
UC San Diego
UC San Diego Previously Published Works

Title
Resistance of a long wire in the quantum Hall regime

Permalink
https://escholarship.org/uc/item/83w9470x

Journal
Physical Review B, 50(3)

ISSN
2469-9950

Authors
Fogler, MM
Shklovskii, BI

Publication Date
1994-07-15

DOI
10.1103/physrevb.50.1656
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/83w9470x
https://escholarship.org
http://www.cdlib.org/


PHYSICAL REVIEW B VOLUME 50, NUMBER 3 15 JULY 1994-I

Resistance ef a lang wire in the quantum Hall regime

M. M. Fogler and B. I. Shklovskii
Theoretical Physics Institute, School of Physics and Astronomy, University of Minnesota,

116 Church St. SE, Minneapolis, Minnesota 55)55
(Received 7 February 1994)

We study the two-probe transport in a long narrow channel of two-dimensional electron liquid

(a quantum wire) in a strong magnetic field normal to the plane. The wire is split into alternating
parallel strips of compressible and incompressible liquids. When the temperature is not too low,
in every transverse cross section of the wire the electrochemical potential is different in difFerent
compressible strips but is uniform within each strip. The equilibration rate between two neigh-
boring compressible strips falls off exponentially with the distance between them (the width of the
separating incompressible strip). Assuming a parabolic confinement potential and small disorder
potential, we 6nd the magnetic 6eld dependence of the strip widths. Using only this dependence we
calculate the shape of the magnetoresistance peaks. We show that the low-6eld sides of these peaks
are much steeper than the high-6eld sides, in agreement with recent experimental data.

I. INTRODUCTION

Transport in a narrow strip of two-dimensional elec-
tron liquid (a quantum wire) in a strong magnetic field
has been viewed as the propagation of current through
distinct quasi-one-dimensional edge channels. The edge
channels are located spatially where Landau levels inter-
sect with the level of the chemical potential. It is assumed
that inter-edge-channel tunneling is suppressed if the
separation between edge channels exceeds several mag-
netic lengths. Therefore, transport in a short clean wire
in high magnetic field is ballistic.

The conventional picture of edge channels in a nonin-
teracting system is that of narrow lines. They come in
pairs of opposite direction of current How and their total
number is even. The functional dependence of the ballis-
tic two-probe resistance (2PR) on magnetic field is a set
of plateaus with quantized values of h/e k, N = 2k be-
ing the number of the edge channels. The transitions be-
tween two adjacent plateaus occur abruptly as the num-
ber of edge channels increases with the lowering of the
field.

The structure of the edge channels is different for
interacting electrons. In this case edge channels are
strips of finite width located where compressible liquid
is formed. The total number of edge channels (com-
pressible strips) may be both odd and even. It is odd

(N = 2k + 1) if the central strip is compressible. Trans-
port properties also difFer &om the previous case. In the
interacting case 2PR takes quantized values only in nar-
row ranges of magnetic field, in which the central strip is
incompressible. When the central strip is compressible,
2PR takes intermediate values constituting smooth inter-
plateau rises. In both cases, 2PR in the ballistic regime
pertinent to short clean wires, monotonically increases
with magnetic field.

A recent experiment by Mani and von Klitzing
examined the 2PR of an array consisting of several

hundred long narrow ( 0.2 x 100 pm ) wires. The
wires were fabricated by shallow-mesa etching from a
high-mobility (p = 0.5 x 10s cm2/V s at T = 4.2 K)
GaAs-Al Gaq As heterostructure. In contrast to the
ballistic picture, the 2PR observed in this experiment is
distinctly nonmonotonous. Instead of smooth rises 2PR
exhibits huge peaks between adjacent quantized plateaus.
The resistance in peaks is 10—12 times greater than the
quantized values. Another peculiar feature of the 2PR
peaks is their strong asymmetry at high temperatures,
where the low-field sides of the peaks are much more
narrow than the high-field ones. The widths of low-field
sides are virtually temperature independent, while the
high-field sides shrink with lowering of the temperature
making the peaks appear more and more symmetrical.
Qualitatively similar results were also reported by Wrobel
et aL.

