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Last time

• graphing motional quantities

• free fall

• vectors

• relative motion and reference frames



Overview

• one last relative motion example

• Newton’s first law

• equilibrium

• friction

• Newton’s second law

• mass

• air resistance and falling objects (nonfree fall)



Relative Motion and Components of Velocity

Hewitt, page 79, ranking question 4.

Three motorboats crossing a river.



Forces

Galileo’s idea of inertia:

A body moving on a level surface will continue in the same
direction at a constant speed unless disturbed / interfered with.

What do we mean by “disturbed” or “interfered with”?

The body must interact with something else. That something-else
affects the body.

The effect is called a force.

The units we measure force in are called Newtons (N).
1 N = 1 kg m/s/s.
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Forces

Forces are a “push” or “pull” that an object experiences because
of an interaction.

Force type examples:112 Chapter 5 The Laws of Motion

orbit around the Earth. This change in velocity is caused by the gravitational force 
exerted by the Earth on the Moon.
 When a coiled spring is pulled, as in Figure 5.1a, the spring stretches. When a 
stationary cart is pulled, as in Figure 5.1b, the cart moves. When a football is kicked, 
as in Figure 5.1c, it is both deformed and set in motion. These situations are all 
examples of a class of forces called contact forces. That is, they involve physical contact 
between two objects. Other examples of contact forces are the force exerted by gas 
molecules on the walls of a container and the force exerted by your feet on the floor.
 Another class of forces, known as field forces, does not involve physical contact 
between two objects. These forces act through empty space. The gravitational force 
of attraction between two objects with mass, illustrated in Figure 5.1d, is an example 
of this class of force. The gravitational force keeps objects bound to the Earth and 
the planets in orbit around the Sun. Another common field force is the electric force 
that one electric charge exerts on another (Fig. 5.1e), such as the attractive electric 
force between an electron and a proton that form a hydrogen atom. A third example 
of a field force is the force a bar magnet exerts on a piece of iron (Fig. 5.1f).
 The distinction between contact forces and field forces is not as sharp as you may 
have been led to believe by the previous discussion. When examined at the atomic 
level, all the forces we classify as contact forces turn out to be caused by electric 
(field) forces of the type illustrated in Figure 5.1e. Nevertheless, in developing mod-
els for macroscopic phenomena, it is convenient to use both classifications of forces. 
The only known fundamental forces in nature are all field forces: (1) gravitational 
forces between objects, (2) electromagnetic forces between electric charges, (3) strong 
forces between subatomic particles, and (4) weak forces that arise in certain radioac-
tive decay processes. In classical physics, we are concerned only with gravitational 
and electromagnetic forces. We will discuss strong and weak forces in Chapter 46.

The Vector Nature of Force
It is possible to use the deformation of a spring to measure force. Suppose a verti-
cal force is applied to a spring scale that has a fixed upper end as shown in Fig-
ure  5.2a. The spring elongates when the force is applied, and a pointer on the 
scale reads the extension of the spring. We can calibrate the spring by defining a 
reference force F

S
1 as the force that produces a pointer reading of 1.00 cm. If we 

now apply a different downward force F
S

2 whose magnitude is twice that of the ref-
erence force F

S
1 as seen in Figure 5.2b, the pointer moves to 2.00 cm. Figure 5.2c 

shows that the combined effect of the two collinear forces is the sum of the effects 
of the individual forces.
 Now suppose the two forces are applied simultaneously with F

S
1 downward and 

F
S

2 horizontal as illustrated in Figure 5.2d. In this case, the pointer reads 2.24 cm.  
The single force F

S
 that would produce this same reading is the sum of the two vec-

tors F
S

1 and F
S

2 as described in Figure 5.2d. That is, 0 FS1 0 5 !F1
2 1 F2

2 5 2.24 units, 
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Figure 5.1 Some examples of 
applied forces. In each case, a force 
is exerted on the object within the 
boxed area. Some agent in the 
environment external to the boxed 
area exerts a force on the object.

