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12.4: Summary

Key Takeaways

If an object is rotating with angular speed, , about an axis that is fixed in an inertial frame of reference, the rotational kinetic
energy of that object is given by:

where  is the moment of inertia of that object about the axis of rotation.

The net work done by the net torque exerted on an object about a fixed axis or rotation in an inertial frame of reference is equal to
object’s change in rotational kinetic energy:

If a torque, , about a stationary axis is exerted on an object that is rotating with a constant angular velocity, , about that axis, then
the torque does work at a rate:

If an object of mass, , is rotating about an axis through its center of mass, and the center of mass of is moving with speed, ,
relative to an inertial frame of reference, then the total kinetic energy of the object is given by:

where, , is the angular speed of the object about the center of mass, and, , is the moment of inertia of the object about the
center of mass. The two terms in the kinetic energy come from the rotation about the center of mass ( ), and the translational
motion of the center of mass ( ).

An object is said to be rolling without slipping on a surface if the point on the object that is in contact with the surface is
instantaneously at rest relative to the surface. We can model an object that is rolling without slipping by superimposing rotational
motion about the center of mass with translational motion of the center of mass. The angular speed, , and the angular acceleration,

, of the object about an axis through its center of mass are related to the speed, , and linear acceleration, , of the center
of mass, respectively:

These conditions are equivalent to stating that the object is rolling without slipping.

When an object is rolling without slipping, we can also model its motion as if it were instantaneously rotating about an axis that
goes through the point of contact between the object and the ground (the instantaneous axis of rotation). The angular speed (and
acceleration) about the instantaneous axis of rotation are the same as they are when the object is modeled as rotating about its
(moving) center of mass.

An object can only be rolling without slipping if there is a force of static friction exerted by the surface on the object. Without this
force, the object would slip along the surface.

We can define the angular momentum of a particle, , about a point in an inertial frame of reference as:

where, , is the vector from the point to the particle, and, , is the linear momentum of the particle. If the particle has an angular
velocity, , relative to an axis of rotation its angular momentum about that axis can be written as:

ω

= IKrot

1

2
ω2

I

W = ⋅ d = I − I∫
θ2

θ1

τ ⃗ net θ ⃗  1

2
ω2

2

1

2
ω2

1

τ ⃗  ω⃗ 

P = ⋅τ ⃗  ω⃗ 

M vCM

= + = + MKtot Krot Ktrans

1

2
ICMω

2 1

2
v2
CM

ω ICM

Krot

Ktrans

ω

α vCM aCM

vCM

aCM

= ωR

= αR

L⃗ 

= ×L⃗  r ⃗  p ⃗ 

r ⃗  p ⃗ 

ω⃗ 

= m = IL⃗  r2ω⃗  ω⃗ 

https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://phys.libretexts.org/@go/page/19450?pdf
https://phys.libretexts.org/Bookshelves/University_Physics/Book%3A_Introductory_Physics_-_Building_Models_to_Describe_Our_World_(Martin_Neary_Rinaldo_and_Woodman)/12%3A_Rotational_Energy_and_Momentum/12.04%3A_Summary


12.4.2 https://phys.libretexts.org/@go/page/19450

where, , is the distance between the particle and the axis of rotation, and , can be thought of as the moment of inertia of
the particle about that axis.

We can write the equivalent of Newton’s Second Law for the rotational dynamics of a particle using angular momentum:

where, , is the net torque on the particle about the same point used to define angular momentum. That point must be in an
inertial frame of reference.

The rate of change of the total angular momentum for a system of particles, , about a given point is given by:

where, , is the net external torque on the system about the point of rotation. If the net external torque of the system is zero, then
the total angular momentum of the system is constant (conserved). Again, the point of rotation must be in an inertial frame of
reference .

For a solid object, in which all of the particles must move in unison, we can define the angular momentum of the object about a
stationary axis to be:

where, , is the angular velocity of the object about that axis, and, , is the object’s corresponding moment of inertia about that
axis.

Many of the relations that exist between linear quantities have an analogue relation between the corresponding angular quantities,
as summarized in the table below:

Name Linear Angular Correspondence

Displacement

Velocity , 

Acceleration , 

Inertia

Momentum

Newton’s Second Law , , 

Newton’s Second Law , 

Kinetic energy , 

Power , 

Table 12.4.1

Important Equations
Rotational kinetic energy of a rotating object:
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Total kinetic energy:

Work:

Power:

Angular momentum:

Important Definitions

Angular momentum: The rotational equivalent of linear momentum. Angular momentum must be defined relative to an axis
of rotation. SI units: . Common variable(s): .

Rotational kinetic energy: The rotational equivalent of translation kinetic energy. Generally, an object can have both
rotational and translational kinetic energy. SI units: . Common variables: .

Footnotes
1. Technically, if the point is the center of mass, then this is valid even in an accelerating frame of reference.

2. This corresponds to the component of velocity perpendicular to .

3. This corresponds to the component of acceleration perpendicular to .

This page titled 12.4: Summary is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Ryan D. Martin, Emma
Neary, Joshua Rinaldo, and Olivia Woodman via source content that was edited to the style and standards of the LibreTexts platform.
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