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Abstract

Persistent current is a nondecaying current in a normal metal ring or cylinder induced by the vector potential applied
parallel to the direction of the current (longitudinal, or Aharonov}Bohm persistent current). A magnetic "eld applied
perpendicular to the wall of the hollow metallic cylinder also produces an azimuthal nondecaying current (a transverse
persistent current) even in the absence of the Aharonov}Bohm #ux. Magnetic moment of a single connected conductor (a
2d conducting stripe) is supported by a current (a Landau-persistent current) which is shown to oscillate in
space. ( 2000 Published by Elsevier Science B.V. All rights reserved.
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Persistent currents in mesoscopic systems (cylinders,
rings) "rst predicted by the author [1] and later redis-
covered by Buttiker et al. [2] arise due to the
Aharonov}Bohm phase [3] accumulated by electron in
its motion around the circumference of the ring. The
current is periodic function of the magnetic #ux in the
ring with a period of #ux quantum hc/e. The current does
not decay in time since it corresponds to the minimum of
system energy in the presence of the azimuthal compon-
ent of the vector potential Ar , i.e. the ground state of
system is a current-carrying one. We investigate in this
paper another sources of persistent currents, those re-
lated to Landau diamagnetism in a single connected
body (Landau persistent current), and to transverse com-
ponent of the magnetic "eld in the hollow metallic cylin-
der. Landau current is calculated [4] in a 2d metallic
stripe (of width d) perpendicular to magnetic "eld B. We
assume that d is much smaller than the electron cyclotron
radius r

#
which makes the current nonvanishing in all

sample and oscillating as a function of position. The
oscillations preserve at temperature below the degener-
acy temperature ¹

F
while even at ¹*¹

F
, the current

remains nonzero and nondecaying in time. Such an e!ect

was understood quite long ago by Teller [5], who how-
ever considered the opposite limit of d<r

#
.

In a double-connected geometry shown in Fig. 1,
a state of the system (double coupled rings (a) or hollow
cylinder (b) in the presence of both longitudinal and
transverse #ux) is speci"ed by two independent variables,
A0r"U

-
/¸, and the radial "eld, B

3
"U

5
/¸h (¸ is the

circumference and h the height), in such a way that the
energy of the ground state is a nonmonotonous function
of the longitudinal and transverse #uxes. In case of
a double ring, assuming the tight-binding model for elec-
tron transport, system Hamiltonian reads
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where a`
n
(a

n
) creates (annihilates) electron in the upper

and b`
n
(b

n
) in the lower ring, and t

1
, t

2
, t
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are the

corresponding hopping amplitudes. Phase a is related
to longitudinal, and phase b to transverse #ux according
to a"2pU

-
/NU
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, b"pU
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where N is the number

of sites. Derivative of system energy with respect to
a gives AB-persistent current, and the derivative with
respect to b, the Landau current. Electron energy in
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Fig. 1. Double ring (a) and hollow cylinder (b) subject to the
longitudinal (U

-
) and to transverse (U

5
) #uxes.

Fig. 2. Azimuthal current in the disordered cylindrical shell with
10]10 sites vs transverse #ux U

5
at U

-
"0 and at various

disorder amplitudes. The curves are labeled such that (1)
<

3/$
/t"0, (2) <

3/$
/t"0.05, (3) <

3/$
/t"0.1, (4) <

3/$
/t"0.15.

The small nonzero value of J at <
3/$

"0 arises due to numeric
evaluation of the derivative LF/LU

-
at small but nonzero U

-
.

a double ring is
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where k"2pn/N, n"0,$1,2 .
The circular current J is calculated as a derivative of

the system free energy with respect to longitudinal #ux
U

-
. The nonzero current at U

-
"0 appears once system is

not central symmetric, e.g. in the case of nonequal hop-
ping amplitudes in the rings (t

1
Ot

2
) (This is equivalent

to nonequal e!ective masses of carriers in two rings.)
Same treatment can be applied to a cylinder assuming

a two-dimensional network of sites with operators
a`
nm

creating electrons at the sites. We also add random
potential at sites <

nm
"<

3/$
) m

nm
where m

nm
is a random

variable satisfying !1(m
nm

(1. The central symmetry
is now violated by the randomness of scattering events of
electrons at sites. Fig. 2 shows a result of computer
simulation for `transversea component of the current in
absence of the longitudinal #ux, as a function of radial
#ux U

5
. The chaotic quasi-oscillatory behavior is hard to

interpret quantitatively, it corresponds to #ux quantiz-
ation in the local `loopsa which may be formed due to
impurity inhomogeneity. Actually, the dependence, if
properly inverted to scattering center distribution, can be

served as an information on the inhomogeneous state of
mesoscopic system. We also mention that the transverse
current may contribute to an experimental observation
of longitudinal persistent current [6] and in particular we
may consider whether it can substantially increase the
amplitude of the Aharonov}Bohm oscillation.
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