Applying the Conservation Laws

Up to now the Conservation Laws have been applied separately


Conservation of Momentum – applies to all collisions


Conservation of Energy – applies to all forms of energy


These two principles can be used together to solve a wide range of problems.  There is no new material here.  It’s only the application of what you already know.

Elastic Collisions in One Dimension

[image: image1]
Consider two bodies that collide along the x-axis.  Conservation of momentum applies


When the collision is perfectly inelastic, v1’ =v2’.  There is only one unknown and the momentum equation is sufficient to find final conditions given initial conditions.


However, when the collision is not perfectly inelastic, more information is needed.  When the bodies do not stick together, there are two unknowns, (both final velocities) and only one equation.


If the collision is elastic, though, Conservation of Kinetic Energy provides the second equation
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Now there are two simultaneous equations that can be solved to find the two final velocities.

Example 1:  Equal masses, One body at rest

A pool ball, moving with a velocity of 2.0 m/s collides with a stationary ball so that the balls move only along the x–axis. 
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The conservation equations are



Momentum:
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Energy:
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Substituting values yields following equations:
 v1 = 2








    
 v2 = 0









 m1=m2
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I.  
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II.


These equations are best solved by substitution.  Solve I. for  v2.
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Substitute into II
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Rearranging yields

[image: image11.wmf]2

1

2

1

)

'

2

(

'

4

v

v

-

+

=


[image: image12.wmf]'

4

'

2

0

1

2

1

v

v

-

=


[image: image13.wmf]0

'

2

'

1

2

1

=

-

v

v



This quadratic equation has two solutions
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Case 1.


or
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Case 2.


[image: image2]
Clearly, Case 2 is not a possible solution.

Example 2:  Equal masses, Both bodies in motion


A pool ball, moving with a velocity of 3.0 m/s to the right collides with a second ball moving to the left at 2 m/s.  The balls only move along the x–axis.




[image: image3]
As before
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Where,




v1 = 3 m/s




v2 = -2 m/s




m1 = m2
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The equations become
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The first yields
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The second


Substituting the first into the second
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Rearranging,


This can be solved by factoring
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As before, there are two solutions

[image: image25.wmf]0

)

2

'

)(

3

'

(

1

1

=

+

-

v

v




Case I




CaseII

The two balls have exchanged velocities


In general, if a 1D elastic collision occurs between two equal masses, the masses exchange velocities.

One Dimensional Inelastic Collisions

For these collisions, Conservation of Energy isn’t valid.  The only relationship available is Conservation of Momentum.  These problems can be solved providing we have information about one of the final velocities.
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