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• Torsion effects on a spin-1/2 particle in a noninertial reference frame.
• Fermi–Walker reference frame in the cosmic dislocation spacetime background.
• Torsion and noninertial effects on the confinement to a hard-wall confining potential.
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a b s t r a c t

We investigate torsion and noninertial effects on a spin-1/2 quan-
tum particle in the nonrelativistic limit of the Dirac equation. We
consider the cosmic dislocation spacetime as a background and
show that a rotating system of reference can be used out to dis-
tances which depend on the parameter related to the torsion of
the defect. Therefore, we analyse torsion effects on the spectrum
of energy of a nonrelativistic Dirac particle confined to a hard-wall
potential in a Fermi–Walker reference frame.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

In recent decades, a great deal of works has studied the influence of torsion on several physical
systems [1–11]. The interaction between fermions and torsion and possible physical effects have been
discussed in Refs. [4–6]. In crystalline solids, torsion has been studied in the continuum picture of
defects by using the differential geometry in order to describe the strain and the stress induced by
the defect in an elastic medium [12–17]. The study of the influence of torsion on quantum systems
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has been extended to the electronic properties of graphene sheets [18], Berry’s phase [19], quantum
scattering [20], Landau levels for a nonrelativistic scalar particle [21] and holonomic quantum
computation [22]. The influence of torsion on a two-dimensional quantum ring has been discussed
in Ref. [23] and on a quantum dot in Ref. [24].

In this paper, we discuss torsion effects on the spectrum of energy of a nonrelativistic spin-1/2
particle confined to a hard-wall confining potential in a noninertial reference frame by considering the
cosmic dislocation spacetime as a background and by showing that a rotating system of reference can
be used out to distances which depend on the parameter related to the torsion of the defect. Studies
of noninertial effects have discovered quantum effects related to geometric phases [25–27] and the
coupling between the angular momentum and the angular velocity of the rotating frame [28–30].
In other quantum systems, the study of noninertial effects have been extended to the weak field
approximation [31], the influence of Lorentz transformations [32], scalar fields [33], Dirac fields [34],
persistent currents in quantum rings [35], spin currents [36] and rotational and gravitational effects in
quantum interference [37–39]. An interesting discussion made in Ref. [40] is by making a coordinate
transformation (in the Minkowski spacetime) from a system at rest to a uniformly rotating frame,
then, the line element of the Minkowski spacetime is not well-defined at large distances. This means
that the coordinate system becomes singular at large distances, which is associated with the velocity
of the particle would be greater than the velocity of the light. In recent years, the behaviour of
external fields and the wave function of a neutral particle have been analysed under the influence of
noninertial effects and the presence or absence of curvature [41]. In Refs. [42,43], it has been shown
that noninertial effects can provide a confinement of a neutral particle interacting with external fields
analogous to a two-dimensional quantum dot. Thereby, our focus is to analyse torsion and noninertial
effects and fill a lack in the study of the quantum dynamics of a nonrelativistic Dirac particle.

This paper is structured as follows: in Section 2, we study the nonrelativistic quantum dynamics of
a spin-1/2 particle in the Fermi–Walker reference frame and in the presence of torsion. Then, we show
that a rotating systemof reference canbeused out to distanceswhich dependon the parameter related
to the torsion of the defect and use the coordinate singularity to imposewhere thewave functionmust
vanish, which allows us to obtain bound states analogous to the confinement of a spin-1/2 quantum
particle to a hard-wall confining potential; in Section 3, we present our conclusions.

2. Torsion effects on the nonrelativistic quantum dynamics of a Dirac particle in a noninertial
frame

In this section, we study the confinement of a nonrelativistic Dirac particle to a hard-wall confining
potential under the influence of noninertial effects and torsion. We present the mathematical tools
to describe spinors under the influence of torsion and noninertial effects, when we consider the local
reference frame of the observers is a Fermi–Walker reference frame. In this paper, we work with the
units h̄ = c = 1. We start by writing the line element of the cosmic dislocation spacetime [9,10,44]
(in the rest frame of the observers):

ds2 = −dT 2
+ dR2

+ R2dΦ2
+ (dZ + ζ dΦ)2 . (1)

The parameter ζ is a constant, and it is related to the torsion of the defect. From the crystallography
language, the parameter ζ is related to the Burgers vector b⃗ = b ẑ, where ζ =

b
2π [7,9,44].

In the following, we consider a coordinate transformation given by T = t,R = ρ,Φ = ϕ + ω t ,
and Z = z, where ω is the constant angular velocity of the rotating frame. Thus, the line element (1)
becomes

ds2 = −

1 − ω2ρ2

− ζ 2ω2 dt2 +

2ωρ2

+ 2ζ 2ω

dϕ dt + dρ2

+ ρ2dϕ2

+ 2ζω dz dt + (dz + ζ dϕ)2 . (2)

We can note that the line element (2) is defined for values of the radial coordinate inside the range:

0 < ρ <


1 − ζ 2ω2

ω
. (3)
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