
Motion & Forces 

 Defining Force 
 Force 

 Newton’s First Law 

 Friction 



A. Force 

 Force 

 a push or pull that one body exerts 

on another 

What forces are being  

exerted on the football? 
Fkick 

Fgrav 



A. Force 

 Balanced Forces 

• forces acting on an 

object that are 

opposite in direction 

and equal in size 

• no change in velocity 



A. Force 

 Balanced Forces 

 Normal Force - 

 support force exerted upon an object that is 

in contact with another stable object. 

 Always perpendicular to the surface 



A. Force 

 Net Force 

 unbalanced forces that are not 

opposite and equal 

 velocity changes (object accelerates) 

Ffriction 

W 

Fpull 

Fnet 

N N 



B. Newton’s First Law 

Newton’s First Law of Motion 

An object at rest will remain at 

rest and an object in motion 

will continue moving at a 

constant velocity unless acted 

upon by a net force. 



B. Newton’s First Law 

 Newton’s First Law of Motion 

 “Law of Inertia” 

 

 

 

 Inertia 

 tendency of an object to resist any 

change in its motion 

 increases as mass increases 



Concept Check! 

TRUE or FALSE? 

The object shown in the diagram must 

be at rest since there is no net force 

acting on it. 

FALSE!  A net force does not 

cause motion.  A net force 

causes a change in motion, 

or acceleration. 

Taken from “The Physics Classroom” © Tom Henderson, 1996-2001. 

http://www.glenbrook.k12.il.us/gbssci/phys/Class/newtlaws/u2l3b.html


Motion & Forces 

Force & Acceleration 
 Newton’s Second Law 

 Gravity 

 Air Resistance 

 Calculations 



A. Newton’s Second Law 

 Newton’s Second Law of Motion 

 The acceleration of an object is 

directly proportional to the net force 

acting on it and inversely 

proportional to its mass.  

F = ma ∑ 



A. Newton’s Second Law 

  F = ma 
F: force (N) 

m: mass (kg) 

a: accel (m/s2) 

 

1 N = 1 kg ·m/s2 

a
m 

F 

a 

 F 

m 

∑ 

∑ 



B. Gravity 

 Gravity  

 force of attraction between any two 

objects in the universe 

 increases as... 

•mass increases 

•distance decreases 



B. Gravity 

 Who experiences more gravity - the 

astronaut or the politician? 

less 

distance 

more 

mass 

 Which exerts more gravity -  

 the Earth or the moon? 



B. Gravity 

 Weight 

 the force of gravity on an object 

MASS 
always the same 

(kg) 

WEIGHT 
depends on gravity 

(N) 

W = mg 
W: weight (N) 

m: mass (kg) 

g: acceleration due 

to gravity (m/s2) 



B. Gravity 

 Would you weigh more on Earth 

or Jupiter? 

greater gravity 

greater weight 

greater mass 

 Jupiter because... 



B. Gravity 

 Accel. due to gravity (g) 

 In the absence of air 

resistance, all falling objects 

have the same acceleration! 

 On Earth:  g = 9.8 m/s2 

m
W

g 

elephant 

m

W
g 

feather 



C. Air Resistance 

 Air Resistance 

 a.k.a. “fluid friction” or “drag” 

 force that air exerts on a moving 

object to oppose its motion  

 depends on: 

•  speed 

•  surface area 

•  shape 

•  density of fluid 



C. Air Resistance 

 Terminal Velocity 

maximum velocity reached 

by a falling object 

 reached when… 

     Fgrav = Fair 

Fair 

Fgrav 

 no net force 

  no acceleration 

  constant velocity 



C. Air Resistance 

 Falling with air resistance 

 heavier objects fall faster 

because they accelerate 

to higher speeds before 

reaching terminal 

velocity 

 larger Fgrav 

  need larger Fair 

  need higher speed 



D. Calculations 

 What force would be required to 

accelerate a 40 kg mass by 4 m/s2? 