Isaac Newton
English physicist and mathematician 
(1642–1727)
Isaac Newton was one of the most 
brilliant scientists in history. Before 
the age of 30, he formulated the basic 
concepts and laws of mechanics, 
discovered the law of universal gravita-
tion, and invented the mathematical 
methods of calculus. As a consequence 
of his theories, Newton was able to 
explain the motions of the planets, 
the ebb and flow of the tides, and 
many special features of the motions 
of the Moon and the Earth. He also 
interpreted many fundamental obser-
vations concerning the nature of light. 
His contributions to physical theories 
dominated scientific thought for two 
centuries and remain important today.
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Newton

Newton was able to articulate simple rules that govern the way in
which forces act and effect motion.

112 Chapter 5 The Laws of Motion
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Newton’s First Law

Newton’s first and second laws of motion hold in intertial reference
frames.

Newton I (as commonly stated)

An object in motion tends to stay in motion with constant velocity
and an object at rest tends to stay at rest, unless acted upon by a
net force.

An “object” for these purposes is something with mass.

The net force on an object is the total force on the object.



Velocity and Newton’s First Law

If an object is in motion and there is no net force on the object,
does the speed or velocity have to be constant?

Both are constant!

Neither the speed or the direction of motion can change.



Velocity and Newton’s First Law

If an object is in motion and there is no net force on the object,
does the speed or velocity have to be constant?

Both are constant!

Neither the speed or the direction of motion can change.



Newton’s First Law

This was still a radical idea in the late 1600s. In our everyday
environment, everything seems to naturally slow to a stop.

But we now know of other environments where we see this
behavior.

1Figure from JPL.



Newton’s First Law

Newton I (another way to state it)

If an object does not interact with other objects, it is possible to
identify a reference frame in which the object has zero acceleration.

A zero-acceration reference frame is called an inertial reference
frame.



Net Force

If two people push a heavy box in the same direction, the box
experiences the combined force of both pushes.

However, if the people push in opposite directions, the pushing
forces can cancel out.

This means that the direction of the forces that act on an object
matter.

Forces are vectors!



Net Force

The net force is the vector sum of all of the forces acting on an
object.

We can write it:
Fnet =

∑
F

The Greek letter sigma,
∑

, is used to mean “sum over”.



Equilibrium

If the net force on an object is zero, we say the object is in
mechanical equilibrium.

This means the sum of all the forces acting on the object is zero.

∑
F = 0

If an object is in equilibrium, what does Newton’s First Law tell us
about the motion of the object?



Equilibrium
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mechanical equilibrium.
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about the motion of the object?



Equilibrium

Fnet =
∑
i

Fi = 0

 5.7 Analysis Models Using Newton’s Second Law 121

lamp are the downward gravitational force F
S

g and the upward force T
S

 exerted by 
the chain. Because there are no forces in the x direction, o Fx 5 0 provides no help-
ful information. The condition o Fy 5 0 gives

o Fy 5 T 2 Fg 5 0 or T 5 Fg

Again, notice that T
S

 and F
S

g are not an action–reaction pair because they act on 
the same object, the lamp. The reaction force to T

S
 is a downward force exerted by 

the lamp on the chain.
 Example 5.4 (page 122) shows an application of the particle in equilibrium model.

Analysis Model: The Particle Under a Net Force
If an object experiences an acceleration, its motion can be analyzed with the par-
ticle under a net force model. The appropriate equation for this model is Newton’s 
second law, Equation 5.2:

 a  F
S

5 maS (5.2)

Consider a crate being pulled to the right on a frictionless, horizontal floor as in 
Figure 5.8a. Of course, the floor directly under the boy must have friction; other-
wise, his feet would simply slip when he tries to pull on the crate! Suppose you wish 
to find the acceleration of the crate and the force the floor exerts on it. The forces 
acting on the crate are illustrated in the free-body diagram in Figure 5.8b. Notice 
that the horizontal force T

