Center of mass
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When discussing the dynamics of a system of particles it is useful to introduce the concept of
center of mass. Consider a system of N particles and a frame of reference used to describe the

positions of those particles N
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The equation that defines the position of the center of mass is a vector equation, so
that it is possible to split into three equations, one for each coordinate of the

center of mass:
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The center of mass is the weighted average of the particle positions, where the
masses are the weights. Massive points "pull" the center of mass toward them. For

example, the center of mass of the system sun-earth is close to the sun.

The total momentum of a system of particles is the momentum that a particle
with the total mass of the system, moving at the speed of the center of mass

would have.
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An interesting consequence of this is that the center of mass of the system moves
as if the total force acting on the system was applied to a particle of mass M
located in the center of mass:
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This is the reason why, when the dimensions of an object are small compared to
the distances traveled by the object, one can efficiently model an extended object
with a point particle located in Its center of mass.

Center of mass for extended objects

Objects are made of molecules, so that in principle, it is correct to calculate the
position of an object center of mass as a discrete sum over the molecules, as done
above. However, in most cases it is more convenient to consider an object as a
continuous distribution of mass. In this case one should replace summations with

integrals as follows
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In the equation above V is the object's volume and rho is the object's density.

In order to become familiar with this way of calculating the center of mass of an
object, let's consider the case of a cone of constant density



The integrals that one needs to calculate are
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As it was possible to guess from symmetry, the center of mass is located on the z

axis. The z coordinate of the center of mass is located at 22
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In case you want to check the formula for the cone's volume:
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