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• Acceleration is the change in 

velocity over the change in time

Newton’s Second Law
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• Force and acceleration are directly 

proportional to one another.

• If force doubles, acceleration 

doubles.

• If force triples, acceleration triples.

• If force halves, acceleration halves.

5.1 Force causes acceleration



• 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.

5.2 Mass resists acceleration



• The acceleration produced by a 

net force on an object is directly 

proportional to the magnitude of 

the net force, is in the same 

direction as the net force, and is 

inversely proportional to the mass 

of the object.

5.3 Newton’s 2nd Law



maF 

5.3 Newton’s 2nd Law

m

F
a 



5.3 Newton’s 2nd Law

Time for a Gizmo!
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• What acceleration will result when 

a 12-N net force is applied to a   

3-kg object? A 6-kg object?

5.3 Newton’s 2nd Law



• A net force of 16 N causes a 

mass to accelerate at the rate of 5 

m/s2. Determine the mass.

5.3 Newton’s 2nd Law



• An object is accelerating at 2 

m/s2. If the net force is tripled and 

the mass of the object is doubled, 

what is the new acceleration?

5.3 Newton’s 2nd Law



• The most common misconception 

about motion is the idea that 

sustaining motion requires a 

continued force.

5.3 Newton’s 2nd Law



• Is this object moving? 

• Could it be moving?

• What direction?

5.3 Newton’s 2nd Law



Have you ever been sledding?

5.3 Newton’s 2nd Law

Imagine for the moment that there was no 

friction along the level surface from point B to 

point C and that there was no air resistance to 

impede your motion. How far would your sled 

travel? And what would its motion be like?



• The only forces acting on you are 

the normal force and the force of 

gravity, yet you are still moving!!!

5.3 Newton’s 2nd Law



• A force is not required to keep a 

moving book in motion; a force is 

not required to keep a moving 

sled in motion; and a force is not 

required to keep any horizontally 

moving object in motion. 

5.3 Newton’s 2nd Law



• Forces do not cause motion

• Forces cause accelerations.

5.3 Newton’s 2nd Law



• The Friction Force is the force 
exerted by a surface as an object 
moves across it or makes an 
effort to move across it. The 
friction force opposes the motion 
of the object. 

Ffr

5.4 Friction



5.4 Friction



5.4 Friction



5.4 Friction



• Is this object moving? 

• Could it be moving?

• What direction?

5.4 Friction



5.4 Friction
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Two types of Friction:

•Kinetic Friction

•Static Friction

5.4 Friction



• Kinetic friction is the frictional 

force between two surfaces that 

are moving along each other. 

• Kinetic friction acts on objects that 

are sliding on a surface.

5.4 Friction



• Static friction is the frictional force 

between two surfaces that are not

moving along each other. 

• Static friction keeps objects on 

inclines from sliding, and keeps 

objects from moving when a force 

is first applied.

5.4 Friction



5.4 Friction



• No matter how you place an 

object, the force of gravity does 

not change.

• Pressure on the surface does!

5.5 Applying Force- Pressure



• Pressure is the amount of force 

per unit area

5.5 Applying Force- Pressure
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• Pressure is measured in N/m2 or 

otherwise know as pascals (Pa)

5.5 Applying Force- Pressure
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• You apply more pressure against 

the ground when you stand on 

one foot than on two feet.

Why?

5.5 Applying Force- Pressure



1.Identify the object(s) of interest 

2.Draw a separate free body diagram for each object

Free Body Diagrams



3. Draw all forces on the free body as vectors 

coming out of the object 

Free Body Diagrams



Notes to Remember: 

- Only draw forces that act on the object 

Free Body Diagrams



Notes to Remember: 

- Any object "at rest" or "at constant 

velocity" in any dimension has an 

acceleration equal to zero and 

therefore a net force equal to zero 

Free Body Diagrams



Notes to Remember: 

- Normal means "perpendicular to a 

surface". There is a normal force only if 

an object is against a surface, and it 

always points away from that surface

Free Body Diagrams



Free Body Diagrams

Test your Knowledge

Draw a FBD for the following situation

1. A book is at rest on a table top. 

Diagram the forces acting on the book. 



