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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______  (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)___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? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __3.7, 3.9, 3.10, 3.11, 3.12, 6.3____________________________
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.) ___3.7_It is crucial that the VIPA entrance is in the focal plane. Taking time to optimize and readjust the placement along the beam path will ensure success.____________________
E.  Will the filming need to take place in multiple locations? (Y/N) __Yes___ If yes, how far apart are the locations? ____10 meters_______________________________________________
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 spectrometer is to measure Brillouin scattering signatures of tissue and biomaterials. Brillouin scattering spectra provide non-contact non-invasive information about material properties such as the longitudinal elastic modulus. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Kim Berghaus: This method can help answer key questions in tissue biomechanics, for example in corneal tissue, we can measure the corneal strength for the diagnosis and treatment of keratoconus.
1.2. Kim Berghaus: The main advantage of this technique is that we can perform spectral analysis with low light power making it safe for use in vivo, which enables biological imaging. 
Protocol (read by voice talent at JoVE):

2. Setup of Fiber and the Electron Multiplied Charge Coupled Device (EMCCD) Camera
(Videographer: If possible, please shoot to help keep the viewer oriented. For example, as the apparatus is built up over the course of the video, always shooting MED or WIDE shots so the mounted EMCCD camera is always to the right.) 
2.1. Begin with a camera and optical fiber in position on an optical bench. [2.1.1-WIDE] Here an EMCCD camera is mounted at one end of the optical path. [2.1.2-CU/MED] The camera should be acquiring images and displaying them on a monitor. [2.1.3-WIDE] Approximately 1600 mm in front of the camera, have a fiber collimator at camera height. [2.1.4-WIDE] Connect the collimator to a single longitudinal mode laser. [2.1.5-CU]

2.1.1. Talent at optical bench with camera and collimator/fiber in place

2.1.2. Camera as talent (hands) checks camera. Talent might be placing an object in front of camera to image
2.1.3. Talent (still at bench) viewing monitor while placing object to test imaging system. 

2.1.4. Talent moving to collimator

2.1.5. Talent (hands) adjusting/checking collimator/fiber assembly

2.2. Use laser power of less than 0.1 milliwatts and check the alignment by moving an iris along the optical axis. [2.2.1-MED] This schematic provides an overview of the setup at this point. [2.2.2-LM] Next, add an achromatic lens pair in front of the camera. [2.2.3-LM] This matched achromatic lens pair has a focal length of 30 mm. [2.2.4-MED/CU-TXT]

2.2.1. Talent moving an iris along the optical axis to check alignment

2.2.2. LAB MEDIA: “setup simplified.ai” (Video editor: The file should contain a schematic of the overview with layers. Over the course of the video, position the representations of the elements at the given points on the number line as the shot listing indicates. If the layers are not available, over the course of the video, please create a simplified top or side view version of the setup depicted in the file using consistent geometric shapes for each type of object arranged along a number line. Ideally the schematic would be oriented in a manner consistent with the video [for example, each with the camera on the left/right]. For this shot, start with the number line, the symbol for the EMCCD camera and its label at one end, and the (currently unlabeled) fiber on the opposite end labeled 'Fiber'.)
2.2.3. LAB MEDIA: “setup simplified.ai” (Video editor: During course of narration, add to the image in 2.3.2 the symbol for the achromatic lens pair along with its label.)

