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Name _____________________
Class ______________
Date _________


Activity P04: Position, Velocity and Acceleration Graphs 
(Motion Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Linear motion
P04 Motion Graphs.DS
P05 Position, Velocity, Acceleration
P05_POSI.SWS

Equipment Needed
Qty
Optional Equipment
Qty

Motion Sensor II (CI-6742)
1
String (SE-8050)
1 m

Fan Cart (ME-9485)
1
2.2 m Track System (ME-9452)
1

What Do You Think?
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The purpose of this activity is to study the relationship among position, velocity, and acceleration in linear motion. How do the distance vs. time, velocity vs. time, and acceleration vs. time graphs for a fan cart uniformly accelerating, from rest, compare with one another?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

[image: image9..pict]Equations for motion, given a constant acceleration (a), are:

Position:







where xo and vo are the initial position and initial velocity. Note that if xo and vo are zero, the equation is a parabola.

Velocity (1st derivative of Position):
 



Note that the 1st derivative of position is the slope of the position vs. time graph. This equation is linear. The slope of the velocity vs. time graph is the constant acceleration. The acceleration can also be written:
Acceleration (2nd derivative of Position):



SAFETY REMINDERS
•
Keep hands clear of fan blades.

•
Do not let the cart run away from the user. Catch the cart before the cart crashes into the bumper or travels off from the table.

•
Follow directions for using equipment.
[image: image1.wmf]


For You To Do 

Use a Motion Sensor to measure the position of a Fan Cart as it moves away from the Motion Sensor. Use DataStudio or ScienceWorkshop to plot and analyze the cart’s position (x), velocity (v), and acceleration (a).
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Prediction: Sketch a prediction of the position, velocity, and acceleration vs. time graphs for the Fan Cart’s motion.
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PART I: Computer Setup
1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer. 

2.
Connect the Motion Sensor’s phone plugs to Digital Channels 1 and 2 on the interface. Plug the yellow-banded (pulse) plug into Digital Channel 1 and the second plug (echo) into Digital Channel 2.


3.
Open the document titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P04 Motion Graphs.DS
P05 Position, Velocity, Acceleration
P05_POSI.SWS

•
The DataStudio document has a Workbook display. Read the instructions in the Workbook.

•
The ScienceWorkshop document opens with a Graph display of Position (m), Velocity (m/s), and Acceleration (m/s/s) versus Time (s). 

PART II: Sensor Calibration and Equipment Setup
•
You do not need to calibrate the Motion Sensor.

1.
Place the Motion Sensor and Fan Cart on a flat horizontal surface. Make sure that there is nothing to obstruct the signal going from the front of the Motion Sensor to the Fan Cart, or the returning echo from the Fan Cart back to the Motion Sensor. (If you have a PASCO Dynamics Track available, you may wish to use it.) The fan should be pointed towards the Motion Sensor as shown below.

[image: image2.wmf]
2.
Tie a string to the Fan Cart so that you can hold the Fan Cart before releasing it without interfering with the Motion Sensor.

PART III: Data Recording
1.
Hold the string so that the Fan Cart remains stationary about 40 cm in front of the Motion Sensor. Turn the fan on and select the low speed setting. 

•
Make sure that the Fan Cart is pulling away from the Motion Sensor.

2. 
When everything is ready, start recording data. Then release the fan cart.

3. Stop data recording before the cart reaches the end of the track and before the cart has traveled the length of the space available, generally less than two meters is best.

How well did your predicted graphs match the motion sensor generated plots?

Analyzing the Data
Click the Graph to make it active. Use the built-in analysis tools to fit two consecutive position vs. time data points to a mathematical formula. 

1.
In the Graph display, click on the zoom button ([image: image3.wmf]). While holding down on the mouse button, move the cursor to draw a rectangle around four or five points in the position vs. time plot. The points will be highlighted. Release the mouse button and the Graph axes will rescale to zoom in about those points. Next, click and hold the mouse button and drag the mouse to highlight two consecutive position vs. time data points.

2.
Select the curve fit.

•
In DataStudio, click the ‘Fit’ menu button ([image: image4.png]


). Select ‘Linear’. 

•
In ScienceWorkshop click the ‘Statistics’ button to open the Statistics area on the right side of the Graph. In the Statistics area, click the Statistics Menu button ([image: image5.png]


). Select Curve Fit, Linear Fit from the Statistics Menu.

