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Abstract

The magneto-transport properties of planar and layered strongly inhomogeneous two-phase systems are investigated, using
the explicit expressions for the effective conductivities and resistivities obtained by the exact dual transformation, connecting
effective conductivities of in-plane isotropic two-phase systems with and without magnetic field. These expressions allow to
describe the effective resistivity of various inhomogeneous media at arbitrary concentsatiodsmagnetic field$Z. The
corresponding plots of the-dependence of the Hall constatit; (x, H) and the magnetoresistankéx, H) are constructed for
various values of magnetic field at some values of inhomogeneity parameters. These plots for strongly inhomogeneous systems
at high magnetic fields show a sharp transition between partial Hall resistivities (or Hall conductivities) with different depen-
dencies ofR; on the phase concentrations. It is shown that there is a strong correlation between large linear magnetoresistance
effect and this sharp Hall transition. Both these effects are a consequence of the exact duality symmetry. A possible physical
explanation of these effects and their correlation is proposed.
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1. Introduction linear magnetoresistance (MRJ], has turned out a
challenge for theoretical physics, since the existing
theories of the magnetotransport in inhomogeneous
systems (see, for exampg]) (using presumably the
effective medium approximation, based on the wire-
network type model of inhomogeneous medid)
cannot describe properly these properfx5].

Recently, the new network type model, generaliz-
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The experimental discovery of the abnormal mag-
netotransport properties in thin films of some inho-
mogeneous systems even at room temperafrasd
high magnetic fieldsH, such as a larg¢l] and a
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the building blocks the 4-terminal discs, was proposed

[5,6]. This model can describe magnetotransport prop-

erties of thin films. The authors of this model have
shown by numerical methods that the disc-network
model can reproduce the large linear MR (LLMR),

when the conducting parameters of the discs, in partic-

ular, a mobility ., have random continuous and wide
distribution with an average valugt) = 0. It was
noted also in5,6], that the investigation of the Hall
resistivity of this model by the same methods require
much more time and work.

In the framework of the classical theory there is
another approach for a description of the magne-

totransport properties of some inhomogeneous two-
dimensional (or layered, inhomogeneous in planes, but

constant in the direction orthogonal to planes) sys-
tems in perpendicular magnetic field. It is based on
the exact dual symmetry of these systefrisand is

connected with an existence of the exact dual, linear

fractional transformation, relating the effective con-
ductivity 6, (and the effective resistivitg, = 6,7 1) of
planar self-dual two-phase systems with and without
(o.0) magnetic field at arbitrary magnetic fields and
phase concentratior8,9].

In the paperqd10-12] using this exact transfor-
mation (we call it the magnetic dual transformation
(MDT)) and the known expressions fet, of three
inhomogeneous models with different random struc-
tures of inhomogeneities without from [13], the
explicit expressions foé, [10,11]and for the magne-
toresistanceR (x, H) [12] have been obtained. It have
been shown also therfl(,12) that these expressions
give the LLMR effect even in two-phase systems and
without the restriction{) = 0, and that a form and
a position of the LLMR effect as functions of phase
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from [10,11] and for the magnetoresistan®éx, H)

from [12], show the existence of the following prop-
erties in these inhomogeneous systems at high mag-
netic fields: (1) the sharp transition between partial
Hall constant plateaus under a change of phase con-
centrations with a position and a width of the region
of transition depending on the model inhomogene-
ity structure; (2) the strong correlations between the
LLMR effect and the sharp transition between the Hall
plateaus. These properties are a consequence of the ex-
act duality relation. A possible physical explanation of
these properties is also proposed. A comparison with
the existing experimental data shows a good qualita-
tive agreement.

2. Magnetic dual transformation at high H

The effective conductivity of inhomogeneous iso-
tropic systems in magnetic field has the following
form

A

Oe¢ = O¢(ik) = OcdSik + Oer€ik,
Ued(H)ZUed(_H)’ Uet(H)Z _O—et(_H)’ (1)

heres;; is the Kronecker symbok;; is the unit anti-
symmetric tensor. The effective resistivify is de-
fined by the inverse matrix

Pe = Pe(ik) = PedSik + Per€ik,

Ped(H) = pea(—H),  per(H) = —per (—H), (2)
where
Ped = Ued/(agz + Uezt)a Pet = _Uet/(ae,z + U{}Zt).
(3)

concentrations depend on models and the correspond-The Hall constanRy (x, H) is determined as follows

ing inhomogeneity structures.
In this Letter, using the explicit approximate ex-
pressions obtained ifil0-12] and applicable at ar-

Ru(x, H) = per(x, H)/H. (4)
In two-phase systems the effective conductivity

bitrary values of phase concentrations and magnetic (and effective resistivitys,) can be expressed by the

fields and in a wide region of partial conductivities,
we will investigate a behaviour of the effective resis-
tivities p,, and p,, of the planar self-dual two-phase
systems. We will present also tlhedependence plots
of the Hall constantRy (x, H) for some characteris-
tic values of magnetic field? at different values of

the inhomogeneity parameters. These plots, together

with the previous results for the effective conductivity

“magnetic” dual transformation (MDT) through the
effective conductivity of the same system without
magnetic field8,9]
o,0(ac+b)
(Uéo)z +a?’
(020)2 —ab’
(G;O)Z + a?’

ed(fo}, {x}) =

oe({o}, {x}) =¢ ®)
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