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Class ______________
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Activity P24: Conservation of Linear and Angular Momentum (Photogate/Pulley System)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Momentum
P24 Linear Angular.DS
P28 Cons Linear & Ang Mom
P28_CLAM.SWS

Equipment Needed
Qty
Equipment Needed
Qty

Photogate/Pulley System (ME-6838)
1
Projectile Launcher (ME-6800)
1

Balance (SE-8723)
1
Rotating Platform (ME-8951)
1

Calipers (SF-8711)
1
Rubber band, large
1

Mass and Hanger Set (ME-9348)
1
Spirit Level (SE-8729)
1

Projectile Catcher (ME-6815)
1
String (SE-8050)
1 m

What Do You Think?

[image: image7.wmf]What are differences between linear and rotational motion? How is momentum calculated for linear and rotational motion?
Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

When an object with linear momentum collides and is captured by a system that is free to rotate, the angular momentum of the system with the captured object after the collision equals the linear momentum of the object before the collision. 




where L is the angular momentum of the rotating system, I is the rotational inertia, is the angular velocity, mb is the mass of the object, vb is the velocity of the object, and R is the distance from the axis of rotation to the point where the object collides with the rotating system. Solving for the velocity of the object gives:


 EMBED "Equation" \* mergeformat  


In the activity, this velocity value will be compared with another measured velocity value. For a ball shot horizontally with initial speed v0, the horizontal distance, x, traveled by the ball is:

 where t is the time of flight for the ball. Assuming no air resistance, the time of flight depends only on the vertical distance, y, where “g” is the acceleration due to gravity: 

.

SAFETY REMINDER
•
Never aim or fire the projectile launcher at a person.

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

Pre-Lab For You To Do

Use the Photogate/Pulley System to measure the motion of the Rotating Platform and Projectile Catcher and the ball as the rotating system is pulled by a hanging mass. Use DataStudio or ScienceWorkshop to calculate the tangential acceleration. From the results, determine the rotational inertia of the rotating system (consisting of the Rotating Platform and Projectile Catcher with ball). 

Pre-Lab Background

To find the rotational inertia of the system, apply a known torque to the system and measure the resulting motion. 

Since  solving for the rotational inertia, I, gives 

.

where  is the angular acceleration and is the torque. Now,

, where r is the distance from the center of the rotating system to the point where a force is applied, and F is the applied force. In this case, the applied force is the tension (T) in a string that is tied to a step pulley that is part of the Rotating Platform. A hanging mass m pulls the string. The value of r is the radius of the step pulley on the platform. The radius is perpendicular to the applied force (T). 

Therefore, for this activity, the torque is:

.

Applying Newton’s Second Law for the hanging mass, m, results in: 


Solving for the tension in the string gives:

. The expression for torque becomes:

 

The linear acceleration a of the hanging mass is the tangential acceleration, aT, of the rotating apparatus. 

The angular acceleration is related to the tangential acceleration as follows:
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Substituting for the torque and angular acceleration gives:
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The rotational inertia, I, can be calculated from the tangential acceleration, aT, the hanging mass, m, and the radius of the step pulley, r.

Pre-Lab PART I: Computer Setup
[image: image8..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 on the interface.

3.
Open the document titled as shown:

DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P24 Prelab Linear Angular.DS
X28 Inertia
X28_CLAM.SWS

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

•
The ScienceWorkshop document has a Graph display of Velocity versus Time and a Digits display of Velocity.

•
Note: The spoke arc length for the Photogate/Pulley System is set at 0.015 m. If you are using a different pulley, change the spoke arc length in the sensor window by double clicking on the Smart Pulley icon in the Experiment setup window.

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

1.
Put the Rotating Platform on a horizontal surface near the edge of the surface. 

2.
Use a large rubber band to attach the Projectile Catcher to one end of the Rotating Platform. 

[image: image9..pict]3.
Use the leveling feet to level the platform.

[image: image10..pict]4. 
Place the 1-inch (2.5-cm) steel ball into the catcher. Align the ball with the centerline of the platform. 

5.
Put the support post in the base of the Rotating Platform.

6.
Use the Pulley Mounting Rod to attach the Pulley to the tab on the Photogate. 

7.
Mount the rod of the Photogate/Pulley System in the hole of the support post.

8.
Use a piece of string that is about 20 centimeters longer than the distance from the top of the Photogate/Pulley System to the floor. Tie one end of the string through a hole in the step pulley that is on the Rotating Platform shaft. Put the string in the groove on the pulley.