S
 being applied to the crate acts through the rope. The 

magnitude of T
S

 is equal to the tension in the rope. In addition to the force T
S

, the 
free-body diagram for the crate includes the gravitational force F

S
g and the normal 

force nS exerted by the floor on the crate.
 We can now apply Newton’s second law in component form to the crate. The 
only force acting in the x direction is T

S
. Applying o Fx 5 max to the horizontal 

motion gives

 a  Fx 5 T 5 max or ax 5
T
m  

 No acceleration occurs in the y direction because the crate moves only horizon-
tally. Therefore, we use the particle in equilibrium model in the y direction. Apply-
ing the y component of Equation 5.8 yields

o Fy 5 n 2 Fg 5 0 or n 5 Fg

That is, the normal force has the same magnitude as the gravitational force but acts 
in the opposite direction.
 If T

S
 is a constant force, the acceleration ax 5 T/m also is constant. Hence, the 

crate is also modeled as a particle under constant acceleration in the x direction, 
and the equations of kinematics from Chapter 2 can be used to obtain the crate’s 
position x and velocity vx as functions of time.
 Notice from this discussion two concepts that will be important in future prob-
lem solving: (1) In a given problem, it is possible to have different analysis models applied in 
different directions. The crate in Figure 5.8 is a particle in equilibrium in the vertical 
direction and a particle under a net force in the horizontal direction. (2) It is pos-
sible to describe an object by multiple analysis models. The crate is a particle under a net 
force in the horizontal direction and is also a particle under constant acceleration 
in the same direction.
 In the situation just described, the magnitude of the normal force nS is equal  
to the magnitude of F

S
g, but that is not always the case, as noted in Pitfall Preven-

tion 5.6. For example, suppose a book is lying on a table and you push down on  
the book with a force F

S
 as in Figure 5.9. Because the book is at rest and therefore 

not accelerating, o Fy 5 0, which gives n 2 Fg 2 F 5 0, or n 5 Fg 1 F 5 mg 1 F. In 
this situation, the normal force is greater than the gravitational force. Other exam-
ples in which n ? Fg are presented later.

Fg
S

a b

T
S

Figure 5.7 (a) A lamp sus-
pended from a ceiling by a chain 
of negligible mass. (b) The forces 
acting on the lamp are the gravi-
tational force F

S
g and the force T

S
 

exerted by the chain.

a

b

nS

T
S

Fg
S

x

y

Figure 5.8 (a) A crate being 
pulled to the right on a friction-
less floor. (b) The free-body dia-
gram representing the external 
forces acting on the crate.

nS

F
S

Fg
S

Physics

Figure 5.9 When a force F
S

 
pushes vertically downward on 
another object, the normal force 
nS on the object is greater than the 
gravitational force: n 5 Fg 1 F.



Equilibrium Example
Consider a physics textbook resting on a table.
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Figure 5.9 When a force F
S

 
pushes vertically downward on 
another object, the normal force 
nS on the object is greater than the 
gravitational force: n 5 Fg 1 F.

Does the book accelerate?

Then we know Fnet = 0. Then we can conclude from the weight
and the applied force what the normal force must be:

n+ Fg + F = 0 ⇒ n = (Fg + F )j



Equilibrium Example
Consider a physics textbook resting on a table.
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pushes vertically downward on 
another object, the normal force 
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gravitational force: n 5 Fg 1 F.

Does the book accelerate? No.
Then we know Fnet = 0. Then we can conclude from the weight
and the applied force what the normal force must be:

n+ Fg + F = 0 ⇒ n = (Fg + F )j



Net Force - Equilibrium

Problem 3, page 34. (“What is the weight of the scaffold?”)

A painter’s scaffold in mechanical equilibrium.

In equilibrium
∑

F = 0. This is a condition on sum in the x and y
directions of all forces.∑

Fx = 0 and
∑

Fy = 0

All the forces are pointing up or down. We can just consider this
one direction, the y direction.

