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PHY 711 Classical Mechanics and 
Mathematical Methods

10-10:50 AM  MWF  online or (occasionally) in 
Olin 103

Discussion for Lecture 23: Rigid bodies –
Chap. 5 (F &W)

1. Rigid body motion

2. Moment of inertia tensor

3. Torque free motion



10/16/2020 PHY 711  Fall 2020 -- Lecture 23 2



10/16/2020 PHY 711  Fall 2020 -- Lecture 23 3

Schedule for weekly one-on-one meetings

Nick – 11 AM Monday (ED/ST)
Tim – 9 AM Tuesday
Gao – 9 PM Tuesday
Jeanette – 11 AM Wednesday
Derek – 12 PM Friday
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Your questions on today’s lecture –
From Gao –
1. Does the moment of inertia tensor happen to be diagonal or always 

when shifting into the center of mass frame?

Comment – The moment of inertia tensor is not 
necessarily diagonal in the center of mass coordinate 
system.    Our example is a very special case.

Reminder –
Your midterm exam is due on Monday.    If you 

have questions, please send me email as soon as 
possible.
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Recap --
The physics of rigid body motion;  body fixed frame vs 
inertial frame;   results from Chapter 2:
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Recall from Chapter 2 -- Comparison of analysis in 
“inertial frame” versus “non-inertial frame”
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Properties of the frame motion (rotation):
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Note:    For a given object and a given coordinate 
system, one can find the moment of inertia matrix
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Angular momentum of rigid body:
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Properties of moment of inertia tensor:
 Symmetric matrix real eigenvalues I1,I2,I3
 orthogonal eigenvectors
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Changing origin of rotation
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Descriptions of rotation about a given origin
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Descriptions of rotation about a given origin -- continued
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Time rate of change of angular momentum
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Descriptions of rotation about a given origin -- continued
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Torqueless Euler equations for rotation in body fixed frame:
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Solution of Euler equations for a symmetric top -- continued

1 2 2 1

3 1
3

1

1

2

3 3

              

where 

Solution:       ( ) cos( )
                     ( ) sin( )
                      ( )    (constant)

I IΩ
I
t A t
t A t
t

ω ω ω ω

ω

ω φ
ω φ
ω ω

= − Ω = Ω
−

≡

= Ω +
= Ω +
=

 

   







 

2
33

2
1

2 ~
2
1

2
1~

2
1 ωω IAIIT

i
ii +== ∑

( ) ( )( ) 333211

333222111

ˆ~ˆsinˆcos   
ˆ~ˆ~ˆ~

eee
eeeL

ωϕϕ
ωωω

IttAI
III

++Ω++Ω=
++=



10/16/2020 PHY 711  Fall 2020 -- Lecture 23 24

( )
( )
( )

1 1 2 3 3 2

2 2 3 1 1 3

3 3 1 2 2 1

Torqueless Euler equations for rotation in body fixed frame:
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Solution for asymmetric top -- :   
   Approximate solution --
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Euler equations for asymmetric top -- continued
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