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24  SHORT ABSTRACT:
25  This protocol describes the design and manufacture of a water bridge and its activation as a water
26  fiber. The experiment demonstrates that capillary resonances of the water fiber modulate its
27  optical transmission.
28
29 LONG ABSTRACT:
30 In this report, an optical fiber of which the core is made solely of water, while the cladding is air,
31 is designed and manufactured. In contrast with solid-cladding devices, capillary oscillations are
32  not restricted, allowing the fiber walls to move and vibrate. The fiber is constructed by a high
33  direct current (DC) voltage of several thousand volts (kV) between two water reservoirs that
34  creates a floating water thread, known as a water bridge. Through the choice of micropipettes,
35 it is possible to control the maximal diameter and length of the fiber. Optical fiber couplers, at
36  both sides of the bridge, activate it as an optical waveguide, allowing researchers to monitor the
37  water fiber capillary body waves through transmission modulation and, therefore, deducing
38 changes in surface tension.
39
40 Co-confining two important wave types, capillary and electromagnetic, opens a new path of
41  research in the interactions between light and liquid-wall devices. Water-walled microdevices
42  are a million times softer than their solid counterparts, accordingly improving the response to
43  minute forces.
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INTRODUCTION:

Since the breakthrough of optical fibers in communication, awarded with a Nobel prize in 2009,
a series of fiber-based applications grew alongside. Nowadays, fibers are a necessity in laser
surgeries?, as well as in coherent X-ray generation®*, guided-sound® and supercontinuum®.
Naturally, the research on fiber optics expanded from utilizing solids into exploiting liquids for
optical wave guiding, where liquid-filled microchannels and laminar flow combine the
transportation properties of a liquid with the advantages of optical interrogation’. However,
these devices clamp the liquid between solids and, therefore, forbid it to express its own wave
character, known as capillary wave.

Capillary waves, similar to those seen when throwing a stone into a pond, are an important wave
in nature. However, due to the obstacles of controlling a liquid without dampening its surface
through channels or solids, they are hardly utilized for detection or application. In contrast, the
device presented in this protocol has no solid boundaries; it is surrounded by and flows in air,
allowing, therefore, capillary waves to develop, propagate, and interact with light.

To fabricate a water fiber, it is necessary to go back to a technique known as the floating water
bridge, first reported in 1893°, where two beakers filled with distilled water and connected to a
high-voltage source will form a fluidic, water thread-like connection between them?!!. Water
bridges can reach up to a length of 3 cm?!? or be as thin as 20 nm?3. As for the physical origin, it
has been shown that surface tensions, as well as dielectric forces, are both responsible for
carrying the bridge’s weight'#6. To activate the water bridge as a water fiber, we couple light in
with an adiabatically tapered silica fiber'”!® and out with a silica fiber lens*°. Such a device can
host acoustical, capillary, and optical waves, making it advantageous for multi-wave detectors
and lab-on-chip?®-?? applications.

PROTOCOL:

CAUTION: This experiment involves high voltage. It is the reader’s responsibility to verify with the
safety authorities that their experiment follows regulations before turning on the high voltage.

Note: Any kind of polar liquid can be utilized to produce liquid fibers, such as ethanol, methanal,
acetone, or water. The polarity of the liquid dictates the stability and diameter of the created
fiber?324, For best results, use deionized water with 18 MQ resistance. Before choosing optical
components, such as optical fibers and light sources, consult the literature to ensure a low
absorption in the water/liquid fiber at the desired optical wavelength. The protocol can be
paused at any given moment before filling the water reservoir (step 4.5).

1. Preparation of Water Reservoirs and Experimental Station

1.1. Manufacture two poly(methyl methacrylate) (PMMA) reservoirs with magnetic connectors
for the pipette and the high voltage, according to Figure 1.
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1.1.1. Cut two PMMA plates to 60 x 50 x 10 mm in size, drill cavities of 8 mm in depth and 7 mm
in diameter on the backside of the plates. Glue connector magnets inside the cavities.

1.1.2. For the capillary clamp, cut a stripe of PMMA to 45 x 10 x 2 mm and glue two magnets on
the top side of it.

1.1.3. For the electric connector, wrap magnets in a small piece of metallic foil and connect it
electrically with crocodile clamps to the high-voltage (HV) source. The reservoirs hold
approximately 100 - 300 uL of water. Place the wrapped magnets in fluidic contact with the water
in the reservoir.