Fy ,net = (upward forces) − (downward forces) = 0

0 = (400 + 400) − (500 + w) [N]

0 = 300 − w [N]

w = 300 N
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Net Force - nonequilibrium

Imagine pulling a crate, and the crate (for some reason) has no
friction with the floor.

 5.7 Analysis Models Using Newton’s Second Law 121

lamp are the downward gravitational force F
S

g and the upward force T
S

 exerted by 
the chain. Because there are no forces in the x direction, o Fx 5 0 provides no help-
ful information. The condition o Fy 5 0 gives

o Fy 5 T 2 Fg 5 0 or T 5 Fg

Again, notice that T
S

 and F
S

g are not an action–reaction pair because they act on 
the same object, the lamp. The reaction force to T

S
 is a downward force exerted by 

the lamp on the chain.
 Example 5.4 (page 122) shows an application of the particle in equilibrium model.

Analysis Model: The Particle Under a Net Force
If an object experiences an acceleration, its motion can be analyzed with the par-
ticle under a net force model. The appropriate equation for this model is Newton’s 
second law, Equation 5.2:

 a  F
S

5 maS (5.2)

Consider a crate being pulled to the right on a frictionless, horizontal floor as in 
Figure 5.8a. Of course, the floor directly under the boy must have friction; other-
wise, his feet would simply slip when he tries to pull on the crate! Suppose you wish 
to find the acceleration of the crate and the force the floor exerts on it. The forces 
acting on the crate are illustrated in the free-body diagram in Figure 5.8b. Notice 
that the horizontal force T

S
 being applied to the crate acts through the rope. The 

magnitude of T
S

 is equal to the tension in the rope. In addition to the force T
S

, the 
free-body diagram for the crate includes the gravitational force F

S
g and the normal 

force nS exerted by the floor on the crate.
 We can now apply Newton’s second law in component form to the crate. The 
only force acting in the x direction is T

S
. Applying o Fx 5 max to the horizontal 

motion gives

 a  Fx 5 T 5 max or ax 5
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 No acceleration occurs in the y direction because the crate moves only horizon-
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o Fy 5 n 2 Fg 5 0 or n 5 Fg
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in the opposite direction.
 If T

S
 is a constant force, the acceleration ax 5 T/m also is constant. Hence, the 

crate is also modeled as a particle under constant acceleration in the x direction, 
and the equations of kinematics from Chapter 2 can be used to obtain the crate’s 
position x and velocity vx as functions of time.
 Notice from this discussion two concepts that will be important in future prob-
lem solving: (1) In a given problem, it is possible to have different analysis models applied in 
different directions. The crate in Figure 5.8 is a particle in equilibrium in the vertical 
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sible to describe an object by multiple analysis models. The crate is a particle under a net 
force in the horizontal direction and is also a particle under constant acceleration 
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 In the situation just described, the magnitude of the normal force nS is equal  
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g, but that is not always the case, as noted in Pitfall Preven-

tion 5.6. For example, suppose a book is lying on a table and you push down on  
the book with a force F
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 as in Figure 5.9. Because the book is at rest and therefore 

not accelerating, o Fy 5 0, which gives n 2 Fg 2 F 5 0, or n 5 Fg 1 F 5 mg 1 F. In 
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Here we can look at the forces in the x and y directions:

y direction:∑
Fy = n − Fg = 0

x direction:∑
Fx = T

There is a net force to the right (positive x direction): Fnet = T i.



Net Force - nonequilibrium

Imagine pulling a crate, and the crate (for some reason) has no
friction with the floor.
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Newton’s First Law Implications

Quick Quiz1 Which of the following statements is correct?
I. It is possible for an object to have motion in the absence of
forces on the object.
II. It is possible to have forces on an object in the absence of
motion of the object.

A I. only

B II. only

C Neither I. or II.

D Both I. and II.

2Question from Serway & Jewett, Physics for Scientists and Engineers, p114
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Newton’s First Law and Inertia

Newton’s first law is often called the law of inertia. It is very
similar to Galileo’s description of inertia.

