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Part 1
Introduction
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o Develop formulations for the linear and angular momentum
of a rigid body

o Apply the principles of linear and angular impulse and
momentum to solve rigid body planar kinetic problems that
involve force, velocity and time

o To discuss the application of the conservation of
momentum

Chapter objectives
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Students should be able to:
o Develop formulations for the linear and angular momentum of a

body.
o Apply the principle of linear and angular impulse and momentum.
o Understand the conditions for conservation of linear and angular

momentum.
o Use the condition of conservation of linear/ angular momentum.

Today’s Objectives
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The space shuttle has several engines that exert thrust on the shuttle when they
are fired. By firing different engines, the pilot can control the motion and direction
of the shuttle.

Applications
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Part 2
Linear and angular momentum (19.1)
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Linear and angular momentum (19.1)
Copyright © 2020 by Mamon Horoub. All rights reserved.

Dr. Mamon Horoub

The linear momentum of a rigid body is defined as

L = m vG

This equation states that the linear momentum vector L has

a magnitude equal to (mvG) and a direction defined by vG.

The angular momentum of a rigid body is

defined as

HG = IGw

Remember that the direction of HG is

perpendicular to the plane of rotation.



Linear and angular momentum (19.1)
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Translation.

When a rigid body undergoes rectilinear or

curvilinear translation, its angular momentum is

zero because w = 0.

Therefore:

L = m vG

HG = 0



Linear and angular momentum (19.1)
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Rotation about a fixed axis.

It is sometimes convenient to compute the angular momentum of the body about the

center of rotation O.

HO = ( rG x  mvG)  +  IGw =  IO w

When a rigid body is rotating about a fixed axis

passing through point O, the body’s linear momentum

and angular momentum about G are:

L = m vG

HG = IGw



Linear and angular momentum (19.1)
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General plane motion.

When a rigid body is subjected to general plane

motion, both the linear momentum and the

angular momentum computed about G are

required.

L = m vG

HG = IGw

The angular momentum about point A is

HA =   IGw + (d)mvG



Part 3
Principle of Impulse and Momentum (19.2)
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Principle of Impulse and Momentum (19.2)
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As in the case of particle motion, the principle of impulse and

momentum for a rigid body is developed by combining the equation of

motion with kinematics. The resulting equations allow a direct

solution to problems involving force, velocity, and time.

Linear impulse-linear momentum equation:

L1 +         F dt = L2 or (mvG)1 +          F dt = (mvG)2

t2

t1

 

t2

t1

 

Angular impulse-angular momentum equation:

(HG)1 +         MG dt = (HG)2 or IGw1 +        MG dt = IGw2

t2

t1

 

t2

t1

 



Principle of Impulse and Momentum (19.2)
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The previous relations can be represented graphically by drawing the impulse-

momentum diagram.

To summarize, if motion is occurring in

the x-y plane, the linear impulse-linear

momentum relation can be applied to the

x and y directions and the angular

momentum-angular impulse relation is

applied about a z-axis passing through

any point (i.e., G). Therefore, the

principle yields three scalar equations

(eqs 19-4) describing the planar motion

of the body.



Principle of Impulse and Momentum (19.2)
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Procedure of analysis
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• Establish the x, y, z inertial frame of reference.

• If more than three unknowns are involved, kinematic equations

relating the velocity of the mass center G and the angular velocity w

should be used in order to have additional equations.

• Apply the equations of impulse and momentum (one vector and one

scalar or the three scalar equations).

• Compute IG, as necessary.

• Draw the impulse-momentum diagrams for the body.



Part 4
Conservation of momentum (section 19.3)
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A skater spends a lot of time either spinning on the ice or rotating through the air.
To spin fast, or for a long time, the skater must develop a large amount of angular
momentum.

Applications
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Conservation of momentum (section 19.3)
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Recall that the linear impulse and momentum relationship is

L1 +         F dt = L2 or   (m vG)1 +          F dt = (m vG)2

t2

t1

 

t2

t1

 

If the sum of all the linear impulses acting on the rigid body (or a system of rigid

bodies) is zero, all the impulse terms are zero. Thus, the linear momentum for a rigid

body is constant, or conserved. So L1 = L2.

L1 =    L2 (for a system).

00

This equation is referred to as the conservation of linear momentum. The conservation

of linear momentum equation can be used if the linear impulses are small or non-

impulsive.



Conservation of angular momentum (section 19.3)
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The angular impulse-angular momentum relationship is:

(HG)1 +         MG dt = (HG)2 or   IGw1 +        MG dt = IGw2

t2

t1



t2

t1

 

00

Similarly, if the sum of all the angular impulses due to external forces acting on the

rigid body (or a system of rigid bodies) is zero, all the impulse terms are zero. Thus,

angular momentum is conserved. The resulting equation is referred to as the

conservation of angular momentum or (HG)1 = (HG)2 .

(HG)1 =     (HG)2 (for a system).

If the initial condition of the rigid body (or system) is known, conservation of

momentum is often used to determine the final linear or angular velocity of a body just

after an event occurs.



Procedure of analysis
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• Establish the x, y, z inertial frame of reference and draw FBDs.

• If the motion is complicated, kinematic equations relating the velocity

of the mass center G and the angular velocity w may be necessary.

• Solve the conservation of linear or angular momentum equations in

the appropriate directions.

• Write the conservation of angular momentum equation about a fixed

point or at the mass center G.

• Write the conservation of linear momentum equation.



Example 1
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Example 1
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Example 2
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Example 2
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Example 3
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Example 3
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Part 5
Planar kinetics of a rigid body: Eccentric Impact -19.4
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Here is an example of eccentric impact occurring between this bowling ball and pin.

Applications
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Eccentric impact (19.4)
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Eccentric impact occurs when the line connecting the mass centers of the two

bodies does not coincide with the line of impact.* This type of impact often occurs

when one or both of the bodies are constrained to rotate about a fixed axis.



Eccentric impact (19.4)
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• During the impact an equal but opposite impulsive force P is exerted between the bodies

which deforms their shapes at the point of contact. The resulting impulse is shown on the

impulse diagrams for both bodies, Fig. c.

• When the deformation at point C is a maximum, C on both the bodies moves with a common

velocity v along the line of impact, Fig. d.



Eccentric impact (19.4)
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• A period of restitution then occurs in which the bodies

tend to regain their original shapes. The restitution phase

creates an equal but opposite impulsive force R acting

between the bodies as shown on the impulse diagram,

Fig. e.

• After restitution the bodies move apart such that point C

on body B has a velocity (VB)2 and point C on body A

has a velocity (uA)2 Fig. f.

• In general, a problem involving the impact of two bodies

requires determining the two unknowns (VB)2 and (VA)2.

To solve such problems, two equations must be written.



Eccentric impact (19.4)
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• The first equation generally involves application of the conservation of angular

momentum to the two bodies. In the case of both bodies A and B. In the case of

both bodies A and B, we can state that angular momentum is conserved about point

O since the impulses at C are internal to the system and the impulses at O create

zero moment (or zero angular impulse) about O.

• The second equation can be obtained using the definition of the coefficient of

restitution, e, which is a ratio of the restitution impulse to the deformation impulse.



Example 4
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Example 4
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Part 7
Help Session
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Help Session 1
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Help Session 1
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Help Session 2
Copyright © 2020 by Mamon Horoub. All rights reserved.

Dr. Mamon Horoub



Help Session 2
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Help Session 3
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Help Session 3
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