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CHAPTER

li/— Forces in Two Dimensions

N |

Practice Problems
5.1 Vectors

pages 119-125
page 121

1. A caris driven 125.0 km due west, then 65.0 km due south. What is the
magnitude of its displacement? Solve this problem both graphically and
mathematically, and check your answers against each other.

RZ = A2 + B2 125.0 km
Ed
R= V A2 + B2 ’¢’
65.0 km e
= V/(65.0 km)2 + (125.0 km)2 141 km
= 141 km .

2. Two shoppers walk from the door of the mall to their car, which is 250.0 m down
a lane of cars, and then turn 90° to the right and walk an additional 60.0 m.
What is the magnitude of the displacement of the shoppers’ car from the mall
door? Solve this problem both graphically and mathematically, and check your
answers against each other.

R2 = A2 + B2 Mall 250.0 m
R=\VA2+ B2 door ~."‘~~-_ 60.0 m
257m "=V,
= 1/(250.0 m)2 + (60.0 m)?
= 257 m
3. A hiker walks 4.5 km in one direction, then makes a 45° turn to the right and
walks another 6.4 km. What is the magnitude of her displacement?
R? = A2 + B2 — 2AB cos 6
R="\/A2+ B2 — 2AB cos 0
= V(4.5 km)2 + (6.4 km)2 — 2(4.5 km)(6.4 km)(cos 135°)
= 1.0%x10" km
4. An ant is crawling on the sidewalk. At one moment, it is moving south a distance

of 5.0 mm. It then turns southwest and crawls 4.0 mm. What is the magnitude of
the ant’s displacement?

R2= A2+ B2 — 2AB cos 6
R ="\/A2 + B2 — 2AB cos §
= V(5.0 mm)? + (4.0 mm)2 — 2(5.0 mm)(4.0 mm)(cos 135°)

= 8.3 mm
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page 125
Solve problems 5-10 algebraically. You may also choose to solve some of them graphically to
check your answers.

5. Sudhir walks 0.40 km in a direction 60.0° west of north, then goes 0.50 km due
west. What is his displacement?

Identify north and west as the positive directions.
dyw = d; sin 6 = (0.40 km)(sin 60.0°) = 0.35 km
d,;N = d;q cos 6 = (0.40 km)(cos 60.0°) = 0.20 km
doy = 0.50 km  d,y = 0.00 km
Ry = dyw + doyy = 0.35 km + 0.50 km = 0.85 km
Ry = dy\ + doy = 0.20 km + 0.00 km = 0.20 km
R =Ry + Ry

=/(0.85 km)2 + (0.20 km)?

= 0.87 km

R
6 = tan—1 —W)
(RN

_ tan_1(0.85 km)

0.20 km
=77°
R = 0.87 km at 77° west of north

6. Afua and Chrissy are going to sleep
overnight in their tree house and are
using some ropes to pull up a box
containing their pillows and blankets,
which have a total mass of 3.20 kg. The
girls stand on different branches, as shown
in Figure 5-6, and pull at the angles and
with the forces indicated. Find the x- and
y-components of the net force on the box.
Hint: Draw a free-body diagram so that you do
not leave out a force.

Identify up and right as positive.

FA on box,x = FA on box cos OA
= (20.4 N)(cos 120°)
=-10.2N

m Figure 5-6

FA on box,y = FA on box sin 0A
= (20.4 N)(sin 120°)
=17.7N

FC on box,x = FC on box €08 OA
= (17.7 N)(cos 55°)

88 Solutions Manual Physics: Principles and Problems
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Chapter 5 continued
=10.2N

Fcon box,y ~ Fc on box Sin 0p
— (17.7 N)(sin 55°)

=14.5N
Fyx=0.0N
Fgy=—mg

= —(3.20 kg)(9.80 m/s?)

=—-314N
F

net on box,x — Fa on box,x T

FC on box,x+ Fg,x
=—102N + 102N + 0.0 N
=0.0N

Fret on box,y — Faon box,y T

FC on box,y + Fg,y
=17.7N + 145N — 314N
=0.8N

The net force is 0.8 N in the upward
direction.

7. You first walk 8.0 km north from home, then
walk east until your displacement from home
is 10.0 km. How far east did you walk?

The resultant is 10.0 km. Using the
Pythagorean Theorem, the distance east
is

R?2= A2+ B2, so

B=\RZ- A2
= 1/(10.0 km)2 — (8.0 km)?
= 6.0 km

8. A child’s swing is held up by two ropes tied
to a tree branch that hangs 13.0° from the
vertical. If the tension in each rope is 2.28 N,
what is the combined force (magnitude and
direction) of the two ropes on the swing?

The force will be straight up. Because
the angles are equal, the horizontal
forces will be equal and opposite and
cancel out. The magnitude of this
vertical force is

Physics: Principles and Problems

Feombined = Frope1 on swing €08 0+
Frope2 on swing cos ¢
= 2Frope2 on swing €08 0

= (2)(2.28 N)(cos 13.0°)
= 4.44 N upward

9. Could a vector ever be shorter than one of
its components? Equal in length to one of
its components? Explain.

It could never be shorter than one of its
components, but if it lies along either
the x- or y-axis, then one of its compo-
nents equals its length.

10. In a coordinate system in which the x-axis is
east, for what range of angles is the x-compo-
nent positive? For what range is it negative?

The x-component is positive for angles
less than 90° and for angles greater
than 270°. It’s negative for angles
greater than 90° but less than 270°.

Section Review

5.1 Vectors

pages 119-125

page 125

11. Distance v. Displacement Is the distance
that you walk equal to the magnitude of
your displacement? Give an example that
supports your conclusion.

Not necessarily. For example, you could
walk around the block (one km per
side). Your displacement would be zero,
but the distance that you walk would be
4 kilometers.

12. Vector Difference Subtract vector K from
vector L, shown in Figure 5-7.

Solutions Manual 89
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6.0

m Figure 5-7
6.0 — (—4.0) = 10.0 to the right

13. Components Find the components of
vector M, shown in Figure 5-7.
M, = mcos 0
= (5.0)(cos 37.0°)
= 4.0 to the right
M, = msin 6
= (5.0)(sin 37.0°)

= 3.0 upward

14. Vector Sum Find the sum of the three
vectors shown in Figure 5-7.

16.

Critical Thinking A box is moved through
one displacement and then through a sec-
ond displacement. The magnitudes of the
two displacements are unequal. Could the
displacements have directions such that the
resultant displacement is zero? Suppose the
box was moved through three displace-
ments of unequal magnitude. Could the
resultant displacement be zero? Support
your conclusion with a diagram.

No, but if there are three
displacements, the sum can
be zero if the three vectors
form a triangle when they
are placed tip-to-tail. Also,
the sum of three displace-
ments can be zero without
forming a triangle if the sum of two
displacements in one direction equals
the third in the opposite direction.

—
s —

Practice Problems

R,=K,+L,+ M, 5.2 Friction
i — 4.0 + 6.0 + 4.0 pages 126-130
= 6.0
page 128

Ry= Ky+ Ly+ My
= 0.0 + 0.0 + 3.0
= 3.0

R=VRZ+R/?
= 1/6.02 + 3.02

= 6.7
R
— -1|_Y
6 = tan (Rx)
_ -1(2
= tan (6)
= 27°
R = 6.7 at 27°

15. Commutative Operations The order in
which vectors are added does not matter.

Mathematicians say that vector addition is 18.

commutative. Which ordinary arithmetic
operations are commutative? Which are not?

Addition and multiplication are commu-
tative. Subtraction and division are not.

90 Solutions Manual

17. A girl exerts a 36-N horizontal force as she

pulls a 52-N sled across a cement sidewalk
at constant speed. What is the coefficient of
kinetic friction between the sidewalk and
the metal sled runners? Ignore air resistance.

Fy=mg =52N
Since the speed is constant, the friction

force equals the force exerted by the
girl, 36 N.

Fe = mcFy
Fe
SOMk=F—N
_ 36N
52N
= 0.69

You need to move a 105-kg sofa to a differ-
ent location in the room. It takes a force of
102 N to start it moving. What is the coeffi-
cient of static friction between the sofa and
the carpet?

Physics: Principles and Problems
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Chapter 5 continued

Fe = nsFy

Hs = F

102 N
(105 kg)(9.80 m/s?)

0.0991

19. Mr. Ames is dragging a box full of books
from his office to his car. The box and
books together have a combined weight of
134 N. If the coefficient of static friction
between the pavement and the box is 0.55,
how hard must Mr. Ames push the box in
order to start it moving?

FAmes on box — Ffriction

= ”sFN

= pgmg

= (0.55)(134 N)
=74 N

20. Suppose that the sled in problem 17 is
resting on packed snow. The coefficient of
kinetic friction is now only 0.12. If a person
weighing 650 N sits on the sled, what force
is needed to pull the sled across the snow at
constant speed?

At constant speed, applied force equals
friction force, so

Fe = meFn
— (0.12)(52 N + 650 N)
=84 N

21. Suppose that a particular machine in a
factory has two steel pieces that must rub
against each other at a constant speed.
Before either piece of steel has been treated
to reduce friction, the force necessary to get
them to perform properly is 5.8 N. After the
pieces have been treated with oil, what will
be the required force?

F, f, before — Mk, beforeF N

F, f, before

so Fy =
Mk, before

Physics: Principles and Problems

_ 58N
0.58

=1.0x10" N
F, f, after = ”k, afterFN
= (0.06)(1.0x10" N)
=0.6N

page 130

22,

23.

24,

A 1.4-kg block slides across a rough surface
such that it slows down with an acceleration
of 1.25 m/s?. What is the coefficient of
kinetic friction between the block and the
surface?

Fnet = ”‘kFN
ma = p,mg
_a
My g
_ 1.25 m/s?
9.80 m/s2
= 0.128

You help your mom move a 41-kg bookcase
to a different place in the living room. If
you push with a force of 65 N and the
bookcase accelerates at 0.12 rn/sz, what is
the coefficient of kinetic friction between
the bookcase and the carpet?

Foet = F— mFy = F — pymg = ma
F—ma
mg

_ 65N — (41 kg)(0.12 m/s?)
(41 kg)(9.80 m/s?)

0.15

Mk =

A shuffleboard disk is accelerated to a speed
of 5.8 m/s and released. If the coefficient of
kinetic friction between the disk and the
concrete court is 0.31, how far does the disk
go before it comes to a stop? The courts are
15.8 m long.

Identify the direction of the disk’s motion
as positive. Find the acceleration of the

disk due to the force of friction.
Fret = —mFn = —mymg = ma

a=—mg
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25.

26.

Then use the equation v = v;2 +
2a(d; — d;) to find the distance.

Let d; = 0 and solve for d;.
v — v;2

d = 2a

v — v
(2)(—19)

(0.0 m/s)2 — (5.8 m/s)?
(2)(—0.31)(9.80 m/s2)

55m

Consider the force pushing the box in
Example Problem 4. How long would it
take for the velocity of the box to double to
2.0 m/s?

The initial velocity is 1.0 m/s, the final
velocity is 2.0 m/s, and the acceleration
is 2.0 m/s?, so

a= ‘:f: :‘; let t, = 0 and solve for t,.
f— §;
tf = a I
_ 20m/is—1.0m/s
2.0 m/s?
=0.50s

Ke Min is driving along on a rainy night at
23 m/s when he sees a tree branch lying
across the road and slams on the brakes
when the branch is 60.0 m in front of him.
If the coefficient of kinetic friction between
the car’s locked tires and the road is 0.41,
will the car stop before hitting the branch?
The car has a mass of 2400 kg.

Choose positive direction as direction

of car’'s movement.

Fret = —mFy = —mymg = ma
a=—mg

Then use the equation v2 = v;2 +

2a(d; — d;) to find the distance.
Let d; = 0 and solve for d;.
v — v;2
2a
_ v — v2
(2)(—m9)

df =

92 Solutions Manual

_ (0.0 m/s) — (23 m/s)?
~ (2)(—0.41)(9.80 m/s2)

66 m, so he hits the branch before
he can stop.

Section Review

5.2 Friction
pages 126-130
page 130

27. Friction In this section, you learned about

28.

29.

static and kinetic friction. How are these
two types of friction similar? What are the
differences between static and kinetic friction?

They are similar in that they both act in

a direction opposite to the motion (or
intended motion) and they both result
from two surfaces rubbing against each
other. Both are dependent on the normal
force between these two surfaces. Static
friction applies when there is no relative
motion between the two surfaces. Kinetic
friction is the type of friction when there
is relative motion. The coefficient of
static friction between two surfaces is
greater than the coefficient of kinetic fric-
tion between those same two surfaces.

Friction At a wedding reception, you
notice a small boy who looks like his mass
is about 25 kg, running part way across the
dance floor, then sliding on his knees until
he stops. If the kinetic coefficient of friction
between the boy’s pants and the floor is
0.15, what is the frictional force acting on
him as he slides?

Ffriction = p‘kFN
= pging
= (0.15)(25 kg)(9.80 m/s2)
=37N

Velocity Derek is playing cards with his
friends, and it is his turn to deal. A card has
a mass of 2.3 g, and it slides 0.35 m along
the table before it stops. If the coefficient
of kinetic friction between the card and the
table is 0.24, what was the initial speed of
the card as it left Derek’s hand?

Physics: Principles and Problems
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Chapter 5 continued

30.

31.

32.

Identify the direction of the card’s
movement as positive

Fret = —pkFn = —mmg = ma
a=-—mg
vi=d;=0so
v.=\/~2ad,
= \/=2(—0.24)(9.80 m/s2)(0.35 m)

=1.3mls

Force The coefficient of static friction
between a 40.0-kg picnic table and the
ground below it is 0.43 m. What is the
greatest horizontal force that could be
exerted on the table while it remains
stationary?

F¢ = nsFy
= pging
= (0.43)(40.0 kg)(9.80 m/s?)
= 1.7x102 N

Acceleration Ryan is moving to a new
apartment and puts a dresser in the back of
his pickup truck. When the truck accelerates
forward, what force accelerates the dresser?
Under what circumstances could the dresser
slide? In which direction?

Friction between the dresser and the

truck accelerates the dresser forward.
The dresser will slide backward if the
force accelerating it is greater than

pmsmg.

Critical Thinking You push a 13-kg table
in the cafeteria with a horizontal force of
20 N, but it does not move. You then push
it with a horizontal force of 25 N, and it
accelerates at 0.26 m/s2. What, if anything,
can you conclude about the coefficients of
static and kinetic friction?

From the sliding portion of your experi-
ment you can determine that the coeffi-
cient of kinetic friction between the
table and the floor is

Ff=FontabIe_F2

Physics: Principles and Problems

mFn = F

on table — M@

_ Fon table — Ma

Mg = mg
_ 25N — (13 kg)(0.26 m/s)
" (13 kg)(9.80 m/s?)

= 0.17

All you can conclude about the coeffi-
cient of static friction is that it is
between

F

on table

mg

Mg =

_ 20N
(13 kg)(9.80 m/s?)

0.16

F, on table
mg
25N
(13 kg)(9.80 m/s?)

0.20

and pg =

Practice Problems

5.3

Force and Motion in
Two Dimensions
pages 131-135

page 133

33.

An ant climbs at a steady speed up the side
of its anthill, which is inclined 30.0° from

the vertical. Sketch a free-body diagram for
the ant.

Solutions Manual 93
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34.

35.

36.

Scott and Becca are moving a folding table
out of the sunlight. A cup of lemonade,
with a mass of 0.44 kg, is on the table. Scott
lifts his end of the table before Becca does,
and as a result, the table makes an angle of
15.0° with the horizontal. Find the compo-
nents of the cup’s weight that are parallel
and perpendicular to the plane of the table.

Fg, parallel — Fg sin 6
= (0.44 kg)(9.80 m/s?)(sin 15.0°)
=11N

F

g, perpendicular = Fg cos 0

= (0.44 kg)(9.80 m/s?)

(cos 15.0°)
=42N

Kohana, who has a mass of 50.0 kg, is at
the dentist’s office having her teeth cleaned,
as shown in Figure 5-14. If the component
of her weight perpendicular to the plane of
the seat of the chair is 449 N, at what angle
is the chair tilted?

m Figure 5-14
F

g, perpendicular = Fg cos 6 = mg cos 6

F .
0 = COS_1( g, perpendicular )
mg

449 N )
(50.0 kg)(9.80 m/s2)

cos‘1(

23.6°

Fernando, who has a mass of 43.0 kg, slides
down the banister at his grandparents” house.
If the banister makes an angle of 35.0° with
the horizontal, what is the normal force
between Fernando and the banister?

