BEER Summary of Newton’s Three Laws

Newton’s first law, the law of inertia: An object at rest tends to remain at rest; an
object in motion tends to remain in motion at constant speed along a straight-line
path. This property of objects to resist change in motion is called inertia. Mass is
a measure of inertia. Objects will undergo changes in motion only in the presence
of a net force.

Newton’s second law, the law of acceleration: When a net force acts on an ob-
ject, the object will accelerate. The acceleration is directly proportional to the net
force and inversely proportional to the mass. Symbolically, 2 = F/m. Acceleration
is always in the direction of the net force. When objects fall in a vacuum, the net
force is simply the pull of gravity—and the acceleration is g (the symbol g denotes
that acceleration is due to gravity alone). When objects fall in air, the net force is
cqual to gravity’s pull minus the force of air resistance, and the acceleration is less
than g If and when the force of air resistance equals the gravitational force on a
falling object, acceleration terminates, and the object falls at constant speed (called
rerminal speed).

Newton’s third law, the law of action—reaction: Whenever one object exerts a

force on a second object, the second object exerts an equal and opposite force on
the first. Forces occur in pairs, one action and the other reaction, which together
constitute the interaction between one object and the other. Action and reaction
always occur simultaneously and act on different objects. Neither force exists with-
out the other.

Isaac Newton’s three laws of motion are rules of nature that enable us to see how
beautifully so many things connect with one another. We see these rules in opera-
tion in our everyday environment.
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FIGURE 5.28

Geese fly in a V formation because
air pushed downward at the tips of
their wings swirls upward, creating
an updraft that is strongest off to the
side of the bird. A trailing bird gets
added lift by positioning itself in this
updraft, pushes air downward, and
creates another updraft for the next
bird, and so on. The result is a flock
flying in a V formation.
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SUMMARY OF TERMS (KNOWLEDGE)

Newton’s third law Whenever one object exerts a force on
a second object, the second object exerts an equal and
opposite force on the first.

vector,

READING CHECK QUESTIONS (COMPREHENSION)

5.1 Forces and Interactions

1. When you push against a wall with your fingers, they
bend because they experience a force. Identify this force.

2. A boxer can hit a heavy bag with great force. Why can’t floor)?

he hit a piece of tissue paper in midair with the same
amount of force?

3. How many forces are required for an interaction?

Components Mutually perpendicular vectors, usually
horizontal and vertical, whose vector sum is a given

7. If the system is considered to be the apple and the
orange together (Figure 5.10), is there a net force on the
system when the apple pulls (ignoring friction with the

8. To produce a net force on a system, must there be an
externally applied net force?

9. Consider the system of a single football. If you kick it, is

there a net force to accelerate the system? If a friend kicks

5.2 Newton'’s Third Law of Motion
4. State Newrton’s third law of motion.

5. Consider hitting a baseball with a bat. If we call the force
on the bat against the ball the action force, identify the
reaction force.

6. If the system of Figure 5.9 is only the orange, is there a
net force on the system when the apple pulls?

it at the same time with an equal and opposite force, is
there a net force to accelerate the system?

5.3 Action and Reaction on Different Masses

10. Earth pulls down on you with a gravitational force that
you call your weight. Do you pull up on Earth with the
same amount of force?



