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	Equipment Needed
	Qty
	Equipment Needed
	Qty

	GLX 
	1
	Balance (optional)
	1

	Force Sensor with Magnetic Bumper
	1
	Collision Cart 
	1

	Motion Sensor 
	1
	1.2 m Track System)
	1

	Accessory Bracket 
	1
	Printer
	4


What Do You Think?

[image: image1.wmf]How is the force felt during a collision related to the duration of the collision?
Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

When an object strikes a barrier, the force on the object varies as the collision occurs. Changes in the momentum of the object (the impulse) can be calculated in two ways: 

•
Using the velocities before (vi) and after (vf) the collision: p = mvf –mvi 
•
Using the net force and time of impact: 

= Fnet t
It is possible for the object to undergo the same change in momentum whether it is involved in an abrupt hard collision or a cushioned collision. We want to determine the difference between how a hard or soft collision affects the force felt by the object.

In this activity, you will use the Motion Sensor to measure the velocity of a cart as it collides with a bumper. At the same time, you will use a Force Sensor mounted on the track to measure the force of the collision over the same interval of time. Finally, you will compare the change in momentum of the cart with the impulse from the measured force vs. time graph.

[image: image2.wmf]PART I: Equipment Setup (Your force sensor should have a magnetic bumper attached.  If not, ask your teacher for help.)
1. Mount the Economy Force Sensor on the Accessory Bracket.

2. Mount the Accessory Bracket onto the Dynamics Track. To make this process easier, slide the bracket onto the end of the track OPPOSITE that of the fixed end stop.  Once the wing nuts are in the groove, slide the bracket down to the end stop so that the force sensor and magnetic bumper are pointed toward the center of the track as pictured above.

3. Use a book or other method to raise the end of the Dynamics Track that is opposite to the end with the Force Sensor about 1.5 cm so the cart will have approximately the same speed for each trial.

4. Place the Motion Sensor at the raised end of the Dynamics Track so it can measure the motion of the cart.

5. Brace the Force Sensor end of the Dynamics Track against a heavy mass so the Dynamics Track will not move during the collision.
 PART II: GLX Setup  (Open the file “Impulse Momentum” before connecting sensors to GLX.)
1. From the Home screen open the Data Files Menu.  Navigate up and over to the Flash memory. Navigate down to and open the document “Impulse Momentum.” Press the Home key to return to the main menu followed by the Graph (F1) key to open the graph of Force vs Time.
2. Connect the Motion Sensor and Force Sensor to the GLX.
3. Press the Home key to return to the Home Screen.

PART III: Data Recording
1. Measure and record the mass of the cart in the Data Table in the Student Response section.
2. Prior to each data run, press the tare button on the side of the Force Sensor to zero the sensor.
3. Place the cart on the Dynamics Track so that it is 30 cm from the motion sensor.  Release from this position for all trials so that the velocity on impact will always be approximately the same.
4. Release the cart so that it begins to roll towards the Force Sensor BEFORE you begin data recording.  
5. Stop recording when the cart has rebounded to its highest point on the track after its collision with the Force Sensor’s magnetic bumper.  The data will appear as Run #1.
6. Press F1 to Auto Scale the data.
7. For the purposes of collecting the velocity of the cart at the instant just before and after the collision, we need to add a graph of the carts velocity captured by the motion sensor at the same time that the Force sensor recorded the collision.  To add the Velocity vs Time graph:
· Press F4 (Graphs).
· Select option 6, Two Graphs.  A second graph will appear just below the Force Graph.  This new graph shows the position of the cart as a default.  We need to change that to Velocity on the y-axis.
· Press the Select (check) button and a dark highlight box appears on the Force y-axis.
· Use the Arrow keys (down arrow twice) to move the highlight box down to highlight the Position axis.
· Press the check button to open a list of new options for replacing the Position data.
· Arrow down to option 2, More.next to the motion sensor icon and press Select (check). Note that a pull down menu opens with Velocity highlighted.
· Press the Select button to change the data to Velocity.
8. Now use the Graphs Tools (F3) to “toggle” the cursor (dark circle) back to the Force Graph.
9. Next, select Graph Tools again to use the Zoom tool in on the region of both graphs where the collision occurred.  The Zoom tool will place a cursor (cross hairs) on your graph window for the Force vs Time data.  Use the arrow keys to move the cursor to a point on the curve just before the Force curve leaves the x-axis.  Press the check/select button to fix the start position for your Zoom.  Now move the cursor up to just above the peak of the force curve and then move over to the right to stretch a dashed box around the full peak of the force vs time curve.  When your box encloses the peak, press check/select to finish your Zoom.   Since both graphs share the same time axis, both graphs should zoom in on the selected region.
Save the file as directed by your teacher
1. Return to the Home screen.

