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The “Digital Materials Laboratory” performs compu-
tational studies of complex dynamics in materials. We use
physically-motivated numerical techniques to make theo-
retical predictions which can be tested experimentally, and
we have often collaborated with experimental groups. We
are currently working on several projects, including: collec-
tive transport in vortex dynamics, quantum computing in
superconducting devices, nano-magnetism and spintronics,
biologically-inspired computing, complex collective phe-
nomena, etc. We are also working on “biologically-inspired
devices using quanta”.

Our previous research has mainly focused on transport
phenomena (of quantized magnetic flux or magnetic vor-
tices, electrons, phonons, grains) in systems that have dis-
order and/or reduced dimensionality. Examples include
confined geometries (e.g., films, slabs, micro-wires, micro-
networks), multilayers, aperiodic, quasicrystalline, and dis-
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ordered media.

A deeper understanding of complex dynamics in ma-
terials is now particularly well poised to contribute to ad-
vances in other disciplines and to benefit substantially from
interactions with those disciplines.

The nature of the motion of penetrating magnetic flux
lines is one of the major unsolved puzzles in superconduc-
tivity. As these flux lines move through stationary mag-
netic vortices in the superconductor, they exhibit loading-
unloading cycles, “stick-slip” type motion, and collective
‘jamming” that resembles transport in other types of me-
dia: grains of sand and colloids.

Specific problems we have studied include: dynamics
of superconducting vortices in disordered media; nonlin-
ear threshold dynamics, collapse, avalanches, and insta-
bilities in granular and superconducting systems; mag-
netic and thermal properties of high-TC materials; phonon
and electron transport in quasicrystalline and other ape-
riodic systems; acoustic interference, phonon localization
and universal transmission fluctuations; control of quan-
tum fluctuations in solids, including squeezed phonons;
and quantum interference due to electron motion in mag-
netic fields in a variety of systems (including superconduct-
ing wire micro-networks and Josephson junction micro-
arrays). Several of these micro-systems will soon be de-
veloped at the nano-scale. Under certain circumstances,
several of these apparently unrelated systems exhibit in-
teresting complex nonlinear dynamics when driven to the
threshold of instability.

During 2004, our team has been involved in many
projects. For brevity, we will only highlight the following
few examples. These fall in two general categories:

1. Quantum computing

2. Spatio-temporal complex dynamics, specially of vor-
tices and particle-motion control. Also, particle-motion
control.

A goal of quantum information technology is to con-
trol the quantum state of a system, including its prepa-
ration, manipulation, and measurement. However, scal-
ability to many qubits and controlled connectivity be-
tween any selected qubits are two of the major stum-
bling blocks to achieve quantum computing (QC). We have
proposed experimentally-realizable methods, using Joseph-
son qubits, to efficiently solve these two central problems.
The proposed QC architecture is scalable since any two
charge qubits can be effectively coupled. More impor-
tantly, we formulate efficient and realizable quantum com-
puting schemes to implement conditional gates.

We are continuing our studies of vortex dynamics in
superconductors with particular emphasis on novel forms
of vortex motion control, an area which we pioneered years
ago and is now attracting considerable attention.

Research Subjects
1. Condensed matter physics; Computational physics;
Complex systems

2. Quantum computing. Superconducting qubits
3. Vortex dynamics in superconductors
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