A nonmonotonic behavior of magnetoresistance was
obtained by Kinaret and Lee by studying long nar-
row samples with static disorder (with no interaction)
numerically. Their results show conductance dips near
magnetic fields corresponding to steps in quantized re-
sistance. They qualitatively explained this behavior in
terms of an increased backscattering of the topmost edge
channels as the spatial separation between them is small
at these magnetic fields. They found the conductance
dips to scale exponentially with the length of the wire
and related this to the onset of localization. However,
in the experiment the dependence of 2PR on the length
of the wires appears to be no stronger than a linear one.
This suggests that in the experimental range of tempera-
tures and lengths inelastic processes break the quantum
coherence and, along with the backscattering, an irre-
versible equilibration of the edge currents takes place.

If the wire is narrow and suKciently long the edge
channels equilibrate as electrons travel away from the
probes. The electrons tend to redistribute in order to
achieve an equal value of the electrochemical potential in
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each channel, however suppressed those processes are.
The rate of the equilibration between two given edge
channels is characterized by their equilibration length.

Equilibration lengths in quantum wires were investi-
gated in numerous experiments with "nonideal" probes,
which inject unequal &actions of current into different
edge channels (e.g. , Refs. 10 and 11; see also Refs. 12
and 13). These experiments demonstrate that equilibra-
tion lengths may be as big as hundreds of micrometers,
i.e., the suppression of interedge channel tunneling may
be considerable.

The comprehensive theory of the equilibration among
compressible liquids cannot be developed without a deep
insight into the structure of the compressible liquid itself.
On the other hand, the sharp exponential dependence
of the inter-edge-channel equilibration on spatial separa-
tions among the strips can be taken into account rather
easily. In this paper, we suggest a "high-temperature"
theory of the two-probe transport in a long wire based
only on the variations of this suppression factors with
magnetic Geld. We argue that to Gnd the 2PR of the
wire to the exponential accuracy it is suKcient to know
solely the dependencies of the widths of the strips on
magnetic field. In the framework of our approach, we
explain the origin of the peaks, their asymmetry and ob-
tain their linear scaling with length. We are not able
at present to interpret the temperature dependencies ob-
served in the experiment. We believe they are related to
the temperature-dependent tunneling rate into the com-
pressible liquid and its transport properties.

The paper is organized as follows: the description of
the model is given into the next two sections. In Sec. II
we outline the model and calculate the 2PR of the wire
under several simplifying assumptions. In Sec. III we jus-
tify these assumptions and demonstrate the way to treat
boundary effects in the regions adjacent to the probes.
In Sec. IV we present our results and compare them with
the experimental data of Ref. 7. We make several con-
cluding remarks in Sec. V.
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ally speaking, the electrochemical potential varies in each
transverse cross sections of the wire as well as along the
y axis.

For our purposes, it is useful to review the distribution
of the electrochemical potential in the ballistic regime.
Consider the case, when there is an incompressible strip
at the center. In this case, the electrochemical potential
is constant within each compressible strip. The distribu-
tion of the electrochemical potential ((x, y), as a whole, is
described by a set of N = 2k discreet variables (,+'s. By
(+ and (, , we designate the electrochemical potentials
of the compressible strips corresponding to ith magnetic
subband (Landau levels are assumed to be spin split) on
the positive and negative x's sides of the wire, respec-
tively. Thus, the numeration starts on outermost strips
and proceeds inward. In the ballistic regime these (,+'s
are equal to the electrochemical potential of the respec-
tive probes:

II. THE MODEL

Consider a long narrow channel —a quantum wire —of
length L and width 2b defined in 2D electron liquid, e.g. ,
by mesa etching. We assume that the system is uniform
in the longitudinal y direction, L/2 & y & L/—2 and
that the transverse coordinate x ranges as —6 & x ( b.
The electron density is depleted near mesa walls and is
the largest at the center of the channel, forming a semi-
circle-like profile in zero magnetic field. When a strong
magnetic field in the direction normal to the x-y plane is
applied, the electron liquid is split into alternating strips
of compressible and incompressible liquids, with plateaus
of electron density (Fig. 1) on top of the original profile
near the lines of integer Landau-level occupation.

Let the wire be connected to two metallic probes. Our
goal is to calculate the net current I„when a potential
difference V is applied. It is well known that nonequi-
libriuxn currents are related to a nonuniform distribution
of the electrochemical potential in the sample. Gener-