2.2.4. Lens pair being placed in front of the camera. [TEXT: Achromatic lens focal length: 30 mm]
3. The Horizontal Stage of the Spectrometer
3.1. Now, begin to add elements for the horizontal stage. [3.1.1-WIDE] First, on a horizontal translation stage, add a horizontal mask so it is imaged on the camera by the achromatic lens. [3.1.2-MED] The stage should move perpendicular to the beam path. [3.1.3-CU] Monitor the image on the computer screen to verify that the image shows sharp edges, as in this photo. [3.1.4-LM] Move on to prepare for placing a spherical lens 600 mm in front of the horizontal mask. [3.1.5-LM]

3.1.1. Talent at bench, preparing to add horizontal mask

3.1.2. Talent (hands) placing mask/securing translational stage. Show position relative to the achromatic lenses and camera

3.1.3. Detail of mask and stage orientation

3.1.4. LAB MEDIA: Sharp horizontal mask imaged onto camera 

3.1.5. LAB MEDIA: “setup simplified.ai” (Video editor: Begin after adding to the image of 2.3.3 the symbol for the horizontal mask and its label. Please highlight in some way the interval between 1400 and 800 on the number line as the narration proceeds. Remove the highlighting after shot ends.)

3.2. First prepare two irises, each on a post and post holder, to help with beam alignment. [3.2.1-MED] Place one iris between the intended lens position and the horizontal mask. [3.2.3-MED/CU] Place the other iris beyond the intended lens position. [3.3.1-MED] 

3.2.1. Talent picking up irises that are ready to be put in place

3.2.2. Talent (hands) placing first iris in position

3.2.3. Talent placing other iris in position

3.3. Ensure the height of the irises allows the beam to cleanly pass through both of them. [3.3.1-MED] When done checking the alignment, move on to work with a post mounted spherical lens with a focal length of 200 mm. [3.3.2-MED/WIDE]

3.3.1. Talent checking an iris to ensure beam passes through

3.3.2. Talent moving from checking irises to picking up mounted spherical lens 

3.4. Use a post holder to place the lens 600 mm in front of the horizontal mask, between the two irises, and secure the post holder. [3.4.1-MED/CU-TXT] Here is a schematic of the setup after the spherical lens S-1 is in position. [3.4.2-LM] The next element to add is the first of the virtually imaged phase arrays, or VIPAs. (pronounced as one word with a long 'i'–like 'viper' with a Boston accent) [3.4.3-LM]
3.4.1. Talent placing the lens in the beam path, between the two irises and securing the post holder [TEXT: Spherical lens S1: focal length 200 mm]

3.4.2. LAB MEDIA: “setup simplified.ai” (Video editor: Image should be that of 3.1.5 after the symbol and label for S1 has been added.)

3.4.3. LAB MEDIA: “setup simplified.ai” (Video editor: During course of narration, add the symbol and label for VIPA2 to the image from 3.4.2.)[TEXT: VIPA–Virtually Imaged Phase Array]
3.5. To add the VIPA, have a horizontal translation stage in place on the bench about 200 mm in front of the spherical lens. [3.5.1-MED] Orient the stage to move perpendicular to the beam.  [3.5.2-CU] Affix to the stage a VIPA holder mounted on a post and post holder. [3.5.3-CU]

3.5.1. Talent placing and/or checking translation stage on which VIPA2 will be placed

3.5.2. Detail of translation stage showing how it can move relative to the beam line

3.5.3. Detail of translation stage as VIPA holder is affixed to it

3.6. Now, get the VIPA that is to be mounted. [3.6.1-MED/WIDE] Each VIPA has an entrance slit which must be oriented properly. [3.6.2-CU] For this VIPA, place it in the VIPA holder with the slit oriented vertically. [3.6.3-MED/CU-TXT] 

3.6.1. Talent getting VIPA

3.6.2. Detail of VIPA in hands of talent, showing slit to be oriented

3.6.3. Talent placing VIPA, ideally showing orientation of slit [TEXT: VIPA2, oriented vertically.] (VIPA holder was taken out before VIPA was placed in holder and then put back into holder) 
3.7. Make fine adjustments to the position of the VIPA mount so the VIPA entrance is exactly in the focal plane of the spherical lens. [3.7.1-MED/CU-TXT] Continue by translating the VIPA out of the beam to continue the setup. [3.7.2-MED/CU]

3.7.1. Talent (hands) as fine adjustments are made to the VIPA position [TEXT: This step is very important for success. Trace the beam with a beam card as a check.]

