
3.1 - Newton’s Laws of FORCE



What is Force?
• A force is a push or pull on an object.

• Unbalanced forces cause an object to accelerate…
– To speed up
– To slow down
– To change direction

• If there is acceleration then
there is a force.

• If there is a force then there 
is acceleration.

• Force is a vector!



Types of Forces

• Contact forces involve contact between 
bodies. 
– Normal, Friction

• Field forces act without necessity of 
contact.
– Gravity, Electromagnetic, Weak, Strong

• Question: Is there really any such thing 
as a contact force?



Forces and Equilibrium

• If the net force (ΣF) on a body is zero, it is 
in equilibrium.

• An object in equilibrium may be moving 
relative to us (dynamic equilibrium).

• An object in equilibrium may appear to be 
at rest (static equilibrium).



Galileo’s Thought Experiment

© The Physics Classroom, Tom Henderson 1996-2007



This thought experiment lead to 
Newton’s First Law.

Galileo’s Thought Experiment

© The Physics Classroom, Tom Henderson 1996-2007



Newton’s First Law
• Newton’s 1st Law is also called the Law of 

Inertia.

• A body in motion stays in motion in a 
straight line unless acted upon by an 
external force.

• This law is commonly applied to the 
horizontal component of velocity, which is 
assumed not to change during the flight of 
a projectile.



Newton’s Second Law

• Newton’s 2nd Law says that a body acted 
upon by a net external force will 
accelerate.

• The acceleration is proportional to the net 
force and inversely proportional to the 
mass. It is in the direction of the net force.

• ΣF = ma    (The unit of force = Newton = kg.m )
s2



Newton’s Third Law

• Newton’s 3rd Law is commonly stated “for 
every action there exists an equal and 
opposite reaction”.

• If A exerts a force F on B, then B exerts a 
force of -F on A.



5N        3N   2N    4N          6N

Sample Problem: Five students are in a tug of war with 
using a rope. Two students pull to the left with a force of 
3N and 5N respectively. Three students pull to right with 
forces of 2N, 4N, and 6N respectively. 
•Draw a vector representation 
of this problem.
•What is the net force?
•Is the system accelerating?

Net force = ΣF = 2+4+6-3-5 = 4N right

Because the net force is not
zero, the system must be accelerating.



15N

20N          10N

Sample Problem: Three students pull on a table. 
Student1 pulls east with 10N, student2 pulls west 
with 20N, student3 pulls north with 15N.  
•Draw a vector representation 
of this problem.
•What is the net force?
•If the table is 10,000 g,
what is its acceleration?

Fnet = SQRT(102 + 152) = 18 N

θ= Invtan(10/15) = 34o from North

F=ma
a = F/m = 18N/10kg = 1.8 m/s2

20N  10N

15N

10N  

R 15N



Vectors using <i, j, k> notation

In some cases, the “components” of a vector are designated 
using an <i, j, k> notation.

Example in 2-Dimensions Example in 3-Dimensions
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Vectors using <i, j, k> notation

Example in 2-Dimensions Example in 3-Dimensions

R = SQRT(42 + 22) R = SQRT(12 + 32 + 22)
= 4.47 = 3.74
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Sample Problem: Three forces act upon a 3.0 kg body 
moving at constant velocity. F1 = (4i – 6j + k) N and 
F2 = (i – 2j - 8k) N. Find F3.

Since the velocity is constant, the acceleration must be 0! 

Therefore F1 + F2 +F3 = 0

F3 = -F1 - F2
= -(4i – 6j + k) - (i – 2j - 8k) 
= -5i + 8j + 7k



• Sample Problem: Two forces, F1 = (4i – 6j + k) N and F2
= (i – 2j - 8k) N, act upon a body of mass 3.0 kg. No other 
forces act upon the body at this time. What do you know 
must be true? 



Sample Problem: A 5.00-g bullet leaves the muzzle of a rifle 
with a speed of 320 m/s. The bullet is accelerated by 
expanding gases while it travels down the 0.820 m long 
barrel. Assume constant acceleration and negligible friction, 
a) What is the force on the bullet?
b) How long does it take to travel down the muzzle?
c) If the bullet has a velocity of 200 m/s when it is 25.0 m from 
the gun, what is its force of impact?

Given: m  = 5.00 g = 0.00500kg
vo1 = 0 m/s
vf1 = 320 m/s
xf1 = = 0.820 m
F   = ?
t    = ?                    .
vo2 = 320 m/s
vf2 = 200 m/s
xf2 = 25.0 m
F  =?



