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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  Y  
If Yes, can you record movies/images using your own microscope camera?
Y  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. James Friend: These techniques can be used to answer questions about resonance frequency, vibrational mode excitement, vibration amplitude, and how transducers with these characteristics perform as atomizers [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

REQUIRED: 
1.2. James Friend: With the information provided by these analyses, it’s possible to rigorously quantify the effects of independent variables in experiments involving thickness mode transducers [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 
1.3. Aditya Vasan: This technique enables the development of devices that can be used to atomize drugs for the treatment of respiratory diseases such as pneumonia [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 
1.4. Aditya Vasan: These methods are useful for characterizing atomization phenomena and can be applied to the study of capillary waves on the surface of a droplet [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 
1.5. William Connacher: Because many competing factors must be balanced, it can be difficult to achieve continuous atomization. Adjust the power input, and wick position, and wick orientation and observe how the behavior changes [1].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 
1.6. William Connacher: Many of these techniques are simple to perform after demonstration but require some dexterity and spatial awareness that do not come across in text [1].

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.7. 

Protocol
2. Electrical and Mechanical Transducer Contact

2.1. To assemble a custom transducer holder, solder two surface mount spring contacts to each of two custom printed circuit boards [1] and clip the outer contacts so they do not short the circuit [2]. Press ﬁt the spikes into the plated holes on the custom boards such that the spikes point away from each other [3].

2.1.1. WIDE: Talent soldering contact(s) to board(s) NOTE: recorded this in two short clips, one where the solder was applied to the solder pad, and a second where the spring contact was placed and soldered.   Vid NOTE: We see contacts in tk3. 
2.3.2   Outer contact(s) being clipped NOTE: shot was moved from 2.3.
2.1.2. Spike being pressed into hole

2.2. Use board spacers and screws to connect the two custom circuit boards so the contacts are just in contact with each other [1], adjusting the spacing with plastic washers as necessary [2].

2.2.1. Boards being connected
2.2.2. Washer(s) being placed

2.3. Then slide a 3- x 10-millimeter transducer between the inner pair of contacts [1]. [2].

2.3.1. Transducer being slid between contacts
2.3.2. Outer contact(s) being clipped NOTE: moved to 2.1.

3. Resonance Frequency Identiﬁcation 

3.1. To identify the resonance frequency by impedance analysis, connect a transducer to the open port of the network analyzer [1] and select the S11 reﬂection coefﬁcient parameter via the user interface of the network analyzer [2].

3.1.1. WIDE: Talent connecting transducer to network analyzer port Vid NOTE: DNU tk1.
3.1.2. Talent selecting coefficient parameter, with monitor visible in frame NOTE: Vid shot this, but it’s also in SC footage. I would check Screenshot_1: 00:00-00:11 if it is needed as SC.   

3.2. Select the frequency range of interest and perform the frequency sweep [1].

3.2.1. SCREEN: Screenshot_1: 00:11-00:21

3.3. Then select Save-Recall and Save Trace Data to export the data to an appropriate data processing software program to identify the precise minima locations [1].

3.3.1. SCREEN: Screenshot_1: 00:29-00:37

4. Vibration Characterization 

4.1. To characterize the vibration by LDV (L-D-V), place a transducer in pogo-plate contact on the LDV stage [1-TXT] and connect the pogo-probe leads to the signal generator [2].

4.1.1. WIDE: Talent placing contact onto stage TEXT: LDV: laser doppler vibrometry
4.1.2. Talent connecting leads to generator

4.2. Ensure that the correct objective is selected in the acquisition software [1] and focus the microscope on the surface of the transducer [2].

4.2.1. Talent checking objective, with monitor visible in frame Videographer: Important step
4.2.2. SCREEN: Microscope being focused on transducer surface Videographer: please film

4.3. Select Deﬁne scan points and Settings. A single point scan gives the user vibration amplitude at a single point. To determine the vibration mode and resonance, an area scan must be performed [1].

4.3.1. SCREEN: Define scan points and Settings being selected Videographer: please film

4.4. Under the General tab, select either the FFT (F-F-T) or Time option depending on whether the scan is being performed in frequency or time domain and set the number of averages [1].

4.4.1. SCREEN: FFT or Time opening being selected Videographer: please film

4.5. In the Channel tab, make sure that the Active boxes are checked and adjust the reference and incident channels to select the maximum signal strength from the substrate [1].

4.5.1. SCREEN: Active boxes being checked and reference and incident channels being adjusted Videographer: please film

4.6. In the Generator tab, if the measurement is carried out under single frequency signal, select Sine from the Waveform pull down list. If it is under a band signal, select MultiCarrierCW [1].