Note: Preferably, use magnetic connectors for clamps and high voltage. If possible, do not to use
any kind of glue to attach the clamps or the connectors, as many types of glues dissolve under
the influence of high voltage or in the presence of electric arcs and diminish the water fiber
stability or optical quality.

1.2. Mount one PMMA reservoir on a 5-degree-of-freedom (DOF) micro-positioning stage.

1.3. Thoroughly clean all connectors and areas with isopropanol (spectral grade) followed by
deionized water. Blow-dry with nitrogen. Cover the PMMA water reservoir and all clamps with
polytetrafluoroethylene (PTFE) tape to avoid any leaking or dripping of water.

1.4. Position the set-up under an optical microscope for imaging. Use far-field objectives (5X, 0.14
NA, and 34 mm WD for long water fibers and 20X, 0.42 NA, and 20 mm WD lens for short water
fibers) to avoid unwanted grounding between the HV area of the water fiber and the electrically
conductive microscope set-up.

1.5. Set up two optical fiber clamps on linear transitional stages, one behind each water reservoir,
according to Figure 1. Each fiber coupler should be able to move back and forward within its
micropipette (discussed in the following section).

2. Choosing the Micropipettes and Voltage

2.1. The inner diameter of the micropipette ensures a maximum radius of the fabricated water
fiber. To create a 5-um radius water fiber, use 150-um-inner-diameter pipettes, paired with 125-
um-diameter optical fibers. For thicker (20 - 90 um) and longer (800 - 1,000 um) water fibers, use

micropipettes with an inner diameter of 850 um.

Note: As a rule of thumb, the water fiber maximum length is estimated by multiplying the
maximal radius by 25. For details, refer to Table 1.

2.1.1. Break the micropipette by hand over an edge to a length of 3 cm.
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2.2. To create water fibers with a diameter of up to 110 um, apply a voltage between the two
water reservoirs between 1.5 kV and 3 kV. For water fibers reaching up to a millimeter in length,
apply up to 8 kV. Compare with Figure 1 for electrical wiring suggestions.

3. Preparation of the Optical Couplers

Note: For the best transmission result, use a single-mode tapered fiber to launch laser light into
the water fiber and a highly multimode reflowed fiber lens as the output coupler (core > 100 um).
However, for easy operation, use a low multimode fiber as the output coupler (for example, a
1550-nm single-mode fiber for a 780-nm wavelength).

3.1. Fabrication of a Tapered Fiber Coupler
Note: See Figure 2.

3.1.1. Strip the 780-nm single-mode fiber with a fiber stripper from its plastic cladding to expose
an area of 10 - 15 mm of bare fiber. Clean the exposed area with delicate task wipes in
combination with acetone. Pass the fiber through the desired micropipette before tapering it.
Taper the fiber below the single-mode criteria with a slope smaller than 1/20.

3.1.2. Use a hydrogen flame for tapering the fiber with a flow rate of 140 mL/min, while
simultaneously pulling the taper from both sides at 0.06 mm/s.

Note: The tapered portion is in total between 6 to 9 mm. If the fiber breaks before reaching the
single-mode criteria, adjust the hydrogen flow to higher rates or place the fiber in a hotter area
of the torch. If the area is longer, adjust the hydrogen flow to lower rates or place the fiber in a
colder area of the torch.

3.1.3. Turn off the flame and carefully increase the tension in the fiber until it breaks at its
thinnest spot. Use this tapered fiber as the input coupler.

CAUTION: The tapered fiber is fragile.

3.2. Fabrication of a Fiber Lens Coupler

3.2.1. Strip the 1550-nm single-mode fiber tip with a fiber stripper and clean the exposed area
with delicate task wipes in combination with acetone. Choose and prepare a pipette as described
above and pass the fiber through it.

3.2.2. Heat the tip with an electric fusion splicer or CO; laser at 15-W power, focused through a
200-mm lens, until the glass fiber end becomes liquid and forms a slightly rounded shape, known

as a fiber lens.

4. Assembling
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4.1. If not done yet, insert the fiber couplers into the desired micropipettes.

4.2. Clamp the micropipette, using the premanufactured, magnetic PMMA clamp, with the fiber
couplers onto the PMMA reservoirs. The non-tapered side of the micropipettes should reach into
the water reservoir. Clamp each of the fiber couplers on a linear positioning stage.

