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			9. Momentum and Impulse / STRUCTURED
Momentum and Impulse
Structured
Driving Question | Objective
How is the impulse imparted to an object in a collision related to the change in momentum of the object? Investigate the relationship between the change in momentum of a cart undergoing a collision and the impulse imparted to the cart to change its momentum. Establish a measurement-based relationship between the change in momentum and the impulse. 
Materials and Equipment
	· Data collection system
	PASCO Dynamics Track End Stop3

	· [bookmark: _Hlk529867036]PASCO Smart Cart1
	PASCO Light Spring Bumper4

	· PASCO Dynamics Track with feet2
	Balance, 0.1-g resolution, 2,000-g capacity

	
	(1 per class)


	1www.pasco.com/ap37
	2www.pasco.com/ap08
	3www.pasco.com/ap11
	4www.pasco.com/ap43
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	PASCO Smart Cart
	PASCO PAStrack
	PASCO Dynamics Track End Stop
	PASCO Bumper
Accessory Set


Background
Vehicle airbags and the large yellow barrels full of sand called Fitch barriers near highway exits are credited with saving thousands of lives and reducing injuries to car occupants. Two important physics phenomena that occur during a collision are the change in momentum and the impulse imparted on the vehicle and its occupants.
The change in momentum of an object experiencing a collision can be calculated by subtracting the momentum before the collision from the momentum after the collision:

	(1)



where is the object's change in momentum, m is its mass,  is its final velocity, and  is its initial velocity.


For constant forces, impulse  is defined as the product of the force acting on an object (the force responsible for changing the object's momentum) and the time interval Δt over which the force is acting:

	(2)
For variable forces, impulse is defined as the area under a force versus time curve during the time in which the collision occurred. 

	(3)

For our purposes, the equation for the impulse associated with a variable force can be simplified to the product of the average force  and the time interval during which the force was acting:

	(4)
Relevant Equations

	(1)

	(4)
Safety
Follow these important safety precautions in addition to your regular classroom procedures:
Limit the speed of the Smart Cart by giving it a gentle push. This will make it less likely to fall off the track and onto the floor.
Stop the Smart Cart after the collision to prevent it from falling onto the floor.
Procedure
Set Up
1.	Attach the end stop to the right end of the track with the magnet icons on the end stop facing away from the track, and then set the track level on the lab table.
2.	Power-on the Smart Cart and connect it wirelessly to your data collection system. 
3.	Configure your data collection system to collect velocity versus time and force versus time.
4.	Screw the spring bumper to the force sensor on the front of the cart, and then measure the mass of the cart. Record the mass value in the Data Analysis section below
5.	Set the cart at the left end of the track with its bumper facing the end stop, and then zero the cart’s force sensor in your software.
[image: ]
6.	Change the force sensor sample rate to 500 Hz. Change the position sensor sample rate to 50 Hz.
Collect Data
7.	Begin recording data, and then gently push the cart toward the end stop.
8.	After the cart collides with the end stop, stop recording data and stop cart.
9.	Repeat the same data collection steps three more times, pushing the cart at three different velocities.
NOTE: Any three different velocities will work but try not to push the cart so hard that it rolls off the track.
Data Analysis

	Mass of cart (kg) =
	




1.	Use the tools on your data collection system to determine the velocity of the cart just before (initial velocity ) and just after (final velocity ) the collision for each trial, and then record each value in Table 1. 
NOTE: Make sure the signs of the velocities are correct
2.	Using the tools on your data collection system, determine the time interval and average force of the collision in each trial. Record each value in Table 1.
Table 1: Impulse and momentum of a cart undergoing a collision
	Trial
	Initial Velocity
(m/s)
	Final Velocity
(m/s)
	Average Force
(N)
	Time Interval
(s)
	Impulse
(N·s)
	Change in Momentum
 (kg·m/s)

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	



3.	Calculate the impulse () for each trial and record the results in Table 1.

4.	Calculate the change in momentum () for each trial and record the results in Table 1. 
Analysis Questions
1.	Based on your measurements, how does the impulse compare to the change in momentum?
	
	
	
2.	What were some unexpected factors that may have caused error in your measured values, and how could these have been avoided?
	
	
	
3.	How is the momentum of the cart before and after a collision related? Was there energy lost in the collision? If so, where did the energy go?
	
	
	
4.	How do the units associated with impulse compare to the units associated with change in momentum?
	
	
	
5.	In one sentence, describe what you believe the mathematical relationship is between change in momentum and impulse. Be specific, and use terms like “proportional to,” “equal to,” and “inversely proportional to.”
	
	
	
Synthesis Questions
1.	If an object experiencing a collision was to hit a soft cushion rather than a rigid surface, would the impulse be different? Assume the object's initial and final velocities are the same in both collisions. Justify your answer. If possible, try this with your lab setup.
	
	
	
2.	Near the exits of many highways are yellow plastic barrels filled with sand called "Fitch barriers" after the inventor, race car driver John Fitch. How do these barrels reduce injury to vehicle occupants if their car crashes into them on exiting the freeway?
	
	
	
3.	A 50-kg rock climber accidentally falls from the side of a rock and free falls until she is stopped by her 9-m safety rope. Assuming that the rope stops her completely, with no rebound, what is the impulse imparted on her body by the rope? Show your work.

4.	Passengers on a commercial jet experience changes in horizontal force as the jet accelerates and decelerates in mid-flight without changing altitude. If the 90,000.0-kg jet experiences an average force of 37,500 N over 60.0 seconds as it accelerates from an initial velocity of 187.8 m/s to its final cruising velocity, what is the final cruising velocity of the jet? Show your work.
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