4.6.1. SCREEN: Sine then MutliCarrierCW being selected Videographer: please film

4.7. Then, in the Frequency tab, change the bandwidth and FFT lines to adjust the scan resolution for a frequency domain scan. If time domain measurements are being performed, change the Sample Frequency in the Time tab [1].

4.7.1. SCREEN: Bandwidth and FFT lines being changed, then sample frequency being changed in software Videographer: please film

5. Fluid Supply System Fabrication

5.1. To create the fluid supply system, select a 25-millimeter-long, 2-millimeter-diameter wick [1] composed of a bundle of ﬁbers of a hydrophilic polymer designed to transport aqueous liquid. Trim one end of the wick so that it forms an asymmetrical tip [2] and then insert it into a luer-lock syringe with the desired capacity [3-TXT] allowing the wick to extend 15 millimeters beyond the end [4].

5.1.1. WIDE: Talent selecting wick
5.1.2. Wick being trimmed
5.1.3. Wick being inserted into syringe TEXT: e.g., 1-10 mL (moved from 5.2.1)
5.1.4. Wick extending 15 mm beyond end(s)

5.2. Lock a syringe tip onto the syringe providing a snug fit around the wick [1] and mount the assembly such that the wick is 10-90 degrees from horizontal [2] and the tip of the wick is just in contact with the edge of the transducer [3].

5.2.1. Tip being locked Videographer: Important step 
5.2.2. Assembly being mounted Videographer: Important step
5.2.3. Shot of tip just in touch with transducer Videographer: Important step

5.3. Then fill the syringe with water [1], set the voltage to zero and apply a continuous voltage signal at the resonance frequency determined using the impedance analyzer [2]. Increase the voltage until the liquid is atomized continuously without the device ﬂooding or drying out [3].

5.3.1. Syringe being filled Videographer: Important/difficult step
5.3.2. Voltage being applied Videographer: Important/difficult step
5.3.3. Voltage being adjusted Videographer: Important/difficult step
5.3.4. Added video: example of device flooding NOTE: Shots 5.3.4 – 5.3.6 weren’t recorded, but the author can record them himself and upload them if we need it. Since there’s no VO to match them, I’d say we’re ok without them.
5.3.5. Added video: example of device drying out
5.3.6. Added video: example of continuous atomization

5.4. William Connacher: If the suggested adjustments fail, roughen the gold surface of the transducer near the point of contact with the wick with fine sandpaper without removing the gold entirely [1].

5.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

6. Dynamics Observation 

6.1. To observe the device dynamics via high-speed imaging, rigidly mount a high-speed camera horizontally on an optical table [1] and place a transducer in pogo-plate contact on an x-y-z stage near the focal length of the camera [2].

6.1.1. WIDE: Talent mounting camera
6.1.2. Talent placing stage/transducer in appropriate position
 
6.2. Position a diffuse light source at least one focal length on the opposite side of the transducer from the camera [1] and use a pipette to place a sessile drop on the surface of the transducer [2].

6.2.1. Light source being positioned
6.2.2. Pipette sessile drop

6.3. Adjust the camera focus and the x-y-z position to bring the ﬂuid sample into sharp focus [1] and select a frame rate that is at least twice as large as this frequency according to the Nyquist rate to avoid aliasing [2].

6.3.1. SCREEN: Screenshot_3: 01:08-01:21 Video Editor: please speed up
6.3.2. SCREEN: Screenshot_3: 01:23-01:28 Video Editor: please speed up

6.4. [1] Adjust the light intensity, camera shutter, or both to optimize the contrast between the ﬂuid and the background [2].

6.4.1. SCREEN: Screenshot_3: 01:29-01:38 NOTE: Authors removed VO for this, so if it doesn’t correspond to the rest of the step don’t show it. 
6.4.2. SCREEN: Screenshot_3: 01:38-01:45

6.5. Then connect alligator clips from the ampliﬁed signal generator to the pogo-probes leads [1] and capture the phenomenon by simultaneously triggering the video in the camera software and applying the voltage signal [2-TXT].

6.5.1. Clips being connected
6.5.2. SCREEN: Screenshot_3: 02:20-02:30 TEXT: Alternative: connect trigger for simultaneous video and actuation capture

7. Droplet Size Measurement 

7.1. For laser scattering analysis of the droplet size, adjust the laser transmitting and laser receiving modules along the rail of the laser scattering system [1] with a 20-25-centimeter gap between the two modules [2]. Vid NOTE: Move 7.3 to the beginning of section 7.

7.1.1. WIDE: Talent adjusting module(s) onto rail
7.1.2. Shot of gap between modules

7.2. Rigidly mount a platform in this gap such that, when the transducer and ﬂuid supply assemblies are placed on it, atomized mist will be ejected into the laser beam path [1].

