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Define and explain impulse momentum for rigid body 1

2 
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Define and explain Linear momentum for rigid body 

Define Equations for impulse momentum for rigid body 

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

5

Define and explain impulse for rigid body 

Understand Impact and conservation of momentum



Understand the impulse momentum
For rigid bodies  

We now apply the principle of impulse and momentum to the plane motion of rigid bodies and of systems

of rigid bodies to solve problems involving force, velocity, and time as related to the planar motion of a rigi

d body[1].

This method is an alternative to the force–acceleration approach for solving rigid-body planar motion probl

ems [1].

It is especially useful when:

✓ Forces act over a short time (e.g., impact, collisions).

✓ You know initial and final velocities, but not the time history of forces

✓ You are interested in velocity change, not acceleration.



Understand the impulse momentum 

Mathematically, for a particle:

For a rigid body, we extend this and the impulse–momentum relationship can be written for both translatio

n and rotation and can be combined to handle general plane motion.

Before doing this, we will first formalize the methods for obtaining a body's linear and angular momentum,

assuming the body is symmetric with respect to an inertial x-y reference plane

= 𝑚𝑣2+෍න
𝑡1

𝑡2

𝐹𝑑𝑡𝑚𝑣1



The linear momentum of a rigid body is determined by summing vectorially the linear momenta of all the

particles of the body.

Since: ,we can also write:

𝐿 =෍𝑚𝑖𝑣𝑖

𝐿 =෍𝑚𝑖𝑣𝑖 = 𝑚𝑣𝐺

𝐿 = 𝑚𝑣𝐺

Linear Momentums

G

𝑚𝑣𝐺

• This means the body’s linear momentum can be represented by a single particle 

of mass m moving with velocity 𝑣𝐺 ​.

• The vector 𝑚𝑖𝑣𝑖 is called the sum of 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!

Figure 1. linear momentum



The angular momentum of the body about G is equal to the product of the moment of inertia of the body a

bout an axis passing through G

𝐻𝐺 =

Angular Momentum

G

𝐼𝐺𝜔

𝐼𝐺𝜔

Figure 2. angular momentum

✓ 𝐻𝐺 is a vector quantity having a magnitude 𝐼𝐺𝜔, which is commonly measured 

in units of kg · Τ𝑚2
𝑠, and a direction defined by 𝜔, which is always perpendicul

ar to the plane of motion.

✓ Angular momentum represents the rotational “quantity of motion” and indicate

s the body’s resistance to rotational speed change



Using these results, we will now consider three types of motion.

𝐻𝐺 = 0 G
𝐿 = 𝑚𝑣𝐺

Translation

• When a rigid body is subjected to either rectilinear or curvilinear translation, 

Fig. 3, then,𝜔 = 0 and its mass center has a velocity of 𝑣𝐺. 

• Hence, the linear momentum, and the angular momentum about G, become:

𝐿 = 𝑚𝑣𝐺

• If the angular momentum is computed about some other point A, the "

moment" of the linear momentum L must be found about the point. 

• Since d is the "moment arm" as shown in Fig. 3,then;

𝐻𝐴 = 𝑑(𝑚𝑣𝐺)

A

d

Figure 3. Translation



When a rigid body is rotating about a fixed axis, Fig.4, the linear momentum, and the angular

momentum about G, are:

𝐻𝐺 =

Rotation About a Fixed Axis 

G

O

𝑟𝐺/𝑝
𝐼𝐺𝜔

𝐻𝑂 = 𝜔 (𝐼𝐺+ (𝑚𝑟𝐺/𝑝
2))

𝐿 = 𝑚𝑣𝐺

It is sometimes convenient to compute the angular momentum about point O. 

Noting that L 𝑜𝑟 𝑣𝐺 is always perpendicular to 𝑟𝐺/𝑝, we have:

Since 𝑣𝐺 = (𝑟𝐺/𝑝)𝜔, this equation can be written as: 

Using the parallel-axis theorem,

𝐻𝑂 = 𝐼𝐺𝜔+ 𝑟𝐺/𝑝(𝑚𝑣𝐺)

𝐻𝑂 = 𝐼𝑜𝜔

For the calculation, then, either the above equation can be used.

Figure 4. Rotation



Then a rigid body is subjected to general plane motion, Fig. 5, the lin

ear momentum, and the angular momentum about G, become:

𝐻𝐺 =

General Plane Motion

G

𝐼𝐺𝜔

𝐻𝑂 = 𝜔 (𝐼𝐺+ (𝑚𝑟𝐺/𝑝
2))

𝐿 = 𝑚𝑣𝐺

• If the angular momentum is computed about point A, Fig. 5, it is nec

essary to include the moment of L and He about this point. In this ca

se,

As a special case, if point A is the instantaneous center of zero velocity

then, we can write the above equation as

𝐻𝑂 = 𝐼𝐺𝜔+ 𝑑(𝑚𝑣𝐺)

𝐻𝐼𝐶 = 𝐼𝐼𝐶𝜔

where 𝐼𝐼𝐶 is the moment of inertia of the body about the 𝐼𝐶

A

d

Here d is the moment arm, as shown in the figure
Figure 5. general plane motion



Impulse 

It changes the angular momentum of the body.

Impulse represents the total effect of a force acting over time.

Linear Impulse

𝐼 = න
𝑡1

𝑡2

𝑓𝑑𝑡

It changes the linear momentum of the body.

Angular Impulse

𝐼𝑀 = න
𝑡1

𝑡2

𝑀 𝑑𝑡



Principle of Linear Impulse and

Momentum for Rigid Bodies

Like the case for particle motion, the principle of impulse and momentum for a rigid body can be develop

ed by combining the equation of motion with kinematics.