Sample Problem: A 5.00-g bullet leaves the muzzle of a rifle 
with a speed of 320 m/s. The bullet is accelerated by 
expanding gases while it travels down the 0.820 m long 
barrel. Assume constant acceleration and negligible friction, 
a) What is the force on the bullet?
b) How long does it take to travel down the muzzle?
c) If the bullet has a velocity of 200 m/s when it is 25.0 m from 
the gun, what is its force of impact?

Given: m  = 5.00 g = 0.00500kg
vo1 = 0 m/s
vf1 = 320 m/s
xf1 = = 0.820 m
F   = ?
t    = ?                    .
vo2 = 320 m/s
vf2 = 200 m/s
xf2 = 25.0 m
F  =?

a) vf
2 = vo

2 2a(xf - xo) 

a = ( vf
2 - vo

2 ) 
(2(xf - xo) )

a = (3202 - 02)
(2(0.820-0)

a = 62400 m/s2

F = ma = (0.00500)(62400) = 312 N



Sample Problem: A 5.00-g bullet leaves the muzzle of a rifle 
with a speed of 320 m/s. The bullet is accelerated by 
expanding gases while it travels down the 0.820 m long 
barrel. Assume constant acceleration and negligible friction, 
a) What is the force on the bullet?
b) How long does it take to travel down the muzzle?
c) If the bullet has a velocity of 200 m/s when it is 25.0 m from 
the gun, what is its force of impact?

Given: m  = 5.00 g = 0.00500kg
vo1 = 0 m/s
vf1 = 320 m/s
xf1 = = 0.820 m
F   = ?
t    = ?                    .
vo2 = 320 m/s
vf2 = 200 m/s
xf2 = 25.0 m
F  =?

b)   vf = vo + at

t = ( vf - vo) / a

t = (320 - 0) / 62400

t = 0.00513 s



Sample Problem: A 5.00-g bullet leaves the muzzle of a rifle 
with a speed of 320 m/s. The bullet is accelerated by 
expanding gases while it travels down the 0.820 m long 
barrel. Assume constant acceleration and negligible friction, 
a) What is the force on the bullet?
b) How long does it take to travel down the muzzle?
c) If the bullet has a velocity of 200 m/s when it is 25.0 m from 
the gun, what is its force of impact?

Given: m  = 5.00 g = 0.00500kg
vo1 = 0 m/s
vf1 = 320 m/s
xf1 = = 0.820 m
F   = ?
t    = ?                    .
vo2 = 320 m/s
vf2 = 200 m/s
xf2 = 25.0 m
F  =?

a) vf
2 = vo

2 2a(xf - xo) 

a = ( vf
2 - vo

2 ) 
(2(xf - xo) )

a = (2002 - 3202)
(2(25.0-0))

a = 1250 m/s2

F = ma = (0.00500)(1250) = 6.25 N



Sample Problem: A 3.00 kg mass undergoes an 
acceleration given by a = (2.50i + 4.10j) m/s2. Find the 
resultant force F and its magnitude.

Given: m = 3.00 kg
a = 2.50i + 4.10j m/s2

F = ?

a = SQRT(2.502 + 4.102)
= 4.80 m/s2

F = ma = (3.00) ( 4.80) = 14.4 N



3.2 - Gravitational Force (FG)
• The attractive force between matter. We also call it “weight”.

• One of the four field forces
(Note: the others field forces are 

electromagnetic, weak, and strong)

• Since the acceleration due 
to gravity is 9.8 m/s2. The 
weight of an object in is:

FG = mag = m x (-9.8) Newtons



Commonly Confused Terms
• Inertia: The resistance of an object to   

being accelerated

• Mass: The amount of matter 
The same thing as inertia (to a 
physicist). 

• Weight: The gravitational attraction
inertia = mass ∝ weight



3.3 - Normal Force (FN)
• “Normal” means “perpendicular”.

• The force that keeps 
one object from invading 
another object is called 
the normal force.

• This is the force that works 
equal and opposite to gravity 
to support an object.



Problem: Determine the normal force acting on a 5.0 kg 
box sitting on a flat table.

The normal force is equal to and opposite the weight.
Fg = ma = 5 kg X (-9.8 m/s2) = -49 N

FN = -Fg = -(-49) = 49 N

FN

Fg = weight



Problem: Now determine the normal force acting on 
a 5.0 kg box sitting on a flat table.