What happens when you toss a coin on an airplane...?

When the coin is at the top of its path is it in equilibrium?

Galaxies have been moving through space for billions of years.
What keeps them moving?
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Newton’s First Law and Inertia

Newton’s first law is often called the law of inertia. It is very
similar to Galileo’s description of inertia.

What happens when you toss a coin on an airplane...?
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Question

Jen pushes on a heavy crate and moves it across the floor.
However, if she stops pushing, the box stops moving. Why?

Does it violate the law of inertia?



Friction

Friction is a resistive force. It opposes motion.

Tiny defects in the surface of the floor and the crate catch on one
another as the crate is pushed.

Air resistance is another resistive force.

1Figure from boundless.com



Friction

There are actually two types of friction:

• kinetic (moving)

• static (stationary)

Kinetic Friction

F
S

nS

f
S

k

gSm

Motion

kinetic friction ∝ normal force

fk = µkn

µk is the coefficient of kinetic
friction



Friction

Static Friction

F
S

nS

f
S

s

gSm

max. static friction ∝ normal force

fs 6 µsn

µs is the coefficient of static friction



Newton’s Second Law

Galileo proposed the concept of acceleration, but Newton realized:

acceleration ∝ net force

(Remember net force is the sum of all the forces on an object)

If the net force on an object is doubled, the acceleration is twice as
big also.



Mass and Inertia

Mass is also a measure of resistance to acceleration.

For a constant net applied force:

acceleration ∝ 1
mass

We can now relate force, mass, and acceleration.



Newton’s Second Law

For objects with constant mass:

Fnet = ma

Fnet is net force, m is mass, a is acceleration.

This equation relates the units of force, N, to the units of mass
and acceleration:

1 N = 1 kg m s−2

Mass in this equation is sometimes called “inertial mass”.



Newton’s Second Law Example

Plug and Chug # 10, page 62.

Calculate the horizontal force that must be applied to produce and
acceleration of 1.8g for a 1.2-kg puck on a horizontal friction-free
air table.

a = 1.8g = 1.8× 10 m/s/s = 18 m/s/s

There’s no friction, so

net force = normal force + weight + applied force

The weight and normal force are equal in magnitude and opposite
in direction, so

Fnet = Fapp
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acceleration of 1.8g for a 1.2-kg puck on a horizontal friction-free
air table.
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Newton’s Second Law Example cont’d.

Plug and Chug # 10, page 62.

Calculate the horizontal force that must be applied to produce and
acceleration of 1.8g for a 1.2-kg puck on a horizontal friction-free
air table.

Fnet = m a

Fapp = (1.2 kg)(18 m/s/s)

= 21.6 N

= 22 N (2 sig. fig.)



Mass vs. Weight

mass

A measure of the amount of matter in an object. Also, a measure
of the inertia of an object, that is, its resistance to changes in its
motion. Also, a measure of how strong the force will be on an
object in a gravitational field.

weight

The force due to gravity on an object.

Weight is a force. It is measured in Newtons (N) as are all forces.

weight = mass × g

g is the strength of the gravitational field, measured in N/kg.



Mass vs. Weight

On Earth’s surface g ≈ 10 N/kg.

Knowing the mass of an object, we can quickly find its weight.

A 5-kg object has a weight of 50 N (about 11 pounds):

W = mg = (5kg)(10 N/kg) = 50 N

Because of this relationship, sometimes kilograms are thought of
as a proxy for weight.

However, the kilogram is the unit for mass. A 5-kg object would
have a different weight on another planet.



Weight and acceleration

Let the weight of an object be written W .

W = mg

Mass in this equation is sometimes called “gravitational mass”.

We can find the acceleration of an object when the only force on it
is due to gravity:

a =
W

m
=

mg

m
= g

As we would expect! This is because the inertial mass is the same
as the gravitational mass.

That is why all objects, no matter their mass, fall at the same rate
(with the same acceleration).
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Nonfree fall

However, the acceleration of a falling object can be less than g .
When?

