
Research/Teaching statement Gerard Awanou

I would like to describe in this statement the research I have done and comment
on future directions. My work has been on trivariate splines for scattered data in-
terpolation and numerical solution of partial differential equations, particularly, the
Navier-Stokes equations. Another line of my research is mathematical finance. I have
been interested in risk minimization in regime switching and two factor stochastic
volatility models. I will describe my recent success in the construction of a family of
mixed elements for three dimensional elasticity, a problem which was open for over
40 years.

1 Trivariate splines

Let us assume that Ω is a three dimensional domain with a triangulation 4, i.e. the
union of nonoverlapping tetrahedra with the property that the intersection of any two
tetrahedra is either empty, a common vertex, a common edge or a common face. A
spline function of degree d and smoothness r over Ω is a r times differentiable func-
tion which is a polynomial of degree d when restricted to each tetrahedron. Finite
elements are examples of spline functions.

Scattered data interpolation

A typical problem in surface design is the following: Given a set of scattered points
in IR3, which are assumed to be at the vertices of a triangulation 4, find a spline
with appropriate smoothness which interpolates the given data at the vertices. The
resolution of this problem is by means of the construction of locally supported spline
functions with high smoothness. I have implemented C1 spline functions in [6] on a
special triangulation. In general, implementing spline functions with high smooth-
ness is very difficult. In [7], I used an energy based method which permits one to do
scattered data interpolation with splines of arbitrary degree and arbitrary smooth-
ness. The method consists in representing splines on each tetrahedron by a vector
of coefficients, encoding the smoothness conditions and interpolation conditions as
linear systems of constraints, and minimizing the thin plate energy functional under
these constraints. The method is parallelizable and compared to the locally supported
spline method, the linear systems are easier to assemble and sparser.

Navier−Stokes equations

For the numerical solution of a partial differential equation defined on a domain T of
the Euclidean space, one typically wants to divide the domain into small elements.
This is because the error made will depend on the size of these elements. Now, many
partial differential equations have more smoothness away from the boundary and for
high order partial differential equations the approximate solution has to be smooth
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across element boundaries. Using the classical finite element method, it is difficult
to construct approximations which satisfy the above requirements in dimensions two
and three.

In my dissertation, I used spline functions of arbitrary degree and arbitrary smooth-
ness over an arbitrary domain of IR3 to approximate the solutions of the Poisson
equation, the biharmonic equation and the steady state Navier-Stokes equations in
velocity pressure formulation.

The numerical analysis of the Navier-Stokes equations is very important. Early work
on these equations can be found in [19]. It also plays an important role in the study of
the cardiovascular system. For example, blood flow in large arteries can be modelled
by the Navier-Stokes equations at low Reynolds numbers, [18] and [16]. Although
many computational methods exist, there is a need for more efficient methods capable
of high accuracy and able to cope with irregular geometries.

We start by representing the approximate solution on each tetrahedron by a vector
of coefficients. Then the smoothness conditions and the boundary conditions are
encoded as linear systems of constraints. A particular difficulty in treating the in-
compressible Navier-Stokes equations is the divergence free condition. It is encoded
as a linear constraint as well. From the weak formulation of the equations, using an
energy argument, we derive the discrete problem. Lagrange multipliers are used to
enforce the above constraints. Extensive details can be found in [8]. We considered
two methods to linearize the nonlinear discrete equations, by a simple iterative algo-
rithm and by Newton’s method. The linearized equations lead to consider systems of
the type (
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) (
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λ

)
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]
with A non symmetric with symmetric part positive definite on the kernel of L.
A variant of the augmented Lagrangian algorithm was used and I proved a linear
convergence rate of that algorithm in [9].

The advantages of the approach to numerical PDE’s are as follows: No macro-element
or locally supported spline functions are constructed; Polynomials of high degrees can
be easily used locally to get better approximation properties; Smoothness can be im-
posed in a flexible way across the domain at places where the solution is expected to
be smooth; The mass and stiffness matrices can be assembled easily and these pro-
cesses can be done in parallel; When the weak solution to the Navier-Stokes equations
is strong, it satisfies the divergence-free condition exactly.

For these advantages, the price to pay is that it is a computationally expensive
method.

Future directions:

I am working on extending the spline method to the 3D time dependent Navier-
Stokes equations. This requires exporting the numerical codes to a high performance
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environment. Certainly, the method can be applied to various high order partial dif-
ferential equations, e.g. the Cahn-Hilliard equations. The extension to variational
inequalities for the numerical solution of the American option problem [17] is also an
interesting project. Finally I am interested in possible connections with the discon-
tinuous Galerkin method [15] and the FETI domain decomposition method [20].

2 Risk minimization

Contingent claims are playing an increasingly important role in modern financial
markets. A contingent claim or derivative security is a financial contract whose value
is derived from the value of another security such as a stock or bond. Hedging a
contingent claim consists in investing in a dynamic portfolio of bonds and stocks such
that the value of the portfolio is identical to the value of the claim at the expiration
of the contract. Hedging contingent claims has become a prominent problem in
mathematical finance. Depending on the model of stock fluctuations, it might not
be possible to hedge exactly a claim. But it is always possible to find a super-
replicating portfolio, a portfolio whose value dominates the value of the claim at
expiration. The initial value of this portfolio is called the super-replication capital.
The super-replication capital is often too high. If one lowers the initial capital, there
is a possibility of shortfall and the problem becomes what trading strategies would
minimize the shortfall risk for a given initial capital.

There are two models of stock fluctuations I have considered: regime switching models
and two-factor stochastic volatility models. In regime switching models, asset prices
are generated by the realization of a Gaussian diffusion with mean and volatility
which depends on the state of a finite-state Markov process. The use of a Markov
chain allows to capture market trends as well as various economic factors. In two
factor stochastic volatility models, the mean is constant and the volatilty is driven by
two diffusion processes, one fast mean reverting and the other varying slowly. There
is empiral evidence for the existence of these two factors [2].

I have solved the shortfall risk minimization problem in a discrete regime switching
model [11] and characterize the super-replication capital in [12] in a continuous regime
switching model using the duality method. In [13], using a singular perturbation
expansion associated to the fast factor and a regular expansion associated with the
slow factor, I obtained approximate trading strategies which minimize the shortfall
risk in a two factor stochastic volatility model.

As future direction, I plan to apply the asymptotic method as a computational tool
for solving various stochastic control problems.

3 Challenging problems

Stable mixed finite elements for elasticity: For over 40 years, the question of
how to construct a pair of stable mixed elements for elasticity using polynomial shape
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functions in three dimensions was open. One element of the pair is used to discretize
the space of symmetric tensors in which the stress field is sought, and the other to
discretize the space of vector fields in which the displacement is sought. The sym-
metry of the stress tensor was the essential difficulty. The solution of this problem
is expected to have a broad impact in computational relativity. Recently [5], Arnold
and Winther have designed such elements for two dimensional triangular meshes. I
have also very recently constructed analogues of their elements, both conforming and
nonconforming, for rectangular meshes [3]. But the three dimensional problem re-
mained open. In both cases above, the elements are related to a discrete version of the
elasticity sequence, which is more complicated in three dimensions. Recently, using
computational experiments, a three dimensional element was proposed in [1]. But
the question remained whether there was an error in the computer program and no
proof of uniqueness was immediately available. Revisiting the problem, I was able to
put the puzzle together, using research notes of Arnold and Winther I improved, to
design the analogues of the Arnold-Winther elements for three dimensional elasticity
[4]. The Adams-Cockburn element has no analogue in two dimensions for either tri-
angular or rectangular meshes. Moreover it has no higher order version and certainly
not related to a discrete version of the elasticity sequence, a property I believe will
be useful for applications.

I am now completing the analysis of the nonconforming versions of the three dimen-
sional mixed elements in the lowest order case [14].

Other problems: There are other challenging problems I have encountered I will
take on in the next five or ten years: The generic dimension of the space of spline
spaces and the regularity problem for the 3D time dependent Navier-Stokes equations.

Teaching

I will describe in this statement my teaching experience, the use of technology and
my approach to teaching which involves developing relationships with students.

I began teaching mathematics at the University of Georgia in the spring of 1999 when
I was asked to run several differential calculus labs. These labs at UGA require stu-
dents to write reports on Maple based projects. Calculus labs were usually at that
time part of my assignments. I wrote myself a Maple project on portfolio optimiza-
tion in spring 2003. Beginning fall 2002 my lab was fully WebCT based. WebCT
stands for web course tools and it facilitates the creation of web based learning envi-
ronments. In the labs I emphasized written mathematics and problem solving skills.
George Polya’s book had been quite useful to me in formulating the concepts I trans-
fer. My experience in the labs and as a tutor of the math department gave me insight
into the problems faced by students.

I have taught a pre-calculus class, a college algebra class and two calculus classes.

4



This fall of 2004, I’m teaching Linear Algebra and Differential Equations, an under-
graduate class.

The approach I take in the classroom is to motivate the concepts and show the
intuition behind them. I then raise my students’ awareness on the difficulties in per-
forming the computations. Put it differently, my goal is to make them be part of
the building process of the lecture. In this process I take a lot of questions from the
students. This is at times risky, but the reward is great. The students get to ask deep
questions, and I can detect the misconceptions and integrate the corrections into the
lecture. On the other hand, they are more likely to pay attention to me when I’m
answering their questions. I also use past homework questions in the lecture. I have
found that by sending students to the board, they reach a better understanding and
other students can see what mistakes to avoid.

Developing relationships with students is very important to me. This is the part of
teaching I enjoy most. I tell my students that I rely on them to let me know if they
are following and that the more questions they ask, the more they will benefit. Early
in the semester I make clear to them, I know their names and I constantly encourage
them to visit me in my office or attend help sessions. I specifically invite to my office
anyone who is not doing well. This time together contributes to the creation of an
environment in which my students feel comfortable and can express their mind.

I like to think that I’m doing a very important job. It is always a surprising pleasure
for me to learn that some of my students become math majors. I thrive to do an
excellent work at teaching because I do not like mediocrity. I talk a lot to successful
teachers, and I have found a few books on teaching very useful. I would like to single
out Mastering the Techniques of Teaching by J. Lowman. It is a pleasure to learn
that people enjoy my lab and my classes and even a greater pleasure when a student
later after the class lets me know that I was very helpful
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Research Interests and Agenda John W. Cain

My research concerns applications of mathematics in biology and medicine, specifically cardiac electrophysi-
ology. Examples of relevant mathematical areas include qualitative theory of ordinary differential equations,
reaction-diffusion equations, asymptotic methods, delay differential equations, and numerical methods. In
what follows, I will provide an overview of my dissertation research as well as my future research plans.

1 Background

Cardiac tissue is an example of an excitable medium. Applying a sufficiently strong stimulus to a cardiac cell
leads to a prolonged elevation of transmembrane voltage known as an action potential. Like the well-known
Hodgkin-Huxley model of the nerve action potential, models of the cardiac action potential are typically
presented as reaction-diffusion equations. When spatial extent is negligible, the equations reduce to systems
of nonlinear ODEs. Such models are referred to as ionic models since they are derived by considering the
transport of various ions across the cell membrane.