FIG. 1. Structure of the wire in a cross section. Only half
of the wire on positive z's side is shown. The top of the figure
shows schematic behavior of the filling factor v (left) and the
electrochemical potential $ (right). Compressible regions of
varying, noninteger v alternate with incompressible regions
of constant, integer v. The electrochemical potential ( is uni-
form within each compressible region and changes across each
incompressible one. The bottom of the figure shows the top
view of the positive x's side of a segment of the wire. The
shaded regions are compressible strips; the blank regions de-
pict incompressible strips. The boundary of the wire is shown
by the solid line on the right. Each compressible strip is la-
beled by its electrochemical potential. The lines with arrows
represent currents incoming and outgoing from the strip with
electrochemical potential (,+. . Solid lines represent Hall cur-
rents on the left and on the right of this strip, the dashed
lines stand for tunnelling currents between this compressible
strip and the two adjacent ones.
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=(+, i =1,2, . . . , k, (1)
where (+ is the electrochemical potential of the probe
at y = L—/2, which is bigger than that of the probe at
the opposite end ( by the amount eV: (+ = ( + eV;
k is the filling factor of the central strip. This strip is

located between two compressible strips with different
electrochemical potentials. Correspondingly, it carries a
nonequilibrium (Hall) current

I, =o.„x -'(Ll„+ —(„-)= 'k((„'-—(„-)= -'ka(~. (2)

We argue further that even for a long wire, where the
ballistic transport no longer exists, the electrochemical
potential within each compressible strip not too close to
the probes is approximately x independent. However,
now it varies along the wire: (,+ = (+(y). Also, the drops
of the electrochemical potential, 6(, 's, occur across each
incompressible strip, not only across the central one (this
idea was earlier put forward in Ref. 15):

i=1,2, . . . , k-1, (3)

where all (,(y)
+ are taken at the same y. In this situation

a generalized formula for the net Hall current applies:
It:—1

I„=-') -'(~g++ ~g;) + »&.-.(4)
";=1

This formula is also valid when the total number of com-

pressible strips, N, is 2k + 1, i.e. , when the central strip
is compressible. Indeed, in this case the sum of currents
in the two incompressible strips closest to the center is

(e /h)k((„+ —(I,+g) + (e/h)k(fI+g —(„)= (e/h)kh(g.
Besides Hall current in the incompressible strips, there

is, in principle, a current of another nature in the com-

pressible strips. Indeed, in each compressible strip there
is an electric Geld in the longitudinal direction:

potential difference between the positive and negative x's
sides of the wire. The equilibrating currents counteract
this effect.

Apparently, the faster the equilibration within some re-
gion of the wire takes place the smaller the variations of
the electrochemical potential in this region are. We con-
sider the case of relatively high temperatures, where the
intra-edge-channel equilibration is still much faster than
inter-edge-channel one. The drops of the electrochemical
potential are considerable between well separated com-
pressible strips as they are connected through big tun-
neling resistances; on the other hand, variations of the
electrochemical potential across compressible strips are
slight since they have small resistances and equilibrate
easily. This allows us to describe each of the compress-
ible strip by a single value of the electrochemical potential

(,+(y), as we mentioned before.
The equilibration currents tend to bring the electro-

chemical potentials of difFerent compressible strips closer
together. In a long wire this results, in its turn, into
the tendency to equate the derivatives of these electro-
chemical potentials with respect to y. These derivatives
are proportional to the longitudinal electric field E„ in
the strips [Eq. (5)]. Therefore, the longitudinal electric
field in the wire becomes more and more uniform as we

move further away from the probes. At sufBciently large
distances away from the probes, the electrochemical po-
tential vary linearly with y with the same slope at all
x. The differences between the electrochemical poten-
tials of neighboring compressible strips in the same cross
section (which we need for calculating the net current)
reach their limiting values and do not change.

To find, for instance, b,(+, consider the balance of the
currents across the incompressible strip with v = i (1 &

i & k) in some cross section of the wire where electric
field is uniform (Fig. 1). The transverse currents must
compensate each other:

eE
Og

(5) e.out in —1'.h

which drives a dissipative current due to finite conductiv-

ity cr». Yet if o» is small (o» « ez/h), then as in the
ballistic regime nonequilibrium longitudinal current i8 a
Hall current, which flows in the incompressible strips

Now we address the question of the electrochemical
potential distribution. We find it using the concept of
equilibration. The equilibration of two regions with dif-

ferent electrochemical potentials is achieved via exchange
of electrons between them, i.e., current, in the direction
from the region with the higher electrochemical potential
to the region with the lower one.

