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A. Will you require JoVE to record video microscopy, such as filming a complex
dissection or microinjection technique? (Y/N)___No
B. Does your protocol include detailed, step-by-step, descriptions of software usage?

(Y/N)___Yes_____ 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?
Videographer: these steps are highlighted in yellow.
D. What is the single most difficult aspect of this procedure and what do you do to

ensure success? This step is written in italics.
E. Will the filming need to take place in multiple locations? (Y/N) ___No
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):
The overall goal of this experimental setup is to measure the coefficient of restitution of colliding particles under vacuum conditions. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Martin Morgeneyer: This method can help answer key questions in the process engineering field, since the coefficient of restitution is a parameter that is necessary for calculations of granular transport, storage and handling processes. (last one)
1.2. Maria Paulick: The main advantage of this technique is that also for fine powders high impact velocities can be reached under vacuum conditions without an accelerated particle release that might influence the measurements.   (take 2 last)
1.3. Maria Paulick: Demonstrating the procedure will be Sven Drücker, a grad student from my laboratory.

1.3.1. Interview style: Author saying the above (last one)
1.3.2. The named student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Preparations
2.1. For working with particles of any size, first remove the sleeve [2.1.1-WID] over the vacuum chamber and lift off the top cover. [2.2.2-MED]

2.1.1. lifting sleeve off chamber

2.1.2. removing cover from chamber, and goes to get baseplate (all process to 2.3.2)
2.2. Then, select the baseplate with the desired wall material into the chamber. [MED]

2.2.1. talent holding baseplate returns to chamber (called 2.2.1B)
2.3. Next, turn the lower part of the vacuum chamber sideways [2.3.1-CU] and carefully slide the baseplate into position. [2.3.2-ECU]

2.3.1. film as written (called 2.2.1)
2.3.2. film as written
2.4. Next, using tweezers, place exactly one particle of a known size [2.4.1-ECU] at the center of the baseplate. [2.4.2-CU]

2.4.1. picking particle

2.4.2. setting on baseplate

2.5. Then, adjust the position of a high-speed video camera mounted to a tripod, [2.5.1-WID] so that the baseplate is in the lowest quarter of the visual field and focus is on the particle. [ECU-2.5.2]

2.5.1. film as written

2.5.2. position the videographer camera like high speed cam and adjust the focus to  start blurry and then focus on the correct visual field like the high speed cam, this shot is used for the brief video described in 2.7
2.6. Set the high-speed camera to record ten thousand frames per second at a resolution of 528 by 396 pixels. [CU]

2.6.1. manipulation of the camera's setting to set as explained above

2.7. Then, take a brief video of the particle for reference purposes. [2.5.2]
2.8. Don't forget to remove the particle afterwards. [MED]

2.8.1. stops video recording and picks out particle with tweezers from chamber (take 2)
3. Experiments with ≥ 700 µm Particles
3.1. When working with particles that are 700 microns or coarser, [3.1.1-WID] first, adjust the height of the particle chamber so the desired impact velocity is reached. [3.1.2-CU] Measure the height using the scale attached to the holding plate. [3.1.3-ECU]

3.1.1. establish talent preparing to raise chamber

3.1.2. raising chamber to approximately correct height

3.1.3. fine tuning height using scale on stick attached to plate as measure

3.2. Then, close the particle chamber with the tip of a pipette. [CU]

3.2.1. pipette touches the edge of the chamber’s drill hole to close chamber

3.3. Now, lift the top cover of the vacuum chamber [3.3.1-MED] and put one single sphere inside of the particle chamber, using tweezers. [3.3.2-CU] This example shows a solid sphere, however, liquid-filled spheres can also be tested. [3.3.3-ECU]

3.3.1. film as written

3.3.2. placing particle

3.3.3. detail of particle placed, showing it is solid?

3.4. Place the top cover on the lower part of the vacuum chamber … [MED]

3.4.1. film as written
3.5. … and connect the top cover and the lower part of the vacuum chamber with the sleeve. [CU]

3.5.1. film as written

3.6. Now, put on safety goggles before generating the vacuum. [WID]

3.6.1. all talents involved put on googles

3.7. Using the pump, evacuate the chamber until the desired pressure is obtained. [MED]

3.7.1. operating the pump, observing the vacuum gauge
3.8. The target pressure in this demonstration is 0.1 millibars.

3.8.1. Vacuum gauge moving to 0.1 mbar (it doesn’t go to 0.1)
3.9. Then, close the valve on the side of the chamber [3.9.1-CU] and turn off the pump. [3.9.2-MED]

3.9.1. film as written

3.9.2. film as written
3.10. At this point, start the video recording. [MED]

3.10.1. Starts the camera
3.11. While recording, open the hole of the particle chamber to liberate the particle … [CU]

3.11.1. film as written
3.12. … and at the same time, pull and turn the stick attached to the tip of the pipette. This will prevent stick-slip problems due to high friction between the stick and seal ring. [ECU]

3.12.1. focus on stick movement
3.13. After the impact occurs, immediately stop the recording. [MED]

