Euler’s Equations .

dL
Equation of motion in inertial frame: (5) = N.
I

dL
Equation of motion in (rotating) body frame: (E) +@dxL=N.
R

Proof:
d . d d
N = E [za: mara X (w X I'a)] = % [223 LleZ] = % [%: Iijwjei] .
Use ¢; = W X e;. = N = Z[ijd)jei + @ X Z[Z-jwjei.

Choose body frame with principal coordinate axes: L; = Liw;,i = 1,2, 3.

Euler’s equations:

Lw, — uszg(fz - 13) = N
Tywy — w3w1([3 - [1) = Ny
Tsws — w1w2(—71 - —72) = Nj

A purely rotating rigid body has 3 degrees of freedom.
The associated Lagrange equations are three 2"¢ order ODEs.

The solution via Euler’s equations proceeds in two steps:

1. Euler’s equations themselves are three 15° order ODEs for wy, wy, ws.

2. The transformation to the inertial frame, w; = w;(¢, 0, ¥; b, 0, w) amounts
to solving another three 15° order ODEs.



