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Today we are going to discuss:

Chapter 5:

 Force, Mass:  Section 5.1
 Weight—the Force of Gravity; and the Normal 

Force/Tension: Section 5.2-5.4
 Newton’s First Law of Motion: Section 5.6
 Newton’s Second Law of Motion: Section 5.5
 Free-Body Diagram: Section 5.7
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Transition from Kinematics to Dynamics

In Kinematics we studied
HOW things move

Motion         Forces

Motion         Forces

Now in Dynamics we will study 
WHY things move



Department of Physics and Applied Physics
PHYS.1410  Lecture 7   Danylov

Force

A moving object needs a force 
to change its velocity

push pull

A force was introduced to describe interactions between two objects

A force is a push or pull 

Force has magnitude and direction: VECTOR! To quantify a push or 
pull, we need to specify both magnitude and a direction.

An object at rest needs a force to get it moving 
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There are two types of forces

Contact forces:
forces that act on an 
object by touching it at a 
point of contact.

Non-contact forces 
(Long-range forces): 
forces that act on an 

object without physical 
contact (gravity).

The bat must touch the 
ball to hit it.

Frictional Force
Tension Force
Normal Force
Spring Force

Gravity
Electric force

Magnetic force
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The Major Forces
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A spring can either push (when 
compressed) or pull (when stretched).

The pull of a planet on an object near 
the surface is called the gravitational 
force.  It comes from the entire planet

Gravity acts on all objects, whether moving 
or at rest.
The gravitational force vector always points 
vertically downward.

The gravitational force 
pulls the cat down

Spring Force
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Normal Force
• When an object sits on a table, 

the table surface exerts an upward 
contact force on the object.

• This pushing force is directed 
perpendicular to the surface, and thus is 
called the normal force.

Always
perpendicular

A table is made of atoms joined together by 
molecular bonds which can be modeled as 
springs.
Normal force is a result of many molecular 
springs being compressed ever so slightly.
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Static friction is the contact force 
that keeps an object “stuck” on a 
surface, and prevents relative motion.

The static friction force is directed 
tangent to the surface.

Static friction points opposite the 
direction in which the object would 
move if there were no static friction.

Friction Force

When an object slides along a surface, 
the surface can exert a contact force 
which opposes the motion.

This is called kinetic friction.

The kinetic friction force is directed tangent 
to the surface, and opposite to the velocity 
of the object relative to the surface.

Kinetic friction tends to slow down the sliding 
motion of an object in contact with a surface.
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Tension Force

• When a string or rope or wire pulls on an object, it exerts a 
contact force called the tension force.

• The tension force is in the direction of the string or rope.



A bobsledder pushes her sled 
across horizontal snow to get it 
going, then jumps in. After she 
jumps in, the sled gradually 
slows to a halt. What forces act 
on the sled just after she’s 
jumped in?

ConcepTest Forces       
A) Gravity and kinetic friction

B) Gravity and a normal force.

C) Gravity and the force of the push.

D) Gravity, a normal force, and 
kinetic friction.

E) Gravity, a normal force, kinetic 
friction, and the force of the push.
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Principle of superposition

F1F2

F3

+ + +

If multiple forces are present, the net force on an object is 
given by the vector sum of all the forces

F1

F2

F3

tension

tension



 The net force on an object 
points to the left. Two of three 
forces are shown. Which is the 
missing third force?

ConcepTest Net Force

A. B. C. D.

F1

F2F3x

F3y

Vertical components 
cancel. F3x is longer F2
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Newton’s laws

In 1687 Newton published his three laws in his 
Principia Mathematica. 

These intuitive laws are remarkable intellectual 
achievements and work spectacular for everyday physics



Department of Physics and Applied Physics
PHYS.1410  Lecture 7   Danylov

Newton’s 1st Law (Law of Inertia) 

In the absence of force, objects continue in their
state of rest or of uniform velocity in a straight line

i.e. objects want to keep on doing what they are already doing

It helps to find inertial reference frames 



 An object on a rope is lowered 
at constant speed. 
Which is true?

ConcepTest N.1st Law

Vertical components 
cancel. 

T

FG0

A. The rope tension is greater than the object’s weight.

B. The rope tension equals the object’s weight.

C. The rope tension is less than the object’s weight.

D. The rope tension can’t be compared to the object’s 
weight.

Constant velocity

FG=T
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Inertial reference frame

An inertial reference frame is one in which Newton’s first law 
is valid. 

Inertial reference frame
– A reference frame at rest 
– Or one that moves with a constant velocity 

This excludes rotating and accelerating frames 
(non-inertial reference frames), where Newton’s first law does 
not hold.

How can we tell if we are in an inertial reference frame? 
- By checking if Newton’s first law holds!

The end of the class
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A physics student 
cruises at a constant 

velocity in an airplane.
A ball placed on the 

floor stays at rest 
relative to the airplane.

Inertial Reference Frame (Example)

There are no horizontal forces on the ball, so 
when             .

Newton’s first law is satisfied, so this airplane is an 
inertial reference frame.
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Newton’s first law is violated, therefore this airplane is not an inertial 
reference frame.

Non-Inertial Reference Frames (Example)
A physics student is 

standing up in an 
airplane during 
takeoff. 

A ball placed on the 
floor rolls toward the 
back of the plane.

There are no horizontal forces on the ball, and yet the ball 
accelerates in the plane’s reference frame.

In general, accelerating reference frames are not inertial reference 
frames.
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Newton’s Second Law of Motion
Newton’s second law is the relation between acceleration and force. 
Acceleration is proportional to force and inversely proportional to mass.

amF 


2s
mkgN 

New unit of force Newton

• It takes a force to change either the 
direction or the speed of an object. 

• More force means more acceleration; 

• the same force exerted on a more 
massive object will yield less 
acceleration.
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Mass

Mass is the measure of inertia of an object, sometimes understood 
as the quantity of matter in the object. 
In the SI system, mass is measured in kilograms.

Mass is not weight.

Mass is a property of an object. 
Weight is the force exerted on that object by gravity.

If you go to the Moon (gravitational acceleration is about 1/6 g),
you will weigh much less. 
Your mass, however, will be the same.

amF 
 Proportionality defines mass of object.
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Drawing a Free-body Diagram
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 T > FG FG

T

y

x

Fnet

tension

Gravity

Fnet = ma
T – FG = ma > 0Fnet = 

Fnet >0  (upward) 



The elevator is slowing down 
(acceleration is downward), so it must
have a net downward force.  The 
forces on it are T (up) and mg (down), 
so T must be smaller than mg in order 
to give the net downward force! F = T – FG = ma < 0

 T < FG

An elevator, lifted by a cable, is moving upward and 
slowing. Which is the correct free-body diagram?

ConcepTest

FG

T
A. B. C. D

.
E.

y

x



 A ball, hanging from the 
ceiling by a string, is pulled 
back and released. Which is 
the correct free-body diagram 
just after its release?

ConcepTest Free-body Diagram

A. B. C. D. F.
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Thank you
See you on Monday