2. From the Home screen, Press Data Files.

3. From the Data Files menu, make sure the Impulse Momentum file is highlighted in the display and press the check/select key to change the name of the file.

4. Re-name the file using the key pad.  Use a name you will later recognize, so that you can delete the file before turning off the GLX at the end of the lab.

5. Press the check key to enter the new name.

6. Press Save to save the file to RAM.

Print your Graph as directed by your teacher

1. Make sure you save your file before you disconnect your GLX power cord. See directions above for saving.

2. Connect your GLX to a printer using the USB cable.  Be careful to align the connector with the GLX.

3. From the Graph window, choose F4 (Graphs) and select Print.

The template for this activity was set up to display both the Force and Velocity vs Time on the same graph.  This was done to allow you to observe the sudden increase or spike in the Force sensor at the same instant that a dramatic shift in velocity occurred.  In the following analysis, you will change the display to just one graph at a time to make the analysis easier. 
· Make sure you reconnect your GLX to the power adapter before continuing the Analysis section.

· From the graph window with both Force and Velocity displayed, use the Graphs (F4) menu to change the display from two graphs to just a graph of Force vs Time.  Press Graphs (F4) and use the arrow keys to “un-select” the Two Graphs option.  The graph should automatically default back to a Force vs Time graph.
Analyzing the Data
1. Now zoom in on the spike in the Force vs Time graph to make the analysis easier to see.  Press the Tools (F3) button and select Zoom from the menu.  A cross cursor will appear on the screen.  Use the arrow keys to move the cursor to a point on the curve just before the Force value leaves the x-axis.  Press check to set the start point of your Zoom.  Now use the arrow keys to move the cursor to the top and right to open a dashed box around the Force spike.  When ready, press the Select (check) button to Zoom in on the data in the dashed box.

2. Recall that the Force vs Time data was collected to determine the Impulse delivered to the Force sensor by the Cart during the collision.  Notice the units of Impulse are Newton*seconds (Ns) as though you take the Force and multiply it by the time of impact.  A more accurate way of saying this is that Impulse is the Area under the Force vs Time curve. To get the Impulse for the entire collision, use the Tools menu to determine the area under the curve.  If necessary, you can refine the region of area under the curve using the arrow keys to move the default, circular cursor.  You can also use the Swap Cursors Tool to move the cursor from one side of the curve to the other. When ready, record the value for area in your data table. 

Recall that the result of an Impulse is a change in Momentum.  To test this definition, you need to determine the change in momentum of the cart due to the Impulse delivered in the collision.  Since Momentum is defined as mass times velocity, you need to view the Velocity data and determine the velocity of the cart just before the collision and just after the collision.  
3. To change your Force graph into a Velocity vs Time Graph, press the Select (check) button.  The Force input on the y-axis should be highlighted.  Press Select again to see a menu of available y-axis inputs.  Use the Arrow keys and highlight Velocity.  Press Select again to change the y-axis to Velocity.
4. Notice that the Area tool is still on.  We do not need area for this data so Un-Select the Area tool from the Tools menu.  Press F3; arrow down to Area, and press Select.  
5. Now use the Smart Tool on the Velocity vs Time Graph to find the velocity just before the collision and the velocity just after the collision.  Press F3; select Smart Tool and use the arrow keys to locate the velocities just before the collision and just after the collision.  Notice, as you move the Smart Cursor, the co-ordinates of Velocity and Time appear in a highlighted box on each axis. Record the two velocity values in the Data Table in the Student Response section.

6. Use the mass and velocity values to compute the momenta before and after the collision.
7. When you are finished, you should Delete the file from the Data Files menu using the Delete option.

As an extension, your teacher may ask you to change out the magnetic bumper for the rubber pad and run the experiment again.
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Impulse and Momentum

What Do You Think?

How is the force felt during a collision related to the duration of the collision?
Data Table

	Item
	Value

	Mass of cart 
	

	Impulse (from Area under curve)
	

	Velocity before collision 
	

	Velocity after collision
	

	Momentum before collision
	

	Momentum after collision 
	

	Change in momentum
	


Questions
1. For your data, how does the change in momentum compare to the impulse?  Calculate the percent difference.
2. What are possible reasons why the change in momentum is different from the measured impulse?
3. Review your Velocity vs Time graph.  Compare the segment of the velocity curve just before the collision to the segment just after the segment.  How would you compare these line segments to each other?  Relate this comparison related to the acceleration of the cart on the incline?  Explain.
4. If a second collision trial was run with a different bumper, compare the impulses and forces for these different bumpers.  Which bumper provided a harder collision?  Explain.
5. Use the above comparison to explain why airbags in cars can help to prevent injuries to the occupants during a frontal collision.
6. Why is it desirable to have the same initial speed for each of the data run trials above?
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