
Lecture 17
(Center of Mass and Rocket Equation)

Physics 160-02 Spring 2017

Douglas Fields



Problem 8.73



Problem 8.79



Problem 8.83
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Center-of-mass

• Consider a system of masses, m1, m2, etc. with 
locations r1, r2, etc.

• Define the center of mass of this system as:

• Notice that:
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Center-of-mass

• Now, let’s examine the motion of the center of 
mass (COM):
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• OK, so the motion of the COM depends upon 
all the forces acting on each particle.  Can we 
simplify?



Center-of-mass

• Let’s categorize all the forces into either external forces 
(something acting from outside the system), or internal 
forces (particles within the system acting on each 
other).
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• But, from Newton’s 3rd Law, we know that if one 
particle pushes on another, the other pushes back with 
a force of equal magnitude, but opposite in direction, 
so the sum of the internal forces is zero (it’s just a sum 
of pairs of forces that each cancel), so
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Center of Mass

• If there is no NET external forces, then 
the COM moves with a constant 
velocity.

• If there are external forces (say, 
gravity), then the COM moves 
according to the equations of motion 
with that acceleration.



CPS Question 21-1
• Two physics students play tug-of-war on a frictionless 

surface.  How does their center of mass change if the heavier 
student is pulling harder?

A) It moves toward the heavier student.

B) It doesn’t change.

C) It moves toward the lighter student.

D) Not enough information to solve.
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Rocket Equation

Thrust!→

dm is -


