT? Questions

3.1 (c)

3.2 (d) only

3.3 (1) (c); (2) (c); (3) (a)

3.4 (c) gives the greatest change in speed; (b) gives the greatest
change in direction

3.5 (e)

3.6 (©
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f"()r Tht_)u_ghi_: dnd Discussion

1.

2.

£

Distinguish the Aristotelian and Galilean/Newtonian views of the
natural state of motion.

A ball bounces off a wall with the same speed 1t had beforé it hit
the wall. Has its momentum changed? Has a force acted on the
ball? Has a force acted on the wall? Relate your answers to New-
ton's laws of motion.

We often use the term “inertia” to describe human sluggishness.
How is this usage related to the meaning of “inertia” in physics?
Does a body necessarily move in the direction of the net force
acting on it?

A truck crashes into a stalled car. A student trving to explain the
physics of this event claims that no forces are involved: the car
was just “in the way” so it got hit. Comment.

A barefoot astronaut kicks a ball, hard, across a space station.
Does the ball's apparent weightlessness mean the astronaut’s toes
don’t hurt? Explain.

. The surface gravity on Jupiter's moon lo is one-fifth that on

Earth. What would happen to your weight and to your mass if
you were on lo?

In paddling a canoe, you push water backward with your paddle.
What force actually propels the canoe forward?

Is it possible for a nonzero net force to act on an object without
the object’s speed changing? Explain.

As your plane accelerates down the runway, you take your keys
from your pocket and suspend them by a thread. Do they hang
vertically? Explain.

A driver tells passengers to buckle their seatbelts, invoking the
law of inertia. What's that got to do with seatbelts?

If you cut a spring in half, is the spring constant of each new spring
less than, equal to, or greater than the spring constant of the original
spring? (See Problem 50 for a quantitative look at this question.)

As you're sitting on a chair, there’s a gravitational force down-
ward on you, and an upward normal force from the chair on you.
Dao these forces constitute a third-law pair? If not, what forces are
paired with each of these?

ixercises and Problems

Xercises

ection 4.2 Newton’s First and Second Laws

4,

5.

10

A subway train’s mass is 1.5 10° ke, What force is required to
accelerate the train at 2.5 m/s*?

A 01-Mg railroad locomotive can exert a 0. 12-MN force. At what
rate can it accelerate (a) by itself and (b) when pulling a 1.4-Gg
train?

A small plane accelerates down the runway at 7.2 m/s”. If its pro-
peller provides an 1 1-kN force, what's the plane’s mass?

. A car leaves the road traveling at 110 km/h and hits a tree, com-

ing to a stop in 0.14 s. What average force does a seatbelt exert
on a 60-kg passenger during this collision?

By how much does the force required to stop a car increase if the ini-
tial speed is doubled while the stopping distance remains the same?
Kinesin is a “'motor protein” responsible for moving materials
within living cells. If it exerts a 6.0-pN force, what acceleration
will it give a molecular complex with mass 3.0 107 "% kg?

20.

21

Starting from rest and undergoing constant acceleration, a 940-kg
racing car covers 400 m in 4,95 s. Find the force on the car.

In an egg-dropping contest, a student encases an 85-g egg in a
large Styrofoam block. If the force on the egg can’t exceed 28 N,
and if the block hits the ground at 12 m/s, by how much must
the Styrofoam compress on impact? Note: The acceleration
associated with stopping the egg 1s so great that you can neglect
gravity while the Styrofoam block is slowing due to contact with
the ground.

In a front-end collision, 4 1300-kg car with shock-absorbing bump-
ers can withstand a maximum force of 65 kN before damage occurs.
If the maximum speed for a nondamaging collision is 10 knvh, by
how much must the bumper be able 1o move relative to the car?

Section 4.4 The Force of Gravity

23.

26.

27.

28.

Show that the units of acceleration can be written as N/kg. Why
does it make sense to give g as 9.8 N/kg when talking about mass
and weight?

