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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __2.2, 3.8, 5.3 (particles in the tank during the experiment), 6.2.____
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __4.2, 6.1. The most difficult elements of this experiment are its setup, particularly the precision of the cameras and the entire optical setup, and the orientation-finding algorithm. To ensure success, we are sure to allow for plenty of time to test and re-test the apparatus before beginning the formal experiments.
E.  Will the filming need to take place in multiple locations? (Y/N) ___N___ If yes, how far apart are the locations? __________(Downstairs lab in two rooms, upstairs conference room) ____________
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):
Authors: Please complete the following statement to describe the overall goal of your protocol. This should consist of a single statement of no more than 40 words.   
The overall goal of this experiment is to use a 3D printer to fabricate particles of a wide variety of shapes and measure their motion in a turbulent flow.. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that provide additional information about the significance of your protocol. You may revise the given prompts as necessary to improve the sentence flow.

Please complete the following two statements and indicate the name of the author who will give the statement. If only one author is giving interview statements, the same author may speak both statements. Please restrict the length of each statement to no more than 30 words.
1.1. Greg Voth: This method can help answer key questions in fluid dynamics, such as how particles rotate and align in turbulent flows.. 
2. Greg Voth: The main advantage of this technique is that _ it uses advances in cameras and computational speed to directly measure orientations and rotations of particles in turbulent flows. Previous methods have not been able to obtain the time resolved orientations of particles with complex shapes.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors: The following statements may be spoken by additional authors if desired. These statements must be completed by different authors than those who gave the required statements, and no more than one statement can be spoken by each additional author. Please restrict the length of each statement to no more than 30 words. You may revise the given prompts as necessary to better fit your protocol, but please remember that the total introduction length cannot exceed 150 words. 
2.1. Author Name: The implications of this technique extend toward therapy (or diagnosis) of_______, because ________.  
2.2. Greg Voth: Though this method can provide insight into the behavior of disks and spheres in turbulence_, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as _deformable or chiral particles that probe the full velocity gradient tensor and the energy cascade at multiple scales.
2.3. Greg Voth: Generally, individuals new to this method will struggle because of the difficulty in setting up the fluid flow and the four camera imaging system as well as implementing an orientation-finding algorithm that gives the kind of precise results desired. The supplemental MATLAB files included are the result of several years of work.
2.4.  Author Name: I/We first had the idea for this method, when I/we ___________.
2.5. Author Name: Visual demonstration of this method is critical as the ______________ steps 

are difficult to learn, because _______________.   
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
Authors: If any individuals will be doing demonstrations on camera but are not assigned a speaking part in the introduction section, please use statement 1.8 to introduce these individuals (for example, the PI introduces a student not speaking on camera). Please use this statement ONLY if the demonstrator has not given an interview statement and limit the statement to no more than 30 words.
2.6. ** Greg Voth: Demonstrating the procedure will be Brendan Cole and/or Stefan Kramel, two graduate students from my laboratory, and/or Guy Marcus, a former research student who preformed the original experiments with jacks and crosses in 2012. (Add additional mention of demonstrators as necessary).  

2.6.1. Interview style: Author saying the above 

2.6.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
*Note to the Authors: Goal and interview statements will be edited to conform to the specified number and length restrictions. I am happy to help if you have any questions.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
N/A
Protocol (read by voice talent at JoVE):
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     
2. Design and Fabrication of Particles
2.1. Begin by using computer aided design software to create particle models for printing. The following steps show the creation of a triad using AutoCad. Use the Circle command to draw a circle of diameter 0.3 millimeters. Use the Extrude command to make a cylinder 3 mm long. Cylinders of this size are the building blocks of the particles. 

2.2. Next, make a copy of the cylinder that will be the second arm of the triad. At the end of this cylinder, use the Rotate3D command to draw an axis of rotation across the diameter of the circle. Then enter the desired angle of rotation, 120 degrees for the triad. Move the rotated cylinder into position to form an arm of the triad; the centers of the cylinder ends should coincide. Make and position the third arm in the same way. Rotate the object so that no cylinder points along the vertical or horizontal axis.

2.3. (Authors: How is the third arm created?) 
When all arms are in place, use the Union command to join them into a single object. Save the file to a format for 3-D printing. Create the other particles to be used in the experiment by following similar steps. The other particles include the cross; the jack; and the tetrad, in which the cylinders share a common end and are at 109.5 degree angles with respect to one another. Have about ten thousand of each particle type printed in high-resolution mode. (TEXT: See text protocol for additional information.) (Authors: I may use screen capture video to show the other particles. If not, I would use the images of the particles that were provided in the “Updated Scriptwriters Guide.docx”, unless there are other images you would like to provide. 
)

(Authors: I have written this based on the movie file you sent. Please make certain it is correct. At this point, I do not know if you will have to redo the video.)

