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Newton’s 1st Law of  Motion
"An object at rest tends to stay at rest 
and an object in motion tends to stay 
in motion at a constant speed and the 
same direction unless acted upon by 

an outside force."

This law can be summed up 
in one word:    Inertia

Index

3



1st Law: Inertia
Inertia is the resistance of an object to change it’s motion.

An object will continue it’s motion until some outside force 
changes that motion.

Suppose you shoved a block of wood across a table.
Why did it stop? Answer: friction. When 2 surfaces rub 

together, friction is produced. Friction is an outside force 
that acts against motion. Friction stop most moving objects.

What would you predict would happen in a frictionless 
environment?

friction

MotionMotion would be in a straight line at a constant speed 
(constant velocity).

Index
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Vectors

Resulting motion

In Physics, vectors 
(arrows) are used to 

show the size and 
direction of a force acting 

on an object.

small force
pulling to the right

large force
pulling to the left

large force
 pushing up

small force
pulling down

What would happen if 
you combined these 
two forces acting on 

an object?

A slingshot is 
a perfect 
example
of this.

Index
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Newton’s 2 Law
"The acceleration of an object is 
directly proportional to the force 

acting upon it and 
inversely proportional to the 

mass of the object."

Index

Summed up: 
Force = mass x acceleration
1 Newton = 1 kg x 1 m/s/s  
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Force = Mass x Acceleration
To get masses to acceleration, a force is required.
A Newton of force is required to get a 1 kilogram 

mass to accelerate at a rate of 1 m/s/s.

Q: What force would be required to cause this 
1000 kg car to accelerate at a rate of 5 m/s/s?

F = 1000 kg x 5 m/s/s
F = 5000 Newtons

Index
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Force = Mass x Acceleration
Newton Kilogram Meters/second/second

Mass =      Force
Acceleration

Kilogram

kg x  m/s/s

m/s/s

Acceleration =      Force

Kg

kg x m/s/s

m/s/s Mass

Solving for 3 Variables

Index
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Forces
Balanced Unbalanced

Fgravity

Fmuscle

F quarter backF defense lineman

Equal and opposite forces
cancel out each other. 

No acceleration

One force is greater than the 
other force. 

Acceleration always occurs

Index
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Balanced or Unbalanced Forces?

Friction Inertia

The Earth revolving around the Sun

Gravity

Inertia

Balanced

Unbalanced

A car driving North at 60 mi/hr?

No Acceleration

Acceleration
Index
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Balanced Forces: Terminal Velocity
When a 100 kg sky-diver jumps out of an airplane, they begin to 

accelerate. The force  of gravity is equal to their 
mass (kg) x acceleration due to gravity (9.80 m/s/s).

F = 100 kg x 9.80 m/s/s = 980 N

As they begin to fall, air resistance pushing up on them begins to 
increase.  As the skydiver accelerates, air resistance increases. 

Eventually the force of air resistance pushing up = gravity pulling 
down.  At that point forces are balanced and they stop accelerating.

F gravity

F air resistance

Index
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Terminal Velocity
What’s going on here?

Index

DC-10 propeller

Force of air pushing up
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Newton’s 3rd Law of  Motion
"For every action there is an 
equal and opposite reaction."

Forces always act in pairs.
When a force is applied to an object, 

that object applies an equal and 
opposite force.

action force
reaction force

Index
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Action - Reaction
When a gun is fired, the exploding gunpowder exerts a force on the 

bullet.  The same force is also exerted on the gun in the opposite 
direction. This causes the gun to recoil - to jerk backward when fired.

Q: Why doesn’t the gun accelerate backwards as fast as the bullet 
accelerates forwards?

A: Because the mass of the gun plus the person is one large mass. 
Mass and acceleration are inversely proportional: as mass ↑, acceleration ↓.

Bullet = small mass = fast acceleration
Gun and human = large mass = slow acceleration Index
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Action - Reaction

reaction:
ground pushing
foot forward

action: foot pushing 
ground backward

action: 
paddle
pushing 
water

 backward

reaction:
water pushing
paddle forward

Action - Reaction
What is the action and the reaction in the 

following:

Index
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GRAVITY

Newton, along with his 3 Laws of Motion,
was first to explain ...
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Mass & Gravity
Gravity is a force of attraction between two masses.
The greater the mass, the greater the pull of gravity.

 Mass and gravity are directly proportional.
2x mass = 2x gravity. Cut mass to 1/3,  so does gravity. 

Gravity ∝ Mass

Your weight is 
a measure of 

the Earth’s pull 
of gravity on 
your body.
When you 

increase your 
mass, you 

increase your 
weight.
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The force of Gravity is the 
Inverse-Square of distance.

f=1
f=1/4

f=1/9

Whatever you do to distance you do the inverse square 
to the force of gravity. This is true of all forms of energy: 

gravity, light, heat, radiation, and sound.

25.0 lbs

11.1 lbs

6.25 lbs

4.00 lbs

100. lbs4,000 miles

8,000 miles

12,000 miles

16,000 miles

20,000 miles

Index
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Placing objects in orbit
Objects in orbit are constantly falling, but as they 
fall the Earth curves away from them. Objects in 

orbit are in a state of constant freefall.