Your spaceship crashes on one of the Sun’s planets. Fortunately,
the ship’s scales are intact and show that your weight is 532 N. If
your mass is 60 kg, where are you? (Hint: Consult Appendix E.}

. Your friend can barely lift a 35-kg concrete block on Earth. How

massive a block could she lift on the Moon?

A cereal box says “net weight 340 grams.” What's the actual
weight (a) in 81 units and (b) in ounces?

You're a safety engineer for a bridge spanning the U.S ~Canadian
border. U.S. specifications permit a maximum load of 10 tons.
What load limit should you specify on the Canadian side, where
“weight” is given in kilograms?

The gravilational acceleration at the International Space Station’s
altitude is about 89% of its surface value. What's the weight of a
68-kg astronaut at this altitude?

Section 4.5 Using Newton's Second Law

29,

30

34,

A 50-kg parachutist descends at a steady 40 km/h. What force
does air exert on the parachute?

A 930-kg motorboat accelerates away from a dock at 2.3 m/s™.
1ts propeller provides a 3.9-kN thrust force. What drag force does
the water exert on the boat?

An elevator accelerates downward at 2.4 m/s%, What force does
the elevator’s floor exert on a 52-kg passenger?

Al 560 metric tons. the Airbus A-380 is the world’s largest air-
liner. What's the upward force on an A-380 when the plane is
(a) flying at constant altitude and (b) accelerating upward at
1.1 m/s™?

You're an engineer working on Ares [, NASA's replacement for
the space shuttles. Performance specs call for a first-stage rocket
capable of accelerating a total mass of 630 Mg vertically from
rest 1o 7200 km/h in 2.0 min. You're asked to determine the re-
quired engine thrust (force) and the force exerted on a 75-kg as-
tronaut during liftoff, What do you report?

You step into an elevator, and it accelerates to a downward speed
of 9.2 m/s in 2.1 s, Quantitatively compare your apparent weight
during this time with your actual weight.

Section 4.6 Newton’s Third Law

33

36.

What upward gravitational force does a 5600-kg elephant exert
on Earth?

Your friend’s mass is 65 kg. If she jumps off a 120-cm-high ta-
ble, how far does Earth move toward her as she falls?
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3.

38.

39.

What force is necessary to stretch a spring 48 cm, if its spring
constant is 270 N/m?

A 35-N force is applied to a spring with spring constant
k = 220 N/m. How much does the spring stretch?

A spring with spring constant & = 340 N/m is used to weigh a
6.7-kg fish. How far does the spring stretch?

Problems

40.

41,

42.

43,

a4,

45,

46.

47.

48.

50.

A 1.25-kg object is moving in the x-direction at 17.4 m/s. Just
3.41 s later, it's moving at 26.8 m/s at 34.0° to the x-axis. Find the
magnitude and direction of the force applied during this time.
An airplane encounters sudden turbulence, and you feel momen-
tarily lighter. If your apparent weight seems to be about 70% of
your normal wejght, what are the magnitude and direction of the
plane’s acceleration?

A 74-kg tree surgeon rides a “cherry picker” lift to reach the up-
per branches of a tree. What force does the lift exert on the sur-
geon when it’s (a) at rest: (b) moving upward at a steady 2.4 m/s;
(c) moving downward at a steady 2.4 m/s; (d) accelerating up-
ward at 1.7 m/s%; (e) accelerating downward at 1,7 m/s>?

A dancer executes a vertical jump during which the floor pushes
up on his feet with a force 50% greater than his weight. What's
his upward acceleration?

Find expressions for the force needed to bring an object of mass
m from rest to speed v (a) in time Ar and (b) over distance Ax.
An elevator moves upward at 5.2 m/s. What’s its minimum stop-
ping time if the passengers are to remain on the floor?

A 2.50-kg object is moving along the x-axis at 1.60 m/s. As it
passes the origin, two forces Fl and ?2 are applied. both in the
y-direction (plus or minus). The forces are applied for 3.00 s, after
which the object is at x = 4.80m, v = 10.8 m. If Fl = 150N,
what’s Fg?

