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Introduction
Light fields are subjected to substance distribution for

most optical phenomena in nature, but, after nonlinear
optics birth and, especially, after particles laser trapping
experiments, it is clear that alternative contrary situations
can be realized up to and including Bose-Einstein
condensation. Microparticles with a relative refractive
index of 1n are trapping easily by means of well-known
Ashkin’s dipole force technique. To trap particles with
1n , e.g. gas bubbles in a liquid, it becomes rather more

involved [1]. But because of a surface tension temperature
dependence it is possible to trap the gas bubble easily
using so-called dissipative thermo-capillary force in the
absorbing liquids [2,3]. A broad size range of the bubbles,
captured by a light beam, a large action radius and a high
specific value of the capturing force are some of the useful
thermo-capillary trap properties [4]. In the process they are
evidently adjustable varying with the liquid medium
absorbance. It is believed our results also can be treated as
increasing an appeal of optical thermo-capillary gas bubble
trap technique.

1 Experimental Technique
Our experimental setup is extremely simple (Figure 1).

A linearly polarised laser beam is focused on the cell C,
containing an absorbing liquid, by means of the
converging lens L. The cell is arranged between the screens
S1 and S2 to observe the interference patterns (see lower) in
reflected (RL) and transmitted light (TL). The polarizer P is
used to control over the laser beam power. There is some
degree of freedom in the choice of laser types and liquids,
but, evidently, laser light wavelength  has to fall into the

Figure 1. Experimental scheme of the thermo-capillary gas
bubble trap. He-Ne – laser used; P – linear polarizer; L –
convergent lens; C – cell with an absorbing liquid; S1 and S2 –
plane screens. Photo inset shows observed on screen S2 pattern of
haussian laser beam thermal self-defocusing.

absorption band of the liquid. He-Ne-laser at 8.632
nm and power 15P mW jointly with brilliant green
ethanol solutions have been applied in our experiments. If
the liquid transmittancy T( ) is roughly about 0.1 at 1-
mm thick cell then conventionally such solution can be
taken as being dense one, but at T( )~0.9 the term “dilute
solution” will be used.

Photo of Figure 1 demonstrates observed on screen S2

picture of a thermal self-defocusing, created by focused
haussian laser beam in the dense solution. Lens L at focal
distance 11 cm provides the beam crossover size about 50
microns at the entry of the cell C. The self-defocusing
pattern testifies that the temperature of the liquid is
highest in a centre of the beam and decays towards its
periphery. The convective flows disturb a circular
symmetry of the temperature distribution.

If the gas bubble is captured by the laser beam, then
interference patterns shown on photos of Figure 2 are
sharply appearing on screens S1 and S2. These interference

Figure 2. The interference patterns observed on the screens S1
in reflected (upper) and S2 in transmitted (lower) lights after gas
bubble capture. The drawing schemes explain the patterns in
two–beam approach: θ and θ are angles of incidence and
refraction on the gas bubble surface; 02θ and 0θ are angles of
deflection in reflected and transmitted lights accordingly.
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patterns are moving in the process. As a rule, at laser
power P ~10 mW diameters of the interference circles are
growing if gas bubble is trapped in the dense solutions,
but on the contrary, they are reducing if capturing in the
dilute ones takes place. Interference pictures time
evolution occurs because of the same of gas bubble size. It
is remarkably that by means of the linear polarizer P this
evolution process is under control. By the laser power
increasing or decreasing the change of captured gas bubble
size can be stopped and directed toward gas bubble
growth or collapse at will. That is why we have used the
term “optical gas bubble management” to present
described above operations over the bubble size.

2 Two-beam Interference
Interference pictures of Figure 2 have both coarse (CFS)

and fine fringe structure (only CFS is noticeable on the
photos). Certainly, Mie theory [1,5] has to be applied to
explain the structure completely. But CFS is described
satisfactorily in approach of two-beam interference. Beam
courses are sketched on schemes of Figure 2 at zero and
maximum angles of deflection ( 360.1n is taken as initial
value for ethanol). If 02 and 0 are deflection angles in
RL and TL accordingly, their magnitudes determine
interference circles radiuses,  and   are angles of
incidence and refraction on a bubble surface (Figure 2),
then there are the following relationships:

  20 in RL;
   20 in TL.

