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Important concepts, symbols, and equations

dynamics of a rigid body:
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inertia matrix
symmetric, positive definite

(xT Ib x > 0 for all x ≠ 0)



Important concepts, symbols, and equations (cont.)
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Important concepts, symbols, and equations (cont.)

kinetic energy of a rotating body:
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for coordinate axes along v1, v2, v3,
the principal axes of inertia

e-vals:  l1, l2, l3
e-vecs:  v1, v2, v3

principal moments
of inertia



Important concepts, symbols, and equations (cont.)

The inertia matrix of a compound body is the sum of their inertias when 
expressed in a common frame.

Frame at different orientation:

Aligned frame at q in {b} (Steiner’s theorem):
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Important concepts, symbols, and equations (cont.)

• spatial inertia matrix:                              ∈ ℝ6×6

• kinetic energy:

• rigid-body dynamics:

where the “little adjoint” of a twist is 

• spatial inertia matrix in a frame {a}:  

• the form of the dynamics is independent of the frame!    
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A compound object consists of a 
uniform-density cylinder and a uniform-
density rectangular prism.  The mass 
of the cylinder is 2 kg and the mass of 
the prism is 1 kg.  A frame {a} is defined at the center of the cylinder, with the 
x-axis along the prism and the z-axis vertical.

Where is the CM of the compound object in {a}?

In a frame {b} at the CM, aligned with {a}, what is the inertia of the compound 
object? 
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Derive

using equivalence of kinetic energy in different frames.