Fy = mg cos 0
(43.0 kg)(9.80 m/s?)(cos 35.0°)
= 345N

94 Solutions Manual

37. A suitcase is on an inclined plane. At what

angle, relative to the vertical, will the com-
ponent of the suitcase’s weight parallel to
the plane be equal to half the perpendicular
component of its weight?

Fy. paraliel = Fg Sin 6, when the angle is
with respect to the horizontal
F

g, perpendicular = Fg cos 0, when the

angle is with respect to the horizontal
F, 2F

g, perpendicular = g, parallel

o — Fa. perpendicutar

F, g, parallel

F_,cos 0
~ F,sin@

|
- (@ @

tan 6
— tan—1(1
6 = tan (2)

= 26.6° relative to the horizontal, or
63.4° relative to the vertical

page 135
38. Consider the crate on the incline in Example

Problem 5.

a. Calculate the magnitude of the
acceleration.

a=-—
m
ngm()
m

mg sin 6
m

=gsiné
= (9.80 m/s2)(sin 30.0°)

= 4.90 m/s2

b. After 4.00 s, how fast will the crate be
moving?

Vi — Vi, — 4 —
t—t sletv, =¢t=0.

a =
Solve for v;.

Vs = at;

(4.90 m/s?)(4.00 s)
= 19.6 m/s

Physics: Principles and Problems
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Chapter 5 continued

39.

40.

41.

If the skier in Example Problem 6 were on
a 31° downbhill slope, what would be the
magnitude of the acceleration?

Since a = g(sin 0 — u cos 0),
a = (9.80 m/s2)(sin 31° — (0.15)(cos 31°))
= 3.8 m/s?

Stacie, who has a mass of 45 kg, starts down
a slide that is inclined at an angle of 45°
with the horizontal. If the coefficient of
kinetic friction between Stacie’s shorts and
the slide is 0.25, what is her acceleration?

Fstacie’s weight parallel with slide — Ff = ma

_Ff

FStacie’s weight parallel with slide
m

a=

mg sin 0 — u, Fy
m

mg sin 6 — pw,mg cos 6
m

= g(sin 6 — w cos 0)
= (9.80 m/s?)[sin 45° — (0.25)(cos 45°)]

= 5.2 m/s?

After the skier on the 37° hill in Example
Problem 6 had been moving for 5.0 s, the
friction of the snow suddenly increased and
made the net force on the skier zero. What
is the new coefficient of friction?

a = g(sin  — p cos 0)
a=gsin6 — gu, cos 0
Ifa=0,

0 =gsin6 — gu, cos 0

My COS 6 = sin 6

— sin

k™ cos 6
— sin 37°
Pk = cos 37°

= 0.75

Physics: Principles and Problems

Section Review

5.3 Force and Motion in
Two Dimensions

pages 131-135

page 135

42. Forces One way to get a car unstuck is to
tie one end of a strong rope to the car and
the other end to a tree, then push the rope
at its midpoint at right angles to the rope.
Draw a free-body diagram and explain why
even a small force on the rope can exert a
large force on the car.

The vectors shown in the free body
diagram indicate that even a small
force perpendicular to the rope can
increase the tension in the rope
enough to overcome the friction force.
Since F = 2T sin 6 (where 6 is the angle
between the rope’s original position and
its displaced position),
F
~ 2sin6

For smaller values of 0, the tension, T,
will increase greatly.

Ffriction

Solutions Manual 95
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43.

44,

45.

46.

96 Solutions Manual

Mass A large scoreboard is suspended from the ceiling of a sports arena by

10 strong cables. Six of the cables make an angle of 8.0° with the vertical while
the other four make an angle of 10.0°. If the tension in each cable is 1300.0 N,
what is the scoreboard’s mass?

Fnet,y = ma, = 0
Fnet,y = Fcables on board Fg
= 6F_,pjc COS O + 4F_,,,c COS 0, — mg =0
6F_ pje COS Og + 4F 1, COS 0,
N g
_ 6(1300.0 N)(cos 8.0°) + 4(1300.0 N)(cos 10.0°)
9.80 m/s?
= 1.31%x103 kg

Acceleration A 63-kg water skier is pulled up a 14.0° incline by a rope parallel
to the incline with a tension of 512 N. The coefficient of kinetic friction is 0.27.
What are the magnitude and direction of the skier’s acceleration?

Fy = mg cos 0

Fropeonskier_Fg — F;=ma
Frope on skier — Mg sin 6 — w,mg cos 6 = ma
a= Frope on skier — Mg sin 6 — p,mg cos 6
m
512 N — (63 kg)(9.80 mis?)(sin 14.0°) — (0.27)(63 kg)(9.80 m/s?)(cos 14.0°)

63 kg
= 3.2 m/s2, up the incline

Equilibrium You are hanging a painting using two lengths
of wire. The wires will break if the force is too great. Should T

you hang the painting as shown in Figures 5-15a or 5-15b? | »
Explain.

. . _ g .
Figure 5-15b; F; = 2sing’ ° F; gets smaller as 6 gets m Figure 5-15a

larger, and 6 is larger in 5-15b. : e

m Figure 5-15b

Critical Thinking Can the coefficient of friction ever have a value such that a
skier would be able to slide uphill at a constant velocity? Explain why or why
not. Assume there are no other forces acting on the skier.

No, because both the frictional force opposing the motion of the skier
and the component of Earth’s gravity parallel to the slope point downhill,
not uphill.

Physics: Principles and Problems
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Chapter 5 continued

Chapter Assessment

Concept Mapping
page 140
47. Complete the concept map below by label-

ing the circles with sine, cosine, or tangent to
indicate whether each function is positive
or negative in each quadrant.

Mastering Concepts
page 140

48.

49.

50.

51.

Describe how you would add two vectors
graphically. (5.1)

Make scale drawings of arrows represent-
ing the vector quantities. Place the
arrows for the quantities to be added tip-
to-tail. Draw an arrow from the tail of the
first to the tip of the last. Measure the
length of that arrow and find its direction.

Which of the following actions is permissi-
ble when you graphically add one vector to
another: moving the vector, rotating the
vector, or changing the vector’s length? (5.1)

allowed: moving the vector without
changing length or direction

In your own words, write a clear definition
of the resultant of two or more vectors. Do
not explain how to find it; explain what it
represents. (5.1)

The resultant is the vector sum of two

or more vectors. It represents the quan-
tity that results from adding the vectors.

How is the resultant displacement affected
when two displacement vectors are added
in a different order? (5.1)

It is not affected.

Physics: Principles and Problems

52.

53.

54.

55.

56.

57.

58.

Explain the method that you would use to
subtract two vectors graphically. (5.1)

Reverse the direction of the second
vector and then add them.

Explain the difference between these two
symbols: A and A. (5.1)

A is the symbol for the vector quantity.
A is the signed magnitude (length) of
the vector.

The Pythagorean theorem usually is written
c? = a? + b2. If this relationship is used

in vector addition, what do g, b, and ¢
represent? (5.1)

a and b represent the lengths of two
vectors that are at the right angles to
one another. c represents the length
of the sum of the two vectors.

When using a coordinate system, how is the
angle or direction of a vector determined
with respect to the axes of the coordinate
system? (5.1)

The angle is measured counterclock-
wise from the x-axis.

What is the meaning of a coefficient of
friction that is greater than 1.0? How
would you measure it? (5.2)

The frictional force is greater than the
normal force. You can pull the object
along the surface, measuring the force
needed to move it at constant speed.
Also measure the weight of the object.

Cars Using the model of friction described
in this textbook, would the friction between
a tire and the road be increased by a wide
rather than a narrow tire? Explain. (5.2)

It would make no difference. Friction
does not depend upon surface area.

Describe a coordinate system that would
be suitable for dealing with a problem in
which a ball is thrown up into the air. (5.3)
One axis is vertical, with the positive
direction either up or down.
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59.

60.

61.

62.

63.

64.

If a coordinate system is set up such that
the positive x-axis points in a direction 30°
above the horizontal, what should be the
angle between the x-axis and the y-axis?
What should be the direction of the positive
y-axis? (5.3)

The two axes must be at right angles.
The positive y-axis points 30° away
from the vertical so that it is at right
angles to the x-axis.

Explain how you would set up a coordinate
system for motion on a hill. (5.3)

For motion on a hill, the vertical (y) axis
is usually set up perpendicular, or nor-
mal, to the surface of the hill.

If your textbook is in equilibrium, what can
you say about the forces acting on it? (5.3)

The net force acting on the book is zero.

Can an object that is in equilibrium be
moving? Explain. (5.3)

Yes, Newton’s first law permits motion
as long as the object’s velocity is con-
stant. It cannot accelerate.

What is the sum of three vectors that, when
placed tip to tail, form a triangle? If these
vectors represent forces on an object, what
does this imply about the object? (5.3)

The vector sum of forces forming a
closed triangle is zero. If these are the
only forces acting on the object, the net
force on the object is zero and the
object is in equilibrium.

You are asked to analyze the motion of a
book placed on a sloping table. (5.3)

a. Describe the best coordinate system for
analyzing the motion.
Set up the y-axis perpendicular
to the surface of the table and the
x-axis pointing uphill and parallel to
the surface.

b. How are the components of the weight of
the book related to the angle of the table?

98 Solutions Manual

65.

One component is parallel to the
inclined surface and the other is
perpendicular to it.

For a book on a sloping table, describe
what happens to the component of the
weight force parallel to the table and the
force of friction on the book as you
increase the angle that the table makes
with the horizontal. (5.3)

a. Which components of force(s) increase
when the angle increases?
As you increase the angle the table
makes with the horizontal, the com-
ponent of the book’s weight force
along the table increases.

b. Which components of force(s) decrease?
When the angle increases, the com-
ponent of the weight force normal to
the table decreases and the friction
force decreases.

Applying Concepts

pages 140-141

66.

67.

A vector that is 1 cm long represents a dis-
placement of 5 km. How many kilometers
are represented by a 3-cm vector drawn to
the same scale?

3 cm)( 5 km

—)=15km
1cm

Mowing the Lawn If you are pushing a
lawn mower across the grass, as shown in
Figure 5-16, can you increase the horizon-
tal component of the force that you exert
on the mower without increasing the mag-
nitude of the force? Explain.

m Figure 5-16

Physics: Principles and Problems
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Chapter 5 continued

68.

69.

70.

71.

72.

Yes, lower the handle to make the angle
between the handle and the horizontal
smaller.

A vector drawn 15 mm long represents a
velocity of 30 m/s. How long should you
draw a vector to represent a velocity of
20 m/s?

(20 m/s)(;g 2‘1;‘5‘) =10 mm

What is the largest possible displacement
resulting from two displacements with mag-
nitudes 3 m and 4 m? What is the smallest
possible resultant? Draw sketches to
demonstrate your answers.

The largest is 7 m; the smallest is 1 m.

How does the resultant displacement
change as the angle between two vectors
increases from 0° to 180°?

The resultant increases.

A and B are two sides of a right triangle,

where tan 6 = A/B.

a. Which side of the triangle is longer if
tan 6 is greater than 1.0?
A is longer.

b. Which side is longer if tan 6 is less
than 1.07?
B is longer.

c. What does it mean if tan 6 is equal
to 1.07?

A and B are equal in length.

Traveling by Car A car has a velocity of
50 km/h in a direction 60° north of east. A
coordinate system with the positive x-axis
pointing east and a positive y-axis pointing
north is chosen. Which component of the
velocity vector is larger, x or y?

The northward component (y) is longer.

Physics: Principles and Problems

y

Under what conditions can the Pythagorean
theorem, rather than the law of cosines, be
used to find the magnitude of a resultant
vector?

The Pythagorean theorem can be used
only if the two vectors to be added are
at right angles to one another.

A problem involves a car moving up a hill,
s0 a coordinate system is chosen with the
positive x-axis parallel to the surface of the
hill. The problem also involves a stone that
is dropped onto the car. Sketch the problem
and show the components of the velocity
vector of the stone.

One component is in the negative
x-direction, the other in the negative
y-direction, assuming that the positive
direction points upward, perpendicular
to the hill.

75. Pulling a Cart According to legend, a horse

learned Newton's laws. When the horse was
told to pull a cart, it refused, saying that

if it pulled the cart forward, according to
Newton'’s third law, there would be an equal
force backwards; thus, there would be bal-
anced forces, and, according to Newton's
second law, the cart would not accelerate.
How would you reason with this horse?

The equal and opposite forces referred
to in Newton’s third law are acting on
different objects. The horse would pull
on the cart, and the cart would pull

on the horse. The cart would have an
unbalanced net force on it (neglecting
friction) and would thus accelerate.
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76.

77.

78.

Tennis When stretching a tennis net
between two posts, it is relatively easy to
pull one end of the net hard enough to
remove most of the slack, but you need a
winch to take the last bit of slack out of
the net to make the top almost completely
horizontal. Why is this true?

When stretching the net between the
two posts, there is no perpendicular
component upward to balance the
weight of the net. All the force exerted
on the net is horizontal. Stretching the
net to remove the last bit of slack
requires great force in order to reduce
the flexibility of the net and to increase
the internal forces that hold it together.

The weight of a book on an inclined plane
can be resolved into two vector compo-
nents, one along the plane, and the other
perpendicular to it.

a. At what angle are the components
equal?
45°

b. At what angle is the parallel component
equal to zero?
00

c. At what angle is the parallel component

equal to the weight?
90°

TV Towers The transmitting tower of a TV
station is held upright by guy wires that
extend from the top of the tower to the
ground. The force along the guy wires can
be resolved into two perpendicular compo-
nents. Which one is larger?

The component perpendicular to the

ground is larger if the angle between

the guy wire and horizontal is greater
than 45°.

100 Solutions Manual

Mastering Problems
5.1 Vectors

pages 141-142

Level 1

79.

80.

Cars A car moves 65 km due east,
then 45 km due west. What is its total
displacement?

65 km + (—45 km) = 2.0x101 km

Ad = 2.0x10" km, east

Find the horizontal and vertical compo-
nents of the following vectors, as shown in
Figure 5-17.

'3(3.0) AG0) /
E(5.0)
AO)
C(6.0) D(4.0)
m Figure 5-17
a. E
E,=Ecos @
= (5.0)(cos 45°)
= 3.5
Ey = Esin@
= (5.0)(sin 45°)
= 3.5
b. F
F, = Fcos 6
= (5.0)(cos 225°)
= —3.5
Fy = Fsin 0
= (5.0)(sin 225°)
=-3.5
c. A
A, = Acos 6
= (3.0)(cos 180°)
= -3.0
Ay = Asin @
= (3.0)(sin 180°)
= 0.0

Physics: Principles and Problems
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81.

Graphically find the sum of the following
pairs of vectors, whose lengths and direc-
tions are shown in Figure 5-17.

a. Dand A
D
A
R(1.0)
b. Cand D
C D
R(10.0)
c. Cand A
C
A
R(3.0)
d. EandF
E
F
R =0.0
Level 2

82. Graphically add the following sets of

vectors, as shown in Figure 5-17.
a. A, C,and D

A
l—
C D
—
R(7.0)
b. A B,and E
E
R(~6.5)
B
c. B,D,and F
D
B :F
R

Physics: Principles and Problems

83.

84.

You walk 30 m south and 30 m east. Find
the magnitude and direction of the resul-
tant displacement both graphically and
algebraically.

R?2 = A? + B?
R = \/(30 m)2 + (30 m)2
=40 m
_30m _
tan 0 = 30m 1
0 = 45°
R = 40 m, 45° east of south
b
30msS R~ 42

30meE

The difference in the answers is due to
significant digits being considered in
the calculation.

Hiking A hiker’s trip consists of three seg-
ments. Path A is 8.0 km long heading 60.0°
north of east. Path B is 7.0 km long in a
direction due east. Path C is 4.0 km long
heading 315° counterclockwise from east.

a. Graphically add the hiker’s displace-
ments in the order A, B, C.

C

R

b. Graphically add the hiker’s displace-
ments in the order C, B, A.

