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Force and Motion

Why do things move?
What is the cause of motion?

The Answer was given by Sir Isaac 
Newton



How Fast Are You Going?
In your chair, you might say you are at rest.

But Earth is spinning

But Earth is going around the sun:

But the sun is moving about the Milky Way

How fast are you going??

• Clarification: At rest with respect to the surface of Earth.

• It takes 24 hours to travel ~25,000 miles (Earth’s circumference)
so v=1000 mph.

• Circumference: D = 2πR = 2π(93x106 miles)
• Period: T = 1 year = 365 days = 8760 hours
• V= D/T = 66,700 mph

• V = 540,000 mph

• Bad question, must ask:
How fast are you going with respect to ….





Newton's First Law
or “law of inertia”

An object at rest tends to stay at rest and 
an object in motion tends to stay in motion 
with the same speed and in the same 
direction unless acted upon by an
unbalanced force.

http://www.glenbrook.k12.il.us/gbssci/phys/Class/newtlaws/u2l1d.html#balanced
http://www.glenbrook.k12.il.us/gbssci/phys/Class/newtlaws/u2l1d.html#balanced
http://www.glenbrook.k12.il.us/gbssci/phys/Class/newtlaws/u2l1d.html#balanced


Newton's First Law
or “law of inertia”

A body will stay at rest...
A body will continue to move with the same
velocity unless...
A net force acts on the body
– e.g., to speed up or slow down an object’s

motion, and/or to change an object’s direction
of motion, and object’s inertia must be overcome.



Newton's First Law
or “law of inertia”

Everyday Applications of Newton's First 
Law!!!! 
Could you please give me an example?



State of Motion

Inertia is the tendency of an object to 
resist changes in its state of motion.

Inertia = tendency of an object to resist 
changes in its velocity.

Inertia = tendency of an object to resist 
accelerations.

http://www.glenbrook.k12.il.us/gbssci/phys/Class/newtlaws/u2l1b.html#inertia


State of Motion

The GBS physics teachers 
are taking some time off for 
a little putt-putt golf. The 
15th hole at the Hole-In-One 
Putt-Putt Golf Course has a 
large metal rim which 
putters must use to guide 
their ball towards the hole. 
Mr.Somchai guides a golf 
ball around the metal rim 
When the ball leaves the 
rim, which path (1, 2, or 3) 
will the golf ball follow?



Force

An Interaction that causes an acceleration of a 
body.
A push or a pull applied to an object
That which is needed to change the state of
motion (i.e., velocity) of an object

Force is a vector quantity.
Force is a quantity which is measured using the
standard metric unit known as the Newton. 



Type of Force

Contact Forces Action-at-a-Distance 
Forces

Frictional Force
Tensional Force
Normal Force
Air Resistance Force
Applied Force
Spring Force

Gravitational Force
Electrical Force
Magnetic Force



Drawing Free-Body Diagrams

Free-body diagrams are 
diagrams used to show 
the relative magnitude 
and direction of all forces 
acting upon an object in a 
given situation. 



Newton’s Second Law
or “Law of acceleration”

The Total force acting on a body is equal 
to the mass of the body times its 
acceleration.
Force affected by mass



Newton’s Second Law



Force is a vector



Net Force direction

Which direction?

BA

BA



Balance and Unbalance Force

the two individual forces 
"balance each other“
the force of friction acts 
leftwards, and there is no 
rightward force to balance 
it. In this case, an 
unbalanced force acts 
upon the book to change 
its state of motion.

http://www.glenbrook.k12.il.us/gbssci/phys/Class/newtlaws/u2l1d.html#balanced
http://www.glenbrook.k12.il.us/gbssci/phys/Class/newtlaws/u2l1c.html#state










Free Fall Motion

all objects will fall 
with the same 
rate of 
acceleration, 
regardless of 
their mass. 

http://www.glenbrook.k12.il.us/gbssci/phys/Class/1DKin/U1L5e.html
http://www.glenbrook.k12.il.us/gbssci/phys/Class/1DKin/U1L5e.html
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Example

What average net force must a baseball catcher
apply to an 80 mph (35.8 m/s) pitch to stop it
over a time of .025 s? (mass = 4.5 oz = 0.13 kg)
– Know:

m = .13 kg; t = 0.025 s; vi = 35.8 m/s; vf = 0 m/s
– Need:

F
– Use:

F = ma ...but…we must find a first and a = (vf– vi)/t
– Answer:
F = ma = 0.13 kg × (0 m/s – 35.8 m/s )/0.025 s = –186.2 N



Newton’s 3rd Law:
Action/Reaction





















Uniform Circular Motion



Uniform Circular Motion



Conical Pendulum



Motion in a Horizontal Circle



Horizontal (Flat) Curve



Banked Curve



Loop-the-Loop



Loop-the-Loop



Non-Uniform Circular Motion



Vertical Circle with Non-
Uniform Speed



Top and Bottom of Circle



“Centrifugal” Force



Fictitious Forces, examples



Fictitious Forces in Linear Systems



Fictitious Forces in a Rotating System



Newton’s Law of Gravitation
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