Based on their experimental work, Nolasco and Dahlen [1] proposed a mapping model to describe the dy-
namics of repeatedly stimulated, or paced, frog heart tissue. More recent studies [2, 3] have used asymptotics
to derive mapping models from ionic models. To establish notation, refer to Figure 1, which shows a voltage
trace of several consecutive action potentials in a paced cardiac cell. By specifying a threshold voltage vthr,
one may define the action potential duration (APD) as the amount of time in which v > vthr during an
excitation. The subsequent recovery time during which v < vthr is called the diastolic interval (DI). Let An

and Dn denote the APD following the nth stimulus and the subsequent DI, respectively. The dependence of
An+1 on Dn, known as APD restitution, is a fundamental characteristic of paced cardiac tissue and can be
approximated using a mapping. The mapping introduced by Nolasco and Dahlen [1] has the form

An+1 = f(Dn) = f(B − An), (1)

where B denotes the pacing period. The graph of f , known as the restitution curve is qualitatively similar
to the graph of

g(x) = C1 − C2e
−C3x, C1, C2, C3 > 0 (2)

At slow pacing rates (large B), the cell exhibits a phase-locked 1:1 response in which every stimulus yields
an identical action potential; that is, the mapping (1) has a unique, stable fixed point. Guevara et al. [4]
showed that alternans, an abnormal beat-to-beat alternation of APD values, can result from a period-
doubling bifurcation of (1) as the parameter B is gradually decreased. Alternans has been linked to the
onset of ventricular fibrillation and sudden cardiac death [5, 6, 7].

In spatially extended tissue, action potentials propagate due to electrical coupling of cells. Conduction
velocity (CV) restitution is similar to APD restitution in that it relates propagation speed of an action
potential to the preceding (local) DI. The CV analogue of the restitution curve, known as the dispersion
curve, also has the same qualitative appearance as the graph of (2). The information contained in the
restitution and dispersion curves can be used to model the spatiotemporal dynamics of the tissue without
resorting to the reaction-diffusion equations mentioned above.

2 Core Thesis Results

There is evidence that sudden perturbation of the pacing interval can initiate abnormal cardiac rhythms [8].
In my thesis, I analyze how a one-dimensional fiber of tissue responds to an abrupt change in the pacing
period. In particular, I derive an estimate of the number of beats N required for the tissue to achieve approx-
imate steady-state. My calculations reveal that the dependence of N on the fiber length L is surprisingly
weak.
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Figure 1: Voltage trace of action potentials in a single cell. The durations of the nth action potential and
subsequent diastolic interval are denoted by An and Dn, respectively.

More quantitatively, suppose that one end of a one-dimensional fiber of length L is initially paced at a
rate Bold. Switching to a new pacing period Bnew causes the fiber to exhibit transient behavior en route
to a steady-state response. The transient can be analyzed by considering the spatial variation in DI. Let
Dn(x) denote the DI preceding the nth stimulus applied at the new pacing rate. As n → ∞, we have
Dn(x) → D∗

new, where D∗

new denotes the steady-state DI associated with periodic pacing with period Bnew.
By writing Dn(x) = D∗

new + yn(x), my problem can be stated as follows:

Given any ε > 0, determine N = N(ε, L) such that |yn(x)| < ε, ∀x ∈ [0, L], ∀n > N .

I address this problem by deriving an infinite sequence of integral equations that can be solved sequentially
to obtain the functions yn(x). The function yn(x) can be expressed as T ny0(x), where the operator T =
−αI+K is a sum of a scalar multiple of the identity operator and a Volterra integral operator. The spectrum
of T consists of a single point −α, where α represents the slope of the restitution curve evaluated at D∗

new.
Requiring that α < 1 assures that the sequence {yn(x)} converges to 0. To estimate the rate of convergence,
I analyze powers of the operator T . My calculations show that

(T nf)(x) = (−α)nf(x) +

∫ x

0

Ψn(x − s)f(s) ds (3)

where the kernel Ψn is a scaling of a Kummer confluent hypergeometric function. Applying an asymptotic
estimate of the hypergeometric function, I derive a tight upper bound on ‖T n‖. These computations yield an
estimate on N in terms of ε, L, and the slopes of the restitution and dispersion curves. The results described
above will be submitted for publication shortly [9].

3 Other Results

3.1 Background on rate dependence and memory

It has been shown experimentally [10, 11] that cardiac tissue exhibits memory: An+1 depends not only
on Dn, but also on the recent pacing history. In other words, although the mapping (1) may serve as a
reasonable approximation, a more general mapping such as

An+1 = f(Dn, An, Dn−1) (4)

gives an improved description of the dynamics. Because of memory, the restitution curve depends upon the
pacing scheme used in its measurement, a phenomenon sometimes known as rate-dependent restitution.

3.2 Rate-dependent propagation

In joint work with Tolkacheva, Schaeffer and Gauthier [12], we investigate whether memory also leads to rate-
dependent propagation of action potentials. In other words, does the velocity of an action potential depend
upon which pacing scheme is used in its measurement and, if so, is memory responsible? Using numerical
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simulations of several physiologically based models, we measure wavefront and waveback velocities of action
potentials under various pacing conditions. We find that waveback velocity exhibits rate-dependent velocity,
whereas wavefront velocity does not. Moreover, we obtain qualitatively similar results regardless of which
ionic model is used–even models that lack memory exhibit rate-dependent waveback velocity. We explain this
phenomenon analytically by employing techniques similar to those used in deriving my main thesis result (see
Section 2). Our calculations show that, apart from the trivial case in which the restitution curve is constant,
waveback velocity must exhibit rate-dependence even in the absence of both memory and rate-dependent
wavefront velocity.

3.3 Fitting the Restitution Portrait

The recently proposed restitution portrait [13] provides a far richer description of tissue dynamics than the
restitution curve. Existing memory models, most of which are ad hoc, are unable to accurately reproduce
all of the relevant features of the restitution portrait. I recently coauthored a paper [14] in which a new,
ionically based mapping model is proposed. Our mapping model has a clear advantage over existing models
because it can be derived as an asymptotic limit of a simple ionic model, giving it a physiological basis.
Moreover, through nonlinear parameter estimation, we are able to accurately fit an experimentally obtained
restitution portrait.

3.4 Derivation of Mapping Models

The nonlinear ODEs associated with ionic models contain time constants of different orders of magnitude.
As alluded to in the Background section, several authors [2, 3] have exploited this fact, using asymptotics
to derive leading order approximations of the restitution curve. For typical parameter choices, these leading
order approximations underestimate APD values with relative errors as high as 10–20%. In my doctoral
thesis, I derive a two-term asymptotic approximation of the restitution curve by analyzing a memoryless two-
current ionic model [2]. My computations, which are similar to those originally performed by Dorodnicyn [15]
in estimating the period of the van der Pol oscillator, normally lead to relative errors of less than 2%.

4 Future study

There are several issues of both practical and mathematical interest that I plan to address with the methods
used in my thesis. In addition to continued interdisciplinary work in cardiac electrophysiology, I am also
interested in conducting research in other areas of applied mathematics. Here is a brief description of
problems I plan to study.

• Rapid pacing and discordant alternans: Discordant alternans (DA), an abnormal rhythm in which
out-of-phase alternans occurs in distinct regions of tissue, is associated with increased vulnerability to
ventricular fibrillation [16]. Although several studies [8, 16] have proposed mechanisms for the genesis
of DA, the bifurcation to DA is poorly understood mathematically. Moving beyond the context of my
thesis, I plan to apply related techniques to better understand the onset of DA.

• Memory: My thesis computations work under an assumption that a memoryless mapping of the form
(1) can be applied locally at each x along a one-dimensional fiber. However, as noted in Section 3,
cardiac tissue exhibits memory with respect to the pacing history. Therefore, I will investigate the
implications of using a more general mapping such as (4). Since no previous studies have considered
the impact of memory on the initiation of DA, such an analysis would break new ground.

• Control: Controlling turbulent electrical behavior in heart tissue is one of the ultimate goals in cardiac
research. Recently, Hall and Gauthier [17] were able to suppress alternans in a small patch of frog
tissue by using a simple feedback control scheme. Echebarria and Karma [18] later applied the same
feedback scheme at one end of a fiber of tissue, finding that control is only successful up to a maximum
fiber length. I am interested in expanding the work of these two studies.

3



• New Areas: In addition to studying the above problems, I plan to expand my research into other
subfields of mathematical biology such as epidemiology. The techniques used in my thesis may be appli-
cable to certain problems in epidemiology since there are several notable parallels between epidemiology
and cardiac electrophysiology. For example, both models of the geographic spread of epidemics and
models of waves in excitable media are often presented as systems of reaction-diffusion equations.
Moreover, a major goal in mathematical epidemiology is the design of effective vaccination strategies,
a challenge analogous to the problem of controlling arrhythmias in cardiac tissue.
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Philosophy of Teaching

The first time I taught an undergraduate mathematics course, one of my weakest students posed a question
that had a major impact on my teaching philosophy. On the midterm exam, the frustrated student left every
page blank except the last one, on which was written,

When would anyone ever use this math [expletive deleted] anyway?

I vaguely remembered hearing other students express similar sentiments, but seeing this question in writing
(and expressed so forcefully) made more of an impression on me. I casually asked two other students what
they felt I could do to improve the quality of the course. Both had essentially the same response: the lectures,
although clear and informative, were too “textbookish” and gave little insight as to why anyone should care
about the subject matter. After considering these comments, I developed my first two personal “axioms” of
teaching:

Teaching Axiom 1: I can better engage students if they understand why the subject matter is important.

Teaching Axiom 2: If I engage the students, they are more likely to learn and retain the course content.

From the two axioms, the following principle follows immediately.

Teaching Principle 1: Students who appreciate the importance of the subject matter are more likely to
learn the material.

This principle, which is now the main tenet of my teaching philosophy, has been far more influential in
shaping my teaching style than any other “axioms” or “principles” I have created during my development
as an instructor.

Implementation

The instructional techniques I have implemented as a result of the above principle have made a significant
impact on my students’ understanding of the subject matter. Here are a few particularly useful techniques
that I employ:

• When possible, I introduce applications of our course material to problems in biology, chemistry, com-
puter science, sociology, and economics. Although many students have seen applications to problems
in physics (e.g. deriving basic kinematics equations), few realize that mathematics can be useful in
other fields as well. By drawing from a diverse set of examples, I have succeeded in engaging students
whose majors require mathematics only as a means to satisfy a graduation requirement.

• Outside of class, I routinely host brief, one-on-one meetings with my students. Conversational discus-
sions that are tailored to the student’s interests often pique their curiosity. These conversations have
aided me in matching in-class examples with students’ interests.

• In response to student suggestions, I now provide a course “road map” that goes well beyond what
a traditional course syllabus would include. More specifically, prior to introducing an important new
topic in class, I give a five-minute expository lecture explaining what we are about to do, why it is
important, and how it fits in with previous material. I find that students who understand the “big
picture” (i.e. that the topics fit together in a useful, cohesive theory) are better equipped to discuss
the subject matter intelligently.

• Each week, I give an optional bonus problem that is designed to challenge, but not frustrate, my
students. I use these problems to introduce various mathematical problem solving techniques, many of
which are not stressed in lecture (e.g. search for a pattern, consider a simpler case, introduce effective
notation, exploit symmetry, use an indirect argument). These problems have been enormously popular,
with approximately two-thirds of my students choosing to participate. Former students frequently cite
my bonus problems as their first exposure to the mathematical problem solving techniques listed above.
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Results

The feedback I have received from students has been extremely positive. Based upon their comments, I was
recently awarded the L. P. Smith Teaching Award, a prize given annually by the Duke University Mathematics
Department to graduate students who demonstrate excellence in teaching. In course evaluations, students
give me especially high marks on (i) ability to explain concepts clearly, (ii) love of the subject matter, and
(iii) accessibility outside of class. They also appreciate that I introduce such a wide variety of applications.
Below, I have included a list of selected student comments that have appeared on my evaluations within the
past year.