Falling masses are weightless since they do not 
exert a force on anything. Index
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Masses in orbit are weightless
Astronauts in orbit are weightless even though they 

have not escaped the pull of gravity.
If there were no gravity in space you couldn’t put 

astronauts in orbit.

Gravity

Inertia

Index
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Zero Gravity
You don’t have to go into space to become weightless - just 

climb in the “Vomit Comet” - a NASA plane.
When this plane goes into a nose dive, everyone on board 
becomes weightless. This weightlessness in free fall is called 

zero gravity.  The astronauts have not escaped gravity - 
they are weightless because they are in free-fall.

Index
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Astronauts are weightless in space 
because they are in a state of 

constant free fall.

Index
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Shoot-Drop Motion
If you were to shoot a bullet horizontally and at the same 

time drop a bullet from the same height,
which would strike the ground first?

They would hit the ground at the same time. 
The force of gravity is not affected by the 

forward motion of the bullet. Since the pull of 
gravity is the same on both bullets, they would 
fall at the same rate and hit the ground at the 

same time.
Index
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Shoot-Drop Motion
If you were to shoot a bullet horizontally at a speed of 
1240 ft/s from a height of 2.00 meters off the ground, 

how far down range would it hit?

2.00
 m

1. Calculate how long it is in the air. 
Rearrange the formula d =1/2ag x t 2

√t  =    
1/2 ag

d = √2.00 m
4.90 m/s 2 = 0.639s

2. Use d = s x t to see how far it 
travels in 0.639 seconds.

d = 1240 ft/s x 0.639s = 792 ft

Index
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Review of Gravity

Index

Gravity is a force of attraction between masses. 
Gravity attracts objects to the center of a mass.

Gravity is universal - every object in the universe 
has gravity. 

The gravitational pull of an object is directly 
proportional to it’s mass. 
Double the mass = double the force of gravity.

Distance is inversely proportional to the square 
of the distance between two masses.
Double the distance = force is cut to 1/4.
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Aristotle’s view of 
Falling Objects.

The great Greek thinker 
Aristotle believed that 
“The acceleration of a 

falling object is 
proportional to it’s mass. 
“The greater the mass, the 

faster the object falls.”
This made sense - a 

hammer falls faster to 
Earth than a feather.

Aristotle
384 - 322 BC

Index
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Galileo Galilei
In the late sixteenth century 
the Italian scientist Galileo 

proposed that gravity 
accelerates all objects 

at the same rate, 
regardless of their mass.

Galileo tested his theory by dropping 
two different masses from the top of 

the Leaning Tower of Pisa in Italy.
The two different masses hit the ground 

at the same time. This experiment 
proved Aristotle wrong - all falling 

objects do accelerate at the same rate.
Index

Galileo
1564 - 1642
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Feather & Hammer:
Acceleration due to Gravity

In 1970 US astronauts, landing on the Moon in the Falcon 
(the lunar landing module) tested Galileo’s theory in an 

airless environment. The results were televised world-wide.
Why does a hammer fall faster on Earth than a feather?

Index
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Neglecting air resistance why do
 all objects fall at the same rate?

ag =
F
m1.0 kg

10.0 kg ag =
F
m

=
9.80 N
1.0 kg

98.0 N
10.0 kg

=

Because force and mass are directly proportional!

9.80 m/s2
=

9.80 m/s2
=
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Calculating the rate of 
acceleration due to gravity.

While Galileo discovered 
that all objects fall at the 
same rate (neglecting air 
resistance), he was not 

able to calculate the rate. 

Today we will conduct an 
experiment which will 

enable us to calculate the 
rate of acceleration of a 
falling object on Earth. 

Index
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distance
7.27m

timer recorder

• Students will break into groups 
of two - one student will be a 

timer while the other is a 
recorder.

•  Mr. Gilliland will drop objects 
from the second story. Students 
will time how long they take to 

hit the ground.
• From this data students will 

calculate the following 
measurements:

1. average velocity
2. final velocity
3. acceleration

4. experimental error

Procedure

Average speed = total distance
average time

Final speed = average speed x 2

Acceleration = Final speed - original speed
average time

% Error = Accepted value - Experimental value
Accepted value 

x 100

Formulas:

IndexDrop negative if you get one.

Accepted Value for 
Acceleration:

9.80 m/s/s
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Post Lab Discussion
If you could stop the water balloon every 1/5 of a 
second what would the displacement look like?

When we dropped two water balloons 
of different masses, what happened?

Index
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How long did a water balloon take to hit the ground?

t = d
1/2 ag

d t1/2 ag
2= x

distance falling time squared1/2 acceleration 
due to gravity x=

7.27m
4.90 m/s2t = =1.21s
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Hollywood Hoax: The Matrix
In the movie The Matrix,  two people jump off an overpass 

on to a truck traveling 50 mi/hr down the road.
What would really happen if you tried this?
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Why does the Leaning Tower of Pisa lean? 

Index

GIANTS!!!
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Any Questions?
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