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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.4, 2.5, 4.1, 4.2, 5.1, 5.2 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  None
E.  Will the filming need to take place in multiple locations? N
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. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

(Editor: The authors changed every interview statement completely, so nothing was proofed before recording.
1.1. Shuang-Xi Guo: This method can be used to explore the key issues in the dynamic processes of diffusive convection staircase structures, such as their generation, development and disappearance.
1.2. Sheng-Qi Zhou:  With the present experimental set-up, we can clearly see the evolution of diffusive convection, which is very difficult, if it is not impossible, to observe directly in the oceans.

B. Optional Interview Statements: N/A
C. Introduction of Demonstrator:  N/A

D. Ethics title card: N/A

Protocol: (read by voice talent at JoVE)
2. The Working Tank
2.1. Gather the components of the working tank. [1-WIDE] These include copper top and bottom plates, and an acrylic side wall assembly. [2-MED] The top plate is electroplated and encloses a water chamber accessible by tubes. It also has places for thermistors. [3-CU] The bottom plate is also electroplated and has slots for thermistors.  It contains a heating pad. [4-CU]
2.1.1. Talent at bench with components of the tank arrayed
2.1.2. Overview of the tank components
2.1.3. The top plate by itself, then with talent’s hand indicating tank input and/or output. After a pause, hand indicating thermistor locations. This may have to be split into two shots
2.1.4. Detail of the bottom plate, ideally with slots for thermistors apparent
2.2. Use distilled water to carefully clean the copper plates and the acrylic sidewalls. [1-MED] When done, assemble the tank using screws to ensure it is water-tight. [2-MED] This completed tank is 257 millimeters in length and height, and 65 millimeters wide. [3-MED-TXT]
2.2.1. Talent in process of cleaning tank components
2.2.2. Talent in the process of constructing the tank
2.2.3. The completed tank [TEXT: 257 mm x 257 mm x 65 mm]
2.3. At an optical table, set up a stainless steel supporting frame. [1-WIDE-TXT] On top of the frame, place an insulating slab. [2-MED] With everything in place, place the assembled tank on the slab. [3-MED]
2.3.1. Talent completing set up of frame
2.3.2. The frame as an insulating slab is placed on it. Include several seconds of just the frame with the insulating slab [TEXT: Supporting frame height: 150 mm]
2.3.3. Talent placing the tank on the slab. Include several seconds of the final result
2.4. Insert thermistors into the top and bottom plates and connect them to the data acquisition system. [1-MED] A thermistor monitors the temperature of the plate into which it is placed. [2-CU-TXT]  Next, move a precision vertical translation stage into place for mounting a probe. [3-MED] 
2.4.1. Talent inserting thermistors into the plates
2.4.2. Detail of a thermistor as it is inserted into a plate [TEXT: Thermistor temperature stability: 0.01 ºC]
2.4.3. Talent moving translation stage into place
2.5. Through the top plate, place a micro-scale conductivity and temperature instrument sensor into the tank. [1-MED or CU] Fix the instrument to the precision translation stage. [2-MED]
2.5.1. Please record the top of the plate or a side view of the tank as the sensor is put into position
2.5.2. The sensor in position and instrument attached to the translation stage 
2.6. Now, set up software for sensor data acquisition and thermistor readings. [1-MED-TXT] Return to the tank to adjust the position of the conductivity and temperature sensor. [2-MED] Set the initial position of the sensor at its lowest point, here 20 millimeters above the bottom of tank. [3-CU] Then, set the parameters of the motion for the translation stage for the experiment. [4-MED-TXT]
2.6.1. Talent working at computer [TEXT: Sampling rates: thermistors–1.0 Hz; conductivity and temperature sensor–128 Hz]
2.6.2. Talent adjusting the sensor position 
2.6.3. Detail to demonstrate the position of the probe with respect to the tank bottom 
