


•Given the position of several particles along an axis or a plane, determine the location 

of their center of mass.  

• Locate the center of mass of an extended, symmetric object by using the symmetry. 

• For a two-dimensional or three-dimensional extended object with a uniform 

distribution of mass, determine the center of mass by (a) mentally dividing the object 

into simple geometric figures, each of which can be replaced by a particle at its center, 

and (b) finding the center of mass of those particles. 

• Apply Newton s second law to a system of particles by relating the net force (of the 

forces acting on the particles) to the acceleration of the system s center of mass. 

• Apply the constant acceleration to the motion of the particles in s system and to the 

motion of the system’s center o mass. 

• Given the mass and velocity of the particle in a system, calculate the velocity of the 

systems center of mass.  

• Given mass and acceleration of the particle in a system, calculate the acceleration of 

the system’s center of mass  

• Given the position of  a system’s center of mass as a function of time, determine the 

velocity of the center of mass. 

•Given the velocity of a system’s center of mass as a function of time, determine the 

acceleration of the center of mass. 

   

Learning objectives 
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• Calculate the change of the velocity of a com by integrating the com’s acceleration 

function with respect to time. 

• Calculate a com’s displacement by integrating the com’s velocity function with 

respect to time. 

• When the particles in a two- particle system move without the system's com moving, 

relate the displacement of the particles and the velocities of the particles. 

• Identify that momentum is a vector quantity and thus has both magnitude and 

direction and also components. 

• Calculate the (linear) momentum of a particle as the product of the particle’s mass 

and velocity.  

• Calculate the change in momentum (magnitude and direction) when a particle 

changes its speed and direction of travel.  

• Apply the relationship between a particle’s momentum and the (net) force acting on 

the particle. 

• Calculate the momentum of a system of particles as the product of the system’s total 

mass and its center-of- mass velocity. 

• Apply the relationship between a system’s center-of-mass momentum and the net 

force acting on the system.  

• For an isolated system of particles, apply the conservation of linear momenta to 

relate the initial momenta of the particles to their momenta at a later instant.  

• Identify that the conservation of linear momentum can be done along an individual 

axis by using components along that axis, provided that there is no net external force 

component along that axis.     
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What is physics? 

9-1 Center of Mass 
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Q. What is the center of mass (COM)? 
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Q. Why do we study the center of mass (COM) of a system of 
particles? 
 
A. We study the (COM) in order to predict the possible motion of 
the system. 
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When we study the motion we usually consider two kinds 

of systems 

System contains one particle such 
as : ball – box - bead 

System contains  more than one 
particle  such as : ballerina – car – 
baseball bat 

1. It’s motion is more 
complicated 

2. Every parts of the bat 
moves differently 

3. There are one point 
(COM) that moves in 
the simple parabolic 
path. 

It’s motion is simple motion 
which we discussed before 
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1. System of two particles on x-axis  

Where   

and x1 , x2 are the position of particles 
m1 and m2 respectively from the origin 

The Center of Mass 
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2. System of n particles along x- axis:  

3. System of n particles distributed in 3D:  

Rem: put x1 , x2  ....etc, with their signs  
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(9-3) 

Sample Problem 9.01 
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9-2 Newton's Second Law for a System of Particles 
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Fig. (9-7)  (a) 

Sample Problem 9.03 
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Linear Momentum 

of a single particle 

Linear Momentum of a 

system of particles 

9-3 Linear Momentum 
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Linear Momentum  

•         is a vector quantity 

•   SI unit is  

Newton’s 2nd  Law in terms of Momentum     
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Linear Momentum of a system of particles 
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Isolated: When the net 

external forces acting on a 

system of particles is zero 

Closed: When no particles 

leave or enter the system 

The system is said to be  

then 0 

= 0 then 

9-5 Conservation of Linear Momentum   
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Rem: 
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External Example 
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