3. Preparation of Particles
Authors: I've expanded beyond what was highlighted in order to have some narrative. I can reduce this section, if that is more in line with your idea of the video
. Keep in mind what will be of use to the viewer (For example, are the steps/ideas reasonably general? Or are they more specific to your setup?), and whether or not you will be able to demonstrate the actions for the camera during a single shooting day.

3.1. (Authors: I've assumed you remove particles from a newly printed run to test average particle density, and that you follow the same steps as in manuscript step 2.2.1–2.2.3. Is that correct?
 Do you test the particles immediately after they are removed from the second ultrasonic bath? How many particles are used for testing?) 
The particles used in this experiment have been commercially printed. They arrive encased in resin used as a support material. (Authors: Is this correct?
) Free some of the particles for testing purposes by gently breaking the large pieces into small sections. Work with each section to manually massage it until much of the excess resin comes off. This will make later steps easier.

3.2. To continue, prepare a 10 percent by mass solution of sodium hydroxide in a beaker. (Authors: I am assuming the solution will be prepared. Please let me know if that is not the case. Will the solution be poured from a storage container? If so, into what?) 
Place this into an ultrasonic bath. Next, place particles and what remains of their resin encasing into the beaker to remove the resin. Keep the particles in the ultrasonic bath for one hour initially, then an additional half hour after rinsing. (TEXT: See text manuscript for details.)

3.3. 
3.4. 
3.5. After finding the density at which the particles are neutrally buoyant
, mix calcium chloride into approximately 1600 liters of water until the neutral buoyancy solution density is achieved. This will require about 400 kg of calcium chloride. In separate containers, remove about one liter of this solution for each type of particle for storage. At this point, get the remaining particles that are encased in support material. Repeat the manual loosening of the resin and the ultrasonic baths in sodium hydroxide.

3.6. Once the particles are removed from the bath and filtered, immerse them in the density matched solution to prevent deformation. With the particles stored, prepare to dye them to fluoresce under green laser light. For this, use a 1-liter solution of Rhodamine-B dye in water. (TEXT on 2 lines:[1] Concentration 0.5 g/L [2] The solution is toxic; use caution.)

3.7. Heat the dye to the appropriate temperature for the particle material. (TEXT: 50–80 ºC, depending on plastic.) Loosely fill a 25-milliliter container with particles from storage; this will be about 2500 particles. (Authors: How are the particles gathered? I assume they are filtered out of the storage solution before being added to the dye.
) Add the particles to the dye solution and maintain the temperature for two to three hours. (Authors: Manuscript step 2.3.3 says maintain the temperature at 80 ºC. Is that the temperature? Or should it be maintained at the temperature appropriate to the material (as in step 2.3.2)?) 

3.8. Once the particles are pink, after about two or three hours in the dye
, remove them from the dye. (TEXT: Be careful; the heat will soften the particles.)(Authors: Is a sample taken out to determine the color?) 
Filter out the particles and rinse them under a faucet. When done, store them in the neutral buoyancy solution. (TEXT: See text protocol for adjusting neutral buoyancy solution after dyeing.)
4. Experiment and Optical Setup
4.1. The experiment will take place in a tank with cameras placed to record the particles in the center of the flow. This schematic provides an overview of the tank, which has an octagonal cross-section; its oscillating plates used to create turbulence; the measurement volume; and the camera positions. Use a minimum of four cameras for orientation measurement accuracy. The cameras should each have at least 1 megapixel resolution at 450 frames per second. (TEXT: Camera lenses: 200 mm macro with 532 nm notch filter and f/11 aperture setting.) (Authors: Please provide the two panels of Figure 2 separately and without the labels a, b. Use the filenames “Figure 2a”, “Figure 2b”.)

4.2. Position the cameras with large angles between any two of them; they should be focused on the desired measurement volume. To minimize optical distortion, build viewing ports into the tank that are perpendicular to the camera viewing direction. Next, the cameras must be calibrated to allow analysis of the experiment data. To do this, place an image calibration mask in measurement volume of the tank. (Authors: Will the oscillating grids be in place at this point?)

4.3. Fill the tank with the bulk neutral buoyancy solution to simulate the experimental conditions. When the tank is filled, illuminate the mask and adjust the cameras to focus on the same point in the mask. Acquire and store images from each camera for use in calibration. (TEXT: See text protocol for further information on calibration steps.)

