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Define and explain impulse momentum 1

2 

3

Define and explain Linear momentum

Define Equations for impulse momentum 

By the end of this lecture, you are able to: 

Understand Direct  oblique impact and coefficient of restitution5

Define and explain impulse

6 Understand conservation of momentum



Understand the impulse momentum 

We now consider a third basic method for the solution of problems dealing with the motion of particles[1].

This method is based on the principle of impulse and momentum and can be used to solve problems inv

olving force, mass, velocity, and time [1].

It is of particular interest in the solution of problems involving impulsive motion and problems involving im

pacts .

We will start the by first defining the concept of impulse and momentums separately and then will discus

s the interconnection between them.

We will explore how energy lost in an impact is accounted for and the relationship of momentum to collisi

ons between two bodies.

For time- dependent forces, impulse and momentum are often more useful than Newton’s laws.



scope Cont’d…

Momentum and inertia are similar concepts that describe an objects motion, however inertia describes an

objects resistance to change in its velocity, and momentum refers to the magnitude and direction of it's m

otion.

Any body that is in motion has momentum. A force acting on a body will change its momentum.

Mathematically, the momentum of a particle is defined as the product of the mass multiplied by the velocit

y of the motion. Let the variable represent momentum.

𝐿 = 𝑀. 𝑣

The vector mv is called the linear momentum, denoted as L. This vector has the same direction as v. The 

linear momentum vector has units of (kg·m)/s or (slug·ft)/s. mass is constant!

An object can have a large momentum by having a large mass or a large velocity.

Momentums



Impulse 

𝑡1 𝑡2

𝐹

𝑡

N.B. They are typically much larger than other forces (like the weight or gravity) 

acting on the object during extremely short duration (Δt)

Figure 1. Impulse

𝐼 = 𝐹∆𝑡

Impulse is the overall effect of a force acting over a time interval and It changes momentum.

It is expressed as the product of impulsive force and change in time.

This term is a vector quantity. Since time is a positive scalar, the impulse a

cts in the same direction as the force, and its magnitude has units of force-t

ime, e.g., N . s or lb · s.

measures the effect of a force during the time the force acts.

More precisely in integral form : impulse of a force is defined as:

Graphically, it can be represented by the area under the force versus time curve.

If F is constant, then I = F (𝑡2 – 𝑡1).

𝐼 = න
𝑡1

𝑡2

𝑓𝑑𝑡



Figure 2. impact of tennis ball with racket



Figure 3. During impact motion of tennis ball



Figure 4. After impact motion of tennis ball



Principle of Linear Impulse and

Momentum

We can use Newton’s second law to find how the object’s velocity changes(Momentum) as a resu

lt of the impulse .

෍න
𝑡1

𝑡2

𝐹𝑑𝑡 = න
𝑣1

𝑣2

𝑚𝑑𝑣 ෍න
𝑡1

𝑡2

𝐹𝑑𝑡 = 𝑚𝑣2 −𝑚𝑣1

𝑚𝑣1 +෍න
𝑡1

𝑡2

𝐹𝑑𝑡 = 𝑚𝑣2



Cont’d…

= 𝑚𝑣2

=+

Initial momentum Impulse Final momentum 

𝑚𝑣1
𝑚𝑣2

෍න
𝑡1

𝑡2

𝐹𝑑𝑡

Figure 5.  Impulse and momentum diagrams

These three terms are illustrated graphically on the impulse and momentum diagrams shown in Fig. 5.

+෍න
𝑡1

𝑡2

𝐹𝑑𝑡𝑚𝑣1



Cont’d…

𝑚𝑣(𝑦)1 +෍න
𝑡1

𝑡2

𝐹𝑦𝑑𝑡 = 𝑚𝑣𝑦(2)

𝑚𝑣(𝑥)1 +෍න
𝑡1

𝑡2

𝐹𝑥𝑑𝑡 = 𝑚𝑣𝑥(2)

𝑚𝑣(𝑧)1 +෍න
𝑡1

𝑡2

𝐹𝑧𝑑𝑡 = 𝑚𝑣𝑧(2)

𝑋 − 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛

y−𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛

𝑧 − 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛



For system of particles

Cont’d…

෍𝑚𝑣1 +෍න
𝑡1

𝑡2

𝐹𝑑𝑡 =෍𝑚𝑣2



cont’d…. 



Impact and conservation of linear momentum

෍𝑚𝑖𝑣(𝑖)1 =෍𝑚𝑖𝑣(𝑖)2
𝑖. 𝑒 ෍න

𝑡1

𝑡2

𝐹𝑑𝑡 = 0

𝑚𝐴𝑣(𝐴)1 +𝑚𝐵𝑣(𝐵)1 = 𝑚𝐴𝑣(𝐴)2 +𝑚𝐵𝑣(𝐵)2

conservation of linear momentum



Impact



Figure 6. Line of contact and plane of contact

cont’d……. 

