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This section gives additional information to accompany the main text. This document is organized
as follows. We first describe in detail how (A) the numerical codes used ((1) Mapping code & (2)
Basilisk code) are accurate enough to describe the behavior of the prefactor A over large time scales.
We then describe in Section (B) our numerical computation of the electrical resistance in the liquid
bridge. Section (C) provides more details about the electrical setup used to measure the electrical
resistance at the nanosecond time scale.
A.

Validation of the Numerical codes

(a)

Since one of the main claims of the paper is to highlight
the role of viscosity in the final stages of the pinch off,
particular attention was taking into account to check that
numerical schemes considered in this work to minimize
the effect of numerical dissipation.

1.

Mapping code

The accuracy of this numerical method was tested in a
previous work [1] by calculating the damping of the smallamplitude free surface oscillations in a liquid bridge configuration. This calculation constitutes a stringent test
because the phenomenon involves several complex processes, particularly the viscous dissipation taking place
in the bulk and within the oscillatory Stokes and free
surface boundary layers, the interaction between those
boundary layers close to the triple contact lines, and the
small-amplitude deformations of the free surface. As it
can be seen in the Sup. Fig. 1(b) (extracted from [1]),
the code predicts accurately the experimental damping
factor for an Ohnesorge number similar to what we considered in the present work.

2.

Basilisk code

The damping of the small-amplitude free surface oscillations in a liquid bridge was also successfully tested
in [2] using the previous version of Basilisk code called
GERRIS.
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(b)

SUP. FIG. 1. Frequency (a) and damping rate (b) for axial oscillations of 5 cSt silicone oil. The parameters characterizing the experiment were L/2 = 1.74, Bo = 0.478, and
Oh = 0.0349. The open and solid symbol correspond to the
experimental and numerical results, respectively. Extracted
from figure 2 in [1].

In addition to these works, a study of the influence of
the mesh was conducted in order to rule out the effect
of the spatial resolution in the value of the prefactor A
at the final stage of the pinch-off for the Basilisk simulations. We implemented in the code a dynamic adaptation
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SUP. FIG. 3. Effect of the viscosity (e.g. Oh) on the simulated
prefactor as a function of the dimensionless time to pinch off
τ . The real case (Oh = 6.0437 × 10−4 of the mercury liquid
bridge is compared to a fictive liquid with a viscosity 6 times
lower (Oh = 1.0384×10−4 ) and one order of magnitude higher
(Oh = 6.0384 × 10−3 ).
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SUP. FIG. 2. (a) Effect of 3 different levels of numerical resolution (levelmax =14, 15 and 16) on the determination of the
prefactor A. Levelmax=16 represents the maximum level of
resolution that we could achieve with our computational resources, and doubling the mesh size relatively to levelmax=15.
The prefactor A is plotted as a function of the dimensionless
time to pinch-off τ = (tc − t)/t∗ for Mercury, and a value of
the capillary size R0 = 1mm. (b) Effect of 2 different levels
of numerical resolution ((levelmax =15 and 16) on the outer
cone shape of the neck region for Rmin /R0 = 0.00005.

based on the size of Rmin , to control the mesh sizes in the
neck region. In order to see if the decay observed in the
prefactor A after reaching its maximum value is physical,
we have changed the maximum level of mesh resolution
applied in the neck region. We show in the Sup. Fig. 2(a)
the prefactor A for the case of mercury with R0 =1mm,

computed with three levels of resolutions (levelmax=14,
15 and 16). The prefactor A still decreases in spite of
doubling the mesh. All the results presented in this work
have been carried out with the maximum level of resolution that we could achieved with our computational
resources (levelmax=16 at the neck region. For instance,
this corresponds for the case of mercury R0 = 1mm of
cells of minimum size 4.2725 × 10−5 R0 ). This study also
confirmed the observed overshoot of the outer cone angle
of the neck region; in Fig. 2(b) the profile for two different levels of resolution is shown and compared to the
self-similar profile.
In order to demonstrate that is the viscosity and not
the numerical viscosity which explains why the asymptotic region is never reached for any of the experiments
considered in this work, we compare in Sup. Fig. 3 two
different cases. We simulate the mercury liquid bridge
similar to the experimental one and two artificial liquids
by keeping all the control parameters of mercury constant, except for the Oh which was significantly reduced
by 6 times and increased by one order of magnitude. The
comparison between both cases (mercury and artificial
liquid) is shown in the Sup. Fig. 3.
The results, computed with the same mesh, clearly
show that a decrease of viscosity produce an increase of
the maximum value of the prefactor A. One could expect that if the code had too much numerical viscosity,
we would not be able to reach the inviscid asymptotic
value by decreasing the real viscosity. However, as figure
3 shows, by decreasing the real viscosity towards zero,
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the inviscid asymptotic value is recovered. This is another indirect proof that numerical dissipation is small
in Basilisk code. On the other hand, our results also
point out the difficulty to reach this limit in a real experiment on earth (i.e with a Oh as lower than the artificial
liquid presented here).

