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(A1) Magnetic dipole ratchet model:

One of our recent works shows that due to temporal and spatial symmetry breakings,
random vibrating dipoles are able to drive their ambient dipoles to rotate unidirectionally.
This behavior indicates that proteins with inhomogeniously distributed charges could catch
noisy to rotate their ambient proteins. Can this behavior happen between two microscopic

systems interacting with magnetic force? How to break the symmetry in magnetic (and even



electric-magnetic) dipoles to obtain unidirectional rotation?

(A2) The efficiency of biological motors and stochastic resonance:

Extend our recent results about stochastic resonance in ion pumps to different kinds of
biological motors. Study which kind of chemical reaction operator has high efficiency.
Discuss how a non-Markovian effect can come out from these simple operators. Investigate
whether it is possible to design quantum pumping using the transport principle of these ion

pumps.

(B1) Spin current behavior under complex spin-orbit interactions:

Using perturbation theory or exact derivation to study spin dynamics under complex
spin-orbit interactions like those in strained systems. Discuss spin current transport under
these interactions subjected to external magnetic fields and compare the results with

recently discovered experimental results.

(B2) Fourier expansion in spintronics devices:

Recently it is known that the spin current through narrow double-loop systems exhibits
regular oscillations similar to sinusoidal functions, which can be used to realize the 0 and 1
signals in the Datta-Das Spin-FET. For multi-loop systems the oscillation will be like
superposition of many sinusoidal functions, similar to Fourier expansion. How to design
multi-loop systems to produce special functions is a theoretically interesting question. Its
answer also will benefit application, especially if certain simple function like square wave

can be produced.

(C1) Signature of quantum chaos in mesoscopic spin systems:

To what extent the ergodicity property of a classical dynamics can affect its quantum spin
systems? Recently we have found that under Rashba spin-orbit interaction classically
chaotic and stochastic systems have much longer spin relaxation times than integrable
systems. Is this behavior general for all kinds of spin-orbit interactions? To understand this
question Dresselhaus interaction will be considered first. Different kinds of chaotic and

regular billiards will be tested.

(C2) Spin echo exists?

Echo can be seen in many nonlinear systems. This phenomenon reflects the fact that some
dynamical systems have long time memory. Spin echo is important and is related to the
reliability of spin information storage. Recently Loschmidt and dynamical echos are studied
in the framework of semiclassical formalism and supersymmetry formalism. But in these
studies only echos of spinless particles were considered. Whether particles with spin have

spin echos is an interesting problem to study.
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