LibreTextsw

2.7: Center of Mass of a Many-Body System

A finite sized body needs a reference point with respect to which the motion can be described. For example, there are 8 corners of a
cube that could server as reference points, but the motion of each corner is complicated if the cube is both translating and rotating.
The treatment of the behavior of finite-sized bodies, or many-body systems, is greatly simplified using the concept of center of
mass. The center of mass is a particular fixed point in the body that has an especially valuable property; that is, the translational
motion of a finite sized body can be treated like that of a point mass located at the center of mass. In addition the translational
motion is separable from the rotational-vibrational motion of a many-body system when the motion is described with respect to the
center of mass. Thus it is convenient at this juncture to introduce the concept of center of mass of a many-body system.

Figure 2.7.1: Position vector with respect to the center of mass.

For a many-body system, the position vector r;, defined relative to the laboratory system, is related to the position vector r; with
respect to the center of mass, and the center-of-mass location R relative to the laboratory system. That is, as shown in Figure 2.7.1

r,=R+r] (2.7.1)

This vector relation defines the transformation between the laboratory and center of mass systems. For discrete and continuous
systems respectively, the location of the center of mass is uniquely defined as being where

Z m;r; = / r'pdV =0 (Center of mass definition)
Define the total mass
M= Zmi = / pdV (Total mass)
i body

The average location of the system corresponds to the location of the center of mass since ﬁ >, miri =0 thatis

1 1

The vector R which describes the location of the center of mass, depends on the origin and coordinate system chosen. For a
continuous mass distribution the location vector of the center of mass is given by

1 1

The center of mass can be evaluated by calculating the individual components along three orthogonal axes.

The center-of-mass frame of reference is defined as the frame for which the center of mass is stationary. This frame of reference is
especially valuable for elucidating the underlying physics which involves only the relative motion of the many bodies. That is, the
trivial translational motion of the center of mass frame, which has no influence on the relative motion of the bodies, is factored out
and can be ignored. For example, a tennis ball (0.06 kg) approaching the earth (6 x 10% kg) with velocity v could be treated in
three frames, (a) assume the earth is stationary, (b) assume the tennis ball is stationary, or (c) the center-of-mass frame. The latter
frame ignores the center of mass motion which has no influence on the relative motion of the tennis ball and the earth. The center
of linear momentum and center of mass coordinate frames are identical in Newtonian mechanics but not in relativistic mechanics as

described in chapter 17.4.3
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