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Abstract
The statement of boundary conditions of the closed system of equations for the magnetic
fluid, which includes nanoparticles, has been carried out. It is shown that these conditions are
received from Maxwell’s equations and that the surface current at two extreme points may be
directed oppositely. It is shown as well that the magnetic field outside the area of the magnetic
fluid is zero, i.e. it may exist only within the definite area covered by the magnetic fluid.
After linearization of Langevin’s function of the equation for magnetic fluids, the closed
system of equations is received for complex amplitudes of magnetization ̂
̂ , spin-velocity
and velocity of the magnetic flux [1]:
̂
(
)
(
)̂
̂
( )
(
)(
)
) (
̂

)̂

(
(

(

)(

)

〈
(

)

̂

(

〉

)

( )
( )

)

( )

̂ and ̂ being the fields of the small signal and are known quantities. Analytical solutions of
this system of equations may be received, when the boundary conditions will be taken into
account. From Maxwell’s equations the corresponding boundary conditions for the components
of the magnetic field are given as follows:
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where ⃗ is the unit vector (normal) at the surface between two mediums apart.
is the
boundary surface current density in the area from y = 0 to y = d (Figure 1), which is the source
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of the magnetic field in x and y directions. The density of the magnetic flux and the intensity of
the magnetic field are given: ⃗⃗ and ⃗⃗ correspond to the internal part of the area of fields of
the magnetic fluid, i.e. to 0 < y < d area, while ⃗⃗ and ⃗⃗ correspond to external part of the
magnetic fluid, i.e. to y < 0 and y > d.

Figure 1. Magnetic fluid in the vessel
with solid, fixed walls ( y = 0, and y = d ).
The surface current at y = 0 and y = d may be of opposite direction (e.g. generation of the
surface current in x direction with uniformly distributed direct constant current in z direction
and generation of varying in time and in z direction surface current in x direction). At that
time the magnetic field outside the area of the magnetic fluid is zero. In y direction for ⃗⃗ field
the superposition of the field at the area takes place, when the magnetic field is located at y = 0
and y = d. For the spin-velocity
the boundary conditions are absent as to the spin-velocity is
not taken into account in the formula
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while velocity at the stationary border (y = 0 and y = d) is zero. Taking into account all these
conditions, the system of equations for the magnetic fluid should be solved.
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