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THE STUDY OF KINETIC COLLOIDAL PARTICLES IN MAGNETIC
FLUIDS USING DIFFRACTION EFFECT ON AN OPTICAL GRATING
CREATED BY INTERSECTING LASER BEAMS

In this paper a short characteristic of magnetic fluids and some of their applications are presented a simple one-dimensional model of
creation of thermal and absorption grating is explained. The method of generation of optical grating by using the interference two intersecting
coherent laser beams is presented. In conclusion some possibilities of utilisation optical created grating are also indicated.

1. Introduction

Magnetic fluids are colloidal suspensions of single domain
ferromagnetic particles Fe or Fe;0,, or other particles dispersed
in a carrier liquid as, for example, water, mineral oil, etc. The par-
ticles, whose diameter is placed in the region (5 = 20) nm, could
not set down due to Brownian motion. These particles interacted
via the long-range magnetic forces and short range Van der Waals
forces. Mutual interaction of these particles causes formation of
agglomerates and then their sedimentation, and the long time
stabilisation of the colloidal solution is ensured by surfactant. The
surfactant covers the particles and thus essentially suppresses
interaction. As surfactant matter a detergent or alcohol and so on
is usually used.

The first magnetic fluid was prepared in 1938 by Elmore [1],
in order to see the magnetic domains in some ferromagnetic mate-
rials. The Papell [2] developed the magnetic fluids in 1965 in con-
nection with the cosmic program of NASA. In this case, will the fluid
being the part of the fuel made it possible to transport fuel into
rocket engine in weightless state. The next authors developed the
ultra - stabilised fluids with cobalt particles, with different carrier
liquids and different surfactants. The magnetic saturation was higher
than in the case of the Fe;0, particles. It turned out that the mag-
netic fluids share the hydrodynamic and the magnetic properties.
These are very interesting for fundamental physical research and
some technical application too. Now, we remind that the magnetic
fluid can be used as the seal of very speedy rotating shafts. In this
case the magnetic fluid plays the role of the packing ring. The
magnetic fluid can be used as a filling of space, in which the coil
of the loudspeaker oscillates, this secures the axial alignment.

At present the magnetic fluids find their application in bio-
medicine when the medicaments are purposefully transported [3],
in radio-diagnostic as of a contrast-medium [4], etc.
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2. Creation of thermal grating - one-dimensional model

If the sample of fluid containing colloidal particles is illumi-
nated by the light whose intensity is harmonically varied on the
direction perpendicular to the direction of the propagation of the
light beam the fluid will be heated harmonically due to light
absorption.

It is possible to obtain the harmonic dependence of the inten-
sity of the light, using two coherent intersecting laser beams (Fig. 1).

Interference
field

Fig. 1

When the sample of fluid is put into the interference field, the
harmonic thermal field is created in the place where the beams
are intersecting [5]. Harmonic variation of temperature will result
in the thermal diffusion exchange of the colloidal particles between
the places with different temperatures. This disturbs the equilib-
rium distribution of the particles (their concentration) and the dif-
fusion due to concentration variations of particles starts between
these places. After certain time the dynamic equilibrium takes
place between these two processes and the periodical distribution
of temperature and concentration of particles will be settled. Due
to changes of the index of refraction the phase grating is created
and due to the changes of concentration of particles the absorption
grating is created too. The self-diffraction of light arises in this
grating. When the interference field is switched off, the thermal
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optical grating vanishes after the relatively short time (of the order
of few milliseconds), while the absorption grating exist essential
a longer time. The destruction of the absorption grating can be
observed through the decrease of diffracted beam intensity. This
fact allows us to study the dynamics of the colloidal particles in
the fluid.