9.
Attach a mass hanger to the other end of the string. 

[image: image11..pict]
Pre-Lab PART IIIA: Data Recording
1.
To compensate for friction, find out how much mass must be put on the end of the string to overcome kinetic friction and allow the system to rotate at a constant speed. This friction mass will be subtracted from the total mass used to accelerate the system. 

2.
Wind the string around the platform’s step pulley by rotating the platform until the mass hanger is raised almost to the pulley. Hold the platform in place.

3.
Click the Velocity Digits display to make it active. Move it so you can see the display. 

4.
Release the platform so it can begin rotating. Start monitoring the speed. Watch the speed in the Digits display. 

· [image: image12..pict]In DataStudio, select ‘Monitor Data’ in the Experiment menu.

· In ScienceWorkshop, click the ‘MON’ button. 

5.
Add or subtract mass from the hanger until the speed displayed in the Digits display is nearly constant. 

•
NOTE: You can use individual paper clips to change the mass by small amounts. 

•
When the hanger reaches the floor, wind the string around the step pulley by rotating the platform until the mass hanger is almost to the Photogate/Pulley System, and then release the platform again. Continue adjusting the mass on the hanger until the platform rotates with a nearly constant speed. 

6.
End data recording. 

7.
Carefully measure and record the total mass on the end of the string in the Data Table in the Lab Report section.

Pre-Lab PART IIIB: Data Recording
1.
Put a total of 50 g (0.050 kg) on the end of the string (don’t forget to account for the mass hanger itself). Wind the string around the platform’s step pulley by rotating the platform until the mass hanger is raised almost to the Photogate/Pulley System. Hold the platform. 

2.
Begin recording data and release the platform. End data recording just before the falling mass reaches the floor.

•
“Run #1” will appear in the Data list window.

3.
Use calipers to measure the diameter of the step pulley on the rotating platform. Calculate and record the radius of the step pulley in the Data Table in the Lab Report section.

Pre-Lab Analyzing the Data
1.
Click the Graph display to make it active. Find the slope of the Velocity vs. Time plot.

•
In DataStudio, click the ‘Fit’ menu button ([image: image2.png]


). Select ‘Linear’. Use the cursor to click-and-draw a rectangle around the region of smoothest data in the Graph.

•
In ScienceWorkshop, click the Statistics button to open the statistics area on the right side of the graph. Click the Statistics menu button, ([image: image3.png]


), and select “Curve Fit, Linear Fit” from the Statistics Menu button ([image: image4.png]


).

2.
Record the value of the tangential acceleration in the Data Table in the Lab Report section.

3.
Calculate the rotational inertia of the rotating platform system. Record the value in the Data Table in the Lab Report section. 

For You To Do

Use the Projectile Launcher to shoot the ball into the Projectile Catcher mounted on the Rotating Platform. Use the Photogate/Pulley System to measure the motion of the Rotating Platform after the ball is captured. Use DataStudio or ScienceWorkshop to obtain the angular velocity of the system. From the data, calculate the average initial linear velocity of the ball.

[image: image13..pict]PART I: Computer Setup
1.
Leave the Photogate’s phone plug connected to Digital Channel 1 on the interface.

2.
Open the document titled as shown:

DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P24 Linear Angular.DS
P28 Cons Linear & Ang Mom
P28_CLAM.SWS

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

•
The ScienceWorkshop document has a Table display of angular velocity.

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

1.
Measure the distance from the axis of the Rotating Platform to the center of the ball in the Catcher. Record the distance as the radius, R, in the Data section.

2.
Remove the ball from the Projectile Catcher. Measure the mass of the ball, mb, and record the value in the Data section.

[image: image14..pict]3.
Remove the Photogate/Pulley System from the Rotating Platform’s support post and also remove the support post. Remove the pulley so you can use the Photogate. Remove the swivel clamp from the side of the Photogate.

4.
Attach the Photogate to the Rotating Platform’s short threaded rod. Mount the Photogate to the base of the Rotating Platform. 

5.
Adjust the position of the threaded rod so the Photogate is aligned with the holes on the bottom lip of the Rotating Platform’s step pulley.

