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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) Y
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 2.7, 2.9, 2.12, 3.1, 3.2, 3.8
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
Steps 2.8, 3.10 
Step 2.8 – ensuring the PIV setup is perpendicular and aligned – pixel positions between calibration markers in the corners of the target should not deviate by more than one or two pixels horizontally or vertically.
Step 3.10 – being able to track individual particles by eye in the high-speed playback is a measure of success.
E.  Filming: Will filming need to take place in multiple locations? (Y/N) N


[bookmark: Introduction][bookmark: _Hlk513362273]1. Introduction (Opening Author Interviews)
[bookmark: IntroStatements]A.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Erin Hackett: Numerous fields in both engineering and natural science involve problems associated with fluid-particle interaction. This method provides a relatively low-cost, non-intrusive, simultaneous optical measurement of both particle trajectories and flow velocities.
1.2. Roi Gurka: Here, we measure the settling velocities of sediment particles in a turbulent flow, enabling detailed characterization of the particle trajectories while simultaneously measuring turbulent velocities in the same location.
Authors: Some statements have been consolidated or moved to the conclusion to accommodate restrictions on the number of statements given by each author in the introduction.

[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
Note to videographer: Please film the end of section 4 first (the second half of 4.4 through 4.6), as the setup will be already aligned and ready to go at the start of filming. It may also be preferable to film other post-alignment shots (e.g., 3.10.1) for some earlier steps first, as alignment is time-consuming – please consult with the authors for the optimal filming order.
2. Particle Image Velocimetry (PIV) Camera Setup
2.1. To begin the particle image velocimetry (veh-law-sih-muh-tree /ˌvɛ ləˈsɪ mə triː/) setup, [1-WIDE] fix a dual-head, high-intensity pulsed laser horizontally level on an optical plate, in line with a flow facility. [2-WIDE-TXT]
2.1.1. Talent approaches the flow facility. The entire water-filled flow facility should be visible in this shot, if possible. (The grid does not need to be installed if it normally would not be in the facility at this point.)
2.1.2. Talent checks that the laser is level on the plate with a level. The flow facility and optical table should be visible in this shot, if possible. (TEXT: Use caution when working with Class IV lasers.)
2.2. Place a cylindrical lens in line with the laser to produce a 2D plane of light that will be below the oscillating grid. [1-MED-Over shoulder] Then, mount a spherical lens after the cylindrical lens at a distance that will generate a light sheet that is 0.5 to 1 mm thick. [2-WIDE]
2.2.1. With the laser on at a low intensity (if safely possible), talent adjusts the lens position slightly to produce the pulsing plane of light, and then tightens the screws of the lens mount.
2.2.2. Talent moves a spherical lens on its mount into place after the cylindrical lens and tightens the screws. If possible, the pulsing light sheet should be visible in this shot.
2.3. Next, place a double-exposure CCD (C-C-D) camera perpendicular to the light sheet to record images for PIV (P-I-V). Attach a lens to the camera, [1-MED] turn it on, and set it to free or continuous mode. [2-MED-Over shoulder]
2.3.1. Talent secures the PIV camera on a tripod perpendicular to the light sheet and attaches the lens to the camera.
2.3.2. Talent sets the camera to free or continuous mode in the camera software. Author note: The screen shot steps for 2.3.2 and 2.7.3 are in the same file. 
2.4. Coarsely focus the PIV camera on the turbulent flow facility. [1-WIDE] Adjust the aperture and the camera position [2-MED] until the image is smaller than or close to the desired light sheet boundaries. [3-MED-Over shoulder]
2.4.1. With the laser now off, talent manually focuses the PIV camera on the flow facility by adjusting the lens. If possible, the computer showing the live camera images should also be visible in this shot.
2.4.2. Talent adjusts the camera height slightly by lengthening/shortening the tripod legs.
2.4.3. Talent checks the camera image on the computer once the FOV is entirely within/close to the expected boundaries of the light sheet.