The line of impact is a line that passes through the centers of mass of two colliding bodies, or is the common normal 

at the point of contact.

The plane of impact is the plane that is tangent to the surfaces of the bodies at the point of contact and is perpendic

ular to the line of impact

A B

A
B

Plane of contact



Types of Impact

A B
𝑉𝐵𝑉𝐴 Line of contact

Plane of contact

A B
𝑉𝐴

Plane of contact

Line of contact

Figure 7. central impact

Figure 8. oblique  impact



Figure 9. impact process



𝑚𝐴𝑣(𝐴)1 +𝑚𝐵𝑣(𝐵)1

𝑒 =
𝑣(𝐵)2 − 𝑣(𝐴)2
𝑣(𝐴)1−𝑣(𝐵)1

where:

•𝑣(𝐵)2 − 𝑣(𝐴)2 = Relative velocity after separation

•𝑣(𝐴)1−𝑣(𝐵)1 = Relative velocity before collision

= 𝑚𝐴𝑣(𝐴)2 +𝑚𝐵𝑣(𝐵)2



𝑣(𝐴)1−𝑣(𝐵)1 = 𝑣(𝐵)2 − 𝑣(𝐴)2

𝑣(𝐵)2 = 𝑣(𝐴)2 = 𝑉2

ABA A B

Before impact After impact

𝑣(𝐵)1𝑣(𝐴)1 𝑣2

ABA A B

Before impact After impact

𝑣(𝐵)1𝑣(𝐴)1 𝑣(𝐵)2
𝑣(𝐴)2

Figure 10. Elastic impact

Figure 11.plastic impact process



𝑚𝐴𝑣(𝐴)1 +𝑚𝐵𝑣(𝐵)1 = 𝑚𝐴𝑣(𝐴)2 +𝑚𝐵𝑣(𝐵)2

𝑒 =
𝑣(𝐵)2 − 𝑣(𝐴)2
𝑣(𝐴)1−𝑣(𝐵)1

BA B

Before impact After impact

𝑣(𝐵)1 𝑣(𝐵)2𝑣(𝐴)1

A

𝑣(𝐴)2

A BA
Loc x

Poc

y

Figure 12. Central impact



A B Line of 
contact

x

Plane of impact
y

A B

BA

𝜃

𝜃2 𝛼2

𝛼

After impact

Before  impact

BA

Figure 13.oblique impact



𝑚𝐴𝑣(𝐴1)𝑥 +𝑚𝐵 𝑣(𝐵1)𝑥 = 𝑚𝐴𝑣(𝐴2)𝑥 +𝑚𝐵𝑣(𝐵2)𝑥

𝑒 =
𝑣(𝐵2)𝑥 − 𝑣(𝐴2)𝑥
𝑣(𝐴1)𝑥 − 𝑣(𝐵1)𝑥

A B

Plane of contact

Line of contact
𝜃 𝛼

x

y

𝜃2 𝛼2

Figure 14. oblique impact



𝑣(𝐴1)𝑦=𝑣(𝐴2)𝑦
𝑣(𝐵1)𝑦=𝑣(𝐵2)𝑦

𝐹𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝐵, 𝑉𝐵2 = (𝑣(𝐵2)𝑥)
2 + (𝑣(𝐵2)𝑦)

2

𝐹𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝐴, 𝑉𝐴2 = (𝑣(𝐴2)𝑥)
2 + (𝑣(𝐴2)𝑦)

2

𝑡𝑎𝑛𝜃2 =
(𝑣(𝐴2)𝑦)

(𝑣(𝐴2)𝑥)

𝑡𝑎𝑛𝛼2 =
(𝑣(𝐵2)𝑦)

(𝑣(𝐵2)𝑥)

directionsMagnitudes



Oblique cont’d…. 



Impact

Summery on Impulse momentum

𝑚𝑣1 +෍න
𝑡1

𝑡2

𝐹𝑑𝑡 = 𝑚𝑣2 𝑚𝐴𝑣(𝐴)1 +𝑚𝐵𝑣(𝐵)1 = 𝑚𝐴𝑣(𝐴)2 +𝑚𝐵𝑣(𝐵)2

𝑒 =
𝑣(𝐵)2 − 𝑣(𝐴)2
𝑣(𝐴)1−𝑣(𝐵)1

෍𝑚𝑣1 +෍න
𝑡1

𝑡2

𝐹𝑑𝑡 =෍𝑚𝑣2

A B
𝑉𝐵𝑉𝐴 Line of contact

Plane of contact

A B

Plc

Loc
𝜃 𝛼

x

y

𝜃2 𝛼2



Given

𝑉𝐴𝑓 =?

