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Date_____________

PHYS 1401 General Physics I

Impulse-Momentum Theorem

Equipment

Air Track Kit w/ Photogate

Air Track

Air Supply

Triple Beam Balance

LoggerPro Software

Large Elastic Bumper

Force Sensor
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Terminology
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Change in Momentum:          [image: image7.wmf]  
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Overview

During a collision, the contact force between the objects in the collision is not constant and so the net force acting on the individual objects is not constant.  Thus the acceleration of the object will also not be constant as each freely moving object in the collision 

undergoes a change in its state of motion.  Since the Forces vary during the collision and therefore the acceleration is not constant we cannot use the kinematic equations of motion in order to analyze this situation, but instead we will rely upon the concept of impulse and its relationship to momentum through the impulse-momentum theorem.  

Introduction

Since the forces on an object during a collision are not constant, then the easiest way to analyze this situation is to make a graph of the force per time.  The impulse of this force for the given time interval is the area under the curve.  The time interval will either be the amount of time that the force acts or will be the amount of time under consideration in the problem, which in this case would just be the collision time.  Notice that if the force were constant then the graph of the force per time would be that of a horizontal line and the area under the curve would just be the value of the constant force times the time.  However, since the force varies, we can readily use the idea of the average force, over the time interval, times the time.  Recall that impulse is a vector quantity and that it points in the direction of the force and has S.I. units of Ns = kg*m/s.

The net impulse acting on an object is the vector sum of all of the impulses that act on the object, or alternatively it is the area under the curve of the graph of the net force per time acting on the object.  The impulse-momentum theorem states that the net impulse acting on the object is also equal to the change in the momentum of the object.  
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Keep in mind that the average of the net force times the time interval is the same as the area under the curve, by the definition of the average of a function, and that the momentum is a vector quantity that is equal to the product of the mass times the velocity and has units of kg*m/s.
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In this lab we will have an elastic collision between an air track cart, or glider, and a stationary force sensor.  The glider will be traveling on a leveled air track.  Using the width of the glider’s flag and a photogate, we will measure the initial velocity of the glider prior to the collision as well as the final velocity of the glider after the collision.  The width of the flag will be determined by passing the glider through the photogate until it just trips the gate, you can tell this because the light on the photogate will then turn on.  You should record the position of the leading edge of the glider at this location.  You will then continue to push the glider through the photogate until the light just turns off.  You should then record the position of the leading edge of the glider at this location.  The optical width of the flag is the absolute value of the subtraction of the two values that you just recorded.  You should enter this value into the computer under setup so that it will appropriately calculate the speed of the glider as it passes through the photogate for you.  

Place the photogate as close to the force sensor as possible so that the minimal friction that is present in the air track will not greatly affect your data, yet far enough away so that the glider completely clears the photogate before it comes into contact with the force sensor.  Check to make sure that the bumper on the glider does not come into contact with the photogate and that it contacts the bumper on the force sensor as close to the middle of both bumpers as possible.  You will need to make sure that the force sensor does not move during the collision; otherwise your data for that run will be compromised.  To begin a run you will first zero the force sensor by hitting the “zero” button and then hit the “collect” button to start the data collection.  Gently send the glider into the force sensor at the end of the air track, while someone else is firmly holding the force sensor in place.  Do not continue to push the glider as it enter the photogate, in fact you should have finished pushing a bit prior to when the glider enters the photogate area.  Do not send the glider into the force sensor too hard, if the brackets for the bumpers on the glider and the force sensor touch then the data will not be accurate and the run will have to be re-done.

Accuracy

· All of your observations should be recorded to 3 significant figures. You should carry 3 significant figures in all of your calculations as well.

Procedure

· Set up and level the air track by turning on the air supply and placing the glider in the location where the collision will occur and then adjust the feet on the air track until any motion of the glider is minimized.
· Place the force sensor at the end of the air track.

· Place the photogate as close as possible to the force sensor, but far enough away that the flag on the glider clears the photogate before it contacts the force sensor.  