2.5. Then, turn off the camera and turn on the laser at low intensity. [1-MED-Over shoulder] Confirm that the light sheet is perpendicular to the floor, and then place a calibration target marked with a grid precisely at the center of the light sheet. [2-WIDE] 
2.5.1. Talent turns on the laser at low intensity to create the light sheet. (If possible, the light sheet should be visible in this shot.)
2.5.2. Talent inspects the light sheet, and then places the calibration target at the center of the light sheet.
2.6. Roi Gurka: It is essential to ensure that the PIV camera is perpendicular to the light sheet and that the light sheet is perpendicular to the floor or the facility bottom. Misalignments result in incorrect velocity projections, and hence fluid velocity errors. [1-MED]
2.6.1. Talent speaks towards the camera, interview style.
2.7. Turn off the laser and turn the camera back on. [1-WIDE] Focus the camera on the calibration target [2-MED-Over shoulder] and capture a single image. [3-SCREEN]
2.7.1. Talent turns off the laser and goes to the computer to turn the camera back on.
2.7.2. Talent finely focuses the camera on the calibration target while the software acquires live images.
2.7.3. *To be provided by authors: Screen capture footage of clicking ‘Capture’ to capture a finely-focused image of the calibration target.
2.8. Open the image in image-processing software and confirm that the row height and column spacing are consistent across the target. The corner marker sizes should differ by no more than one pixel, and ideally, they should be identical. [1-SCREEN]
2.8.1. *To be provided by authors: Screen capture footage of hovering the cursor over/clicking on the markings in the grid and the corner markers to show that the grid is level and the corner markers are the same size (as indicated by the pixel positions).
2.9. If the image meets these criteria, remove the calibration target, [1-WIDE] install the grid, and run the facility. Then, introduce about a tablespoonful of PIV tracer particles to the fluid. [2-MED] Wait until the tracers and fluid are well-mixed before continuing. [3-MED]
2.9.1. Talent removes the calibration target from the flow facility.
2.9.2. Talent turns on the oscillating grid and adds the tracers to the flow.
2.9.3. Talent watches the flow facility to monitor the mixing of the particles. (Please film about 4-5 seconds of talent monitoring the mixing of the particles.)
2.10. Then, turn on the laser and set it to external control and high power. Turn off the room lights [1-MED] and capture an image pair to evaluate the tracer density. [2-SCREEN]
2.10.1. Talent turns on the laser, sets it to external control and high power, and turns off the room lights.
2.10.2. *To be provided by authors: Screen capture footage of setting the software to capture a pair of images and clicking ‘Capture’.
2.11. Gradually increase the tracer concentration by teaspoonfuls to the desired visual density. [1-MED-TXT] Then, set the PIV camera frame rate to the highest possible value and set the time between consecutive PIV images. [2-SCREEN]
2.11.1. With the lights on again, talent adds more tracers to the flow. (TEXT: See text for information about selecting a good tracer density.)
2.11.2. *To be provided by authors: Screen capture footage of opening the ‘Capture Timing Setup’ window, setting the camera frame rate, setting the time between consecutive PIV images (or using the cursor to point out the time value if it is automatically set based on the frame rate), and applying the change.
2.12. Confirm that the laser is configured appropriately. Then, turn off the lights [1-WIDE] and collect data in free mode for a few seconds. Cross-correlate the image pairs and confirm that the acquired data is of good quality. [2-SCREEN] Stop the grid oscillation when finished. [3-MED-Over shoulder]
2.12.1. Talent moves from the laser unit to the room lights and turns off the lights.
2.12.2. *To be provided by authors: Screen capture footage of starting data collection, stopping the collection after a few seconds, and cross-correlating the image pairs.
2.12.3. Talent turns off the grid oscillator. (The grid can be removed from the facility whenever it is most convenient.)
