[image: ] FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #: 58699
Scriptwriter Name: Michael Linnes
Project Page Link: http://www.jove.com/files_upload.php?src=17903243 

Title:  Safe Experimentation in Optical Levitation of Charged Droplets Using Remote Labs


Authors and Affiliations:  Daniel Galán1, Oscar Isaksson2, Jonas Enger2, Mats Rostedt2, Andreas Johansson2, Dag Hanstorp2, Luis de la Torre1

1Departamento de Informática y Automática, UNED, Madrid, Spain
2Department of Physics, University of Gothenburg, Gothenburg, Sweden

Corresponding Author:  
Daniel Galán		(dgalan@dia.uned.es)


Email addresses for Co-authors:  
Oscar Isaksson	(oscar.isaksson@chalmers.se)
Jonas Enger		(Jonas.Enger@physics.gu.se)
Mats Rostedt		(mats.rostedt@physics.gu.se)
Andreas Johansson	(andreas.johansson@physics.gu.se)
Dag Hanstorp		(dag.hanstorp@physics.gu.se)
Luis de la Torre	(ldelatorre@dia.uned.es)





Author Questionnaire: 
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  No
Can you record movies/images using your own microscope camera? (Y/N) No
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
2. Does your protocol include 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.
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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
2.6.	Under “EJS variables”, mark the checkbox named “Laser Remote Enable2” power and set “laser current2” to 25 so that the laser power slide to the right ends up at 25%. [1]  
2.9.	Then, adjust the translation stage by turning the driving screws at its base to move the tip of the droplet dispenser until the droplets are falling into the laser beam.[1][2]
2.10.	Back in the software, raise the laser power to about 66% using the Laser Current 2 input field to trap a droplet.  As soon as a droplet is trapped, uncheck Drops2. [1]  
3.12.	Then, select the Electric Field menu and set the DC electric field to zero with the DC (Voltage) numeric field. Using the chart, estimate and note an average value of the droplet position and also note the laser power. [1]  
3.13.	Now, set the DC electric field to a value between +500 Volts and -500 Volts to make the droplet change its position. Once the position changes, modify the laser power with the slider until the droplet is back in its original position and write down the new value of the laser power. [1]  
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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
The most critical point for the success of the procedure is the capture of the droplet. It is essential that the chamber where the droplet is captured is clean, that the laser beam is not obstructed by any object and that the sequence of drops that fall from the dispenser is aligned with the laser beam. In order to do this, laboratory personnel are in charge of checking the correct functioning of the system every day. They turn on the laser, check that the capture is effective and, finally, clean the chamber of any remaining glycerol or water.
5. Will the filming need to take place in multiple locations? (Y/N) No 


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

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

Why is your protocol significant? OR What key questions can this method help answer? 

[Authors comment: The answer to the question 1.1-1.6 will be answered by the last author of the paper Luis de la Torre. He will record these answers at a studio at UNED and send them to you]

1.1. Dag Hanstorp: Our protocol can be used to visualize many fundamental physical concepts, such as photon pressure or how a charged particle moves in an electric field. Even more, all these tasks can be performed remotely.


What is the main advantage of this technique?

1.2. Dag Hanstorp: The main advantage is that we observe physical processes with our bare eyes, either directly in the laboratory while wearing alignment laser goggles, or on a computer screen using a simple web-camera.


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


Are there any specific areas of research that this method could provide insight into? 

1.3. [bookmark: _Hlk529094518]Dag Hanstorp: The experimental system can, for instance, provide insight in atmospheric sciences by investigating collisions between liquid droplets or the chemical composition of a droplet using Raman spectroscopy. The remote access protocol is applicable to a wide range of experiment types.


How would you expect an individual who has never performed this technique to struggle? 

1.4. Dag Hanstorp: The main experimental challenge is that the experiment requires high power lasers.  This require strict laser safety procedures to be applied. The experiment should therefore be conducted in a dedicated optics laboratory.


Why is visual demonstration of this method critical?

1.5. Dag Hanstorp: The whole idea with this experiment is to visualize concept of physics that normally are demonstrated in black box experiments or through theoretical treatments.


Introduction of Demonstrator: (Said by you on camera)

1.6. Dag Hanstorp: Demonstrating the procedure will be Oscar Isaksson and Andreas Johansson from my laboratory. They are both sharing their time between teaching physics in two local high schools and pursuing research towards Ph. D. degrees.

