
Dynamics of a System of 
Particles

Ch. 9



9.1  Introduction



9.2  Center of Mass
We now extend our discussion from a single particle to a system of n  particles. The mass of this system is denoted
by M:

where the summation over a runs from α = 1 to α = n. If the vector connecting the origin with the α th particle is 
rα , then the vector which defines the position of the center of mass of the system is

Since it is often convenient to specify the position of a particle with respect to the center of mass as
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9.3  Linear Momentum of a System













9.4 Angular Momentum of the System
The angular momentum of the αth particle about the origin is given by

Summing this expression over α,

The middle two terms vanishes since 



That is, Σα mα r’α specifies the position of the center of mass in the center-of mass 
coordinate system, and is therefore a null vector. Thus,

and the total angular momentum is the sum of the angular momentum of the center of 
mass about the origin and the angular momentum of the system about the position of 
the center of mass.

The time derivative of the angular momentum of the ath particle is,

Summing this expression over a, we have



It is easy to verify that the last term may be written as





we may then state that the total internal torque must vanish if the internal
forces are central in character, i.e., if fαβ = — fβα, and the angular momentum
of an isolated system cannot be altered without the application of external
forces.

Thus, if the external torques about a given axis vanish, then the total angular  
momentum of the system about that axis remains constant in time.







9.5 Energy of the System







In another way , the work done  can be written as follow :

The first term in equation of work becomes



And the second term in equation of work becomes

The total work becomes



From equation  (1 )  and  ( 2 )










	Slide Number 1
	9.1  Introduction
	9.2  Center of Mass
	Slide Number 4
	Slide Number 5
	 
	 
	 
	 
	 
	 
	 
	 
	Slide Number 14
	 
	 
	Slide Number 17
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