𝑚𝑣(𝐺)1 +෍න
𝑡1

𝑡2

𝐹𝑑𝑡 = 𝑚𝑣(𝐺)2

Principle of Linear Impulse and Momentum



Cont’d….

𝑚𝑣(𝐺)1 +෍න
𝑡1

𝑡2

𝐹𝑑𝑡 = 𝑚𝑣(𝐺)2



Cont’d…

= 𝐼𝐺𝜔2

In a similar manner, for rotation about a fixed axis passing through point O, 

+෍න
𝑡1

𝑡2

𝑀𝐺𝑑𝑡𝐼𝐺𝜔1

Principle of Angular Impulse and Momentum

𝐼𝑂𝜔1 +෍න
𝑡1

𝑡2

𝑀𝑜𝑑𝑡 = 𝐼𝑂𝜔2



Cont’d…

=

+

Initial momentum Impulse 
Final momentum 

෍න
𝑡1

𝑡2

𝐹1𝑑𝑡

Figure 6.  Impulse and momentum diagrams

These three terms are illustrated graphically on the impulse and momentum diagrams shown in Fig. .6

G

𝑚𝑣 𝐺 1

G

෍න
𝑡1

𝑡2

𝐹3𝑑𝑡
෍න

𝑡1

𝑡2

𝐹2𝑑𝑡

G

𝑚𝑣(𝐺)2



Cont’d…

𝑚𝑣(𝐺𝑦)1 +෍න
𝑡1

𝑡2

𝐹𝑦𝑑𝑡 = 𝑚𝑣𝐺𝑦(2)

𝑚𝑣(𝐺𝑥)1 +෍න
𝑡1

𝑡2

𝐹𝑥𝑑𝑡 = 𝑚𝑣𝐺𝑥(2)𝑋 − 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛

y−𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛

= 𝐼𝐺𝜔2+෍න
𝑡1

𝑡2

𝑀𝐺𝑑𝑡𝐼𝐺𝜔1

Note that the linear momentum 𝑚𝑣(𝐺) is applied at the body's mass center, whereas the angular momentum 

𝐼𝐺𝜔 is a free vector, and therefore, like a couple moment, it can be applied at any point on the body.

If F and M ,are constant, such is the case for the body's weight ,integration of 

the impulses yields F(𝑡2 - 𝑡1) and M (𝑡2 - 𝑡1), respectively. 



Cont’d…
Procedure for Analysis



Cont’d…
Procedure for Analysis

𝐻𝑂 = 𝐼𝑂𝜔



Cont’d…
Procedure for Analysis



Conservation of linear momentum

෍𝑚𝑣(𝐺)1 =෍𝑚𝑣(𝐺)2
𝑖. 𝑒 ෍න

𝑡1

𝑡2

𝐹𝑑𝑡 = 0

conservation of linear momentum



Impact and conservation of linear momentum

Angular Momentum Conservation

𝐻 𝐺 1 = 𝐻 𝐺 2 ෍න
𝑡1

𝑡2

𝑀𝐺𝑑𝑡 = 0



Impact of rigid bodes



Impact of rigid bodes



Figure 6. Line of contact and plane of contact

cont’d……. 

The line of impact passes through both mass centers. Only translation occurs, similar to the particle case.

The same two equations for particle used  (momentum and restitution), is  applied.

Central Impact

𝑚𝐴𝑣(𝐴)1 +𝑚𝐵𝑣(𝐵)1

𝑒 =
𝑣(𝐵)2 − 𝑣(𝐴)2
𝑣(𝐴)1−𝑣(𝐵)1

= 𝑚𝐴𝑣(𝐴)2 +𝑚𝐵𝑣(𝐵)2



Eccentric Impact

Figure 7. eccentric   impact





Summary on Impulse momentum

G
𝐿 = 𝑚𝑣𝐺

A

d
G

G

A

d

𝐻𝐺 = 0
𝐿 = 𝑚𝑣𝐺

𝐻𝐺 = 𝐼𝐺𝜔

𝐿 = 𝑚𝑣𝐺

𝐻𝑂 = 𝐼𝑜𝜔
𝐻𝐺 = 𝐼𝐺𝜔
𝐿 = 𝑚𝑣𝐺

𝐻𝑂 = 𝐼𝐺𝜔+ 𝑑(𝑚𝑣𝐺)

general plane motion

Rotation

Figure 8. summary 

Translation



Summary on Impulse momentum

𝑚𝑣(𝐺𝑦)1 +෍න
𝑡1

𝑡2

𝐹𝑦𝑑𝑡 = 𝑚𝑣𝐺𝑦(2)
𝑚𝑣(𝐺𝑥)1 +෍න

𝑡1

𝑡2

𝐹𝑥𝑑𝑡 = 𝑚𝑣𝐺𝑥(2) = 𝐼𝐺𝜔2+෍න
𝑡1

𝑡2

𝑀𝐺𝑑𝑡𝐼𝐺𝜔1



Summary Conservation of Momentum

෍𝑚𝑣(𝐺)1 =෍𝑚𝑣(𝐺)2 𝐻 𝐺 1 = 𝐻 𝐺 2
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Introduction to Kinetics of Rigid bodies → Impulse -momentum  method
1

2 

3

Define and explain momentum for rigid bodies and its types

Define and explain Impulse  for rigid bodies and its types

Equation Impulse -momentum  method

Impact and conservation of energy for rigid bodies→ description 5

In This Lecture We Covered:
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