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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 yes, please list make and model of your microscope: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__________________________
2.1, 2.4, 3.1, 3.2, 3.4, 3.5

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?    1)  Mixing the strands of two polymer fibers is a tedious task The small number of fibers of each batch needs to be chosen and mix carefully.  

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to fabricate and characterize a disordered optical fiber for transverse Anderson localization of light. (Intro)

This is accomplished by first mixing strands of poly methyl methacrylate and polystyrene and making a preform for the draw process.  (P1: Begin with 2 stacks of strands (make them rod shaped and then mix them as shown.)

The second step is image the refractive index profile of the drawn fiber, once the PMMA fibers have been dissolved, using scanning electron microscopy. (P2: Stretch the array of rods so that they thin out as indicated. Then zoom in on the face of the fiber and show the black and white image (which is how SEM images appear). )

Next, the samples of drawn fiber are cleaved and polished for the optical characterization of Anderson localization. (P3: Cut the fiber from P2 and rub it in a figure 8 motion on a piece of sand paper.)

The final step is to test the samples in the optical setup by illuminating the disordered fiber with He-Ne laser light. (P4: Use shots 3.5.1 and 3.8.1)

[image: image1.bmp]Ultimately, the output intensity profile of the localized beam is imaged on a CCD camera beam profiler to show the transverse Anderson localization of light. (P5: Figure 4)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Arash Mafi: Demonstrating the procedure will be Salman Karbasi a grad student and Ryan Frazier an undergrad student from my laboratory.   
1.1.1. Interview style: Author saying the above 

1.1.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
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. 1) Fabrication and refractive index imaging of a disordered polymer optical fiber: 

2.1. Begin by spreading about 200 pMMA strands on a table and then spreading the same number of polystyrene strands on top of the pMMA. Mix the strands together and then place them to one side.

2.1.1. MED: Talent spreads out the pMMA strands and layers the PS strands on top of them.

2.1.2. CU: Talent mixes the strands together.

2.2. Repeat this procedure until 40,000 strands of PMMA are randomly mixed with 40,000 strands of polystyrene.  Then, assemble the randomly mixed strands into a square preform with sides of about 2.5 inches. 
2.2.1. MED: Talent picks up the mixed strands and puts them aside, then begins to mix more strands.

2.2.2. CU: Talent fills a square preform with strands. (We did no have the square perform becasuse this part has been done out of the campus in a company). (This probably means that this was not shot)
2.3. Next, have the preform drawn into an optical fiber with a diameter of 250 microns by a company that specializes in this type of procedure.  This represents roughly a 64,000 times reduction in cross-sectional area of the original fibers.
2.3.1. CU: Talent holds the fiber as it would be prior to it being drawn.

2.3.2. CU: Talent holds the optical fiber. (Video Editor: Show both individually, then both on a split screen to compare the size difference.)
2.4. Then, submerge the polymer optical fiber in liquid nitrogen for about 10 minutes so a clean fracture can be made.  The liquid nitrogen quickly cools the fiber and makes it very brittle. 
2.4.1. MED: Talent submerges the fiber into liquid nitrogen.
2.4.2. CU: Fibers cooling in the liquid nitrogen.

2.5. As the fibers cool, prepare a bath of ethyl alcohol and warm it to 65 degrees Celsius. 

2.5.1. MED: Talent turns on the bath of ethyl alcohol and points out the 65 °C set temperature.

2.5.2. CU (added shot, but they didn’t say what was added. Maybe a CU of 2.5.1?)

2.6. After 10 minutes, remove the fibers from the liquid nitrogen and quickly break them in half. Break at least 20 fibers for imaging as the success rate for obtaining a smooth surface is still only about 15% using this method.
2.6.1. MED: Talent removes the fibers from liquid nitrogen.

2.6.2. CU: Talent breaks the fibers to prepare them for imaging. (This may have been combined with 2.6.1)
2.7. Then, submerge the broken tips of the samples in 70% ethyl alcohol for about 3 minutes.  During this time, the ethyl alcohol dissolves the PMMA sites in the fiber, leaving behind only the polystyrene fibers.
2.7.1. MED: Talent pours 70% Ethanol into a beaker.

