			FILMING SCRIPT

Scriptwriter Name: Chris Malec
Lab Manual: Physics 101
Lab: Moment of Inertia

Video A: Instructor’s Guide to Setup – (Moment of Inertia)

1. List of Materials (assuming a lab group of 10 students)

Computer x5
Wireless device equipped with data acquisition system (IOLab) x5
Software for the wireless device (IOLab version 2.0)
Accessory pack for the wireless device (IOLab accessory pack) x5
Motorized Turn Table fabricated from a fan (or rotating platform) x5
[bookmark: _gjdgxs]Box fan
[bookmark: _erwdsx4yxb0d]Heavy duty scissors
[bookmark: _lzh38ga7qljm]File
[bookmark: _l4u1tefwiac7]50 cm x 50 cm x ⅛” Acrylic sheet
[bookmark: _t5pu6zt9gv8g]screws & nuts
[bookmark: _meqiepj51zb7]variable AC transformer
Annular weights adapted from copper gaskets x20 OR
Olympic fractional weight plate set x5
Rotational motor drive (if using the rotating platform) x5
Ruler x5
Masking or scotch tape x5
Scale x5

2. Setup

2.1. First, you must download the data acquisition software for the wireless device from this website [1-SCREEN].  Follow the link to “getting and running the application,” [2-SCREEN], and download either the windows, [3-SCREEN] or the Mac file [4-SCREEN]. (Author Note: Shots 2.1.1, 2.1.2, and 2.1.3. are shot as a single video, but with gaps between so the editors can cut as they see fit.)
2.1.1.  Show web address http://www.iolab.science/ being entered.
2.1.2.  Scroll to bottom of page and click on “show more” under “Getting and Running the IO lab Application.”
2.1.3. Click on the windows zip file
2.1.4. Click on the mac zip file.

2.2. Now you will pair the device to the computer. [1-MED] Remove the wireless receiver from the back [2-CLOSE] and plug it into a USB port on a computer, [3-MED].  Next open the software [4-SCREEN].  Then turn on the wireless device [5-CLOSE] and wait for them to be paired [6-SCREEN]. If you have trouble pairing the device follow the instruction in the software [7-SCREEN].
2.2.1. Talent picks up IOLab device that is near the computer.
2.2.2.  Talent turns the IOLab over to show the location of the receiver, and then removes the receiver. [Note to video editor]: 2.2.1 and 2.2.2 are filmed together.  
2.2.3.  Talent plugs the receiver into the USB port.
2.2.4.  Mouse shown clicking the IOLab software.
2.2.5. Talent’s hand shown switching on the IOLab device
2.2.6. Show IOLab software indicating that the devices are paired.
2.2.7. Show directions on screen that are to be followed.

2.3. Next insure that each group will have the proper materials.  [1-WIDE] Set out a motorized turntable for each group. [2-Med] Next, set out four rings, a ruler, and tape for each group. [3-CLOSE] Then, set out a mass scale for each group. [4-CLOSE/Med]
2.3.1.  Show talent removing materials from supply cabinet.
2.3.2. Talent places a turntable near the IOlab sensor.
2.3.3. Talent’s hands are shown placing four rings, then a ruler, and a roll of tape.
2.3.4. Talent’s hands are shown placing a mass scale for each group.

2.4. Last, test the function of the motorized turntables. [1-MED] Plug in the motor, [2-CLOSE/Med] and turn the switch to “on”. [3-CLOSE] Insure the turntable begins to spin as expected. [4-MED] After testing, turn off the motorized table [5-CLOSE].
2.4.1. Talent gives the motorized turntable a test spin. [Note to video editor]: Additional shots (2.4.1 +2.4.4)
2.4.2. Talent’s hands plug in the motor. [Note to video editor]: take 2
2.4.3. Talent’s hands flip the “on” switch. [Note to video editor]: Additional shots (2.4.3 +2.4.5)
2.4.4. Show turntable spinning.
2.4.5. Talent’s hands flip the “off” switch.