3. 2D High-Speed Particle Tracking (PT) Setup
3.1. To begin setting up 2D particle tracking, place a monochromatic (mon-oh-kro-mat-ik /ˌmɒ nə kroʊˈmæ tɪk/) LED line light under the oscillation grid facility so that the light sheet will be centered within the LED line. [1-WIDE]
3.1.1. Talent brings the LED line light to the oscillation grid facility and places it under the grid facility.
3.2. Turn on the LED line light and the laser on low power, [1-WIDE] confirm that the light sheet and the line light are well-aligned, and then turn them off. [2-MED/CU]
3.2.1. Talent turns on the LED light and the laser (low power).
3.2.2. A closer view of the LED line light and the light sheet to show that they are overlapping.
3.3. Next, attach a lens to a CMOS (see-moss /ˈsiː mɒs/) high-speed camera to be used for particle tracking. [1-MED] Turn on the camera in free, continuous, or live mode and coarsely focus it on the region of interest. [2-MED-Over shoulder]
3.3.1. Talent attaches the lens to the PT camera.
3.3.2. With the camera now on and the computer displaying images from the camera, talent coarsely focuses the PT camera. Author note: Shot 3.3.2 was specified as a [1-MED-Over shoulder] but it may be more beneficial as a screen shot.  We have provided an additional screen video for shot 3.3.2.  We also filmed this shot with the videographer.  Feel free to use what seems to work best.
3.4. Adjust the particle-tracking camera aperture, height, and distance until the region of interest is within its FOV (F-O-V) and the camera is level and perpendicular to the line light. [1-MED-TXT]
3.4.1. Talent adjusts the PT camera height and the lens aperture. (TEXT: See text for information about selecting field of view (FOV) size and alignment.)
3.5. Turn off the camera, [1-MED-Over shoulder] turn on the line light, and place the calibration target at the center of the line light. [2-WIDE] Then, turn off the line light, turn on the camera, and focus it on the target. [3-MED-Over shoulder]
3.5.1. Talent turns off the PT camera.
3.5.2. With the line light on, talent places the calibration target in the line light.
3.5.3. With the line light now off, talent turns on the PT camera and finely focuses the PT camera on the calibration target.
3.6. Capture an image of the calibration target and confirm that the particle-tracking camera is level, perpendicular to the target, and in focus, with no image distortion at the edges. [1-SCREEN] Remove the calibration target afterwards. [2-MED]
3.6.1. *To be provided by authors: Screen capture footage of checking the pixel positions of the grid markings and the sizes of the grid corners on an image of the calibration target.
3.6.2. Talent removes the calibration target from the flow facility.
3.7. Then, set the number of high-speed images to be collected. Based on the expected particle velocity, set the frame rate and resolution to values that should achieve particle displacement of 3 to 10 pixels between images. [1-SCREEN-TXT]
3.7.1. *To be provided by authors: Screen capture footage of opening the frame rate setup and setting the frame rate, and then opening the resolution setup and setting the resolution. (TEXT: Avoid using the same or multiples of the frame rate of the PIV camera.)
Authors: You do not need to add the text overlay to the screen capture footage; this will be done during video editing.
3.8. Install the grid, turn on the LED line light, and darken the room. [1-WIDE] Start the grid oscillation and introduce a small portion of the particles of interest into the flow. [2-MED] When the particles appear on the high-speed camera, capture a few frames. [3-SCREEN]
3.8.1. With the grid now installed, talent turns on the LED light and then turns off the room lights.
3.8.2. With the grid already oscillating, talent adds particles to the flow.
Authors: Please note that this shot may need to be filmed with the lights on.
3.8.3. *To be provided by authors: Screen capture footage of particles starting to appear in the PT camera view and capturing a few frames.
3.9. Erin Hackett: It is important for the particle tracks to be clearly visible in the images, indicating that the particles remain in-plane and do not frequently overlap. Failure to meet these criteria will result in an inability to accurately track the particles. [1-MED]
3.9.1. Talent speaks towards the camera, interview style.
3.10. Confirm that there are no visible entrance effects, particle overlap is infrequent, and particle motion is primarily in-plane. Stop the oscillation when finished. [1-MED-Over shoulder]
3.10.1. Talent overlays consecutive frames and inspects the resulting image to represent checking whether particles in consecutive frames can be distinguished (i.e., checking that particles can be tracked by eye). Author note: Shot 3.10.1 was specified as a [1-MED-Over-shoulder] but it may be more beneficial as a screen shot.  We have provided an additional screen video for shot 3.10.1.  Note that we did NOT take a video of this shot with the videographer.  If you prefer to use a non-screen shot for this step then any of the videos we shot with a person at a computer would be suitable.