2.7.2. CU: Talent lowers the samples into the ethanol.

2.8. Next, place the fibers onto a sample holder and coat each sample with a 10 nanometer thick layer of gold-palladium.  Then, place the coated samples in the chamber of the scanning electron microscope for imaging. 
Video Editor: Videographer’s note: These will be LAB MEDIA. Author’s Note: We did not have access to the sputterer or SEM at the time of shooting, yet we can send you two pictures of SEM and sputerrter if it is required.
2.8.1. MED: Talent places the fibers into the sputtercoater and replaces the lid.

2.8.2. CU: Talent sputtercoats the samples (Show the purple glow).

2.8.3. MED: Talent takes coated samples from the sputtercoater and places them into the SEM chamber.
2.9. Image the refractive index profile of the samples using a 5 KeV electron beam at a magnification that allows for the best resolution of the 0.9 micron diameter fibers.
2.9.1. MED Over the Shoulder: Talent takes images with the SEM.

3. Optical characterization of fibers:  

3.1. Prepare about twenty, 5 cm long fiber samples for optical characterization by pre-warming the fibers to 37 ⁰C and a curved blade, used for cutting the fibers, to 65 ⁰C. These temperatures prevent deformation of the fiber tip that can occur during the cleaving process.
3.1.1.  MED: Talent  places the fibers into a temperature controlled chamber set to 37 ⁰C. (TEXT: Fibers @ 37 ⁰C)

3.1.2. MED: Talent places the blade into a separate chamber/heatblock/waterbath set to 65 ⁰C. (TEXT: Blade @ 65 ⁰C)
3.2. Next, align a fiber on a cutting surface so that a clean, perpendicular cut can be made across the tip. Then, place the blade on the side of the fiber, and quickly roll the blade across it. Keep the razor blade at a right angle to the fiber at all times.
3.2.1. CU: (Side View) Talent aligns the fiber on a cutting surface, then places the razor blade into place (waits a few seconds…) then quickly rolls the blade across the fiber.

3.2.2. CU: Repeat the above shot (3.2.1), but from a top view.
3.3. Inspect the fiber tip using an optical microscope to make sure the fiber tip is cleaved perpendicular to the fiber sides. This allows for improved coupling later on in the procedure.
3.3.1. MED: Talent looks at the tip using an optical microscope.

3.3.2. CU: Fiber is looked at under the microscope.
3.4. Next, polish each fiber one at a time by gripping them 1.5 mm away from one end and draw the fiber in one-inch long figure eight shaped paths on 0.3 micron aluminum oxide polishing paper. Make approximately eight loops to ensure that the whole tip gets polished. 
3.4.1. MED: Talent picks up a single fiber and begins to polish it.

3.4.2. CU: Talent makes 8 loops on the polishing paper with the fiber.
3.5. Then, couple a Helium-Neon laser, emitting a 633 nanometer wavelength of light, to a 4 micron diameter SMF630hp fiber.  To accomplish this, first place a 20x objective onto a stage with 3 degrees of freedom.  Also, put in place 2 flat mirrors with 2 degrees of freedom. 
3.5.1. MED: Talent adjusts the laser, then attaches the 20x objective to the stage in front of the SMF fiber. (Videographer’s Note: “Added CU”)
3.5.2. MED: Talent attaches the two mirrors to the stage and roughly adjusts them. Videographer’s Note: “Added rack (?) focus between 2 mirrors”)
3.6. Initially, place the SMF fiber 8 mm away from the objective tip. Then, reposition the mirrors and the objective to direct the laser light to the tip of the fiber. 
3.6.1. CU: Talent adjusts the SMF fiber so that it is 8 mm away from the tip.

3.6.2. MED: Talent adjusts the laser path so it enters the tip of the fiber. Videographer’s Note: “Added a wide”)
3.7. Once aligned, connect the other side of the SMF fiber to a power meter. Continue to adjust the position of the mirrors and objective until a coupled power of 1 milli-watt is achieved.  1 milli-watt is sufficient power for the fiber characterization measurements.

3.7.1. MED: Talent connects the SMF fiber to a power meter.

3.7.2. MED: Talent adjusts the position of the various pieces until 1 mW is reached.

3.7.3. CU: Output of power meter during an adjustment. (Videographer: Take as much time for 3.7.3 as you did for 3.7.2 in order for it to reach 1 mW.  *If the power meter can be shown as part of the 3.7.2 shot, then disregard this shot.) (Video Editor: Inlay the output in a small corner of the screen as the adjustments are being made.)