3.7.2. Talent translating the VIPA out of beam path

3.8. Next, prepare to place the second spherical lens 200 mm in front of the horizontal mask with irises on either side for alignment. [3.8.1-LM] Note that VIPA-2 is displaced in the schematic to indicate it is out of the beam path. [3.8.2-LM] Mount the spherical lens using a post on a translation stage between irises. [3.8.3-MED/CU] Orient the translation stage to move along the optical path. [3.8.3-CU-TXT]
3.8.1. LAB MEDIA: “setup simplified.ai” (Video editor: Start with the image from 3.4.3, but with the symbol for VIPA2 shifted away from the axis on which the other elements are aligned. During the narration, highlight the interval between 1400 and 1200 on the number line. Remove the highlighting after the shot ends.]

3.8.2. LAB MEDIA: “setup simplified.ai” (Video editor: Continue with the previous image, without highlighting the number line, possibly highlight the VIPA during narration only.)

3.8.3. Talent placing lens on translation stage that is in position

3.8.4. Detail of the lens and translation stage showing stage's orientation with respect to beam path [TEXT: Spherical lens S2: focal length 200 mm.]
3.9. Before proceeding, check that the back reflection from the lens passes cleanly through the iris. [3.9.1-MED/CU] Also check that the outgoing beam passes cleanly through the iris on the opposite side of the lens. [3.9.2-MED/CU] Then, move the VIPA so that its entrance slit is again in the beam path. [3.9.1-LM] Do this by adjusting the position of the translation stage to which it is attached. [3.9.2-MED/CU] As light enters the VIPA, observe the vertical lines of the camera image on the computer monitor. [3.9.3-SCREEN]
3.9.1. Talent checking path of back reflected light using beam card between lens and iris

3.9.2. Talent moving to check path of outgoing light using beam card between lens and other iris

3.9.3. LAB MEDIA: “setup simplified.ai” (Video editor: Start with the image from 3.8.2 with S2 added. During the narration, move the symbol for VIPA2 to be along the same line as the other elements.)
3.9.4. Talent (hands) moving VIPA moved back into the beam

3.9.5. *To be submitted by author SCREEN: Vertical lines appearing on camera screen as light enters VIPA 
3.10. Move on to adjust the position of the second spherical lens while observing the lines on the monitor. [3.10.1-MED] Fine-adjust the translation stage to sharpen the lines, and stop when the lines come into focus. [3.10.2-SCREEN] Next, work with the VIPA holder to adjust the spectrum. [3.11.1-MED] 

3.10.1. Talent adjusting the spherical lens and observing the monitor

3.10.2. *To be submitted by author. SCREEN:  Vertical lines coming into focus as S2 is adjusted

3.10.3. Talent starting to work with VIPA holder
3.11. Use the horizontal-translation degree of freedom to tune the entrance position of the beam into the etalon. [3.12.2-CU] Observe the response of the image on the computer monitor as the entrance slit is translated. [3.12.3-SCREEN]

3.11.1. Detail of VIPA showing its entrance position and the changes/adjustments to the horizontal-translation degree of freedom

3.11.2. *To be submitted by author. SCREEN: Lines as the VIPA entrance slit is translated

3.12. In addition, use the horizontal-tilt degree of freedom to tune the input angle of the beam into the etalon. [3.13.1-CU] Again, monitor the image on the computer screen for feedback on the tilt adjustments. [3.13.2-SC] At this point, the horizontal stage of the spectrometer is complete. [3.13.3-MED/WIDE]

3.12.1. Detail of VIPA showing it entrance position and the changes to its horizontal-tilt degree of freedom

3.12.2. *To be submitted by author. SCREEN: Lines on screen as the VIPA entrance slit is tilted

