
• Relationship between torque and angular acceleration 

• Moment of inertia

• Problem solving

Lecture 25: Rotational Dynamics



Torque

|τ| = 𝑟𝐹𝑠𝑖𝑛θ = 𝑟𝐹⟘ = 𝑟⟘𝐹



Net torque

τ𝑛𝑒𝑡 = Στ 𝑖 = τ1 + τ2 +⋯

Caution: torques are signed quantities!

Example



Gravitational torque and center of gravity

Continuous object:

Symmetrical object: CG lies on line of symmetry

Multiple lines of symmetry: CG at intersection

Extended object: Gravity acts on every particle

Whole object behaves as if gravity acts at one point,

the center of gravity

𝑋𝐶𝐺 =
𝑚1𝑥1 +𝑚2𝑥2 +⋯

𝑚1 +𝑚2 +⋯

Example: Two point masses



Angular acceleration of rigid object

 τ = 𝐼𝑧α Compare to Σ𝐹𝑥 = 𝑚𝑎𝑥

Rigid object that can rotate about 𝑧-axis. 

𝐼𝑧 moment of inertia about z-axis

Begin with extended free-body diagram that shows forces 

and where they act on the object



Moment of inertia

𝐼 = 

𝑛

𝑚𝑛𝑟𝑛
2

𝑟𝑛 perpendicular distance from axis

Continuous objects:

𝐼 = 

𝑛

𝑚𝑛𝑟𝑛
2⟶ 𝑟2𝑑𝑚



Properties of the moment of inertia

1. Moment of inertia 𝐼 depends upon the axis of 

rotation. Different 𝐼 for different axes of same object:



Properties of the moment of inertia

2. The more mass is farther from the axis of rotation, 

the greater the moment of inertia.

Example:

Hoop and solid disk of the same radius R and mass M.



Properties of the moment of inertia

3. It does not matter where mass is along the 

rotation axis, only radial distance 𝑟𝒏 from the axis 

counts.

Example:

𝐼 for cylinder of mass 𝑀 and radius 𝑅: 𝐼 = ½𝑀𝑅2

same for long cylinders and short disks



Moments of Inertia of Common Shapes

Slide 7-35



Example 1:

A uniform bar of length 𝐿 and mass 𝑀 can freely rotate 

about frictionless horizontal axis O at its end.  The bar is 

initially in a horizontal position, is released from rest, and 

swings down under the influence of gravity. What is the 

initial angular acceleration of the bar just after it is 

released from rest?

𝐼𝑏𝑎𝑟 = ⅓𝑀𝐿
2 about O



Example 2: Rolling w/o slipping

An object of mass 𝑀, radius 𝑅 and moment of inertia 𝐼 is 

rolling without slipping down incline that makes an angle θ

with the horizontal. Derive an expression for the object’s 

linear acceleration.

Demo: hoop-disk race



Example 3: Coupled objects

A disk of radius 𝑅 is mounted on 

a fixed axle through its center. A 

string is wrapped around the 

edge of the disk, and a box of 

mass 𝑚 is tied to the end of the 

string. The string does not slip on 

the disk.

Find the acceleration of the box 

after it is released from rest.



Constraints Due to Ropes and Pulleys

Slide 7-39