1.6.1. Interview style: Author saying the above 
1.6.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.





Section - Protocol
2. Hands-On Experimental Protocol
2.1. Oscar Isaksson: Anytime powerful lasers are involved, safety needs to be a top priority.  This protocol describes the use of a class 4 laser delivering up to 1 W of visible laser radiation. Make sure all personnel present in the laser laboratory have conducted adequate laser safety training.[1]
2.1.1. INTERVIEW: Oscar Isaksson says the above statement while standing under a lit “Caution - Laser” notification sign 
2.2. Begin by informing everyone in the lab area that a laser will be turned on. [1] Then, turn on the laser warning lamp inside the laboratory. [2]
2.2.1. MED: Talent points to the laser and speaks to another person in the lab telling them it will be turned on
2.2.2. MED: Talent turns on the warning lamp with lamp in view
2.3. Next, position the four light absorbing boards and check that the space between the laser and the absorbing boards is free from obstacles. [1] Also check that the space between the trapping cell and the beam block is free from objects. [2]
2.3.1. MED: Talent adjusts the boards as described
2.3.2. MED: Talent moves something from the space described
2.4. Prior to starting the laser, also remove any watches and metal rings and put on proper eye protection. [1]
2.4.1. MED: Talent removes a ring or watch and puts on eye protection
2.5. Now, turn on the lab computer and wait until it is ready to operate. [1] Open the Remote Startup folder from the desktop and click the icon Main1806.vi. Run the program by pressing the arrow in the top left corner. [2]  
2.5.1. MED Over the Shoulder: Talent boots up the computer
2.5.2. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
2.6. [bookmark: _Hlk528317878]Under “EJS variables”, mark the checkbox named “Laser Remote Enable2” power and set “laser current2” to 25 so that the laser power slide to the right ends up at 25%. [1]  
2.6.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
2.7. Observe the laser beam using alignment laser goggles to make sure that the beam ends up in the beam dump. If not, adjust the position of the beam dump. [1]
2.7.1. MED: Talent begins by looking at the beam alignment, then adjusts its position
2.8. Next, check Drops2 in the program vi. [1]  
2.8.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
2.9. Then, adjust the translation stage by turning the driving screws at its base to move the tip of the droplet dispenser until the droplets are falling into the laser beam. [1][2]
2.9.1. CU: Talent adjusts the translation stage’s position using the screws.
2.9.2. CU: Droplets falling outside and then into the laser beam.  - Video Editor: Show this as an inset to 2.9.1 as the stage is being adjusted.
2.10. Back in the software, raise the laser power to about 66% using the Laser Current 2 input field to trap a droplet.  As soon as a droplet is trapped, uncheck Drops2. [1]  
2.10.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
2.11. Andreas Johansson: “After determining the size and polarity of the droplet by following along in the accompanying text protocol, determine the charge of the droplet [1] by first calculating its weight by multiplying the calculated size by its known density.” [12]
2.11.1. INTERVIEW: Andreas Johansson says the above statement while working out the calculation on a sheet of paper
2.11.2. LABMEDIA: Jove58699_1.3.21
2.12. Next, set the E-field DC control2 to zero and estimate and note an average value for the position of the droplet by the PSD Normalize Position trace in the Chart Waveform. [1]  
2.12.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
2.13. Calculate the value of the laser power, given as FRad1 in Equation 2. [1][2]
2.13.1. MED: Talent calculates the value of the laser power 
2.13.2. LM: Equation 2 - Video Editor: Add this as in insert into 2.13.1
2.14. Now, set the E-field DC control2 to + 5 volts or -5 volts such that the droplet moves upwards. The droplet is now at a new position. Slowly reduce the laser power until the droplet is back in its original position.  [1] Write down the new laser power as FRad2. [2]  
2.14.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
2.14.2. MED: Talent writes down the value for FRad2
3. Remote Experimentation Protocol
3.1. To access the remote laboratory, open the UNILabs webpage on a web browser. [1-TXT]  
3.1.1. SCREEN: To be provided by the authors – Talent opens a browser and navigates to the page. Authors, please upload this screen capture to your project page. TEXT: https://unilabs.dia.uned.es/
3.2. Once connected, select the desired language in the first item of the menu under the header. Then, log in using the following data. [1-TXT]  
3.2.1. SCREEN: To be provided by the authors – Talent selects English from the menu and then logs in. Authors, please upload this screen capture to your project page. TEXT:	Username: test ; Password: test
3.3. In the course area, next to the login area, left click on the logo of the University of Gothenburg.  Then, click on Optical Levitation to access the material of this experiment.  Access the remote laboratory by clicking on Remote Laboratory of Optical Levitation. [1]  
3.3.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.4. After that, ensure that the main frame of the webpage looks like this and shows the user interface of the remote laboratory.  Then, click on the Connect button. If the connection is successful, the button text will change to Connected. [1]  
3.4.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.5. Next, click on Tracking droplets and check that the PSD data is being received.  Then, click on General view to identify all elements of the setup: the laser, the droplet dispenser, the trapping cell and the PSD. [1]  
3.5.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.6. To trap a droplet, first click on the Trapping droplets button to visualize the pipette and the droplet dispenser nozzle.  Then, click on the Turn on laser button to establish the connection to the laser. [1]  
3.6.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.7. From here, set the laser power around the first quarter of the control strip, which is situated under the Turn on laser button. Wait until the green light is visible. [1]  
3.7.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.8. Oscar Isaksson: “If the laser is correctly aligned, a thin green light beam will be seen. Otherwise, a scattered green spot will be perceived. In case of incorrect alignment, shut down the system, and contact the lab maintenance services as described in the accompanying text protocol.[1]
3.8.1. INTERVIEW: Oscar Isaksson says the above statement while standing next to the laser setup.
3.9. Once the laser is aligned, increase its power to 3/4 of the bar. Then, click on the Start drops button to turn on the droplet dispenser. [1]  
3.9.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.10. Watch the webcam image and wait until a flash is produced. At that moment, a droplet has been captured.  Check the webcam image again and verify that a droplet is levitating in the center of the trapping cell. Then, press the Stop drops button to turn off the droplet dispenser. [1]  
3.10.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.11. To determine the size of the droplet, press sizing droplets, and follow the procedure in section 8 of the accompanying text protocol. [1]
3.11.1. LABMEDIA: JOVE58699_2.4.11
3.12. To determine the charge of your captured droplet, first click on the Tracking droplets view. [1]  
3.12.1. SCREEN: To be provided by the authors – Talent switches to the tracking droplets view. Authors, please upload this screen capture to your project page.
3.13. Then, select the Electric Field menu and set the DC electric field to zero with the DC (Voltage) numeric field. Using the chart, estimate and note an average value of the droplet position and also note the laser power. [1]  
3.13.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.14. Now, set the DC electric field to a value between +500 Volts and -500 Volts to make the droplet change its position. Once the position changes, modify the laser power with the slider until the droplet is back in its original position and write down the new value of the laser power. [1]  
3.14.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.15. Finally, use equation 2 from the accompanying text protocol to calculate the droplet’s charge. [1]
3.15.1. MED Over the Shoulder: Talent writes out formula using equation 2 and the discovered values. 

