Collision Movies: Data Collection and Analysis
Instructor Notes

This file has the student hand out with the instructor notes included. The text the students get is in regular font and the notes for the instructor are in this font. 

This lab examines conservation of momentum through the use of video imagery and mathematical modeling.  This unit can be used in Math Modeling or Introductory Calculus courses that focus on fitting models to data and/or exploring the derivative as the slope of the tangent line, a rate of change, or velocity.

The intent for this assignment is to get the students actively engaged with technology and its use in collecting and analyzing data. Listed below are objectives and skills that can be assessed with this assignment.  

Objectives addressed:

1) Leverage technology to collect real data.

2) Transform the real data into a math model.

3) Use the model along with the principle of conservation of momentum to accurately predict a variable.
Ideally, students would collect their own data using the video file and Logger Pro. The data we used took about 10 minutes to collect and export to Excel.  In the interest of time, the instructor could collect the data as a class at the end of the lesson prior to this lab and email the data to the students.  Next, the students should analyze the data through the process of fitting models.  It should be clear from a scatter plot (time vs. position) that the students will fit four linear models to the observed data.  Applying the fact that the derivative is the instantaneous rate of change, the students should observe that the slope of the line is the velocity of the car during different events of interest.  With this velocity information and the equation for conservation of momentum, the student should be able to solve for the mass of each of the similar cars if a known additional mass is added to one (as in the material above) or for the unknown mass of an object added to one of the cars whose masses are known.  The analysis portion should take no more than 40 minutes.
The scope of the assignment can be adjusted to suit the needs of the instructor and/or the availability of resources. A broader scope in which the students would perform their own experiments would require the following: two objects that can be made to move in one dimension and collide in a fairly frictionless environment such as on an air track, a digital camera capable of taking movies, a tripod, a ruler, Logger Pro by Vernier, and Microsoft Excel. A narrow scope, requiring only Microsoft Excel, would use the data already collected and have the students develop models and predict results using the principle of conservation of momentum. 
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Collision Movies: Data Collection and Analysis

Instructions:  This lab is due by ___ on _____.  All homework will be completed using a word processor (typed).  All formulas, if used, will be typed using MS Word’s equation editor.  There is no need to print this assignment in color (black and white is fine), but make sure any graphs are readable.  

 Instructors: It will be up to you to set the page limit. A good rule of thumb for this assignment is no more than 2 pages, double spaced, but if you want to do more or less it is up to you. This is not supposed to be a “project” level task but rather one that eases them into technical writing.
Introduction:
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 moving with a velocity 
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 has a linear momentum 
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 defined by:
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(1)

Since velocity is a vector, indicated by the arrow over the variable, and mass is a scalar, momentum is also a vector. The units of momentum in the SI system are kg m/s. 

A fundamental principle in mechanics is the law of conservation of momentum. This law states that in the absence of any outside influences, the total momentum of a system will remain constant. A consequence of this law is that if two particles collide then the momentum after the collision will be the same as it was before the collision. In equation form:
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By substituting Eq. (1) into Eq. (2) and accounting for the two individual particles, we get:
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(3)

This equation tells us that the initial momentum of the system, which is equal to the sum of the initial momentum of each particle, is equal to the final momentum of the system, which is equal to the sum of the final momentum of each particle. This equation follows directly from the law of conservation of momentum. 
Using Eq. (3) we can make predictions about a system of colliding particles. If, for instance, we are given the masses of two particles and their velocities after a collision along with the velocity of one of the particles before the collision, we can predict the velocity of the second particle before the collision. This result can be quite useful when investigating the collision of two vehicles.  We could also predict the mass of one object if we know the mass of another object and the velocities of both objects before and after a collision between them. There are, of course, complications that arise in doing this type of analysis in a real system because there is no way to completely isolate the system from outside influences. The collision of two vehicles, for instance, will be affected by friction between the vehicles and the ground. 

In this lab, you will explore the law of conservation of momentum by analyzing the collision of two objects. Using LoggerPro by Vernier you will collect data from a digital video of two “cars” colliding on an air track. The air track is designed to minimize the effects of friction so that we can use Eq. (3) directly without any modification. The air track also keeps the “cars” on a single axis in one dimension which will make the analysis easier. From the data that you have gathered, you will determine the velocities of the “cars” before and after the collision, and you will use Eq. (3) to predict the mass of each “car”.      
Data Collection: (change the font of this portion if you expect the student to collect data from the video)
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In order to collect the data from a video segment, the student or instructor should use Logger Pro 3.4.6 by Vernier.  After opening a new file, the user would Insert ( Movie ( Select the desired video file (video must me in .avi or .mov format).  Next the user should enable video analysis by clicking on the button with three red dots in the bottom right corner of the video window (A) to open a panel of tool buttons on the right side of the video window.  With this tool bar open, the first task is to set the scale using the fourth button down that looks like a ruler (B).  The distance between two of the red numbers on the air track in the video is 10 cm.  Set the scale by clicking on one of the red numbers, hold the mouse button, and drag to the next red number.  Release the mouse button and Logger Pro will ask the user for the distance and units of the length measured.  Next the user should set the origin and orient the axis by selecting the third button down (C) and clicking on point in the video where the user wants the origin of the x and y axis (I recommend the center of the left side of the air track.).  With the axis in position, the user can rotate the orientation of the axis by clicking on the yellow dot on the x-axis and rotating it about the center point (Line the axis up with the center line of the air track.).  Next the user should use the play and stop buttons (D) to find the start point of the action of interest.  He/she can use the previous frame and next frame buttons (E) or the slider bar (F) to fine tune the start point.  In order to start data collection, the user should click the second button from the top (G) and then click on a clearly distinguishable feature on the moving object (I recommend the center lead edge of the car.).  The movie will advance one frame.  Click on or mark that same feature in the next frame and continue this process until the action of interest is over.  When the action is over, the user should use buttons E or F to return the video to the first frame where data was collected.  The data collector should then use the sixth tool bar button (H) selecting to set active point ( add series.  This allows the user to collect data on other moving objects in the same video (the other car).  Now the data collector should click on a clearly distinguishable feature on the other moving object and continue the process above until you have collected the same amount of data on both objects.  When data collection is complete, the user can send the movie to the back by right clicking on the video window and selecting the move to back prompt.  Finally, the user should see a graph of the data and a spreadsheet of data that the user can then expand to show all data.  I recommend copying and pasting the data to Excel for easier data manipulation, analysis, and model fitting.
Topics to address/Questions to answer in your report:
Using the information above, the data collected from the video and your knowledge of mathematical modeling, address the tasks and answer the questions below.  This is your first effort at writing a report for a math class. We do not want you to simply answer the questions below in a bulleted or numbered list. These questions should all be answered in the body of your report. 

*
Using an appropriate function type, develop reasonable models for the position data collected over time. Discuss why you selected the function type. How many models were necessary to account for all the data? 
*
Evaluate your model(s) using techniques discussed in class and in your course text. 
*    Use your models to determine the velocities of each “car” both before and after the collision. Calculate the average velocities from the velocity data collected in LoggerPro. Compare the velocities you found using your models to the averages found from the data in LoggerPro. Are they different? Why or why not? 
*
Using the fact that the two “cars” are of equal mass but one of the cars is carrying an additional 200 g, predict the mass of each individual “car”. Does this seem reasonable? Explain why or why not. 
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