Bellringer

An astronaut has a mass of 70 kg on Earth.

a. What is her weight in Newtons?

b. What would her weight be on Mars? The value of
gravity (g) on Mars is 3.7 m/s2




NEWTON’S LAWS OF MOTION

1




First Law of Motion: “The Law of
Inertia”

An object at rest remains at
rest, and an object in motion
continues in motion, with
constant velocity, unless the
object experiences a net
external force.



* Inertia is the property of an object to resist change
In_ motion.

* |tis because of inertia that objects like to remain
at rest or why objects like to keep moving.

e More Mass = More Inertia
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* The greater an
object’s inertia, the

greater the force
needed to change its
motion.




Why don't things keep on
moving forever?

m S0, if an object in motion remains in motion
unless acted upon by another force and |

pushed my desk across the room, would it
keep moving forever?

m [t stops moving because an unbalanced
force acts on it. Friction....

m Friction is an unbalanced force




Second Law of Motion: “The Law of
Acceleration”

The acceleration on an object is directly proportional
to the magnitude of the net external force, is in the
same direction as the net force, and is inversely
proportional to the mass of the object

>F = ma
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ff o ”

sigma = sum
of all forces, or
net force.
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Second Law of Motion: “The Law of
Acceleration”
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The Definition of Force

Forces are not directly observable, but the effect
of force is perceived. Newton’s Second Law
defines force as the effect of mass accelerating.

A newton is defined as the force required to
accelerate one kilogram of mass at a rate of

one meter per second squared. %%ié

meter G Nl kg *m
second? ¢ T

1 newton = (1 kilogram)’

Both newtons and 1 newton = 0.225 pound
ounds are units of

orce, not mass. 1 pound = 4.45 newton




m [he stronger the
force on an object,
the greater its
acceleration.

— Force is directly
proportional to
acceleration.

- If twice the force is
applied, the
acceleration is twice
as great.

More force
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Acceleration

—

Speed increases

More
acceleration

Speed increases
faster



Applying the second law

Keep the following important
ideas in mind: ... if you

... and you
1. The net force is what causes [k “;_:‘n“; to .
acceleration.
2. If there is no acceleration, the , force (F) and
_ F accel. (@)
net force must be zero. a=— mass (m)
3. If there is acceleration, there acceleration (a)
must also be a net force. . I
4. The force unit of newtons is o
: acceleration (a)
based on kilograms, meters, | ~_ F mass(m) = e o m
and seconds. a




2nd [.aw of Motion Question

1. What acceleration will result when a 12
N net force applied to a 3 kg object?

2. A net force of 16 N causes a mass to
accelerate at a rate of 5 m/s2. Determine
the mass.

3. How much force is needed to accelerate
a 66 kg skier 1 m/sec??

4. What is the force on a 1000 kg elevator
that is falling freely at 9.8 m/sec?2?



Third Law of Motion: “The Law of Action-
Reaction’

Whenever one object exerts a force
on a second ob}'ect, the second object

exerts an equal and opposite force on
the first.
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Fl,z =-F
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force on object 1 f

from object 2 / force on object 2

from object 1

A hammer and a nail hit each other
with equal force.




Third Law of Motion: continued

Forces always act in pairs

Action-reaction forces always act on different
objects -> They are not balanced!

We use action-reaction forces to change our
motion

You apply your
force backwards
against the ground

and the ground applies
a static frictional force
forwards against you.



Newton’ s Third Law Examples

What are the action and reaction forces in these examples?




EXIT SLIP

What is the relationship
between force and motion?