Most of the criticisms that my students voice are relatively minor and typically concern the strictness of
my grading policy or the volume of homework. Still, I take student comments very seriously and have
incorporated some of their suggestions in recent courses. Their feedback has been instrumental in improving
my effectiveness as an instructor. For example, last year I had the opportunity to teach the same course in
consecutive semesters. Both classes were asked to rate my quality of instruction on a five-point scale. My
average rating among students in the second course was 0.71 points higher than my average rating among
their predecessors. I attribute this sharp increase to the valuable suggestions of the students in the first
course.

Future Plans

Curriculum development: I have devoted a great deal of thought to designing effective instructional
methods that help students learn the course content. Now that I am beginning to form my own list of
“best practices” for teaching, I wish to serve on departmental committees for curriculum development. Work-
ing alongside veteran teachers with the common goal of improving undergraduate mathematics instruction
would be valuable in my development as an instructor.

Designing interdisciplinary courses: Recent advances in biological research have spawned a wide
variety of problems at the interface of mathematics and biology. I hope to design an interdisciplinary course
for advanced undergraduates that (i) surveys selected problems in mathematical biology and (ii) introduces
mathematical techniques that have been useful in studying these problems.

Mentoring: Recently I had the opportunity to substitute as a lecturer for an advanced undergraduate
course on mathematical physiology, an experience I found very rewarding. I would love to serve as a mentor
for graduate students and advanced undergraduate students who express an interest in mathematical biology.
The challenge of mentoring students in advanced mathematics would benefit me greatly, as it would help me
to think more deeply about my own work.
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Teaching Experience

Since 1998, I have served as a teaching assistant seven times and as an instructor three times (all calculus
courses). The preparedness of students (and therefore the topics covered) varied greatly from course to
course. Here are some examples:

• Lab Instructor, Intensive Calculus I and II, Rutgers University, Fall 1999–Spring 2000. Students with
the weakest calculus background at the university were invited to register for this course. In addition
to two 80-minute lectures per week, students met with me for three 80-minute problem sessions per
week. Our meetings emphasized group work on difficult problem sets with the assistance of graphics
calculators. I am gratified to say that, despite their initially weak backgrounds, my class performed as
well as students in honors sections on the final exam.

• Instructor, Calculus, Rutgers University, Fall 1999. Affectionately dubbed “calculus for poets”, this
course was designed for humanities students with no interest in pursuing additional study of mathe-
matics. I was granted complete control over the design of the course, an opportunity rarely afforded
to graduate students. The administrative duties included: creating a syllabus, selecting a text, and
communicating with the campus bookstore and registrar. This experience was particularly valuable in
my development as an instructor.

• Lab Instructor, Laboratory Calculus, Duke University, Fall 2001. A course for students who plan
to major in science and engineering. Students worked in groups on challenging problems involving
applications of mathematics, presenting their findings in formal lab reports. My primary duty was to
grade these lab reports, paying careful attention to (i) correctness of the computations and (ii) their
interpretation of the results. In addition, I critiqued students’ scientific writing style, pointed out issues
they failed to address, and posed questions for further study.

• Instructor, One Variable Calculus (Math 41), Duke University, Spring and Fall 2003. A one-semester
review of calculus designed for students who have taken a full year of calculus in high school. Math
41 meets every day and covers an enormous amount of material. Consequently, Math 41 presents a
challenge for the instructor and the department is selective in choosing graduate students to teach this
course. My students were generally quite pleased with this course, with many saying that they finally
had begun to understand the practical importance of mathematics. Several even chose to major in
mathematics, citing Math 41 as a course that heightened their interest in the field.

In addition to the university teaching jobs, I have also served as tutor for high school students and un-
dergraduates. I have tutored students in the following subjects: pre-calculus, calculus (single variable and
multi-variable), linear algebra, differential equations, real analysis, abstract algebra, and combinatorics.
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Selected Comments from Students

“I liked this course a great deal because it had a lot of emphasis on how math is applied in practice, not just
solving problems that seemed pointlessly abstract.”

“Thanks for teaching with the realization that we’re not all mathematicians. It was nice to have someone
explain reasons behind the theories as well as giving the theories to us.”

“The instructor’s willingness to help was unmatched by any professor I have had in my college experience.”

“[I] particularly enjoyed application-type test problems and bonus problems.”

“A major step forward in my mathematical understanding. John is great with students and extremely
generous with his time in helping those who struggled.”

“[John] seemed like he cared about how we did in the course and if we actually understood what was going
on, which I appreciate in an instructor.”

“He organised the course very well. [He] was available most of the time to help me and was enthusiastic
about teaching us. The professor interacted with the students very well. Also, it was easy to get help when
I needed it.”

“A constant game of mental gymnastics. Please ease up on the homework though.”

“After taking this class, I feel as though I now have a solid base of knowledge in calculus. Many of the
questions I had in the past were answered, and I now understand the reasons behind the theorems.”

“Thank goodness Duke has this class and I took it with John. John is a fantastic instructor—prepared,
extremely clear and cogent in class, and great with students.”

“[I gained] appreciation for usefullness [sic] of mathematics.”

“At times the homework for one week would be way too much.”

“Even though I’m not a big fan of math, John Cain managed to make the material engaging and meaningful.
He was also an excellent, efficient communicator and teacher.”

“[John] was always willing to help us outside of class and through e-mail and his website.”

“Instructor was always willing to meet with students and go that extra mile to make sure we really understood
the material. I wish the grading system were a bit more clear.”

“He is passionate about what he teaches and is always willing to explain anything a student does not
understand. His sense of humor can be a little intimidating, but he was a good teacher.”
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Research Interests · I am primarily interested in mathematical models of cardiac electrical activity. Particularly
relevant areas of mathematics include: reaction-diffusion equations, qualitative theory of ODEs,
perturbation methods, numerical methods, delay differential equations, and bifurcation theory.
I hope to continue interdisciplinary work in mathematical biology after completing my doctoral
dissertation.
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Other

Presentations · Waves in excitable media: An overview, Duke University Graduate-Faculty Seminar, 8/2003.

· Simulating discordant alternans with a two-current model, Duke University Graduate-Faculty
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RESEARCH ACCOMPLISHMENTS (in order of importance for current work). 
 
1. Interaction between polymer brushes immersed in supercritical and dense fluids. 
I have constructed two-order parameter self-consistent mean field theory (MFT) that properly 
describes the interaction between polymer brushes immersed in a solvent of given thermodynamic 
properties. This theory agrees with the experimental observations of such interactions in a variety 
of practically important cases. In the case of simple dense fluids, the above theory excellently 
describes the disjoining force measured by Klein et al.,  thus bridging a gap between the 
experimental results and the findings of the classical MFT of de Gennes that claims that the 
disjoining force is zero. For the supercritical fluids, my theory explains why the interaction between 
polymer brushes can be attractive and how the supercritical solvent promotes that attraction. The 
obtained theoretical results are in good agreement with computer simulations of Meredith et al. 
2. Effect of size and shape of filler particles on the order-disorder transition in the diblock 
copolymers. On the basis of the density functional theory I calculated the excess free energy caused 
by the presence of fillers of different size and shape in the diblock copolymer melt. This calculation 
made it possible to obtain a shift of the order-disorder transition temperature (ODT) in this system 
in a variety of cases of interest. My theoretical findings explains experimental results of Jain et.al.  
who found that the magnitude of ODT dramatically depends on the shape of filler particles. Since 
the problem of producing the maximal effect of fillers on the ODT is of great industrial importance, 
I shaped my theory to suit practical engineering needs. 
3. “Simple” kinetic models and their application to the investigation of transport properties of 
many-component quasiparticle mixtures in confined geometries. 
At the first stage of this project, I extended  the “simple” BGK model for the collision operator in 
one-component Boltzmann equation to the case of multi-component system. This relatively simple, 
easily tractable  generalization of the BGK model allowed it to describe the effects of mutual drag 
of quasiparticle species in multi-component systems in confined geometries. Some examples of 
successful applications of the developed theory include: 1. effect of optic phonon drag on the lattice 
thermal conductivity of a slab of rectangular cross-section; 2. correction to the Knudsen effect in 
the superfluid helium mixture caused by the phonon and roton drags; 3. effect of phonon drag on 
the formation of non-equilibrium steady state in phonon-fermion systems in general. 
4. Application of incremental expansion technique to the calculation of thermodynamic 
properties of classical systems. This part of my work is pure math. physical. I developed a new 
formalism that makes it possible to construct diagrammatic- like expansion for strongly correlated 
dense classical systems. This expansion can be thought of as an alternative to the regular virial 
series, which works well not only for rarefied gases, but also for dense condensed systems.   
5. Osmotic pressure and Knudsen effect in  mixtures of helium isotopes. 
Collaborators and I have calculated the phonon- and roton- mediated interactions between 3He 
quasiparticles in 3He-4He mixture. On the basis of this calculation, we obtained the osmotic 
pressure of 3He-4He mixture and the correction to the Knudsen relation between temperature and 
3He concentration. We have shown that the above interactions can produce ~25% correction to the 
ideal terms, in agreement with the experimental observations of Ebner et.al.   
6. Nucleation and growth of the new phase in the supersaturated 3He-4He mixture. 
In collaboration with experimentalists, we have measured and calculated the first sound velocity 
and the dielectric constant of supersaturated metastable 3He-4He mixture for different 
concentrations and temperatures. This work made it possible to elucidate the formation of droplets 
of pure 3He, the nuclei of a new phase,  for different thermodynamic conditions. This, in turn, 
allowed us to better understand the metastable region of  3He-4He phase diagram and explain a 
variety of experimental observations, including our own ones. 
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7. Dynamic models of  migration of selected heavy metal pollutants in soil-plant systems. I 
constructed a simple chain ‘exponential’ model in order to describe migration of selected heavy 
metal pollutants and their accumulation in soil and plants under given conditions. The migration 
rates were introduced into the model through the coefficients that were evaluated on the basis of 
field observations in Kharkov city region. The main objective of the developed model is to predict 
seasonal distributions of the pollutants in the area that undergoes the influence of given permanent 
industrial factors.   
COMPUTER SKILLS: Fortran, Mathematica (advanced). 
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RESEARCH ACCOMPLISHMENTS of A. CHERVANYOV 
 (in order of importance for current work). 
 