4.4. After draining the tank, continue setting up the experiment by placing a Nd:YAG laser. Arrange a beam splitter, mirrors, and lenses to direct beams into the tank as orthogonal cylinders. Place additional mirrors outside of the tank to reflect exiting laser light back into the tank to create more uniform illumination. This is the schematic of the final arrangement of these optical elements as seen from the top. (Authors: The manuscript only mentions the lenses shown in Figure 2b in the figure caption
.)
5. Perform the Experiment
5.1. To perform the experiment, first ensure that the cameras and data acquisition software are ready. (TEXT: See text protocol for data compression technique.) Next, focus on the tank. Two parallel 8-centimeter mesh grids will oscillate in phase to produce turbulent flow. Fill the tank with degassed neutral buoyancy calcium chloride solution. (Authors: Will the grids already be in place? How long does it take to fill the chamber? To empty it?)

5.2. Select one type of particle for the first round of experiments and have about ten thousand ready. (Authors: What type of particles will be used for the video?) 
Add the particles to the water through a port at the top of the tank. Close the port after adding the particles.

5.3. Next, turn the laser on and open the laser aperture. (TEXT: See text protocol for camera and laser synchronization.) Set the grid to oscillate at 3 hertz and let it run for about one minute to allow turbulence to fully develop. Begin data acquisition and record about one million frames. At the conclusion of the run, close the laser aperture and stop data collection. (TEXT: Repeat experiment 10 times to acquire 107 frames.)

5.4. Once all the data has been collected, prepare to filter the water to remove the particles. With the filter in place, empty the tank. Save the collected particles in the neutral buoyancy solution for later use. (Authors: Is a filter simply placed at the point the water exits the tank?)

6. Data Analysis
Authors: Are the steps in manuscript section 5 done manually for the first frame and subsequently done automatically? Should a line like “Once initialized, the software performs the following steps” be inserted somewhere?

6.1. Perform data analysis on the recorded images using software to find the particle position and orientation. (TEXT: See supplemental material for MATLAB files.) View the four images taken of a particle by the four cameras. Identify the center of the particle in each of the four images. Then use the 2-dimensional positions from the cameras to determine the particle's 3-dimensional position. (TEXT on two lines:[1] See Oullette, et al, Exp in Fluids, 40(2), p 301,[2] and Blum, et al, Phys. Fluids, 22(1), 015107.)

6.2. To model the image of a particle as seen by a camera, create a 3D numerical representation of the particle in the experiment, in this case a tetrad. Set the orientation of the particle, using a random guess if it is the first frame with that particle and the previously found orientation if it is not, and then project the particle onto the image sensor using the measured camera calibration parameters. The result is a two-dimensional model of the light intensity from that particle on that camera. (TEXT: See text protocol for details.) (Authors: Is the image in “MATLAB_tetrad_rods_oncamera” the result of running a script? Note that you instruct the reader to “Click Run” in manuscript step 5.3.3, but you haven't said what is being used in any detail.)

6.3. Next, find the particle orientation by combining information from all four images. Run a non-linear least squares routine to find the orientation of the model that minimizes the difference between measured and modeled intensity on all four cameras. Always choose the orientation that requires the smallest rotation with respect to the previous frame.

6.4. Save the position and Euler angles for each frame after ensuring that the orientation found is the degenerate particle orientation with the smallest rotation with respect to the previous frame. 
6.5. Use the information to find the solid-body rotation rate and other quantities.
SCREEN CAPTURES:  Authors: if we are going to show how techniques are performed on computers, you will be asked to make movie files of the software in use.  Filming screens from a video camera often results in artifacts due to the screen refresh. When you receive the final script, and a shot is listed a “SCREEN CAPTURE” you will need to make a movie file of the actions required.  Make exactly one file per requested SCREEN CAPTURE containing only the requested actions.  Do not bundle several action sequences into one large file.  Name the file according to the shot number.  Then, upload each of these files to your project folder.
OPTIONAL: Author Protocol Interviews: In this section, please submit a brief statement stressing the required technique for the single most critical step of the procedure.  This will be an interview style shot, interjected into the appropriate point of the protocol section of the video. If there is no single critical step, then there is no need to fill this out.  If there are two critical steps, please fill out two statements, but this is the maximum.  Each statement, should be 40 words or less.  Please specify who will speak these parts and which step(s) in the protocol the statement pertains to.  Use the step numbers given above.
Author name, Step            :     (write your 1st  optional statement here)    

Author name, Step            :     (write your 2nd optional statement here)    
7. Results: Reconstructed Trajectories and Tumbling Rates for Crosses and Jacks
7.1. This is one camera image of a tetrad in the experiment. In the second image, the superimposed model indicates the orientation as found by the algorithm. Despite the simplicity of the 2-dimensional intensity model, the method produces accurate measurements of particle orientation. In the experiment, the orientation finding algorithm is used to obtain the evolution of the Euler angles along the entire trajectory of every particle. (Authors: Please provide the three panels of figure 3 separately and without the labels a, b, c. Use the filenames “Figure 3a”, etc.)