3.
Locate the corresponding velocity value in the velocity vs. time graph.

•
In DataStudio, select the velocity window. Click the ‘Smart Tool’ button ([image: image6.png]


) and move the Smart Tool to the velocity data point. 

•
In ScienceWorkshop, click the ‘Smart Cursor’ ([image: image7.wmf]) and move the Smart Cursor to the velocity data point.

4.
Record the slope and the velocity value in the Lab Report Section.

At what point in time did the average velocity occur? How does this time correspond to the times from the two points selected in the position vs. time plot? Record your answers in the Lab Report section.

5.
Click anywhere in the position vs. time Graph window to deselect the highlighted points. Click the ‘Autoscale’ button to automatically rescale the Graph axes to display all of the data. Select a polynomial fit to the position vs. time plot. If your initial data is erratic, you may need to zoom in and select a region of the plot that is smooth.

•
Record the coefficients of the fit and answer the questions in the Lab Report section.

6.
Click anywhere in the velocity vs. time graph window to deselect the highlighted points. Click the ‘Autoscale’ button to automatically rescale the Graph axes to display all of the data. Select a linear fit to the velocity vs. time plot. If your initial data is erratic, you may need to zoom in and select a region of the plot that is smooth.

•
Record the coefficients of the fit and answer the questions in the Lab Report section.

7.
Click anywhere in the acceleration vs. time Graph window. Apply a linear fit to the acceleration vs. time plot.

•
Record the coefficients of the fit and answer the questions in the Lab Report section.

Why is the acceleration vs. time plot so much “noisier” than the other plots? Record your answer in the Lab Report section.

Record your results and answer the questions in the Lab Report section.

Lab Report - Activity P04: Position, Velocity and Acceleration Graphs

What Do You Think?

The purpose of this activity is to study the relationship among position, velocity, and acceleration in linear motion. How do the distance vs. time, velocity vs. time, and acceleration vs. time graphs for a fan cart uniformly accelerating, from rest, compare with one another?

Prediction: Sketch a prediction of the position, velocity, and acceleration vs. time graphs for the Fan Cart’s motion.
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Data Table

Item
Result

Slope of Position vs. Time data


Velocity Value


Polynomial Equation of fit for Position vs. Time


Linear Equation of fit for Velocity vs. Time


Linear Equation of fit for Acceleration vs. Time


Questions

1.
At what point in time did the average velocity occur? How does this time correspond to the times from the two points selected in the position vs. time plot?

2.
What are the appropriate units for the slopes of the position and velocity vs. time plots?

3a.
How close does the plot of position vs. time fit a polynomial curve? (Hint: In DataStudio, the closer Mean Squared Error is to zero, the better the fit of data to the curve. In ScienceWorkshop, the closer chi^2 is to zero, the better the fit of data to the curve.)

3b.
Did your polynomial fit of the position vs. time graph yield an initial position? If yes, what is the initial position?

3c.
Did your polynomial fit of the position vs. time graph yield an initial speed? If yes, what is the initial speed?

3d.
Did your polynomial fit of the position vs. time graph yield an acceleration? If yes, what is the acceleration?

4a.
How close does the plot of velocity vs. time fit a linear regression? (Hint: In DataStudio, the closer r is to one, the better the fit of data to the curve. In ScienceWorkshop, the closer chi^2 is to zero, the better the fit of data to the curve.)

4b.
Did the linear fit of velocity vs. time yield an initial position? If yes, what is the initial position?

4c. 
Did your linear fit of velocity vs. time yield an initial speed? If yes, what is the initial speed?

4d.
Did your linear fit of velocity vs. time yield an acceleration? If yes, what is the acceleration?

5a.
Is the acceleration in the acceleration vs. time Graph constant? (Remember, a nearly horizontal line of fit (near zero slope) indicates a constant value.) 

5b.
Did the linear fit of acceleration vs. time yield an initial position? If yes, what is the initial position?

5c.
Did your linear fit of acceleration vs. time yield an initial speed? If yes, what is the initial speed?

5d.
Did your linear fit of velocity vs. time yield an acceleration? If yes, what is the acceleration?

6.
Why is the acceleration vs. time plot so much “noisier” than the other plots? 
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