1. Interaction between polymer brushes immersed in supercritical and dense fluids. 
I have constructed two-order parameter self-consistent mean field theory (MFT) that 
properly describes the interaction between polymer brushes immersed in a solvent of 
given thermodynamic properties. This theory agrees with the experimental observations 
of such interactions in a variety of practically important cases. In the case of simple dense 
fluids, the above theory excellently describes the disjoining force measured by Klein et 
al.,  thus bridging a gap between the experimental results and the findings of the classical 
MFT of de Gennes that claims that the disjoining force is zero. For the supercritical 
fluids, my theory explains why the interaction between polymer brushes can be attractive 
and how the supercritical solvent promotes that attraction. The obtained theoretical 
results are in good agreement with computer simulations of Meredith et al. 
2. Effect of size and shape of filler particles on the order-disorder transition in the 
diblock copolymers. On the basis of the density functional theory I calculated the excess 
free energy caused by the presence of fillers of different size and shape in the diblock 
copolymer melt. This calculation made it possible to obtain a shift of the order-disorder 
transition temperature (ODT) in this system in a variety of cases of interest. My 
theoretical findings explains experimental results of Jain et.al.  who found that the 
magnitude of ODT dramatically depends on the shape of filler particles. Since the 
problem of producing the maximal effect of fillers on the ODT is of great industrial 
importance, I shaped my theory to suit practical engineering needs. 
3. “Simple” kinetic models and their application to the investigation of transport 
properties of many-component quasiparticle mixtures in confined geometries. 
At the first stage of this project, I extended  the “simple” BGK model for the collision 
operator in one-component Boltzmann equation to the case of multi-component system. 
This relatively simple, easily tractable  generalization of the BGK model allowed it to 
describe the effects of mutual drag of quasiparticle species in multi-component systems 
in confined geometries. Some examples of successful applications of the developed 
theory include: 1. effect of optic phonon drag on the lattice thermal conductivity of a slab 
of rectangular cross-section; 2. correction to the Knudsen effect in the superfluid helium 
mixture caused by the phonon and roton drags; 3. effect of phonon drag on the formation 
of non-equilibrium steady state in phonon-fermion systems in general. 
4. Application of incremental expansion technique to the calculation of 
thermodynamic properties of classical systems. This part of my work is pure math. 
physical. I developed a new formalism that makes it possible to construct diagrammatic- 
like expansion for strongly correlated dense classical systems. This expansion can be 
thought of as an alternative to the regular virial series, which works well not only for 
rarefied gases, but also for dense condensed systems.   
5. Osmotic pressure and Knudsen effect in  mixtures of helium isotopes. 
Collaborators and I have calculated the phonon- and roton- mediated interactions 
between 3He quasiparticles in 3He-4He mixture. On the basis of this calculation, we 
obtained the osmotic pressure of 3He-4He mixture and the correction to the Knudsen 
relation between temperature and 3He concentration. We have shown that the above 



interactions can produce ~25% correction to the ideal terms, in agreement with the 
experimental observations of Ebner et.al.   
6. Nucleation and growth of the new phase in the supersaturated 3He-4He mixture. 
In collaboration with experimentalists, we have measured and calculated the first sound 
velocity and the dielectric constant of supersaturated metastable 3He-4He mixture for 
different concentrations and temperatures. This work made it possible to elucidate the 
formation of droplets of pure 3He, the nuclei of a new phase,  for different 
thermodynamic conditions. This, in turn, allowed us to better understand the metastable 
region of  3He-4He phase diagram and explain a variety of experimental observations, 
including our own ones. 
7. Dynamic models of migration of selected heavy metal pollutants in soil-plant 
systems. I constructed a simple chain ‘exponential’ model in order to describe migration 
of selected heavy metal pollutants and their accumulation in soil and plants under given 
conditions. The migration rates were introduced into the model through the coefficients 
that were evaluated on the basis of field observations in Kharkov city region. The main 
objective of the developed model is to predict seasonal distributions of the pollutants in 
the area that undergoes the influence of given permanent industrial factors.   
 
TEACHING EXPERIENCE of A. CHERVANYOV 
 
4.5 year experience as a Senior Lecturer, later Docent  
of National Guard Institute of Ukraine, Science Division (in Russian, Ukrainian) 
 
Lectures: Calculus, Linear Algebra, Basics of Numerical Methods 
Practical Courses: Calculus, Linear Algebra.  
Average load: 40-50 hours/month 
 
TEACHING PHYLOSOPHY of A. CHERVANYOV 
 
I believe that the most direct way to achieve profound knowledge of a subject is in 
sharing this knowledge with others. That is why I consider teaching an integral part of 
scientific work. My main objective as a lecturer is to teach my students how to find their 
own way in a labyrinth of mysteries encountered by any researcher in everyday scientific 
life. Since the scientific work is always a quest for a new knowledge, it cannot be 
performed by simply following standard recipes. In my classes, I focus on developing in 
my students creativity and ability to think unconventionally first of all. My typical 
strategy is to awaken scientific curiosity of students and fulfill this curiosity afterwards. I 
consider that the seeds of real knowledge can only be planted in the ground that is well 
fertilized with natural curiosity, anxiety to resolve problems that naturally arise in 
discussions, and awareness of the practical need in the knowledge. I think that a good 
lecturer is one who can prepare such ground. 

Since ancient times the three principles prove to be a cornerstone of effective 
learning, as follows: 1.gradually and 2.continuously 3.from the simpler to the more 
complicated. I derive my teaching strategy from these simple principles. More 
specifically, I strive to (1) determine the level of my students and adjust my approach as 
needed; (2) motivate students to understand the material; (3) present the material in a 
clear and concise manner; (4) never move on, when the subject is poorly understood; and 



(5) continuously refresh previously learned material in students’ minds, especially before 
moving to a new material.  

In my practical classes and seminars, I strive for a relaxing classroom atmosphere 
where curiosity is rewarded and students’ activity is welcomed. I believe in the 
possibility of the classroom as the free marketplace of ideas in which all students develop 
their creativity and thinking skills by actively contributing to the subject under 
discussion.  I also believe that my role as facilitator demands that I be aware of 
developing class dynamics so that I might enable all my students to participate fully in 
that free marketplace.  Emphasizing the importance of critical thinking and clear 
articulation across all academic disciplines, I foster lively student-centered activities, 
such as debates and student-led discussions that challenge students to express their ideas 
with greater preciseness and persuasiveness.  

My personal purpose is to become a good teacher; flexible enough to avoid 
dogmatizing the material, skilled enough to be able to inspire my students with the wish 
to always teach themselves. I would like to make my students gain a foot-hold in their 
own work and experience first of all, for them to become independent, self-motivated 
specialists.   I would like to be a teacher who learns each single day. 
 
 



CURRICULUM VITAE

Dr. Chandan Das

Present status:  Postdoctoral Research Associate at the University of Toledo, USA.

Research Capabilities:

Development of amorphous, microcrystalline and nanocrystalline silicon thin films by (1)
plasma enhanced chemical vapor deposition (PECVD) technique. The conventional RF 
(13.56 MHz) was applied for plasma deposition. Different regimes of deposition 
parameters viz. substrate temperature, H2 dilution in mixture of SiH4 and H2, RF power 
have been explored. Used single chamber and multichamber UHV deposition systems 
(MVSystems, USA; Anelva, Japan; GSI, USA) associated with  turbomolecular pumps 
(UHV: ~10-9 Torr). Worked in clean room laboratory for thin film deposition.

Application of very high frequency (VHF: 53-105 MHz) for plasma excitation in (2)
PECVD technique. This was done to increase the deposition rate of the microcrystalline 
films. Several deposition parameters were optimized for the development of 
microcrystalline and nanocrystalline materials. (Used Dressler, Germany RF generator 
and matching network).

Intrinsic microcrystalline films were also developed by Solid Phase Crystallization (SPC) (3)
method. This was done to obtain larger grains of crystals and simultaneous increase in 
deposition rate of the microcrystalline films. This method is consisted of two steps: one is 
deposition of amorphous films by 13.56 MHz-PECVD technique and then thermal 
annealing of these films in furnace at 600ºC for crystallization. The annealing system has 
been installed and assembled in PhD program. Initiated materials development with 
Metal Induced Crystallization (MIC) which is a comparatively low temperature 
crystallization process (~200ºC). 

Characterization of all these developed thin films were done by (4)
thickness measurements by stylus/ optical method,(a)
conductivity measurements (at different thermal zone),(b)
FTIR spectroscopy,(c)
UV-VIS-NIR spectroscopy, (d)
Raman spectroscopy, (e)
Scanning-electron-microscopy (SEM),(f)
Electron-spin-resonance spectroscopy (ESR),(g)
Transmission-electron-microscopy (TEM),(h)
Constant-photocurrent-method (CPM),(i)
Modulated-photo-current method (MPC),(j)
Steady-state-photocarrier-grating technique (SSPG),(k)
Photothermal-deflection-spectroscopy (PDS),(l)
Atomic-force-microscopy (AFM),(m)
Spectroscopic-ellipsometry (SE).(n)



I have expertise in analyzing data acquired from all these characterization techniques, and have full 
capability to operate some of the instruments (a, b, c, d, f, i, m) so far.

Amorphous and Microcrystalline solar cells were fabricated and their performance was (5)
evaluated by current-voltage (I-V) characteristic, quantum-efficiency (QE) 
measurements. Used WACOM solar simulator, Oriel spectral response measurement 
system.

Fabrication and analysis of performance of triple junction amorphous silicon solar cells. (6)
Worked on back reflectors for solar cells deposited on stainless steel foil. Studied 
performance of triple junction solar cells under various failure scenarios during 
deposition with the help of computer modeling using a program: Advanced 
Semiconductor Analysis. Established a new current-voltage (I-V) measurement 
procedure for component cells in a multijunction solar cell structure. 

Fabrication and characterization of semiconductor detector (Neutron detector, Alpha (7)
particle detector).

Academic achievements:

1. Academic degrees:

Branch of specialization Year Grade of 
degree

Subjects studied

PhD in Physics 2003 - Materials Science, 
semiconductor physics, thin film 
device physics.

Master of Science (MSc) 1998 I Physics:
Solid state physics, quantum 
mechanics, mathematical 
physics, statistical physics, 
atomic & molecular physics etc.

Bachelor of Science (BSc) 1996 I Physics (Honors)
Mathematics and chemistry.

Higher Secondary (10+2) 1993 I Physical and biological sciences
Secondary (10) 1991 I Science, Arts and social science 

courses.

2. Academic awards:

Govt of India (Department of Science & Technology) funded fellowship during (i)
1998-2003 at Indian Association for the Cultivation of Science, India for 
performing doctoral degree.

Qualified GATE (Graduate Aptitude Test in Engineering) in 1998, a national (ii)
examination in India.

(iii) Awarded National Scholarship in 1991 for 10th level.



Title of PhD Thesis: “Development of microcrystalline and nanocrystalline silicon thin films as 
active layer of solar cells”.

List of main publications:

Onset of microcrystallinity in silicon thin films by C. Das and S. Ray, Thin Solid Films, (1)
403-404 (2002) 81.

Effects of substrate temperature on structural properties of undoped silicon thin films by (2)
Chandan Das, Arup Dasgupta, S. C. Saha and Swati Ray, J. Appl. Phys., 91 (2002) 
9401.

Substrate temperature and hydrogen dilution: parameters for amorphous to (3)
microcrystalline transition in silicon thin films by Swati Ray, Chandan Das, Sumita 
Mukhopadhyay and S. C. Saha, Solar Energy Materials and Solar Cells, 74 (2002) 393.

Power density in RF PECVD: a factor for deposition of amorphous silicon thin films and (4)
successive solid phase crystallisation by Chandan Das and Swati Ray, J. Phys. D: Appl. 
Phys, 35 (2002) 2211.

Correlation between structural and transport properties of silicon thin films deposited at (5)
various substrate temperatures by D. Ray, Chandan Das, C. Longeaud, F. Houze and S. 
Ray, J. Vac. Sci. Technol. B, 21 (2003) 1048.

Optoelectronic and structural properties of undoped microcrystalline silicon thin films: (6)
dependence on substrate temperature in very high frequency plasma enhanced chemical 
vapor deposition technique by Chandan Das, Tapati Jana and Swati Ray, Jap. J. Appl. 
Phys. 43 (2004) 3269.

Structural analysis of undoped microcrystalline silicon thin films deposited by PECVD (7)
technique by S Mukhopadhyay, Chandan Das and Swati Ray, J. Phys. D: Appl. Phys, 37 
(2004) 1736.

Measurement of component cell current-voltage characteristics in a tandem-junction two-(8)
terminal solar cell by Chandan Das, Xianbi Xiang and Xunming Deng, communicated.

