
Chapter 12: Forces

Newton’s First Law 

of Motion



Newton’s First Law of Motion

An object at rest remains at rest and an object in 

motion maintains its velocity unless it 

experiences a net force.
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Inertia: the tendency of an object to resist a 

change in motion unless an outside force acts 

on the object

Newton’s first law is often called the law of 

inertia.
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A person in motion tends to stay in motion with 

the same speed and in the same direction ... 

unless acted upon by the unbalanced force of a 

seat belt. 

The seat belt provides the unbalanced force 

which brings you from a state of motion to a 

state of rest. 
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EXAMPLES

•blood rushes from your head to your feet 

when riding on a descending elevator which 

suddenly stops. 

•the head of a hammer can be tightened onto 

the wooden handle by banging the bottom of 

the handle against a hard surface.
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EXAMPLES

•to dislodge ketchup from the bottom of a 

ketchup bottle, the bottle is often turned upside 

down, thrust downward at a high speed and 

then abruptly halted. 

•headrests are placed in cars to prevent 

whiplash injuries during rear-end collisions.



Newton’s 1st law movie
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 Acceleration is the change in 
velocity over the change in time

Newton’s Second Law
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Force is a quantity which is 

measured using a standard metric 

unit known as the Newton
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Another unit for Force is the pound

lb 225.Newton 1 
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Newtons 45.4  1 lb



 Force and acceleration are directly 
proportional to one another.

 If force doubles, acceleration 
doubles.

 If force triples, acceleration triples.

 If force halves, acceleration halves.

Force causes acceleration
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 Mass and acceleration are inversely 
proportional to one another if a 
constant force is applied.

 If mass doubles, acceleration halves.

 If mass triples, acceleration is 1/3 as 
much. 

 If mass halves, acceleration doubles.

Mass resists acceleration
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 The unbalanced force acting on an 
object equals the object’s mass times 
acceleration

Newton’s 2nd Law
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Newton’s 2nd Law
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Newton’s 2nd Law

Time for a Gizmo!
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http://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=403
http://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=403


 What acceleration will result when a 
12-N net force is applied to a 3-kg 
object? A 6-kg object?

Newton’s 2nd Law
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 A net force of 16 N causes a mass to 
accelerate at the rate of 5 m/s2. 
Determine the mass.

Newton’s 2nd Law
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Mass and Weight are 
NOT the same thing.

Gravity
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mass: a measure of the 
amount of matter in 

an object.

Gravity
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Weight: a measure of the 
gravitational force 

exerted on a object.

Gravity
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What is gravity?
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the force of attraction 

between all masses 

in the universe



What is the acceleration 
due to gravity?
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On Earth 

g = 10 m/s2



Where does GRAVITY 

fit into this equation?
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F=ma



F= Force= Weight =W

m= mass

a=acceleration= g
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F=ma

W=mg
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What is the weight of a 15-kg object?

W=mg=(15 kg)(10 m/s2)

=  150 N



What is the weight of a 
450 kg box on Earth?
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Free fall is a state of 
falling free from air 

resistance and other 
forces except gravity.
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Free fall

All free-falling objects  

(on Earth) accelerate 

downwards at a rate of 

approximately 10 m/s2

(to be exact, 9.8 m/s2).
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In the absence of air 

resistance, all objects 

fall with the same 

acceleration, 

although this may be 

hard to tell by testing 

in an environment 

where there is air 

resistance.

Free fall
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Coin and Feather Movie

Free fall
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Feather and Hammer on the Moon Movie

Free fall



ACCELERATION 

due to gravity IS 
CONSTANT!!!!!!!!!
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And…

The acceleration is 
independent of the 

MASS
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Acceleration is greater in a 
valley and less on the top of 
a mountain (and so your weight 
varies also).

Why is this?
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All objects in the universe 
attract each other through the 
force of gravity.
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Law of Gravity Movie

http://my.hrw.com/sh2/sh07_10/student/flash/visual_concepts/80303.htm
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The Universal Law of Gravitation
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The Universal Law of Gravitation

F =force between objects
G=gravitation constant
m1m2=two masses
d= distance between

the two objects
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Law of Gravity Equation Movie

http://my.hrw.com/sh2/sh07_10/student/flash/visual_concepts/70020.htm


A projectile is an object 

moving in two dimensions 

under the influence of 

Earth's gravity; its path is a 

parabola. 
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A projectile is an object 

moving in two dimensions 

under the influence of 

Earth's gravity; its path is a 

parabola. 
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It can be understood 

by analyzing the 

horizontal and vertical

motions separately.
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An object projected horizontally will reach the 

ground in the same time as an object dropped.

Galileo found…
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Orbiting the Earth is a projectile
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Orbiting the Earth movie

http://my.hrw.com/sh2/sh07_10/student/flash/visual_concepts/80317.htm


Newton’s third law:

For every action force, 

there is an equal and 

opposite reaction force.
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Forces always occur in pairs.



A key to the correct 

application of the 

third law is that the 
forces are exerted 
on different objects. 

Make sure you 

don’t use them as if 

they were acting on 

the same object. 
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Newton’s Third Law movie

http://my.hrw.com/sh2/sh07_10/student/flash/visual_concepts/70715.htm
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Momentum Defined

Momentum: the quantity 
defined as the product of the 
mass and velocity of an object
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 The amount of momentum which an 
object has is dependent upon two 
variables: mass and velocity
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p = momentum

m = mass

v = velocity 

The units for momentum are the kgm/s

mvp 
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Determine the momentum of a ...

A.60-kg halfback moving eastward at 9 m/s.

B.1000-kg car moving northward at 20 m/s.

C.40-kg student moving southward at 2 m/s.


