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Introduction

The recently researches have shown that car-
bon nanotubes have unique properties: by very
high durability, conductivity (semi-conductor or
metal) and number of other properties causing
unlimited opportunities of their applications, for
example in microelectronics [1]. Among all spe-
cialties of carbon nanotubes the non-linear proper-
ties (acoustical or electromagnetic descent) are
special interesting last years. In particular, one
should to notice that the non-linear properties of
nanotubes connecting with inharmonious potential
of the interaction between neighboring carbon
atoms have been researched using a reduction to
Korteweg-de Vries and other non-linear equations
in works [2 - 4].

In present paper the attention focuses primarily
on non-linear properties of nanotube [5] because
of the strong electron interaction described by
Hubbard Hamiltonian. Our choosing of Hubbard
model of the electron states deals with that the
model can describe electrical and magnetic prop-
erties and high temperature superconductivity ef-
fects also.

Results and discussion

In given it is supposed to concentrate attention
on nonlinear properties of NT caused by strong
electron interaction described by Hubbard’s Ha-
miltonian.

We shall consider single walled carbon nano-
tube (SWNT) with low limit of radius (fig. 1).
This implies that the transition to continual ap-
proach is imposable in SWNT perimeter. On the
figure the Z axis is directed along nanotube axis
and I axis — along SWNT perimeter. Graphite
sheet consists of carbon hexagons oriented so that
some C-C bonds are parallel to SWNT axis. On
the other words we study so-called “zig-zag” or
(n,0) SWNT, where n — a number of hexagons on
the tube perimeter. In order to apply Fourier anal-
ysis it is assumed the (n, 0) tube is infinite in Z
axis direction.
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Fig. 1. Geometry of the system. Z axis is di-
rected along nanotube axis.

According to above mentioned reason the
Hubbard model [6] has been used to study the
electron states of carbon nanotube. The model
includes the terms of the energy of the electron
jump from one to next carbon atom and the ener-
gy of Coulomb’s repulsion of two electrons loca-
lized on same carbon atom. Hubbard Hamiltonian
for the described system [6] is following:

H = —Zt(a;“,aaja + a}aaj“,a )+

jdo
+ + + ’ (1)
+ ,uz a,a,, + UZ a,a,a;,a;,
vz J

where a;fo_ ,a — an electron appearance and

Jo
annihilation operators on j point (j = {i, k}) with ¢
spin, t — transfer integral, U — Coulomb electron
energy; W — chemical potential.

Further the Heisenberg’s equations of the op-
erator movements have been solved within the
framework of following approximations. The lat-
tice of NT has been consisted from two carbon
sublattices. Wave functions of both sublattice
electrons are considered as ¢ and y with character
distance of changing along NT axis being much
more than the interatomic distance. The phase
portraits of Heisenberg’s equations solutions have
been constructed and the soliton behavior of elec-
tron wave functions (soliton lattices) has been
shown.
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Fig. 2. The dependences of o@(z-vt), w(z-vt)
function modules on the argument.
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Fig. 3. The dependences of @3:(z-vt),
V3+(z-vt) function modules on the argument.
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Conclusions

In conclusion we would like to resume the
main results of soliton grids appearance in carbon
nanotubes.

First, the similar lattices easily enough can be
found out by diffraction methods. The research by
similar methods will allow to define the parame-
ters of lattices and to connect them with the ap-
propriate sizes in microscopic Hamiltonian.

Secondly, the given lattices form the regular
structure, which is actually domain. Here domains
are the areas with various electron densities. The
presence of domain structure will contribute in
NT susceptibility and allows to hope for a detec-
tion of memory effects in an electronic subsystem
of NT.

In third, the existence of regular periodic struc-
ture results at movement along such structure an
additional electron in quantization of its energy
(Flocke’s theorem). The similar quantization re-
sults in presence of additional energy levels in
carbon NT spectrum. Also similar quantization
can result to suppression of electron-phonon inte-
raction and to increasing of carbon NT conduc-
tivity.
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