
Angular Momentum
& 

Fixed Axis Rotation (contd)



Summary of  rotational motion

A general motion can always be split into a rotation + a translation



Example of pure rotation and rotation plus translation

Rotation plus translation

The point shown moves long a straight line



Example of pure rotation:   A rotating top



Example of rotation + Translation: Tyre Rolling 



Calculating Angular Momentum for rotation + translation
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The angular momentum relative to the origin of  a body can be 

found by treating the body like a point mass located at CM

and 

finding the angular momentum of  this point mass relative to the 

origin plus the angular momentum of  the body relative to CM.



Kinetic energy

𝐾 =
1

2
𝑀 𝑉2

cm +
1

2
Icm

zω
2

The Kinetic energy of the body can be found by treating the body like a 

point mass located at the CM, and the (rotational) kinetic energy of the 

body relative to CM.



Angular Momentum of a System of Particles

Consider a collection of N particles. The total angular momentum of the system is

In the continuous case, the sums need to be replaced with integrals.

The force acting on each particle is

The internal forces come from the adjacent particles which are usually

central forces, so that the force between two particles is directed

along the line between them.

0

•The total external torque acting on the body, which may come

from forces acting at many different points.

•The particles may not be rigidly connected to each other, they

might have relative motion .



The Torque



Conservation of L for a system of particles about a Point:
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Example: Drum on Ice

Tyre on road will have a friction acting opposite to the direction of motion.



Example: Tyre on the road



Angular momentum for Fixed Axis Rotation

By fixed axis we mean that the direction of the axis of rotation is always along the same line;

the axis itself may translate.
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𝐼 = moment of  inertia

We are usually concerned only with Lz, the component of angular momentum

along the axis of rotation.

For example, a car wheel attached to an axle undergoes fixed axis rotation as long as the car

drives straight ahead. If the car turns, the wheel must rotate about a vertical axis while

simultaneously spinning on the axle; the motion is no longer fixed axis rotation.

For continuously distributed mass:



Moments of inertia of few symmetric objects:

A ring of mass M and 
radius R, axis through 
center, perpendicular 
to plane.

A ring of mass M and 
radius R, axis through 
center, in plane.

A disk of mass M and 
radius R, axis through 
center, perpendicular 
to plane.

A disk of mass M and 
radius R, axis through 
center, in plane.

A thin uniform rod of
mass M and length L,
axis through center,
perpendicular to rod.

A thin uniform rod of
mass M and length L
axis through end,
perpendicular to rod.

A spherical shell of
mass M and radius R,
any axis through
center.

A solid sphere of
mass M and radius R,
any axis through
center.

The parallel-axis theorem: The perpendicular-axis theorem:



Moment of  Inertia Tensor
• Consider a rigid body rotating with a constaht angular velocity ω about an axis 

passing thru’ its origin.

• The velocity of the point 𝑖 is given by

The total angular momentum of the body about the origin is,

The above formula has a matrix form

where
= =

are the Moment of Inertia about the x-axis and the product of inertia respectively.



Rotational Kinetic energy

The Kinetic energy is written as,

It follows that

With ω having all the components, the kinetic energy is written as,



The Physical Pendulum
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For a bar pendulum: 
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Angular Impulse and Change in Angular Momentum