GIVEN: 

F = ? 

m = 40 kg 

a = 4 m/s2 

WORK: 

F = ma 

F = (40 kg)(4 m/s2) 

F = 160 N 

 m 

F 

a 



D. Calculations 

 A 4.0 kg shotput is thrown with 30 N of 

force.  What is its acceleration? 

GIVEN: 

m = 4.0 kg 

F = 30 N 

a = ? 

WORK: 

a = F ÷ m 

a = (30 N) ÷ (4.0 kg) 

a = 7.5 m/s2 

 m 

F 

a 



D. Calculations 

 Mrs. J. weighs 557 N.  What is her 

mass?  

GIVEN: 

F(W) = 557 N 

m = ? 

a(g) = 9.8 m/s2 

WORK: 

m = F ÷ a 

m = (557 N) ÷ (9.8 m/s2) 

m = 56.8 kg 

 m 

F 

a 



ConcepTest 

 Is the following statement true or false? 

 An astronaut has less mass on the 

moon since the moon exerts a weaker 

gravitational force. 

 False!  Mass does not depend on 

gravity, weight does.  The astronaut has 

less weight on the moon. 



E. Friction 

 Friction 

 force that opposes motion between 

2 surfaces 

 depends on the: 

• types of surfaces 

• force between the   

surfaces 



E. Friction 

 Friction is greater... 

 between rough surfaces 

when there’s a greater 

force between the 

surfaces  

(e.g. more weight) 

 

 Pros and Cons? 



How can you increase friction? 

 If you wanted to increase the friction on an 

object you could either put the object on a 

rougher surface or push down on the object, 

grinding it into the surface. 

 The greater FN is, the more the object is being 

ground into the surface, causing more friction. 

 μ (pronounced “me-oo”) is the coefficient of 

friction.  Rougher surfaces have higher μ’s. 

                 



Types of Friction? 

 Why is it harder to get something to 

start to move than to keep it moving? 

 There are two types of friction 

 Static 

 Kinetic 



Static Friction F
S 

Static friction is gripping friction. Fs 

tries to keep an object sticking to a 

surface. You must apply a force just 

greater than Fs to start the object 

sliding. 



Kinetic Friction F
K 

 Kinetic friction is slipping friction. FK tries to 

stop an object from slipping, to make it 

stop. 

 Kinetic friction is usually less than static 

friction. 



Motion & Forces 

Pressure, Action and 

Reaction 
Pressure  

Newton’s Third Law 



The amount of force per unit of area is called pressure.  

When the force is perpendicular to the surface area, 

P is the pressure and A is the area over which the force 

acts.  

Pressure is measured in newtons per square meter, or 

pascals (Pa). One newton per square meter is equal to 

one pascal. 

Applying Force-Pressure 



The force of the book on the table is the same. 

The upright book exerts the same force, but greater 

pressure, against the supporting surface.  

Applying Force-Pressure 



A. Newton’s Third Law 

 Newton’s Third Law of 

Motion 

 When one object exerts 

a force on a second 

object, the second 

object exerts an equal 

but opposite force on 

the first. 



A. Newton’s Third Law 

 Problem: 

 How can a horse  

pull a cart if the cart  

is pulling back on  

the horse with an equal but 

opposite force?  

NO!!! 

 Aren’t these “balanced forces” 

resulting in no motion? 



A. Newton’s Third Law 

 Action-Reaction Pairs 

 The hammer exerts 

a force on the nail 

to the right. 

 The nail exerts an 

equal but opposite 

force on the 

hammer to the left. 



A. Newton’s Third Law 

 Action-Reaction Pairs 

 The rocket exerts a 

downward force on the 

exhaust gases. 

 The gases exert an 

equal but opposite 

upward force on the 

rocket. 
FG 

FR 



A. Newton’s Third Law 

 Action-Reaction Pairs 

 Both objects accelerate. 

 The amount of acceleration 

depends on the mass of the object. 

a
F 
m 

 Small mass  more acceleration 

 Large mass  less acceleration 