3.12.3. Overview of the horizontal stage of the spectrometer
4. The Vertical Stage of the Spectrometer
4.1. To set up the vertical stage, slide the VIPA out of the beam using the translational stage. [4.1.1-WIDE] Next, at a position 200 mm in front of the spherical lens S1, place a vertical mask mounted on a vertical translation stage to allow the mask to move out of the beam path. [4.1.2-MED] The next component will be a cylindrical lens 600 mm in front of the vertical mask. [4.1.3-LM] Use a post holder to place a 200 mm focal length lens between two irises. [4.1.4-MED-TXT] 

4.1.1. Talent working to slide VIPA out of the beam path

4.1.2. Talent placing/securing a vertical mask on a translation stage at the appropriate position
4.1.3. LAB MEDIA: “setup simplified.ai” (Video editor: Start with the image from 3.9.3 with the vertical mask and symbol added, and the symbol for VIPA2 moved off-axis, as in 3.8.1. During the narration, add the symbol and label for the lens C1 and highlight the interval on the number line between 600 and 0. Remove the highlighting after the shot.)

4.1.4. Talent placing cylindrical lens in position [TEXT: Cylindrical lens C1: focal length 200 mm]
4.2. The second VIPA will be on a vertical translation stage 200 mm in front of the cylindrical lens. [4.2.1-LM] Have the VIPA holder on a vertical translation stage in place to allow the VIPA to be moved out of the beam path. [4.2.2-MED] Mount the VIPA using a post and post holder to the stage, being careful to orient its entrance slit horizontally. [4.2.3-CU-TXT] Fine-adjust the position of the VIPA to place it exactly in the focal plane of the cylindrical lens, then move it out of the beam path. [4.2.4-MED]
4.2.1. LAB MEDIA: “setup simplified.ai” (Video editor: Start with the image from end of 4.1.3. During narration, add the symbol and label for VIPA1.)

4.2.2. Talent pointing out/working with the VIPA holder and translation stage that is in the correct position

4.2.3. VIPA being placed on its holder, ideally showing its entrance slit oriented correctly

4.2.4. Talent completing fine adjustments, then translating VIPA out of path
4.3. The final element is a second cylindrical lens placed 200 mm in front of the vertical mask. [4.3.1-LM] For this lens, position a translational stage oriented along the optical path. [4.3.2-MED] Mount and align the second cylindrical lens on the stage. [4.3.2-CU-TXT]
4.3.1. LAB MEDIA: “setup simplified.ai” (Video editor: Please start with the image from 4.2.1, but with VIPA1 also translated off the axis. During the narration, place the symbol for lens C2.)

4.3.2. Talent pointing out/positioning a horizontal translation stage in correct position and orientation for final lens

4.3.3. Lens as it is secured to stage [TEXT: Cylindrical lens C2: focal length 200 mm]
4.4. Return to the most recently placed VIPA, VIPA1, and translate it back into the beam path. [4.4.1-MED/WIDE-TXT] Use the vertical-translation degree of freedom to tune the entrance position of the beam into the etalon. [4.4.2-CU] Observe the effect of tuning on the camera image on the computer monitor. [4.4.3-SCREEN]

4.4.1. Talent turning attention to the VIPA and working to put it in beam path [TEXT: Adjust C2 to obtain sharp horizontal lines in the camera image.]

4.4.2. VIPA and its entrance slit as its translational degree of freedom is tuned

4.4.3. *To be submitted by author SCREEN: Lines as the VIPA entrance slit is translated

4.5. Continue by adjusting the vertical-tilt degree of freedom to tune the input angle of the beam. [4.5.1-CU] Watch the computer monitor for feedback on the effects of the adjustments. [4.5.2-SCREEN]