7.2. This is a reconstruction of the complete trajectory of a jack across the viewing volume. This is achieved by combining the orientation and 3-dimensional coordinates of a particle for each frame in which it is in view by all four cameras. The length of the track is about 1000 frames, and the jack is shown every 50 frames. This is another complete trajectory for a cross. The length of its track is 336 frames and is shown every 15 frames. Note that the particles are not drawn to scale in either image. (Authors: Please provide the panels of figure 4 separately and without the labels a, b. Use the filenames “Figure 4a”, etc.)

7.3. The data also allow determination of the probability density function of the measured tumbling rate. The red squares are data for crosses; blue circles are data for jacks. The solid line represents the result of numerical simulation of spheres, which matches the experimental data very well.
RESULTS INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors will ensure that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.  The results section is limited to 200 words total. If your results section contains more than 3-4 , please choose the most important figures to illustrate your results. Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image. Each image or movie file supplied for the video results section should be referenced by its specific file name.

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?status=a3603k
8. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Please choose the statement(s) you wish to conclude the video and indicate the name of the author who will give the statement. Please restrict the length of each statement to no more than 40 words. You may revise the given prompts as necessary to better fit your protocol.
8.1. Guy Marcus: Once mastered, this technique can be done in three days (hours/min) if it is performed properly.
8.2. Guy Marcus: While attempting this procedure, it’s important to remember to allow the particles a couple hours time in the solutions of different densities. It is also crucial to ensure that the cameras remain fixed and stay synchronized for the duration of the experiment. 
8.3. Guy Marcus: Following this procedure, other methods like tracking of tracer particles can be performed in order to answer additional questions like how the 3D-printed particles respond to the full velocity gradient tensor in the surrounding flow.
8.4. Author Name: After its development, this technique paved the way for researchers in the field of __________ to explore _____________ (subdivision of field, disease, natural phenomenon) in __________ (model organism, patient demographic, organ system).
8.5. Guy Marcus: After watching this video, you should have a good understanding of how to _use 3D-printed anisotropic particles to extract information about the velocity gradient tensor of a turbulent flow using stereoscopic images from four high-speed cameras. (restate overall goal of the procedure mention specific steps).
8.6. Guy Marcus: Don't forget that working with Rhodamine-B dye and Sodium Hydroxide (reagent, pathogen, instrumentation) can be hazardous and precautions such as gloves and goggles should always be taken while performing this procedure.   
*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

2.1-2.3 – makingatriad.mp4 – Screen recording of the construction of a triad in AutoCAD.
2.3 – AutoCAD_triad.psd – Screenshot of a triad in AutoCAD.
2.3 – AutoCAD_cross.psd – Screenshot of a cross in AutoCAD.
2.3 – AutoCAD_jack.psd – Screenshot of a jack in AutoCAD.
2.3 – AutoCAD_tetrad.psd – Screenshot of a tetrad in AutoCAD.
3.4 – Bent_particle.psd – Bent tetrads that can serve as examples of what happens when the particles are not stored in a solution in which they are neutrally buoyant.
4.1 – Figure2a.pdf – Diagram of the experimental tank from the side.
4.1 – Figure2b.pdf – Schematic of the experimental setup from above.
6.2 – MATLAB_tetrad_rods_oncamera.psd – Model tetrad projected on all four cameras.
6.3 – MATLAB_min_opt.mov – Screen recording of the nonlinear optimization of a single frame to show the process taken by the algorithm. (Single frame, should go before MATlAB_min.mov)
6.3 – MATLAB_min.mov – Screen recording of the results of the nonlinear search for a number of frames in a row.
6.3 – EulFix_Video_Before.mov – Screen recording of a track of a particle where the wrong degenerate orientation is found part way through. This and the next video are to replace MAT_crosses, MAT_jacks1to12, MAT_jacks13to24, MAT_tetrads, and MAT_triads from the Scriptwriter Guide.
6.3 – EulFix_Video_After.mov – Screen recording of the same track with the correct degenerate orientation found throughout. Can be shown side-by-side with “Eulfix_Video_Before.mov” to show the difference.
7.1 – Figure 3a.psd – Tetrad as seen from one camera.
7.1 – Figure 3b.psd – Model tetrad superimposed on Figure3a.
7.1 – Figure 3c.psd – Plot of Euler angles for the tetrad shown in Figures 3a and 3b.
7.2 – Figure 4a.psd – Reconstructed trajectory of a cross.
7.2 – Figure 4b.psd – Reconstructed trajectory of a jack.
7.2 – Tetrad_Track.mov – Reconstructed animated trajectory of a tetrad. (To be attached soon.)