R

B

c. What can you conclude about the
resulting displacements?

You can add vectors in any order.
The result is always the same.
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85. What is the net force acting on the ring in
Figure 5-18?

ty

500.0 N

\F' +X
m Figure 5-18
R?2 = A2 + B2
R=\/A?+ B2

= 1/(500.0 N)2 + (400.0 N)2

= 640.3 N
tan 60 = %
0= tan‘1(%)
- - 1(3%09)

= 51.34° from B
The net force is 640.3 N at 51.34°

86. What is the net force acting on the ring in
Figure 5-192

+y

128 N

128N 13000
" 64N +X

m Figure 5-19

A=-128N+64 N
= —64N
A, = Acos 0,
= (—64 N)(cos 180°)
=—-64N
A, =Asin b,
= (—64 N)(sin 180°)
=0N

102 Solutions Manual

B, = B cos g
= (128 N)(cos 30.0°)
=111 N

B, = B sin 6g
= (128 N)(sin 30.0°)
=64 N

R,=A, +B,
=—-64N+111N
=47 N

R,=A, +B,
=0N+64N
=64 N

R=VR?Z+R/?
= /(47 N)2 + (64 N)2
=79N

6 = tan~1 )
RX

TS
,<=U

= tan‘1(ﬂ

=Y
~
~—

= 54°

Level 3

87. A Ship at Sea A ship at sea is due into a
port 500.0 km due south in two days.
However, a severe storm comes in and
blows it 100.0 km due east from its original
position. How far is the ship from its desti-
nation? In what direction must it travel to
reach its destination?

R? = A? + B?
R = \/(100.0 km)? + (500.0 km)2
= 509.9 km
R
— -1(_Y
6 = tan (Rx)
— tan—1 500.0)
tan (100.0
= 78.69°

R = 509.9 km, 78.69° south of west

Physics: Principles and Problems
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Chapter 5 continued

88.

89.

Space Exploration A descent vehicle land-
ing on Mars has a vertical velocity toward

the surface of Mars of 5.5 m/s. At the same
time, it has a horizontal velocity of 3.5 m/s.

a. At what speed does the vehicle move
along its descent path?

R? = A2 + B2
R = V(5.5 mis)? + (3.5 m/s)?
v=R=6.5m/s

b. At what angle with the vertical is this
path?

R
= -1y
6 = tan (R)

X

— tapn—1 E)
tan (3_5

= 58° from horizontal, which is 32°

from vertical

Navigation Alfredo leaves camp and, using
a compass, walks 4 km E, then 6 km S,
3kmE, 5 km N, 10 km W, 8 km N, and,
finally, 3 km S. At the end of three days, he
is lost. By drawing a diagram, compute how
far Alfredo is from camp and which direc-
tion he should take to get back to camp.

Take north and east to be positive
directions. North: —6 km + 5 km +

8 km — 3 km = 4 km. East: 4 km +
3 km — 10 km = —3 km. The hiker is
4 km north and 3 km west of camp.
To return to camp, the hiker must go
3 km east and 4 km south.

R? = A% + B2
R = \/(3 km)? + (4 km)?
= 5 km
R
— -1 _Y
6 = tan (Rx)
— —1(4 km)
tan (—3 km
= 53°

R = 5 km, 53° south of east

Physics: Principles and Problems

5.2 Friction

page 142

Level 1

90. If you use a horizontal force of 30.0 N to

91.

slide a 12.0-kg wooden crate across a floor
at a constant velocity, what is the coefficient
of kinetic friction between the crate and the
floor?

Fi = mFn = mmg = Fporizontal

Fhorizontal

mg

30.0N
(12.0 kg)(9.80 m/s2)

0.255

Mk =

A 225-kg crate is pushed horizontally with a
force of 710 N. If the coefficient of friction
is 0.20, calculate the acceleration of the crate.

ma=F appl

net —
where F; = p, Fy = mmg
Therefore

F, appl — kMg

m

_ 710 N — (0.20)(225 kg)(9.80 m/s?)
- 225 kg

a=

= 1.2 m/s?

Level 2
92. A force of 40.0 N accelerates a 5.0-kg block

at 6.0 m/s? along a horizontal surface.

a. How large is the frictional force?

ma:Fnet=FappI_Ff

so F; = Fappl — ma
= 40.0 N — (5.0 kg)(6.0 m/s?)
=1.0x10" N

b. What is the coefficient of friction?
F¢ = meFy = myemg

F

mg

_ _ 1.0x10'N
(5.0 kg)(9.80 m/s?)

0.20
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93. Moving Appliances Your family just had a 5.3 Force and Motion in Two Dimensions
new refrigerator delivered. The delivery man pages 142-143
has left and you realize that the refrigerator Level 1
is not quite in the right position, so you 95. An object in equilibrium has three forces
plan to move it several centimeters. If the exerted on it. A 33.0-N force acts at 90.0°

refrigerator has a mass of 180 kg, the coeffi- from the x-axis and a 44.0-N force acts at
cient of kinetic friction between the bottom 60.0° from the x-axis. What are the magni-

of the refrigerator and the floor is 0.13, and tude and direction of the third force?
the static coefficient of friction between
these same surfaces is 0.21, how hard do
you have to push horizontally to get the
refrigerator to start moving?

First, find the magnitude of the sum of
these two forces. The equilibrant will
have the same magnitude but opposite

direction.

Fon fridge = Friction F, = 33.0 N, 90.0°
= msFy F, = 44.0 N, 60.0°
= pgmg

s Fy=7
= (0.21)(180 kg)(9.80 m/s2) F,, = F, cos 0,
X
=370 N
= (33.0 N)(cos 90.0°)
Level 3 =0.0N
94. Stopping at a Red Light You are driving F,, = F, sin @,
y

a 2500.0-kg car at a constant speed of

14.0 m/s along a wet, but straight, level = (33.0 N)(sin 90.0°)

road. As you approach an intersection, =33.0N

the traffic light turns red. You slam on the F,, = F, cos 0,

brakes. The car’s wheels lock, the tires begin X

skidding, and the car slides to a halt in a = (44.0 N)(cos 60.0°)

distance of 25.0 m. What is the coefficient =22.0N

of kinetic friction between your tires and F,, = F, sin 6,

the wet road? v

F; = mFy = ma = (44.0 N)(sin 60.0°)

mve - v) ~ =38.1N

—mmg = — 5~ Where v; =0 Fs3, = Fyx + Fyx

(The minus sign indicates the force is =00N+220N

acting opposite to the direction of =220N

motion.) F3y = F,y + Fy

= = 33.0N + 381N
£ 2dg = 711N

(14.0 m/s)? “\VF.2+F.2
F3="\VF32 +F32

= 2(25.0 m)(9.80 m/s?)
= 0.400 = V/(22.0 N)2 + (71.1 N)2
= 744N
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For equilibrium, the sum of the compo-
nents must equal zero, so

F
0= tan—1(%) + 180.0°
3x

- tan‘«%) +180.0°

= 253°
F; = 74.4 N, 253°

Level 2
96. Five forces act on an object: (1) 60.0 N at

90.0°, (2) 40.0 N at 0.0°, (3) 80.0 N at
270.0°, (4) 40.0 N at 180.0°, and

(5) 50.0 N at 60.0°. What are the magni-
tude and direction of a sixth force that
would produce equilibrium?

Solutions by components
F, = 60.0 N, 90.0°
F, = 40.0 N, 0.0°
F; = 80.0 N, 270.0°
F, = 40.0 N, 180.0°
F5; = 50.0 N, 60.0°
Fe=7?
F,x = F, cos 0,
= (60.0 N)(cos 90.0°) = 0.0 N
F4y, = F4 sin 64 = (60.0 N)(sin 90.0°)

= 60.0 N

F,, = F, cos 6, = (40.0 N)(cos 0.0°)
=40.0N

F2y = F, sin 6, = (40.0 N)(sin 0.0°)
=0.0N

F3, = F3 cos 6; = (80.0 N)(cos 270.0°)
=0.0N

F3, = F5 sin 6; = (80.0 N)(sin 270.0°)
= —80.0N

F,, = F, cos 6, = (40.0 N)(cos 180.0°)
= —40.0 N

Fy4y = F4 sin 6, = (40.0 N)(sin 180.0°)
=0.0N

Physics: Principles and Problems

97.

Fg, = Fy cos 65 = (50.0 N)(cos 60.0°)
=25.0N

Fs, = Fs sin 05 = (50.0 N)(sin 60.0°)
=43.3 N

Fex = Fix + Fox + F3y + Fay + Foy
=0.0N+40.0N + 0.0N +

(—40.0 N) + 25.0 N

=25.0N

Foy = F1, + Fyy + Fy, + Fyy, + Fs,
=60.0N+ 00N + (—80.0 N) +

0.0N + 433N
=23.3N

_\/F. 2 2
Fg = V Fex" + Fey

= V/(25.0 N)2 + (23.3 N)2
= 342N

F
0. = tan—1 ﬂ)+180.0°
6 (FGX

- tan‘%%) +180.0°
= 223°
F, = 34.2 N, 223°

Advertising Joe wishes to hang a sign
weighing 7.50% 102 N so that cable A,
attached to the store, makes a 30.0° angle,
as shown in Figure 5-20. Cable B is hori-
zontal and attached to an adjoining build-
ing. What is the tension in cable B?

L\

30.0°‘\\ A

m Figure 5-20
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Solution by components. The sum of
the components must equal zero, so

Fpy—Fg=0
so Fp, = Fyq

= 7.50X102 N
Fpy = Fa sin 60.0°
sin 60.0°

_ 7.50x102N
sin 60.0°

=866 N
Also, Fg — F, = 0, so
Fg = Fp
= F, cos 60.0°
= (866 N)(cos 60.0°)
= 433 N, right

S0 Fp =

98. A street lamp weighs 150 N. It is supported
by two wires that form an angle of 120.0°
with each other. The tensions in the wires
are equal.

a. What is the tension in each wire sup-
porting the street lamp?

Fg = 2T sin 0
Fg
2sin 6

_ 150N
~ (2)(sin 30.0°)

=1.5X102 N

soT=

b. If the angle between the wires support-
ing the street lamp is reduced to 90.0°,
what is the tension in each wire?

2sin 0
— 150 N
(2)(sin 45°)

=1.1%X102 N

99. A 215-N box is placed on an inclined plane
that makes a 35.0° angle with the horizon-
tal. Find the component of the weight force
parallel to the plane’s surface.

106 Solutions Manual

Foaratiel = Fg sin 6
= (215 N)(sin 35.0°)
=123 N
Level 3

100. Emergency Room You are shadowing a
nurse in the emergency room of a local
hospital. An orderly wheels in a patient
who has been in a very serious accident
and has had severe bleeding. The nurse
quickly explains to you that in a case like
this, the patient’s bed will be tilted with
the head downward to make sure the brain
gets enough blood. She tells you that, for
most patients, the largest angle that the bed
can be tilted without the patient beginning
to slide off is 32.0° from the horizontal.

a. On what factor or factors does this
angle of tilting depend?
The coefficient of static friction

between the patient and the bed’s
sheets.

b. Find the coefficient of static friction
between a typical patient and the bed'’s

sheets.
Fg parallel to bed — M9 sin 0
= F;
= ”'sFN
= pgimg cos 6
mg sin 6
SO pug = Mg cos 0
_ siné
cos 0
= tan 0
= tan 32.0°
= 0.625

Physics: Principles and Problems

up ‘saruedwo)) [[TH-MBIDIW Y], JO UOISIAIP € ‘[[IH-MBIDIWN/200U3[D) o WS1kdoD



Copyright © Glencoe/McGraw-Hill, a division of The McGraw-Hill Companies, Inc.

Chapter 5 continued

101.

102.

Two blocks are connected by a string over a fric-
tionless, massless pulley such that one is resting on
an inclined plane and the other is hanging over the
top edge of the plane, as shown in Figure 5-21. The
hanging block has a mass of 16.0 kg, and the one on
the plane has a mass of 8.0 kg. The coefficient of
kinetic friction between the block and the inclined

plane is 0.23. The blocks are released from rest.

m Figure 5-21
a. What is the acceleration of the blocks?

F=my,na = Fg hanging — F||p|ane —F¢ plane

Mpyangingd — Fg plane SIN 60— "kFg plane €08 0

soa=
Myoth
ol Mpangingd — Mplaned sin 6 — MyMpianed COS 0
Myotn
— g(mhanging B mplaneSirl 60— MMy apne COS 6)
mhanging + mplane
_ (9.80 m/s?)(16.0 kg — (8.0 kg)(sin 37.0°) — (0.23)(8.0 kg)(cos 37.0°))
(16.0 kg + 80 kg)
= 4.0 m/s?
b. What is the tension in the string connecting the blocks?
Fy = Fg - F,
= mg — ma
= m(g — a)
= (16.0 kg)(9.80 m/s2 — 4.0 m/s?)
=93 N

In Figure 5-22, a block of mass M is pushed
with such a force, F that the smaller block of
mass m does not slide down the front of it.
There is no friction between the larger block
and the surface below it, but the coefficient
of static friction between the two blocks is u,.
Find an expression for F in terms of M, m, u,
and g

Smaller block:

Ft Monm = MsFn M onm = Mg m Figure 5-22
mg
FN,Monm= u = ma
S
a="9
Mg
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Larger block:
F_FN,monM = Ma

M
F_mg _ Mg
Mg Mg

F=2L(m+m)
s

Mixed Review
pages 143-144
Level 1

103.

104.

108

The scale in Figure 5-23 is being pulled
on by three ropes. What net force does the
scale read?

m Figure 5-7
Find the y-component of the two side
ropes and then add them to the middle
rope.

Fy = Fcos 0
— (75.0 N)(cos 27.0°)
= 66.8 N
Fy totat = Fy, teft T Fy, middie + Fy, rignt
= 66.8 N + 150.0 N + 66.8 N
= 283.6 N

Sledding A sled with a mass of 50.0 kg is
pulled along flat, snow-covered ground.
The static friction coefficient is 0.30, and
the kinetic friction coefficient is 0.10.

a. What does the sled weigh?

Fy = mg = (50.0 kg)(9.80 m/s?)
= 4.90X102 N

Solutions Manual

b. What force will be needed to start the
sled moving?

Ff = ”’sFN
= MSFg
= (0.30)(4.90%X102 N)

=1.5%102 N

c. What force is needed to keep the sled
moving at a constant velocity?

Fe = pnsFy
= ueF,
= (0.10)(4.90%102 N)

= 49 N, kinetic friction

d. Once moving, what total force must be
applied to the sled to accelerate it at
3.0 m/s??

ma = Fo = Fo, — F¢

S0 Fopp = ma + F;
= (50.0 kg)(3.0 m/s?) + 49 N
=2.0x102N

Level 2
105. Mythology Sisyphus was a character in

Greek mythology who was doomed in
Hades to push a boulder to the top of a
steep mountain. When he reached the top,
the boulder would slide back down the
mountain and he would have to start all
over again. Assume that Sisyphus slides the
boulder up the mountain without being
able to roll it, even though in most ver-
sions of the myth, he rolled it.

a. If the coefficient of kinetic friction
between the boulder and the mountain-
side is 0.40, the mass of the boulder is
20.0 kg, and the slope of the mountain
is a constant 30.0°, what is the force
that Sisyphus must exert on the boulder
to move it up the mountain at a con-
stant velocity?

