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Rotation Of A Rigid Ob ject 
About A Fixed Axis

Chapter 10
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• Rotational Kinetic Energy
• Moment Of Inertia
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An object rotating about some axis with an angular speed, 𝜔, has rotational kinetic 

energy even though it may not have any translational kinetic energy.

Each particle has a kinetic energy of

𝐾 =
1

2
𝑚௜𝑣௜

ଶ

Since the tangential velocity depends on the distance, 𝑟, from the axis of rotation, we 

can substitute

𝑣௜ = 𝑟𝜔௜
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Rotational Kinetic Energy

Rotational Kinetic Energy, cont
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 The total rotational kinetic energy of the rigid object is the sum of the energies 

of all its particles.

 𝐾ோ = ∑ 𝐾௜௜ = ∑
ଵ

ଶ
𝑚௜𝑟௜

ଶ𝜔ଶ
௜ =

ଵ

ଶ
𝜔ଶ ∑ 𝑚௜𝑟௜

ଶ
௜

𝐾ோ =
1

2
𝐼𝜔ଶ

• I is called the moment of inertia.
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Rotational Kinetic Energy, final

There is an analogy between the kinetic energies associated with linear motion (𝐾

=
ଵ

ଶ
𝑚௜𝑣௜

ଶ) and the kinetic energy associated with rotational motion (𝐾ோ =
ଵ

ଶ
𝐼𝜔ଶ).

Rotational kinetic energy is not a new type of energy, the form is different because 

it is applied to a rotating object.

The units of rotational kinetic energy are Joules (J).
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Moment of Inertia

The definition of moment of inertia is

𝐼 =෍𝑚௜𝑟௜
ଶ

௜

• The SI units are: 𝑘𝑔.𝑚ଶ

• Mass is an inherent property of an object, but the moment of inertia depends 
on the choice of rotational axis.

• Moment of inertia is a measure of the resistance of an object to changes in its 
rotational motion.

• The moment of inertia depends on the mass and how the mass is distributed 
around the rotational axis.
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Moment of Inertia

7-Oct-25Mustafa A-Zyout - Philadelphia University

7

 The moment of inertia of a system of discrete particles can be calculated by 

applying the definition for 𝐼.

 For a continuous rigid object, imagine the object to be divided into many small 

elements, each having a mass of ∆𝑚௜ .

 We can rewrite the expression for 𝐼 in terms of ∆𝑚.

𝐼 = lim
∆௠೔→଴

෍𝑟௜
ଶ∆𝑚௜

௜

= න𝑟ଶ𝑑𝑚

Parallel-Axis Theorem
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In the previous examples, the axis of rotation coincided with the axis of symmetry 
of the object.

For an arbitrary axis, the parallel-axis theorem often simplifies calculations.

The theorem states

𝐼 = 𝐼௖௢௠ + 𝑀𝐷ଶ

• 𝐼 is about any axis parallel to the axis through the center of mass of the 
object.

• 𝐼௖௢௠ is about the axis through the center of mass.

• 𝐷 is the distance from the center of mass axis to the arbitrary axis.
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Four tiny spheres are fastened to the ends of two rods of 
negligible mass lying in the xy plane to form an unusual 
baton. If the system rotates about the y axis with an 
angular speed 𝜔, find the moment of inertia about this 
axis.
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Find the moment of inertia of the rod about an axis perpendicular to the rod through 
one end (the y axis in the figure).
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Four tiny spheres are fastened to the ends of two rods of negligible mass 
lying in the xy plane to form an unusual baton. Suppose the system 
rotates in the xy plane about the z axis through the center of the baton. 
Calculate the moment of inertia and rotational kinetic energy about this 
axis.
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