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Collisions, Impulse and Momentum
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Introduction

The purpose of this experiment is to study collisions and interactions through the application of the impulse-momentum theorem. Energy loses in elastic and inelastic collisions will also be examined. Two distinct examples will be used to elucidate the impulse-momentum theorem and basic collision dynamics, namely the collision between a cart and a barrier and the mechanics of the vertical jump.
Part 1-Cart Collisions with a Barrier
Theory

Derive the Impulse-Momentum Theorem and explain its applicability in physical systems.x
Procedure

   A. Elastic Collision with a Barrier

1. Open the DataStudio experiment file: Collisions.ds
2. Set up the equipment shown in the diagram below. Make sure that (1) the force sensor is securely mounted on the accessory bracket; and (2) the cart launcher and accessory bracket are securely mounted at opposite sides of the track. Attach one of the spring bumpers from the accessory bracket onto the front end of the force sensor. IMPORTANT: Check the location of the photogate. The photogate must be as close as possible to the barrier, but collision must occur after the cart has passed completely through the photogate, Adjust its location as needed.
3. Clamp the track onto the table, so the track will not move during the collision.
4. Measure and record the mass of the cart. Leave the cart picket fence on the cart when weighing the cart.

5. Place cart on track (flat side of cart facing the spring bumper) and set the cart launcher. The indicator on the cart launcher should be set within the range 1.1-1.4cm. Make sure that the cart is adjacent to the launcher and touching the launcher. In addition, make sure that the track is level. 
6. Tare the force sensor and click Start. 

7. Launch the cart such that it travels smoothly down the track. 

8. Click Stop after the cart picket fence has passed through the photogate a second time.

9. Record the initial and final velocities for the cart, and the area under the F vs. T graph in Table 1. Copy and paste your graph in the Data and Analysis section.

To copy and paste your graph into the Word document, click Copy in DataStudio, then click Paste Special in Word’s edit menu, and finally select Bitmap for the screen that appears.

10. Calculate the percent difference between mv and Ft and record your results in Table 1.
11. Calculate the initial final and change in kinetic energy of the cart and record your results in Table 1.

   B. Completely Inelastic Collision into a Barrier

1. Replace the spring bumper on the force sensor with the Velcro bumper. Make sure that the setting of the cart launcher is the same as in section A with the Velcro on the cart facing the bumper. Also, make sure that the cart makes contact with the launcher. This should give the cart the dame initial velocity as in section A. 

2. Repeat steps 5-11 in section A. 

   C. Inelastic Collision into a Barrier

1. Replace the Velcro bumper on the force sensor with the clay bumper. Attach a piece of paper to the clay bumper. This will keep the cart from sticking to the bumper. Make sure that the setting of the cart launcher is the same as in section A.

2. Repeat steps 5-11 in section A. 

Data and Analysis


Mass of Cart
 ________________

Table 1

	
	Elastic Collision
	Completely Inelastic
	Inelastic

	Initial Speed (m/s)

	
	
	

	Final Speed (m/s)

	
	
	

	Change in Momentum (kgm/s) mv=mvf-mvi
	
	
	

	Impulse (N-s)- Area Under Curve, Ft
	
	
	

	Percent Difference Between mv and Ft
	
	
	

	Initial Kinetic Energy (J)
	
	
	

	Final Kinetic Energy (J)
	
	
	

	Percent Energy Loss Due to Collision
	
	
	


1. Based on the three F vs. t graphs, can you conclude that the collision with the smallest force has the largest interaction time? Why or Why not?
2. Compare the energy loss in each collision. What do you conclude from your observation?
Part 2- Vertical Leap Measurement
Theory 

1. Suppose you are standing on a platform that measures the normal force acting on you as a function of time. You decide to jump vertically upward. Draw a free body diagram indicating the forces acting on you in the process of jumping at the point just before your feet leave the surface. Then apply the impulse momentum theorem to derive an expression for your velocity, vo, (just as your feet lose contact with the platform) in terms of force, time, and your body mass.

2. Given the fact that your initial velocity is vo when your feet lose contact with the platform, Apply the law of conservation of energy to derive the expression for the maximum height of your center of mass, in terms of the velocity, vo (just as your feet lose contact with the platform).

Procedure

Measure Vertical Leap with Force Plate:

1. Open the DataStudio experiment file: Vertical Jump.ds
2. Make sure that the force plate is connected to the Pasco 750 Interface. Then tare the force plate.
3. Stand on the force plate and have a lab partner click Start, wait about two seconds, and then jump. To reduce the effects of systematic and random errors, try to jump higher than 15 cm (6 inches).
4. After landing onto the force plate click Stop.

5. Using the force versus time graph, determine your mass in kilograms and record it in the Data and Analysis section below (copy and paste the force versus time graph in the Data and Analysis section below-make sure the graph indicates the area under the curve).

6. Now tare the force plate. Repeat the jump. Measure the impulse provided by the sensor during the jump and after you land and record you results below (copy and paste the force versus time graph in the Data and Analysis section below). 

Data and Analysis


(Paste graph here)

Mass of Jumper
 ________________

Time of Flight   ________________

Measured impulse during jumping 

phase (before feet lose contact with plate) 



________________

Interaction Time






________________
Initial Velocity (from Impulse-Momentum Thm-Show Work Below)
__ ______________

Vertical Leap (from conservation of energy) h1


________________

Vertical Leap (from time in air) h2




________________

Percent difference between h1 and h2



________________

Measured Impulse during jump in Step 6



________________

Measured impulse during landing in Step 6



________________
1. Indicate (in pen) directly on the force versus time graph the approximate time in which the center of mass of the jumper’s body is at its lowest point, the approximate time in which the center of mass velocity of the jumper’s center of mass is zero, the approximate time in which the center of mass velocity of the jumper is a maximum, and the approximate time in which the center of mass acceleration of the jumper is a maximum. Also indicate the time span where the person is airborne and the point in which the jumper lands onto the force plate.
2. Using the results of step 6, discuss the net impulse delivered by the plate when jumping to that when landing. How should they compare? Do the results agree with what you expected?

3. A coffee cup of mass m falls off the table and lands on your foot. Is the force exerted by the cup on your foot, equal to, greater than, or less than (circle one) the weight of the cup? Explain your answer by carefully drawing a free-body diagram (hint: the above graph will also be of some help).
Experiment 
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The above picture shows the experimental setup.
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