• 𝑉(𝐴)1=2 m/s

• 𝑡 = 3𝑠𝑒𝑐
Required

𝑉𝐵𝑓 =?

Solution

10kg8kg

Datum

𝑠𝐵
𝑠𝐴

2𝑠𝐵 + 2𝑠𝐴 = 𝑙

𝑉𝐵 + 𝑉𝐴 = 0 ∴ 𝑉 𝐵 1= −𝑉(𝐴)1= 2𝑚/𝑠 ↑

2T

𝒘𝑩𝒘𝑨

2T

By referring to Fig. b

𝑚𝐴𝑣(𝐴)1 +෍න
𝑡1

𝑡2

𝐹(𝐴)𝑦𝑑𝑡 = 𝑚𝐴𝑣(𝐴)2

8𝑣(𝐴)1 + 2𝑇 3 − 𝑤𝐴 3 = 8𝑣 𝐴 2. . (𝑒𝑞1) 

By referring Fig. c

𝑚𝐵𝑣(𝐵)1 +෍න
𝑡1

𝑡2

𝐹(𝐵)𝑦𝑑𝑡 = 𝑚𝐵𝑣(𝐵)2

8𝑣(𝐴)1 + 2𝑇 3 − 𝑤𝐴 3 = 8𝑣 𝐴 2. . 𝑒𝑞(2)

where: 𝑉(𝐴)2 = −𝑉(𝐵)2

Solving Eqs 1 and 2,  𝑉(𝐴)2 =
1.27𝑚

𝑠
𝑎𝑛𝑑 𝑇 = 43.6𝑁

,and Taking the time derivative

Figure 16. FBD
a cb

Figure 15. P1



Given

𝑣𝐵2 =?

𝑚𝐴 =
𝑊𝐴

𝑔
=0.4 × 10−3

𝑚𝐵 =
𝑊𝐵

𝑔
=0.2 × 10−3

𝑣𝐴1=2𝑓𝑡/𝑠
𝑣𝐵1=−3𝑓𝑡/𝑠

Required

𝑣𝐴2 =?

Solution

Figure 17. Problem 2

y

x

𝑉(𝐴)1

𝑉(𝐵)1

30

Along Line of impact(m)

𝑚𝐴𝑣(𝐴1)𝑚 +𝑚𝐵 𝑣(𝐵1)𝑚 = 𝑚𝐴𝑣(𝐴2)𝑚 +𝑚𝐵𝑣(𝐵2)𝑚

𝑒 =
𝑣(𝐵2)𝑚 − 𝑣(𝐴2)𝑚
𝑣(𝐴1)𝑚 − 𝑣(𝐵1)𝑚

0.4 × 10−3 (2 sin 30)-0.2 × 10−3 (3 sin 30)=
0.4 × 10−3 𝑣(𝐴2)𝑚+ 0.2 × 10−3 𝑣(𝐵2)𝑚

0.65 =
𝑣(𝐵2)𝑚 − 𝑣(𝐴2)𝑚

2 sin 30 − (−3 sin 30)

Solving: 𝑣(𝐴2)𝑚 = −
0.375𝑓𝑡

𝑠
, 𝑣(𝐵2)𝑚 = 1.25𝑓𝑡/𝑠

Along plane of impact(m)
𝑚𝐴𝑣(𝐴1)𝑛 = 𝑚𝐴𝑣(𝐴2)𝑛

𝑚𝐵𝑣(𝐵1)𝑛 = 𝑚𝐵𝑣(𝐵2)𝑛

𝑣(𝐴2)𝑛 = 2 𝑐𝑜𝑠 30 = 1.73𝑓𝑡/𝑠

𝑣(𝐵2)𝑛 = 3 𝑐𝑜𝑠 30 = 2.6𝑓𝑡/𝑠

𝑣𝐴2 = (𝑣(𝐴2)𝑚)
2 + (𝑣(𝐴2)𝑛)

2 = 1.77𝑓𝑡/𝑠 𝑣𝐵2 = (𝑣(𝐵2)𝑚)
2 + (𝑣(𝐵2)𝑛)

2 = 2.88𝑓𝑡/𝑠

Figure 18. Fbd



Figure 29. Problem 5

Figure 30. Problem 6



Engineering Mechanics II - Dynamics

4

Introduction to Kinetics of Particles→ Scope and definition of kinetics
1

2 

3

Equation of  Motion of Particles→ Force and its types

Equation of  Motion for  Rectilinear Motion 

Equation of  Motion  for curvilinear motion graphs –Normal tangent and polar coordinate

Steps to Solve kinematics of particle Problems→ description 

Solved Problems 

5

6

In This Lecture We Covered:
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