Consider some transverse cross section of the wire.
The reason why the electrochemical potential vary in this
cross section is that there is a Hall current in the x di-

rection due to nonzero E„[Eq. (5)]:

e
jH = v(x)E„, —

6

The tunneling current density is defined by the ratio of
the electrochemical potential drop across the incompress-
ible strip and its tunneling resistances per unit length p,+. :

gg+
2T—

p+

The tunneling resistance per unit length may be ex-

pressed via the length of a segment, whose tunneling re-

sistance is h/e2:

p+ l+6

We shall call this length the equilibration Length of the
pair of compressible strips. To account for the suppres-
sion of the tunneling we choose the following form for the
equihbration length:

where v is the filling factor. This current tends to build

up a Hall voltage, and, consequently, the electrochemical
I,,+- = l exp (10)
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where A is the magnetic length and m+ is the width of the
incompressible strip. This particular form is appropriate
when the single-act scattering on a short-range disorder
dominates (for multiple-act scattering see Refs. 2 and 16).
The parameter l of dimensionality of length is the only
fit parameter in the model. Combining Eqs. (7)—(9), we

Gnd

b,(+ = eE„il+

In the same manner we obtain

case as well. Indeed, let only the central incompressible
strip inhibit the equilibration, then the edge states on
one side of the wire are "well isolated" &om those on
the other. Therefore, edge channels on opposite sides
have different (but common for each side) values of the
electrochemical potential, which is exactly the picture of
the ballistic transport.

A more rigorous treatment of the problem may be
found in the next section, but for illustrating how the
2PR peaks evolve in our model, it sufBces to use an in-
terpolation formula:

6(,. = eE„il, , (12)

where i = 1, 2, . . . , k —l. As for A(~, we write it in the
the form

(19)

b,(i, = eE„klan, .

If the central strip is incompressible, then

lg =l~+ =l~, (i4)

Afi, ——(&
—(i,+i + (i,+i —(& ——eE&kl& + eE„kl&,

and, consequently,

otherwise, (the central strip is compressible and N =
2k+ 1)

It is noteworthy that the variation of the 2PR with mag-
netic field is determined purely by the variations of sev-
eral geometrical parameters —the widths of the incom-
pressible strips. Our justification of this model is a
very sharp dependence of the equilibration rate on those
widths.

Section III outlines how to calculate the electrochem-
ical potential distribution in a more accurate way with
the proper treatment of the regions close to the probes.
It is not, however, essential for the understanding of our
results, which are derived from Eq. (19) and presented in
Sec. IV.

lI, = lq + lq . (16)

Note that the drops of the electrochemical potential be-
tween two compressible strip are the bigger the larger
their equilibration lengths (growing with their separa-
tion) in agreement with our earlier statement. In this
derivation we assumed that the region of uniform elec-
tric field exists. In the next section, we show that this
requires I,+. « L. The magnitude of this electric field
may be approximately found as E„-V/L. Substitut-
ing Eqs. (11) and (12) into the formula for the current
(Eq. [4)j and dividing the potential difference V by the
found value, we, finally, obtain the 2PR of the wire as

(i7)

III. EQUILIBRATION IN THE NONUNIFORM
ELECTRIC-FIELD REGIONS

If the electric Geld is uniform within each compress-
ible strip, but nonuniform throughout the entire width
of the wire, then we still can describe the electrochemi-
cal potential distribution by N functions of longitudinal
coordinate (,+(y)'s. However, at each y these functions
are not only different in magnitude, but also have differ-
ent y derivatives. The Hall current given by Eq. (6) is
easily expressed in terms of the (,+. (y)'s only in the im-
mediate vicinity of the compressible strips. For the strip
with potential f,+ (1 & i & k) the Hall current entering
&om the side closer to the center is (Fig. 1)

Since we assumed that the equilibration lengths l,+. 's are
much smaller than L, this formula is valid only if R is
much larger than the resistance quantum Ii/e2. This is
the regime of highly dissipative transport. Note the lin-
ear dependence of the 2PR on the length of the wire.

In the opposite limit, where all the l,+'s are much big-
ger than L, the equilibration is ineffective, and the trans-
port is quasiballistic (a "long" wire behaves like a "short"
one). Naturally, the ballistic regime formula applies:

e df,+.
H h dy'

and the Hall current leaving kom the other side is

The other type of currents are tunneling currents:

(2o)

(2i)

R= ——.6 1
e2k (18)

(22)

In our numerical sixnulation (see Sec. IV) only li, used
to be larger than L. Nevertheless, Eq. (18) holds in this
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Since we treat longitudinal currents in the compress-
ible strips as negligible and because of current conserva-
tion, the transverse currents must compensate each other
within this accuracy in every cross section. We write

~ in -out, -in .out (24)

This leads to

(+ (+ (+ (+
t+ (25)

i = 1, 2, . . . , k —1, (26)

where the notations (o+ = (~+ are introduced for conve-
nience. One more pair of equations for g& reads

Repeating the same argument for the strips with elec-
trochemical potentials (, 's, we arrive at the system of
equations:

((* —(*+i)+
t

z s are unit eigenvectors corresponding to nonzero eigen-
values JM;. The nonuniformity of the electric field is at-
tributable to the last of these. The numerical coeK-
cients o. s are determined &om the boundary conditions
Eq. (28). Generally, the smallest absolute value of the

p s is 0(1/t „),where I „ is the largest equilibration
length, unless the values l,+. are specially chosen.

