Unit 6: Energy and Momentum of Rotating Systems
Topic 6.1

Rotational Kinetic Energy

Learning Objectives
 Describe situations involving rotational kinetic energy in terms of rotational inertia and angular
velocity.
e Evaluate systems involving both translational and rotational kinetic energy.
e Understand that rotational kinetic energy is a scalar quantity.

Topic Questions
e How does the rotational kinetic energy vary when the rotational inertia or rotational speed are
varied?

e Under what conditions will an object or system contain both translational and rotational kinetic
energy?

6.1.01 Rotational Kinetic Energy and Rotational Inertia
[6.1.A1 6.1.A2 6.1.A3]
As discussed in Lesson 3.1.01, an object or system is said to have translational kinetic energy KEtrans if

its center of mass (CM) is in motion. KEwans is a scalar value with a magnitude equal to the product of one
half the mass m and the square of the velocity v, as shown in Figure 6.1.
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Figure 6.1 A ball rolling down an incline has translational kinetic energy due to CM motion.
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Moreover, an object or system can also rotate about an axis passing through the CM while it maintains
the translational motion. Thus, objects and systems can also have a rotational kinetic energy KE,.,
which is equal to the product of one half the rotational inertia / and the rotational velocity w, as shown in
Figure 6.2.

" | o] Rotational inertia
KE ot = 5 lw *w Angular velocity

Mass (m)

Figure 6.2 A ball rotating about its CM contains rotational kinetic energy.

In some cases, there may only be one type of kinetic energy present but in others, both types of kinetic
energy may be present. For example, consider the situation shown in Figure 6.3 involving a basketball
spinning on a person's index finger at a constant rotational velocity.

Figure 6.3 A basketball spins on a person's index finger at a constant rotational velocity.

ZMRZ, where M is the basketball's

By treating the basketball as a hollow sphere with a rotational inertia I =
mass and R is the basketball's radius, its rotational kinetic energy can be expressed as:

1, 1(2MR?\ , 1 .
KEr0t=§Ia) =§ 3 w =§MR(/J

195



Unit 6: Energy and Momentum of Rotating Systems

Next, the person removes their hand and index finger suddenly such that the basketball enters a state of
free-fall while still rotating, as shown in Figure 6.4.

Figure 6.4 A basketball spins while in free-fall.

By using the same hollow sphere approximation along with the ball's mass and rotational velocity, the
rotational kinetic energy of the ball is still:

1, 1(2MR?\ , 1
KEr0t=§Ia) =z 3 w =§MR(/J

If we assume the ball's CM reaches a vertically downward speed of V at this point, then the translational
kinetic energy of the ball is calculated as:

1 2 1 2
KEtrans = Emv = EMV

Consequently, the total kinetic energy, which is the sum of the translational and rotational kinetic
energies, at that instant in time can be stated:

KEotal = KEirans + KEro;

KE =1MV2+1MR2(1)2
total 2 3
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Topic 6.1 Rotational Kinetic Energy
Check for Understanding Quiz

1. Atoy train moves in a straight line along a flat track at a constant speed. While it moves, its
wheels rotate at a constant rate. How does the direction of the train's translational kinetic
energy compare to the direction of its rotational kinetic energy?

A. The translational kinetic energy is directed forward along the track, and the rotational kinetic
energy is directed tangentially to the wheels.

B. The translational kinetic energy is directed forward along the track, and the rotational kinetic
energy is directed radially outward from the center of the wheels.

C. The translational kinetic energy is directed forward along the track, and the rotational kinetic
energy does not have a direction because it is a scalar quantity.

D. The translational and rotational kinetic energies cannot be defined by a direction as they are
scalar quantities.

2. Consider the following scenarios involving a solid ball:

1. The ball is dropped from a height and falls freely toward the ground without any air
resistance.

2. The ball rolls down a ramp without slipping.
3. The ball is attached to a string and swung in a horizontal circular path at a constant speed.

Which of the following correctly identifies the scenarios in which the ball has both translational
and rotational kinetic energy?

A. Scenarios 1 and 2
B. Scenarios 2 and 3
C. Scenario 2 only

D. All the scenarios

Note: Answers to this quiz are in the back of the book (appendix).
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