
Investigating Impulse and Momentum: Activity 1
Measuring Impulse

Name:______________________		Date:____________			Period:_____


Hypothesis: An impulse can be characterized by measuring the acceleration of an object as a function of time.  Knowing the acceleration and the mass of the object, the instantaneous momentum (i.e., mass x velocity) can be determined and hence allow the calculation of the change in momentum between any two points in time.     

Guiding Questions: 
Introduction:  If we drop our phones, we become much more concerned if we see the phone tumbling toward a concrete floor than we do if it is falling toward a padded carpet. In both scenarios, the change in momentum or impulse is the same following the collision.  However, the details of the collisional process matter.  Engineers design systems and nature has evolved to control the force during collisions.  The ability to carefully measure an impulse allows us to understand how system modifications can increase or reduce the force during a collision. 

1. How long do you think a ball and the surface are in contact with each other? Consider a beachball bouncing off a flat surface.  Draw a graph of force vs time for the collision. Do not worry about the absolute value of the force axis. Do try to estimate the units on the time axis.





2. Draw a similar graph showing the relative impulse for two different balls.  Consider a highly inflated beachball compare to an underinflated beachball. Assume they have the same velocity when they collide with the surface.  Which ball might you expect to stay in contact with the surface for the longest period of time?





3. Why the magic trick is not magic? There are many types of collisions that do not result in significant changes in direction like the bouncing ball in the last problem.  When you are walking in a crowd, you might have “glancing” collisions with people walking at different speeds or walking in different directions.  When a magician pulls a tablecloth out from under a dish, the tablecloth and the bottom of the dish slide by each other and hence undergoing a collision for a short period of time.  From your experience, you know this particular type of collision involves a frictional force.  Using the terms such as kinetic frictional, inertia, and impulse, describe why the magic trick is not magic and can be explained by the laws of physics you have learned.












Goals:
I. Explore the inertia of objects and resistance to rapid acceleration.
II. Experimentally investigate the relationships between changes in momentum of an object, the impulse, the force, and the time of interaction.
III. Develop the ability to graphically represent force and momentum as a function of time during interaction of two objects and develop intuition about collisional processes.


Instructions:  
1. Explore the physics discussed in guiding question #3, by turning the trick into an experiment.  Conduct an experiment to measure the impulses involved when a thin piece of paper or cloth is quickly pulled out from under a phone.  
        [image: ]

a. Find a flat relatively uniform surface to conduct the experiment.  Consider carrying out the initial experiment on the floor or in the location where your phone will not be damaged if it were to fall.
b. Place a piece of paper/cloth on the flat surface and place your phone on the paper/cloth.  Consider different geometries and think about how they might impact your experimental observations.
c. Make sure your phone or phone case has a smooth uniform surface in contact with the paper.  If the back of your phone does not provide uniform contact (e.g., camera lens sticks out), secure a piece of carboard to the back of your phone to provide a more uniform surface.
d. Start collecting acceleration data (you can determine if you prefer to use with g or without g).
e. Quickly, pull the paper out from under the phone.  Pull straight so you do not provide any upward force to the phone.  You goal is to provide a rapid frictional force on the phone.
f. You should explore different geometries and explore different surfaces to find a reproducible experimental design.  Once you find a satisfactory design, export your data for analysis.





Analysis and Discussion:

1) Connecting the physical processes in your experiment to the observations  
a. Graph acceleration vs time. 
b. On the graph, describe the processes that are taking place as a function of time as you see changes in the acceleration.
















2) Characterize the impulse
a. Graph force vs time. (You can determine the force using the acceleration data and the mass of your phone.)
















b. Using your graph, estimate the impulse on the phone that results from the frictional force of the paper.


Impulse = 

c. Using your graph, estimate the impulse on the phone that results from the frictional force of the stationary surface on the sliding phone.


Impulse = 

d. Compare the two impulses and discuss the relationship between their values.





3) Characterize the changes in momentum 
a. Graph force vs time and momentum vs time on the same graph. (Calculate the velocity from the acceleration.  The momentum can then be determined from the produce of velocity and mass of your phone.)
















b. Using your graph, describe your observation of the changing momentum of the phone.











Extension Question: 
1) Using your understanding of impulse, consider the following video and then answer the questions below about the collisions.
[image: A picture containing indoor, photo, hanging, sitting

Description automatically generated]

a. In which condition does the ball have the greatest impulse?  Explain.




b. In which case does the ball experience the smallest peak force during the collision?  Explain.


2) Consider the data below that was collected using the experimental design used in this lab activity.  In this specific experiment, the phone was initially resting on a piece of paper that was resting on carpet.  The acceleration pattern below was very reproducible.  Provide an explanation for what might cause the acceleration feature that is circled in red. (Hint: Think about different energy conversion processes that might be involved in the experiment.)
[image: ]
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