
Lecture 4-2C: 
Conservation of Momentum 



Momentum vs. Energy 

Quantity Change 



Conservation of Mechanical Energy 

If no dissipative forces act on a system, then the 
total mechanical energy is conserved 



A system is a well-defined set of 
objects that may or may not interact with 
each other or the external environment 

 

Example: Block on an inclined 
plane sitting on a table 
System: block + plane 

Defining a "System" 



A system is a well-defined set of 
objects that may or may not interact with 
each other or the external environment 

 

Example: DNA molecule 
System: all of the individual 
atoms that make up the 
molecule 

Defining a "System" 

Image from Wikipedia: 
https://en.wikipedia.org/wiki/DNA#/media/
File:ADN_animation.gif  



A system is a well-defined set of 
objects that may or may not interact with 
each other or the external environment 

 

Example: NGC 4414 Galaxy 
System: all of the individual 
stars, gas, dust and dark 
matter than make up the galaxy 

Defining a "System" 

Image from NASA: 
https://en.wikipedia.org/wiki/Galaxy#/
media/File:NGC_4414_(NASA-med).jpg  



We distinguish internal forces acting 
between objects in a system and external 

forces acting from outside the system 

Example: Block on an inclined 
plane sitting on a table 
System: block + plane 
Internal forces: normal, friction 
External forces: Earth's gravity, 
normal and friction forces from table 

Internal & External Forces 

Ff 

Ff 

FN 

FN 

mg 

Mg 

FN' 

Ff' 



assume only 
internal forces 



Newton's 3rd 
Law: equal & 
opposite 

1 

2 

assume only 
internal forces 



Law of Conservation of Momentum 
In the absence of net external forces, the total 

momentum of a system is conserved 

If external forces are acting, the change in the system 
momentum is the sum of impulses on all objects in system 



Notes: 
No matter how complex the internal interactions, they 

do not change the total momentum of a system; 
applies to all interactions 

Momentum conservation is a vector relation - can 
be satisfied along any axis independent of others 

Internal forces simply transfer momentum between 
parts of a system  

Momentum conservation is a fundamental law of 
nature 

 



Solving a Momentum Conservation Problem 

1.  Setup the problem by writing down your knowns, what 
you are solving for, and predictions of motion  

2.  Break down the problem into a series of events or acts  
3.  For each event, define the system and coordinate 

system, and write down the initial and final momenta 
of the system 

4.  For axes in which no external forces are acting, equate 
initial and final momenta and solve for unknowns 

5.  If necessary, consider energy and work  
6.  Check your answers for units, predictions & extreme 

values 



System: block & inclined plane 
Events: 
●  block slides down incline 

●  block moves onto table  
External forces:  
●  gravity 
●  table normal force 

Consider a block sitting on an inclined plane resting on a table. 
All surfaces are frictionless. Released from rest, how fast is the 
block moving when it reaches the table? How fast is the 
inclined plane moving? 
 

Example: frictionless inclined plane 

⇒ horizontal momentum is conserved 
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initial state final state 

Consider horizontal momentum (no external forces) 



initial state final state 
Consider energy conservation - no dissipative forces 

equal from 
px conserv. 
 



Summary 
A system is any well-defined set of objects, in which 

internal and/or external forces may be acting 
In the absence of external forces, the total momentum 

of a system of objects is conserved 
 
 

This is true no matter what the internal forces are 
External forces change the system momentum through 

the net impulse  
Momentum & energy conservation combined allow us 

to solve for the motions of complex systems 