Investigation of microcrystalline evolution in undoped silicon thin films by spectroscopic (9)
ellipsometry by Chandan Das, Sukti Hazra and Swati Ray, under preparation.

Participation in project: At present working as postdoctoral fellow in National Renewable 
Energy Limited (NREL), USA funded project “High-efficiency and 
high-rate deposited amorphous silicon-based solar cells”, at the 
University of Toledo, USA.

Participation in conferences:

Attended the National Seminar on Science & Technology of Nanomaterials at CGCRI, 1.
Kolkata, India during 6-7 th March, 2003.



Oral presentation on “Development of microcrystalline silicon films by VHF PECVD” at 2.
National Symposium on Science and Technology of Vacuum and Thin Films - IVSNS 
2001, held at IISc, Bangalore, India during 5-7 sept, 2002.

Poster presentation on “Onset of microcrystallinity in silicon thin films” at European 3.
Materials research Society Spring Meeting – EMRS 2001 held at Strasbourg, France 
during 5-8 June, 2001.

Poster presentation on “Development of polycrystalline silicon thin films by Solid Phase 4.
Crystallization” at 12th Annual general Meeting of Materials Research Society of India, 
held at Kolkata, India during Jan 31- Feb 2, 2001.

Oral presentation on “A comprehensive study on amorphous to microcrystalline phase 5.
transition in silicon thin films” in Condensed Matter Days 2000, held at Bilaspur, India 
during 29-31 Aug, 2000.

Visit to international laboratories:

Visited Laboratoire de Génie Electrique de Paris (LGEP), France in June 2001 (Attn: (1)
Dr. Christophe Longeaud).

Visited Inter-university Microelectronic Centre (IMEC), Belgium in May 2003. (Attn: (2)
Dr. Guy Beaucarne).



From:
Dr. Chandan Das
Postdoctoral Research Associate
Dept of Physics & Astronomy
University of Toledo
Toledo, OH 43606, USA.

Ph: 419-530-4905 (office)
Ph: 419-474-6733 (res)
Ph: 419-973-0733 (cell)
Fax: 419-530-2723 (office)
e-mail: cdas@physics.utoledo.edu

To
Postdoctoral Research Associates in Quantitative Biology, 
BIO5 Institute, 
The University of Arizona, 
Forbes Building Room 304, 
1140 E. South Campus Dr, 
Tucson, 
AZ 85721-0036

5-Nov-2004

Dear Sir/ Madam,

I have been doing research in the field of silicon thin films and devices since last six years. 
I have PhD in the faculty of Physics/Materials Science, from the Energy Research Unit, 
Indian Association for the Cultivation of Science, India, for performing research work 
with amorphous, nanocrystalline and microcrystalline silicon thin films and related thin film 
solar cells. Next to my PhD, I accepted postdoctoral offer from the Dept. of Physics & 
Astronomy, University of Toledo, OH and currently engaged here for performing research 
in thin film device fabrication and characterization through a National Renewable Energy 
Laboratory (NREL) funded project.

I found the postdoctoral position offered by BIO5 Institute, The University of Arizona as 
a very attractive and promising one which matches with both my will and capability.

I have deposited semiconductor thin films by Plasma Enhanced Chemical Vapor 
Deposition (PECVD) technique in ultra clean, ultra high vacuum (UHV), multichamber 
deposition systems. As substrates/superstrates for these thin films, I have worked with 
crystalline silicon wafer, Corning glass, metal sheets (stainless steel, aluminum foil). I have 
also prepared silicon thin films by other techniques e.g. solid phase crystallization (SPC) 
and metal induced crystallization (MIC). Beside these, I am familiar with rf-sputtering and 
thermal evaporation techniques for preparation of different semiconductor and metal/ 



metal-oxide thin films.

In the device fabrication, I have prepared thin film silicon solar cells (p-i-n) with the 
individual silicon layers that were developed during materials study. The solar cells have 
been characterized by current-voltage (I-V), quantum efficiency (spectral response), 
degradation studies etc. I have been also involved in fabrication and characterization of 
pixelated amorphous silicon thin film detector for radioactive particles (alpha and 
neutrons).

In the area of measurement/calibration of device performance, I have been working on 
development of a method for measuring, separately, the I-V performance of each 
component cell, in a multijunction two terminal stack. Also I am developing a computer 
modeling for estimating the effects of various failure sequences in a production line for 
mutijunction silicon solar cells.  These two together, have high impact on industrial quality 
control and throughput related issues. These activities are supported by NREL funded 
project in my current postdoctoral work.

In the area of characterization of thin films, I have expertise in several electrical, optical, 
structural and morphological characterization techniques and analysis of their results. In 
the attached CV, a complete list of techniques that I used for characterization of deposited 
thin films is given. I have visited your website and read about your activities that you 
describe there. Analysis of biological samples with electron microscopy, atomic force 
microscopy and infrared or UV spectroscopy are proved to helpful in exploring their 
structural and compositional properties. I believe that I could contribute in the 
characterization part to the Quantitative Biology program with my experience and 
expertise in several characterization techniques. 

I am strongly motivated in performing interdisciplinary work on physical and bio-oriented 
problem. I like to take such a challenging job for my future research program. I will be 
thankful to you for an opportunity to work with your world class laboratory facility at the 
BIO5 Institute, The University of Arizona.

With best regards,

Chandan Das.



CURRICULUM VITAE

1.  Name:                    KETAN    MANSUKHLAL   DOSHI

2.  Address:                222, Fairmont Garden Rd. South

                                   Lethbridge, Alberta, Canada T1K7L9

                  Phone:     +1-403-329-4902

                  E-mail:       ketanmdoshi@yahoo.com

3.  Nationality    :        Indian

                                    I have permanent residence (PR) status of New Zealand and right  

                                    now, I am doing Research work at Canada.

4.  Date of birth:          July 27, 1973

5.  Marital status:        Single

6.  Language known:   English, Hindi and Gujarati 

7.  Area of Excel:   To work in Research and Development wing of Plant Breeding,

                                Genetics or Biotechnology division.

Educational qualification:8.

July, 1997 - Aug., 2000: Ph.D., with major subject:-Plant Breeding and Genetics,

                                                        and minor subject:-Agricultural Statistics,

                                                        [O.G.P.A. 7.79/10.00 (I Class)],

                                                        Gujarat Agricultural University, S.K.Nagar,India.

                                                              (Assessed as NZQA equivalent) 

Dec., 1994 – April., 1997: M.Sc. (Agri.) with major subject:-Plant Breeding and      

                                                        Genetics, and minor subject:-Biochemistry,

                                                         [O.G.P.A. 7.88/10.00 (I Class)],

                                                        Gujarat Agricultural University, S.K.Nagar,India.

                                                              (Assessed as NZQA equivalent) 

Nov., 1990 – Nov., 1994: B.Sc. (Agri.) with all Agricultural subjects,

                                                        [O.G.P.A. 7.56/10.00 (I Class with distinction)],

                                                        Gujarat Agricultural University, S.K.Nagar,India.

                                                              (Assessed as NZQA equivalent) 



March, 1990  : H.S.C.E., Major subject : Science [57 % (II Class)], GSEB,  

                        Gandhinagar,India

March, 1988 : S.S.C.E.,  Major subject : Science [61 % (I Class)], GSEB,

                        Vadodra,India

Research/Teaching  experience:9.

Jan.,2003-Present: Visiting Fellow: I have been selected as Visiting Fellow by the 

                               NSERC, Canada. I am working at Lethbridge Research Center, 

                               Alberta  in  the  project  entitled  “A platform  for  the  safety 

                               preservation of transgenic cereal grains using wheat as a model 

                               system”. I am performing following duties

Mine public genetic databases of wheat, rice, maize, barley and other cereals to 1.
identify embryo specific genes, and verify the status of sequences in terms of 
freedom to operate.
Isolation of embryo specific promoters from barley (Dhn12, Itr1, Lox1 and Ltp1), 2.
Bean (phas) and Maize (Adh1) (On going).
Construct gene(s) cassettes carrying either or combination of  C1/Bperu gene(s) 3.
along with embryo specific promoter i.e. Ltp1and Itr1 from barley; .
To study the transient functionality of Ltp1 and Itr1constructs.4.
To initiate stable transformation with Ltp1 promoter and C1/Bperu gene(s)5.

March,2002-Dec.,2002: Research Associate: in  the  Adhoc  project  entitled 

                               “Development of hybrid crop (Pearl Millet) under mission mode 

                                programme of NATP” at Main Millet Research Station, GAU, 

                                Jamnagar and my job duties were development of new male 

                                sterile line in A3 and A4 cytoplasm background in Pearl millet 

                                and development of new hybrids as well as conduct an 

                                experiments of ICRISAT,  ICAR and State trials.

July, 2001- Feb. 2002: Research Associate: Ganesh Agri Seeds, Ahmedabad and I  

                                 was looking after the production of hybrid seeds in vegetable 

                                 crops.

Sep.,2000– Jun., 2001: Post doc.- in the project entitled “Isolation of gene(s)

                                 Controlling flavor and aroma compounds in mango & litchi”



                                  at  Volcani Center, Agricultural Research Organization, 

                                  Institute of Horticulture,Israel.

During this tenure, I had performed following duties:

Isolation of genomic DNA, Total RNA and mRNA from the total RNA.i.

Construction of cDNA libraries & Reverse transcription i.e. RT-PCR.ii.

Ligation of genomic DNA sequence in to plasmid vactor.iii.

Cloning of the gene and transformation.iv.

Sequencing of unknown genomic DNA sequence.v.

Amplification of genomic DNA as well as cDNA.vi.

April,1998–Aug.,2000: Research Associate- in the project entitled “Development

                                        of seedless watermelon and seedless or few seeded type 

                                        guava genotype.”, at Dept. of Horticulture, B.A.College

                                        of Agriculture, G.A.U., Anand.

My job duties in the said project were:

Development of tetraploids line of watermelon as well as guava through i.

colchicine.

Hybridization programme was undertaken between tetraploid and normal ii.

diploid to get seedless triploid in watermelon as well as guava.

Hybrids developed by this way were planted in the field and evaluated for iii.

different seed characters, fruit quality characters and yield attributes.

June, 1996–March,1998: Junior Research Fellow- in the project entitled “Hybrid     

                                         research in vegetable crops.”, at Vegetable 

                                         Research Unit, G.A.U., Anand.

I had performed following job duties:

Development of male sterile line in chilli by wide hybridization.i.

To study nature of gene and gene action for different characters in chilli.ii.

Hybridization programme was under taken among various genotypes of chilli.iii.



Field evalution of newly developed hybrids for quality and quantity traits.iv.

Standardization of mass pollination technique in chilli for economic hybrid seed v.

production.

Teaching: 

April, 1999 – March, 2000: I was a volunteer teacher and I was taking two courses  

                                             viz., Plant breeding and Quantitative genetics.

Post graduate research experience:10.

Ph.D. Thesis entitled:Genetic analysis for green fruit yield and its components in chilli                    

(Capsicum annuum L.).

M.Sc. Thesis entitled: Studies on variability , correlation, path  analysis and genetic 

divergance in brinjal (Solanum melongena L.).

Research interest:11.

Isolation of gene(s) of interest and development of transgenic.i.
Molecular Biology & Biotechnology.ii.
Development of new varieties in crops using conventional and    iii.
non-conventional methods of breeding.
Inter and intra specific hybridization.iv.
Quantitative and biometrical genetics of crop plantv.

Technical skills:12.

Transformation, Gene cloning, bloating, construction of vector, i.
tissue culture and other important techniques related to molecular 
biology.
Cytological studies of crop plant.ii.
Hybridization techniques in vegetable, cereal and fruit crops.iii.