Skydivers, for example, reach a terminal velocity as they fall from
an airplane, before they deploy their parachutes.

They stop accelerating once they reach this velocity.
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can be either a liquid or a gas. The medium exerts a resistive force R
S

 on the object 
moving through it. Some examples are the air resistance associated with moving 
vehicles (sometimes called air drag) and the viscous forces that act on objects mov-
ing through a liquid. The magnitude of R

S
 depends on factors such as the speed of 

the object, and the direction of R
S

 is always opposite the direction of the object’s 
motion relative to the medium. This direction may or may not be in the direction 
opposite the object’s velocity according to the observer. For example, if a marble 
is dropped into a bottle of shampoo, the marble moves downward and the resis-
tive force is upward, resisting the falling of the marble. In contrast, imagine the 
moment at which there is no wind and you are looking at a flag hanging limply on 
a flagpole. When a breeze begins to blow toward the right, the flag moves toward 
the right. In this case, the drag force on the flag from the moving air is to the right 
and the motion of the flag in response is also to the right, the same direction as 
the drag force. Because the air moves toward the right with respect to the flag, the 
flag moves to the left relative to the air. Therefore, the direction of the drag force 
is indeed opposite to the direction of the motion of the flag with respect to the air!
 The magnitude of the resistive force can depend on speed in a complex way, 
and here we consider only two simplified models. In the first model, we assume 
the resistive force is proportional to the velocity of the moving object; this model is 
valid for objects falling slowly through a liquid and for very small objects, such as 
dust particles, moving through air. In the second model, we assume a resistive force 
that is proportional to the square of the speed of the moving object; large objects, 
such as skydivers moving through air in free fall, experience such a force.

Model 1: Resistive Force Proportional to Object Velocity
If we model the resistive force acting on an object moving through a liquid or gas as 
proportional to the object’s velocity, the resistive force can be expressed as

 R
S

5 2bvS (6.2)
where b is a constant whose value depends on the properties of the medium and on 
the shape and dimensions of the object and vS is the velocity of the object relative to 
the medium. The negative sign indicates that R

S
 is in the opposite direction to vS.

 Consider a small sphere of mass m released from rest in a liquid as in Figure 6.13a. 
Assuming the only forces acting on the sphere are the resistive force R

S
 5 2bvS and 

the gravitational force F
S

g, let us describe its motion.1 We model the sphere as a par-

1A buoyant force is also acting on the submerged object. This force is constant, and its magnitude is equal to the weight 
of the displaced liquid. This force can be modeled by changing the apparent weight of the sphere by a constant fac-
tor, so we will ignore the force here. We will discuss buoyant forces in Chapter 14.

v

vT

0.632vT

t

v ! 0 a ! g

v ! vT

a ! 0mgS 

R
S

vS

a b c

The sphere approaches a 
maximum (or terminal) 
speed vT.

The time constant t is the 
time at which the sphere 
reaches a speed of 0.632vT.

t

Figure 6.13 (a) A small sphere 
falling through a liquid. (b) A 
motion diagram of the sphere as 
it falls. Velocity vectors (red) and 
acceleration vectors (violet) are 
shown for each image after the 
first one. (c) A speed–time graph 
for the sphere.

1Figure from Serway & Jewett, 9th ed.
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Model 2: Resistive Force Proportional to Object Speed Squared
For objects moving at high speeds through air, such as airplanes, skydivers, cars, 
and baseballs, the resistive force is reasonably well modeled as proportional to the 
square of the speed. In these situations, the magnitude of the resistive force can be 
expressed as

 R 5 1
2 DrAv2 (6.7)

where D is a dimensionless empirical quantity called the drag coefficient, r is the 
density of air, and A is the cross-sectional area of the moving object measured in a 
plane perpendicular to its velocity. The drag coefficient has a value of about 0.5 for 
spherical objects but can have a value as great as 2 for irregularly shaped objects.
 Let us analyze the motion of a falling object subject to an upward air resistive 
force of magnitude R 5 1