4.3. Connect the tapered fiber coupler to a 780-nm, continuous wave, fiber-coupled 10-mW laser
source and the fiber lens coupler to a power meter. Fill the reservoir with water and ensure that
no air bubbles are stuck in the micropipette. If necessary, push or pull them with the optical fiber
coupler (from step 3.1 or, accordingly, from step 3.2).

Note: At this stage, following the optical path, the stations are: the laser light source, the optical
fiber, (and this fiber goes through) the fiber clamp on a linear stage, the water in the reservoir
with electrical connection, the micropipette filled with water, the optical tapered fiber coupler,
free space (later: water fiber), the fiber lens coupler (now the second fiber), the micropipette
filled with water, the water reservoir with electric connection, the fiber clamp on a linear stage,
and, lastly, the power meter.

4.4. Connect the ends of the mounted micropipettes by adjusting the 5-degre-of-freedom mount
of the PMMA water reservoir to establish a fluidic contact between the micropipettes. Turn on
the light source and the power meter. Adjust the fiber couplers to have a transmission with the
help of the 5-DOF PMMA water reservoir mount.

Note: Use appropriate laser safety equipment.

4.5. Connect the high voltage electrically with the water reservoir by placing the magnetic
connectors wrapped in metallic foil over the magnetic counterparts in the PMMA water reservoir
and attaching crocodile clamps to the metallic foil. Connect the crocodile clamps via electrical
cables to the HV source (Figure 2a).

5. Running the Experiment

5.1. Increase the voltage to the desired value. A starting point for a very short and narrow bridge
is 1.5 kV. Stable bridges with 100 um and more in length can be achieved with 2.5 - 3 kV.

5.2. Slowly increase the distance between the micropipettes to the desired length according to
the choice of the micropipettes (Figures 2b and 2c). Adjust couplers and pipettes with the 5-DOF
stage and the 1-DOF stages to optimize the optical transmission.

5.3. Measure the coupling efficiency by taking a measurement on the power meter and taking
the ratio of the coupled-in to the coupled-out laser power.
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5.4. Disconnect the power meter and connect a photoreceiver to the output fiber coupler.
Connect the photoreceiver to an oscilloscope. Record time trace measurements of the
transmitted light, representing the capillary water fiber oscillations.

5.5. Convert the time trace measurements via Fast Fourier Transformation to frequency domain.
Take the central frequency over full width at half maximum to receive the capillary quality factor.

Note: Create a spectrogram to check for frequency jitter.

5.6. Use the top view microscope set-up to characterize the geometrical structure of the water
fiber. The fiber radius is obtained at the thinnest portion of the water fiber.

REPRESENTATIVE RESULTS:

The coupling efficiency from a water fiber to a highly multimode fiber can be as high as 54%2>%.
The coupling efficiency to a single-mode fiber is up to 12%2°>%6. Water fibers can be as thin as 1.6
um in diameter and can have a length of 46 um (Figure 3)?>26, or they can be up to 1.064 mm in
length with a diameter of 41 um (Figure 3)?>%%. The transmission spectrogram reveals capillary
oscillation of the water fiber, similar to that of a guitar string (Figure 4)2>2%. The capillary quality
factors were estimated to be as high as 14 for long fibers?>2®. Considering the theory on water
bridges, it is possible to estimate the ratio between the surface tension and the dielectric
force?>25,

FIGURE AND TABLE LEGENDS:

Figure 1: Schematics of the set-up. (a) This illustration shows the water fiber experimental set-
up. (b) This sketch shows the water reservoir, the electrical connector, and the pipette clamp. (c)
This panel shows the water-walled waveguide softness compared with common solids. This
figure is reproduced in part from Douvidzon et al.?>?°,

Figure 2: Set-up photos. (a) This panel shows the PMMA-water reservoir on a 5-DOF mount. with
the PMMA-pipette clamp, the micropipette, the optical fiber, and the electric connector. (b) This
panel shows that a fluidic contact between the micropipettes is created. (c) This panel shows that
the distance between the micropipettes is increased to establish a water fiber.