Fs on rock ~ Fg||to slope F;

= Fs on rock — Mg sin 6 —
pymgcos 6 =ma=20

Fs on rock = Mg sin 6 + p,mg cos 6

Physics: Principles and Problems
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Chapter 5 continued
= mg(sin 6 + p cos 6)
= (20.0 kg)(9.80 m/s?)
(sin 30.0° + (0.40)(cos 30.0°))

=166 N

b. If Sisyphus pushes the boulder at a velocity of 0.25 m/s and it takes him
8.0 h to reach the top of the mountain, what is the mythical mountain'’s
vertical height?

h=dsin#
= vt sin 0
(0.25 m/s)(8.0 h)(3600 s/h)(sin 30.0°)

= 3.6X103 m = 3.6 km

Level 3

106. Landscaping A tree is being transported on a flatbed
trailer by a landscaper, as shown in Figure 5-24. If the
base of the tree slides on the tree will the trailer, fall over a
and be damaged. If the coefficient of static friction
between the tree and the trailer is 0.50, what is the
minimum stopping distance of the truck, traveling
at 55 km/h, if it is to accelerate uniformly and not
have the tree slide forward and fall on the trailer?

m Figure 5-24

Fiuek = —Fs = —msFy = —ngsmg = ma

-ugmg _
Tm T ks

a =
= — (0.50)(9.80 m/s2)
= —4.9 m/s2

v = v;2 + 2aAd with v; = 0,

v.2
so Ad = —Z—'a
_ s ke rgonmy 15 )
(2)(—4.9 m/s2)
=24 m
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Thinking Critically
page 144

107. Use Models Using the Example Problems in this chapter as models, write an
example problem to solve the following problem. Include the following
sections: Analyze and Sketch the Problem, Solve for the Unknown (with a
complete strategy), and Evaluate the Answer. A driver of a 975-kg car traveling
25 m/s puts on the brakes. What is the shortest distance it will take for the car
to stop? Assume that the road is concrete, the force of friction of the road on the

tires is constant, and the tires do not slip.

-

> +X

~—
a

Analyze and Sketch the Problem

* Choose a coordinate system with a positive axis in the direction

of motion.
* Draw a motion diagram.
e Label v and a.
¢ Draw the free-body diagram.

Known: Unknown:
d, =0 di=7?
v;=25mls

vi=0

m = 975 kg

rg = 0.80

Solve for the Unknown
Solve Newton’s second law for a.

—Fpet = ma

—F¢=ma Substitute —F; = —F
—pFy = ma Substitute F; = uFy
—umg = ma Substitute Fy = mg
a=—pg

Use the expression for acceleration to solve for distance.

2 2
— Vi T VY
d=dit 5

2_ 2
Y Substitute a = —ug

=9t ong)

110 Solutions Manual
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Chapter 5 continued

108.

= 0.0 m + (0:0m/s)? — (25 mis)? Substitute d; = 0.0 m, v; = 0.0 m/s,
. (2)(—0.65)(9.80 m/s)? v, = 25 m/s,;. = 0.65, g = 9.80 m/s?

=49 m

Analyze and Conclude Margaret Mary, Doug, and Kako are at a local
amusement park and see an attraction called the Giant Slide, which is simply a
very long and high inclined plane. Visitors at the amusement park climb a long
flight of steps to the top of the 27° inclined plane and are given canvas sacks.
They sit on the sacks and slide down the 70-m-long plane. At the time when the
three friends walk past the slide, a 135-kg man and a 20-kg boy are each at the top
preparing to slide down. “I wonder how much less time it will take the man to
slide down than it will take the boy,” says Margaret Mary. “I think the boy will
take less time,” says Doug. “You're both wrong,” says Kako. “They will reach the
bottom at the same time.”

a. Perform the appropriate analysis to determine who is correct.
Fret = F, g F¢
= Fg sin 6 — w Fy
= mg sin § — p,mg cos § = ma
a = g(sin 6 — w cos 0), so the acceleration is independent of the

mass. They will tie, so Kako is correct.

b. If the man and the boy do not take the same amount of time to reach the
of the slide, calculate how many seconds of difference there will be between
the two times.

They will reach the bottom at the same time.

Writing in Physics
page 144

109.

110.

Investigate some of the techniques used in industry to reduce the friction
between various parts of machines. Describe two or three of these techniques
and explain the physics of how they work.

Answers will vary and may include lubricants and reduction of the
normal force to reduce the force of friction.

Olympics In recent years, many Olympic athletes, such as sprinters, swimmers,
skiers, and speed skaters, have used modified equipment to reduce the effects of
friction and air or water drag. Research a piece of equipment used by one of
these types of athletes and the way it has changed over the years. Explain how
physics has impacted these changes.

Answers will vary.

Physics: Principles and Problems Solutions Manual
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Cumulative Review

page 144

111. Add or subtract as indicated and state the
answer with the correct number of signifi-
cant digits. (Chapter 1)

a. 85.26g+4.7g
90.0 g

b. 1.07 km + 0.608 km
1.68 km

c. 186.4 kg — 57.83 kg
128.6 kg

d. 60.08s— 122
479 s

112. You ride your bike for 1.5 h at an average
velocity of 10 km/h, then for 30 min at
15 km/h. What is your average velocity?
(Chapter 3)

Average velocity is the total displace-
ment divided by the total time.
-t

vV =

vty + vot, — d;

(10 kmvh)(1.5 h) + (15 km/h)(0.5 h)
= 1.5h+05h

=10 km/h

113. A 45-N force is exerted in the upward
direction on a 2.0-kg briefcase. What is the
acceleration of the briefcase? (Chapter 4)

Fret = Fapplied - Fg = Fapplied - mg
= ma
soa= Fappliea — Mg
m
45N — (2.0 kg)(9.80 m/s?)
= 2.0 kg
= 13 m/s?

112 Solutions Manual

Challenge Problem

page 132

Find the equilibrant for the following forces.
F, = 61.0 N at 17.0° north of east
F, = 38.0 N at 64.0° north of east
F; = 54.0 N at 8.0° west of north
F, = 93.0 N at 53.0° west of north
F5 = 65.0 N at 21.0° south of west
F; =102.0 N at 15.0° west of south
F, =26.0 N south

Fg =77.0 N at 22.0° east of south
Fy =51.0 N at 33.0° east of south
F,, = 82.0 N at 5.0° south of east

~

F,, = (61.0 N)(cos 17.0°) = 58.3 N
F1y = (61.0 N)(sin 17.0°) = 17.8 N

F,, = (38.0 N)(cos 64.0°) = 16.7 N
F,, = (38.0 N)(sin 64.0°) = 34.2 N

F3;, = —(54.0 N)(sin 8.0°) = —7.52 N
F3y = (54.0 N)(cos 8.0°) = 53.5 N

F,, = —(93.0 N)(sin 53.0°) = —74.3 N
F4y = (93.0 N)(cos 53.0°) = 56.0 N

Fs, = —(65.0 N)(cos 21.0°) = —60.7 N
Fs, = —(65.0 N)(sin 21.0°) = —23.3 N

Fs, = —(102 N)(sin 15.0°) = —26.4 N
Fs, = —(102 N)(cos 15.0°) = —98.5 N

Physics: Principles and Problems
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Chapter 5 continued
F;,=0.0N

F;, = —26.0N
Fgx = (77.0 N)(sin 22.0°) = 28.8 N
Fg, = —(77.0 N)(cos 22.0°) =—71.4N

Fgy = (51.0 N)(sin 33.0°) = 27.8 N
Fy, = —(51.0 N)(cos 33.0°) = —42.8 N

Fyox = (82.0 N)(cos 5.0°) = 81.7 N
F19y = —(82.0 N)(sin 5.0°) = —7.15N

10
Fx=.;Fix

4.38 N

I
I

Physics: Principles and Problems

Fy=2Fy
= —107.65 N

Fr = VIF? + (F)?

= \/(44.38 N)2 + (—107.65 N)2

=116 N
F
0 = tan~1 —y)
= tan( 2
— tan- (10785 N)
tan ( 44 .38 N
= —67.6°
Fequilibrant =116 N at 112.4°

=116 N at 22.4°W of N

Solutions Manual
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CHAPTER

IL/— Motion in Two Dimensions

N |

2. Lucy and her friend are working at an
assembly plant making wooden toy
giraffes. At the end of the line, the giraffes

Practice Problems
6.1 Projectile Motion

Copyright © Glencoe/McGraw-Hill, a division of The McGraw-Hill Companies, Inc.

pages 147-152

page 150
. A stone is thrown horizontally at a speed

of 5.0 m/s from the top of a cliff that is
78.4 m high.

a. How long does it take the stone to reach
the bottom of the cliff?

: = —vit=—1qg¢2
Since v, = 0,y v t= 2gt
becomes y = —%gt2

2
ort= |-
g

_ [eEnin
- 9.80 m/s?
=4.00 s
b. How far from the base of the cliff does
the stone hit the ground?
x=v,t
= (5.0 m/s)(4.00 s)

=2.0x10" m

c. What are the horizontal and vertical
components of the stone’s velocity just
before it hits the ground?
v, = 5.0 m/s. This is the same as the
initial horizontal speed because the
acceleration of gravity influences
only the vertical motion. For the
vertical component, use v = v; + gt
with v = v and v;, the initial vertical

y
component of velocity, zero.
Att=4.00s

vy = gt
= (9.80 m/s2)(4.0 s)
= 39.2 m/s

Physics: Principles and Problems

go horizontally off the edge of the conveyor
belt and fall into a box below. If the box is
0.6 m below the level of the conveyor belt
and 0.4 m away from it, what must be the
horizontal velocity of giraffes as they leave
the conveyor belt?

x=v,t=v, %
sov, = X
—2y
g
_ 04 m
a (—2)(—0.6 m)
YV  9.80 m/s?
=1m/s

. You are visiting a friend from elementary

school who now lives in a small town. One
local amusement is the ice-cream parlor,
where Stan, the short-order cook, slides his
completed ice-cream sundaes down the
counter at a constant speed of 2.0 m/s to
the servers. (The counter is kept very well
polished for this purpose.) If the servers
catch the sundaes 7.0 cm from the edge of
the counter, how far do they fall from the
edge of the counter to the point at which
the servers catch them?

X =v,t;
-z
y=-7ot*
=295 )
_ _%(9.80 m/sz)(%)2

= 0.0060 m or 0.60 cm

Solutions Manual 115



Chapter 6 continued

page 152
4. A player kicks a football from ground
level with an initial velocity of 27.0 m/s,
30.0° above the horizontal, as shown
in Figure 6-4. Find each of the

following. Assume that air -
resistance is negligible. L

a.

the ball’s hang time

v, =V;sin @

y ©

When it lands, y = vt — 2 gt2 = 0.

Therefore,
_ 2t
g
mZiy
g
2v; sin 0
g

(2)(27.0 mis)(sin 30.0°)
9.80 m/s2

=276s

the ball’s maximum height

t2

t

y (m)

Trajectory

60-0°
ovU

x (m) 60

m Figure 6-4

Maximum height occurs at half the “hang time,” or 1.38 s. Thus,

1
y =v,t—gt?

=v;sinf t— %gt2

=9.30m
the ball’s range
Distance:
vy, = V; cos 6

(27.0 m/s)(sin 30.0°)(1.38 s) — %(+9.80 m/s2)(1.38 s)?

x = v,t = (v; cos 0)(t) = (27.0 m/s)(cos 30.0°)(2.76 s) = 64.5 m

5. The player in problem 4 then kicks the ball with the same speed, but at 60.0°
from the horizontal. What is the ball’s hang time, range, and maximum height?

Following the method of Practice Problem 4,

Hangtime:

2v; sin 0
g

_ (2)(27.0 m/s)(sin 60.0°)

9.80 m/s?2

=4.77s

116 Solutions Manual
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Chapter 6 continued
Distance:
x=yv;cos 0t
= (27.0 m/s)(cos 60.0°)(4.77 s)
=64.4m
Maximum height:

att= %(4.77 s)=238s

y=visin«9t—%gt2

(27.0 m/s)(sin 60.0°)(2.38 s) — %(+9.80 m/s?)(2.38 s)?2
=279 m

6. A rock is thrown from a 50.0-m-high cliff with an initial velocity of 7.0 m/s at an
angle of 53.0° above the horizontal. Find the velocity vector for when it hits the
ground below.

Vv, = Vv;cos 0

vy=visin0+gt

=v;sinf+g %i

=v;sin +'V2yg
v= \/vX2+vy2

= \/(vi cos 6) + (v; sin 6 + \V/2yg)?

= \/((7.0 m/s) cos 53.0°)2 + ((7.0 m/s)(sin 53.0°) + V/(2)(50.0 m)(9.80 m/s2) )2
=37 mls

14
0= tan‘1(—y)
|74

X

_ tan_1< v;sin 6, + V 2yg)

v; cos 6,

— tan_1( (7.0 m/s)(sin 53.0°) + \/(2)(50.0 m)(9.80 m/s?) )
(7.0 m/s)(cos 53.0°)

= 83° from horizontal

Section Review

6.1 Projectile Motion
pages 147-152
page 152
7. Projectile Motion Two baseballs are pitched horizontally from the same height,
but at different speeds. The faster ball crosses home plate within the strike zone,
but the slower ball is below the batter’s knees. Why does the faster ball not fall as
far as the slower one?

Physics: Principles and Problems Solutions Manual



Chapter 6 continued

10.

118 Solutions Manual

The faster ball is in the air a shorter time, and thus gains a smaller
vertical velocity.

Free-Body Diagram An ice cube slides without friction across a table at a
constant velocity. It slides off the table and lands on the floor. Draw free-body
and motion diagrams of the ice cube at two points on the table and at two
points in the air.

Free-Body Diagrams Motion Diagrams
On the table In the air On the table In the air

.—».—»o—b'_>

|FN |FN a=o0 r’ la
Fg | Fq . r
" - -

Projectile Motion A softball is tossed into the air at an angle of 50.0° with the
vertical at an initial velocity of 11.0 m/s. What is its maximum height?

At maximum height v; =0, so
g
f— 2g
_ (v;cos 6)?
=
_ ((11.0 m/s)(cos 50.0°))
(2)(9.80 m/s?)

=2.55m

Projectile Motion A tennis ball is thrown out a window 28 m above the ground
at an initial velocity of 15.0 m/s and 20.0° below the horizontal. How far does
the ball move horizontally before it hits the ground?

x = vy, t, but need to find t

First, determine v .

y

vyf2 = Vyi2 + 2gy
vye=Vv,2+2gy

= \/(vi sin 0)2 + 2gy

= \/((15.0 m/s)(sin 20.0°))2 + (2)(9.80 m/s2)(28 m)

=24.0 m/s
Now use Vs =V, t gtto find t.
¢ = Vit~ Vyi

g
_ Yy~ v;siné
g

Physics: Principles and Problems
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Chapter 6 continued

11.

_ 2.40 m/s — (15.0 m/s)(sin 20.0°)
9.80 m/s2

=192s
X =V,;t
= (v; cos 0)(t)
= (15.0 m/s)(cos 20.0°)(1.92 s)
=271m

Critical Thinking Suppose that an object is thrown with the same initial
velocity and direction on Earth and on the Moon, where g is one-sixth that on

Earth. How will the following quantities change?
a. v,
will not change

b. the object’s time of flight
—2v

will be larger; t = —Y
C. ymax

will be larger
d. R

will be larger

Practice Problems

6.2

Circular Motion
pages 153-156

page 156

12.

13.

A runner moving at a speed of 8.8 m/s rounds a bend with a radius of 25 m.
What is the centripetal acceleration of the runner, and what agent exerts force on
the runner?

2 2
a.= VT = %)— = 3.1 m/s?, the frictional force of the track acting on

the runner’s shoes exerts the force on the runner.

A car racing on a flat track travels at 22 m/s around a curve with a 56-m radius.
Find the car’s centripetal acceleration. What minimum coefficient of static friction
between the tires and road is necessary for the car to round the curve without
slipping?
2 2
=V_=M)_=8_6m/sz
¢ r 56 m
Recall F; = uFy. The friction force must supply the centripetal force so
F; = ma_. The normal force is Fy = —mg. The coefficient of friction must
be at least

Ff_mac_ac_ 8.6 m/s? _
r= Fy mg g 9.80 m/s? =0.88

Physics: Principles and Problems Solutions Manual
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14.

15.

An airplane traveling at 201 m/s makes a
turn. What is the smallest radius of the
circular path (in km) that the pilot can
make and keep the centripetal acceleration
under 5.0 m/s2?

_ vz _ vz _ (201 m/s)?
a.=-,,sor= a = somis2 8.1 km
A 45-kg merry-go-round worker stands on 18.

the ride’s platform 6.3 m from the center.
If her speed as she goes around the circle
is 4.1 m/s, what is the force of friction
necessary to keep her from falling off the
platform?

2 2
mv~< _ (45 kg)(4.1 m/s)* _ 120 N
6.3 m

F=F, =

c r

Section Review

6.2 Circular Motion 19.
pages 153-156
page 156

16.

17.

Uniform Circular Motion What is the
direction of the force that acts on the
clothes in the spin cycle of a washing
machine? What exerts the force?