Achievements:13.

Selected as an Israeli Ambassadorial Scholar by Rotary   i.
International in the field of Genetic Engineering.
NET (National Eligibility Test) exam passed in Dec., 1998.ii.
Awarded by the Gujarat Association for Agricultural Science             iii.

                for the year 1998.
Selected as CSIR (Council of Scientific and Industrial Research) iv.
Research Fellow.



Selected as ASPEE Research Fellow.v.

Professional membership:14.

Member of Indian Society of Genetics and Plant Breeding.i.
Member of Indian Society of Vegetable Science.ii.
Member of Gujarat Science Congress.iii.

15.  Additional advantage : Working knowledge of computer (MS office 2000 with   Internet).

   Extra curricular activities:16.

N.C.C. ‘B’ and ‘C’ certificate exam passed.i.
Attended one national level and three state level camp.ii.
Did two mountaineering courses ‘Basic’ and ‘Advance’.iii.

Scientific Publication:17.

Manuscript under review for the international journal Plant cell reports

Doshi, K. M.,  F. Eudes, A. Laroche, and D. Gaudet (2004). Transient embryo-
              specific expression of anthocyanin in wheat.

Information regarding gene sequence submitted at NCBI Gene-bank registration:

1. Doshi, K. M.; Eyal, Y and Lavi,U (2001). Mango protein similar to 6N15.8 protein 
              of  Arabidopsis. www.ncbi.nlm.nih.gov, Accession no. AF370123.

Scientific publication at International level:

Doshi, K. M.; Bhalala, M. K. and Kathiria, K. B. (1998). Correlation and Path 1.

analysis for yield, fruit borer infestation, little leaf incidence and quality traits 

in brinjal (Solanum melongena L.). Capsicum and Eggplant News letter. 

17:84-87.

Patel, J. A.; Shukla, M. R.; Doshi, K. M.; Patel, B. R. and Patel. S. A. (1998). 2.

Combining ability analysis for green fruit yield and yield components in chilli 

(Capsicum annuum L.). Capsicum and Eggplant News letter. 17:34-37.



Doshi, K. M. and Shukla, P. T. (2000).Expression of heterosis in chilli (Capsicum 3.

annuum L.). Capsicum and Eggplant News letter. 19:66-69.

Doshi, K. M. and Shukla, P. T. (2000).Genetics of yield and its components in 4.

chilli (Capsicum annuum L.). Capsicum and Eggplant News letter. 19:78-81.

Doshi, K. M. and Shukla, P. T. (2000).Combining ability analysis for fresh fruit 5.

yield and its components over environment in chilli (Capsicum annuum L.). 

Capsicum and Eggplant News letter. 19:82-85.

Doshi, K. M.; Shukla, M. R. and Kathiria, K. B. (2001). Seedling analysis for the 6.

prediction of heterosis and combining ability in chilli (Capsicum annuum L.). 

Capsicum and Eggplant News letter. 20:46-49.

Doshi, K. M.; Bhalala, M. K. and Kathiria, K. B. and Bhanvadia, A. S. (2002). 7.

Screening of eggplant genotypes for yield, fruit borer infestation, little leaf 

incidence and quality traits.Capsicum and Eggplant News letter. 21:100-101.

Doshi, K. M. (2003). Genetic architecture of chilli (Capsicum annuum L.). 8.

Capsicum and Eggplant News letter. 22:33-36.

Doshi, K. M. (2004). Influence of biochemical factors on the incidence of shoot 9.

and fruit borer infestation in eggplant. Capsicum and Eggplant News letter. 

23:103-106.

Scientific publication at National level:

Patel, J. A.; Shukla, M. R.; Doshi, K. M.; Patel, B. R. and Patel. S. A. (1997). 1.

Hybrid vigour of quantitative traits in chilli (Capsicum annuum L.). Vegetable 

Science. 24 (2): 107-110.

Doshi, K. M.; Bhalala, M. K. and Kathiria, K. B. (1998). Genetic divergence in 2.

brinjal (Solanum melongena L.).Vegetable Science. 25 (1) :72-74.

Patel, J. A.; Doshi, K. M. ; Shukla, M. R. and Patel. S. A. (1998).A note on 3.

longevity of chilli seeds. Vegetable Science. 25 (2):193-194.

Patel, J. A.; Shukla, M. R.; Doshi, K. M.; Patel, S. A.; Patel, B. R. and Patel. A. D. 4.

(1998). Identification and development of male sterile line in chilli (Capsicum 

annuum L.). Vegetable Science. 25 (2):145-148.
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Ketan Doshi
Statement of Research and Teaching Interests
 My research interests are centered on molecular biology of plants. I have a broad 
interest in all areas of plant biotechnology including plant breeding and genetics. At 
present, I am engaged in research project “To develop platform for the safety preservation 
of transgenic cereal grains using wheat as a model system”.
 Transgenesis permit the incorporation and production of novel value added traits 
in many crop species. To maintain consumer confidence in the traditional commodities and 
improve market acceptance of transgenic crops and their products, highly effective 
segregation and monitoring mechanisms are critical. The physical containment of 
genetically engineered cereals would be facilitated if an efficient and cost-effective 
identification, detection and tracking system was available. A visual identification method, 
whereby accidental admixtures and pollen flow could be easily detected at lower levels 
relative to PCR based systems, could permit transgenic and traditional crops to co-exist.
 Genes involved in anthocyanin biosynthesis, such as c1 and bperu, and the green 
fluorescent protein (GFP) gene are among the several color markers that could be adapted 
to a visual identification system in cereals. The preferred target organ for expression of 
color markers is the embryo because the lack of cell pigmentation permits direct 
visualization of transformed cells and tissues in vivo. Additionally, embryos comprise a 
relatively small part of the kernel (2.5 to 3.5 %) and are easily removed during 
conventional milling processing.
 During my doctorate, Agricultural Statistics (Biometrical Genetics, Statistics in 
Plant Science, Quantitative Genetics etc…) was my minor field of specialization and my 
both (M.Sc. and Ph.D.) thesis were also in combination of Breeding and quantitative 
genetics.
 Besides my love of research, I also enjoy teaching. I truly believe that each student 
determines his or her own grade. In reality, I'm not the main factor in the outcome of 
his/her grade. I encourage student to work hard to achieve the grade that they want, and 
to utilize me as their instructor to help them facilitate their learning. This course is hard 
work but I will try my best to make the course interesting and worthwhile. I love teaching 
and I'm interested in helping them learn about the plant breeding and quantitative genetics.
 During the semester, I frequently poll students (anonymously) to find out how class is 
going for them and what I can do to improve my teaching style. Here are a few of the teaching 
techniques I use that my students have indicated to be the most helpful. I use a wide variety of 
visual aids, stress relevance of course information, take a personal interest in the progress of 
students, experimenting with new instructional techniques and finally, I use my sense of humor.
 From a DNA sequence point of view, there is a larger difference between two 
humans than there is between two different SPECIES of birds. Furthermore, of the 70,000 
or so genes that make up a human, at least 40,000 are expressed only in the brain. Thus, it 
is not surprising to me that people are so different, and have such different ways of 
thinking and learning. When I teach, I strive to use my creativity and enthusiasm to explain 
the basis of life from a simple, molecular perspective.
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OBJECTIVE:

To find a position that can use my backgrounds in the fields of chemistry/biochemistry, •
physics/biophysics, bioinformatics and computer engineering.

EDUCATION BACKGROUND:

2003 M.Comp.E.  Computer Engineering, University of Minnesota, Minneapolis, MN•
1993 Ph.D. Physics, University of Science and Technology of China, P. R. China•
1990  M.S.  Chemical Physics, University of Science and Technology of China, P. R. China•
1985  B.S.   Chemistry, Hanzhong Teachers' College, P. R. China•

WORK  EXPERIENCE: 

6/03--present  Research Associate, Chemical Engineering and Materials Science Department,
University of Minnesota

Developing an automated computer-based approach for identifying protein-protein protein-DNA •
interactions by docking algorithms based on knowledge design and free energy change. 
Exploring the regulation of gene expression by mutation with free energy change calculations.•

9/97—5/03  Research Associate, School of Physics and Astronomy, University of Minnesota
Design, code and test molecular dynamics simulations and statistical analyses on polymers to study •
their structural, mechanical and optical properties, and ion transport in lithium polymer electrolytes 
for battery applications.
Optimize simulation codes by improving numerical algorithms and computational methods, •
parallelize codes with high-performance.
Analyze and process data including 2D and 3D graphics rendering of raw-data.•

12/95-9/97  Post-doctor, Institute of Physical Chemistry, University of Basel, Switzerland
Experimental measurements of TOF, TPES, PMIS and TPIPECO spectra of gases, and combining •
with theoretical explanation by ab initio calculations;
Theoretical Studies on the electronic and magnetic properties of cadmium chalcogenide beryllosilicate •
Sodalites; Density functional theory studies on the magnetic properties of manganese compounds; 

4/95-12/95   Post-doctor, Brazilian Center for Research in Physics,  Rio de Janeiro, Brazil
Theoretical study the electronic and magnetic properties of ferric wheel molecule by DV-Xa method;•
Computing the electronic and magnetic properties on the interface of Mn—GaAs with density •
functional method.

5/93-3/95  Post-doctor, Surface Physics Laboratory, Fudan University, Shanghai, P. R. China
Theoretical study of molecule chemisorptions on the surfaces and interfaces of compounds. •
Calculating the band-structures and properties of crystal and amorphous silica nitride•
Using lattice Boltzman model in hydrodynamics to simulate the phase transformation.•
Write technical reports and proposals for founding applications, write scientific papers for publication.•

8/85-8/87  Teacher, Department of Chemistry, Xinjiang Normal University, P.R.China
Assistant to teach physical chemistry and structural chemistry for undergraduate students.•
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Established the physical chemistry laboratory for undergraduate student. •
SPECIAL SKILLS-- Extensive knowledge of Chemistry/biochemistry, Physics, Bioinformatics and 

Computer Engineering;

Theoretical Skills:
Computational Chemistry/Biochemistry and Bioinformatics:Ø

Employed many methods (from semi-empirical to ab initio) to study the chemisorptions and •
electronic structural and magnetic properties of many kinds of materials;
Coded a program combining with other methods to calculate the g-factor in some paramagnetic •
compounds; Built several programs to calculate the free energy change in protein-DNA.
Familiar with many quantum chemistry software: EHMO, CNDO, MNDO, INDO, ZINDO, •
HONDO, GAMESS, GAUSSIAN98, HyperChem, etc. Force-field methods: QM/MM, 
Macromodel, Insight II, CHARMM, AMBER, etc.
Quantitative Structural-activity Simulation and Analysis: QSPR/QSAR, E-Calc. •
Protein-protein(ligand) docking: FTDock, Dock5.1, AutoDock, etc.•

Molecular Dynamics (MD), Monte Carlo (MC) Simulations: Ø
Designed, coded and tested MD simulations on the stability of grain-boundary with CSL •
model; 
Improved, paralleled, coded, tested and statistical analyses MD and MC simulations for •
polymer electrolytes, to study their structural, mechanical and ion transport for lithium battery 
research and applications.

Computational  Physics:Ø
With density functional theory, to study the band structure, electronic and magnetic properties •
of solid materials;
Familiar with software: MS-Xa, DVM, LMTO, ADF, VASP etc.•

Experimental Skills:
Photon-electron spectrum apparatus: Ø

Measure TPES, PIMS and TPEPICO spectra of gases;•
Multi-function Internal fraction apparatus: Ø

Measure: internal friction--temperature at fixed frequencies; Internal friction--frequencies at fixed •
temperature; Creep for aluminum bi-crystal.