2.5. If necessary, fabricate the motorized turntable from a plastic box fan, an acrylic sheet, and a variable AC transformer. [1-WIDE] Take a plastic box fan and remove the front and back mesh guards. [2-OVERMED] Lay the fan flat on the ground, and remove the blades using a heavy-duty scissor, [3-CLOSE] and file off the remaining pieces of the blades. [4-CLOSE] Unscrew the screws holding the motor to the housing, [5-OVERMED] and remove it along with the cables, [6-MED] then flip the housing of the fan upside down. [7-MED] Re-mount the motor and cables with the original screws, so that the axis of the motor is now outside of the housing. [8-CLOSE] Re-mount the cables on the housing, taking care that the motor does not entangle the cables while spinning. [9-CLOSE] 
2.5.1. Shot of plastic box fan, talent places acrylic sheet and variable AC transformer into shot.
2.5.2. Talent removes front and back mesh guards with a screwdriver. [Note to video editor]: take 2
2.5.3. Talent removes couple of blades with scissors.
2.5.4. Talent files stubs left where blades were attached. [Note to video editor]: take 2
2.5.5. Talent unscrews the motor from housing.
2.5.6. Talent removes motor and cables from fan frame.
2.5.7. Talent flips the motor upside down.  This will likely require moving the fan frame as well or bringing the motor inside the fan frame.
2.5.8. Talent places the fan inside the fan frame. [Note to video editor]: 2.5.8 and 2.5.9 are filmed together.
2.5.9. Talent reattaches fan using screws that were removed previously. 

2.6. With a hand drill, drill holes into the plastic hub where the blades were attached. [1-CLOSE] Insure that the holes are close to the center and symmetric. [2-CLOSE] Take a square piece of acrylic, 1/8” thick and approximately 50 cm wide. [3-CLOSE] Find the center of the sheet by connecting opposite corners with a straight line. [4-CLOSE] Place the acrylic piece on the plastic hub. [5-MED] Using the drilled holes as a guide, mark the locations to drill holes, taking care that they are also centered on the acrylic sheet. [6-ECU] Use a hand drill to drill holes into the acrylic sheet at the marked locations. [7-CLOSE] Using screws and nuts, fix the acrylic piece to the hub, [8-CLOSE] making sure the acrylic sheet turns smoothly and evenly on the motor. [9-OVERMED] 
2.6.1. Talent drills holes into plastic hub.
2.6.2. Talent points out the holes and draws a circle around them with their hand, indicating that they form a circle about the center.
2.6.3. Show piece of acrylic, have talent lift it slightly off a table so that it is clearly visible.
2.6.4. Talent draws two lines with a marker, connecting the opposite corners of the acrylic sheet.
2.6.5. Talent places the acrylic on the plastic hub.
2.6.6. Talent marks hole locations on acrylic on top of existing holes in the hub with a marker.
2.6.7. Talent drills holes at marked locations.
2.6.8. Talent affixes acrylic sheet to hub using screws and nuts. [Note to video editor]: both take 2 and take 3.
2.6.9. Talent spins the acrylic sheet, it should spin with little to no resistance.

2.7. Plug the motor into a variable AC transformer to control the rotational torque and final rotational speed. [1-MED] When operating the fabricated rotational turntable, make sure not to turn it too fast, which can be dangerous due to centrifugal forces. [2-CLOSE] Also ensure not to touch any exposed wires on the motor, [3-CLOSE] and only regulate the power to the motor by the variable transformer. [4-OVERMED]
2.7.1. Talent plugs motor into variable AC transformer.
2.7.2. Talent places something fairly light, like a coaster or a marker on the acrylic sheet and turns up the rotational speed.  The object should fly off.
2.7.3. Talent indicates exposed wires. [Note to video editor]: Please use both take 1 and take 2.
2.7.4. Talent turns the speed down by bringing the variable transformer smoothly to zero volts.

Video B: Student Laboratory Exercise – (Moment of Inertia)

3. Experiment - No title slide
3.1. In this experiment you will use a powered turntable to verify two methods of calculating the moment of inertia.  [1] First you will measure the torque applied by the turntable, [2] then you will measure the angular acceleration.  [3] You will use these to calculate the moment of inertia for different arrangements of masses. [4] Finally, you will compare your results with the moment of inertia calculated by measuring mass and geometry. [5]
3.1.1. See storyboard.