B. Numerical computation of the electrical
resistance in the liquid bridge experiment

Another crucial point of the paper is that Burton formula cannot be applied to obtain the value of the effective minimum neck radius in the liquid bridge by simply
measuring the electrical resistance. To this end, the numerical resistance was computed using a combination of
basilisk simulations and a finite element method. The
methodology used is briefly described below.
First, at the selected time at which the resistance is
computed, the numerical profile of the interface is extracted from the basilisk simulation and saved into a text
file. This file is then imported to MATLAB to generate
the closed domain needed to solve the Laplace equation
for electrical problem. The geometry is normalized with
Rmin , and centered at the axial position where the interface has its minimum radius. For the electrical potential,
Neumann boundary conditions are applied on the free
surface and on the axis while Dirichlet boundary conditions are applied on the solid supports. A normalized drop in the electrical potential equal to one was
considered. Then, the Laplace equation is discretized
and solved using a finite element method provided by
MATLAB PDE tool. Sup. Fig. 4(a) shows contours
for the electrical potential for a case with overturning
(Rmin = 0.001). Sup. Fig. 4(b) shows the mesh at the
neck region.
Once we got the electrical potential, the constant and
normalized current flow (intensity) through the system
is obtained by integrating the axial derivative of electrical potential at any axial position where the profile does
not present overturn, assuming an electrical conductivity
equal to one. Finally, the numerical electrical resistance
is simply computed by dividing the intensity by Rmin .
The same procedure was used to compute the resistance
for the inviscid self-similar profile. The only different in
this case is that a straight line was used in the thread
end, while a spherical region was used in the drop end
of the self-similar profile to generate a closed numerical
domain.

C.

Electrical setup for the determination of the
thinning dynamics at nanosecond time scale

We measured the resistance of the thinning mercury
neck with an electrical circuit analogous to the voltage
biased voltage divider presented by Burton and coworkers
[3].

SUP. FIG. 4. Numerical simulations of the pinch-off region.
(a) Contours for the electrical potential for a case with overturning (Rmin = 0.001). (b) Shows the mesh at the neck
region.

The input resistance of our oscilloscope (RTO 1024,
Rohde and Schwarz) served as rscope = 50Ω resistor in
our divider circuit. Comparability with Burtons measurements was ensured by limiting the maximum bandwidth of our 2 GHz oscilloscope to 1GHz with a sampling
rate of 10×109 samples s−1 . The corresponding high frequency response was evaluated by approaching the two
copper electrodes in the absence of mercury, which gave
a step function with a rise time of 300ps for 1GHz. In
order to obtain high quality data on the very short examined time and length scales, the high frequency response had to be simplified as much as possible. Therefore, the effective cable length was minimized to 10cm by
integrating the copper electrodes into a BNC connector
with direct contact to the input of the scope. Since it is
crucial for this experiment to keep the voltage bias Vin
constant as the resistance of mercury RHg rises, a large
capacitor of 10nF was added to the upper copper electrode. Prior to the measurements, the mercury surface
was cleaned with concentrated sulphuric acid (H2 SO4 )
which dissolves the superficial layer of mercury oxide that
forms rather rapidly under normal condition in air: a contaminated surface appears grey-opaque, while a cleaned,
unoxidized surface is silver and shiny. An ultra-clean tissue that does not bind pure mercury was used to carefully
remove the residuals of the acid. In addition, the entire
setup is placed in a chamber filled (See Sup. Fig. 5(a))
continuously with pure nitrogen: this prevent any further
oxidation of the superficial layer of the mercury bridge
during the measurement.
The experimental setup probes the breakup of a mer-
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SUP. FIG. 5. (a) Electrical setup used for the measure of the electrical resistance of the capillary bridge. The entire setup is
placed in a chamber flushed continuously with pure nitrogen (blue tubes) to prevent any oxidation of the superficial layer of
mercury. A close view of the two electrodes receiving the mercury liquid capillary bridge is shown. The upper electrode can
be translated upwards thanks to a speed-controlled translation stage. The dynamics of thinning is followed, over a large time
scale, by measuring the electrical resistance (oscilloscope on the top) and by imaging (fast camera) the capillary bridge. (b)
Equivalent electrical circuit: voltage divider circuit.

cury bridge initially squeezed between the two electrodes.
It consists in two electrodes of radii R0 = 1mm (presented in the Fig.3(a) of the main text and in the
Fig.4(a)) whose the upper electrode can move with respect to the lower one. The upper electrode can be
moved vertically at a constant velocity v until the mercury bridge breaks. In these experiments, we imposed a
very low velocity v = 5µm/s to be sure that the capillary

bridge only thins because of surface tension.
Finally, the output voltage Vs (τ ) of the voltage divider
circuit is measured in time and decreases as the fluid neck
becomes thinner (see Fig.3(b) in the main text). The
resistance rHg of the mercury bridge is found from the
equivalent electrical circuit rHg = rscope (Vin /Vs − 1) (See
Sup. Fig. 5(b)), with Vin = 1V the tension supplied by
the voltage generator.
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