The force is toward the center of the tub.
The walls of the tub exert the force on
the clothes. Of course, the whole point is
that some of the water in the clothes
goes out through holes in the wall of the
tub rather than moving toward the center.

Free-Body Diagram You are sitting in the
backseat of a car going around a curve to the
right. Sketch motion and free-body diagrams
to answer the following questions.

20.
a
—-
e ———

a. What is the direction of your
acceleration?
Your body is accelerated to the
right.

120 Solutions Manual

b. What is the direction of the net force
that is acting on you?
The net force acting on your body is
to the right

c. What exerts this force?

The force is exerted by the car’s
seat.

Centripetal Force If a 40.0-g stone is
whirled horizontally on the end of a
0.60-m string at a speed of 2.2 m/s, what is
the tension in the string?

F; = ma,
_ mv?
r
_ (0.0400 kg)(22 ms)?
0.60 m
=0.32 N

Centripetal Acceleration A newspaper
article states that when turning a corner,
a driver must be careful to balance the
centripetal and centrifugal forces to keep
from skidding. Write a letter to the editor
that critiques this article.

The letter should state that there is an
acceleration because the direction of
the velocity is changing; therefore,
there must be a net force in the direc-
tion of the center of the circle. The road
supplies that force and the friction
between the road and the tires allows
the force to be exerted on the tires. The
car’s seat exerts the force on the driver
that accelerates him or her toward the
center of the circle. The note also
should make it clear that centrifugal
force is not a real force.

Centripetal Force A bowling ball has a
mass of 7.3 kg. If you move it around a
circle with a radius of 0.75 m at a speed
of 2.5 m/s, what force would you have to
exert on it?

Fnet = mac

mv?2
r

Physics: Principles and Problems
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Chapter 6 continued

_ (7.3 kg)(2.5 m/s)?
B 0.75m

=61N

21. Critical Thinking Because of Earth’s daily
rotation, you always move with uniform
circular motion. What is the agent that
supplies the force that accelerates you?
How does this motion affect your apparent
weight?

Earth’s gravity supplies the force that
accelerates you in circular motion. Your
uniform circular motion decreases your
apparent weight.

Practice Problems

6.3 Relative Velocity

pages 157-159
page 159
22. You are riding in a bus moving slowly
through heavy traffic at 2.0 m/s. You hurry
to the front of the bus at 4.0 m/s relative to
the bus. What is your speed relative to the
street?

Vyig = Vbig T Vyib

=2.0m/s + 4.0 m/s
= 6.0 m/s relative to street

23. Rafi is pulling a toy wagon through the
neighborhood at a speed of 0.75 m/s.
A caterpillar in the wagon is crawling
toward the rear of the wagon at a rate of
2.0 cm/s. What is the caterpillar’s velocity
relative to the ground?

Veig = Vwig T Veiw
=0.75 m/s — 0.02 m/s
=0.73 m/s

24. A boat is rowed directly upriver at a speed
of 2.5 m/s relative to the water. Viewers on
the shore see that the boat is moving at
only 0.5 m/s relative to the shore. What is
the speed of the river? Is it moving with or
against the boat?

Vbig = Vow T Vwigs

Physics: Principles and Problems

SO, Vwig = Ybig ~ Vbiw
=0.5m/s — 2.5 m/s
= 2.0 m/s; against the boat

25. An airplane flies due north at 150 km/h relative
to the air. There is a wind blowing at 75 km/h
to the east relative to the ground. What is the
plane’s speed relative to the ground?

v="YV vp2 + v, 2
= V(150 km/h)2 + (75 km/h)2
= 1.7X102 km/h

Section Review

6.3 Relative Velocity
pages 157-159

page 159

26. Relative Velocity A fishing boat with a
maximum speed of 3 m/s relative to the
water is in a river that is flowing at 2 m/s.
What is the maximum speed the boat can
obtain relative to the shore? The minimum
speed? Give the direction of the boat, rela-
tive to the river’s current, for the maximum
speed and the minimum speed relative to
the shore.

The maximum speed relative to the
shore is when the boat moves at maxi-
mum speed in the same direction as
the river’s flow:
Vois = Voiw T Vs

=3mls +2mls

=5mls
The minimum speed relative to the
shore is when the boat moves in the
opposite direction of the river’s flow
with the same speed as the river:
Vbis = Vow T Vwis

=3 mls + (—2 mls)

=1mls
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27. Relative Velocity of a Boat A powerboat heads due northwest at 13 m/s relative
to the water across a river that flows due north at 5.0 m/s. What is the velocity
(both magnitude and direction) of the motorboat relative to the shore?

/o 2 2
VR= V VRN T VRw

= V(vpy + Vi) + (Vi + Ve)?

=V/(v, sin 6 + v,)2 + (v, cos 6)?

= \/((13 m/s)(sin 45°) + 5.0 m/s)? + ((13 m/s)(cos 45°))2 = 17 m/s
0= tan_1(—VRW)
VRN
Vv, cos 0 )

= tan_1(.—
Vpsin 6 + v,

— tan-1 (13 m/s)(cos 45°)
—an ((3 m/s)(sin 45°) + 5.0 m/s)

=33°
vk = 17 m/s, 33° west of north
28. Relative Velocity An airplane flies due south at 175 km/h relative to the air.

There is a wind blowing at 85 km/h to the east relative to the ground. What are
the plane’s speed and direction relative to the ground?

vo = V(175 km/h)2 + (85 km/h)2 = 190 km/h
R ( )<+ ( )

175 km/h
85 km/h

vk = 190 km/h, 64° south of east

0= tan—1( ) = 64°

29. A Plane’s Relative Velocity An airplane flies due north at 235 km/h relative to
the air. There is a wind blowing at 65 km/h to the northeast relative to the
ground. What are the plane’s speed and direction relative to the ground?

/o 2 2
VR = VVRg“ t+ VRN

= VAV + Vag)? + (Von + Viun)?

=V/(v,, cos 6)2 + (v, + v, Sin 6)?

= \/((65 km/h)(cos 45°))2 + (235 km/h + (65 km/h)(sin 45°))2 = 280 km/h

6= tan‘1(ﬂ)
VRE

Vo + v,sin @ )

= tan—1
tan ( v, cos 6

—t an_1< 235 km/h + (65 km/h)(sin 45°) )

(65 km/h)(cos 45°)

= 72° north of east
280 km/h, 72° north of east
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Chapter 6 continued

30. Relative Velocity An airplane has a speed of 285 km/h relative to the air. There
is a wind blowing at 95 km/h at 30.0° north of east relative to Earth. In which
direction should the plane head to land at an airport due north of its present
location? What is the plane’s speed relative to the ground?

To travel north, the east components must be equal and opposite.

V,
w
cos 6, = LT . so
VoR

v
_ w
6, = cos 1(L)
VoR
Vg COS 6, )
VoR

(95 km/h)(cos 30.0°) )
285 km/h

= cos‘1(

= cos_1(

= 73° north of west

=V, sin Op + v, siné,,

= (285 km/h)(sin 107°) + (95 km/h)(sin 30.0°)
=320 km/h

31. Critical Thinking You are piloting a boat across a fast-moving river. You want to
reach a pier directly opposite your starting point. Describe how you would navigate
the boat in terms of the components of your velocity relative to the water.

You should choose the component of your velocity along the direction of
the river to be equal and opposite to the velocity of the river.

Chapter Assessment

Concept Mapping

page 164

32. Use the following terms to complete the concept map below: constant speed,
horizontal part of projectile motion, constant acceleration, relative-velocity motion,
uniform circular motion.

Categories of Motion

constant constant constant
acceleration velocity speed

vertical part horizontal
of projectile part of projectile
motion motion

uniform circular
motion

relative-velocity
motion

Physics: Principles and Problems Solutions Manual
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Mastering Concepts
page 164
33. Consider the trajectory of the cannonball shown in Figure 6-11. (6.1)

m Figure 6-11

Up is positive, down is negative.

a. Where is the magnitude of the vertical-velocity component largest?
The greatest vertical velocity occurs at point A.

b. Where is the magnitude of the horizontal-velocity component largest?

Neglecting air resistance, the horizontal velocity at all points is the
same. Horizontal velocity is constant and independent of vertical
velocity.

c. Where is the vertical-velocity smallest?
The least vertical velocity occurs at point E.
d. Where is the magnitude of the acceleration smallest?
The magnitude of the acceleration is the same everywhere.

34. A student is playing with a radio-controlled race car on the balcony of a sixth-
floor apartment. An accidental turn sends the car through the railing and over
the edge of the balcony. Does the time it takes the car to fall depend upon the
speed it had when it left the balcony? (6.1)

No, the horizontal component of motion does not affect the vertical
component.

35. An airplane pilot flying at constant velocity and altitude drops a heavy crate.
Ignoring air resistance, where will the plane be relative to the crate when the
crate hits the ground? Draw the path of the crate as seen by an observer on the
ground. (6.1)

The plane will be directly over the crate when the crate hits the ground.
Both have the same horizontal velocity. The crate will look like it is
moving horizontally while falling vertically to an observer on the ground.

36. Can you go around a curve with the following accelerations? Explain.
a. zero acceleration

No, going around a curve causes a change in direction of velocity.
Thus, the acceleration cannot be zero.

b. constant acceleration (6.2)

No, the magnitude of the acceleration may be constant, but the
direction of the acceleration changes.
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Chapter 6 continued

37

38.

39.

To obtain uniform circular motion, how
must the net force depend on the speed
of the moving object? (6.2)

Circular motion results when the
direction of the force is constantly
perpendicular to the instantaneous
velocity of the object.

If you whirl a yo-yo about your head in a
horizontal circle, in what direction must a
force act on the yo-yo? What exerts the
force? (6.2)

The force is along the string toward the
center of the circle that the yo-yo fol-
lows. The string exerts the force.

Why is it that a car traveling in the opposite
direction as the car in which you are riding
on the freeway often looks like it is moving
faster than the speed limit? (6.3)

The magnitude of the relative velocity
of that car to your car can be found by
adding the magnitudes of the two cars’
velocities together. Since each car
probably is moving at close to the
speed limit, the resulting relative veloci-
ty will be larger than the posted speed
limit.

Applying Concepts
pages 164-165

40.

Projectile Motion Analyze how horizontal
motion can be uniform while vertical
motion is accelerated. How will projectile
motion be affected when drag due to air
resistance is taken into consideration?

The horizontal motion is uniform
because there are no forces acting in
that direction (ignoring friction). The
vertical motion is accelerated due to
the force of gravity. The projectile
motion equations in this book do not
hold when friction is taken into
account. Projectile motion in both
directions will be impacted when
drag due to air resistance is taken
into consideration. There will be a
friction force opposing the motion.

Physics: Principles and Problems

41.

42,

43.

44,

Baseball A batter hits a pop-up straight
up over home plate at an initial velocity
of 20 m/s. The ball is caught by the catcher
at the same height that it was hit. At what
velocity does the ball land in the catcher’s
mitt? Neglect air resistance.

—20 m/s, where the negative sign
indicates down

Fastball In baseball, a fastball takes about
1
2
pitch is thrown horizontally, compare the

s to reach the plate. Assuming that such a

distance the ball falls in the first % s with

the distance it falls in the second % S.

Because of the acceleration due to grav-
ity, the baseball falls a greater distance

during the second % s than during the
first % s.

You throw a rock horizontally. In a second
horizontal throw, you throw the rock harder
and give it even more speed.

a. How will the time it takes the rock to
hit the ground be affected? Ignore air
resistance.

The time does not change—the time it
takes to hit the ground depends only
on vertical velocities and accelera-
tion.

b. How will the increased speed affect the
distance from where the rock left your
hand to where the rock hits the ground?

A higher horizontal speed produces
a longer horizontal distance.

Field Biology A zoologist standing on a
cliff aims a tranquilizer gun at a monkey
hanging from a distant tree branch. The
barrel of the gun is horizontal. Just as the
zoologist pulls the trigger, the monkey lets
go and begins to fall. Will the dart hit the
monkey? Ignore air resistance.

Yes, in fact, the monkey would be safe if
it did not let go of the branch. The verti-
cal acceleration of the dart is the same
as that of the monkey. Therefore, the
dart is at the same vertical height when
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45,

46.

47.

48.

it reaches the monkey.

Football A quarterback throws a football
at 24 m/s at a 45° angle. If it takes the ball
3.0 s to reach the top of its path and the
ball is caught at the same height at which it
is thrown, how long is it in the air? Ignore
air resistance.

6.0 s: 3.0 s up and 3.0 s down

Track and Field You are working on
improving your performance in the long
jump and believe that the information in
this chapter can help. Does the height that
you reach make any difference to your jump?
What influences the length of your jump?

Both speed and angle of launch matter,
so height does make a difference.
Maximum range is achieved when the
resultant velocity has equal vertical and
horizontal components—in other words,
a launch angle of 45°. For this reason,
height and speed affect the range.

Imagine that you are sitting in a car tossing
a ball straight up into the air.

a. If the car is moving at a constant velocity,
will the ball land in front of, behind, or
in your hand?

The ball will land in your hand
because you, the ball, and the car
all are moving forward with the
same speed.

b. If the car rounds a curve at a constant
speed, where will the ball land?

The ball will land beside you, toward
the outside of the curve. A top view
would show the ball moving straight
while you and the car moved out
from under the ball.

You swing one yo-yo around your head in a
horizontal circle. Then you swing another
yo-yo with twice the mass of the first one,
but you don't change the length of the
string or the period. How do the tensions in
the strings differ?

The tension in the string is doubled
since F; = ma,.

126 Solutions Manual

Physics: Principles and Problems

up ‘saruedwo)) [[TH-MBIDIW Y], JO UOISIAIP € ‘[[IH-MBIDIWN/200U3[D) o WS1kdoD



Copyright © Glencoe/McGraw-Hill, a division of The McGraw-Hill Companies, Inc.
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49. Car Racing The curves on a race track are
banked to make it easier for cars to go
around the curves at high speeds. Draw a
free-body diagram of a car on a banked
curve. From the motion diagram, find the
direction of the acceleration.

Front View Top View

VZAW
Fy \v1
Av
/ V2 ~=
F

9
0

The acceleration is directed toward the
center of the track.

a. What exerts the force in the direction of
the acceleration?

The component of the normal force
acting toward the center of the
curve, and depending on the car’s
speed, the component of the friction
force acting toward the center, both
contribute to the net force in the
direction of acceleration.

b. Can you have such a force without
friction?
Yes, the centripetal acceleration need
only be due to the normal force.

50. Driving on the Highway Explain why it is
that when you pass a car going in the same
direction as you on the freeway, it takes a
longer time than when you pass a car going
in the opposite direction.

The relative speed of two cars going in
the same direction is less than the rela-
tive speed of two cars going in the
opposite direction. Passing with the
lesser relative speed will take longer.

Mastering Problems

6.1 Projectile Motion

page 165

Level 1

51. You accidentally throw your car keys
horizontally at 8.0 m/s from a cliff 64-m

high. How far from the base of the cliff
Physics: Principles and Problems

52.

53.

should you look for the keys?
y=v,t- % gt?
Since initial vertical velocity is zero,
t= —2y _ [(=2)(—64 m)
vV g 9.80 m/s?

=3.6s
x =v,t=(8.0 m/s)(3.6) =28.8 m

=29 m

The toy car in Figure 6-12 runs off the edge
of a table that is 1.225-m high. The car
lands 0.400 m from the base of the table.

0.400 m

m Figure 6-12

a. How long did it take the car to fall?
1
y = vyt — 5 gt?

Since initial vertical velocity is zero,

(= [~2v _ [(z2)(=1.225m)
g 9.80 m/s?2

=0.500 s
b. How fast was the car going on the table?
v, =X = 0400m _ ¢ 550 mys

X"t 0.500s

A dart player throws a dart horizontally at
12.4 m/s. The dart hits the board 0.32 m
below the height from which it was thrown.
How far away is the player from the board?

1
y =Vt — 5gt?

and because initial velocity is zero,
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54.

— /(=2)(=0.32 m)
vV 9.80 m/s?
=0.26s
Now x = v, t

= (12.4 m/s)(0.26 s)
=3.2m

The two baseballs in Figure 6-13 were hit
with the same speed, 25 m/s. Draw separate
graphs of y versus t and x versus ¢ for each
ball.