Blocks of 1.0, 2.0, and 3.0 kg are lined up on a frictionless table,
as shown in Fig. 4.22, with a 12-N force applied 1o the leftmost
block. What's the magnitude of the force that the rightmost block
exerts on the middle one?

FIGURE 4.22 Problem 47

A child pulls an 11-kg wagon with a horizontal handle whose
mass is 1.8 kg, accelerating the wagon and handle at 2.3 m/s%,
Find the tension forces at each end of the handle. Why are they
different?

Biophysicists use an arrangement of laser beams called opti-
cal tweezers to manipulate microscopic objects. In a particular
experiment, optical tweezers exerting a force of 0.373 pN were
used to stretch a DNA molecule by 2.30 pm. What was the spring
constant of the DNA?

A force F is applied to a spring of spring constant k,, stretching
it a distance x. Consider the spring to be made up of two smaller
springs of equal length, with the same force F still applied. Use
F = —kx to find the spring constant k; of each of the smaller
springs. Your result is a quantitative answer to Question 12,

. A 2200-kg airplane pulls two gliders, the first of mass 310 kg and

the second of mass 260 ke, down the runway with acceleration
1.9 m/s? (Fig. 4.23). Neglecting the mass of the two ropes and

32.
BIO

54.

55.

56.
BIO

57.

38.

59.

60.

any frictional forces, determine the magnitudes of (a) the hori-
zontal thrust of the plane’s propeller; (b) the tension force in the
first rope; (c¢) the tension force in the second rope; and (d) the net
force on the first glider.

FIGURE 4,23 Problem 51

A biologist is studying the growth of rats on the Space Station.
To determine a rat’s mass, she puts it in a 320-g cage, attaches a
spring scale, and pulls so that the scale reads 0.46 N. If rat and
cage accelerate at 0.40 m/s>, what's the rat’s mass?

. An elastic towrope has spring constant 1300 N/m. It’s connected

between a truck and a 1900-kg car. As the truck tows the car, the
rope stretches 55 cm. Starting from rest, how far do the truck and
the car move in 1 min? Assume the car experiences negligible
friction.

A 2.0-kg mass and a 3.0-kg mass are on a horizontal friction-
less surface, connected by a massless spring with spring constant
k= 140 N/m. A 15-N force is applied to the larger mass, as
shown in Fig. 4.24. How much does the spring stretch from its
equilibrium length?

FIGURE 4.24 Problem 54

You're an automeative engineer designing the “crumple zone™
of a new car—the region that compresses as the car comes to a
stop in a head-on collision. If the maximum allowable force on
a passenger in a 70-km/h collision is 20 times the passenger’s
weight, what do you specify for the amount of compression in
the crumple zone?

Frogs® tongues dart out to catch insects, with maximum tongue
accelerations of about 250 m/s®. What force is needed to give a
500-mg tongue such an acceleration?

Two large crates, with masses 640 kg and 490 kg, are connected
by a stiff, massless spring (k = 8.1 kN/m) and propelled along
an essentially frictionless factory floor by a horizontal force ap-
plied to the more massive crate. If the spring compresses 5.1 cm,
what’s the applied force?

What force do the blades of a 4300-kg helicopter exert on the
air when the helicopter is (a) hovering at constant altitude:
{b)dropping at 2] m/s with speed decreasing at 3.2 m/s?; (¢)rising at
17 m/s with speed increasing at 3.2 m/s>; (d) rising at a steady
15 m/s: (e) rising at 15 m/s with speed decreasing at 3.2 m/s*?
What engine thrust (force) is needed to accelerate a rocket of
mass m (a) downward at 1.40g near Earth’s surface; (b) upward
at 1.40g near Earth’s surface: (c) at 1.40g in interste]lar space, far
from any star or planet?

Your engineering firm is asked to specify the maximum load for
the elevators in a new building. Each elevator has mass 490 kg
when empty and maximum acceleration 2.24 m/s*. The eleva-
tor cables can withstand a maximum tension of 19.5 kN before
breaking. For safety, you need to ensure that the tension never
exceeds two-thirds of that value. What do you specify for the
maximum load? How many 70-kg people is that?
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With its fuel tanks half full, an F-35A jet fghier has mass 18 Mg
and engine thrust 191 kN. An Airbus A-380 has mass 560 Mg and
total engine thrust 1.5 MN. Could either aircraft climb vertically
with no lift from its wings? If so. what vertical acceleration could
it achieve?