F=16 N

40°



Problem: Now determine the normal force acting on 
a 5.0 kg box sitting on a flat table.

FN = - (-10 + (-49)) = 59 N

F=16 N

40°

FY = -16 X Sin(40o) = - 10 N

Fg = 5.0 X -9.8 = -49 N

FN



Problem: Now determine the normal force acting 
on a 5.0 kg box sitting on a ramp at angle θ=30o.



Problem: Assume that the ramp is frictionless. What is 
the acceleration of the block down the ramp?

30o

F=20 N

20°



3.4 - Frictional Force (Ff)
• A resistance to motion due to chemical adhesion and 

geometric imperfections between sliding objects.

Static Friction = Friction 
between unmoving objects.

(Ff = μs FN)

Kinetic friction = Friction 
between moving objects. 

(Ff = μk FN)



3.4 - Frictional Force (Ff)
The coefficient of friction is an empirical measurement – it 
has to be measured experimentally, and cannot be found 
through calculations. 

Static Frictional Coefficient - μs

Clean and Lubricated and
Dry Surfaces Greasy Surfaces

Aluminum Aluminum 1.05 - 1.35 0.3
Aluminum-bronze    Steel 0.45 0.22
Aluminum Mild Steel 0.61 0.31
Brake material Cast iron 0.40 0.20
Brake material Cast iron (wet) 0.20 0.10
Brass Steel 0.35 0.19



3.4 - Frictional Force (Ff)
Static Frictional Coefficient - μs

Clean and Lubricated and
Dry Surfaces Greasy Surfaces

Aluminum Aluminum        1.05 - 1.35     0.3
Aluminum           Steel 0.45 0.22
Aluminum Mild Steel 0.61 0.31
Brake material   Cast iron 0.40 0.20
Brake material   Cast iron (wet)      0.20 0.10
Brass Steel 0.35 0.19

Example: What is the static frictional 
force between a brake pad and a 
wet wheel for 1.5X105 kg car on a 
45o slope?

FN

FG
FGY

FGx45o



3.5 - Tension

• A pulling force.

• Generally exists in a 
rope, string, or cable.

• Arises at the molecular level, when a 
rope, string, or cable resists being 
pulled apart.



3.2 - Tension
• For simplification, the

mass of the rope is 
considered zero.

• At every point along
the rope, the tension 
force (FT) is equal and
opposite to gravitational 
force (weight = mag).

• If the weight surpasses the “tinsel strength” of the rope, 
then the rope will break.

FT = mag

FG = -mag

FT = +mag



Problem: Determine the tension in the rope.

200
kg



Problem: Determine the tension in the rope.

200
kg

Because the system is in static equilibrium, we know the sum of 
the forces must be zero.

ΣF = FG + FT = 0

FT = - FG = -mag = -(200)(-9.8) = 1960 =  2000 N = 2.0X103 N 

Warning!
Know This



Problem: Determine the tension in the ropes.

200
kg



Problem: Determine the tension in the ropes.

200
kg

ΣFT = - FG = -mag = -(200)(-9.8) = 1960 =  2000 N = 2.0X103 N

Because both ropes are identical, each must be supplying half the 
tension force to support the weight. Therefore:

FT1 = FT2 = 2.0X103 / 2 = 1.0X103 N



Problem: Determine the tension in all three ropes.

15 kg

30o 45o

3
2 1



Problem: Determine the tension in all three ropes.

15 kg

30o 45o

3
2 1

F2Y

F2X

F1Y

F1X
F3

FG



Problem: Determine the tension in all three ropes.

15 kg

30o 45o

3
2 1

F2Y

F2X

F1Y

F1X

FG = (15 kg) (-9.8 m/s2) = -147 N  

F3=147N

Since the system is stationary, all the forces must cancel.
That is, the net force must equal zero.

F3 = F3Y = +147 N



Problem: Determine the tension in all three ropes.

15 kg

30o 45o

3
2 1

F2Y

F2X

F1Y

F1X

FG = (15 kg) (-9.8 m/s2) = -147 N  

At the split in the rope, the  y-component of tension is 
equally split F2Y = F1Y .

