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EQUATIONS

• Linear Momentum
Ԧ𝑝 = 𝑚 Ԧ𝑣

• Impulse
Σ Ԧ𝐹Δ𝑡 = Δ Ԧ𝑝

• 1D Conservation of Momentum
∆ Ԧ𝑝1 = −∆ Ԧ𝑝2

𝑚1∆ Ԧ𝑣1 = 𝑚2∆ Ԧ𝑣2



MOMENTUM

• Linear Momentum (𝒑) [N s = kg m/s]: the product of the 
mass of a moving object and its velocity; a vector quantity

Ԧ𝑝 = 𝑚 Ԧ𝑣
• 𝑚 – mass of the object

• Ԧ𝑣 – velocity of the object

• Can be broken into vector components

𝑝𝑥 = 𝑚𝑣𝑥 𝑝𝑦 = 𝑚𝑣𝑦



PROBLEM 1



PROBLEM 1 – SOLUTIONS



IMPULSE

• Consider Newton’s 2nd Law:
Σ Ԧ𝐹 = 𝑚 Ԧ𝑎

Σ Ԧ𝐹 = 𝑚
Δ Ԧ𝑣

Δ𝑡
= 𝑚

Ԧ𝑣𝑓 − Ԧ𝑣𝑖

Δ𝑡
Σ Ԧ𝐹Δ𝑡 = 𝑚 Ԧ𝑣𝑓 − Ԧ𝑣𝑖 = 𝑚 Ԧ𝑣𝑓 − 𝑚 Ԧ𝑣𝑖

Σ Ԧ𝐹Δ𝑡 = Ԧ𝑝𝑓 − Ԧ𝑝𝑖

𝜮𝑭𝜟𝒕 = 𝜟𝒑



IMPULSE – CONT.

• Impulse (𝜟𝒑) [N s = kg m/s]: the product Σ Ԧ𝐹Δ𝑡, equal to the 
object’s change in momentum

𝛴 Ԧ𝐹𝛥𝑡 = 𝛥 Ԧ𝑝

• In components

𝛴𝐹𝑥𝛥𝑡 = 𝛥𝑝𝑥 𝛴𝐹𝑦𝛥𝑡 = 𝛥𝑝𝑦



NEWTON’S 2ND LAW REVISITED

• We can now write Newton’s 2nd Law in terms of impulse
• Newton’s 2nd Law: the net force on an object equals the rate of 

change of the object’s momentum.

𝛴 Ԧ𝐹 =
𝛥 Ԧ𝑝

𝛥𝑡
• This form is more general than Σ𝐹 = 𝑚𝑎, since we can now deal 

with changing mass.
• This is the original way Newton stated his 2nd law.

• NOTE: 𝛴 Ԧ𝐹 would be the average force in non-linear force 
applications



PROBLEM 2



PROBLEM 2 – SOLUTIONS



PROBLEM 2 – SOLUTIONS CONT.



PROBLEM 2 – SOLUTIONS CONT.



CONSERVATION OF MOMENTUM

• Law of Conservation of Linear Momentum: If the net force 
acting on a system of interacting objects is zero, then the 
linear momentum of the system before the interaction 
equals the linear momentum of the system after the 
interaction.



CONSERVATION OF MOMENTUM –
CONT.

• From Newton’s 3rd Law
Ԧ𝐹12 = − Ԧ𝐹21

𝑚1 Ԧ𝑎1 = −𝑚2 Ԧ𝑎2

𝑚1

∆ Ԧ𝑣1

∆𝑡1
= −𝑚2

∆ Ԧ𝑣2

∆𝑡2

• Since we are looking at the same time interval, ∆𝑡1 = ∆𝑡2, so we get
𝑚1∆ Ԧ𝑣1 = −𝑚2∆ Ԧ𝑣2

• Since ∆ Ԧ𝑝 = 𝑚∆ Ԧ𝑣, we get
∆ Ԧ𝑝1 = −∆ Ԧ𝑝2



CONSERVATION OF MOMENTUM –
CONT.

• Let’s consider what happens before and after the collision
• Use prime (’) to denote after the collision

𝑚1∆ Ԧ𝑣1 = −𝑚2∆ Ԧ𝑣2
𝑚1 Ԧ𝑣1

′ − Ԧ𝑣1 = −𝑚2 Ԧ𝑣2
′ − Ԧ𝑣2

𝑚1 Ԧ𝑣1
′ − 𝑚1 Ԧ𝑣1 = −𝑚2 Ԧ𝑣2

′ + 𝑚2 Ԧ𝑣2
𝑚1 Ԧ𝑣1 + 𝑚2 Ԧ𝑣2 = 𝑚1 Ԧ𝑣1

′ + 𝑚2 Ԧ𝑣2
′

Ԧ𝑝𝑠𝑦𝑠 = Ԧ𝑝𝑠𝑦𝑠
′

• NOTE: you can break up these equations for component 
vectors, as well



PROBLEM 3



PROBLEM 3 – SOLUTIONS



PROBLEM 3 – SOLUTIONS CONT.



FORCE-TIME GRAPHS

• Since ∆ Ԧ𝑝 = Σ Ԧ𝐹Δ𝑡, we can find the change in momentum by 
finding the area under the curve of a force-time graph

• For non-linear applications of force, we estimate by 
counting the boxes



SUMMARY –
MOMENTUM AND IMPULSE

• The linear momentum of an object is the product of the 
object’s mass and velocity. It is a vector quantity whose SI 
base units are kg m/s.

• The impulse given to an object is the product of the average 
net force acting on the object and the time interval over 
which that force acts. It is a vector quantity whose SI base 
units are Ns.

• The impulse given to an object equals the change in 
momentum experienced by the object.



SUMMARY – CONSERVATION OF 
MOMENTUM IN 1 DIMENSION

• The law of conservation of linear momentum states that if the 
net force acting on a system is zero, then the momentum of the 
system is conserved.

• During an interaction between two objects in a system on which 
the total net force is zero, the change in momentum of one 
object is equal in magnitude, but opposite in direction, to the 
change in momentum of the other object.

• For any collision involving a system on which the total net force 
is zero, the total momentum before the collision equals the total 
momentum after the collision.



PRACTICE

Readings
• Section 5.1, pg 232

• Section 5.2, pg 239

Questions
• pg 238 #3,5,7,9,11

• pg 244 #1-3,5,7,9