%e are going to show that the nonuniformity of the
electric field is small in the region far enough from the
probes, L/2 —

iy~
& t „,ifl (( L. Indeed, let —p ( 0

be an eigenvalue of A and z be the corresponding unit
eigenvector. The coefficient n;, with which it enters g
must be of the order of eV exp( —pL/2) to compensate
for the large amplitude of this harmonic at y = —L/2
probe. As we move away from that probe this harmonic
decays exponentially on the lengthscale of 1/y, . On the
other hand, positive eigenvalue harmonics decay on the
same lengthscale as we move away from the y = L/2
probe. Therefore, the middle of the wire is with a good
approximation a region of a uniform Geld.

We remark also that the interpolation formula Eq. (19)
can indeed be retrieved from Eqs. (26)—(28) if k = 1.

d(1+, (l~ —(g ~ (4-i —(~)+
cE'g ty

(27) IV. DISCUSSION OF THE RESULTS

with tl, defined by Eqs. (14) and (16). The boundary
conditions for this system are the same as in the ballistic
regime [Eq. (1]:

—/=A (29)

where g = ((~,(z, . . . , (&,(&, (&+ &, . . . , (&+)+ is a column
vector with 2k components, and A. is the constant 2k x
2k matrix of coefficients. The solution of the boundary-
value problem Eqs. (26)—(28) is expressed in terms of the
eigensystem of the matrix A:

2Ic —2

((y) = (ao —eE„y)zo —eE„z„„;+ ) n, z,e"'". (30)

Here, zo is the vector with all components equal to unity;
z„; renders the uniform field solution described in the
proceeding chapter [Eqs. (11), (12)] and has components

f A: —1

z„"„,= — —lg+ ) il,
a=n j

A 1
y 2y ~ ~ ~

y kj

z"„„;= -~~+ )
i=2k —n+ 1

n = k+ S, I +2, . . . , 2I;

(32)

(28)

Equations (26) and (27) may be rewritten in the standard
matrix form

For the numerical simulation we used a program
developed earlier. This program calculates the one-
dimensional charge distribution in a quantum wire in a
strong magnetic Geld. For the purpose of the simula-
tion the x axis is divided into a number of small inter-
vals with different values of electron density. Electrons
belonging to the intervals interact by two-dimensional
Coulomb law. For a given density distribution the energy
of the system is calculated as the sum of the energy in
the external conGning potential, the energy of Coulomb
interaction and the magnetic energy corresponding to the
number of occupied Landau levels in each interval. Start-
ing from some initial distribution, the density is itera-
tively redistributed among the intervals in order to lower
the total energy of the system until a desired accuracy
is achieved. The conGning potential was chosen to be
parabolic, and disorder potential was disregarded, since
in a clean wire it may signiGcantly affect only the equili-
bration, but not the distribution of the electron density.
The only information we needed Rom this program was
the widths of the incompressible strips in the range of
interest of the magnetic Geld.

The results of the calculations using Eq. (19) for spin-
split Landau levels are presented in Fig. 2. The parame-
ters of the simulation matched the experimental ones (see
the caption text). The value of an exchange-enhanced g
factor was taken to be 8.0. The value of the single fit
parameter in our model / = 2.0 pm was chosen to match
the experimentally observed height of the 0 $ peak.