Two springs have the same unstretched length but different spring
constants, k; and k.. (a) If they're connected side by side and
stretched a distance x, as shown in Fig. 4.254, show that the force
exerted by the combination is (k; + ks)x. (b) If they're con-
nected end to end (Fig. 4.25b) and the combination is stretched a
distance x, show that they exert a force & k-v/(k, + &;).

(a) ib)

FIGURE 4.25 Problem 62

Although we usually write Newton's second law for one-dimen-
sional motion in the form F = ma, which holds when mass is
constant, a more fundamental version is £ = (ﬂn:—‘) Consider
an object whose mass is changing. and use the product rule
for derivatives to show that Newton's law then takes the form
F=ma+v d—)ﬁ

A railroad car is being pulled beneath a grain elevator that dumps
grain at the rate of 450 kg/s. Use the result of Problem 63 to find
the force needed to keep the car moving at a constant 2.0 m/s.

A block 20% more massive than you hangs from a rope that
goes over a frictionless, massless pulley. With what acceleration
must you climb the other end of the rope to keep the block from
falling?

You're asked to calibrate a device used to measure vertical aceel-
eration in helicopters. The device consists of a mass m hanging
trom a massless spring of constant k. Your job is to express the
acceleration as a function of the position y of the mass relative to
where it is when there’s no acceleration. Take the positive y-axis
to point upward.

A spider of mass m, drapes a silk thread of negligible mass over a
stick with its far end a distance # off the ground, as shown in Fig, 4.26.
A drop of dew lubricates the stick, making friction negligible. The
spider waits on the ground until a fly of mass m; (m; = my) lands
on the other end of the silk and sticks to it. The spider immediately

FIGURE4.26 Problem 67

63.
DATA

Apparent weight/mass
(units of gravitational acceleration g)

Exercises and Problerms 69

begins to climb her end of the silk. (a) With what acceleration must
she climb to keep the fly trom falling? If she climbs with acceleration
e, at what height y will she encounter the fly?

Figure 4.27 shows vertical accelerometer data from an iPhone
that was dropped onto a pillow, The phone’s accelerometer, like
all accelerometers, can’t distinguish gravity from acceleration, so
it reads 1g when it’s not accelerating and Og when it’s in free
fall. Interpret the graph to determine (a) how long the phone was
in free fall and therefore how far it fell, (b) how many times it
bounced, (¢) the maximum force the phone experienced, ex-
pressed in terms of its weight w, and (d) when it finally came
completely to rest. (Note: The phone was held flat when dropped,
with the screen up for protection. In that orientation, it recorded
negative values for acceleration; the graph shows the correspond-
ing positive values thal would have been recorded had it falien
screen side down.)

Q i
0 g2

R T I T
04 06 08 10 12 14 16 18 20
Time ¢ (s)

FIGURE 4.27 Accelerometer data for Problem 68, taken with an iPhone. The
accelerometer can't distinguish gravity from acceleration, so what it actu-
ally measures is apparent weight divided by mass, expressed in units of g.

69.

70.
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A hockey stick is in contact with a 165-g puck for 22.4 ms; dur-
ing this time, the force on the puck is given approximately by
F(t) = a + bt + & where a = —250N, b = 1.25X107 Nfs,
and ¢ = —5.38X10° N/s%. Determine (a) the speed of the puck
after it leaves the stick and (b} how far the puck travels while it's
in contact with the siick.