Free Body Diagrams

Test your Knowledge

Draw a FBD for the following situation

2. An egg is free-falling from a nest in a tree. 

Neglect air resistance. Diagram the forces 

acting on the egg as it falls. 



Free Body Diagrams

Test your Knowledge

Draw a FBD for the following situation

3. A flying squirrel is gliding (no wing flaps) from a 

tree to the ground at constant velocity. Consider air 

resistance. Diagram the forces acting on the squirrel. 



Free Body Diagrams

Test your Knowledge

Draw a FBD for the following situation

4. A rightward force is applied to a book in 

order to move it across a desk with a 

rightward acceleration. Consider frictional 

forces. Neglect air resistance. Diagram the 

forces acting on the book. 



Free Body Diagrams

Test your Knowledge

Draw a FBD for the following situation

5. A football is moving upwards towards its 

peak after having been booted by the punter. 

Neglect air resistance. Diagram the forces 

acting upon the football as it rises upward 

towards its peak. 



Free Body Diagrams

Test your Knowledge

Draw a FBD for the following situation

6. A car is coasting to the right and slowing 

down. Diagram the forces acting upon the car. 



Free Body Diagrams

Test your Knowledge

Draw a FBD for the following situation

7. A skydiver is descending with a constant 

velocity. Consider air resistance. Diagram the 

forces acting upon the skydiver. 



A typical skydiver reaches 

terminal velocity of 55 m/s 

in 6 seconds. 



Terminal velocity is when there is no 

more acceleration. The force of gravity 

equals the force of air resistance 



Joseph Kittinger jumped 102,800 feet (31,333 

meters) in Excelsior III  balloon August 16, 1960 

He experienced air temperatures as low as minus 

94 degrees Fahrenheit (minus 70 degrees Celsius)

•Only four minutes and 36 seconds more were 

needed to bring him down to about 17,500 feet 

(5,334 meters) where his regular 28-foot (8.5-meter) 

parachute opened, allowing him to float the rest of 

the way to Earth. 

World Record Skydive



Joseph Kittinger



Skyventure- skydiving without 

the height
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Mr. Miller skydiving in 

Swakopmund, Namibia

January 2002
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Newton’s third law:

Whenever one object 

exerts a force on a 

second object, the 

second exerts an equal 

force in the opposite 

direction on the first.

6.1 Newton’s 3rd law



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. 

6.1 Newton’s 3rd law





Rocket propulsion can also be explained using 

Newton’s third law: hot gases from combustion spew 

out of the tail of the rocket at high speeds. The 

reaction force is what propels the rocket.

Note that the rocket 

does not need 

anything to “push” 

against.

6.1 Newton’s 3rd law



Weight is the force exerted on an object by 

gravity. Close to the surface of the Earth, 

where the gravitational force is nearly 

constant, the weight is:

6.1 Newton’s 3rd law



The normal 

force and the 

force of gravity 

are not action 

reaction force 

pairs because 

they act on the 

same object.

6.1 Newton’s 3rd law



1. While driving, Anna Litical

observed a bug striking the 

windshield of her car. Obviously, 

a case of Newton's third law of 

motion. The bug hit the 

windshield and the windshield hit 

the bug. Which of the two forces 

is greater: the force on the bug or 

the force on the windshield?



2. Rockets are unable to accelerate 

in space because ...

a. there is no air in space for the 

rockets to push off of.

b. there is no gravity is in space.

c. there is no air resistance in 

space.

d. Nonsense! Rockets do 

accelerate in space.



3. A gun recoils when it is fired. The recoil is the 

result of action-reaction force pairs. As the gases 

from the gunpowder explosion expand, the gun 

pushes the bullet forwards and the bullet pushes the 

gun backwards. 

The acceleration of the recoiling gun is ...

a. greater than the acceleration of the bullet.

b. smaller than the acceleration of the bullet.

c. the same size as the acceleration of the 

bullet.



4. A physics student is pulling upon a rope which is 

attached to a wall. In the bottom picture, the physics 

student is pulling upon a rope which is held by the 

Strongman. In each case, the force scale reads 500 

Newtons. The physics student is pulling...

a. with more force when the rope is attached to the wall.

b. with more force when the rope is attached to the 

Strongman.

c. the same force in each case.