Besides of that the refraction law fulfils:
 sinsin  n . (1)

At a given  value we have the corresponding values of
  and 0 . In doing so optical path differences are arising

in RL
        tgndr sinsincos2 0 ; (2)

and in TL
       sin1coscos ndt , (3)

here d is a bubble diameter.
Obviously, the condition  m corresponds to

interferential minima in RL and maxima in TL. On the
contrary, maxima in RL and minima in TL correspond to
the condition    21m . Here, of course, m is
integer.

Indicated above expressions are applicable to determine
the bubble size with an accuracy of a few percent at least
or even better in our experiments. But an essential error is
possible if the difference of real relative refractive index n
value from the initial one would be large enough. That is
why the measurements of real n value are very important.

3 Doppler Effect
In the treatment of the previous section constant bubble

diameter is suggested. If bubble diameter is variable, then
optical path differences are changing in time also. Let time

derivatives are specified by primes. From (2,3) at the limit
of zero deflection angles

trtr n





1
2)0()0( . (4)

Here the last fraction is the ratio of Doppler frequency
shifts for the waves reflected from and transmitted
through the moving dielectric interface [6]. Hence,
observed interference patterns time evolution can be
treated as a manifestation of Doppler effect on the moving
bubble walls. Measurements of Doppler shifts ratio (DSR)
give the method to determine the refractive index n value
in the vicinity of the bubble.

To carry out the measurements optical fibers were
arranged instead of the screens S1 and S2 (Figure 1). By
means of the fibers reflected and transmitted signals were
communicated to photomultipliers and further to
computer after an analogue-digital transformation. One of
the measurement results is displayed on Figure 3.
Transmitted signal IT is sketched by red colour, reflected
IR—by the blue. In doing so the angle of observation
( 0n for IT and 02 n for IR) was 151 rad. According to
(4) at initial n value the DSR has to be equal about six,
while from Figure 3 it results to 671 , i.e. close to twelve.
This two times disagreement can be explained by the
following. The bubble centre is immobile with respect to a
frame of reference in theoretical treatments discussed
above. But in our trap it is the forward bubble wall that is
immobile [2] and bubble centre is moving at its diameter
variation. In laboratory frame of reference at the limit of
zero deflection angle it will be used as before

dr  2)0( , (5)

but because of the bubble centre movement the variation
of transmitted optical path difference is two times slower:

 ndt  12)0( . (6)

Figure 3. The time dependences of the reflected IR (blue) and
transmitted IT (red) signals at moving interference patterns. The
observation angle ( 0θ2 n for IR and 0θn for IT) is equal to
151 rad. Experimental value of Doppler frequency shifts ratio

is 671tr  .
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Hence, in case of our experiment we have instead of (4):

trtr n





1
4)0()0( . (7)

Calculated by that value 338.1n is much better than by
using (4). But we have take into account that our
measurements were proceeded at non-zero observation
(deflection) angles. It is following from (2,3) to the lowest
degrees of 0 :

  122 2
0

2  nndr  ; (8)
    .1211 0  nnndt  (9)

The latter explains the difference in outward appearance of
RL and TL interference patterns on Figure 2. Hence the
non-zero angle correction to DSR, defined by (4) in linear
approach, is equal to  20 1 nn  . From some physical
considerations we anticipate that this correction is
conserving in passing to the laboratory frame of reference,
i.e. it is suitable to correct the DSR value calculated by (7).
Then after the first iteration step we receive 356.1n , but
after the repeating iteration process it results to

3539.1n . It is the latter value that we suppose as final.
By means of the known ethanol table data it is possible

to estimate a temperature coefficient of ethanol refractive
index as 14104~  KTn . Therefore our final result
corresponds to a temperature deviation KT 15~ in the
bubble vicinity. This magnitude may be considered as
coincident with estimation KT 5.7~ received in [2] by
using the aberration circles number 3N on the pattern
of thermal self-defocusing (see photo in Figure 1). As is
seen 6N in our case.

