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The model of a low-dimensional system coupled to the bath of harmonic oscillators has
been used extensively in various fields of physics and chemistry, such as molecular polaron
formation, exciton motion, chaos in quantum, spin-phonon relaxation, attenuation of sound in
glasses, the motion of defects in certain crystalline solids. In the classical limit, the harmonic bath
leads to the well known generalized Langevin equation of motion where the conventional force
exerted on the system is supplemented by a "random" component as well as a frictional term.
The two-level system coupled to a dissipative environment is defined by the Hamiltonian

H=-

In the present work, we introduce a fully quantum-mechanical derivation of generalized
non-Markovian Langevin equations. These equations fulfill the quantum fluctuation-dissipation
theorem. The time-dependent transport coefficients which take the memory effects into
consideration are obtained for the general couplings between the operators of collective motion
and bath subsystems.
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The behavior of solid-state matter under the influence of external fields is one of the main
topics in solid-state physics. In this work we consider the influence of external magnetic and
electric fields. Such external fields modify the distribution of the internal energy which in turn
modifies or alters some electronic properties, such as the carrier concentration or the carrier
mobility. Besides the carrier mobility, the electric current is also affected by the magnetic field
which deflects its direction. Recently, we have introduced the quantum generalized Langevin
equation (GLE) approach to the study of the electronic quantum transport. The Langevin method
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in the kinetic theory significantly simplifies the calculation of nonequilibrium quantum and
thermal fluctuations and provides a clear picture of the dynamics of the process [1,3].

The basic idea of our theory is the following: we visualize the one charge carrier with the
positive charge e=|e| as a quantum particle, while the relative electrons of the host lattice act as a
heat bath which is coupled to the charge carrier through electron-phonon interactions. In the
center-of-mass the total Hamiltonian of such a system in the two-dimensional case is

H =
2m

eB eB

where KX - Px + — y, n
y - Py ~~x. The last two terms describe the heat bath and coupling

between the heat bath and the collective subsystem respectively. As the dissipative kernels in

GLE, we use the following kind of kernels Kxx{t) = mXxye~ , Kyy(t) = mXyye r' 5 where K

and ^-y are the friction coefficients in the Markovian limit and the memory time of dissipation
7~ is inverse to the phonon bandwidth of the heat bath excitations. In the last stage one can see
the renormalization of the initial transport coefficients in GLE from the effect of heat bath. We do
not show here the expressions of all of these effective transport coefficients but give the most
notable expressions of the effective electric field's components after the setting of equilibrium
state {t -> °°).

E («) = x-
Al+mco, ex cy

+ Vc

where K, ^-y,0*** , ^w are the effective friction coefficients and cyclotron frequencies. At this
point one can see the directly effect of the combination of fields. The influence of magnetic field
on the electric current induces the appearance of the cross electric field.
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Fig.l. Dependence of the tangent of the Hall angle, Ey I Ex on the magnetic field for zinc at

4.22° K (Borovic [1]). As the parameters we take K = 2.66 x 109 sec"1 j =

Reference:
1. E.S.Borovik, Doclady Akad.NaukS.S.S.R.70 601 (1951).
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