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25.5: Orbits of the Two Bodies
The orbit of the single body can be circular, elliptical, parabolic or hyperbolic, depending on the values of the two constants of the
motion, the angular momentum and the energy. Once we have the explicit solution (in this discussion,  ) for the single body, we
can find the actual orbits of the two bodies.

Choose a coordinate system as we did for the reduction of the two-body problem (Figure 25.7).

Figure 25.7 Center of mass coordinate system

The center of mass of the system is given by

Let  be the vector from the center of mass to body 1 and  be the vector from the center of mass to body 2. Then, by the
geometry in Figure 25.6,

and hence

A similar calculation shows that

Thus each body undergoes a motion about the center of mass in the same manner that the single body moves about the central point
given by Equation (25.3.12). The only difference is that the distance from either body to the center of mass is shortened by a factor 

. When the orbit of the single body is an ellipse, then the orbits of the two bodies are also ellipses, as shown in Figure 25.8.
When one mass is much smaller than the other, for example m , then the reduced mass is approximately the smaller 
mass,
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Figure 25.8 The elliptical motion of bodies interacting gravitationally

The center of mass is located approximately at the position of the larger mass, body 2 of mass . Thus body 1 moves according to

and body 2 is approximately stationary,
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