F2Y = F1Y = (1/2)(147 N) = 73.5 N

F3=147N

F1
F2

F1 = 73.5 * Sin 30o = 36.8 N                     F2 = 73.5 * Sin 45o = 52.0 N 



• Sample problem: A tug-of-war team ties a rope to a tree 
and pulls hard horizontally to create a tension of 30,000 N in 
the rope. Suppose the team pulls equally hard when, instead 
of a tree, the other end of the rope is being pulled by another 
tug-of-war team such that no movement occurs. What is the 
tension in the rope in the second case?



Problem: What is the tension is the cable attached to a 5,000 
kg elevator that starts on the ground floor at rest and 
accelerates upward, reaching a speed of 3.0 m/s in 2 seconds?

M



Wednesday, September 17, 
2008

Magic Pulleys



Announcements

• Turn in HW Assignment #1 today
• Tomorrow: HW Assignment #2



Pulley problems

• Pulley’s simply bend the coordinate 
system

m1

m2



Sample problem: derive a formula for acceleration, assuming the 
table is frictionless.

m1

m2



m2

θ

Sample problem: derive a formula for acceleration, 
assuming the table is frictionless.



m2

θ

Sample problem: derive a formula for the tension T in the 
string.



Atwood machine

• A device for measuring g.
• If m1 and m2 are nearly the 

same, slows down freefall such 
that acceleration can be 
measured.

• Then, g can be measured.m1

m2



Problem: For the Atwood machine shown, derive 
an equation which can be used to find g, the 
gravitational acceleration, from a measured value of 
acceleration.

m1

m2



Atwood Machine Pre-lab

• Purpose: to determine gravitational 
acceleration using the Atwood machine.

• Hypothesis:?
• Theoretical Background: See previous 

slide.
• Procedure: ?
• Data: You are collecting data to determine 

acceleration. Mass is important, too, You’ll 
need data tables ready to record data into.



Atwood Machine Lab

Thursday, September 18, 2008



Atwood Machine lab

• Write a full lab report in your lab notebook. The 
pre-lab you did yesterday has many of the 
relevant sections. Today, collect your data and 
analyze your results. Tabulate your data neatly.

• Calculate g from your mass and acceleration 
values. Do a standard deviation analysis on g, 
and do a percent error calculation on g as well.

• Write an analysis and conclusion.



Newton’s 2nd Law Workday

Friday, September 19, 2008



Friction

Monday, September 22, 2008



Announcements

• Turn in HW assignment:
– Put problems 34, 36, 37 on top
– Put problems 38,39, 56 on bottom
– Make sure your name is on both pages.
– Pass to the right.

• Lab books (Atwood lab) is due today.



Problem: How high up the frictionless ramp will the block slide?

5.0 kg
20o

v = 12.0 m/s



Problem: Calculate acceleration of the 5 kg block. Table and pulley are 
magic and frictionless. Calculate Tension in the string.

20o

1.0 kg



Friction
• Friction opposes a sliding motion.
• Static friction exists before sliding 

occurs
– (fs ≤ μsN).

• Kinetic friction exists after sliding 
occurs
–fk = μkN



x

y

Draw a free body diagram for 
a braking car.

x

y

Draw a free body diagram for 
a car accelerating from rest.



Question:

• Why is it disadvantageous for cars to skid 
to a stop?



Friction mini-lab

• Use DataStudio to see if we can detect the 
difference in magnitude between static and 
kinetic friction.



θ θ

Sliding down a ramp Sliding up a ramp

• Draw free body diagrams that include friction for a body 
which is



Sample problem: A 1.00 kg book is held against a wall by 
pressing it against the wall with a force of 50.00 N.  What 
must be the minimum coefficient of friction between the book 
and the wall, such that the book does not slide down the wall?

F



Problem: Assume a coefficient of static friction of 1.0 between 
tires and road. What is the minimum length of time it would take 
to accelerate a car from 0 to 60 mph? 



Friction – Day II

Tuesday, September 23, 2008



Announcements

• Lab books (Atwood lab) must be turned in 
today if they haven’t already been turned 
in.

• Tomorrow I will collect #44, 45, 50
• Tonight’s assignment is to work pages 8 

and 9 in your classwork packet. I will 
check this for completion (effort) on 
Thursday.



Problem: Assume a coefficient of static friction of 1.0 between tires and road 
and a coefficient of kinetic friction of 0.80 between tires and road. How far 
would a car travel down a 15o incline after the driver applies the brakes if it 
skids to a stop? Assume the speed before brakes are applied is 26 m/s.



Review Time!
• Homework Problems --?
• Clicker Quiz – Newton’s Laws
• Ranking Tasks
• Video Surprise
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