A

YA

N0 - B T
E o4
s ol

w#y—xA=x3—»|
iy,

m Figure 6-13

Vertical v. Time

25
~ 20 ,/5°° N\
ELl / \
— 15
50/ \
£ 10
()
> 5 /200
14 \
0 1 2 3 4 5
Time (s)
Horizontal v. Time
80
£ 60 >
E 40 30;/ /
S ///60o
!6 20 / /
0
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55. Swimming You took a running leap off a

high-diving platform. You were running at
2.8 m/s and hit the water 2.6 s later. How
high was the platform, and how far from
the edge of the platform did you hit the
water? Ignore air resistance.

1
y=v,t— 5 gt?

0(2.6 s) —%(9.80 m/s2)(2.6 s)?

= —33 m, so the platform is 33 m high
=V, t= (2.8 m/s)(2.6 s) =73 m

X
|

Level 2
56. Archery An arrow is shot at 30.0° above

the horizontal. Its velocity is 49 m/s, and it

hits the target.

a. What is the maximum height the arrow
will attain?

vy2 = vyi2 — 2gd

At the high point vy = 0, so
2
d= (on)
2g
(v; sin 6)?
29

((49 m/s)(sin 30.0°))2
(2)(9.80 m/s?)
=31m

b. The target is at the height from which
the arrow was shot. How far away is it?

1
y=vyet— Egt2

but the arrow lands at the same
height, so

y=0and0=v, - %gt

sot=0or
¢ 2vy;
g
_ 2v; sin 0
g
_ (2)(49 m/s)(sin 30.0°)
9.80 m/s2
=50s

Physics: Principles and Problems
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and x = v, t
= (v; cos 0)(t)
= (49 m/s)(cos 30.0°)(5.0 s)
=2.1X102m

57. Hitting a Home Run A pitched ball is hit

by a batter at a 45° angle and just clears the
outfield fence, 98 m away. If the fence is at
the same height as the pitch, find the velocity
of the ball when it left the bat. Ignore air
resistance.

The components of the initial velocity
are v, = v; cos 6; and Vi =V sin 6,
Now x = v, t = (v; cos 6))t, so

LCony
t= v; cos 6,

1
Andy =vt - Egtz, buty =0, so
= -1
0=(v,;— yot)t
- _Aat=
sot=0orv,— 5,9gt=0

From above

. 1 X _
V; sin 0i - EQ(W) =0
Multiplying by v; cos 6, gives

v{2 sin 6, cos 6; — %gx =0

_ gx
so vi? = (2)(sin 8;)(cos 6))

_ gx
thus, v; = \/ (2)(sin 6,)(cos 6

_ [ (9.80 m/s?)(98 m)
~ V (2)(sin 45°)(cos 45°)

= 31 m/s at 45°

Level 3
58. At-Sea Rescue An airplane traveling 1001 m

above the ocean at 125 km/h is going to
drop a box of supplies to shipwrecked
victims below.

a. How many seconds before the plane is
directly overhead should the box be
dropped?

1
y=vyit— 5gt?

Physics: Principles and Problems

59.

60.

but Vyi = 0, so

= |=2v
f g
_ [(=2)(=1001 m)

9.80 m/s2
=143s

b. What is the horizontal distance between
the plane and the victims when the box
is dropped?

X = th
3 1h \/1000 m
= (125 km’h)< 3600s \ 1 km )
(14.3 s)
=497 m

Diving Divers in Acapulco dive from a cliff
that is 61 m high. If the rocks below the
cliff extend outward for 23 m, what is the
minimum horizontal velocity a diver must
have to clear the rocks?

1
y=v,t— 5gt?

and since Vyi = 0,
(= [~2v
g
_ [(=2)(-61m)
9.80 m/s?

=3.53s
x=v,t
ve=%
_ 23m
3.53s
=6.5m/s

Jump Shot A basketball player is trying to
make a half-court jump shot and releases the
ball at the height of the basket. Assuming
that the ball is launched at 51.0°, 14.0 m
from the basket, what speed must the player
give the ball?

The components of the initial velocity
are v,; = v; cos ¢; and Vi =V sin 6;

Now x = v, ;t = (v; cos 6,)t, so
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—__ X
v; cos 6;

And y = vt — %gtz, buty =0, so
= _1

0= (vyi 2 gt)t

_ _ 142 =
sot—Oorvyi 2gt =0
From above

. 1 X
Vo sin 6, — fg(—vi cos oi) =0
Multiplying by v; cos 6, gives
v;(sin 6;)(cos ;) — %gx =0

Sov;= \/ (2)(sin 6;)(cos 6;)

_ \/ (9.80 m/s2)(14.0 m)
~ v (2)(sin 51.0°)(cos 51.0°)

=11.8 m/s

6.2 Circular Motion

page 166

Level 1

61. Car Racing A 615-kg racing car completes
one lap in 14.3 s around a circular track
with a radius of 50.0 m. The car moves at a
constant speed.

a. What is the acceleration of the car?

_v2
ac— r

_ Axw?r
=5

_ 47%(50.0 m)
T (14.3 5)?

= 9.59 m/s?

b. What force must the track exert on the
tires to produce this acceleration?

F. = ma_ = (615 kg)(9.59 m/s?)
= 5.90%103 N
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62. Hammer Throw An athlete whirls a
7.00-kg hammer 1.8 m from the axis of
rotation in a horizontal circle, as shown in
Figure 6-14. If the hammer makes one rev-
olution in 1.0 s, what is the centripetal
acceleration of the hammer? What is the
tension in the chain?

S =

m Figure 6-14

a, = 411':r
T

_ (47)(1.8 m)
T (1.0s)?

= 71 m/s?

F.=ma_
= (7.00 kg)(71 m/s?)
=5.0X102 N

Level 2

63. A coin is placed on a vinyl stereo record
that is making 33% revolutions per minute
on a turntable.

a. In what direction is the acceleration of
the coin?

The acceleration is toward the
center of the record.
b. Find the magnitude of the acceleration

when the coin is placed 5.0, 10.0, and
15.0 cm from the center of the record.

T=1=- +
f 333 rev/min
= (0.0300 min)( £0s ) —1.80s
min
r=5.0 cm:
_ 4Aw?r
c T2

Physics: Principles and Problems

_ (472)(0.050 m)

18052 = 0.61 m/s?2
r=10.0 cm:
a = 4m?r _ (472)(0.100 m)
¢ T2 (1.80 s)?
= 1.22 m/s?
r=15.0 cm:
a = 4m?r _ (47?)(0.150 m)
¢ T2 (1.80 s)2
= 1.83 m/s?2

c. What force accelerates the coin?

frictional force between coin and
record

d. At which of the three radii in part b
would the coin be most likely to fly off
the turntable? Why?

15.0 cm, the largest radius; the
friction force needed to hold it is
the greatest.

64. A rotating rod that is 15.3 cm long is spun
with its axis through one end of the rod so
that the other end of the rod has a speed of
2010 m/s (4500 mph).

a. What is the centripetal acceleration of
the end of the rod?

vZ (2010 m/s)?

&= 7 T 0453 m

= 2.64X107 m/s2

b. If you were to attach a 1.0-g object to
the end of the rod, what force would be
needed to hold it on the rod?
F.=ma_

= (0.0010 kg)(2.64%x107 m/s?)
=2.6X104N

65. Friction provides the force needed for a car
to travel around a flat, circular race track.
What is the maximum speed at which a car
can safely travel if the radius of the track is
80.0 m and the coefficient of friction is 0.40?

Fc = Ff= p,FN = umg

2 2
But F_, = %, thus % = umg.
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The mass of the car divides out to give
v2 = ugr, so

v=\pugr
= 1/(0.40)(9.80 m/s2)(80.0 m)
=18 m/s
Level 3

66. A carnival clown rides a motorcycle down
a ramp and around a vertical loop. If the
loop has a radius of 18 m, what is the
slowest speed the rider can have at the top
of the loop to avoid falling? Hint: At this
slowest speed, the track exerts no force on the
motorcycle at the top of the loop.

F.=ma_ = Fg = mg, so

a.=g
2

VT =g, S0

v="\gr
=1/(9.80 m/s2)(18 m)
=13 m/s

67. A 75-kg pilot flies a plane in a loop as shown
in Figure 6-15. At the top of the loop, when
the plane is completely upside-down for an
instant, the pilot hangs freely in the seat
and does not push against the seat belt. The
airspeed indicator reads 120 m/s. What is
the radius of the plane’s loop?

Vtang = 120 m/s
<————..|-j“—‘l==ﬂn_ -

4
’ N
4 \
4 \
! \
! 1
! 1
\ 1
\ 1
\ ’
\
N //
N
- — i
—
e = T —
m Figure 6-15

Because the net force is equal to the
weight of the pilot,

F.=ma_ = Fg = mg, so
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2
\"4
a.=gor—-=g
2
SOoOr= v-
g
_ (120 mis)?
9.80 m/s?
=1.5X103m

6.3 Relative Velocity

pages 166-167

Level 1

68. Navigating an Airplane An airplane flies
at 200.0 km/h relative to the air. What is
the velocity of the plane relative to the
ground if it flies during the following wind
conditions?

a. a 50.0-km/h tailwind

Tailwind is in the same direction as
the airplane

200.0 km/h + 50.0 km/h = 250.0 km/h
b. a 50.0-km/h headwind

Head wind is in the opposite direction
of the airplane

200.0 km/h — 50.0 km/h = 150.0 km/h

69. Odina and LaToya are sitting by a river and
decide to have a race. Odina will run down
the shore to a dock, 1.5 km away, then turn
around and run back. LaToya will also race
to the dock and back, but she will row a
boat in the river, which has a current of
2.0 m/s. If Odina’s running speed is equal
to LaToya’s rowing speed in still water,
which is 4.0 m/s, who will win the race?
Assume that they both turn instantaneously.

x=vtsot= X
v

for Odina,
= 3.0X103 m
4.0 m/s
=7.5%X102s

For LaToya (assume against current on
the way to the dock),

X%

£ V2

t=

Physics: Principles and Problems
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— 1.5X103 m 1.5X103 m
4.0 m/s — 2.0 m/s 4.0 m/s + 2.0 m/s
=1.0x103s
Odina wins.

Level 2

70. Crossing a River You row a boat, such as
the one in Figure 6-16, perpendicular to
the shore of a river that flows at 3.0 m/s.
The velocity of your boat is 4.0 m/s relative
to the water.

m Figure 6-16

a. What is the velocity of your boat relative
to the shore?

Viis = V (V) + (Ve)?

= V(4.0 m/s)? + (3.0 m/s)2
=5.0m/s

6 = tan~"(bx)

wis

— —1( 4.0 m/s)
tan (3.0 m/s

= 53° from shore
b. What is the component of your velocity
parallel to the shore? Perpendicular
to it?
3.0 m/s; 4.0 m/s

71. Studying the Weather A weather station
releases a balloon to measure cloud condi-
tions that rises at a constant 15 m/s relative
to the air, but there is also a wind blowing
at 6.5 m/s toward the west. What are the
magnitude and direction of the velocity of
the balloon?

Vo =V (Vprain)? + (V)2
= V(15 m/s)? + (6.5 m/s)2

=16 mi/s

Physics: Principles and Problems

0= tan_1(m)

air

_ —1( 15 mis )
tan ( 6.5 m/s

= 67° from the horizon toward the west

Level 3

72. Boating You are boating on a river that
flows toward the east. Because of your
knowledge of physics, you head your boat
53° west of north and have a velocity of
6.0 m/s due north relative to the shore.

a. What is the velocity of the current?

V,
tan 6 = ( wis ), so
Vois

Vs = (tan 6)(vy,)
= (tan 53°)(6.0 m/s)

= 8.0 m/s east
b. What is the speed of your boat relative
to the water?
VYbis
Voiw

cos 0 = , SO

v = Ybls
b/w ™ cos 6

— 6.0 m/s
cos 53°

=1.0X10" m/s

73. Air Travel You are piloting a small plane,
and you want to reach an airport 450 km
due south in 3.0 h. A wind is blowing from
the west at 50.0 km/h. What heading and
airspeed should you choose to reach your
destination in time?

d, 450 km

__S= =
vV, = ¢ 3.0 h 150 km/h

S

Vp = /(150 km/h)2 + (50.0 km/h)>2
= 1.6X102 km/h

0= tan—1( Ywind )
Vv,

S

150 km/h
= 18° west of south

— tan_1( 50.0 km/h )

Mixed Review
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page 167
Level 1

74.

75.

76.

Early skeptics of the idea of a rotating Earth said that the fast spin of Earth
would throw people at the equator into space. The radius of Earth is about
6.38 X103 km. Show why this idea is wrong by calculating the following.

a. the speed of a 97-kg person at the equator

_ Ad _ 27 _ 27(6.38X106 m)

v= =
at T (24 h)(36102 s)
=464 m/s
b. the force needed to accelerate the person in the circle
F.=ma_
_mv?
r

_ (97 kg)(464 mis)?
6.38x105 m

=3.3N
c. the weight of the person

Fy=mg
= (97)(9.80 m/s?)
=9.5X102 N

d. the normal force of Earth on the person, that is, the person’s apparent weight
Fy=9.5X102N-3.3N

=9.5X102 N

Firing a Missile An airplane, moving at 375 m/s relative to the ground, fires a
missile forward at a speed of 782 my/s relative to the plane. What is the speed of
the missile relative to the ground?

leg = Vplg + lep

=375 m/s + 782 m/s
= 1157 m/s

Rocketry A rocket in outer space that is moving at a speed of 1.25 km/s relative
to an observer fires its motor. Hot gases are expelled out the back at 2.75 km/s
relative to the rocket. What is the speed of the gases relative to the observer?

Vgio = Vrio T Vgir

1.25 km/s + (—2.75 km/s) = —1.50 km/s

Level 2

77.

134 Solutions Manual

Two dogs, initially separated by 500.0 m, are running towards each other, each
moving with a constant speed of 2.5 m/s. A dragonfly, moving with a constant
speed of 3.0 m/s, flies from the nose of one dog to the other, then turns around

Physics: Principles and Problems
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Chapter 6 continued

instantaneously and flies back to the other
dog. It continues to fly back and forth until
the dogs run into each other. What distance
does the dragonfly fly during this time?

The dogs will meet in

500.0 m
5.0 m/s

The dragonfly flies
(3.0 m/s)(1.0x102 s) = 3.0X102 m.

=1.0X102s

78. A 1.13-kg ball is swung vertically from a
0.50-m cord in uniform circular motion
at a speed of 2.4 m/s. What is the tension in
the cord at the bottom of the ball’'s motion?

Fr=Fy+F,

=mg+ = —

= (1.13 kg)(9.80 m/s2) +

(1.13 kg)(2.4 m/s)?
0.50 m

=24 N

79. Banked Roads Curves on roads often are
banked to help prevent cars from slipping
off the road. If the posted speed limit for a
particular curve of radius 36.0 m is 15.7 m/s
(35 mph), at what angle should the road be
banked so that cars will stay on a circular
path even if there were no friction between
the road and the tires? If the speed limit was
increased to 20.1 m/s (45 mph), at what
angle should the road be banked?

Physics: Principles and Problems

For 35 mph:
F.=Fq4

2
mv .
T cos 6 = mg sin 0

2 -
vz —g(—s'"0)=gtan0

r ~ J\cos#@

2
0= tan_1(v—)
gr

_ tan_1( (15.7 m/s)? )

(9.80 m/s2)(56.0 m)
= 34.9°
For 45 mph:

2
0= tan_1(v—)
gr

(20.1 m/s)? )
(9.80 m/s2)(36.0 m)

= tan‘1(
= 48.9°

Level 3
80. The 1.45-kg ball in Figure 6-17 is

P -~__ suspended
SO }\14.00_,,/ from a 0.80-

o ' m string
and

swung in a
m Figure 6-17 horizontal
circle at a constant
speed such that the string makes an angle
of 14.0° with the vertical.

a. What is the tension in the string?
F;cos § = mg

=_mg
so Fq cos 6
_ (1.45 m/s)(9.80 m/s?)
cos 14.0°
=14.6 N
b. What is the speed of the ball?
2
F.=F;sing= —m;' = Fq=Frcos
6 = mg

FTsinG _ mv?2
Frcos 6  rmg

2
ortan g ==
rg
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81.

