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	Equipment Needed
	Qty
	
	Qty

	Computer (Datastudio) 
	1
	1.2 m Track System 
	1 

	Motion Sensor 
	1
	Ring Stand with Large Base and Track adapter 
	1

	USB Link or Power Link
	1
	Plunger Cart (ME-9485)
	1


PURPOSE and OVERVIEW

The purpose of this experiment is to investigate one dimensional motion for position and velocity under the special condition of constant acceleration. Using the motion sensor, you will create graphs of position and velocity for a cart on an incline.  Once you have (1) determined that these graphs take on the same predicted shape defined by constant acceleration, you will (2) review and compare the curve fit equations to the equations of motion for constant acceleration.  Finally, you will (3) explore a new condition that might alter the shape of these graphs.

Background
In your textbook, you will find the equations for position and velocity for the special condition of constant acceleration similar to those in the table below.  You should read this section of your text before conducting this lab.  In order describe the motion of an object you must define at any point in time its position, velocity, and acceleration.  The special condition of constant acceleration allows the definitions of velocity and position to take on very special characteristics when viewed graphically.  The shape of these graphs determines the equations that describe them.  For example, a graph of Velocity vs Time under constant acceleration must look like a line.  As a result you should find the equation for velocity in time is similar to that of a line. Next, consider the Position vs Time graph.  The shape of the Position vs Time graph under constant acceleration will look something like a parabola.  As a result, the equation must also look like that of a parabola. 

	For Constant Acceleration
	Position 
	Velocity

	Textbook Physics Equation
	x = ½ a (∆t)2 + v0∆t + x0
	v = a (∆t) + v0

	Software Curve Fit Equation
	y = A (∆t)2 + B∆t + C  
	y = m (∆t) + b


The software used for this activity will allow you to plot the graphs of Position vs Time and Velocity vs Time for a cart moving on an incline.  The software will also let you determine the equation or curve fit that describes each graph.  However, the software wasn’t written just for physics alone.  Therefore, the curve fit equations look more generic or mathematical as shown in the table above.  However with a straight comparison, you should be able to relate the generic equation to the familiar physics equations.

Notice by comparison in the table above that the position coefficient A = ½ a (acceleration) and that (a) is also found as the slope (m) of the velocity curve; that B is v0, the initial velocity and is also found as the intercept of the velocity curve; and that C is x0, the initial position.  Go to your Data Table and use the paragraph above to complete the column in your table titled REFERS TO.  For example, C refers to the initial position, x0.
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Before continuing, turn to the Student Response Section and use the axes provided to sketch the general shape of the position and velocity curves for the equations above.  Also, from your text, locate and record your text’s version for the two equations above.  
Equipment and Computer Setup
1. Use the ring stand and track attachment clamp to elevate the 0.00cm end of the track to approximately 10 cm above the table top.

2. Mount the Motion Sensor at the 0.00cm end of the track.  Point the gold circular face of the motion sensor down the length of the track.

3. Position the computer so that you can start recording without interfering with the motion sensor during data collection.

4. Turn on the computer and use the DataStudio shortcut on the desktop to start the program.
5. From the DataStudio home screen, choose Open Activity to open the file Motion on an Incline found in the ASIM folder.
6. When the file opens, click on the Setup button at the top left portion of the screen.  When the experiment setup window opens, select the Sampling Options tab.  Set the Delayed Start condition to data measurement Position Is Above 0.25 m and the Automatic Stop condition to data measurement Position Is Above 0.75 m.  

7. Carefully align and connect the motion sensor to the USB Link (Power Link).

8. Carefully align and connect the USB Link to the computer. 

Now, the computer will plot data at time = 0, when the cart is more than 25 centimeters from the sensor.  The Motion Sensor will automatically stop when the cart is greater than 75 centimeters from the motion sensor.  This will allow you to release the cart at the top on the track and catch the cart at the bottom of the track without interfering with the data collection.  Close the Setup Window.
Data Recording
Hold the cart on the track so that the plunger faces down slope.  Use your finger or a pencil against the track, from the side, and at the front end of the cart to hold it steady until it is time to record and release.  Position someone at the end of the track to catch the cart after it clears the 80 cm mark and before it collides with the end stop.  

· When everyone is ready, position the end of the cart nearest the motion sensor at the 20 cm mark. Click Start.  When you hear the motion sensor clicking, release the cart. Data will not be recorded until the cart is at least 25cm from the sensor.

