FILMING SCRIPT

Scriptwriter Name: Chris Malec
Lab Manual: Physics 101
Lab: Sound Waves

Video A: Instructor’s Guide to Setup – (Sound Waves)

1. List of Materials (assuming a lab group of 10 students)
Computer x5
Wireless device (IOLab version 2.0) x5
¾ inch PVC pipe, approximate 7 “ in length, sealed at one end x5 
Ruler x5
Thermometer
[bookmark: _gjdgxs]PVC pipe cutter or hacksaw	
Hot glue gun

2. Set-up (No Title Slide)

2.1. To set up the lab, first place a wireless device on each bench and pair it with the computer [1-WIDE]. 
2.1.1. Talent brings one IOLab device to the bench; other benches with the equipment already on them can be seen in the background (establishing shot). [Note to video editor]: Take 2 

2.2. Then, download the data acquisition software for this device from the website, under “Application.” [1-SCREEN] Remove the wireless receiver from the back of the device [2-MED] and plug it into a USB port on a computer. [3-CU]
2.2.1.  Mouse navigating to website: http://www.IOLab.science/ and click “Application” button in the upper right hand corner.
2.2.2.  Talent removes the wireless receiver from the back of IOLab.
2.2.3.  Talent plugs in the receiver to a computer USB port. [Note to video editor]: Take 3 for both 2.2.2 and 2.2.3

2.3. Now, open the device’s software, [1-SCREEN] turn on the device, [2-MED] and wait for them to pair. [3-SCREEN] If there are difficulties pairing the device, follow instructions in the software. [4-SCREEN] 
2.3.1.  Mouse clicking on IOLab software to open.
2.3.2.  Talent turns on IOLab device.
2.3.3.  Message on screen indicating pairing.
2.3.4.  Message on screen indicating problem (turn off IOLab device to get an error message on purpose).

2.4. Select the microphone sensor on the left panel of the software, and press record. [1-SCREEN] Test the microphone by speaking into the wireless device [2-MED] and make sure that the sound data appears on the screen. [3-SCREEN]
2.4.1. Mouse selects microphone sensor and then presses record. [Author note]: screen capture is combined with 2.4.3
2.4.2. Talent speaks into microphone (Note to videographer: no need to hear talent for this, but need to show lips moving) [Note to video editor]: Take 1
2.4.3. Data appear on the screen.

2.5. Next, get either 2 two-foot sections of pipe, or 1 five-foot section. [1-MED] Use a hacksaw or special PVC pipe cutter to cut five pieces of ¾ inch PVC pipe, about 20 cm in length, or 7-8 inches. [2-MED-OVER] Sand off any rough edges to make the two ends as flat as possible. [4-CU] 
2.5.1. Two sections of two-foot PVC pipe and one five-foot section. [Note to video editor]: Take 3
2.5.2. Talent uses a hacksaw or PVC pipe cutter to cut the pipe to appropriate length. We should see talent cut 2-3 times.
2.5.3. Talent sands off rough edges. Videographer: Please capture before sanding and after sanding shot to show smoothness. Note to video editor]: Take 1 and 2

2.6. Measure and record the lengths [1-OVERMED] and inside diameters of the cut pipes. [2-MED] Then, close one end of the PVC pipe by sealing it with hot glue and a coin or a piece of plastic. [3-MED] 
2.6.1. Talent measuring length of a pipe.
2.6.2. Talent measuring inside diameter of pipe.
2.6.3. Talent applies hot glue to edge of pipe and seals the pipe using a coin or piece of plastic.

2.7. A quarter should cover the bottom of the ¾ inch pipe. [1-CU] Do not use PVC caps as they are rounded and will add a large uncertainty to the length [TEXT: DO NOT USE PVC CAPS TO CLOSE ENDS]. [2-MED]
2.7.1. Talent presses on the quarter or plastic piece. Note to video editor]: Footage shows the pipe sealed with coin.
2.7.2. Talent holds the pipe sealed with PVC cap and indicates the curve along the bottom with their finger. [Author Note]: We did not have the PVC cap, but we will send a separate video or photo of this.