3.13.1. stops video camera
3.14. Only a limited number of frames can be saved and the first are overwritten as soon as the limit is exceeded. Cut the movie around the instant of the impact at the screen and save it on the memory card. [LM]
3.14.1. To be provided by authors – an additional recording of an impact event, unlike that provided for later use in the script
3.15. Anticipate repeating the experiment about ten times for an accurate mean value. [WID]

3.15.1. setting up the experiment again
4. Experiments with Powders ≤ 400 µm
4.1. When working with finer particles, use essentially the same procedure with a few alterations. [WID]

4.1.1. preparing fine particles container and paper (use 4.1.1B)
4.2. Load 50 to 100 spheres onto a folded sheet of paper [4.2.1-ECU] and load the particles into the chamber off the paper. [4.2.2-ECU]

4.2.1. setting fine particles on sheet of paper (or 4.1.1)
4.2.2. transferring particles off paper into chamber

4.3. When pulling the stick at the initiation of the experiment, [4.3.1-MED] pull very slowly to prevent all the particles from dropping at the same time. [4.3.2-ECU]

4.3.1. establish talent preparing to pull the stick

4.3.2. moving the stick

4.4. When cutting the movie, [4.4.1-MED] do it in such a way that at least 10 clearly focused impacts are visible.  [4.4.2-LM]

4.4.1. talent operating camera/computer, cutting video
4.4.2. To be provided by authors – another test video cut to show 10+ small particles going through impact
5. Evaluating the Data
5.1. Before evaluating the data, it is first necessary to calibrate the software. [5.1.1-WID] Load a frame with the particle of known size, obtained during the set up. [5.1.2-CU] 

5.1.1. establish talent working at computer

5.1.2. show talent pull up single frame reference image
5.2. Then, count the number of pixels of the horizontal diameter and divide the known distance by the number of pixels to get the conversion factor ‘distance per pixel'.  The horizontal is easier to use because of the contrast between the particle and white background. [SCREEN]
5.2.1. To be provided by authors – screen capture of calibration process
5.3. To calculate the impact velocity, set a reference point of motion on the top of the sphere ten frames before the point of impact and a second reference point one frame before the impact.  [SCREEN]
5.3.1. To be provided by authors – screen capture
5.4. Use the number of pixels between the two points and the conversion factor to calculate the travelled distance. Then, divide the distance by the passed time between nine frames to obtain the impact velocity. [SCREEN]
5.4.1. To be provided by authors – screen capture
5.5. To calculate the rebound velocity, use reference points on the top of the sphere one frame after the impact and ten frames after the impact. [SCREEN]
5.5.1. To be provided by authors – screen capture
5.6. Finally, calculate the coefficient of restitution, or COR, as the ratio of rebound velocity to impact velocity. [SCREEN]
5.6.1. To be provided by authors – screen capture
5.7. Repeat all these steps to evaluate all the recorded drop test videos. [MED]

5.7.1. talent working with software, evaluating the next drop test

6. Results: Coefficient of Restitution for Various Particle Sizes
6.1. Glass particles with a diameter of 100 microns to four millimeters were dropped from an initial height of 200 millimeters onto a stainless steel baseplate with a thickness of 20 millimeters.

6.1.1. Figure 6 – remove the data points.

6.2. The mean value of the COR was about 0.9 for particles 700 microns or larger.

6.2.1. Figure 6 – add the orange data points, from about 0.7 to 4.0 on y-axis

6.3. This result was independent of the air pressure.

6.3.1. Figure 6 – add the blue data points, from about 0.7 to 4.0 on y-axis
6.4. For particles with a diameter less than 400 microns, the COR was nearly constant, with a value of 0.9 under vacuum conditions. 
6.4.1.  Figure 6 – add all the remaining orange data points

6.5. Under atmospheric pressure the coefficient of restitution decreased with particle diameter.
6.5.1.  Figure 6 – add all the remaining blue data points

6.6. The results for the impact velocity depended on the particle size and atmospheric pressure.  Fine powders were a lot slower under atmospheric pressure, whereas their impact velocity decreased only slightly under vacuum conditions.  The data shows some exceptional outliers at 700 microns that may have been created by a false calibration.
6.6.1. Figure 7
7. Conclusion (said by authors on camera)
7.1. Martin Morgeneyer: After watching this video, you should have a good understanding of how to measure the coefficient of restitution with free-fall tests under vacuum conditions.

7.2. Maria Paulick: Once mastered, this technique can be done in 1.5 hrs per series of ten particle impacts if it is performed properly.

7.3. Martin Morgeneyer: Don't forget that working with a glass cylinder under vacuum conditions can be extremely hazardous and precautions such as safety goggles should always be taken while performing this procedure.   
Provided Media
3.10 – VideoProcedure.avi – Video of the procedure (release, impact, rebound)

3.12 – VideoAnalysis.avi – Video of the particle impact

5.2.1 – Figure4.jpg – Calibration of the software

5.4.1 – Figure5.jpg – Reference point of motion

6.1 to 6.5 – Figure6.pdf – Influence of particle size and air pressure on the COR

6.6 – Figure7.pdf – Influence of particle size and air pressure on the impact velocity
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.
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