Note to videographer: It may be easier to film 3.10.1 before filming the alignment steps, as the instrument will have been appropriately aligned in advance of filming.
4. Combined Final Calibration and Data Collection
4.1. To begin the final calibration, with the lights dimmed, place the calibration target within the LED and laser light sheets. [1-WIDE]
4.1.1. With the LED and laser both on (low power) and the room in low light (if possible), talent places the calibration target in the flow facility.
4.2. Turn off the laser and LED and turn on the room lights. [1-WIDE] Ensure that the calibration target is in focus, within the camera FOVs (F-O-vees), and has a unique mark visible to both cameras. [2-SCREEN]
4.2.1. Talent turns the LED and laser off and the room lights on.
4.2.2. *To be provided by authors: Screen capture footage showing the views of the calibration target in both cameras in their respective software, side by side.
4.3. Capture an image of the calibration target on both cameras, [1-SCREEN] note the relative placements of the unique mark, and confirm that the cameras are still level and show no distortion around the edges. [2-SCREEN]
4.3.1. *To be provided by authors: Screen capture footage of capturing an image of the calibration target on both cameras.
4.3.2. [bookmark: _GoBack]*To be provided by authors: Screen capture footage of checking the pixel locations of the unique mark on both calibration images, and then starting to check the pixel positions of the grid markings and corner marks on one of the images. Author note: Shot 4.3.2 is essentially a repeat of shots 2.8.1 and 3.6.1 — confirming everything remained the same.  We did not repeat these videos.  You can use part of the videos from steps 2.8.1 and 3.6.1 for step 4.3.2.  The filenames include both shot numbers
4.4. Then, remove the calibration target, install the grid, and start the oscillation. [1-MED-Over shoulder] Let it run for at least 20 minutes to allow the flow to reach a steady state. [2-MED]
4.4.1. With the grid now installed, talent starts the flow facility.
4.4.2. 5-6 seconds of footage of the flow facility as the grid oscillates.
Note to videographer: Please film from 4.4.2 (or 4.4.1, if convenient) onward first.
4.5. Then, darken the room, turn on the LED line light, and introduce the particles into the flow. [1-WIDE] Simultaneously start the laser pulses and image acquisition for both systems when particles appear in the particle tracking camera FOV. [2-SCREEN]
4.5.1. With the room darkened (if possible) and the LED light on, talent adds the particles to the steady-state flow.
4.5.2. *To be provided by authors: Screen capture footage of particles starting to appear in the PT camera and starting the image acquisition for both cameras.
4.6. When data acquisition has finished, save the images and stop the grid oscillation. [1-SCREEN] Analyze the flow velocity distribution and the particle trajectories. [2-MED-Over shoulder]
4.6.1. *To be provided by authors: Screen capture footage of saving the images in both the PIV camera software and the PT camera software.
4.6.2. Talent imports the images into analysis software.
5. Results: Turbulence and Particle Trajectory Measurements 
5.1. The PIV images can be processed into instantaneous fluid velocity and vorticity (vor-tiss-ih-tee /vɔːrˈtɪs ɪ tiː/) distributions. [1-LM] Here, the fluid velocity vector distribution is overlaid [2-LM] on a vorticity color map. [3-LM]
5.1.1. Figure 2A (58036_Hackett_Figure 2a.tif): Video editor: Add the caption ‘→ 500 px/s’. The red arrow in the caption should be the same size as the red arrow shown in the lower left of the image. Please retain this caption throughout showing Figure 2A (5.1.1-5.1.3).
