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10.3 Gyroscopic Motion of Rigid Bodies
In this section, we will study gyroscopic motion, which is one of the most interesting
motions in Dynamics. Gyroscopic motion can be found in the gyroscopes used for
inertial navigation (see Fig. 10.15), in a spinning top, and even in a thrown football.

Figure 10.15
A gimbaled inertial platform.

Before we can study gyroscopic motion, we need to learn how to find the orienta-
tion of a rigid body. You may have noticed that the rotational equations of motion for
a rigid body, as given by Eqs. (10.31)–(10.33), (10.34)–(10.36), or (10.37)–(10.39),
involve the angular velocity and angular acceleration of the rigid body (in addition to
the acceleration ofG in the first six equations). These, along with the three equations
obtained from Euler’s first law, constitute a system of six ordinary differential equa-
tions that are second order in the position of the mass center and first order in the
angular velocity components. Finding the angular velocity components as a function
of time does not give the orientation of the rigid body since those components cannot
be integrated to find orientation angles as a function of time. The reason for this is
that finite rotations are not vectors and, recall, this forced us to develop the angular
velocity vector from an infinite sequence of infinitesimal rotations.⇤ Therefore, we
need to figure out how to determine the orientation of a rigid body as a function of
time. We will do that using Euler Angles.

Euler Angles

There are many systems of angles to describe the orientation or attitude of a rigid
body, but Euler angles are the best known and we will use them here.

We begin by attaching a body fixed xy´ frame to the body aligned with its prin-
cipal axes. A second, fixed frame, XYZ is initially coincident with the xy´ frame
(Fig. 10.16).

Figure 10.16
ě

Not only are there many systems of angles to describe the orientation of a rigid
body, there are numerous ways construct Euler angles. We will construct in the fol-
lowing way

1. The first angle is defined by rotating the body through the angle  

⇤ For this reason, angular velocities components are sometimes referred to as the time derivatives of quasi-
coordinates. See L. Meirovitch (1970) Methods of Analytical Dynamics, McGraw-Hill, New York.


