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S

martphones are increasingly used in higher education and
at university in mechanics,1-3 acoustics,4 and even thermodynamics5 as they offer a unique way to do simple science
experiments. In this article, we show how smartphones can be
used in fluid mechanics to measure surface tension of various
liquids, which could help students understand the concept of
surface tension through simple experiments.

Background
Interfacial tension is the energy per unit area required for
a material to create an interface with a surrounding material.
This surface tension exists for interfaces between solids, liquids, and gas. In the case of a liquid surrounded by air, interfacial tension is often called surface tension, which plays an
essential role in many natural phenomena such as pulmonary
breathing, use of detergents, and insect-walking on water.6-8
Usually surface tension is measured with quite expensive
equipment (Wilhelmy plate, ring method) and long calibration procedures in order to get very accurate values, which
perhaps prevents a simple understanding of the concept of
surface tension. The method described here is based on the
standard pendant drop method,9 where a drop of liquid is
suspended from a tube as shown in Fig. 1(a). The shape of the
drop is then governed by the balance of surface tension forces
along the tube and the weight of the drop. We show here that
without a specific image setup, smartphones are accurate
enough to get reasonable values of surface tension for various
liquids such as water, oil, and water with detergent, and can
be done easily by students on their smartphones.
When a drop is hung at the tip of a tube, the shape of the
drop is governed by the local Laplace equation, where the
weight of the drop and surface tension forces are balanced.
The complete resolution of this equation requires computa-
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tional9,10 analysis, which is the basis of the commercial measurement of surface tension.
However another way to estimate surface tension can be
given by the following simple equation10:
				
(1)
where
is the difference in density between the liquid
and air, g is the gravitational constant (g = 9.81 m/s²), DE is
defined in Fig. 1(a) and is the maximum diameter of the pendant drop, and
		
is a dimensionless function of the ratio between DS and DE,
which accounts for the specific shape of the drop due to gravity. DS is defined as the diameter of the drop at a distance DE
from the bottom of the drop. For instance, if the drop was a
perfect sphere, DS would be zero. Due to gravity, the droplet
is then elongated and DS becomes strictly positive. This 1/H
function can then be understood as a form factor and has
been calculated numerically,9 but for our purpose we use the
values tabulated in classic books10 and represented in Fig.
1(c). However, it is also interesting to note that within a good
approximation, this 1/H dimensionless function can be approximated by a simple analytical formula,
,
with a < 0.345 and b < –2.5 .
Thus, following Eq. (1), surface tension can be obtained
by measuring diameters with a ruler directly on the screen of
the smartphone using the optical and numerical zooms of the
smartphone.

Experiment

Droplets of various liquids (water, olive oil, water with
surfactants, ethanol) were suspended at the tip of a Pasteur
pipette (diameter tip dTube = 1.4 mm) by dipping it and pulling it out of a liquid reservoir. The
experiment has also been tested
with standard straws such as the
tube of a pen (dTube < 2.9 mm) or
McDonald’s straw (dTube < 5.9 mm)
instead of Pasteur pipette to test
the generality of our approach. The
smartphone used in the experiment
is an iPhone 4s (camera sensor 8
(a)
(b)
(c)
MPixels, display 6403960 pixels,
Fig. 1. (a) Water droplet suspended at the tip of a Pasteur pipette. (b) Illustration of the measurement of the diameters directly on the screen of the smartphone with a simple ruler. (c) 1/H as a 3.5-in screen) and the standard
camera function of the smartphone
function of the ratio DS/DE.10 Note the logarithmic scale on the axes.
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Fig. 2. (a) Water droplet, (b) oil droplet, (c) ethanol droplet hung at the tip of a Pasteur
pipette. (d) Water droplet hung at the tip of a pen tube. (e) Water droplet hung at the tip
of a McDonald’s straw.
Table I. Surface tension values obtained with the smartphone pendant drop method.

Typical
range of
DS/DE

Density
difference
=
L – air
(kg/m3)

Surface
tension
(mN/m)
(Smartphone
measurement at
20 oC)

Surface
tension
tabulated
value
(mN/m)
at 20 oC

Water (Pasteur
pipette)

0.68-0.78

999

7815
(6 drops)

72.8

Olive oil
Pasteur pipette)

0.75

930

333
(2 drops)

32

Ethanol Pasteur
pipette)

0.8

780

222
(2 drops)

23

Water (pen
tube)

0.82

999

60 (2 drops)

72.8

Water
McDonald’s
straw)

~1

999

67

72.8

c

which induces DS/DE ratios close to 1 [see for example Fig.
2(e)].

Conclusion
We present here a simple method to measure the surface
tension of various liquids with a smartphone. The simplicity of
our method especially compared to force measurement methods makes this approach interesting for educational purposes.
It could enable a simple characterization of surface tension.
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