· Catch the cart after it clears the 80 cm mark, but before it collides with the end stop.  Do NOT press the stop button.  Remember, you setup the motion sensor to automatically stop recording data when the cart is 75 cm from the sensor.
 Take time to answer the following question(s) and make predictions as they occur.  The pencil in the margin indicates a question.  Put your responses in the Student Response Section
Analyzing the Data

1.
Maximize the Graph display.  Click on the Position Graph and then click the Scale to Fit button to center the data. 

2.
For the Position vs Time graph, select the appropriate curve fit using the Fit button ([image: image1.png]


). 

3.
Now click on the Velocity vs Time graph, click Scale to Fit, then click Fit and select the appropriate curve fit.

4.
On the computer screen, take a moment to examine the Text Boxes for each graph’s curve fit. Record the values for this run (20 cm release point) in the table on your Student Response Sheet.  You do not need to record the error statistics for +/-, r,….

Compare the curve fit data to the equations for position and velocity under constant acceleration.

I. [image: image4.png]


Begin by using the Smart Tool ([image: image2.png]


) on the Position Graph to verify that the point where the curve fit crosses the y-axis on the graph occurred at approximately 25 cm (as you programmed).  This point should correspond to x0, at time=0. Enter the Smart tool value for initial position in the data table.  Compare this value to the coefficient C in the curve fit.  Do these values agree?  
II. On the Velocity graph, use the Smart Tool to determine the initial velocity, v0 at time=0.  Record this value in the data table.  Compare this value to the curve fit value for b, the y intercept.  Do these values agree?  Now compare both the velocity intercept value and the v0 value found using the Smart Tool on the Velocity graph to the initial velocity from the Position graph.  Do all three of these values agree? 
III. Set the value for the position coefficient (A) equal to ½ a, and solve for the value of the acceleration, a.  Record this calculated acceleration (a) in your table.  Does this acceleration value match the value for acceleration found in the curve fit equation for the Velocity graph?

IV. Take the position equation (x = ½ a (∆t)2 + v0∆t + x0 ) and velocity equation (v = a (∆t) + v0) and re-write these equations substituting in the data values from the 20cm curve fit equations.  For example, if   x0=C=0.25, substitute 0.25 for x0.
V. Based on the comparison of the information taken from the curve fit equations for position and velocity, does the motion of the cart on the incline represent motion with constant acceleration?  Reference by specific example how your curve fit coefficients or data support your conclusion.  For example, are the values for acceleration consistent between graphs?

VI. Review your sketched graph predictions for the general shapes of these graphs.  How well did your predicted graphs match the general shape of the curve fits for the motion sensor data?  Explain any differences in general shape.

VII. Based on the comparisons of your predicted graphs for motion with constant acceleration to the graphs generated using the motion sensor, does the motion of the cart on the incline represent motion with constant acceleration?

VIII. If a printer is available, print the graphs window.

So now, let’s put it all together before making changes to the experiment.

Preparing Datastudio for the next phase of the experiment:
Be Careful.. DO NOT CLOSE Datastudio or you will lose your data! 
· Remove the graph window only, by clicking on the X box for the graph window only.  Notice that your data run is still present in the DATA menu on the left side of the screen.

Now you will open a new graph for just the Position vs Time for the run used in the first part of the experiment (releasing the cart from 20 cm).  

· From the Displays menu on the lower left side of the screen, click, hold and drag the graph icon up to the Position run number used in the first part of the experiment.  When you release or drop the graph icon onto the position run #, a graph window will appear with just the Position vs Time data plotted.  Maximize this graph.

A New Experiment, Start Condition
Now consider a new initial condition for this experiment and what impact this change will have on the Position vs Time and Velocity vs Time graphs.

Question: How will changing the release point for the cart to 15cm change the graph of Position vs Time when compared to the original release point of 20 cm?  
Take a moment to discuss the possibilities with your lab partners and neighbors.  You may want to get out a scratch sheet of paper and sketch your ideas as graphs.  (HINT:  Keep in mind that you have not changed the angle of the track nor have you changed the start or stop conditions of the motion sensor.)  Data will begin at time=0 when the cart clears 25 cm. 
1. When you are finished discussing, go to the computer and use the Predict Tool (looks like a pencil) from the graph menu to sketch your prediction directly on the graph of your original data.  

2. Now, run the experiment again with a new cart release point of 15 cm.  How did your predicted position graph compare to the data for the new release point?  Explain any differences.
3. On the graph window legend, click on the new run number to select this run.  Now use the Fit tool to curve fit the new data.  Record the data for Position in the Data Table for the 15 cm release point.

4. Compare Position table values for the 20 cm release to 15 cm release.  Which value(s) has changed significantly? In other words, more change than within limits of repeatability between runs.  What does this value “Refer to?”
Question: Considering your answer to question 4, should changing the release point effect the Velocity vs Time curve?  Explain.