· With the flag at the center of the glider, measure the position that it both starts and stops the photogate(red light turns on and then off). Subtract these two values to get the width of the flag and enter it into the computer.

· Check the alignment of your set-up.  The flag should not strike anything as it passes through.  The bumper should not strike anything as it passes through and it should hit the force sensor bumper dead center.

· Turn on the air track and hit the “zero” button and then the “collect” button in order to start the data collection.  Gently push the glider through the photogate and into the force sensor.  You should have stopped pushing well before the glider enters the photogate and the bracket for the bumpers should not touch one another.  Let the measurement run all the way out until the end of the collection time.

· Locate the non-zero region of the force –vs.- time graph and highlight it by clicking and dragging across the region.  Hit the integral button and record the value of the integral, which is simply the area under the curve, as the net impulse.

· Locate and record the initial and final velocities that occurred before and after the collision.  Don’t forget to include the directions for these vector quantities.

· Record the time interval for the collision as well as the maximum value of the force, by using the inspection function.

· Repeat this for process two more times for the first bumper, and print a representative graph of one of them.  Measure the mass of your glider using the scale.
· Now change the bumper and repeat the entire process again (including the mass measurement).
Data and Analysis

Position when photogate turns on = ___________________

Position when photogate turns off = ______________________

Width of flag = |Position on – Position off| = ___________________

Bumper #1 -- Data

Mass of glider = ________________________

	Run
	[image: image11.wmf]  

  

v 

I 

net


(Ns)
	[image: image12.wmf]  

  

v 

v 

0


(m/s)
	[image: image13.wmf]  

  

v 

v 


(m/s)
	[image: image14.wmf]  

D

t


(s)
	[image: image15.wmf]  

  

v 

F 

max


(N)

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	


Bumper #2 -- Data

Mass of glider = ________________________
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I. Calculate the following quantities for each run: [image: image21.wmf]  
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 and compare it through a percent difference with the [image: image22.wmf]  
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II. Then calculate the average net force for each run by [image: image23.wmf]  
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III. Compare any two runs that have the same (or approximately the same) net impulse, especially between the two different bumpers.

Bumper #1 -- Analysis
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Bumper #2 -- Analysis
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Questions

1. In our lab we neglected friction; if friction were present what would it do to the values of the velocities? How would this affect the momentum values? What would this do to the value of the change in the momentum as it compares to the net impulse?

2. In general, how do the average force and the maximum force for each run compare to one another?

3. In general what were the differences that you observed between the two bumpers that were used?  Your description should involve things like the differences in the graphs, the amount of time of the collisions, as well as the average and maximum force involved in the collision.

4. Within reasonable limits for experimental uncertainty were you able to verify the impulse-momentum theorem?

Report

I. Introduction.  You should try to answer the following questions:  What are you going to do? How are you going to do it? This section will essentially be the standard Purpose and Procedure sections that you may have encountered in other lab courses.  You should succinctly tell me in 2-3 paragraphs the answer to these two questions.  Note: you are not required to reproduce in detail the lab procedure, but you should give the gist of what occurred in the lab.   You need to especially note if there were any differences in your actual procedure from the stated procedure in the lab.  You should explain why you made these changes.

II. Data & Analysis.  Present your data in a neat and organized manner. Use units where necessary.  Clearly outline any calculations you made showing your numbers and units. Make neat and clean graphs following the correct graphing procedures. Label fully and show on the graph any analyses you are making from the graph.

III. Results & Conclusions.  Clearly answer any questions that were given with the lab.  You should report all of the major calculated values obtained through out the lab.  If you were supposed to have done a comparison then make sure that that calculation is included here.  Make sure that you address all of the issues that were originally raised in the purpose of the lab. 

IV. Error Analysis.  You should also indicate several possible sources of error.  Note that human error is not an acceptable answer for this section.  This will indicate that you performed the experiment incorrectly and you will be docked points for this answer.
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