3.2. Start by weighing and measuring the rings [1-WIDE].  Use a scale to measure and record the weight of one of the rings [2-MED]. Then use a ruler to measure the two diameters of the rings [3 - MED]. To measure the inner diameter, hold one end of the ruler on an inside edge of the ring [4-CLOSE], then pivot the ruler until you find where the distance to the other inside edge is largest [5-CLOSE].  Repeat the procedure for the outside diameter [6-MED].
3.2.1. Show talent picking up a ring and hefting it before walking out of the shot. [Note to video editor]: Take 2 is slated: 3.2.1, take 1. Please use this take (C0066)
3.2.2.  Show the talent in front of the scale placing it on the scale and recording a number.
3.2.3. Show talent picking up a ruler and placing it approximately across the middle of the ring.
3.2.4. Show the ‘0’ mark of the ruler on an inside edge.
3.2.5. Show the other side of the ruler, the talent will pivot the ruler back and forth slightly, settling on the maximum distance between the two inside edges. [Note to video editor]: (C0070), slated: 3.2.4 + 3.2.5, take 1
3.2.6. Show the talent looking at the ruler placed on the ring, measuring the outside diameter. [Note to video editor]: (C0072), slated: 3.2.3 + 3.2.6, take 1
3.3. Next, calibrate the force sensor [1-WIDE].  Looking at the software, press the “record button” [2-SCREEN], then click “stop” shortly after [3-SCREEN].  Look for a flat signal in the Force graph.[4-SCREEN]. Click “Rezero sensor” under the Force plot to zero the sensor. [6-SCREEN] (Author Note: Shots 3.3.2, 3.3.3, 3.3.4 and 3.3.5 are combined)
3.3.1. Talent walks into shot with ring, sets it down, and sits in front of the computer.
3.3.2. Screen shows mouse clicking on the “record” button.
3.3.3. Screen shows mouse clicking on the “stop” button.
3.3.4. Show graph of flat force
3.3.5. Show the mouse clicking the “rezero sensor” button.

3.4. Now we measure the stall torque of the turn table [1-WIDE] First, attach a string to the force probe of the wireless device [2-CLOSE]. Tape the other end of the string to the turntable [3-MED].  Before moving on, measure and record the distance from the center of the turntable to the taped end of the string [4-OVERMED].  The string should be pointing opposite the table’s direction of rotation [5-OVERMED].  Make sure to hold the device so that the string is perpendicular to the line connecting the center of the turntable and the tape [6-OVERMED]. 
3.4.1. Show talent next to the turntable.
3.4.2. Talent ties string to force sensor.
3.4.3. Tape string to the corner of turntable.
3.4.4. [bookmark: _GoBack]Show talent with ruler measuring and recording distance from center of turntable to tape. [Note to video editor]: Take 2
3.4.5. Show talent turning the turntable slightly and holding the IOLab sensor with string taught against it.
3.4.6. Position camera a bit higher and place a ruler between the center of the turntable and the tape.  Have talent point along the ruler and down the string leading to the IOSensor to outline the perpendicular angle.

3.5. Press the “record” button in the software [1-SCREEN].  Turn on the turntable [2-CLOSE], while holding the string taught [3-MED].  Then turn off the table [4-CLOSE] and press the “stop” button [5-SCREEN].  Next in the software, select the region while the table was on and where the force probe has a flat reading [6-SCREEN].  Then record the force reading. [7-CLOSE]. (Author Note: 3.5.1 and 3.5.5 are shot together)
3.5.1. Show the “record” button being pressed.
3.5.2. Show the turntable switch being turned to on. [Note to video editor]: slated 3.5.2 and 3.5.4 are filmed together (C0085). 
3.5.3. Show talent holding the string tight against the turntable. [Note to video editor]: (C0083, slated 3.5.1, take 1)
3.5.4. Show the turntable switch being turned to off.
3.5.5. Show the “stop” button being pressed.
3.5.6. Show the flat portion of the force data highlighted.
3.5.7. The talent records the number in a notebook.

3.6. Now we will set up the wireless device to measure angular acceleration. [1-MED] Attach the device to the center of the table using velcro [2-CLOSE].  In the software, uncheck the box for force measurement [3-SCREEN], and select the box labeled Gyroscope [4-SCREEN].
3.6.1.  Talent is shown removing the tape and string from the IO sensor. [Note to video editor]: Take 2
3.6.2. Hand is shown placing the IOLab on the turntable via velcro
3.6.3. Show mouse unchecking force measurement box.
3.6.4. Show mouse checking gyroscope box.

3.7. First measure the angular acceleration of the turntable alone [1-MED].  With the Gyroscope selected in the software, press the “Record” button [2-SCREEN].  Then turn on the table [3-CLOSE].  Next, wait until the table is spinning at around 30-40 radians per second [4-MED], as displayed on the software’s angular velocity plot [5-SCREEN], and turn off the turntable [6-CLOSE]. Allow the table to come to a stop; [TEXT: DO NOT attempt to stop the table by hand]. The table will have considerable rotational energy, so touching it may result in injury or pain. [7-MED]. (Author Note: 3.7.2, 3.7.5, and 3.8.1 are shot together)
3.7.1. Talent rotates table with nothing on it except the IOLab sensor.
3.7.2. Show mouse clicking the record button.
3.7.3. Show hand turning on the turntable. [Note to video editor]: slated 3.7.3 + 3.7.7, take 1:  (C0093). 
3.7.4. Shot of table beginning to spin.
3.7.5. Show graph of angular velocity increase until it reaches 30-40 on the vertical axis.
3.7.6. Closeup of hand turning off the turntable.
3.7.7. Shot of fan slowing down and coming to a stop, Videographer:  Please use however much footage is needed for VO and end with stopped fan.

