
Chapter 3 

Newton’s Laws of Motion 

Weight 
 

The weight of an object is the gravitational force that the 
planet exerts on the object. The weight always acts 
downward, toward the center of the planet.  

SI Unit of Weight: : newton (N) 

gmW ×=
Weight = Mass x Gravity 

– m: mass of the body (units: kg) 
– g: gravitational acceleration (9.8m/s2,     

• As the mass of a body increases, its’ 
weight increases proportionally 

• 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) 

Mass … 

Note that mass is involved in the force of gravity!  This is a 
separate property from that of inertia, so we give this 
property the name gravitational mass. 

• is a measure of how much matter there is in 
something -- usually measured in  kilograms in 
science 

• causes an object to have weight in a gravitational 
field 

•   a measure of the resistance of an object to 
changes in its motion due to a force (describes how 
difficult it is to get an object moving) 
 



Mass = Inertia – an object’s 
resistance to motion 

Would it be more difficult to 
pull an elephant or a mouse?  
 

• what is the weight of a 2 kg mass? 
 

• W = Fg = mxg = 2 kg x 9.8 m/s2  
          = 19.6 N 
 
 

• What is the mass of a 1000 N person? 
• W = Fg = mxg  
    m = Fg/g = 1000 N / 9.8 m/s2 
        =102 kg 

• A girl weighs 745 N.  What is his mass 

m = F ÷ g 

m = (745 N) ÷ (9.8 m/s2) 

m = 76.0 kg 

On a horizontal, frictionless surface, the blocks above are being acted upon by two 
opposing horizontal forces, as shown.  What is the magnitude of the net force acting 
on the 3kg block? 

A.  zero   
B.  2N 
C.  1.5 N 
D.  1N 
E.  More information is needed. 

Example : Example : 

 a =F/m=25/5 = 5 m / s2 

2 220 15 25F N= + =

2 227.5 13 30.4F N= + =

 a =F/m=30.4/5= 6.08 m / s2 
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3.3     Newton's first law  
Every object continues in a state of rest , or of uniform motion in 
a straight  line , unless it is compelled to change that state by 
forces acting upon it. 
 
An equivalent statement of the first law is that : 
 
 An object at rest will stay at rest, and an object in 
motion will stay in motion at constant velocity, unless 
acted upon by an unbalanced force. 

This, at first, does not seem obvious.  Most things on earth tend 
to slow down and stop.  However, when we consider the 
situation, we see that there are lots of forces tending to slow 
the objects down such as friction and air resistance. 

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 

A railway engine pulls a wagon of mass 10 000 kg along a straight track at a steady 
speed. The pull force in the couplings between the engine  and wagon is 1000 N. 
  
a.What is the force opposing the motion of the wagon?  
b.If the pull force is increased to 1200 N and the resistance to movement  
of the wagon remains constant, what would be the acceleration of the wagon?  

 

Solution  
a)  
When the speed is steady, by Newton’s first law, the resultant force must be zero.  
The pull on the wagon must equal the resistance to motion. So the force resisting 
motion is 1000 N.  
b)  
The resultant force on the wagon is 1200 – 1000 = 200 N  
By Equation   
 
 
 
 
 
 

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. 

FF BAAB
−=



Newton’s Third Law 

– forces are equal and opposite but act on different 
objects 

– they are not “balanced forces” 
– the movement of the horse depends on the forces 

acting on the horse 

This image cannot currently be displayed.

Explanation: 

Newton’s Third Law 

• Single isolated force cannot exist 
• For every action there is an equal and 

opposite reaction 
 

Force on “2” due to “1” 
 F12 = −

r
F21

Action-Reaction Pairs 
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Define the OBJECT  (free 
body) 

• Newton’s Law uses 
the forces acting ON 
object 

• N and Fg act on 
object 

• n’ and Fg’ act on 
other objects 
 

Normal Force Is Not Always Equal to the Weight 
3.6 Newton’s Second Law 

• Newton’s Second Law of Motion 
• The force F needed to produce an acceleration a is 

 
 
 
  

 
 
– The acceleration of an object is directly proportional to 

the net force acting on it and inversely proportional to its 
mass. 

F = ma 



Newton’s Second Law 

F = ma 
F: force (N) 
m: mass (kg) 
a:acceleration (m/s2) 
 
1 N = 1 kg ·m/s2 

=a
m 

F 
a 

F 
m 

What force would be required to accelerate  
a 40 kg mass by 4 m/s2? 

F = ma 

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

F = 160 N 

A 4.0 kg shotput is thrown with 30 N of force.  
What is its acceleration? 

a = F ÷ m 

a = (30 N) ÷ (4.0 kg) 

a = 7.5 m/s2 



Example: 

2 





“When 2 things are in contact with each other, there will be 
friction acting between them” 

34 

Friction is a Force 

Force on person  
            by box 

Force on floor by box  Force on box 
           by floor 

It’s the sum of all the forces that determines the acceleration. 
Every force has an equal & opposite partner. 

Force on box  
           by person 

Friction Mechanism 

Corrugations in the surfaces grind when things slide. 
Lubricants fill in the gaps and let things slide more easily.  
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Why Doesn’t Gravity Make the Box 
Fall? 

Force of Earth acting on Box (weight) 

Force of Floor acting on Box  

Force from floor on box 
cancels gravity. 
 
If the floor vanished, the 
box would begin to fall. 
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What’s missing in this picture? 

Force on person  
            by box 

Force on floor by box  Force on box 
           by floor 

Force on box  
           by person 

A pair of forces acting between person and floor. 
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Don’t all forces then cancel? 
• How does anything ever move (accelerate) if every force 

has an opposing pair? 
• The important thing is the net force on the object of 

interest 

Force on box 
by floor 

Force on box  
           by person 

Net Force 
on box 

Magnitude of Friction 

• Two factors govern the magnitude of the 
force or maximum static friction or kinetic 
friction in any situation: the coefficient of 
friction, represented by the small Greek letter 
mu (μ), and the normal (perpendicular) 
reaction force (N). 

•                                F = μN 





The following empirical laws hold true about friction: 

-  Friction force, f,  is proportional to normal force, n. 

 

 

-  μs and μk: coefficients of static and kinetic friction, respectively 

-  Direction of frictional force is opposite to  direction of relative motion 

-  Values of μs and μk depend on nature of surface. 

- μs and μk don’t depend on the area of contact. 

- μs and μk don’t depend on speed.   

- μs, max is usually a bit larger than μk.   

- Range from about 0.003 (μk for synovial joints in humans) to 1 (μs for rubber on concrete). 
See table 5.2 in book.   

nf ss μ≤ nf kk μ=

µ µ 



If the box moves with constant velocity 