Section – Results
4. Results:  Optical Levitation of a Charged Droplet

4.1. [bookmark: _GoBack]Shown here is a trapped droplet levitating. It is possible to see one of the droplets levitating inside the cell of the setup. [1] The green color is due to the laser and the fact of seeing two dots instead of one is that the droplet is reflected on the glass of the cell. In this case, the upper point is the reflection and the lower point is the droplet. [2] 

4.1.1. LABMEDIA: Figure 5 (drop2.jpg) - Video Editor: With the 2nd sentence, add an arrow pointing to the lower of the 2 green dots in the center of the black circle.
4.1.2. LABMEDIA: Figure 5 (drop2.jpg) - Video Editor: With the word “reflected” add an arrow pointing to the higher of the 2 green dots.




Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity. 
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
5.1. Oscar Isaksson Dag Hanstorp: The most important thing to remember in running the experiment is to have patience when trying to trap a droplet. It is a micrometer-sized droplet which should end up in a beam of light, just slightly wider than the droplet itself. A few drops may fall before one is trapped. (Step 3.9)
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
5.2. Andreas Johansson Dag Hanstorp: In order to get a more accurate value for the charge, a control loop can be used. When applying an electric field, the control loop will change the laser power until the droplet is back in its original position.  
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
5.3. Oscar Isaksson Dag Hanstorp:  A further development of this setup has been used to study droplet collisions using high speed cameras.  Additionally, the particle’s position may be tracked using a Sagnac Interferometer.
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
5.4. Andreas Johansson Dag Hanstorp: A Class IV laser is used in this experiment.  It is important to take all safety measures relevant to protect the environment and laboratory personnel. 
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