3.8. Next, couple the SMF630hp fiber to the polymer optical fiber using a motorized stage. The motorized stage should be able to be moved in the all three Cartesian directions. 
3.8.1. MED: Talent sets up the fibers for coupling by attaching the optical fiber to the motorized stage.
3.9. First, center the two fibers together using transversal control. Then, use longitudinal displacement to move the SMF fiber as closely as possible to the polymer fiber. A smaller air-gap between the SMF fiber and polymer fiber will reduce the expansion of the beam. 
3.9.1. CU: Talent centers the two fibers.
3.9.2. CU: Talent moves the two fibers as close together as possible. (This may have been combined with 3.9.1)
3.9.3. Added shot: CU: Talent adjusting knob.

3.10. Next, place the entire setup on a second motorized stage that moves in the longitudinal direction. The second motorized stage will be used for aligning the beam with the CCD camera. 
3.10.1. MED: Talent places the entire setup on a second motorized stage. Videographer’s Note: “Added CU”)
3.10.2. MED: Talent places the CCD camera into position.
3.11. Then, observe the position of the fibers using an optical microscope and a right-angled mirror. A small tilt or deformations in the polymer fiber tip because of the cleaving or polishing processes can limit the minimum air-gap between SMF and polymer fiber. 
3.11.1. MED: Talent adjusts a right-angled mirror to be able to view the fibers with the microscope.

3.11.2. MED Over the Shoulder: Talent observes the fibers under the microscope. 

3.11.3. CU: Video of gap between SMF and polymer fiber. (Video Editor: Inlay this image into a corner of 3.11.2.

3.12. Next, use a CCD camera beam profiler to measure the output of the fiber using a 40x objective. 
3.12.1. MED Over the Shoulder: Video of CCD camera output using a 40X objective.

3.13. First, saturate the CCD camera to monitor the boundaries of the polymer fiber. Using the knobs on the objective holder, make sure that the polymer fiber boundaries can be observed on the CCD.
3.13.1. MED Over the Shoulder: Talent monitors the boundaries by looking at the output. Videographer’s Note: “Take 2”)
3.13.2. MED Over the Shoulder: Talent adjusts the sample to center the fiber.
3.14. Then, use the motorized stage to focus the image on the CCD camera by moving the setup away or towards the 40x objective while the CCD and objective are fixed. 
3.14.1. MED Over the Shoulder: Talent focuses the image.

3.15. Finally, transversely sweep the incident beam that comes out of the SMF across the tip of the polymer fiber to observe localization in different regions of the polymer fiber. Measure the output beam intensity for different incident beam positions. 
3.15.1. MED Over the Shoulder: Talent sweeps the incident beam that comes out of the SMF across the tip of the polymer fiber.
3.15.2. SCREEN: Grab 4 different output beam intensities. (Video Editor: Show this as a 4-panel image on the screen during the last sentence)

3.16. With the lights off, collect data at 5 different positions of the incident beam and carry out the measurements for 20 fiber samples for a total of 100 different measurements. 100 different measurements of the beam profiles are then averaged to show the transverse Anderson localization of the fiber.
3.16.1. MED Over the Shoulder: Talent analyzes the images as described.

3.16.2. MED Over the Shoulder: Talent shows an example of the final data describing the Anderson localization.
4. Results: Characterization of a Disordered Polymer Optical Fiber. 
4.1. Shown here is the end product of a polished polymer fiber tip.  The electron microscope image of the polymer fiber tip shows that most regions end up being well-polished following this protocol. 

4.1.1. LABMEDIA: Figure 1 
4.2. When the poly methyl methacrylate fibers are dissolved away in ethanol, only the polystyrene fibers remain.  This is what is known as the refractive index profile which easily displays the arrangement of polystyrene and poly methyl methacrylate fibers.

4.2.1. LABMEDIA: Figure 2

4.3. An example intensity profile as measured by CCD camera is shown here after 5 cm of propagation.  The red indicates the localized profile and the yellow is the tail of the intensity.  This image is of a fiber that is localized in the transverse direction of the disordered fiber. 
4.3.1. LABMEDIA: Figure 4
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured 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.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

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?access=ksw0bprj
5. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
5.1. Arash Mafi: After watching this video, you should have a good understanding of how to fabricate and characterize a disordered optical fiber for the observation of transverse Anderson localization of light.
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, 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, as well as an introduction to your videographer, closer to your filming date.
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