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Objective:
To demonstrate conservation of linear momentum for elastic and inelastic collisions.


Theory:  
Consider the situation in which a mass m1 , moving with velocity vi , collides with a stationary mass m2 , and the two then move as a single mass m1 + m2 ,  with velocity vf afterwards.  The momentum before and after are given by:



initial momentum:
Pi = m1vi


final momentum:
Pf = (m1 + m2)vf

The conservation of momentum states:    (Pi = Pf )system

Equipment:


Air Track


Blower with hose

2 Photogates


2 Gliders

“needle”attachment

“wax” attachment

“flag “attachment

50g Masses

12” Ruler


White Bubble Level

Setup:
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Part I: Perfectly Inelastic Collision 
Procedure:
Refer to the diagram.

Set up an air-track and level it.

Position two photogates along the track about 40 cm apart. (see Figure 1).

Insert the “needle” attachment in one glider and the “wax” attachment in the other.

(Keep each glider balanced by inserting another attachment on the opposite side of each glider as shown in the figure).  

* For each collision, use your finger to smooth and fill in any holes in the wax surface.*

Insert the large “flag” attachment on the top of the moving glider.

Measure and record the length of the flag, L, in the data section.

      For the first collision, make sure that  m1 = m2 by adding pieces of clay to either glider until the

      equal-mass condition is met. Record the mass of the moving glider as m1 and the mass of the other

      glider as m2.

Place the moving glider near one end of the track, before the first photogate.

Place the other glider just before the second photogates.

Make sure that m2 is at rest when the collision occurs.

Give the moving glider m1 a small push.

After the gliders collide, become stuck together, and pass through the second photogate, stop them 

before they rebound. Make sure that the collision occurs after the first glider has completely passed through the first gate.

Record the times from the two photogates, and call them t1 and t2 respectively.

Then repeat the procedure with different choices of m1 and m2 by placing additional weights on

the sides of the gliders.  Always add two weights to a glider, one on either side for balance.    

· You may find that faster or slower collision speeds will produce better results. 

· If so, adjust the speed of m1 accordingly.

Data:

Length of glider flag,  L = ___________

Table 1:

	Case
	m1
	m2
	t1
	t2
	vi
	vf
	Pi
	Pf
	% difference

	 
	kg
	kg
	s
	s
	m/s
	m/s
	kg-m/s
	kg-m/s
	 

	1

 m1 = m2 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	2
	 
	 
	 
	 
	 
	 
	 
	 
	 

	3
	 
	 
	 
	 
	 
	 
	 
	 
	 

	4
	 
	 
	 
	 
	 
	 
	 
	 
	 

	5
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	
	


Sample Calculations
Test for Kinetic Energy Conservation for Inelastic Collisions:

	Case
	
Ko

      (Joules)
	
Kf

     (Joules)
	       % difference
	Is Kinetic Energy Conserved?  

	1
	
 
	 
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	


Sample Calculations
Part II: Elastic Collisions: ( m1 = m2 )

Procedure: 

Both gliders need to have a flag on the top. 

To perform an elastic collision, attach a rubber band bumper to each of the gliders. 

* Keep each glider balanced by inserting another attachment on the opposite side of each glider as

done in part I.

Measure and record the length of each flag, L1 and L2.  

Make sure that  m1 = m2 by adding pieces of clay to either glider until the equal-mass condition is

met. 

Place the moving glider near one end of the track, before the first photogate.

Place the other glider somewhere between the two photogates.

Make sure that m2 is at rest when the collision occurs.

Give the moving glider m1 a push.

*Note that you are not measuring the final speed of m1 , you are assuming it comes to rest after the

     collision.*   Thus, any final momentum that m1 has is not accounted for, and may be a source of error

     when you calculate momentum conservation.
After the gliders collide, record the times from the two photogates, and call them t1 and t2 respectively.

Repeat this procedure for various values of vi. 
Data:

Length of glider flags:        L1 = ​​​​​​​​​​​​​​​​​​​____________        L2 =  ​​​​​​​​​​​​​​​​​​​​​​_______________

Table 2:

	Case
	m1
	m2
	t1
	T2
	vi
	vf
	Pi
	Pf
	% difference

	 
	kg
	kg
	s
	S
	m/s
	m/s
	kg-m/s
	kg-m/s
	 

	1
	 
	 
	 
	 
	 
	 
	 
	 
	 

	2
	 
	 
	 
	 
	 
	 
	 
	 
	 

	3
	 
	 
	 
	 
	 
	 
	 
	 
	 

	4
	 
	 
	 
	 
	 
	 
	 
	 
	 

	5
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Sample Calculations
Test for Kinetic Energy Conservation for Elastic Collisions:

	Case
	
Ko

      (Joules)
	
Kf

     (Joules)
	       % difference
	Is Kinetic Energy Conserved?  

	1
	
 
	 
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	


Sample Calculations:

Conclusion and summary of results:

≈ 40 cm