2.8. Finally, place a ¾ inch, closed-end PVC pipe and a ruler on each bench [1-MED].
2.8.1. Talent places a pipe and a ruler on the bench, next to the IOLab device. [Note to video editor]: Take 2
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Video B: Student Laboratory Exercise – (Sound Waves)

3. Experiment (No Title Slide)

3.1. In this lab you will measure the sound [1] made by blowing across a PVC pipe. [2] You will find the resonant frequencies by using a Fourier transform [3] and use these frequencies to measure the speed of sound. [4]
3.1.1. See Storyboard

3.2. To get started, first, use a ruler to measure the length of the pipe from the opening to the closed end. [1-MED] Then, measure the inner diameter of the pipe by placing the zero of the ruler on one side of the opening and pivoting the other end slightly to find the maximum distance across the pipe. [2-MED/CU]
3.2.1. Talent measures pipe with ruler. [Note to video editor]: Take 1
3.2.2. Talent measures the diameter, pivoting ruler back and forth to find the longest distance.

3.3. Next, measure the temperature in the room. [1-MED] Record these values to use in your analysis later. [2-MED] 
3.3.1. Talent reads a thermometer of the room’s temperature (preferably in Celsius).
3.3.2. Talent writes in notebook or entering values in computer. [Note to video editor]: Take 1 for both 3.3.1 and 3.3.2

3.4. Now blow air into the PVC pipe at a downward angle, [1-MED] until the pipe starts to resonate and produce a loud noise. [2-MED] This can take some practice. [3-MED]
3.4.1. Talent blows air into tube at a downward angle.
3.4.2. Talent continues blowing air, and the pipe makes sound (Note to videographer: we should be able to hear this sound). [Note to video editor]: I didn’t hear this sound
3.4.3. Talent is shown blowing into the tube repeatedly at various angles. (Note to videographer: it is not necessary for us to hear this). 

3.5. When resonance can be achieved easily and reproducibly, [1-MED] select the microphone sensor on the left panel of the wireless device’s software, then click the “Record” button to start recording. [2-SCREEN]
3.5.1. Talent blows repeatedly at a good angle to produce the resonance. (Note to videographer: we should be able to hear this sound) [Note to video editor]: Take 2
3.5.2. Select the microphone sensor and then “record”

3.6. Record the resonance by blowing air across the pipe. [1-OVERMED] Inspect the data and ensure the recorded signal does not “clip,” or reach the maximum value of the microphone’s range.  [2-OVERMED].
3.6.1. Talent blows air across the pipe then looks at the screen of data from the microphone
3.6.2. Show “clipped” data (Note: To generate clipped data, just make a fairly loud sound near the microphone). 

3.7. This will be visible as a flat section of the recorded signal. [1-SCREEN] If the signal saturates, move the microphone slightly farther from the PVC pipe [2-MED/CU] and repeat the recording. [3-MED]
3.7.1. Mouse indicates where the amplitude becomes flat.
3.7.2. Show talent moving IOLab sensor an arm’s length farther away. [Note to video editor]: 3.7.2 and 3.7.3 are filmed together. 3.7.2 is slated as 3.7.1_Take 1. We don’t see the talent, but we see the computer screen.
3.7.3. Talent blows into tube again—we see the computer screen recording data in the background. Note to video editor]: 3.7.2 and 3.7.3 are filmed together. We see the talent, but we don’t see the computer screen.

3.8. When finished, rename and save the file with the date, trial number and the name of the experiment. [1-SCREEN] 
3.8.1. Talent clicks on folder and renames/saves file name as specified. 

3.9. Then, export the data, which will save it to a CSV (Say “C” “S” “V”) file. [1-SCREEN] Unplug the wireless receiver from the computer, [2-MED] and return it to the back of the wireless device. [3-MED] Finally, return all equipment to the storage cabinet. [4-WIDE]
3.9.1. Talent clicks, “export” and the data is saved as .csv file
3.9.2. Talent unplugs wireless receiver.
3.9.3. Talent puts wireless receiver back in ioLab.
3.9.4. Talent places all equipment in storage cabinet.