5.1.2. Figure 2A (58036_Hackett_Figure 2a.tif): Video editor: On “the fluid…distribution”, emphasize the velocity vector arrows. (Please see ‘Figure 2a velocity arrows only.pdf’ for an image of the traced velocity arrows alone or ‘Figure 2a velocity arrows.svg’ for an image with the traced velocity arrows layered over Figure 2A.)
5.1.3. Figure 2A (58036_Hackett_Figure 2a.tif): Video editor: Emphasize the color guide at the right of the graph (to represent emphasizing the color map background).
5.2. With this setup, the magnitude of the spatial mean of root-mean-square fluid velocity fluctuation over the PIV field of view should increase with oscillation frequency [1-LM] for both horizontal and [2-LM] vertical velocity components. [3-LM]
5.2.1. Figure 3 (58036_Hackett_Figure3a.tif and 58036_Hackett_Figure3b.tif): Video editor: During “should increase…frequency”, emphasize the legends in both graphs, which give the oscillation frequencies.
5.2.2. Figure 3 (58036_Hackett_Figure3a.tif and 58036_Hackett_Figure3b.tif): Video editor: Emphasize 3A (showing the horizontal fluctuations).
5.2.3. Figure 3 (58036_Hackett_Figure3a.tif and 58036_Hackett_Figure3b.tif): Video editor: Emphasize 3B (showing the vertical fluctuations).
5.3. Particle trajectories and velocities can be determined from the high-speed particle tracking images. [1-LM] The distribution of particle velocities should be roughly Gaussian (gow-see-uhn /ˈgaʊ sɪ ən/). [2-LM]
5.3.1. Figure 2B (58036_Hackett_Figure 2b.tif): Video editor: Add the caption ‘Time-lapse (30 PT images)’.
5.3.2. Figure 4 (58036_Hackett_Figure 4a.tif and 58036_Hackett_Figure 4b.tif): Video editor: On “should be”, emphasize the red curved lines on the graphs, which are the Gaussian fits.
5.4. Here, larger, irregularly-shaped particles generally showed particle velocity distributions with larger standard deviations [1-LM] than those of the smaller, spherical particles, [2-LM] although both sets of particles showed distributions with larger mean vertical velocities and [3-LM] larger standard deviations [4-LM] as the grid oscillation rate increased. [5-LM]
5.4.1. Figure 4 (58036_Hackett_Figure 4a.tif and 58036_Hackett_Figure 4b.tif): Video editor: Emphasize 4A, which shows the distributions for the naturally-occurring particles.
5.4.2. Figure 4 (58036_Hackett_Figure 4a.tif and 58036_Hackett_Figure 4b.tif): Video editor: Emphasize 4B, which shows the distributions for the synthetic particles.
5.4.3. Figure 4 (58036_Hackett_Figure 4a.tif and 58036_Hackett_Figure 4b.tif): Video editor: On “larger…”, add a leftwards-pointing arrow in both ‘4Hz V’ and ‘7Hz V’ graphs (the right column of each panel is the data for vertical velocities) to represent the mean velocity increasing. (Please note that the negative velocity indicates downward movement, so a more negative velocity is a greater overall mean velocity.)
5.4.4. Figure 4 (58036_Hackett_Figure 4a.tif and 58036_Hackett_Figure 4b.tif): Video editor: Please retain the arrows from 5.4.3. Also, emphasize the red curved lines on the graphs in the right columns of 4A and 4B to show that the standard deviations are increasing for the vertical velocities as the oscillation frequency increases.
5.4.5. Figure 4 (58036_Hackett_Figure 4a.tif and 58036_Hackett_Figure 4b.tif): Video editor: Please retain the arrows from 5.4.3 and the highlighted red curves from 5.4.4. Also, emphasize the ‘Stagnant V’, ‘4Hz V’, and ‘7Hz V’ text above the graphs in the right columns of 4A and 4B.