82.

136 Solutions Manual

sov="Vrgtan@

= 1/(0.80 m)(9.80 m/s2)(tan 14.0°)
=1.4mls

A baseball is hit directly in line with an outfielder at an angle of 35.0° above the
horizontal with an initial velocity of 22.0 m/s. The outfielder starts running as soon
as the ball is hit at a constant velocity of 2.5 m/s and barely catches the ball.
Assuming that the ball is caught at the same height at which it was hit, what was the
initial separation between the hitter and outfielder? Hint: There are two possible
answers.

Ax = vt * th=t(vxii p)
To get ¢,
1
y=vy,t— 59t y=0
= Va2 ¢ =
sovyit— 2gt,t—Oor

-1
Vyi = 29t

_ 2
g
__2y;sin g
g

2v. sin 0
S0 Ax = 'T(in * V)

2v;sin 0
= 'T(vi cosf = v,)

_ ((2)(22.0 m/s)(sin 35.0°))
- 9.80 m/s?

((22.0 m/s)(cos 35.0°) =
2.5 m/s)
=53 m or 4.0x10T m

A Jewel Heist You are serving as a

technical consultant for a locally produced cartoon. In one episode, two crimi-
nals, Shifty and Lefty, have stolen some jewels. Lefty has the jewels when the
police start to chase him, and he runs to the top of

a 60.0-m tall building in his attempt to escape. Meanwhile, Shifty runs to the
convenient hot-air balloon 20.0 m from the base of the building and unteth-
ers it, so it begins to rise at a constant speed. Lefty tosses the bag of jewels
horizontally with a speed of 7.3 m/s just as the balloon

Physics: Principles and Problems
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Chapter 6 continued

begins its ascent. What must the velocity of the balloon be for Shifty to easily
catch the bag?

_ _ X
Ax=v,tsot= _in

- 1 4¢2 -

1
SO AYpag = —zgt2

v — Ay, balloon
balloon t

60.0 m — Aybag
t

60.0 m + 1 gt?

t
. 60.0m 1
=7 tad
_ _60.0m 1 _ x
- X + ngxi

x>

(60.0 m)v,; 4 9
X 2v,;

(60.0 m)(7.3 m/s) +
(20.0 m)

(—9.80 m/s)(20.0 m)
2(7.3 m/s)

=8.5m/s

Thinking Critically

page 168

83. Apply Concepts Consider a roller-coaster loop like the one in Figure 6-18. Are
the cars traveling through the loop in uniform circular motion? Explain.

m Figure 6-18

The vertical gravitational force changes the speed of the cars, so the
motion is not uniform circular motion.

84. Use Numbers A 3-point jump shot is released 2.2 m above the ground and

6.02 m from the basket. The basket is 3.05 m above the floor. For launch angles
of 30.0° and 60.0°, find the speed the ball needs to be thrown to make the basket.

Physics: Principles and Problems Solutions Manual
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= =X -__ X
x=v,t sot v~ V,cos 6

1
Ay = v t— Egt2

. X 1 X 2
visin e(vi cos 0) 2 ‘q(vi cos 0)
gx?
2v(cos 6)?

=_X | g
SOVi= Cos o 2((tan 9)x — Ay)

For 6 = 30.0°
_( 6.02

‘ﬁ,_} %os 3
9.80 m/s2 0.0°

x tan 6 —

02 m) — (3.05 m — 2.2 m))

=9.5mls

For 6 = 60.0°
_( 6.02

‘fim_)(fos 6 —9.80 m/s?

0.0°/V 2((tan 60°(6.02 m) — (3.05 m — 2.2 m))
= 8.6 m/s

85. Analyze For which angle in problem 84 is
it more important that the player
get the speed right? To explore this ques-
tion, vary the speed at each angle by
5 percent and find the change in the range
of the attempted shot.

Varying speed by 5 percent at 30.0°
changes R by about 0.90 m in either
direction. At 60.0° it changes R by only
about 0.65 m. Thus, the high launch
angle is less sensitive to speed varia-
tions.

86. Apply Computers and Calculators A base-
ball player hits a belt-high (1.0 m) fastball
down the left-field line. The ball is hit with an
initial velocity of 42.0 m/s at 26°. The left-field
wall is 96.0 m from home plate at the foul
pole and is 14-m high. Write the equation for
the height of the ball, y, as a function of its
distance from home plate, x. Use a computer
or graphing calculator to plot the path of the
ball. Trace along the path to find how high
above the ground the ball is when it is at the
wall.

138 Solutions Manual

a. Is the hit a home run?
Yes, the hit is a home run; the ball
clears the wall by 2.1 m.

b. What is the minimum speed at which
the ball could be hit and clear the wall?

v.=_X \/ g9
I cos 6V 2((tan 0) x — Ay)
_ (96.0

m ) \cos 2 8o m/s?
6°/V (2)((tan 26°)(96.0 m) — 13 m)

=41 mls

c. If the initial velocity of the ball is 42.0
m/s, for what range of angles will the
ball go over the wall?

For the ball to go over the wall, the
range of angles needs to be 25°— 70°.

87. Analyze Albert Einstein showed that the
rule you learned for the addition of veloci-
ties does not work for objects moving near
the speed of light. For example, if a rocket
moving at velocity v, releases a missile that
has velocity vy relative to the rocket, then
the velocity of the missile relative to an
observer that is at rest is given by v = (v, +
vg)/(1 + vyvg/c?), where c is the speed of
light, 3.00x 108 m/s. This formula gives the
correct values for objects moving at slow
speeds as well. Suppose a rocket moving at
11 km/s shoots a laser beam out in front of
it. What speed would an unmoving observ-
er find for the laser light? Suppose that a
rocket moves at a speed ¢/2, half the speed
of light, and shoots a missile forward at a
speed of ¢/2 relative to the rocket. How fast
would the missile be moving relative to a
fixed observer?

Vi = (Vrlo + Vllr)
llo — Vito + Vair
(1 + c2 )

1.1x10% m/s + 3.00x108 m/s
(1.1x10% m/s)(3.00%x108 m/s)
(3.00%108 m/s)?

= 3.0X108 m/s

1+

v — Viio T Vinir
m/o V..V

1+ r/lo” mir
2
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88. Analyze and Conclude A ball on a light

string moves in a vertical circle. Analyze and
describe the motion of this system. Be sure
to consider the effects of gravity and ten-
sion. Is this system in uniform circular
motion? Explain your answer.

It is not uniform circular motion.
Gravity increases the speed of the ball
when it moves downward and reduces
the speed when it is moving upward.
Therefore, the centripetal acceleration
needed to keep it moving in a circle
will be larger at the bottom and small-
er at the top of the circle. At the top,
tension and gravity are in the same
direction, so the tension needed will
be even smaller. At the bottom, gravity

Physics: Principles and Problems

is outward while the tension is inward.
Thus, the tension exerted by the string
must be even larger.

Writing in Physics
page 168

89.

90.

Roller Coasters If you take a look at verti-
cal loops on roller coasters, you will notice
that most of them are not circular in shape.
Research why this is so and explain the

physics behind this decision by the coaster

engineers.

2
Answers will vary. Since F_ = m;’ ,as v

decreases due to gravity when going
uphill, r is reduced to keep the force
constant.

Many amusement-park rides utilize cen-
tripetal acceleration to create thrills for
the park’s customers. Choose two rides
other than roller coasters that involve
circular motion and explain how the
physics of circular motion creates the
sensations for the riders.
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CHAPTER

ll/— Gravitation

y —————

Practice Problems

7.1 Planetary Motion and Gravitation
pages 171-178
page 174
1. If Ganymede, one of Jupiter's moons, has a period of 32 days, how many units
are there in its orbital radius? Use the information given in Example Problem 1.

(3 - (o

_ 3 13/ 32 days \2
'e \/(4'2 units) ( 1.8 days )

= \/23.4%103 units3
= 29 units

2. An asteroid revolves around the Sun with a mean orbital radius twice that of
Earth'’s. Predict the period of the asteroid in Earth years.

T \2 r,\3 .
(—a) = (r_a) with r, = 2rg

Te E
r. \3
n= (&)
2 3
= (i) (1_0y)2
re
=28y

3. From Table 7-1, on page 173, you can find that, on average, Mars is 1.52 times as
far from the Sun as Earth is. Predict the time required for Mars to orbit the Sun
in Earth days.

Tw\2 _ (w3 .. _
(T—E) = (E) with ry, = 1.52r

3 1.52r-\3
Thus, Ty, = \/(%"") T2 = \/( : ’E> (365 days)?
E E

= \/4.68X105 days?
= 684 days

4. The Moon has a period of 27.3 days and a mean distance of 3.90X10° km from
the center of Earth.

a. Use Kepler's laws to find the period of a satellite in orbit 6.70x103 km from
the center of Earth.

-

Physics: Principles and Problems Solutions Manual
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r. \3
o= (e

_ /(6.70x103 km |3 2
= \/(3.90x1o5 km) (27.3 days)
=1/3.78x10-3 days?

= 6.15X10~2 days = 88.6 min

b. How far above Earth’s surface is this satellite?

h=g—@
= 6.70X106 m — 6.38%X10 m

=3.2X105m
= 3.2X102 km
5. Using the data in the previous problem for the period and radius of revolution

of the Moon, predict what the mean distance from Earth's center would be for an
artificial satellite that has a period of exactly 1.00 day.

G -
r.= \3/ rM3(TL;>2 = \3/ (3.90x105 km)3(—L1-°° da S>2

s 27.3 days
= V/7.96x1013 km3

= 4.30%X104 km

Section Review

7.1 Planetary Motion and Gravitation
pages 171-178

page 178
6. Neptune's Orbital Period Neptune orbits the Sun with
an orbital radius of 4.495% 102 m, which allows gases,
such as methane, to condense and form an atmosphere,
as shown in Figure 7-8. If the mass of the Sun is
1.99%x 1030 kg, calculate the period of Neptune’s orbit.

T=27/|-1
- em Gmg

(4.495%1012 m)3 m Figure 7-8
= 2m, ] (6.67x10~11 N-m2/kg?)(1.99x10% kg)

= 5.20X10% s = 6.02%x10° days

7. Gravity If Earth began to shrink, but its mass remained the same, what would
happen to the value of g on Earth’s surface?

The value of g would increase.

142 Solutions Manual Physics: Principles and Problems
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8.

10.

11.

Gravitational Force What is the gravitational force between two 15-kg packages
that are 35 cm apart? What fraction is this of the weight of one package?

_ . mgm
_ (6.67x10~"" N-mZkg?)(15 kg)?
(0.35 m)2
=1.2X10"7 N

Because the weight is mg = 147 N, the gravitational force is 8.2x10~10 or
0.82 parts per billion of the weight.

Universal Gravitational Constant Cavendish did his experiment using lead
spheres. Suppose he had replaced the lead spheres with copper spheres of equal
mass. Would his value of G be the same or different? Explain.

It would be the same, because the same value of G has been used
successfully to describe the attraction of bodies having diverse chemical
compositions: the Sun (a star), the planets, and satellites.

Laws or Theories? Kepler's three statements and Newton's equation for
gravitational attraction are called “laws.” Were they ever theories? Will they ever
become theories?

No. A scientific law is a statement of what has been observed to happen
many times. A theory explains scientific results. None of these statements
offers explanations for why the motion of planets are as they are or for
why gravitational attraction acts as it does.

Critical Thinking Picking up a rock requires less effort on the Moon than on
Earth.

a. How will the weaker gravitational force on the Moon's surface affect the path
of the rock if it is thrown horizontally?

Horizontal throwing requires the same effort because the inertial
character, F = ma, of the rock is involved. The mass of the rock
depends only on the amount of matter in the rock, not on its location
in the universe. The path would still be a parabola, but it could be
much wider because the rock would go farther before it hits the
ground, given the smaller acceleration rate and longer time of flight.

b. If the thrower accidentally drops the rock on her toe, will it hurt more or less
than it would on Earth? Explain.

Assume the rocks would be dropped from the same height on Earth
and on the Moon. It will hurt less because the smaller value of g on
the Moon means that the rock strikes the toe with a smaller velocity
than on Earth.

Physics: Principles and Problems Solutions Manual
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Practice Problems

7.2  Using the Law of Universal of Gravitation
pages 179-185

page 181
For the following problems, assume a circular orbit for all calculations.

12. Suppose that the satellite in Example Problem 2 is moved to an orbit that is
24 km larger in radius than its previous orbit. What would its speed be? Is this
faster or slower than its previous speed?

r=(h+2.40x10*m) + rg
= (2.25%10% m + 2.40%X10* m) + 6.38X105 m = 6.63%10% m

Gmg
r

vV =

_ (6.67x10~ 11 N-m?2/kg?)(5.97 %1024 kg)
6.63X10%m

= 7.75%103 m/s, slower

13. Use Newton'’s thought experiment on the motion of satellites to solve the following.

a. Calculate the speed that a satellite shot from a cannon must have to orbit
Earth 150 km above its surface.

y= |CMe _ |(6.67x10~"" N-m?/kg?)(5.97x102* kg)
r (6.38%105 m + 1.5X10% m)
= 7.8X10% m/s

b. How long, in seconds and minutes, would it take for the satellite to complete
one orbit and return to the cannon?

T= 2,,,\/7 _ 217\/ (6.38x10% m + 1.5x105 m)3
Gmg (6.67x10~ 11 N-m2/kg?)(5.97x1024 kg)

= 5.3%103 s ~ 88 min

14. Use the data for Mercury in Table 7-1 on page 173 to find the following.
a. the speed of a satellite that is in orbit 260 km above Mercury’s surface
Gmy,
r
r=ry,; + 260 km

vV =

= 2.44X10° m + 0.26X10% m
= 2.70X10% m

_ (6.67x10~ 1" N-m?/kg?)(3.30x10%3 kg)
2.70X10% m

= 2.86x10% m/s
b. the period of the satellite

Teom | —on (2.70x106 m)3
Gmy, (6.67x10~ 11 N-m2/kg2)(3.30%1023 kg)

=5.94x103s =1.65 h
144  Solutions Manual Physics: Principles and Problems
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Section Review

7.2  Using the Law of Universal of Gravitation
pages 179-185
page 185
15. Gravitational Fields The Moon is 3.9X10° km from Earth’s center and
1.5X 108 km from the Sun’s center. The masses of Earth and the Sun are
6.0X10%% kg and 2.0x 1039 kg, respectively.

a. Find the ratio of the gravitational fields due to Earth and the Sun at the
center of the Moon.

Gravitational field due to the Sun: g5 = G%
s

Gravitational field due to Earth: g = G%
E

9s _ (&)(rﬁ)
9e mg/\rg?
_ (2.0x10%0 kg)(3.9%10° km)?
(6.0X1024 kg)(1.5x108 km)?2
=23

b. When the Moon is in its third quarter phase, as shown in Figure 7-17, its
direction from Earth is at right angles to the Sun’s direction. What is the net
gravitational field due to the Sun and Earth at the center of the Moon?

Moon

-

Sun ey
Earth
m Figure 7-17

Because the directions are at right angles, the net field is the square
root of the sum of the squares of the two fields.

Gmg
9s= 2
_ (6.67x10~11 N-m%/kg?)(2.0x10% kg)
(1.5%1011 m)2

= 5.9%1073 N/kg
Similarly, gg = 2.6X1073 N/kg

Oret = V(5.9X1073 N/kg)? + (2.6X10~3 N/kg)2
= 6.4X1073 N/kg
16. Gravitational Field The mass of the Moon is 7.3 1022 kg and its radius is
1785 km. What is the strength of the gravitational field on the surface of the Moon?

GM _ (6.67x10~"1 N-m?/kg?)(7.3x10%2 kg)
r2 (1.785x103 m)?

= 1.5 N/kg, about one-sixth that on Earth

g=
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17.

18.

19.

20.

21.

A Satellite’s Mass When the first artificial satellite was launched into orbit by
the former Soviet Union in 1957, U.S. president Dwight D. Eisenhower asked his
scientific advisors to calculate the mass of the satellite. Would they have been
able to make this calculation? Explain.

No. Because the speed and period of the orbit don’t depend at all on the
mass of the satellite, the scientific advisors would not have been able to
calculate the mass of the satellite.

