Eulerian Angular Velocities (.

The rotation of a rigid body is described by the vector & of angular velocity.
In general, this vector changes magnitude and direction in both coordinate
systems (x1, z9, x3) and (2}, ), x4).

The most natural formulation of the equations of motion for a rigid body is
in the body frame (z1, x9, z3). They are called Euler’s equations.

However, the solution is incomplete unless we know how to express the vector
& in the frame (2}, 2%, 2%), which is typically the frame of the observer.

Eulerian angular velocities:

g.é directed along z%-axis.
¢ directed along line of nodes.
v directed along xz-axis.

Projections onto axes of (x1, zy, x3):
U1 =0, =0, Py=1h.
Ql = Q‘COS’(ﬁ, 02 = —9 SiIl"(ﬁ, 03 =0. . .
¢1 = ¢sinfsiny, ¢y = ¢sinfcosy, ¢p3 = ¢pcosh.

Projections onto axes of (z), 2}, x%):
b0 -0 b
0y =08cosp, O =0sing, 05 =0. . .
] =Ysinfsin g, ) = —1sinf cos ¢, 1§ = 1) cosb.

Instantaneous angular velocity in the frame (z1, 29, 23): & = (w1, ws, ws).

wp = gz:Sl +9:1+7,@1 = g@sin@sin¢+écos¢.
Wy = ¢ + bz + 1Py = ¢sinfcosh — Osinh.
wg = @3 + 03 + 13 = ¢pcos b + 1.

=/

Instantaneous angular velocity in the frame (2], x5, 2%): & = (w], W), wh).

wy = gb'l +0’1+¢’1 :gbs.inﬁsingb—kécpsgb.
wh = @ + 0y + 1Py = —¢sinf cos ¢ + O sin ¢.
ws = ¢ + 05 + 5 = P cosl + ¢.

Magnitude of angular velocity: |&|? = |&'|> = ¢ + 62 + % + 244 cos 6.