2.6.4. Talent working at computer [TEXT: speed: 1 mm/s; acceleration: 0.5 mm/s2; lowest point: 20 mm; highest point: 220 mm]
3. The Optical Apparatus
3.1. Use the shadowgraph technique to monitor the experiment. [1-WIDE] For this, attach a piece of tracing paper on the outside of one side of the tank. [2-MED] On the opposite side of the tank, about 5 meters away, place a light source. [3-WIDE] To produce a nearly collimated beam, use a narrow beam LED as a light source. [4-CU]
3.1.1. Talent at the tank, preparing to attach paper
3.1.2. Talent attaching paper to the tank side 
3.1.3. Talent placing light source, ideally the position of lamp with respect to tank would be clear
3.1.4. Detail of the light source
3.2. Place a high-speed camcorder about a meter in front of the tracing paper in the beam path. [1-WIDE-TXT] With the lamp and camcorder on, adjust their positions for a clear image. [2-WIDE]
3.2.1. Talent placing a camcorder in position in front of the tracing paper, which ideally would be in the frame [TEXT: Sampling rate: 25 Hz]
3.2.2. The light source on as talent adjusts position of the camcorder
4. The Working Fluid
4.1. Obtain two identical rectangular tanks for the working fluid. [1-WIDE] The tanks are the same size as the working tank. [2-MED] Join them at their base with a clamped,  flexible tube 10 centimeters in length. [3-CU-TXT] Place the two tanks at the same height. [4-MED]
4.1.1. Talent at bench with tanks 
4.1.2. The tanks with the tube connecting them
4.1.3. Detail of the tube connecting the tanks [TEXT: Tube length: 10 cm, inner diameter: 6 mm, outer diameter: 10 mm]
4.1.4. Talent putting tanks into position, possibly measuring height. Include several seconds of the tanks in their final position 
4.2. Arrange for one tank to have a electric stirrer in it. [1-CU-TXT] Next, clamp a flexible 50 centimeter tube into a peristaltic pump. [2-MED-TXT] Use the tube to join the tank  with the stirrer to the working tank. [3-MED]
4.2.1. The magnetic electric stirrer in at the base of the tank [TEXT: Maintain both tanks 30 cm above the working tank]
4.2.2. [bookmark: _GoBack]Talent inspecting/preparing the pump and tube. It may be possible to combine this and the next shot.  [TEXT: Tube length: 50 cm; inner diameter: 2 mm; outer diameter 5 mm]
4.2.3. Talent connecting the tanks with the tube in the pump. Record to completion
4.3. Fill the tank that has no stirrer with saline solution of 60 grams per kilogram concentration. [1-MED] Fill the other tank with an equal volume of degassed, fresh water. [2-MED] Once the tanks are filled, unclamp the connecting tube. [3-MED] Continuously homogenize the mixing water with the electric stirrer. [4-CU] 
4.3.1. Talent filling tank with saline [TEXT: Saline concentration: 60 g/kg]
4.3.2. Talent filling tank with water 
4.3.3. Talent removing the clamp from the connecting tube 
4.3.4. Demonstration of the electric magnetic stirrer working in the water tank 
4.4. Control the flow rate into the working tank with the peristaltic pump. [3-CU-TXT] The working tank takes approximately 3 hours to fill and be ready for the experiment. [4-MED]
4.4.1. Water flowing into the working tank or some other shot demonstrating the process [TEXT: Flow rate: 0.45 mL/s]
4.4.2. The filled water tank, ready for the experiment 
5. Running the Experiment 
5.1. For an experiment, use a refrigerated circulator to set the top plate boundary conditions.  [1-WIDE] At the top plate, connect the water chamber to the refrigerated circulator using eight soft, plastic tubes. [2-MED-TXT] 
5.1.1. Talent preparing circulator
5.1.2. Talent in the middle of connecting the top plate to the circulator  [TEXT: Tubes–length: 150 cm, inner diameter; 10 mm; outer diameter: 15 mm]
5.2. At the circulator, set the temperature for the top plate to the room temperature. [1-MED] Now, connect the bottom plate’s heating pad to a DC power supply and set its power level. [2-MED-TXT] Turn on the camcorder to record the flow pattern. [3-WIDE] 
5.2.1. Reading of the circulator temperature
5.2.2. Talent connecting bottom plate to power supply [TEXT: Heat flux: 4317 W/m2]
5.2.3. Talent starting camera