4.5.1. VIPA and its entrance slit as its tilt degree of freedom is tuned

4.5.2. *To be submitted by author SCREEN: Lines on screen as the VIPA entrance slit is tilted
5. Combination of the Two Stages
5.1. Now it is time to combine the two stages of the system. [5.1.1-WIDE] Do this by sliding VIPA-2, the first one mounted, into the optical path. [5.1.2-LM] Adjust the VIPAs while observing the horizontally and vertically spaced dots on the computer monitor. [5.1.3-WIDE] Stop when the dots; the spectral signature of the single frequency laser, are in focus. [5.1.4-SCREEN] 

5.1.1. Talent at completed apparatus, preparing for next steps
5.1.2. LAB MEDIA: “setup simplified.ai” (Video editor: Please start with the image from 4.3.1 after putting VIPA1 back on the axis with the rest of the elements. During the narration, move VIPA2 onto the axis with the other elements.)
5.1.3. Talent adjusting the VIPAs while looking at the monitor

5.1.4. *To be submitted by author SCREEN: Dots of the spectral signature, starting out of focus, then coming into focus

5.2. Take an image of the signature using the camera software. [5.2.1-SCREEN] In this software, right click on the image and choose the “line plot” option. [5.2.2-SCREEN-TXT] Drag the cursor horizontally across the image to generate a line plot, then release the cursor to view the plot that will be used to determine the finesse. [5.2.3-SCREEN]

5.2.1. *To be submitted by author SCREEN: Dots of spectral signature as the image is captured

5.2.2. *To be submitted by author SCREEN: Screen as a right click is made and “line plot” is selected [TEXT: Software by Andor]

5.2.3. *To be submitted by author SCREEN: Cursor being dragged across image and released to view plot

5.3. In this sample plot, the two required measurements are indicated. [5.3.1-LM] First, measure the diagonal distance between two dots; the free spectral range. [5.3.2-LM] Next, measure the full width at half maximum. [5.3.3-LM] Divide the free spectral range by the full width at half maximum and proceed if the ratio is greater than 30. [5.3.4-LM]

5.3.1. LAB MEDIA: Authors: Please provide a sample plot showing two peaks and indicating the free spectral range and full-width-at-half-max measurements to be made. Use the name 53468_Scarcelli_finesse 
5.3.2. LAB MEDIA: 53468_Scarcelli_finesse (Video editor: Please highlight the indicated free spectral range measurement)

5.3.3. LAB MEDIA: 53468_Scarcelli_finesse (Video editor: Please highlight the indicated full-width-at-half-max measurement)

5.3.4. LAB MEDIA: 53468_Scarcelli_finesse (Video editor: If possible, add the text FSR/FWHM > 30' along the bottom of the image, ideally typeset mathematically.)

5.4. Back at the bench, surround the spectrometer with a box skeleton covered with blackout fabric, demonstrated here with a different setup. [5.4.1-WIDE] Before continuing, ensure that the masks and the VIPAs are easily accessible. [5.4.2-MED/WIDE] Finally, connect the fiber to a standard optical probe, in this case a confocal microscope. [5.4.3-WIDE] 
5.4.1. Videographer: The next three shots will be at a different location than the others. Optical setup surrounded by frame; fabric being moved into place to cover it

5.4.2. Talent demonstrating ability to reach under fabric to manipulate elements

5.4.3. Talent working to connect confocal microscope
6. Measuring the Brillouin Shift
6.1. Here, an uncovered setup is used to demonstrate the steps in measuring the Brillouin shift. [6.1.1-WIDE] First, select one of the masks to be adjusted. [6.1.2-MED] In this case, begin closing the horizontal mask using its micrometer. [6.1.3-CU] Observe the laser signature on the computer monitor; the goal is to block the laser signature seen in the corners. [6.1.4-SCREEN] 

6.1.1. Talent at uncovered setup

6.1.2. Talent preparing to work with the horizontal mask

6.1.3. Horizontal mask as talent uses micrometer to close it
6.1.4. *To be submitted by author SCREEN: Laser signature as horizontal mask is beginning to be closed