5. Now, open a velocity graph for the 20cm release run.  From the left hand side of the Data screen, under the Velocity heading, Drag and Drop the velocity data for the 20 cm release run # onto the Position graph.

6. Use the computers Predict tool to sketch your prediction of the velocity curve for the 15cm release run.

7. Drag and drop the 15 cm, velocity data onto the velocity graph.  How did the data compare to your prediction?  Explain any differences.
8. In the graph window, click on the data run # for the 15 cm release point.

9. Use the Fit tool for this run to record the slope and intercept values from the Velocity graph in the data table.
10. Now try a new release point of 10 cm to demonstrate that what you observed was a trend, and not coincidence. Apply the Fit tool to both the Position and Velocity graphs.  Record the curve fit data in the data table including the calculation of the acceleration (a=2A).
Should your display get cluttered, feel free to undo each curve fit equation once you have the data recorded in your table.  Do not delete a run from the display.  You can also remove your predictions by clicking on the word predict in the Data menu on the left side of the screen. Then use the keyboard Delete key.

Once the data table is complete, review the data and look at the graphs as a whole.  Notice how changing the release point changes the graphs.  Now, try to associate how the changes in the graphs are related to the changes found in the data table.

For example, each Position vs Time graph crosses the Position axis at about 25cm for time t=0.  In the table, the coefficient C represents the initial position, x0, in the position equation. x0 is approximately 25cm for all four runs.  Recall that you set this initial condition when you programmed the motion sensor to start plotting data when the cart was at least 25cm from the sensor. 

11. Now look at the Position and Velocity Graphs for all runs.  How does changing the release point change the Position vs Time graph?  How does changing the release point change the Velocity vs Time graph?  

12. In the Data Table, find the coefficient for the initial velocity from the Position Data and the intercept (initial velocity) from the Velocity data.  Do the numbers support what you see in the graphs as you change the release point?  Does the velocity value in the Position data match the velocity value in the Velocity data?

13. In the Data Table, find the values representing acceleration in both the Position data and the Velocity data.  Was acceleration changed by changing the release point?  Use your data to support your answer.
14. Print your graphs window.
Summarize in complete sentences the impact that changing the release point has on the Position and Velocity of an object moving down an incline.  Site specific data from your table to support your statements.

Name:

Period ______  
Partner’s Name:

Date: 


Motion on an Incline

Position, Velocity and Acceleration Graphs
Predicting the Results: Use the space below to sketch your Position and Velocity vs Time Graphs.  Write the matching equations from your textbook in the text box provided.  Answer the question in the space below.





Question: How well did your predicted graphs match the curve fits for the sensor data?
Data Table

	
	Symbol
	REFERS TO**
	20 cm
	15 cm
	10 cm

	Position Data
	A
	
	
	
	

	
	B
	
	
	
	

	
	C
	Initial Position
	
	
	

	Smart Tool
	Value for x0
	
	
	
	

	Acceleration
	a = 2A
	
	
	
	

	Velocity Data
	Slope
	
	
	
	

	
	b (y-intercept)
	
	
	
	

	Smart Tool
	Value for v0
	
	
	
	

	
	
	
	
	
	


*For each release point, fill in the data.  For acceleration (a), set a = 2A and solve for a.
** Use the information in the Background section to complete this column.
The questions from the lab section have been copied below using the same reference number for your convenience.  Refer back to lab sections for more information as needed.
Compare the curve fit data to the equations for position and velocity under constant acceleration.

I. Enter the Smart tool value for initial position in the data table.  Compare this value to the coefficient C in the curve fit.  Do these values agree?  
II. On the Velocity graph, use the Smart Tool to determine the initial velocity, v0 at time=0.  Record this value in the data table.  Compare this value to the curve fit value for b, the y intercept.  Do these values agree?  Now compare both the velocity intercept value and the v0 value found using the Smart Tool on the Velocity graph to the initial velocity from the Position graph.  Do all three of these values agree? 
III. Set the value for the position coefficient (A) equal to ½ a, and solve for the value of the acceleration, a.  Record this calculated acceleration (a) in your table.  Does this acceleration value match the value for acceleration found in the curve fit equation for the Velocity graph?
IV. Take the position equation (x = ½ a (∆t)2 + v0∆t + x0 ) and velocity equation (v = a (∆t) + v0) and re-write these equations substituting in the data values from the 20cm curve fit equations.  For example, if   x0=c=0.25, substitute 0.25 for x0.
V. Based on the comparison of the information taken from the curve fit equations for position and velocity, does the motion of the cart on the incline represent motion with constant acceleration?  Reference by specific example how your curve fit coefficients or data support your conclusion.  For example, are the values for acceleration consistent between graphs?
VI. Review your predictions for the general shapes of these graphs.  How well did your predicted graphs match the general shape of the curve fits for the motion sensor data?  Explain any differences in general shape.
VII. Based on the comparisons of your predicted graphs for motion with constant acceleration to the graphs generated using the motion sensor, does the motion of the cart on the incline represent motion with constant acceleration?
A New Experiment, Start Condition
Question: How will changing the release point for the cart to 15cm impact the graph of Position vs Time when compared to the original release point of 20 cm?  
2.
Now, run the experiment again with a new cart release point of 15 cm.  How did your predicted position graph compare to the data for the new release point?  Explain any differences.