5.3. Begin monitoring temperature and salinity data, then start vertical motion of the sensor. [1-MED] Finally, turn on the refrigerated circulator and the DC power supply to achieve the working fluid boundary conditions.[2-WIDE]
5.3.1. Talent at computer, starting temperature and salinity monitoring, then motion 
5.3.2. Talent starting circulator and power supply
6. Results: The dynamic processes of diffusive convection in a rectangular tank
6.1. This is an example of a shadowgraph image taken when the top plate is at the room temperature and the bottom plate is being heated. [1-LM] There are three convecting layers in the image, where the fluid density is homogeneous. [2-LM] There are also three interface layers, where large density gradients exist. [3-LM] 
6.1.1. LAB MEDIA: fig3a.eps (Video editor: Please rotate the image 90º clockwise. Use this orientation for all references to this image.)
6.1.2. LAB MEDIA: fig3a.eps (Video editor: Please rotate the image 90º clockwise. Use this orientation for all references to this image. Please point to the [somewhat] uniformly grey regions that span the image, except for the one at the top [from about 90 to 250 on the vertical axis])
6.1.3. LAB MEDIA: fig3a.eps (Video editor: Please point to the black, jagged regions that separate the grey regions in the image)
6.2. This intensity fluctuation profile has three peaks that correspond to the interfaces.  [1-LM] Here is the evolution of the intensity fluctuation profile in time, which reveals layer generation, development, and disappearance associated with the diffusive convection staircase. 
6.2.1. LAB MEDIA: fig3a.eps, fig3b.eps (Video editor: Please rotate image “3b” 90º clockwise and add it to the right of image “3a”. If you can use the same vertical axis for both images, please do. See Fig3.eps)
6.2.2. LAB MEDIA:  fig3c.eps (Video editor: Please rotate this image 90º clockwise)
6.3. The temperature profile and the salinity profile provide other views of the evolution in time of the system. [1-LM] In these profiles, each continuous line represents data collected over 404 seconds. [2-LM] The data sets in the temperature profile are each offset by 1.5 degrees Celsius from the one before. [3-LM] For the salinity profile, each data set is offset by 3 grams per kilogram from the previous set. [4-LM]
6.3.1. LAB MEDIA:  fig4a.eps, fig4b.eps (Video editor: Please put image “4a” above “4b”, see fig4.tif. Call attention to “4a” during “The temperature profile” and to “4b” during “the salinity profile”)
6.3.2. LAB MEDIA:  fig4a.eps, fig4b.eps (Video editor: If possible, highlight one of the continuous lines in each of the images. If it makes things clearer, bring “4a” to the foreground and highlight one of the continuous lines in it)
6.3.3. LAB MEDIA:  fig4a.eps, fig4b.eps, continued (Video editor: Please bring “4a” to the foreground [or keep it there] and point out the separation of adjacent data curves along the horizontal direction. Associate the text “1.5 ºC” with the separation)
6.3.4. LAB MEDIA:  fig4a.eps, fig4b.eps (Video editor: Have “4a” recede and “4b” come to the foreground. Point out the separation of adjacent curves along the horizontal direction. Associate the text “3 g/Kg” with the separation.)

7. Conclusion (said by authors on camera)
7.1. Shuang-Xi Guo: This method can also be applied to simulate other phenomena in oceans, such as the global oceanic circulation, mixed layer deepening, and hydrothermal plume eruption.
7.2. Shuang-Xi Guo: If you want to try this procedure, please do remember to initially adjust the conductivity and temperature sensor to the lowest position of the translation stage to prevent the sensor from crashing on the bottom plate.
(Editor: If possible, remove the “If you want to try this procedure…” from the statement above)
7.3. Sheng-Qi Zhou: With the present results, we can further develop new parameterizations of layer thickness and heat flux in diffusive convection, which would pave the way for the community of physical oceanography to study this phenomenon in the oceanic applications.
   

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.  

Insert your media filenames here.


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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