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Activity P12: Newton's Third Law – Collision and Tug-of-War 
(Force Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Newton’s Laws
P12 Tug of War.DS
P15 Tug-of-War
P15_TUG.SWS

Equipment Needed
Qty
Equipment Needed
Qty

Economy Force Sensor (CI-6746)
2
PASCO Cart (inc. w/ Track)
2

Accessory Bracket (CI-6545)
1
2.2 m Track System (ME-9452)
1

Balance (SE-8723)
1



What Do You Think?

[image: image1.wmf]What forces act on two carts as they interact during a collision?
Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

[image: image8.wmf]Newton's Third Law states that for every action there is an equal and opposite reaction. 
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If we measure the forces between two objects as they interact, we can verify this relationship. 

SAFETY REMINDER
•
Follow the directions for using the equipment.
[image: image13..pict]

For You To Do

For this activity, use Force Sensors attached to carts to measure the force of interaction during collisions and a “tug-of-war”. Use DataStudio or ScienceWorkshop to display and analyze the measured forces.

[image: image9..pict]PART I: Computer Setup
1.
Connect the interface to the computer, turn on the interface, and turn on the computer.

2.
Connect one Force Sensor DIN plug to Analog Channel A on the interface, and the other Force Sensor DIN plug to Analog Channel B.

3.
Open the document titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P12 Tug of War.DS
P15 Tug-of-War
P15_TUG.SWS

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

•
The ScienceWorkshop document has a Graph display with two plots of Force versus Time and Meter displays of Force for each Force Sensor. 

•
Data recording is set at 100 Hz.

•
The sensors are calibrated so that the Force Sensor connected to Analog Channel B will react in the opposite way as the Force Sensor connected to Analog Channel A. For example, a pull will be a negative force for Sensor A and a pull will be a positive force for Sensor B.

PART II: Sensor Calibration and Equipment Setup
•
To calibrate the Force Sensor, refer to the description in the Force Sensor Manual. When calibrating the Channel B Force Sensor, enter a positive force for a pull.

1. Place the Dynamics Track on a horizontal surface. Level the Dynamics Track by placing the Dynamics Cart on the Dynamics Track. If the cart rolls one way or the other, use the Adjustable Feet at one end of the Dynamics Track to raise or lower that end until the Dynamics Track is level and the cart does not roll one way or the other.

2. Use the thumbscrew that comes with the Force Sensor to mount the sensor onto the accessory tray of each cart.

3. Place the carts on the track so that the hooks on the Force Sensors face each other.

[image: image10..pict]
4.
Unscrew the hook attachments from the front of each of the Force Sensors. In their place, put the magnetic collision bumpers from the Accessory Bracket with Bumpers.

PART IIIA: Data Recording - Collision
1.
Move the carts to opposite ends of the track. Push the tare button on each sensor to zero the sensor.

•
It is important to tare the Force Sensors prior to each data run.

2.
Begin data recording.

3.
Push the two carts together, allowing them to collide at approximately equal speeds near the center of the track.

4.
End data recording after the carts have collided. 

•
The data will appear as Run #1.

5.
Add additional mass to one of the carts. Repeat the data recording procedure.

•
Remember to push the tare button to zero each sensor before recording data.

6.
Repeat the data recording procedure again, but allow the lighter cart to remain stationary and push only the heavier cart.

7.
Repeat the data recording procedure for two mass and velocity combinations. Describe each combination in the Lab Report section.

PART IIIB: Data Recording – Tug-of-War
1.
Remove one Force Sensor from a cart.

2.
Mount the Force Sensor on the Accessory Bracket. Mount the Accessory Bracket in the T-slot on the side of the Dynamics Track. The Force Sensor should be at the same height as the Force Sensor that is still on the cart.

3.
Remove the magnetic bumpers from the front of each of the Force Sensors. In their place, put the hooks.

[image: image11..pict]4.
Connect the two Force Sensors together with their hooks. Use a rubber band, piece of string, or piece of tape to connect the hooks together.

5.
Push the tare button on each sensor to zero the sensor.

6.
Begin data recording.

7.
Push and pull the free cart back-and-forth and observe how the force readings for the two sensors change. End data recording.

Analyzing the Data – Collision
1.
For each of the Force Sensors, integrate to find the area under the force vs. time plot (the impulse) that corresponds to the collision.

•
Zoom in about the peak in the force vs. time plot with the ‘Zoom Select’ Magnifier tool ([image: image2.wmf]).

2.
Select the region in the graph window that corresponds to the collision. 

•
Hold down on the mouse button and move the cursor to draw a rectangle around the region of the force vs. time plot that shows the collision. Release the mouse button, and the area will be highlighted.

3.
Integrate to find the area under the curve.

•
In DataStudio, click the Statistics menu button ([image: image3.png]


) and select ‘Area’. 

•
In ScienceWorkshop, click the Statistics button ([image: image4.png]


) 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 ‘Integration’.

4.
Record the value of the area under the curve in the Data Table in the Lab Report section.

5.
Repeat this procedure for the other force vs. time plot and for each of the data runs.

Analyzing the Data –Tug-of-War
1.
Compare local maxima and minima for the force vs. time plots for the two Force Sensors.

•
In DataStudio, in the Graph display in the legend click on the channel and data run to be analyzed. Click the ‘Smart Tool’ button ([image: image6.png]


) and move the Smart Tool to the force data points. Next, in the legend, click on the other channel and the same data run. A second Smart Tool will appear. Use the two tools to read the values. If needed, zoom in about a region using the ‘Zoom Select’ tool.

•
In ScienceWorkshop, in the Graph display, click the ‘Smart Cursor‘ ([image: image7.wmf]) and move the Smart Cursor to the force data points. Hold down the Shift key to “freeze” the horizontal position of the cursor. Move the cursor/cross-hair vertically to the plot of force for the other sensor. The force at that point is displayed next to the vertical axis of the plot. If needed, zoom in about the region during which the collision took place using the Magnifier tool.

2. Record the two corresponding force values in the Data Table in the Lab Report section. Repeat this procedure for two other areas (four other data points) on the force vs. time plots. In the Data Table record the force values.

Record your results in the Lab Report section.

Lab Report - Activity P12: Newton's Third Law – Collision and Tug-of-War

What Do You Think?

What forces act on two carts as they interact during a collision?
Data Tables

Trial
Impulse (Channel A)
Impulse (Channel B)
Notes

#1




#2




#3




#4




#5




Force (Channel A)
Force (Channel B)










Questions

1.
Which cart experiences more force when one of them is not moving?

2.
Which cart experiences more force when both carts are moving and have unequal masses?

3.
What is the overall effect of the cart’s velocity on the measured force?

4.
What is the effect of the mass of a cart on the force it experiences?

Optional

•
Repeat Part IIIA, however, instead of using the magnetic bumpers, use the hook attachment on one Force Sensor. Put the cup shaped bumper on the other Force Sensor, and apply a small piece of stick clay to the cup shaped bumper. Make the sticky clay into a cone shape. Start data recording and push the carts towards each other. The hook should stick into the clay, creating an inelastic collision.

•
Integrate the area under the force vs. time plots as described in the analysis section. Record your results below.

Impulse (Channel A)
Impulse (Channel B)
Notes





Optional Question

1.
How did changing the collision from elastic to inelastic affect the outcome?
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