The diffusion flux of particles in the created grating, in one-
dimensional case can be written

on b 9’n S 9°T

ot x> x>

In this equation 7 is the concentration of particles, # is time,
D means the diffusion constant of magnetic particles, S is the
thermal-diffusion coefficient (Soret constant), T is the tempera-
ture and x is the co-ordinate. In the case when the illumination is
harmonic the equation (1) can be written as
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where 7}, is the amplitude of periodic modulation of the sample
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temperature, n, means density of the particles and () = is

A

the space frequency of the grating (A is the grating constant).
The solution of this equation is
nx,n)=ny+ STy (1 —exp(=D- Q> 1)-sin(Q-x) (3)

From this term we can see that the amplitude of the particle
density in equilibrium is

no=np- STy (4)

We can also see from Eq. (3), that after the heating is switched
off the concentration grating decreases exponentially with time
constant
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Using grating constant A the diffusion constant D can be
expressed as
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From this we can see that 7is a quadratic function of the
grating constant according to the expression
1
e —
8-m-D
It is known that the diffusion coefficient is connected with
mobility w of the particles by Einstein’s relation

D

A2, (7)

D=pk-T, )

where k = 1.38 - 1072 J - K~ ! is the Boltzmann constant
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In the first approximation we will assume that the particles
are of spherical shape. Then the viscosity of the based fluid can
be expressed according to the equation

B 1 kT
6 mepr 6w Der’

n )

where r is the effective radius of the colloidal particles. We use the

Poisson relation which determines the connection between the
force acting on the spherical particles and their mobility.

3. Experiment and results

The principal scheme of the set-up created in our department
of physics is demonstrated in Fig. 2.
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Fig. 2

The Ar laser beam (488 nm) is divided with a beam-splitter into
two coherent beams with the small trajectory difference. The sample
of magnetic fluid, with thickness in the region (60 + 150) wm
was placed in coherent intersecting laser beams, where the inter-
ference field is present (Fig. 1). The interference field creates the
thermal grating in the fluid due to absorption of the light. We can
observe either self-diffraction or the optical diffraction of the HeNe
(if we decide to use it). The disappearing of the diffraction grating
can be seen on auxiliary reading HeNe beam that is detected and
registered on PC.

The typical time dependence of creation and disappearance
of grating in our magnetic fluid is presented in Fig. 3. The time
dependence of disappearance of grating may be seen in Fig. 4.
This dependence has been evaluated and the time constant of the
disappearance 7 = 18,2 s has been obtained. This time constant
corresponds with the diffusion coefficient D = 1.2 - 10~ m? - 571,
which is in good agreement with another authors [9], [12].

The quadratic dependence of time constant of disappearance
on the grating constant for the first beam (Eq. (9)), has been
experimentally verified and is presented in Fig. 5.

4. Some applications

Some technical applications of magnetic fluids were mentioned
in the introduction of this paper. The optical grating created by
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two intersecting coherent laser beams in magnetic fluids could be
used as an optical-electronic element, which has some coincident
properties as can be seen in Fig. 6a,b.
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The signals A, B come on optical grating, realised by mag-
netic fluid. The coherent signals A or B with wavelength A are

detected on output side separately (Fig. 6a). If both beams appear
at the same time, after interference in their intersecting place, the
signal C will be also detected on the output.

b)
Fig. 6a, b

In Fig. 6b the case of three canal system is shown, in which
coherent signals A and B work with wave-length A;. The laser
beam C works on wave-length A,, for this the diffraction angle is
different. The laser signals A, B or C can be detected on output
side separately. The signal D can be detected if the interfering
signals A and B, which the optical grating create, are present in
the same time, while signal E is detected if the signals A, B and C
are all presented at the same time.

The disadvantage of the presented optical-electronic elements
is their slowly response, but in some cases this could turn into
advantage, e.g. in cases where the time delay is useful.

5. Conclusion

From the preliminary results it can be seen that using the
grating created by interference light field in the sample of the mag-
netic fluid and with the study of dynamic of its disintegration it is
possible to obtain information about diffusion constant (Eq. (6)),
the diameter of particles (Eq. (9)), if the viscosity of based fluid
is known. Or vice versa the information about properties of the
based medium, for example about its viscosity can be obtained, if
the effective diameter is known (Eq. (9)). The possibility of other
practical applications has been shown as well.
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