7.2.1. Platform being mounted Videographer: Important step

7.3. To facilitate this alignment, turn on the laser beam [1] and select Tools, Laser Control, and Laser on [2].

7.3.1. Talent turning on laser beam
7.3.2. SCREEN: Screenshot_4: 00:12-00:22

7.4. Fix the transducer holder to the platform [1], ﬁx the ﬂuid supply assembly to an articulated arm [2], and use alligator clips to connect the signal source to the spike terminals on the transducer holder [3]. Vid NOTE: Move this step to the beginning of section 7.

7.4.1. Talent fixing holder to platform
7.4.2. Talent fixing assembly to arm
7.4.3. Talent fixing alligator clips to spikes

7.5. Position the ﬂuid supply assembly so that the tip of the wick is just in contact with the edge of the transducer [1] and click New Standard Operating Procedure in the laser scattering system software [2].

7.5.1. Assembly being positioned
7.5.2. SCREEN: Screenshot_4: 00:35-00:41

7.6. Set the template to Default continuous and the sampling period to 0.1 [1].

7.6.1. SCREEN: Screenshot_4: 00:41-01:10 Video Editor: please speed up

7.7. Under Data handling, click Spray proﬁle to set the Path length to 20 millimeters [1].

7.7.1. SCREEN: Screenshot_4: 01:36-01:57

7.8. Click Alarms to uncheck Use default values and set the Minimum transmission to 5 and 1 percent and the Minimum scattering to 50 and 10 [1].

7.8.1. SCREEN: Screenshot_4: 01:58-02:19

7.9. When all of the parameters have been set, click Start standard operating procedure and select the created procedure [1].

7.9.1. SCREEN: Screenshot_4: 03:37-04:05

7.10. Fill the ﬂuid supply reservoir with water up to the desired level and note the volume [1].

7.10.1. Water supply being filled Video Editor: please indicate filled volume
 
7.11. Once the measurement has started, turn on the voltage signal, and start the stopwatch as soon as atomization begins [1].

7.11.1. Talent turning on signal and starting stopwatch

7.12. Once the desired volume of ﬂuid has been atomized, turn off the voltage signal while stopping the stopwatch [1] and record the ﬁnal volume [2].

7.12.1. Talent turning of signal and stopping stopwatch
7.12.2. Shot of volume after atomization 

7.13. In the resulting measurement histogram, select the portion of the data during which the atomization was occurring as expected and the signal at the receiver was strong enough to be statistically significant [1].

7.13.1. SCREEN: Screenshot_4: 06:53-07:10 Video Editor: please speed up

7.14. Click Average and Ok to generate a distribution based on the selected data [1].

7.14.1. SCREEN: Screenshot_4: 07:04-07:28 Video Editor: please speed up

7.15. Then Copy and Paste the data into a text file and save with an appropriate file name [1].

7.15.1. SCREEN: Screenshot_4: 07:40-08:19 Video Editor: please speed up



Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? 
4.2., 5.2., 5.3., 7.2.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success?
5.3. can be very difficult because it relies on relative surface affinity.


Results
8. Results: Representative Device Characterization

8.1. The characterization for these devices includes determination of the resonant frequency and harmonics using an impedance analyzer [1].

8.1.1. LAB MEDIA: Figure 2 

8.2. In this representative analysis, the fundamental frequency of the devices was found to be close to 7 megahertz, as predicted by the thickness of the substrate [1].

8.2.1. LAB MEDIA: Figure 2 Video Editor: please emphasize peak at 7 MHz

8.3.  Further characterization using noncontact laser Doppler vibrometry can be used to determine the magnitude of displacement of the substrate [1], which is usually in the nanometer range [2].

8.3.1. LAB MEDIA: Figure 3
8.3.2. LAB MEDIA: Figure 3 Video Editor: please emphasize y-axis

8.4. In addition, the droplet vibration can be evaluated by high-speed imaging [1] and the atomization dynamics can be determined by measuring the droplet size distribution [2].

8.4.1. LAB MEDIA: Figure 4 Video Editor: please sequentially add/emphasize images OR no animation
8.4.2. LAB MEDIA: Figure 5B Video Editor: please sequentially emphasize peak clusters OR no animation



Conclusion
9. [bookmark: _Hlk27388131]Conclusion Interview Statements

9.1. William Connacher: Remember that, to achieve atomization, the transducer must be operating at a thickness mode resonance frequency. If the device is underperforming, then you may not be at the correct frequency [1].

9.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera 

9.2. Aditya Vasan: Using this protocol as a foundation, many parameters of thickness mode transducers can be varied and compared, such as the electrode thickness or lateral dimensions [1].

9.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

9.3. James Friend: Having established this protocol with water, thickness mode transducers can now be used with other fluids, for applications such as pulmonary drug delivery, cooling, and coating [1].

9.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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