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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (No)  

2. Does your protocol include software usage? (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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
3.3.2.	Talent combines the 3 beams with the cube.
3.4.2.	Talent adjusts the three lasers beams, with view of the beams projected on the object plane. 
3.8.3.	Talent places the plate on the recording box.
4.2.1.	Talent places the plate in the solution, agitates, and starts a timer.
4.4.1.	Talent places the plate in a tray.
5.1.1.	Talent scrapes off emulsion around the edges.

4. 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.)
To ensure the success of the protocol and to be repetitive, the key points are as follows: 
Respect the color balance and calculate the right exposure time (3.4)

Respect development time and temperature (4.2)

5. Will the filming need to take place in multiple locations? (No)


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.


1.1. Philippe GENTET: The recording of a single high-quality analogue Denisyuk hologram remains difficult even for experienced practitioners. This protocol gives several crucial key points and details to successfully record such holograms [1].
1.1.1. INTERVIEW


1.2. Philippe GENTET: This protocol allows getting a set of ultra-realistic full-color holograms presenting the same brightness, transparency and homogeneous colors with the use of the Ultimate U04 silver-halide holographic materials and chemicals [1].
1.2.1. INTERVIEW

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Philippe GENTET: This detailed protocol is intended to help new and also experienced practitioners in the field of analog holography to avoid many common pitfalls associated with recording full-color holograms [1].
1.3.1. INTERVIEW

1.4. Philippe GENTET: This visual demonstration of this method is critical to highlight all details that allow having reproducible results and get good holograms [1].
1.4.1. INTERVIEW



Section - Protocol
2. Content Creation
2.1. To begin, model the different elements of the scene with 3D computer graphics program, Blender, a free and open-source 3D software toolset. Create a 12-frame cyclic animation [1].
2.1.1. SCREEN: Talent opens Blender, and shows the 12-frame animation.
2.2. Print characters and background at the same scale using a fused deposition modeling monochrome 3D printer, with a white polylactic acid filament [1-LM]. Use sandpaper to eliminate printing defects [2]. Hand-paint the different elements with acrylic paint [3-TXT].
2.2.1. Video provided by author: Shot of the 3D printer, and then the filament.
2.2.2. Talent uses sandpaper on the printed object.
2.2.3. Talent paints the object. TEXT: CAUTION: Paint outdoors or use ventilation.
2.3. Set up the recording box, and fix the background in a rigid wooden box to avoid movement [1]. Using glue or plasticine, firmly attach the 3D printed character inside the box, without applying stress [2].
2.3.1. Talent fixes background in the recording box.
2.3.2. Talent applies plasticine, and places the character inside the box.
3. Hologram Recording
3.1. On an optical table with green safelight, assemble a Denisyuk (pronounce as Deni-siuk) single-beam full-color optical setup to record the holograms [1].
3.1.1. Talent presents the complete setup (optical table with all the elements).
3.2. Use a red HeNe (pronounce as helium–neon laser), 633 nanometers and 20 milliwatts; a green diode-pumped solid-state, 532 nanometers and 20 milliwatts; and a blue diode-pumped solid-state, 473 nanometers and 20 milliwatts [1].
3.2.1. Talent points to three beams. Videographer: From this step, film in the dark with a green ambient light.
3.3. Position two mirrors for the red and blue lasers to get four degrees of freedom [1]. Combine the 3 laser beams with an X-cube prism to get a white laser beam [2] that passes through the same spatial filter [3]. 
3.3.1. Talent shows the two mirrors.
3.3.2. Talent combines the 3 beams with the cube. Important Step
3.3.3. Talent shows the spatial filter.
3.4. From a distance of 1 meter and an angle of 45°, illuminate the recording box with the divergent beams [1]. Use the red and blue mirrors to get a homogeneous white beam projected on the object plane [2].
3.4.1. Talent illuminates the recording box.
3.4.2. Talent adjusts the three lasers beams, with view of the beams projected on the object plane. Important Step
3.5. With a power meter, measure the intensity of each laser horizontally, at the position of the holographic plate [1]. Determine the exposure time according to the manuscript [2].
3.5.1. Talent measures intensity of each laser.
3.5.2. Talent show the calculation with a calculator.
3.6. Close the laser beam with a shutter. The electronic shutter with a timer is able to control the exposure time precisely [1].
3.6.1. Talent programs the shutter with the good exposure time. Talent closes the laser beam. Shot of the shutter.
3.7. To prepare plates, under a green safelight, remove the holographic plates from the refrigerator and store them at room temperature in a closed black box for 1 hour before recording [1-TXT]. Darken the upper edge of the plate with a black marker to avoid internal reflection [2].
3.7.1. Talent takes out the plates from the refrigerator, and places into a box. TEXT: CAUTION: Avoid skin contact with the emulsion at any time.
3.7.2. Talent darkens the upper edge of the plate.
3.8. Then, set up the recording plate [1]. Blow onto the plate to determine the emulsion side with no steaming appearing [2]. Place the holographic plate emulsion-side down on the recording box. Allow it to stabilize for 5 minutes before recording [3].
3.8.1. Talent places the plate under a green light.
3.8.2. CU: Talent blows onto the plate.
3.8.3. Talent places the plate on the recording box without stress. Important Step
3.9. Open the shutter to expose the recording plate for the calculated amount of exposure time [1]. Then, keep the recorded plate in a closed box away from light [2].
3.9.1. Talent opens the shutter to expose the plate.
3.9.2. Talent places the plate in a closed box.
4. Hologram Developments
4.1. Under normal light mix 10 milliliters of developer with 90 milliliters of distilled or demineralized water in a tray [1]. Heat the developer to 22 degrees Celsius precisely in a microwave and check with a thermometer [2].
4.1.1. Talent dilutes accurately solution with a measuring cylinder.
4.1.2. Talent places the solution in a beaker and checks the temperature with thermometer
4.2. Under a green safelight, place the exposed plate in the tray and submerge it quickly, emulsion-side up, into the developer and agitate slowly for 4 minutes precisely [1].
4.2.1. Talent places the plate in the solution, in a tray, agitates, and starts a timer. Important Step
4.3. Remove the developer and wash the plate in its tray under running tap water for 30 seconds, allowing the water to overflow into a sink [1]. Under normal light, the plate has a pale yellow or orange color [2].
4.3.1. Talent washes the plate.
4.3.2. Talent shows the plate color under normal light.
4.4. Place the developed plate in the tray with bleach and submerge it quickly, emulsion-side up, without agitation [1]. Keep the plate in the bleach until it becomes fully transparent [2].
4.4.1. Talent places the plate in a tray. Important Step
4.4.2. Talent shows the plate transparent.
4.5. Remove the bleach and wash the plate in its tray under running tap water for 2 minutes, allowing the water to overflow into a sink [1].
4.5.1. Talent washes the plate.
4.6. Then, fill the tray with demineralized or distilled water solution with some drops of wetting agent [1], and submerge the plate in the tray, emulsion-side up without agitation for 1 minute [2].
4.6.1. [bookmark: _GoBack]Talent fills the tray with water and drops of agent. [Shots 4.6.1 and 4.6.2 combined]
4.6.2. Talent submerges the plate in the tray.
4.7. Next, remove the plate from the tray and dry it vertically for 15-20 minutes [1]. The hologram is visible under white light illumination [2].
4.7.1. Talent dries the plate.
4.7.2. Talent shows the hologram under white light.
4.8. To place the next object in the recording box with great precision, use a holographic onion-skin method under a green safelight by replacing the previous transparent hologram at its recording position [1], and observing both images at the same time under laser illumination to check that the new character is well-positioned [2].
4.8.1. Talent replaces the first plate hologram at the recording position with the second object in the recording box.
4.8.2. Talent observes both images to well position the second object.
5. Hologram Sealing
5.1. While the plate is still wet, use a scalpel to scrape off 5 millimeters of the emulsion around the edges [1]. Heat 1 milliliter of UV glue, the hologram and a clean glass plate of the equal size in an oven at 30 degrees Celsius for 10 minutes [2]. Laminate the hologram to the clean glass plate with the glue [3].
5.1.1. Talent scrapes off emulsion around the edges. Important Step
5.1.2. Talent heats glue, hologram and glass plate in an oven.
5.1.3. Talent glues the hologram to a glass plate.
5.2. Expose the clean glass side of the hologram to sunlight, and the UV glue hardens within 5 minutes [1]. Then, wash the sealed hologram with water and soap, dry it with tissue paper [2]. Blacken the back of it with matte black spray paint [3].
5.2.1. Talent places the hologram under sunlight.
5.2.2. Talent washes the hologram and dries with tissue paper.
5.2.3. Talent paints with black paint on the back.
6. Fantatrope Assembly and Operation
6.1. Mount the 12 holograms in chronological order in the regularly placed frames of the cylinder of the Fantatrope [1]. Rotate the Fantatrope gradually until it reaches a constant speed of 2 turns per second [2].
6.1.1. Talent mounts 12 holograms.
6.1.2. Talent rotates the device, and shows the speed accelerates gradually
6.2. An RGB LED strobe light synchronized with the rotation speed successively illuminates the different frames to create a rapid succession of images and produce the illusion of movement [1].
6.2.1. Shot of the rotating and the illusion of movement.



