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ORTHOGONAL MATRICES 199

/ B ”
e ity =
X5 X2 X2

X2 X’z

(a) ®) ()

line of modes

FIG. 4.3 (a) Rotation about x; through angle «; (b) Rotation about x} through
angle f; (c) Rotation about x% through angle y.

three independent parameters rather than the redundant direction cosines. The
usual choice of parameters is the Euler angles.’

The goal is to describe the orientation of a final rotated system (x7’, x3’, x5
relative to some initial coordinate system (x,,x,,x3). The final system is
developed in three steps—each step involving one rotation described by one
Euler angle (Fig. 4.3):

1. The x/-, x3-, x5-axes are rotated about the x;-axis
through an angle « counterclockwise relative to x,,
X,, x3. (The x3- and x5-axes coincide.)

2. The x{-, x3-, x%-axes are rotated about the x5-axis*
through an angle § counterclockwise relative to x7,
x5, X5. (The x5- and the xJ-axes coincide).

3. The third and final rotation is through an angle y
counterclockwise about the x%-axis, yielding the x7’,

/" "

x5, x5 system. (The x%- and x’j-axes coincide.)
The three matrices describing these rotations are

cosa sina 0
R,(0) ={ —sinax cosa 0 (4.83)
0o 0 1
exactly like Eq. 4.66,
cosf 0 —sinf
R,(B) = 0 1 0 (4.84)
sinf 0 cosf
and
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