3.8. Back on the computer screen, the graphs should look approximately linear while the table is on, then slowly decay back to zero when the table is turned off [1-SCREEN]. Highlight the linear region. Record the slope “r” squared value for the angular velocity along the z-axis [2-SCREEN].  These readings are labeled in green as s and “r” squared respectively near top of the angular velocity plot [3-SCREEN]. These values correspond to the angular acceleration, and some indication of its uncertainty [4-SCREEN]. To save the data when an experiment is finished, click the folder button, find the last item and rename it with date, trial number and the name of the experiment [5-SCREEN]. (Author Note: 3.8.2 and 3.8.3 are combined)
3.8.1. Show data being collected on screen, with velocity increasing, and then decreasing to zero. (Author Note: 3.8.1 is shot with 3.7.2, 3.7.5)
3.8.2. Show the mouse highlighting the upward sloping region of the angular velocity graph.
3.8.3. Close in on the values of the angular acceleration and r-value.
3.8.4. NOT SURE (Author Note: just keep showing 3.8.3)
3.8.5. Show a folder being created and labeled as indicated by the script.

3.9. Next, measure the inertia of a ring centered on the table [1-WIDE]. Place the rings over the center of the turntable [2-MED], and securely tape them in place [3-CLOSE]. Now repeat the inertia measurement described for the turntable alone [4-MED].  With the Gyroscope selected in the software, press the “Record” button [5-SCREEN].  Then turn on the table [6-CLOSE].  Next, wait until the table is spinning at around 30-40 radians per second [7-MED], as displayed on the software’s angular velocity plot [8-SCREEN], and turn off the turntable [9-CLOSE].  Again, allow the table to come to a stop;  [TEXT: DO NOT attempt to stop the table by hand]. [10-MED] (Author Note: 3.9.5, and 3.9.8 are shot together)
3.9.1. Talent is shown bringing a ring to the turntable, while 3 other rings are already on the turntable Videographer:  Please make sure that the 3 rings are in the shot. [Note to video editor]:Please make sure to cut the coffee mug , use take 1 if you are using 3.9.2, take 1. Use take 2 if you are using 3.9.2, take 2
3.9.2. Talent shown placing the rings on the turntable and carefully centering it.
3.9.3. Talent’s hands tape rings in place on the device.
3.9.4. Show talent turning towards the computer and placing their hand on the mouse.
3.9.5. Show mouse clicking the record button.
3.9.6. Show hand turning on the turntable. [Note to video editor]: slated 3.9.6 + 3.9.9, take 1:  (C0102). 
3.9.7. Shot of table beginning to spin.
3.9.8. Show graph of angular velocity increase until it reaches 30-40 on the vertical axis.
3.9.9. Closeup of hand turning off the turntable.
3.9.10. Shot of fan slowing down and coming to a stop, use however much footage is needed for VO and end with stopped fan.

3.10. Finally, measure the Rings’ Moment of Inertia Off Center [1-WIDE]. Move four rings to each of the four corners of the table [2-MED], and securely tape them in place [3-CLOSE]. Keep the number of rings at each corner the same to avoid unbalancing the table, which could result in extra friction or vibration [4-MED]. Use a ruler to measure how far the center of each ring is located from the axis of the table [5-CLOSE]. Repeat the inertia measurement as done for the turntable alone and with centered rings [6-WIDE].
3.10.1 Show the talent walking toward the turntable with 4 rings.
3.10.2 The talent is shown placing rings on corners.
3.10.3 Hands are shown taping a ring in place.
3.10.4 Hand shown placing the last of four rings in place.
3.10.5 Show hand with ruler measuring from the center of the table to the center of the rings.
3.10.6 Show talent clicking the computer mouse, turning on the turntable, turning off the turntable, and clicking the computer mouse.

3.11. Before moving on, make sure you have recorded all of the values [1-OVERMED] listed in the provided table [2]
3.11.1. Show talent writing values in a notebook.
3.11.2. See storyboard.