4. Results

4.1. Let’s have a look at the data you’ve collected. First, plot the amplitude from the microphone versus time. [1] Then find a section of 4096 points in the amplitude data where the PVC pipe was in resonance. [2] This means that the amplitude is significantly larger than the background noise and has roughly constant amplitude over this time. [3] 
4.1.1. See storyboard.

4.2. It may help to manually select point ranges to find which 4096 points to select. [1] Make sure that the amplitude is not perfectly constant over time, as this means the microphone was clipping. [2]
4.2.1. See Storyboard

4.3. Place both the time and amplitude values of these points into a table. [1] Perform a Fourier transform on the data and generate the complex frequency spectrum of the recorded sound. [2]
4.3.1. See Storyboard

4.4. Next, generate a frequency series from 0 to 2400 Hz in a new column using this frequency increment [1]; here 4800 Hertz is the sampling rate of the data [2] and 4096 is the number of points you have. [3] Calculate the magnitude of the complex Fourier transform data [4]. 
4.4.1. See Storyboard

4.5. Plot the FFT magnitude column versus the frequency. [1] Only plot to 2400 Hz, or half the sampling frequency. [2] 
4.5.1. See storyboard.

4.6. You should see several obvious peaks [1] however since some peaks are so much taller than others the graph is difficult to read. [2] So select the y-axis of the generated plot, and convert it to a log scale by selecting the log scale option. [3]
4.6.1. See Storyboard

4.7. In our spectrum here, we see four individual peaks. [1] Find the center of each peak and record these values. [2] These will be the resonant frequencies. [3] 
4.7.1. See storyboard.

4.8. Find the full width at half maximum of the peaks by estimating the width of the peak when measured at half of the peak value. [1] Half this value will be the error in the resonant frequency. [2]
4.8.1. See Storyboard

4.9. We now have to label each frequency with the correct harmonic number. [1] The lowest frequency, largest peak, can be assumed to be the fundamental. [2] The first harmonic should be three times the fundamental frequency for a half-closed pipe. [3] 
4.9.1. See storyboard.

4.10. So our third peak is the 1st harmonic [1] and the fourth peak is the second harmonic. [2] The second peak corresponds to the fundamental of a tube open at both ends. [3] This is due to a non-ideal shape in the tube, and explains why it is small compared to the half-open fundamental. [4] 
4.10.1. See Storyboard

4.11. In general, resonant frequencies in a half-closed pipe are given by this equation [1] and the resonances for an open pipe are given by this equation. [2] So we have the following [3] relationships between our peaks [4], the speed of sound [5], and the length of the pipe. [6]
4.11.1. See Storyboard

4.12. Make sure to correct the length of the pipe for the end effect [1], which causes the node to be located outside the pipe entrance [2]. Use this equation with the dimensions of the pipe, and use it as your length. [3] 
4.12.1. See Storyboard

4.13. Rearranging these equations, we can solve for speed [1] and calculate the speed of sound from our resonant frequencies [2], using this equation for the half-closed resonances [3] and this equation for any open resonances. [4] 
4.13.1. See Storyboard

4.14. Use this equation [1] to calculate the uncertainty in the speed of sound [2] and record it in your table. [3]
4.14.1. See Storyboard

4.15. Now we will use this equation to compare our measurement with theory. [1] Add a column to your table [2] and calculate the speed of sound in the lab using your temperature measurement. [3] Then use this equation to [4] calculate its associated uncertainty. [5] 
4.15.1. See Storyboard

4.16. Find the difference between the [1] measured and calculated values. [2] Finally, use this equation [3] to find the uncertainty in the difference between measurement and theory. [4]
4.16.1. See Storyboard

4.17. If the difference is between one or two times the uncertainty value, we say that our measurement and calculation agree. [1] We can see that all of our peaks [2] meet these criteria [3] so we can say that [4] our measurements and calculations agree. [5]
4.17.1. See Storyboard
