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The wave functions of the disordered two-dimensional electron gas (2DEG)
placed in strong perpendicular magnetic field are calculated numerically.
Even though the purpose of this work is mainly pedagogical, we shall shortly
discuss our motivation which is possible application of the results to the cal-
culations of the conductivity tensor in transition region between consecutive
plateaus of the Hall conductivity in the quantum Hall effect.
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1. Introduction and motivation

The phenomenon of resistance quantisation [1] relies on the existence of
both extended i.e. current carrying and localised (or bound) states [2]. It is the
compensation theorem [3] which ensures the current conservation and resistance
pxy = h/(ne2 ), n = 1, 2 ... quantization.

As a result the appearance of plateaus, their height and precision of quanti-
zation is believed to be correctly understood. The same can not be said about the
transition region between plateaus where pxy viewed as a function of magnetic field
is not quantised and where pxx takes on nonzero values implying that dissipation
appears in the system.
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Recently we have derived a formula by which the calculation of the conduc-
tivity σxx in conditions of quantum Hall effect has been reduced to the calculation
of the scattering matrix [4]. This result can easily be obtained from the equation of
motion for the momentum operator Π = p— qeA of an electron (qe = -e) in mag-
netic field described by the vector potential A. From the equality (α | [H, Π |α) = 0
valid for states |α) being eigenstates of H, we get (for notation see [4]) the expres-
sions for the average velocities uy (nk) = (nk +|vy |nk+) , ux (nk) = (nk +|υx|nk+) ,
(υ = p/m, n denotes Landau band, k is wave vector)

To calculate velocities and also conductivities from the above formulae one needs
the functions |nk+) by definition being eigenfunctions of H. These are scattering,
extended or current carrying states we are going to calculate in this work. In
impure 2DEG in magnetic and electric fields both extended and localised states are
expected to exist. In the scattering approach there is no problem in distinguishing
between extended and localised state — question not resolved in a satisfactory
way theoretically for a 2-dimensional impure system in strong B field. Another
point which motivates our study refers to finite temperature behaviour of

σ

xx. As
it is well-known the states in a Landau band of a clean system in B and E fields
are plane wave like in current direction (y) and gaussian localised in electric field
direction (x). In a disordered system (or part of it) they change their characteristics
and become, as we will see later "partially" extended in x direction. Assuming the
states in transition region to be extended in y and power low localised,   x-s
in x direction one finds hopping contribution to  

σ
xx  T( 2 .s-3) (2S > 3). It would

be desirable to have experimental data for T-dependence of σxx to check these
predictions.

Other work known from literature dealing with stucture of states in con-
ditions of QHE concentrates, on the exact diagonalization of the Hamiltonian, or
makes quasiclassical approximations [5].
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2. The structure of states

Let the Hamiltonian of the system be given by [4):
H = Π2 /2m— qeEx +V(r)=-- H0 + V(r), 	 (3)

where Π = p - qeA, A = B(0, x, 0), and eigenfunctions of H0 be φn k (r). The
current carrying states (scattering states) ψε (r) at energy ε are the solutions of
the Lippmann—Schwinger equation

where G

ε

(r, r') is the unperturbed Green's function in r representation. For the
Hamiltonian H0 given by (3) and for ε belonging to the lowest Landau band it
can be expressed in closed form in terms of complex error function w(z):

where

and with ε ε0(q)

The bound states exist at energies ε outside the allowed parts of H 0 spectrum.
Here the nonhomogeneity term φnk(r) in (4) vanishes and

This constitutes condition for the energies ε of bound states. What we need is the
expression for the Green,s function valid for ε in gaps of the spectum. Assuming
the Landau bands to be much narrower than ħω0 (valid for weak electric fields
and not too wide — in x direction — samples) we get

which is related to confluent hypergeometric function 1F1 (α, b; x).

3. Results

We have solved equations (4) and (5) numerically for the short ranged ran-
dom impurity potential given by
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In Fig. 1 we plot the modulus square of the wave function obtained for N = 10
short ranged scatterers placed randomly in the central region of the sample. It can
be easily seen that asymptotically the wave is up to (possibly) phase factor equal
to unperturbed one and moreover the asymptotics is reached few magnetic length
after the last scatterer._ This behaviour is in agreement with previous predictions
[4].

Figure 2 shows example of the low energy ε = 0.06 ħωc bound state, obtained
for the same distribution of scatterers.
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