[image: image15..pict]

[image: image16..pict]6.
Clamp the Projectile Launcher in position so it can fire the ball into the catcher that is mounted on the Rotating Platform. 

7.
Move the platform so the edge of the Catcher is against the muzzle of the Launcher and the platform is perpendicular to the line-of-flight of the Launcher. 

8.
Adjust the base of the Rotating Platform so that the Photogate beam is unblocked (the red light-emitting diode is OFF).

9.
Use a spirit level to check the rotating platform. Re-level the platform, if necessary.

PART IIIA: Data Recording – Catch the Ball
1.
Place the ball in the Projectile Launcher and cock the launcher to its long-range position. 

2.
Place the Rotating Platform so the end of the catcher is next to the muzzle of the Launcher.

3.
Begin data recording. Pull upward on the string of the launcher to fire the ball into the catcher.

4.
Stop data recording just before the rotating platform swings around to the launcher. Stop the rotating platform before it reaches the launcher. 

•
Do not let the Rotating Platform and Catcher collide with the launcher.

5. Repeat the data recording process a total of five times.

•
Be careful when removing the ball from the catcher. Do not change the position of the catcher on the platform.

PART IIIB: Data Recording – Measure Initial Speed of the Projectile
1.
Move the Rotating Platform out of the way of the Projectile Launcher. Aim the Launcher away from the table. Clear an area at least three meters from the table. 

2.
Put the ball into the Projectile Launcher and cock the Launcher to the long-range position. Fire one shot to locate where the ball hits the floor.

3.
Tape a piece of white paper at the spot where the ball hit the floor. Tape a piece of carbon paper (carbon-side DOWN) on top of the white paper. 

4.
Fire five shots.

5.
Measure the vertical distance from the bottom of the ball as it leaves the Launcher to the floor. 

•
The position of the ball when it is in the barrel of the Launcher is marked on the label of the launcher. You can use the outline of the ball for your measurement.

6.
Use a plumb bob to find the point on the floor that is directly beneath the end of the barrel of the launcher.

7.
Measure from the point on the floor to the leading edge of the white paper. 

[image: image17..pict]8.
Measure from the leading edge of the white paper to each of the five dots and record these distances in the Data Table in the Lab Report section.

Analyzing the Data
1. Click the Table display to make it active.

2. Select ‘Run #1’.

•
In DataStudio, select Run #1 from the Data Menu ([image: image5.png]


) in the Table display.
•
In ScienceWorkshop, select Run #1 from the Data Menu ([image: image6.wmf]).

3.
The Table displays the angular speed of the rotating platform after it captured the ball. Record the first angular velocity value for the run in the Data Table.

4.
Repeat the procedure to obtain angular velocity values for the other four runs of data. 

5. Calculate the linear speed for each run of data, based on the mass of the ball, the angular momentum of the rotating system, and the radius, R, of the rotating system. Record the values in the Data Table.

6.
From the data gathered in Part IIIB, find the average of the horizontal distances and record the value in the Data Table. Add the average value to the horizontal distance to the edge of the paper. Use the total as the horizontal distance, x.

7.
Calculate the time of flight 

 and the initial velocity of the ball 

.

Record your results in the Lab Report section.

Lab Report - P24: Conservation of Linear and Angular Momentum

What Do You Think?

What are differences between linear and rotational motion? How is momentum calculated for linear and rotational motion?
Pre-Lab Data Table

Item
Value

Frictional mass


Mass, m (0.050 kg - frictional mass)


Radius of step pulley


Tangential acceleration


Rotational inertia of system


Data Tables

Item
Value

Radius (R)


Mass of ball (mb)


Run
Angular speed (rad/sec)
Linear speed, v0, calculated (m/s)

1



2



3



4



5



Avg.



Item
Value

Vertical Distance


Time of Flight


Trial
Horizontal Distance (m)

1


2


3


4


5


Average


Item
Value

Horizontal Distance to edge of paper


Total Horizontal Distance


Linear speed


Questions

1.
What is the percent difference between the value of the measured linear speed and the average value of the calculated linear speed of the ball? 

2.
From the data, determine the kinetic energy of the ball as it left the launcher and the rotational kinetic energy of the ball, catcher, and disk system.

3.
Based on this information, was kinetic energy conserved throughout the motion of the ball? Justify your answer.
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