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Activity GS19: Acceleration of a Cart

(Motion Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Linear motion
GS19 Accelerate a Cart.DS
G19 Cart Acceleration
G19_CART.SWS

Equipment Needed
Qty
Equipment Needed
Qty

Motion Sensor (CI-6742)
1
Dynamics Cart (inc. w/ Track)
1

Block (or book)
1
1.2 m Track System (ME-9429A)
1

What Do You Think?

[image: image1.wmf]What happens to the acceleration of a cart as it moves up and down an inclined plane? 

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

Background
[image: image3.wmf]A cart on a perfectly level surface is pulled downward by the force of gravity on it. The surface balances the force of gravity. Since there is no net force up or down on the cart, the cart doesn’t move.

[image: image4.wmf]A cart that is dropped vertically is also pulled downward by the force of gravity. If you ignore the small amount of air resistance on the cart, the only force acting on the cart IS gravity. Since there is a net force pulling downward on the cart, the cart moves downward. Not only that, it gains speed as it falls. In fact, it gains speed at a constant rate of 9.8 meters per second each second! This change in speed is called the acceleration due to gravity. 

If a cart is on a surface that is not level but is not vertical, it is  still pulled downward by the force of gravity. What is different is that part of the force of gravity presses the cart against the track. Another part of the force of gravity pulls the cart along the track. Each part is called a component of the force.

[image: image5.wmf](Mathematically, the part of the force of gravity that pulls the cart along the track is mg sin , where m is the mass of the cart, and g is the acceleration due to gravity and , is the angle of the track.) 

If you put a cart at the bottom of the track and give it a push up the track, it will slow down as it goes up the track and speed up as it comes back down the track. 

In theory, the acceleration (change in speed) going up the track is the same as the acceleration coming back down the track.


SAFETY REMINDER
· Follow all safety instructions.
[image: image16..pict]

For You To Do

Use a Motion Sensor to measure the motion of a cart that is pushed up an inclined plane. Use DataStudio or ScienceWorkshop to record the motion and calculate the velocity and acceleration of the cart as it moves up and down the inclined plane. 

PART I: Computer Setup
[image: image6.png]


1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and then 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 file titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P07 Accelerate Cart.ds
(See end of activity)
(See end of activity)

· The DataStudio file has a Workbook display. Read the instructions in the Workbook.

•
Data recording is set so the Trigger Rate for the Motion Sensor is 10 samples per second (10 Hz). 

PART II: Sensor Calibration and Equipment Setup
•
You do not need to calibrate the sensor for this activity.

1.
Place the track on a horizontal surface. Use a block or book at one end of the track to raise that end.

[image: image7..pict]2
Mount the Motion Sensor at the high end of the track. Put a mark on the track 15 cm from the Motion Sensor. 

Preparing to Record Data

1. Before recording any data for later analysis experiment with the Motion Sensor to make sure it is aligned and can “see” the cart as it moves.

2. Place the cart on the low end of the track (i.e., the end opposite to the Motion Sensor).

3. When everything is ready, start recording data.

4. [image: image8..pict]Give the cart a firm push up the track so the cart will move up the inclined plane toward and then away from the Motion Sensor.

· BE CAREFUL! Don’t push the cart so firmly that it gets closer than 15 cm to the sensor.

Remember: The minimum distance between the cart and the Motion Sensor should be 15 cm. 
5. Stop recording when the cart returns to the bottom of the track. 

· You may want to rescale the Graph. 

6. If the plot of data is not smooth, check the alignment of the Motion Sensor and repeat the above procedure until the plot is smooth.

7. Erase your sample run of data.

PART III: Data Recording
1.
Prepare to measure the motion of the cart as it moves toward the Motion Sensor and then back down the track. Place the cart at the low end of the track. 

2.
When everything is ready, start recording data. Give the cart a firm push toward the Motion Sensor. Continue collecting data until the cart has returned to the bottom of the track. 

· If the data points do not appear on the graph, check the alignment of the Motion Sensor and try again.

Optional

•
Set the track to a steeper angle (e.g., 10 degrees) and repeat the data recording.

Analyzing the Data
1.
In the Motion Sensor’s plot of velocity, use the cursor to select the region of the plot that shows the cart’s motion after the push and before it stopped at the bottom of the track. 

[image: image9..pict]2.
Use the Graph display’s built-in analysis tools to apply a linear curve fit.

•
Hint: In DataStudio, select ‘Linear’ from the ‘Fit’ menu. In ScienceWorkshop, click the ‘Statistics’ button and then select ‘Curve Fit, Linear Fit’ from the ‘Statistics’ menu ([image: image2.png]


).

3. The slope of the best-fit line is the average acceleration. Record the value in the Data Table. 

4. [image: image10..pict]In the Motion Sensor’s plot of acceleration, select the region of the plot that corresponds to the cart’s motion after the push and before it stopped at the bottom of the track. 

5. Use the ‘Statistics’ tool to find the mean value of the acceleration as measured by the Motion Sensor for your selected region. Record the mean of the acceleration in the Data Table.

Record your results in the Lab Report section.

Lab Report - Activity GS19: Acceleration of a Cart

What Do You Think?

What happens to the acceleration of a cart as it moves up and down an inclined plane? 

Data Table

Item
Value

acceleration (slope)
m/sec2

acceleration (mean)
m/sec2

Questions

1.
Describe the position versus time plot of the Graph display. Why does the distance begin at a maximum and decrease as the cart moves up the inclined plane?

2.
Describe the velocity versus time plot of the Graph display.

3.
Describe the acceleration versus time plot of the Graph display.

4.
Is the acceleration of the cart going up the track the same as the acceleration of the cart coming down the track? Why or why not?

Optional: How did the acceleration change when the track became steeper?

--------------------------

Ending the Activity

Equipment Clean Up

•
Check with your instructor about putting away the equipment for this activity. 

Computer Shutdown

When you have finished, you have several options. 

1.
You can select ‘Quit’ from the ‘File’ menu to end the activity. 

2.
You can select ‘Save’ or ‘Save As…’ from the ‘File’ menu to save your data for this activity and the changes you’ve made to the document. 

•
The original document is “locked”, so you should give your document a new filename.
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FORCE OF GRAVITY PULLS 







DOWNWARD ON THE CART.
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