We can estimate the effective value of nonlinear (Kerr)
coefficient nln for the used solution. It is known that

Inn nl  , (10)
here n is the refractive index variation because of
nonlinear Kerr effect; I is a laser beam intensity. At
power 10P mW and haussian beam crossover 50~
we have in the laser beam centre 3106 n at

25.0~I kW/cm2. Therefore 2105.2~ nln cm2/kW is
sought-for Kerr coefficient value. It is one of the highest
known thermal nonlinearities. Perhaps by using the denser
solutions it is possible to receive thermal nonlinearities
just below the nonlinearities of liquid crystals.

4 Conclusions
The laser beam of treated above system serves the dual

function of “optical bubble management” tool on the one
hand and on the other – as a size-and-refractive index
measuring tool. Obviously, this function could be
subdivided between two lasers [1]. Moreover, the “bubble
management” field could be of another, nonoptical nature,
e.g. ultrasonic waves are used to capture gas bubbles in
well-known sonoluminescence experiments. Then some
degree of freedom would be provided to choose the
measuring laser. But almost without exception it is
possible, as in our experiment, to “tune” the liquid to laser

wavelength by means of absorbing solvable dopants.
Certainly, the proposed method on refractive index

measurements by means of DSR has an advantage because
of its space-time locality comparatively to other known
refractometric methods. If measured n value is perturbed
by the nonlinearity or dispersion effects, then unperturbed
initial value can be defined at the limits of low laser
intensities or low dopant concentrations.

From thermodynamic viewpoint the gas bubble,
trapped by a laser beam, is one of Prigogine’s dissipative
structure (DS) examples [3]. It is needed to note that
another DS, known as optical heart-beating phenomenon
and discovered by French scientists from Rouen in 1982
[7,8], is observable in our system also. Undoubtedly, both
DS have the same thermo-capillary nature and hence their
common synergetic exploration would ensure new
scientific results.

5 Acknowledgement
In bright remembrance of Bogdan Kalinyak, Pavlo

Mazurenko, Sergiy Nigoyan, Roman Senik, Mikhailo
Zhiznevskiy and Yuriy Verbitskiy.

Authors are obligated to express their apology and
gratitude to every man on EuroMaidan in Kiev and other
cities, towns, villages of Ukraine, who comes out in cold
and hot winter days to defend ideals of freedom,
democracy and human rights against blind and deaf
criminal power. We also are sincerely thankful to people of
all countries, nationalities and religions for a support and
understanding. Our hearts are beating together.

Slava Ukraini! -- Heroyam slava!

6 References
[1] Lankers M., Khaled E.E.M., Popp J., Rossling G., Stahl H., and
Kiefer W., Determination of size changes of optically trapped gas
bubbles by elastic light backscattering, Appl. Opt. 36(7):1638-43 (1997).

[2] Yarovaya R.G., Makarovskii N.A., and Lupashko N.A., Influence
of a laser beam on the motion of gas bubbles in an absorbing liquid,
Sov. Journ. Tech. Phys. 33(7):817-21 (1988).

[3] Bazhenov V.Yu., Vasnetsov M.V., Soskin M.S., and Taranenko
V.B., Dynamics of laser-induced bubble and free-surface oscillations in
an absorbing liquid, Appl. Phys. B 49:485-89 (1989).

[4] Ivanova N.A., Bezugliy B.A., Optical thermocapillary trap for a
bubble, Pis’ma Zhurn. Tekhn. Fiz. 32(19):66-71 (2006) (in Russian).

[5] C.F. Bohren, and D.R. Huffman, Absorption and scattering of light by
small particles (Wiley, New-York, 1983).

[6] I.Ye. Tamm, Foundations of electricity theory (Nauka, Moscow, 1989)
(in Russian).

[7] Gouesbet G. and Lefort E., Dynamical states and bifurcations of a
thermal lens using spectral analysis, Phys. Rev. A 37(12):4903-15 (1988).

[8] Gouesbet G., Simple  model for  bifurcations ranging up to chaos in
thermal lens oscillations and associated phenomena, Phys. Rev. A
42(10):5928-45 (1990).

ME-21.3