Orbital Period and Speed Two satellites are in circular orbits about Earth. One
is 150 km above the surface, the other 160 km.

a. Which satellite has the larger orbital period?

When the orbital radius is large, the period also will be large. Thus, the
one at 160 km will have the larger period.

b. Which one has the greater speed?

The one at 150 km, because the smaller the orbital radius, the greater
the speed.

Theories and Laws Why is Einstein’s description of gravity called a “theory,”
while Newton’s is a “law?”

Newton’s law describes how to calculate the force between two massive
objects. Einstein’s theory explains how an object, such as Earth, attracts
the Moon.

Weightlessness Chairs in an orbiting spacecraft are weightless. If you were on
board such a spacecraft and you were barefoot, would you stub your toe if you
kicked a chair? Explain.

Yes. The chairs are weightless but not massless. They still have inertia
and can exert contact forces on your toe.

Critical Thinking It is easier to launch a satellite from Earth into an orbit that
circles eastward than it is to launch one that circles westward. Explain.

Earth rotates toward the east, and its velocity adds to the velocity given

to the satellite by the rocket, thereby reducing the velocity that the rocket
must supply.

Chapter Assessment

Concept Mapping
page 190

22,

146 Solutions Manual

Create a concept map using these terms: planets, stars, Newton's law of universal
gravitation, Kepler's first law, Kepler's second law, Kepler’s third law, Einstein’s general
theory of relativity.

Physics: Principles and Problems
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Einstein’s general
theory of relativity

Explains

Newton’s law of
universal gravitation

Supports

Kepler's first Kep'er's second Kepler's third
law law law

Relates periods and
Describes motion of radii of
planets
moving
around

|

Kepler’s first and second laws describe the motion of a single planet.
Kepler’s third law describes the periods versus the orbital radii of all
planets around a star. Newton’s law of universal gravitation supports
Kepler’s laws. Einstein’s theory explains Newton’s and Kepler’s laws.

Mastering Concepts
page 190

23.

24,

In 1609, Galileo looked through his telescope at Jupiter and saw four moons.
The name of one of the moons that he saw is Io. Restate Kepler’s first law for Io
and Jupiter. (7.1)

The path of lo is an ellipse, with Jupiter at one focus.

Earth moves more slowly in its orbit during summer in the northern hemisphere
than it does during winter. Is it closer to the Sun in summer or in winter? (7.1)
Because Earth moves more slowly in its orbit during summer, by Kepler’s

second law, it must be farther from the Sun. Therefore, Earth is closer to
the Sun in the winter months.

Physics: Principles and Problems Solutions Manual
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25.

26.

27.

28.

29.

30.

31.

Is the area swept out per unit of time by
Earth moving around the Sun equal to

the area swept out per unit of time by Mars
moving around the Sun? (7.1)

No. The equality of the area swept out
per unit of time applies to each planet
individually.

Why did Newton think that a force must act
on the Moon? (7.1)

Newton knew that the Moon followed
a curved path; therefore, it was
accelerated. He also knew that a
force is required for acceleration.

How did Cavendish demonstrate that a
gravitational force of attraction exists
between two small objects? (7.1)

He carefully measured the masses, the
distance between the masses, and the
force of attraction. He then calculated

G using Newton’s law of universal grav-
itation.

What happens to the gravitational force
between two masses when the distance
between the masses is doubled? (7.1)
According to Newton, F « 1/r2, If the
distance is doubled, the force is cut to
one-fourth.

According to Newton'’s version of Kepler’s
third law, how would the ratio T2/r3 change
if the mass of the Sun were doubled? (7.1)

Because T?/r® = 4w2/Gmyg, if the mass
of the Sun, myg, is doubled, the ratio will
be halved.

How do you answer the question, “What
keeps a satellite up?” (7.2)

Its speed; it is falling all the time.

A satellite is orbiting Earth. On which of
the following does its speed depend? (7.2)

a. mass of the satellite
b. distance from Earth
c. mass of Earth

Speed depends only on b, the distance
from the Earth, and c, the mass of Earth.
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32.

33.

34.

35.

36.

What provides the force that causes the
centripetal acceleration of a satellite in
orbit? (7.2)

gravitational attraction to the central
body

During space flight, astronauts often refer to
forces as multiples of the force of gravity on
Earth’s surface. What does a force of 5¢
mean to an astronaut? (7.2)

A force of 5g means that an astronaut’s
weight is five times heavier than it is on
Earth. The force exerted on the astro-
naut is five times the force of Earth’s
gravitational force.

Newton assumed that a gravitational force
acts directly between Earth and the Moon.
How does Einstein’s view of the attractive
force between the two bodies differ from
Newton'’s view? (7.2)

Einstein’s view is that gravity is an
effect of the curvature of space as a
result of the presence of mass, whereas
Newton’s view of gravity is that it is a
force acting directly between objects.
Thus, according to Einstein, the
attraction between Earth and the Moon
is the effect of curvature of space
caused by their combined masses.

Show that the dimensions of g in the
equation g = F/m are in m/s?. (7.2)

m/s2
The units of%are N _ kg-mis

= = 2
kg kg m/s

If Earth were twice as massive but remained
the same size, what would happen to the
value of g? (7.2)

The value of g would double.

Applying Concepts
pages 190-191
37. Golf Ball The force of gravity acting on an

object near Earth’s surface is proportional
to the mass of the object. Figure 7-18
shows a tennis ball and golf ball in free fall.
Why does a tennis ball not fall faster than a
golf ball?

Physics: Principles and Problems
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38.

39.

my
m, = object’s mass

Thus, a = G_n;1

r
The acceleration is independent of the
object’s mass. This is because more
massive objects require more force to
accelerate at the same rate.

What information do you need to find the
mass of Jupiter using Newton's version of
Kepler’s third law?

You must know the period and orbital
radius of at least one of its satellites.

The mass of Pluto was not known until a
satellite of the planet was discovered. Why?

Orbital motion of a planet does not
depend on its mass and cannot be
used to find the mass. A satellite
orbiting the planet is necessary to
find the planet’s mass.

Physics: Principles and Problems

40.

41.

42,

43.

Decide whether each of the orbits shown in
Figure 7-19 is a possible orbit for a planet.

C
C
Sun
Sun

m Figure 7-19

Only d (lower right) is possible.

a (top left) and b (top right) do not
have the Sun at a focus, and in

¢ (lower left), the planet is not in
orbit around the Sun.

The Moon and Earth are attracted to each
other by gravitational force. Does the more-
massive Earth attract the Moon with a
greater force than the Moon attracts Earth?
Explain.

No. The forces constitute an action-
reaction pair, so under Newton’s third
law, they are equal and opposite.

What would happen to the value of G if
Earth were twice as massive, but remained
the same size?

Nothing. G is a universal constant, and
it is independent of Earth’s mass.
However, the force of attraction would
double.

Figure 7-20 shows a satellite orbiting Earth.

. . Gm .
Examine the equation v = /TE, relating

the speed of an orbiting satellite and its
distance from the center of Earth. Does a
satellite with a large or small orbital radius
have the greater velocity?
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_—————

m Figure 7-20 (Not to scale)

A satellite with a small radius has the
greater velocity.

44. Space Shuttle If a space shuttle goes into a
higher orbit, what happens to the shuttle’s
period?

[ ,3
Because T = 27 —é , if the orbital
m

radius increases, so will the period.

45. Mars has about one-ninth the mass of
Earth. Figure 7-21 shows satellite M, which
orbits Mars with the same orbital radius
as satellite E, which orbits Earth. Which
satellite has a smaller period?

7 AN 4 AN
4 \ / \
/ \ U \
1 \ \
1 Mars 1 I Earth1
\ 1 \ 1
\ / \ /
\ 'm Vi \ re /7
N 7 4
\\ ’/ \\ ’/
M

m Figure 7-21 (Not to scale)

[ ,3
Because T = 27 —é , as the mass of
m

the planet increases, the period of the
satellite decreases. Because Earth
has a larger mass than Mars, Earth’s
satellite will have a smaller period.

46. Jupiter has about 300 times the mass of
Earth and about ten times Earth’s radius.
Estimate the size of g on the surface of
Jupiter.

m
g« r—'; If Jupiter has 300 times the
E

mass and ten times the radius of Earth,
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47.

48.

49.

50.

51.

g x % = 3. Thus, g on Jupiter is three

times that on Earth.

A satellite is one Earth radius above the sur-
face of Earth. How does the acceleration
due to gravity at that location compare to
acceleration at the surface of Earth?

d=rg+rg=2r
o EV_ 1

If a mass in Earth’s gravitational field is
doubled, what will happen to the force
exerted by the field upon the mass?

It also will double.

Weight Suppose that yesterday your body
had a mass of 50.0 kg. This morning you
stepped on a scale and found that you had
gained weight.

a. What happened, if anything, to your
mass?

Your mass increased.

b. What happened, if anything, to the ratio
of your weight to your mass?

The ratio remained constant
because it is equal to the gravita-
tional field at the location, a con-
stant = g.

As an astronaut in an orbiting space shuttle,
how would you go about “dropping” an
object down to Earth?

To “drop” an object down to Earth, you
would have to launch it backward at the
same speed at which you are traveling
in orbit. With respect to Earth, the
object’s speed perpendicular to Earth’s
gravity would be zero, and it could then
“drop” down to Earth. However, the
object is likely to burn up as a result of
friction with Earth’s atmosphere on the
way down.

Weather Satellites The weather pictures

that you see every day on TV come from a
spacecraft in a stationary position relative to

Physics: Principles and Problems
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the surface of Earth, 35,700 km above
Earth’s equator. Explain how it can stay in
exactly the same position day after day.
What would happen if it were closer?
Farther out? Hint: Draw a pictorial model.

The satellite is positioned as close to
the equator as possible so it doesn’t
appear to have much north-south move-
ment. Because it is placed at that dis-
tance, the satellite has a period of 24.0
h. If it were positioned any closer, its
period would be less than 24.0 h and it
would appear to move toward the east.
If it were positioned any farther, its peri-
od would be longer than 24.0 h.

Mastering Problems
7.1 Planetary Motion and Gravitation
pages 191-192

Level 1

52. Jupiter is 5.2 times farther from the Sun
than Earth is. Find Jupiter’s orbital period
in Earth years.

(7 =G

- /(52 a0y

= V141 y2
=12y

53. Figure 7-22 shows a Cavendish apparatus
like the one used to find G. It has a large
lead sphere that is 5.9 kg in mass and a
small one with a mass of 0.047 kg. Their
centers are separated by 0.055 m. Find the
force of attraction between them.

5.9 kg

0.047 kg

m Figure 7-22
Physics: Principles and Problems

54.

55.

56.

= (6.67x10~11 N-m?/kg?)

(5.9 kg)(4.7X10~2 kg)
(5.5%10~2 m)2

=6.1X10"°N

Use Table 7-1 on p. 173 to compute the
gravitational force that the Sun exerts on
Jupiter.

= (6.67x10~11 N-m?/kg?)

(1.99%103° kg)(1.90x1027 kg)
(7.78x101" m)2

=4.17%X1023 N

Tom has a mass of 70.0 kg and Sally has a
mass of 50.0 kg. Tom and Sally are standing
20.0 m apart on the dance floor. Sally looks
up and sees Tom. She feels an attraction. If
the attraction is gravitational, find its size.
Assume that both Tom and Sally can be
replaced by spherical masses.

m+m
F=G—17°
= (6.67x10~ 11 N-m?/kg?)

(70.0 kg)(50.0 kg)
(20.0 m)2

= 5.84x10"10 N

Two balls have their centers 2.0 m apart, as
shown in Figure 7-23. One ball has a mass
of 8.0 kg. The other has a mass of 6.0 kg.
What is the gravitational force between them?

v 20m v
8.0 kg 6.0 kg
m Figure 7-23

mym,
r2
= (6.67x10~11 N-m?/kg?)
(8.0 kg)(6.0 kg)
(2.0 m)?
=8.0x10"10N

F=G
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57. Two bowling balls each have a mass of

58.

59.

60.

6.8 kg. They are located next to each other
with their centers 21.8 cm apart. What grav-
itational force do they exert on each other?

F= G572
= (6.67 -1
N mg kg 2’13% kg)(6.8 kg)
(0.218 m)2
=6.5X10"8 N

Assume that you have a mass of 50.0 kg.
Earth has a mass of 5.97X1024 kg and a
radius of 6.38X10° m

a. What is the force of gravitational attrac-
tion between you and Earth?

Sample answer:
F=GTS5E
= (6.67x10~11 N-m?/kg?)
(50.0 kg)(5.97x1024 kg)
(6.38%108 m)2

=489 N
b. What is your weight?

Sample answer:
F, = mg = (50.0 kg)(9.80 m/s?)
= 4.90X102 N

The gravitational force between two electrons
that are 1.00 m apart is 5.54X10~“! N. Find
the mass of an electron.

_ AMmm, — —
F=G 2 » Where my = m, = m,
Fr2
So me = ?

(5.54x10~71 N)(1.00 m)?2
6.67x10~ 1" N-m2/kg?

= 9.11x10"31 kg

A 1.0-kg mass weighs 9.8 N on Earth’s sur-
face, and the radius of Earth is roughly
6.4X10° m

a. Calculate the mass of Earth.

F=GT72
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61.

62.

Fr2
Mg = Gm

(9.8 N)(6.4X108 m)2
(6.67x10~ "1 N-m%/kg?)(1.0 kg)

6.0x1024 kg
b. Calculate the average density of Earth.

6 3
ve 4.3 (47)(6.4X10° m)
3 3
=1.1%x1021 m3
p=m _ 6.0x102*kg
Vo 1.1x1021T m3
= 5.5%103 kg/m3

Uranus Uranus requires 84 years to circle
the Sun. Find Uranus’s orbital radius as a
multiple of Earth’s orbital radius.

Tu\? _ (1w
(TE) _(rE)
g _ 3f(Ty)?
e Te

__ 3/( 84y 2

- 1.0y

=19
So ry =19rg
Venus Venus has a period of revolution of
225 Earth days. Find the distance between

the Sun and Venus as a multiple of Earth'’s
orbital radius.

G-

L (&)2
re Te
3 <225 days>2

365 days

=0.724
So r, = 0.724r¢

Level 2

63.

If a small planet, D, were located 8.0 times as
far from the Sun as Earth is, how many years
would it take the planet to orbit the Sun?

(e -2

Physics: Principles and Problems
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64.

65.

66.

3 3
Tp = \/ (%) Te? = \/ (%) (1.0 y)2 = 23 years

Two spheres are placed so that their centers are 2.6 m apart. The force between the
two spheres is 2.75X 10~ 12 N. What is the mass of each sphere if one sphere is
twice the mass of the other sphere?

mym
= 1MM3
F=G 2

, where m, = 2m,
(m4)(2m,)
— rz

_ |Fr?

M =\26
_ (2.75%10~12 N)(2.6 m)2
(2)(6.67x10~ 11 N-m%/kg?)

F=G

= 0.3733 kg or 0.37 kg to two significant digits
m, = 2m, = (2)(0.3733 kg) = 0.7466 kg or 0.75 to two significant digits

The Moon is 3.9X10° km from Earth’s center and 1.5%X108 km from the
Sun'’s center. If the masses of the Moon, Earth, and the Sun are 7.3x1022 kg,
6.0X1024 kg, and 2.0x 1030 kg, respectively, find the ratio of the gravitational
forces exerted by Earth and the Sun on the Moon.
mymy

2

F=G

(6.0x1024 kg)(7.3%1022 kg)

Earth on Moon: F¢ = (6.67x10~11 N-m?/kg?) (3.9%108 m)?

=1.9%x1020 N

(2.0x1030 kg)(7.3%1022 kg)
(1.5%1011 m)2

Sun on Moon: Fg = (6.67x10~11 N-m?/kg?)

=4.3%X1020 N
1.9%x1020N _ 1.0

R
Ratiois £ = 431090 N = 2.3

The Sun pulls more than twice as hard on the Moon as does Earth.

Toy Boat A force of 40.0 N is required to pull a 10.0-kg wooden toy boat at a
constant velocity across a smooth glass surface on Earth. What force would be
required to pull the same wooden toy boat across the same glass surface on the
planet Jupiter?
Fe _ F :
=F = g’ where m,, is the mass of the toy boat.