4. Results

4.1. You have now measured all the data you will need. Check your table and make sure that you have measured [1] the number and mass of the rings used in the experiment, [2] the inner and outer diameter of the rings, [3] the stall force and the radius the stall force acts on, [4] and the radius that measures the position of the off-center rings. [5] In addition make sure you have angular acceleration measurements for the turntable alone, [6] and the turntable with centered and off-center rings. [7]
4.1.1. See storyboard

4.2. First, we will look at the torque and angular momentum measurements.  The moment of inertia can be calculated [1] by rearranging the relationship [2] between torque and angular acceleration. [3] To find the torque [4] you’ll use the force you measured, [5] which is labeled as ‘stall force’, [6] and the radius you measured on the turntable. [7] Calculate the torque and enter the result in your table. [8]
4.2.1. See storyboard

4.3. Next, use this value of torque for your three trials. [1] Then add your collected values for angular acceleration [2] and calculate the measured moment of inertia for the three trials. [3] 
4.3.1. See storyboard

4.4. Now that you know the moment of inertia of the turntable [1] and the moment of inertia for the rings with the turntable, [2] you can subtract the moment of inertia of the empty turntable [3] from the total moment of inertia [4] to get the moment of inertia of just the rings. [5] This works for both the centered and off-centered rings. [6]
4.4.1. See storyboard

4.5. Take the values for moments of inertia in your three trials, [1] and subtract off the moment of inertia of just the turntable. [2]
4.5.1 See Storyboard

4.6. You will now compare these values of the moments of inertia [1] to the values you calculate from the ring’s geometry. [2] The moment of inertia is the sum of the moments about the center of mass, and a factor related to rotating off-center. [3] In the case of the rings, the moment of inertia about the center of mass is given by this equation. [4] Use the value for the mass of the rings, [5] the outer radius, [6] and the inner radius [7] to calculate the moment of inertia from geometry for the centered rings and enter it into your table. [8]
4.6.1 See Storyboard

4.7. For the off-center rings [1] you can imagine them placed on a circle [2] and the radius of this circle [3] is what you use to calculate the increase in the moment of inertia for the off-center rings. [4] Use this expression to calculate the moment of inertia for the off-center rings. [5] 
4.7.1. See storyboard

4.8. Now you will calculate the uncertainties involved in your measurements and calculations.  [1] For simplicity we will do the calculations for the centered rings, and then review for the off-centered rings. [2] The expression for torque gives us this expression for the uncertainty. [3] Use it to enter a uncertainty for torque into your table. [4] 
4.8.1. See storyboard

4.9. The uncertainty for the moment of inertia from torque and angular acceleration [1] is given by this expression, but we can simplify it. [2] The uncertainty in the angular acceleration is extremely small compared to the value for torque since the ‘r’ squared value was close to one, [3] so we can ignore it, [4] and use this expression to enter uncertainties [5] for the moment of inertia into your table. [6]
4.9.1. See storyboard

4.10. The error caused by subtracting the table’s moment of inertia from the total [1] is found with this expression. [2] Use it to fill in the uncertainty for the centered rings moment of inertia. [3]
4.10.1. See storyboard

4.11. The expression for the geometrically calculated inertia has an uncertainty [1] given by this formula [2] where delta ‘r’ is half the width of a single tick mark of the ruler, [3] and delta ‘m’ is the [4] precision of the scale. [5] The middle term can be ignored [6] if the percent error of the radius is much smaller than that of the masses. [7] Enter uncertainties into your table for radius [8] and mass. [9]
4.11.1. See storyboard

4.12. Then use this formula to find the error for calculating moments of inertia from geometry [1] and enter it into your table. [2] You can now compare the measured and geometrically calculated values. [3] Subtract the geometric from the measured value and enter it in your table. [4] You can find the uncertainty associated with this calculation with this expression. [5] Use it to enter a value for the uncertainty in the disagreement for your two methods of measuring moments of inertia. [6] 
4.12.1. See storyboard

4.13. To review, we will look at the same steps for the off-center rings. [1] First find an uncertainty for the torque. [2] Then use that to find an uncertainty for the total moment of inertia [3] and the uncertainty in the moment of inertia of just the off-center rings [4]. Next, calculate the uncertainty in the moment of inertia obtained from geometry. [5] Finally, calculate the difference between the measured value and the value from geometry [6] and the uncertainty associated with this difference. [7] 
4.13.1. See storyboard

4.14. If your measurements agree, your disagreement between measured and geometry values will be zero [1] within one [2] or two times the uncertainty. [3] The disagreement for the centered rings is 0.002-kilogram meters squared, and the uncertainty is 0.003-kilogram meters squared.  So, we would say that these values agree. [4] The disagreement for the off-center rings is 0.009-kilogram meters squared, and the uncertainty is 0.004-kilogram meters squared, so we would say they disagree since it is slightly more than twice the uncertainty from zero. [5]
4.14.1. See storyboard