2 DrAv2. Suppose an object of mass m is released from rest. 
As Figure 6.14 shows, the object experiences two external forces:2 the downward 
gravitational force F

S
g 5 mgS and the upward resistive force R

S
. Hence, the magni-

tude of the net force is

 a F 5 mg 2 1
2 DrAv2 (6.8)

where we have taken downward to be the positive vertical direction. Modeling the 
object as a particle under a net force, with the net force given by Equation 6.8, we 
find that the object has a downward acceleration of magnitude

 a 5 g 2 aDrA
2m

bv2 (6.9)

 We can calculate the terminal speed vT by noticing that when the gravitational 
force is balanced by the resistive force, the net force on the object is zero and there-
fore its acceleration is zero. Setting a 5 0 in Equation 6.9 gives

g 2 aDrA
2m

bvT
2 5 0

Find the time t at which the sphere reaches a speed  
of 0.900vT  by setting v 5 0.900vT in Equation 6.6 and 
solving for t :

0.900vT 5 vT(1 2 e2t/t)

1 2 e2t/t 5 0.900

e2t/t 5 0.100

2
t
t

5 ln 10.100 2 5 22.30

t 5 2.30t 5 2.30(5.10 3 1023 s) 5 11.7 3 1023 s

5   11.7 ms

Finalize The sphere reaches 90.0% of its terminal speed in a very short time interval. You should have also seen this 
behavior if you performed the activity with the marble and the shampoo. Because of the short time interval required 
to reach terminal velocity, you may not have noticed the time interval at all. The marble may have appeared to imme-
diately begin moving through the shampoo at a constant velocity.

mgS mgS 

vS vT
S

R
S

R
S

ba

Figure 6.14   (a) An object  
falling through air experiences 
a resistive force R

S
 and a gravi-

tational force F
S

g 5 mgS. (b) The 
object reaches terminal speed 
when the net force acting on it is 
zero, that is, when R

S
5 2 F

S
g or 

R 5 mg. 2As with Model 1, there is also an upward buoyant force that we neglect.

Evaluate the time constant t: t 5
m
b

5 m a vt

mgb 5
vt

g

Substitute numerical values: t 5
5.00 cm/s
980 cm/s2 5 5.10 3 1023 s

 

▸ 6.8 c o n t i n u e d

The drag force R depends on the velocity.

It gets bigger as v gets bigger, until R = mg .

Then the net force is zero, and the object stops accelerating.

1Figure from Serway & Jewett, 9th ed.



Air resistance and nonfree fall

At any point in the motion, we can still write an equation for the
acceleration:

a =
Fnet
m

=
mg − R

m
= g −

R

m

It is something smaller than g , once R > 0.



Review Questions

Gravity on the surface of the Moon is only 1/6 as strong as on the
surface of the Earth. What is the weight of a 10 kg object on the
Moon and on the Earth? What is its mass on each?

Can Newton’s first law be considered a consequence of Newton’s
second law?
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Review Questions

What is the net force on a falling 1 kg ball if it encounters 2 N of
air resistance?

(A) 0 N

(B) 2 N upwards

(C) 1 N downwards

(D) 8 N downwards
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Review Questions

What is the net force on a falling 1 kg ball if it encounters 2 N of
air resistance?

(A) 0 N

(B) 2 N upwards

(C) 1 N downwards

(D) 8 N downwards ←



Summary

• Newton’s laws

• net force

• equilibrium

• nonfree fall

Homework
• 2 worksheets (set on Thurs, due tomorrow)

• 1 new worksheet (relative motion) due Thurs

Hewitt,

• Read up through Chapter 4.

• Ch 2, onward from page 31. Ranking: 1, 3. Exercises: 13, 17,
Problems: 1, 3

• Ch 4, onward from page 61, Review Questions: 11, 23; Plug
and Chug: 7; Exercises: 1, 17, 27, 47