After parachuting through the Martian atmosphere, the Mars
Science Laboratory executed a complex series of maneuvers
that successfully placed the rover Curiosity on the surface of
Mars in 2012, The final ~22 s of the landing involved, in this
order, firing rockets (1) to maintain a constant downward veloc-
ity of 32 m/s, (2) 1o achieve a constant deceleration that brought
the downward speed to 0.75 m/s, and (3) to hold that constant
velocity while the rover was lowered on cables from the rest of
the spacecraft (see this chapter’s opening image). The rover’s
touchdown was indicaled by a sudden decrease in the rocket
thrust needed to maintain constant velocity. Figure 4.28 shows
the rocket thrust (upward force) as a function of time during
these final 22 s of the flight and the first few seconds after
touchdown. (a) Identify the two constant-velocity phases, the
constant-deceleration phase, and the post-touchdown phase.
(b) Find the magnitude of the spacecraft’s acceleration during
the constant-deceleration phase. Finally, determine (c) the mass
of the so-called powered descent vehicle (PDF), meaning the
spacecrafl with the tover attached and {d) the mass of the rover
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alone. Remember that all this happened at Mars, so you'll need
to consult Appendix E.
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FIGURE4.28 Rocket thrust (upward force of rocket engines) during the final
descent of the Mars rover Curiosity (Problem 70}.

71. Your airplane is caught in a brief, violent downdrafl. To your
amazement, pretzels rise vertically off your seatback tray, and
you estimate their upward acceleration relative to the plane at
2 m/s”. What's the plane’s downward acceleration?

72, You're assessing the Engineered Material Arresting System
(EMAS) at New York's JFK airport. The system consists of a
132-m-long bed of crushable cement blocks, designed to stop
aircraft from sliding off the runway in emergencies. The EMAS
can exert a 300-kN force on a 55-Mg jetliner that hits the system
at 36 m/s. Can it stop the plane before it plows through all the
blocks?

73. Two masses are joined by a massless string, A 30-N force applied
vertically to the upper mass gives the system a constant upward
acceleration of 3.2 m/s. If the string tension is 18 N, what are the
two masses?

74. A mass M hangs from a uniform rope of length L and mass m.
Find an expression for the rope tension as a function of the dis-
tance y measured downward from the top of the rope.

75. “Jerk” is the rate of change of acceleration, and it’s what can

CH  make you sick on an amusement park ride. In a particular ride, a
car and passengers with total mass M are subject to a force given
by F = Fysin wr, where F,; and o are constants. Find an expres-
sion for the maximum jerk.

Passage Problems

Laptop computers are equipped with accelerometers that sense when
the device is dropped and then put the hard drive into a protective
mode. Your computer geek friend has writlen a program that reads
the accelerometer and calculates the laptop’s apparent weight. You're

amusing vourself with this program on a long plane flight. Your laptop
weighs just 5 pounds. and for a long time that's what the program
reports. But then the “Fasten Seatbelt™ light comes on as the plane
encounters turbulence. For the next 12 seconds, your laptop reports
rapid changes in apparent weight, as shown in Fig. 4.29.

Apparent weight (1b)

Time (s)

FIGURE4.29 The laptop’s apparent weight (Passage Problems 76-79).

76. At the first sign of turbulence. the plane’s acceleration
a. is upward.
b. is downward.
c. is impossible to tell from the graph.
77. The plane’s vertical acceleration has its greatest magnitude
a. during interval B.
b. during interval C.
¢. during interval D).
78. During interval C, you can conclude for certain that the plane is
a. atrest.
b. accelerating upward.
c. accelerating downward.
d. moving with constant vertical velocity.
79. The magnitude of the greatest vertical acceleration the plane
undergoes during the time shown on the graph is approximately
a. 0.5 m/s.
b. 1 m/s*.
c. Smyst
d. 10m/s’.

Answers to Chapter Questions

Answer to Chapter Opening Question

The engineers needed to consider Martian gravity, the upward thrust
of the sky crane’s rockets, and the tension in the cables used to lower
the rover from the sky crane.

Answers to GOT IT? Questions
4.1 (b}
4.2 (b) (Look at Fig. 44.)
4.3 (c) All would move in straight lines.
44 (1) (a); (2) (b): (3) (b); (4) (a): (5) (¢)
4.5 (c)lessthan 2 N
4.6 (1) No. because acceleration is still zero; (2) No, because the
direction of the velocity is irrelevant Lo the acceleration
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