Computer Skills: 
Language: Ø

Fortran, C++/C, SQL, Oracle(proficient);•
PERL/CGI, XDML, Java, Javascript, HTML, SCHEME, PROLOG, TCL(experienced);•
Visual Basic, Assembly, XML(knowledge).•

Operating System: Ø
Unix, Linux, DOS, VMS, Solaris, Windows•

Hardware: Ø
SGI, SUN, IBM RS/6000 and SP2, CRAY T3E, IBM PC, VAX/DEC, J90, Oregin•

Software/tool: Ø
GNU package, Vectorization and Parallelization(MPI), Rasmol, Metlab, Gnuplot, Mathematica, •
etc.

Parallelization Scientific programming: Ø
Writing and parallizing scientific codes with MPI in Fortran(77, 90, 95) and C. •

Scientific Programming Skills:
The major of my M.Com p.E. focused on high-performance scientific computing. Ø

Taken all graduate-level parallel courses, programming language and networks;•
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Database applications with Perl, SQL/mySQL and Oracle.•
Developed big scientific software packages:Ø

Package for computing g-factors of paramagnetic materials(see my publication[3,4]);•
Molecular dynamics simulation package for studying grain-boundaries relaxations with coincidence •
site lattice model(CSL)(see my publications[15, 10~12]).
Molecular dynamics simulation package for studying polymer electrolytes with united atom model and •
parallel replica algorithms(see my publications[23~30]);
Protein Docking algorithms and software package(see my publications[31~34]);•
Developing free energy change calculation software for protein-DNA interaction due to mutations.•

HONORS:
Guanghua fellowship of University of Science and Technology of China, 1993•
Chinese National Education Commission Postdoctoral Fellow, 1993-1995;•
Brazilian Academy of Sciences Postdoctoral Fellow, Apr.-Dec., 1995;•
Swiss Science Foundation Postdoctoral Fellow, 1996-1997;•
DOE Postdoctoral Fellow, Sept. 1997—2003;•
Army High-Performance Computing and Research Center(AHPCRC) research fellow, •
June,2003—present.

SCIENTIFIC ACTIVITIES:

Attending "24th Army Science Conference", Orlando, Florida, Nov. 29~Dec. 2, 2004•
Attended "Computational Chemical Dynamics from gas-phase to condensed-phase systems", Minneapolis, •
Minnesota, Oct. 7-9, 2004
Attended "3rd Annual symposium on Bioinformatics: Building Bridges", Mineapolis, Minnesota, April 15, •
2004
Attended "Particle-Based Meso-scale Simulation Techniques Symposium", Minneapolis, Minnesota, March 31-•
April 2, 2004
Visited Pittsburgh Supercomputing Center(PSC) and presented a talk on “Theoretical High-performance •
approach the mechanisms of lithium transport in polymer electrolytes”, March 11-12, 2004
Attended “48th Biophysical Society Annual Meeting”, Baltimore, MD, Feb.14-18, 2004 •
Attended "2nd Conference on Modeling of Protein Interactions In Genomes", Stony Brook, New York, June •
27-30, 2003
Attended "15th Annual Workshop on Recent Developments in Electronic Structure Methods", Minneapolis, •
Minnesota, May 17-19, 2003 
Attended "4th Annual NSF-IGERT Computational Neuroscience Symposium", Minneapolis, Minnesota, April •
25, 2003 
Visited National Institute for Occupational Safety and Health(NIOSH) and presented a talk on "Mechanisms of •
Lithium Transport in Polymer Electrolytes", Morgantown, West Virginia, March 23-25, 2003
Attended "CNER-MSI Nano-simulation Workshop", Minneapolis, Minnesota, Aug. 26, 2002•
Attended “34th Midwest Theoretical Chemistry Conference”, Minneapolis, Minnesota, Oct. 5-6,2001•
Attended “Workshop on Electrostatic Interactions in Polymers, Colloids and Biophysics”, Minneapolis, •
Minnesota, May 11-13,2001
Attended workshop on “Structure, dynamics and charge transport in Polymeric materials”, Argonne, Illinois, •
Jun. 19-23,2000
Attended the “2000 Midwest Thermodynamics and Statistical Mechanics Conference”, Minneapolis, •
Minnesota, May 14-16, 2000
Attended the “American Physical Society March Meeting”, Minneapolis, Minnesota, March 20-24, 2000•
Attended the “Fifteen Years of the Car-Parrinello Method in Physics  and Chemistry”, Minneapolis, •
Minnesota, March 18-19,2000
Attended the  “1999 International Conference on Preconditioning Techniques for Large Sparse Matrix •
Problems In Industrial Applications”, Minneapolis, Minnesota, June 10-12,1999.
Attended the “36th International Union of Pure and Applied Chemistry(IUPAC) Congress”,  Geneva, •
Switzerland, Aug.17-22, 1997
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Visited the Department of Chemistry of Swiss Federal Institute of  Technology (ETH) and presented a talk •
titled “Electronic and Magnetic Properties of Large Metal-organic System”, Zurich, Switzerland, Jul.27, 1997
Visited the Institute of Physics and Astronomy of Aarhus University and presented talk titled “Electronic and •
Magnetic Properties of Large Metal-organic System”, Aarhus, Denmark, Jun.22-26, 1997
Attended the “32 Symposium fuer Theoetische Chemie”, Graz, Austria, Sept.15-18, 1996•
Attended “4th International Conference on Surface Structure”, Shanghai, P.R.China, Aug.08-12, 1993•
Attended “International Workshop on Physics of Materials”, Shengyang,  P.R.China, Sept.10-12, 1989•

A BRIEF INTRODUCTION OF RESEARCH WORK

Experimental Part:
After I obtained my Bachelor Degree in Science, I worked at the department of chemistry of Xinjiang Normal •
University. Since this department was new, I established the physical chemistry laboratory for the first time 
and prepared 19 experiments of physical chemistry for the undergraduate students. These experiments 
included thermodynamics, kinetics, electro-chemistry and structural chemistry.
When I was pursuing my Ph.D., my main job was on the studies of the stabilities of grain-boundaries of metals •
with anelastic measurements. After measuring creep curves and internal friction curves vs. frequencies at 
different temperatures for aluminum bicrystals of [110] symmetrical tilt grain-boundary with a series of mis-
orientation angles, the obtained conclusions are that the relaxation strength associated with the boundary 
decreases to zero at and below a temperature T0 which has a value of about 1/2 of the melting temperature Tm
of bulk aluminum. This shows the occurrence of local disordering at the boundary around this temperature. 
The above results can be found in my publications (Pub.[7,8,10,11,12]). They are conformed to the picture of 
boundary disordering constructed by our molecular dynamic simulations(see Pub.[15]). The main apparatus I 
used were multi-functional internal friction and crystal growing furnace.
From the beginning of 1996 to Sept. of 1997, I had been working on experimental measurements of TPES, •
PMIS and TPEPICO spectra on some gases. The gases I measured are BF3, BCl3, N(CH3)3, NH(CH3)2 and 
NH2(CH3). Many useful results were obtained.  I can operate the spectrum apparatus skillfully since all 
experimental work was done by myself only.

Theoretical Part:
Using quantum chemical and physical methods, I have studied chemisorptions on surfaces and interfaces of•
metals, alloys and oxides(see Pub.[1,2,6,13,14,16,20]), and on the dispersing character of Mo2O3 on SiO2 and 
β-Al2O3 surfaces(see Pub.[5]), and on a superconductor[see Pub.[9]).
I made a code to calculate the g-factor in some paramagnetic compounds, and studied the cation migration •
rules in zeolites(see Pub.[3,4]). I also designed a molecular dynamic program to simulate the stabilities of 
grain-boundaries at different temperatures(See Pub.[15]).
I also used Lattice Boltzman model to simulate the phase transition in hydrodynamics.•
With density functional theory, I have studied the electronic and  magnetic properties of some sodalites(see •
Pub.[21]), a Ferric Wheel molecule[see Pub.[19]), a high-spin molecule: Mn12O12(HCOO)16(H2O)4 (see 
Pub.[22]), and the band structures of crystal and amorphous silica nitride(see Pub.[17,18]).
In order to explain our experimental measuring results of TPES, PIMS and TPEPICO, I also did some •
theoretical studies with ab initio method. 
I have been using molecular dynamics(MD) and Monte Carlo(MC) simulations to study the modeling •
transport in Lithium polymer electrolytes for battery applications[see Pub.[23-30] and the following part). 
With bioinformatics and conserved residue, we have been developing a docking algorithm to predict structure •
of protein complex(see Pub.[31]~[34]). We are also working on the free energy change calculation for protein-
DNA interaction due to mutations(see Pub.[35]). 

Introduction of my Current Project:

My undertaking project is “Protein-Protein protein-DNA Interaction” supported by Army High-•
Performance Computing and Research Center(AHPCRC) and Digital Technology Center(DTC).
Proteins rarely function in isolation. Instead, they are linked in networks of physical interactions and •
functional relationships. Protein complexes are essential components of cell cycle control, signal 
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transduction, and intermediary metabolism among other biological functions. Morphological features 
with advanced functionality generally drive evolution toward larger sizes. However, poor error control, 
coding inefficiencies and inability to regulate self-assembly impose evolutionary pressure on very large 
proteins. Hence, protein complexes have a clear selective advantage, combining modularity and 
functionality. The key phenomena in protein complexation are the initial intermolecular recognition and
the subsequent interaction through highly specific contact surfaces. Detailed knowledge of the 
mechanism of protein-protein interaction confers the ability to regulate cellular functions by designing 
molecular (ant)agonists. We found the conserved residue play an important role at the interface of 
proteins. We use this information to develop an efficient filter in our docking algorithms. In order to 
study the interaction between proteins, we develop an algorithm to calculate free energy with 
generalized Born model with Debye-Huckel approximation.
The integration of bioinformatics tools and molecular mechanics simulations is proposed for predicting •
contact maps and elucidating the energetics of protein-protein interactions. Single and coherent docking 
modes are being determined for protein pairs and the mechanism of protein complex are elucidated. An 
automated computer-based approach for identifying connectivity and complex relationships between 
proteins in cellular networks is also developed. Currently, we are using our docking methodology to 
study a 59-complexes benchmark and some good results are obtained(see pub.[31]~[34]). We have also 
participated the Critical Assessment of Prediction of Interactions(CAPRI) round 4 and 5.
Understanding the recognition of specific DNA sequences by proteins can help us to explore the •
regulation of gene expression. The interaction between specific protein and DNA is the key factor to 
the recognition mechanism. We developed a free energy change calculation scheme to obtain the free-
energy change between the mutated and wild-type Tet operator(TetO) binding with Tet 
repressor(TetR). Having wild-type as reference state, we have calculated the relative binding free 
energy change(ΔΔG) for all possible one base-pair mutation on TetO binding with TetR. Our results 
are in good agreement with the experimental data(see pub.[35]). 