4.
Compare Position table values for the 20 cm release to 15 cm release.  Which value(s) has changed significantly? In other words, more change than within limits of repeatability between runs.  What does this value “Refer to?”
Question: Considering your answer to question 4, should changing the release point effect the Velocity vs Time curve?  Explain.
7. Drag and drop the 15 cm, velocity data onto the velocity graph.  How did the data compare to your prediction?  Explain any differences.
11. Now look at the Position and Velocity GRAPHS for all runs.  How does changing the release point change the Position vs Time graph?  How does changing the release point change the Velocity vs Time graph?  
12. In the Data Table, find the coefficient for the initial velocity from the Position Data and the intercept (initial velocity) from the Velocity data.  Do the numbers support what you see in the graphs as you change the release point?  Does the velocity value in the Position data match the velocity value in the Velocity data?
13. In the Data Table, find the values representing acceleration in both the Position data and the Velocity data.  Was acceleration changed by changing the release point?  Use your data to support your answer.
Summarize in complete sentences the impact that changing the release point has on the Position and Velocity of an object moving down an incline.  Site specific data from your table to support your statements.

 Extension:   Motion UP the Incline. (Incomplete)
In this experiment, you will allow the spring plunger from the cart to contact the end stop and bounce the cart back up the incline.  You will use the graph tools to look at the position and velocity of the cart as it moves down and then up the incline against gravity.

· Open the Datastudio file Motion on an Incline.  If you are continuing from the previous experiment, re-open the file to return to the original set up configuration.

· Go to the Setup window and set the Start condition to 25cm.  DO NOT set the stop condition.  You will be directed to stop the data collection manually, using the stop button.

· Make sure the equipment (track, ring stand, motion sensor and cart) are setup as in the original procedure above.  It is critical to make sure the plunger is facing downhill, away from the motion sensor.  

· Position the cart at 20cm and click Start.  Release the cart and allow the cart to bounce off the end stop and recoil up the track.  Click Stop when the cart reaches its highest point.

· Catch the cart before it strikes the endstop a second time.

Analyzing the Position vs Time Data

· Use the Zoom Select tool to draw a box around the region of the graph associated with the cart moving down the track BEFORE striking the end stop.

· Use the Fit tool to determine the equation for the Position of the cart at any point in time as it moves down the incline.  Re-write the position equation inserting the coefficients from your curve fit.  Once you have written down the data for the curve fit, de-select the Zoom Select Tool by clicking on the tool and then again on the curve.

· Click the Scale to Fit button to rescale the data.

· Use the Zoom Select to select the region of the graph just AFTER the cart looses contact with the ends top.  Make sure the data does not include the time during which the cart was in contact with the end stop.

· Use the Fit tool to determine the position equation for this region of the graph. Re-write the position equation inserting the coefficients from your curve fit.  Once you have written down the data for the curve fit, de-select the Zoom Tool by clicking on the tool and then again on the curve.

Compare the two equations.  How do the acceleration terms compare?  How do the initial velocity terms compare?  
What you should know at this time:


The value for constant acceleration can be found by comparing ½ a, the coefficient from the textbook position equation, to the value for the coefficient A from the Position vs Time curve fit.  In other words, a = 2A.


The value for the constant acceleration can also be found by looking at the slope of the Velocity vs Time graph.  Remember, the slope of the velocity curve is the acceleration.


The value for the initial velocity, v0, can be found by looking at the coefficient B in the curve fit equation for the Position vs Time graph.


The value for the initial velocity, v0, can also be found by looking at the y intercept on the Velocity vs Time graph.  


The value for the initial position, x0, can be found by looking at coefficient C on the Position vs Time graph or by looking at the point where the Position vs Time curve crosses the Position axis at time =0.





Equations from text:





Position Equation:





			











Velocity Equation:





			

















Position vs Time





Velocity vs Time





Time








ASIM 2006



Linear Motion:  Motion on an Incline

p. 3