7.3 – Figure 5.psd – Probability density function of tumbling rates.
General Preparation
It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
�We had imagined the video starting with something like:�Many situations involve particles with complex shapes being carried in a turbulent fluid flow. It might be snowflakes in a storm or dandelion seeds being dispersed. Fluid researchers have had difficulty studying the rotation and alignment of such particles because their complex 3D motions occur on rapid time scales. We have developed a method for precisely measuring the 3D position and orientation of non-spherical particles in turbulent flows.


�Moved and altered this because it is much easier to manipulate the cylinders if they are on the x-y plane (a frustrating quirk of AutoCAD) and then to rotate the entire object than to remove the cylinders from the plane first.


�Addressed above; added a step to the protocol.


�The images included in the Updated Scriptwriters Guide can be used in the video if you would like. If the images in the Scriptwriters Guide were compressed by the document and/or are of too low quality, we can provide higher quality versions. 


�This looks accurate. We can provide new videos if that would be helpful.


�This section can definitely be reduced. The experiments themselves, in section 4, are most important to show in this publication. These steps are mainly specific to the 3D printer we use and the experimental setup we have developed.


�Yes, this is correct.


�The particles are tested shortly after the ultrasonic bath, once they have hardened again. Before testing, they are kept in a solution that has been manually density-matched (adding more CaCl2 or water to change the density until the particles are neutrally-buoyant). The testing is done because it is more accurate for bulk amounts of the particles. Test groups of roughly 50 particles are adequate for these purposes, so testing all densities between 1.16 and 1.25 g/mL requires approximately 500 particles in total.


�Yes, this is correct.


�Yes, the solution will be prepared. It can either be prepared in bulk and held in a storage container or it can be prepared each time a set of particles needs the resin to be taken off. If the latter, it can be prepared in the beaker that will go into the ultrasonic bath. This is what we had planned to do in the video, though we can make a bulk solution ahead of time if that would be better.


�We don’t think that these steps (finding the density of the solution) really needs to be shown in the video. 


�We filter the particles out by pouring the solution through a mesh filter.


�This was ambiguous and has been fixed in the manuscript. For the particles in this video, the dye will be kept at 80˚C. For other kinds of particles, namely those from other kinds of 3D printers, the dye should be kept between 50˚ and 80˚, depending on what is found to be able to get the dye into the particles without making the plastic so soft that the arms 


bend.


�The particles will be light pink almost immediately after entering the dye. The time in the dye is to get it deep into the plastic so that there will be strong fluorescence and so that it will not wash out during the long experiment.


�We test the particles by pointing a small laser with the same color as the one in the experiment at a small sample of them and checking how well they fluoresce. It is difficult to say how fluorescent that a particle should be for the experiment, which is why we only included information about the amount of time that the particles should be in the dye.


�These files have been included with this document.


�Yes, they will be. The construction of the whole tank will not be shown in the video, though we can provide pictures of the process. 


�Thank you for pointing this out. It has been fixed in the manuscript.


�Yes, the grids will already be in place. It takes about three hours to completely fill or empty the tank.


�We will be using tetrads.


�Yes, a filter is placed where the water exits the tank to catch the particles. The water is also put through water filters whenever it passes between the vacuum chamber and the experimental tank to help get rid of some of the dye and cloudiness that naturally accumulates during the experiments.


�The only manual component of the data analysis is the writing of the software programs. Particle orientations are found automatically for every frame once the algorithm is started.


�Yes, inside the script there are options for turning on or off the plots to visualize the orientation finding proess.  Since this visualization is slow, we turn it off when processing large data sets.


�If there are time constraints, this sentence can also be cut.


�These files have been included with the document.


�We have animations of tracks like these that may be better suited for the video format of this publication. An animation has been included in this publication. Figures 4a and 4b have been included as well for comparison.


�We do not have this animation completed yet but we will very soon.
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