5.5. The stagnant flow settling velocities of synthetic particles, [1-LM] industrial sand, [2-LM] and locally-gathered sand [3-LM] determined from their particle trajectories all roughly agreed with the Dietrich (dee-trik /ˈdiː trɪk/) curves. [4-LM]
5.5.1. Figure 5 (Figure 5.tif): Video editor: During “synthetic particles”, highlight the dark blue filled dots corresponding to the ‘Settling’ entry in the legend (representing the settling velocities of the synthetic particles in a stagnant flow).
5.5.2. Figure 5 (Figure 5.tif): Video editor: Highlight the aqua, green, and purple filled dots corresponding to the ‘Sand 120’, ‘Sand 100’, and ‘Sand 35’ entries in the legend (representing the settling velocities of the three industrial sands in a stagnant flow).
5.5.3. Figure 5 (Figure 5.tif): Video editor: Highlight the red filled dots corresponding to ‘Natural’ in the legend (representing the settling velocities of the locally-gathered sand in a stagnant flow).
5.5.4. Figure 5 (Figure 5.tif): Video editor: On “all roughly…”, highlight all the filled dots and the curved lines (the Dietrich curves for settling velocities in stagnant flow), and add the caption ‘Dietrich curves for a representative range of Corey shape factors (CSF) shown.’
5.6. The tendency of particle settling velocities to increase with grid oscillation frequency was explored further in subsequent analyses. [1-LM]
5.6.1. Figure 5 (Figure 5.tif): Video editor: On “increasing with…”, highlight the x’s and diamonds in the graph and in the legend, along with the ‘2 Hz’ and ‘7 Hz’ labels in the legend. The x’s mark the settling velocities when the grid is oscillating at 2 Hz and the diamonds mark the settling velocities when the grid is oscillating at 7 Hz.
6. Conclusion (Said by you on camera. Don’t forget to smile!)
6.1. [bookmark: _Hlk513366547]Erin Hackett: Simultaneous optical measurement of both particle kinematics and fluid dynamics – specifically, turbulence – is challenging because of the potential for interference between the two imaging techniques, resulting in measurement inaccuracies.
6.2. Roi Gurka: Flows that are strongly three-dimensional are not well-suited for this technique, because out-of-plane motions will produce errors in both the 2D tracking and the particle velocimetry analysis.
6.3. Erin Hackett: The concentration of tracked particles must be relatively low to maximize confidence that the same particle is being tracked in consecutive images. Also, PIV tracers and the particles being tracked must be sufficiently different in size to distinguish them.
6.4. Roi Gurka: The integration of the flow velocity information with the particle trajectory depends on what is being investigated. For example, this method can also examine the flow velocities at specific instances in time along the trajectory of a particle.
6.5. Erin Hackett: This technique was demonstrated with sediment transport, an application from ocean sciences, but it is relevant in many applications where fluid flow interacts with natural or man-made particulates.
[bookmark: ProvidedMedia]
PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .pdf, .tiff, .png, .eps, .ai, .psd
Preferred movie formats: .mov, .mp4, .avi

.mov or .mp4 files are strongly preferred for screen capture footage. Vector or layer-compatible formats (.svg, .ai, .eps, .pdf, .psd) are strongly preferred for complex figures and graphs.

To generate a vector (.pdf) file from a graph prepared in Excel or similar software, move the graph to its own sheet and save the sheet as a standard .pdf file.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17701028

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)

[bookmark: GeneralPrep]GENERAL PREPARATION
It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. Tubes, glassware, and plates should be clean, dry, and neatly labeled. 

Each shot will take about five minutes, as it takes a few minutes to set up between shots. You may need to prepare duplicate samples if a step that must be performed quickly is shown with more than one shot.

The filming process will be like a cooking show: if a step takes more than 5-10 minutes, you will continue the demonstration with the pre-made product of that step. Therefore, if your procedure has long incubation, reaction, heating, or calculation times, please prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Individual shots may be filmed out of order to allow a longer process to finish. If your procedure has a long delay between sample preparation and the experiment itself, you may need to film the experiment before filming sample preparation. Please clearly mark shots or steps that you wish to film out of order in the script.

Please contact your script editor or see JoVE’s FAQ if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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