6.2. Use the translation stage to center the mask horizontally to help block the signature. [6.2.1-CU] Continue to observe the behavior of the laser signature on the monitor. [6.2.2-SCREEN] Iterate between closing and translating the mask until the signature is blocked, then do the same with the vertical mask [6.2.3-WIDE]

6.2.1. Horizontal mask as the translation stage is moved to center it
6.2.2. *To be submitted by author SCREEN: Laser signature as horizontal mask is translated; ideally this would be consistent with shot 6.1.4

6.2.3. Talent continuing to adjust the horizontal mask and/or moving to and working with the vertical mask

6.3. With a sample loaded, open the vertical stage mask to start optimizing the vertical stage throughput. [6.3.1-MED-TXT] Move on to the vertical stage VIPA, VIPA-1. [6.3.2-MED] Vary the VIPA tilt position to range over input angles to the etalon. [6.3.3-CU] Scan through spectrometer orders and stop at the order with the sharpest signal. [6.3.4-SCREEN]

6.3.1. Talent preparing for next steps [TEXT: See manuscript for discussion of samples]

6.3.2. Talent turning focus to VIPA1

6.3.3. VIPA as its tilt position is varied systematically (may be possible to reuse 4.5.1) 

6.3.4. *To be submitted by author SCREEN: Image from monitor as the scan over orders comes to an end at the strongest signal

6.4. Close the mask again until the laser signal disappears. [6.4.1-MED] Repeat the optimization process with the horizontal mask and VIPA before taking measurements. [6.4.2-WIDE]

6.4.1. Talent closing the vertical mask

6.4.2. Talent moving to work with the other mask and VIPA
7. Results: Brillouin Spectra of Methanol, Ethanol, and Polystyrene
7.1. Here are Brillouin spectra measured for methanol, ethanol, and polystyrene. (Voice talent: Please pause after naming each molecule.) [7.1.1-LM]  In these plots the measured data are in blue; the Lorentzian curve fit is in red. [7.1.2-LM] The VIPAs used are 5 mm thick, giving a free spectral range of about 20 gigahertz. The integration time was 100 milliseconds. 100 measurements were taken and averaged. The Brillouin shifts agree with previous published results.[7.1.3]

7.1.1. LAB MEDIA: “JOVE Figure 3a (1).jpg”, “JOVE Figure 3b (1).jpg”, “JOVE Figure 3c (1).jpg” (Video editor: Please display these side-by-side, left to right, and highlight each as the molecule is named.)

7.1.2. LAB MEDIA: Continue with the figures from 7.1.1. (Video editor: Please choose one panel [polystyrene (3c) may be best] , possibly bringing it to the foreground, and point to the blue curve in it during the first part of the sentence; point to the red curve for the second part of the sentence.)

7.1.3. LAB MEDIA: Continue with figures from 7.1.1 (Video editor: Please keep these on screen for the last three sentences.)

7.2. This histogram is of the Brillouin shifts found in 250 sequential measurements of methanol. The data help determine if the spectrometer alignment is optimal. A well-aligned spectrometer with 5 milliwatts of light on the sample and an integration time of 100 milliseconds will have a standard deviation of about 10 megahertz.

7.2.1. LAB MEDIA: “JOVE Figure 4b.jpg” (Video editor: Please show this image for the entire narration.)
8. Conclusion (said by authors on camera)
8.1. Kim Berghaus: While attempting this procedure, it’s important to remember to change the camera settings when laser light or scattered light is used. Otherwise the CCD camera will be saturated and degrade over time.
8.2. Kim Berghaus: Don't forget that working with lasers can be extremely hazardous and precautions such as never looking straight into the laser beam, wearing safety glasses and always aligning below eye level should always be taken while performing this procedure.
PRONUNCIATION: 

VIPA (vaɪpə, similar to how you would say viper (the snake) but with an ‘a’ at the end instead of ‘er’) 
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.  

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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