m Center of Mass (CM)

Momentum is a powerful concept not only for analyzing collisions but also for
analyzing the translational motion of real extended objects. Until now, whenever
we have dealt with the motion of an extended object (that is, an object that has
size), we have assumed that it could be approximated as a point particle or that it
undergoes only translational motion. Real extended objects, however, can undergo
rotational and other types of motion as well. For example, the diver in Fig. 7-21a
undergoes only translational motion (all parts of the object follow the same path),
whereas the diver in Fig. 7-21b undergoes both translational and rotational
motion. We will refer to motion that is not pure translation as general motion.
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FIGURE 7-21 The motion of the diver s ‘l“ < f ¥
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Observations indicate that even if an object rotates, or several parts of a system
of objects move relative to one another, there is one point that moves in the same
path that a particle would move if subjected to the same net force. This point is

Center of mass called the center of mass (abbreviated om). The general motion of an extended
General motion object (or system of objects) can be considered as the sum of the translational
motion of the M, plus rotational, vibrational, or other tvpes of motion about the oM.
As an example, consider the motion of the center of mass of the diver in
Fig. 7-21; the oM follows a parabolic path even when the diver rotates, as shown in
Fig. 7-21b. This is the same parabolic path that a projected particle follows when
acted on only by the force of gravity (that is, projectile motion). Other points in the
rotating diver’s body, such as her feet or head, follow more complicated paths,
Figure 7-22 shows a wrench acted on by zero net force, translating and
rotating along a horizontal surface. Note that its oM, marked by a red cross,
moves in a straight line, as shown by the dashed white line.

FIGURE 7-22 Translation plus
rotation: a wrench moving over a
horizontal surface. The oM,
marked with a red cross, moves
in a straight line.

We will show in Section 7-10 that the important properties of the oM follow
from Newton’s laws if the oM is defined in the following way. We can consider any
extended object as being made up of many tiny particles. But first we consider a
system made up of only two particles (or small objects), of masses m, and my.
We choose a coordinate system so that both particles lie on the x axis at positions
x5 and xg, Fig. 7-23. The center of mass of this system is defined to be at the
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