Figure 3: Water fiber characterization. (a) This panel shows a water fiber longer than 1 mm. The
next two panels show (b) a micron-scale-thin water fiber, (c) the surface scattering due to
capillary waves at the water fiber liquid-phase boundary. (d) This panel shows light propagation
through the water fiber volume confirmed by a fluorescent dye measurement. This figure is
reproduced from Douvidson et al.>?,

Figure 4: Experimentally measuring the water fiber “guitar-string” modes. (a) This panel shows
a time trace measurement. (b) A fluctuation spectrum reveals a fundamental mode and, at
integer multiplications, its three overtones (dash lines). (c) This panel shows a fluctuation
spectrogram of a 0.94-mm-long fiber with changing voltage and, correspondingly, changing the
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fiber diameter, with voltage first constant, then increased, and finally, decreased. The color code
describes the transmission. (d) This panel shows the fundamental frequency of the fiber as a
function of the fiber diameter (circles) together with a theoretical prediction (dashed line).
Horizontal and vertical error bars represent the uncertainty of eight consecutive, 250-ms-apart
measurements of the central frequency and its corresponding fiber diameter. For all panels, the
fiber length is 0.94 mm and the oscillation is optically interrogated with a photodetector. The
diameter is measured via microscope. This figure is reproduced from Douvidson et al.2>?°,

Table 1: Water fiber length and radius. This table shows the water fiber length and radius with
respect to the electric potential and the pipette diameter. This table is reproduced from
Douvidson, et al.?>.

DISCUSSION:

To conclude, the major advantage and uniqueness of this technique is creating a fiber which hosts
three different kinds of waves: capillary, acoustic, and optical. All three waves oscillate in
different regimes, opening the possibility for multi-wave detectors. As an example, airborne
nanoparticles affect the surface tension of liquids. Already at the current stage, it is possible to
monitor changes in the surface tension through variations in the capillary eigenfrequency.
Additionally, water-walled devices are a million times softer than their solid counterparts,
improving the sensibility of sensors accordingly.

Based on experience with this set-up, we noticed a high dependency on the signal-to-noise ratio
and the quality of the optical couplers. Therefore, it is recommended to pay close attention to
the fabrication of the optical couplers. Consider an aquarium set-up to ensure a dust-free
environment for the tapering station and the water fiber set-up. Also, the execution of the
experiment involves a risk of breaking or damaging the tapered fiber coupler mechanically or
through an electric arc. In that case, the optical transmission can drop and become noisy to such
an extent that the capillary modes of the fiber are no longer visible in the spectrogram.

If capillary waves are not visible in the transmission measurements, remanufacture the couplers.
Additionally, the water fiber and the optical fiber couplers do not attract each other. Adjusting
the set-up for optimal transmission may require putting the water fiber a bit askew, to
mechanically press the tapered fiber coupler inside the water fiber.

Another obstacle in this set-up to be aware of is the crucial electrical resistivity of the water. Even
small amounts of ions in the liquid will cause the bridge to collapse. If the water fiber is shorter
and less stable than expected, a contamination of the water might be the cause. Replace the
water with 18 MQ clean room water. Additionally, the high voltage attracts charged air particles
in the surrounding of the water fiber, which dissolve and contribute to the instability. In this case,
a closed chamber will help improve the water fiber longevity.

An outstanding aspect of this set-up is that any polar liquid can be utilized to create a liquid fiber,
although deionized water is known for creating the longest, as well as, time-wise, the most stable
water fibers. It is interesting to consider other liquids for different applications. Switching the
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water to a liquid or a mix of polar liquids with fitting viscosity, surface tension, or optical
properties allows researchers to trim the fiber exactly to their demands.
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850 850 6000 51 830 Fig. 1b
850 850 6000 20.5 1064 Fig. 2a
850 150 1500 1.6-0.8 |46 Fig. 2b
850 850 5000 325 820 Fig. 2c
150 150 3000 4.75 110 Fig. 2d

3000 - )

850 850 8000 20-90 1940 Fig. 3
850 150 2500 27-3 24 -73 |Fig. 4
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Table of Materials

Name of Material/ Equipment

Deioniyzed Water

Micropipettes, Borosilicate Glass, round, inner diameter 850 micron
Micropipettes, Borosilicate Glass, round, inner diameter 150 micron
High voltage, low current source, 3kV with 5 mA.

High voltage, low current source, 8 kV with 0.25 mA.

