
 Derivation of 
!
L(B) = I(B) !ω

 
!
L(B) = !r (B) × dm !"r (B)∫

 

!r (B)  points from body-fixed ref. point 
       (B) to each piece of mass dm,  so
!r (B)  is body-fixed →   !"r (B) =

!
ω × !r (B)
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Derivation of Euler's Equations

 

!
τ (A) = d

!
L(A)

dt
 expressed in Body Frame S* = {ê1, ê2, ê3}

 

!
τ = d

dt
I !ω( ) = d

dt
I1ω1ê1 + I2ω 2ê2 + I3ω 3ê3( )

Two sources of time-dep: (1) ω i  and (2) êi

 

!
τ = I1 "ω1ê1 + I2 "ω 2ê2 + I3 "ω 3ê3

  + I1ω1
!
ω × ê1( ) + I2ω 2

!
ω × ê2( ) + I3ω 3

!
ω × ê3( )

 

!
ω × ê1 = ω1ê1 +ω 2ê2 +ω 3ê3( )× ê1 = 0 −ω 2ê3 +ω 3ê2
!
ω × ê2 = ω1ê1 +ω 2ê2 +ω 3ê3( )× ê2 = +ω1ê3 + 0 −ω 3ê1
!
ω × ê3 = ω1ê1 +ω 2ê2 +ω 3ê3( )× ê3 = −ω1ê3 +ω 2ê1 + 0

 

τ1 = I1 !ω1 +ω 2ω 3 I3 − I2( )
τ 2 = I2 !ω 2 +ω 3ω1 I1 − I3( )
τ 3 = I3 !ω 3 +ω1ω 2 I2 − I1( )

     cycle
1→ 2 → 3

I = dm
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∫
with implicit
(B) ref. pt. on
  everything




