	name	period	date
	Momentum and Impulse / student designed
			9. Momentum and Impulse / stdent designed
Momentum and Impulse
Student Designed
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. 
Design and Conduct Your Experiment
It is your group’s responsibility to design and conduct an experiment whose data will support your answer to the driving question above. After you have determined an experimental setup and procedure, write an outline of the equipment setup and procedure you will use to collect data, identifying the steps in sequence and the points at which each piece of equipment will be used.
Suggested Materials and Equipment
Although you have the freedom to design your procedure using any reasonable equipment at your disposal, the following equipment is recommended for your experimental setup.

	· Data collection system
	· PASCO Dynamics Track End Stop3

	· 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

	
	[image: http://api.qrserver.com/v1/create-qr-code/?data=http%3A%2F%2Fpasco.com%2Fvideos&size=250x250]
	[image: http://api.qrserver.com/v1/create-qr-code/?data=http%3A%2F%2Fpasco.com%2Fvideos&size=250x250]
	[image: ]

	PASCO Smart Cart
	PASCO PAStrack
	PASCO Dynamics Track End Stop
	PASCO Bumper
Accessory Set


Experimental Design
Your goal is to experimentally investigate the relationship between the change in momentum of a cart undergoing a collision and the impulse imparted to the cart. Use available resources to help research and finalize your procedure and your equipment configuration.
Once you are convinced that your procedure will accomplish the experiment's objectives, record your experimental setup and procedure in the following sections. 
Setup
Draw and/or describe your experimental setup such that a third party could recreate the same setup in an attempt to reproduce your experiment.



Procedure
Outline the procedure you will use in your experiment, listing all of the steps below. Your outline should be written such that a third party could follow the same procedure in an attempt to reproduce your experiment.
	
	
	
	
	
	
	
	
	
	
Collect Data
Perform your experiment and record all relevant data. Present your data below (or in an attached document) in a form that best suits the experiment format, such that a third party can understand your experimental results in an attempt to reproduce them.





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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