Optical fiber

Optical fiber

Optical fiber

Fiber coupled laser

Photoreceiver

Oscilloscope

2 Degree of freedom tilt stagestage

3Degree of freedom linear micro translation stage

A set of magnets

Objective 5X

Objective 20 x

Zoom

Microscope tube

Isopropanol

2 x Bare Fiber holder

2 x Translational Stage

Block of PMMA for fabricating the water reservoir and pipette holder
PTFE-Tape

Fiber coupled, cw Laser Light Source

Click here to download Table of Materials JOVE_Materials.xIsx

Company

Produstrial.com
Produstrial.com
Bertan

Home build

Corning

Thorlabs

Thorlabs

FIS

New Port/ New Focus
Agilent Technologies
New Port/ New Focus
New Port/ New Focus

Mitutoyo
Mitutoyo
Navitar

Navitar
Sigma Aldrich
Thorlabs
Thorlabs

Gufero
New Port/ New Focus

*
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Catalog Number

#133260
#133258
Model 215

HI 780 C

FTO 30

FTO 30

SMF 28E
1801-FS
DSO-X 3034A
M-562F-TILT
M-562F-XYZ

MY5X-802
MY20X-804

12x Zoom
1-6015 standard
tube

67-63-0
T711-250

DT12

240453

TLB-6712

Comments/Description

18MOhm resistance

5 meter
5 meter
5 meter

with fiber connection

Spec Grad

150 x 60 x 10 mm

765-781 nm
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Title of Article: ;
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Author(s):

ltem 1 {check one box}: The Author elects to have the Materials be made available (as described at

i
H

http://www jove.com/author) via: : “Standard Access Open Access

ltem 2 (check ane box):

" "The Author is NOT a United States government employee.
L. i The Auther is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

3j The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEOQ LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video Llicense
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons. org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art repraduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, fisted on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corparation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s} made
by the Author, alone or in conjunction with any other parties,
or by loVE or its affiliates or agents, individually or in
collaberation with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

612542.6

2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the IoVE publish the Article and create
and transmit videos based on the Article, In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Articie, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the fuil term of copyright in the Article,
including any extensions thereto) license {a) to publish,
reproduce, distribute, display and store the Article in all farms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, {b} to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Warks and
{c) to license others to do any or alt of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. |f the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.

L]
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4. Retention of Rights in Article, Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. AH nen-copyright intellectual praperty rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video - Standard Access, This Section 5
applies if the “Standard Access” box has been checked in ltem
1 above or if no box has been checked in Item 1 zbove. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Auther hereby
acknowledges and agrees that, Subject to Section 7 below,
loVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section &
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Videg, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (inciuding without limitation in print, digital and
electronic form) throughout the world, (b} te translate the
Wideo into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in {a} above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and {c) to license others to do any or all of
the above. The foregoing rights may he exercised in all media
and formats, whether now known or hereafter devised, and
incfude the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public aill such rights in the
Video as provided in, but subject to all limitations and
requiremeants set forth in, the CRC License.

7. Government Employees, If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in ltem 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.5.C, 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

612542.6
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statute. In such case, alt provisions contained herein thatf are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’'s name, voice, likeness,

picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under afl applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is ariginal, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authars collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materiais. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Videc License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of alt or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
invoiving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JOVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of loVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its zbsolute and sale
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author's instifution as necessary to make the Video, whether
actually published ar not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
fiiming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including atterney’s fees, arising
out of any breach of any warranty or other representations
contained herein, The Author further agrees to indemnify and
held harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from zllegations or instances of violation
of intellectual property rights, damage to the Author's or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratery, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses ar damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE ar elsewhere by JoVE. The Auther shall be responsible
far, and shall hold foVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by joVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author's

ARTICLE AND VIDEO LICENSE AGREEMENT

expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shal}
include such losses or damages incurred by, or in connection
with, acts ar omissions of laVE, its employees, agents or
independent contractors.

12, Fees. To cover the cost incurred for publication, JoVE
must receive payment befare production and publication the
Materials, Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or preduction
decision, these funds will be returned te the Author.
Withdrawal by the Author of any submitted Materials after
final peer review appraval will result in a US51,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the cempletion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Goverping law, This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shail be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an criginal signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only ohe Agreement required per submission.

CORRESPONDING AUTHOR

Name: Ll L Y IEPAMAB XY !
Department: i L /U&‘M l‘d'\"’/u[« A T ﬁ 1 IU’
¢ AW
Institution: i |&7(\’\(’\t S A "“ﬂﬂm "\ Lec ”’L‘-’{D‘i"\
Article Title: 3 ->_¢ 57 C\?*4 &bi d& "i"{l-‘ﬂ ] (Ltlh v“‘),, (:;\ & C).r '} we T
Signature: Date:

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2} Faxthe document to +1,866.381.2236;

3} Mail the document to loVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945,9051
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Rebuttal Letter Click here to download Rebuttal Letter Cover Letter.docx 2

Dear Dr. Alisha DSouza,

Thank you very much for your comments and suggestions. As you suggested, we added an
additional figure with photographs as well as detailed explanations about the dimensions of the
set up. In addition, we addressed all the in text comments and reformulated the manuscript
where needed.