The peaks are strongly asymmetrical in shape with
very sharp low-field slopes and smooth high-field ones.
However, these results should be treated as illustrative
only. Near the peaks the exponential factors in the l,+-'s

turned out to be small (( 2), and the very tips of the
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FIG. 2. The two-probe resistance R as a function of
magnetic field as given by our numerical simulation. Pa-
rameters of the simulation: the half width of the wire
b = 1000k, length L = 57 pm, electron density at the center
n = 1.5 x 10 cm, exchange enhanced g factor 8.0. The fit

parameter / = 2.0 pm was chosen to match the experimentally
observed height of the 0 $ peak. 2PR in the ballistic regime
as obtained following Ref. 6 is shown with a thin line for com-

parison. Due to narrowness of the quantized plateaus it looks
almost like a straight line. Diagrams in circles depict the top
view of short segments of the wire in magnetic fields corre-
sponding to the positions pointed to by arrows. The meaning
of shaded and blank areas is the same as in Fig. 1, but as
opposed to that figure, now both sides of the wire are shown.
Positions (a)—(f) represent several stages in the evolution of
the resistance peak as discussed in Sec. IV.

peaks are not reliable. For this matter, although the
exponential factors are smaller at the peak 1 f than at
peak 0 $ (due to a bigger magnetic length A), the former
peak is still lower due to bigger i2 prefactors in Eq. (19).
Surprisingly, the height of this peak is close to the exper-
imental value.

In order to understand the detail of the shape of the
peaks consider the variation of the 2PR given by Eq. (19)
with the magnetic field. When the magnetic Geld is such
that the filling factor at the center of the wire is unity,
the central incompressible strip is, typically, wide. Cor-
respondingly, li is very big (bigger than L) and the re-
sistance R assumes a quantized value Ii/e [(Fig. 2(a)].
With lowering of the magnetic field, the central strip
breaks in two, and a narrow compressible strip appears
at the center. However, even a strip of a half the origina, l
width corresponds to l~ )) I, and R is still very close

to the plateau [Fig. 2(b)]. With a further decrease in
the magnetic field, the two incompressible strips shrink.
The equilibration length tq rapidly decreases and be-
comes smaller than I,. The resistance grows and becomes
much bigger than the quantized value [Fig. 2(c)]. At the
saxne time, the filling factor at the center increases and
approaches two. A new incompressible strip and a new
equilibration length /2 emerge and grow. The increase of
R slows down [Fig. 2(d)]. Due to the sharp exponential
dependence of the equilibration lengths on the widths
of the corresponding strips, the denominator in Eq. (19)
is determined by the l,+ of the edge channel pair sepa-
rated by the widest strip. When the width of the central
strip reaches the width of peripheral ones, the resistance
should exhibit a cross over, since the new strip is expand-
ing, while the two existing ones are shrinking. Therefore,
R is at its peak value [Fig. 2(e)] at this magnetic field.
The central incompressible strip expands tremendously
fast, and very soon R assumes the next quantized value

[Fig. 2(f)] and then the cycle is repeated again.
In the experiment the low-field sides are, indeed, much

steeper than the high-Geld ones, but not as abrupt as in
the simulation. One possible explanation is the averaging
of the individual peaks of several hundred distinct wires.
A puzzling feature of experimental data is that a nonzero
slope of R in the plateau areas was observed. We do not
have an interpretation of this phenomenon at present.

V. CONCLUSION

We suggested a model for the dissipative transport in
a long narrow wire with low disorder and at relatively
high temperatures. Only incompressible strips signifi-
cantly contribute to the transport. Nonequilibrium cur-
rents carried by them are determined by the differences of
the electrochemical potentials of neighboring coxnpress-
ible strips in a given cross section of the wire. These
differences set in as a result of inelastic equilibration,
which counteracts the buildup of Hall voltage across the
width of the wire. The electrochemical potential differ-
ence in a pair of adjacent compressible strips is the more
pronounced the bigger their equilibration length is. The
equilibration length is proportional to the tunneling re-
sistance per unit length of the separating incoxnpressible
strip, and exponentially increases with its width.

Owing to this sharp dependence, we were able to Gnd
the two-probe resistance of the wire as a function of mag-
netic field by introducing a single fit parameter and with-
out knowing details of electron tunneling and subsequent
relaxation in the compressible liquid. This fit parameter
aKects only the heights of the peaks but not their shape.
It is important to note also that we used geometrical
parameters describing a clean wire and did not assume
anything about the disorder potential besides its relative
sxnallness.

The tmo-probe resistance in our model proved to be
distinctly nonmonotonous with high peaks between suc-
cessive plateaus of quantized resistance. The shape of
the Shubnikov —de Haas peaks is calculated explicitly for
the quant»m Hall regime. We obtained the strong asym-
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metry of the peaks and predicted the linear scaling of
their heights with the length of the wire. Both agree
with the experiment. However, we were unable to inter-
pret the observed temperature dependencies. We assume
that proper treatment of this issue as well as a more ac-
curate description of inter-edge-channel tunneling should
be based on the understanding of the equilibration and
localization processes in the strips of the compressible
liquid.
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