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Activity P19: Work–Energy Theorem: W = ∆E

(Force Sensor, Photogate/Pulley System)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Energy
P19 Work Energy.DS
P22 Work-Energy Theorem
P22_WORK.SWS

Equipment Needed
Qty
Equipment Needed
Qty

Economy Force Sensor (CI-6746)
1
Mass and Hanger Set (ME-8967)
1

Photogate/Pulley System (ME-6838)
1
String (SE-8050)
1 m

Balance (SE-8723)
1
Universal Table Clamp (ME-9376)
1

Dynamics Cart (inc. w/ Track)
1
1.2 m Track System (ME-9435A)
1

What Do You Think?

[image: image11.wmf]Using the definition of work in the background section, is work done when a person is studying? Is work done when a person lifts a backpack up from the floor?

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

Background
[image: image12..pict]For an object with mass m that experiences a net force Fnet over a distance d that is parallel to the net force, the work done is:




If the work changes the object’s vertical position, the object’s gravitational potential energy changes. However, if the work changes only the object’s speed, the object’s kinetic energy changes as follows:


 EMBED "Equation" \* mergeformat  


where W is the work, vf is the final speed of the object and vi is the initial speed of the object.

SAFETY REMINDER
•
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 the directions for using the equipment.
[image: image1.wmf]

For You To Do
The purpose of this laboratory activity is to compare the work done on an object and the change in kinetic energy of the object. Use the Force Sensor to measure the force applied to the cart. Use the Photogate/Pulley System to measure the motion of the cart as it is pulled by the weight of the hanging mass. Next, use DataStudio or ScienceWorkshop to plot and analyze the data.

PART I: Computer Setup
[image: image13..pict]1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer. 

2. Connect the Photogate’s phone plug to Digital Channel 1.

3. Connect the DIN plug of the Force Sensor to Analog Channel A.

4. Open the document titled as shown:

DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P19 Work Energy.DS
P22 Work-Energy Theorem
P22_WORK.SWS

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

· The ScienceWorkshop document has a Graph display of Force vs. Distance and a Table display of Speed.

•
Data recording is set at 50 Hz for the Force Sensor.

PART II: Sensor Calibration and Equipment Setup
•
You do not need to calibrate the Photogate/Pulley System.

•
To calibrate the Force Sensor, refer to the description in the Force Sensor Manual.

1.
Use the thumbscrew that comes with the Force Sensor to mount the sensor onto the accessory tray of the cart.

2.
Measure the mass of the cart and Force Sensor, and record the value in the Data Table in the Lab Report section.

3.
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.

4.
Put one end-stop at the right end of the track. Place the cart next to the end stop.

[image: image14..pict]5.
Use the Pulley Mounting Rod to attach the Pulley to the tab on the Photogate. 

6.
Put a table clamp on the end of the track. Mount the Photogate/Pulley System’s rod in the table clamp so that top edge of the pulley is approximately the same height as the hook on the Force Sensor that is mounted on the cart.

7.
Use a piece of string that is about 10 centimeters longer than the distance from the top of the Photogate/Pulley System to the floor. Connect one end of a string to the Force Sensor’s hook. Place the string in the Pulley’s groove. 

8.
Press the tare button on the Force Sensor.

[image: image15..pict]9.
Attach an object of known mass to the end of the string so that the bottom of the object is just above the floor when the end of the cart is against the end-stop. Record the value of the hanging mass in the Data Table in the Lab Report section.

PART III: Data Recording
1. Pull the cart away from the Photogate so the object on the end of the string is just below the pulley. 

2. Turn the pulley so the beam of the Photogate is not blocked (the light-emitting diode or LED on top of the Photogate is not lit).

3. Start data recording.

4. Release the cart so that it can move toward the Photogate. 

5. End data recording just before the cart reaches the end stop.

•
Run #1 will appear in the Data list in the Experiment Setup window.

Analyzing the Data
1.
Click on the Table display to make it active. Click the “Statistics” button ([image: image2.png]


).

•
Statistics will be displayed at the bottom of the Table. 

2.
Record the value of the maximum velocity for Run #1 in the Data Table in the Lab Report section.

3.
Use the Calculator to make a calculation for Kinetic Energy. 

[image: image16..pict]In DataStudio, click the ‘Calculate’ button ([image: image3.png]Calculate




) in the main toolbar.

The Calculator window will open. The window shows the calculation for Kinetic Energy that was created as part of this activity.

If the total mass value for your cart and sensor and hanging mass is different, highlight the mass value in the ‘mass’ window and type in your total mass value.

Click the ‘Accept’ button to save your change.

Close the Experiment Calculator window. The Kinetic Energy Calculation should be displayed in the Table. If it is not, drag the Table display icon to the Calculator.

In ScienceWorkshop, to create a calculation for Kinetic Energy, click the Calculator button ([image: image4.png]


) in the Experiment Setup window.

In the formula area, type ‘0.5’ and then click the multiplication button ([image: image5.png]


). 

Type the total mass value for the mass of your cart plus sensor plus hanging mass such as 0.852, and click the multiplication button again.

Click the ‘INPUT Menu’ button ([image: image6.png]INFUT




). Select ‘Digital 1, Velocity (v)’ from the INPUT menu. Type “^2”.

[image: image17..pict]Type ‘Kinetic Energy’ in the Calculation Name area. Type ‘KE’ in the Short Name area. Type ‘J’ in the Units area. Press <enter> or <return> on the keyboard. 

Click the Table display. Click the ‘Add Plot Menu’ button ([image: image7.png]


). Select ‘Calculation, Kinetic Energy’ from the Add Plot Menu.

4.
From the Table display, find the maximum value for KE. Record this value in the Data Table in the Lab Report section.

5.
Click in the Graph display to make it the active window.

6.
In the Force vs. Position Graph display, click and drag the cursor to highlight the region of data that corresponds to the motion.

7.
Integrate to find the area under the curve of the Force vs. Position Graph.

•
In DataStudio, click the Statistics menu button ([image: image8.png]


) and select ‘Area’.

•
In ScienceWorkshop, click the Statistics button ([image: image9.png]


) to open the Statistics area on the right side of the graph. In the Statistics area, click the Statistics Menu button ([image: image10.png]


). Select ‘Integration’.

8.
Record the absolute value of the integration in the Data Table in the Lab Report section.

Record your results in the Lab Report section.

Lab Report - Activity P19: Work–Energy Theorem: W = ∆E

Using the definition of work in the background section, is work done when a person is studying? Is work done when a person lifts a backpack up from the floor?

Data Table

Item
Value

Mass (hanging)


Mass (cart and sensor)


Maximum Velocity


Maximum Kinetic Energy


Work (from integration)


Questions

1. 
What is the percent difference between the maximum kinetic energy and the work done? 

2.
What are possible reasons for the difference?

Optional

1.
Repeat the data recording and analysis after adding a mass bar to the top of the cart. Prior to collecting data, hold the cart in place, pull the string toward the cart to remove the force from the hanging mass and push the tare button to zero the sensor. After you have tared the sensor, return the hanging mass to its initial position and prepare for data recording.

Optional Data Table

Item
Value

Mass (hanging)


Mass (cart and sensor and mass bar)


Maximum Velocity


Maximum Kinetic Energy


Work (from integration)


Optional Questions

1. 
What is the percent difference between the maximum kinetic energy and the work done?

2.
How does the data for the cart with the mass bar added compare with the first run of data?
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