Section – Results
7. Results: Holograms
7.1. In this protocol, a Denisyuk single-beam full-color optical setup was assembled to record analogue holograms [1]. After recording, the holograms were developed, bleached and sealed [2] to obtain a set of twelve ultra-realistic full-color analog holograms with a 180° full-parallax, showing the same brightness, transparency and homogeneous colors [3]. 
7.1.1. Figure 2
7.1.2. Figure 3
7.1.3. Figure 4
7.2. The Fantatrope with the twelve full-color analog holograms mounted in chronological order was successfully operated. It generated the effect of a dynamic 3D display without the need for any special viewing aids. When rotation speed of the cylinder accelerated, the character appeared as if it was in motion [1].
7.2.1. Use 6.2.1.
7.2.2. 


Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Philippe GENTET: To get reproducible results, illuminate the plate with three homogeneous beams [1], use a power-meter to determine the exposure time [2] and respect the same development times and temperature for each plate [3].
8.1.1. INTERVIEW – Video editor: B-roll suggestion: Shot 3.4.2.
8.1.2. INTERVIEW – Video editor: B-roll suggestion: Shot 3.5.3.
8.1.3. INTERVIEW – Video editor: B-roll suggestion: Shot 4.2.1 with the timer.
8.2. Philippe GENTET: To prevent any emulsion thickness variations, holograms are sealed with glue. These sealed holograms can be flipped and used like masters to record H2 floating holograms with the same setup.
8.2.1. INTERVIEW
8.3. Philippe GENTET: The recording of holograms presenting the same brightness, transparency and homogeneous colors, allowed the creation of the Fantatrope, the first true dynamic holographic display.
8.3.1. INTERVIEW
8.4. Philippe GENTET: Ultimate holographic plates are developed with a safe and non-staining chemical process. But use personal protective equipment like goggles, glasses, gloves, and lab coats when using lasers, glue and paint. 
8.4.1. INTERVIEW
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