If you have further comments or suggestions, | am at your disposal.
Sincerely,

Mark Douvidzon
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Permission for Reprint Click here to download Supplemental File (Figures,

3/20/2018 E-Mail — mark.douRéaon@sanipss sdchhiBresniission for Reprint.pdf

RE: Case #00473955 - Reprint Permission of Figures [
ref:_00D300eGz._5000cTWYUBYy:ref ]

Journalpermissions <journalpermissions@springernature.com>

Mo 19.03.2018 17:14

An:Mark Douvidzon <mark.douvidzon@campus.technion.ac.il>;

Dear Mark,

Thank you for your email. This work is licensed under a Creative Commons Attribution 4.0 International License, which
permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
You are not required to obtain permission to reuse this article. The images or other third party material in this article
are included in the article’s Creative Commons license, unless indicated otherwise in the credit line; if the material is not
included under the Creative Commons license, users will need to obtain permission from the license holder to
reproduce the material. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

Kind regards,
Oda

Oda Siqveland
Permissions Assistant

SpringerNature

The Campus, 4 Crinan Street, London N1 9XW,
United Kingdom

T +44(0) 207 014 6851

http://www.nature.com
http://www.springer.com
http://www.palgrave.com

From: mark.douvidzon@campus.technion.ac.il [mailto:mark.douvidzon@campus.technion.ac.il]

Sent: 18 March 2018 11:16

To: Permissions@nature.com

Subject: WG: Case #00473955 - Reprint Permission of Figures [ ref:_00D300eGz._5000c1WYUBYy:ref ]

Dear Sir, Madam,

| am the author of the below mentioned article. Could you please issue me an official document that
permission is granted to reuse the article if cited correctly?

Thank you very much.

Best Regards,

Mark Douvidzon

Von: noreply@salesforce.com <noreply@salesforce.com> im Auftrag von customercare@copyright.com
<customercare@copyright.com>
Gesendet: Freitag, 16. Marz 2018 04:26

https://outlook.office.com/owa/?realm=campus.technion.ac.il&path=/mail/inbox 1/3
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3/20/2018 E-Mail — mark.douvidzon@campus.technion.ac.il

An: Mark Douvidzon
Betreff: Case #00473955 - Reprint Permission of Figures [ ref: 00D300eGz._5000c1WYUBYy:ref ]

Dear Mark Douvidzon,
Good day! Welcome to the RightsLink service of Copyright Clearance Center.
Please be advised that "Light and Capillary Waves Propagation in Water Fibers" is an Open Access article licensed

under the terms of the Creative Commons CC BY. This allows you to reuse the article provided that the authors and
original source of publication are properly cited.

If you need a formal document stating that permission is granted to reuse the material or want to get more information,
kindly contact the publisher directly at:

permissions@nature.com

If you have any further questions please don't hesitate to contact a Customer Account Specialist at 855-239-3415
Monday-Friday, 24 hours/day.

Best regards,

Rose Cabudoc

Customer Account Specialist

Copyright Clearance Center

222 Rosewood Drive

Danvers, MA 01923

www.copyright.com

+1.855.239.3415

Facebook - Twitter - LinkedIn
ref:_00D300eGz._5000c1WYUBYy:ref
——————————————— Original Message ---------------
From: mark.douvidzon@campus.technion.ac.il [mark.douvidzon@campus.technion.ac.il]
Sent: 3/15/2018 12:36 PM

To: customercare@copyright.com
Subject: Reprint Permission of Figures

Dear Sir, Madam,

| am the author of an article published in "Scientific Reports", with the title : "Light and Capillary Waves
Propagation in Water Fibers"(https://www.nature.com/articles/s41598-017-16906-0). | would like to
reproduce the figure in the above named paper for a different publication. Could you please explain to me,
the steps | need to undertake to be able to do so? Obviously, | would cite the Scientific Reports in my figure
caption.

Sincerely,
Mark Douvidzon
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