
 

AP Physics                                                      learnwithnewton.online@gmail.com                    1 
 

Rotational Inertia 

Rotational inertia plays a similar role in rotational mechanics to mass in linear mechanics. Indeed, the 
rotational inertia of an object depends on its mass. It also depends on the distribution of that mass 
relative to the axis of rotation. 
 

 Rotational Inertia / Moment of Inertia I 

Definition Rotational inertia is a property of any object which can be rotated. It tells us how 
difficult it is to change the rotational velocity of the object around a given 
rotational axis.  

Magnitude I ∝ MR2  (Rotational Inertia is proportional with mass M and rotate radius R ) 

Vector / Scalar  

Unit kg⋅m2 

 
 

1. Rotational and Linear Example 
 

A mass m is placed on a rod of length r and negligible mass and constrained to rotate about a fixed axis. 
If the mass is released from a horizontal orientation, it can be described either in terms of force and 
acceleration with Newton's second law for linear motion, or as a pure rotation about the axis with 
Newton's second law for rotation. This provides a setting for comparing linear and rotational quantities 
for the same system. This process leads to the expression for the moment of inertia of a point mass.  

 

 
 

http://hyperphysics.phy-astr.gsu.edu/hbase/newt.html#fma
http://hyperphysics.phy-astr.gsu.edu/hbase/n2r.html#n2r
http://hyperphysics.phy-astr.gsu.edu/hbase/mi.html#mi
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2. List rotational inertia of different shapes 
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3. Rotational-Linear Parallels 
 

 Linear Motion Rotational Motion Supplement 
Displacement  

 
  

Velocity  
 

  

Acceleration  
 

  

Kinematic 
Equations 

 
 
 
 
 
 
 
 

  

Inertia  
 

  

Newton’s 2nd 
Law 

   

Work  
 

  

Kinetic 

Energy 

   

Work-KE 
Theorem 

   

Mechanical 
Energy 
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Momentum  
 

  

Impulse-
Momentum 
Theorem 

   

Momentum 
Conservation 
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 Linear Motion Rotational Motion Supplement 
Displacement S 𝜽 S = 𝜽 ∙ r 

Velocity v ω v = ω ∙ r 
Acceleration at 𝜶 at = 𝜶 ∙ r 
Kinematic 
Equations 

v = v0 + at ω = ω0 + αt Constant Acceleration 

S = v0 t + 
𝟏

𝟐
 at2 θ = ω0 t + 

𝟏

𝟐
 αt2 

vt
2 - v0

2 = 2aS ωt
2 - ω0

2 = 2αθ 

S =  
𝟏

𝟐
 (v0 + vt) t θ =  

𝟏

𝟐
 (ω0 + ωt) t 

Inertia m I I ∝ mr2 

Newton’s 2nd Law F = ma τ = I𝜶  
Work WL = F ∙ S// WR = τ ∙ 𝜽 L: Linear; R: Rotational 
Kinetic Energy KEL = 

𝟏

𝟐
 mv2 KE R = 

𝟏

𝟐
 I ω 2  

Work-KE Theorem ∑WL = ∆KEL ∑W R = ∆KE R  
Mechanical 
Energy 

ME = 
𝟏

𝟐
 mv2 + 

 𝟏

𝟐
 I ω 2 + mgh + 

𝟏

𝟐
 k x2  

Power P = Fv P = τ ω  
Impulse J = Ft J = τ t  
Momentum L = mv L = I  
Impulse-
Momentum 
Theorem 

Ft = mvf – mvi τt = I f - I i  

Momentum 
Conservation 

m1v1 + m2v2  

= m1v1f + m2v2f 
I11 + I 22  

= I11f + I22f 

∑W=0: linear momentum 
conservation  

∑τ=0: Angular momentum 

conservation 

 
 

  



 

AP Physics                                                      learnwithnewton.online@gmail.com                    5 
 

4. Parallel Axis Theorem 
 

The moment of inertia of any object about an axis through its center of mass is the minimum moment 

of inertia for an axis in that direction in space. The moment of inertia about any axis parallel to that 

axis through the center of mass is given by  

 

 

The expression added to the center of mass moment of inertia will be 
recognized as the moment of inertia of a point mass - the moment of inertia 
about a parallel axis is the center of mass moment plus the moment of 
inertia of the entire object treated as a point mass at the center of mass.  

 

Example 

1. What’s the rotational inertia of a thin rod rotating one end axis? 

Answer: 

 

 

 

 

5. Perpendicular Axis Theorem 
 

The perpendicular axis theorem for planar objects can be demonstrated by looking at the contribution 

to the three axis moments of inertia from an arbitrary mass element. From the point mass moment, the 

contributions to each of the axis moments of inertia are  

 

http://hyperphysics.phy-astr.gsu.edu/hbase/mi.html#mi
http://hyperphysics.phy-astr.gsu.edu/hbase/cm.html#cm
http://hyperphysics.phy-astr.gsu.edu/hbase/mi2.html#rlin
http://hyperphysics.phy-astr.gsu.edu/hbase/perpx.html#ppx
http://hyperphysics.phy-astr.gsu.edu/hbase/mi.html#mi
http://hyperphysics.phy-astr.gsu.edu/hbase/mi2.html#rlin
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Practice 

1.  

 

 

 

 

 

 

 

 

  (Ignore friction) 

 

 

 

 

 

 

 

2.  
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3.  

           (b) 
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4.  

 

 

 

 

 

 

 

 

 

  (The moment of this solid cylinder about its  

center axis is 
1

2
 MR2 ) 

 

 

 

 

5.  
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Answer: 

1. (3) 

2. 0.42 rad/s2 

3. (a): (1);   (b):(2) 

4. (3) 

5. (2) 

 

 

 

 