Introduction of my Previous Project:
My previous project is "Modeling of Transport in Lithium Polymer Electrolytes for Battery Applications" •
supported by Department of Energy with the grant No.DE-FG02-93ER14376. We are using molecular 
dynamics methods to model the electrolyte in order to elucidate the conduction mechanisms with the 
ultimate goal of providing guidance to synthetic chemists attempting to produce improved electrolytes for 
battery development. The program is part of collaboration with Argonne National Laboratory.
Ionically conducting polymers were first studied 20 years ago and were subsequently used as electrolytes in •
all-solid-state lithium batteries. Polymer electrolytes have a number of significant advantages over 
conventional electrolytes in the area of high energy-density batteries. Development of lithium polymer 
batteries has focused largely on rechargeable batteries with intercalation/insertion cathodes and lithium or 
lithium-containing materials as anodes. The polymer electrolytes are generally a poly(ethylene oxide) or 
other modified polymer with a salt such as LiClO4, LiAsF6, LiCF3SO3, etc. There has been considerable 
effort during the last ten years to develop alternate polymeric electrolyte materials. One of the primary goals 
of this work has been to find a material with higher ionic conductivity at lower temperatures, although other 
conditions such as fabrication, safety, stability, and cost are also important and we have kept this in mind in 
our program.
Much research on polymeric electrolyte materials has focused on synthesis, characterization, and •
development of practical devices. Characterization work has been carried out to determine the properties of 
the ion-polymer and ion-ion interactions involved in the polymer electrolytes. This work has largely been 
done using spectroscopic, thermodynamic, and conductivity measurements. A related area investigation has 
been the ion transport process. Various models have been proposed to account for ionic conductivity in 
polymer electrolytes. It was shown that ionic conductivity is a property of the amorphous phase of these 
materials. It is also believed that ion association, ion-polymer interactions, and local relaxations of the 
polymer play important roles in the ionic mobility. However, much about the nature of the charge carries, 
the ion association processes, and the ion-polymer interactions and the role that they play in the ionic 
conductivity of the electrolytes remains unknown. It is generally believed that one of the keys to improving 
the ionic conductivity is a fundamental understanding of the ionic transport process. We have done the 
following achievements: 

We have developed a molecular dynamics model for the amorphous phase of polyethylene o

0



oxide(PEO), and developed algorithms, dynamics codes and potentials for study of lithium and  
perchlorate transport in this model of PEOs; we completed a study of ion pairing in 
PEO(LiClO4)n=1,5 which   gave the unexpected prediction that there are two pairing states in this   
system(see pub[23]); 
We carried out some preliminary statistical analysis of data on distribution of relaxed barrier height o
for lithium transport which   suggest that Li moves within a solvation sell of ether oxygens which 
relax their positions around it as it moves (see pub[25]); we made an   initial study of small 
amounts of water in PEO-Li+ and found that the Li is solvated by three water molecules, even when 
more water is available for solvation(see pub[24]); 
We demonstrated renormalization methods in this system for extending the temporal and spatial o
range of molecular dynamics simulations to make   predictions at lower frequencies and no longer 
times scales than has hitherto been possible[see pub[26]).
In very long simulations using the parallel replica method, we find that lithium motion occurs o
when rare large scale motion of the polymer occur. These results suggest for searching for more 
conductive polymer eletrolytes[see pub[27,28]).

Now we are focusing on the following studies: •
Calculations of the relaxed barrier height distributions for the dilute limit for lithium and perchlorate o
to discover the extent to which they can account for observed temporal and thermal behavior by 
parallel replica method; 
“Dry lab” explorations of the systematic dependence of conductivity on temperature, structure, o
chemistry and ionic concentration. The goals are both explanation of existing data for verification and 
the determination of materials design goals; 
To develop a more systematic understanding of what causes pairing and controls its strength; to apply o
new algorithms for longer time simulations(closer to engineering scales), particularly for 
conductivity; 
To extend studies of mechanical properties to include response to shear; o
Modeling small amounts of PEO chain in the water with flexible wall; o
New studies of the cathode- electrolyte and the anode- electrolytes interface.o

PUBLICATIONS(for details, go to my website: http://www.dtc.umn.edu/~duany):

35) Y. Duan, Y.N. Kaznessis,  “Binding Analysis for Mutations of the Tetracycline Operator and Tetracycline 
Repressor Utilizing Free-Energy Calculations Approach”, in preparation.

34) Y. Duan, B.V.B.Reddy and Y.N. Kaznessis,  “Physicochemical and Residue Conservation Calculations to 
improve the Ranking of Protein-protein Docking Solutions”, Protein Science, in press 

33) Y. Duan, B.V.B.Reddy and Y.N. Kaznessis “An efficient docking algorithm using conserved residue 
information to study protein-protein interactions”, 24th Army Science Conference Proceedings, 2004

32) Y. Duan, B.V.B.Reddy and Y.N. Kaznessis, “An Efficient Docking Method to Study Protein Interactions”, 
AHPCRC  Bulletin, 2004. 

31) Y. Duan, B.V.B.Reddy and Y.N. Kaznessis ,“Use of Residue Conservation Information and Energy 
Minimization to Improve Protein-protein Docking”, to be published

30) Y. Duan, J. W. Halley, L. Curtiss and P. Redfern, “Mechanisms of Lithium Transport in Amorphous 
Polyethylence Oxide”,  J. Chem. Phys., in press
J. W. Halley, Y. Duan, K. Lidke, A. Wynveen and M. Zhuang, “Multiscale Modeling of Many Body 29)

Systems”, Condensed Matter Theories Vol. 17: Superconductivity, Superfluidity and Quantum Hall systems, 
M. P. Das and F. Green ed., Page 257-278, Nova Science Pub Inc, New York, 2003;
J. W. Halley, Y. Duan, “Role of Atomic Level Simulation in Development of Batteries”, J. Power Sources, 28)

110(2002)383-388;
J. W. Halley, Y. Duan, B. Nielsen, L. Curtiss and P. Redfern, “Simulation of Polyethylene Oxide: Improved 27)

Structure Using Better Models for Hydrogen and Flexible Walls”, J. Chem. Phys., 115(2001)3957-3966;
26) J. W. Halley, Y. Duan, “Mechanisms of Lithium Conductance in PEO from Molecular Simulation”, 

Proceedings of Electrochemistry Society Vol. 2000-36, A. Landgrebe, R. J. Klingler ed., page 317-325, 2000;
J. W. Halley, P. Schelling and Y. Duan, “Simulation Methods for Chemically Specific Modeling of 25)

Electrochemical Interfaces”, Electrochimica Acta, 46(2000)239-245;
J. W. Halley, Y. Duan, “Simulation of Battery Components and Interfaces on the Atomic Scale: Ion Pairing 24)

as an Example of What We Can Learn”, J. Power Sources, 89(2000)139-142;
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J. W. Halley, Y. Duan, B. Nielsen, L. Curtiss and A. G. Baboul, “Lithium perclorate ion pairing transport in 23)
a model of amorphous polyethylene oxide”, J. Chem. Phys., 11(1999)3302-3308; 
Y. Duan, “Chemical Bonding and Magnetic Properties of the High-spin Molecule 22)

Mn12O12(HCOO)16(H2O)4”, Chem. Phys., 281(1998)407-419; 
Y. Duan, M. Jungen, “Electronic Structural Properties of Cadmium Chalcogenide Beryllosilicate”, Eur. 21)

Phys. J., B2(1998)183-190; 
Y. Duan, M. Jungen, “Theoretical Studies of the Chemisorbed Selectivity of the CO and NO on Cu(110) 20)

Surface and Its Alloy with Ni”,  Phys. Low-Dim. Struct., 10(1997)103-116;
Z. Zeng, Y. Duan and D. Guenzburger “Magnetism, Chemical Bonding and Hyperfine Properties in the 19)

Nanoscale Antiferromagnet [Fe(OMe)2(O2CCH2Cl)]10”, Phys. Rev., B55(1997)12522-12528;
Y. Duan, K. Zhang and X. Xie, “Electronic structural properties of b-C3N4, b-Si3N4 and b-Ge3N4 ”, phys.  18)

stat.  sol.(b), 200(1997)499-508; 
Y. Duan, K. Zhang and X. Xie, “Band  structures of beta-phase Silicon and Germanium Nitride 17)

Compounds”,  Acta Physica Sinica, 45(1996)512-517; 
Y. Duan, K. Zhang and Y. Fu, “Quantum Chemical Studies of the Chemisorbed Selectivity of the CO and NO 16)
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My Teaching Philosophy
By Yuhua Duan

For me teaching is great fun and hard work. It is trying new approaches and 
continuously revising to more effectively guide the students. It is constant 
reassessment, updating, and adjustment of both the content and presentation, 
searching for a more effective way to challenge my students to achieve their 
full potential, to encourage them to thoroughly learn fundamental concepts,
and to develop their skills at learning, designing, writing and documenting 
software. 

From my previous teaching experiences, active learning is an essential 
component of every class. In-class exercises are regularly helpful for student 
to use the new concepts. Students are encouraged to talk to each other, and I 
circulate around the class helping where requested. These students who didn't 
have any unanswered questions when we started the exercise are now full of 
questions, clarifications, connections to other topics, etc. At the end of the 
exercise we go over the solution. Team-work is another efficient way to 
benefit the students. Many of in-class exercises are done collaboratively by 
teams of 2 to 4 students that submit one team solution. There are many 
benefits to keeping the learning process student centered. One is that Peer 
Instruction and other small group work allows the students to interact with 
each other and not just the instructor. This gives the students a chance to 
practice their various interpersonal and communication skills. Also, I have 
seen that when students work in small groups they tend to relax much more.
This collaborative effort gives the students some control over the learning 
process. Now students are teaching one another and are on a more even 
footing with the instructor. In order for students to work well in such an 
environment, the instructor needs to take on the role of facilitator. The 
instructor may not be the central figure, but they can not completely 
disappear, as they should be readily available to assist and intervene if 
needed. Through my teaching and mentoring I strive to teach students many 
skills, ones that will hopefully have a lasting impact on their lives. The 
classroom is a dynamic place where there are many layers of learning 
occurring at the same time. While the topic may be physics or chemistry, the 
students are also learning more about themselves and how to interact with 
their peers. My goals in teaching are not just to promote learning of the 
subject matter. I also try to help the students learn to think logically, learn 
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problem-solving methods and techniques.  

In Summary, my personal teaching philosophy includes: 

Treating all students with absolute equality, regardless of age, gender, •

nationality, intellectual ability or personal attractiveness. Fair on 
grading. 

Making it clear that I am always available on request, and living up to •

this by devoting time to personal tuition on demand. 

I make it my business to try to understand the student's point of view •

however erroneous before attempting to give them my own. This 
means that when I do teach I can choose a conceptual path that leads 
from the students current understanding to a broader or more 
conventional one. 

I try to set a good professional example in written solutions and in •

conversation, by always referring everything back to the standards of 
the engineering industry, where a single error could lead to tremendous 
expense or even loss of life.

Enthusiasm is critical to good teaching, and students have a sixth sense •

for it.

>>>>> Cover letter  <<<<<<<
From AIP job announcement I know that your institute has a postdoctor research 
associate opening. I'm very interested in this position because my background can match 
the jobs’ requirements very well. My resume is enclosed for your review. I believe my 
professional experience, knowledge, competence and strong work ethic will greatly let me 
handle this job function confidently. 

From my CV you may see I got my Ph.D in physics, MS in computational chemistry, BS in 
chemistry and another master degree on computer engineering. I have been working on 
computational chemistry, physics and bioinformatics for many years and familiar with many 
computational theories and software.  I have very strong backgrounds on physics, chemistry, 
computer engineering and bioinformatics, and have been working on several international 
well-known institutions for research on different fields for many years, and authored/co-
authored more than 30 scientific research articles. 

During my previous project the on ion transport in lithium polymer electrolytes for battery 
applications, we developed a MD software in which several methodology are involved, such as united 
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atom model, course-grain modeling, parallel replica, etc. My current project is on protein-protein 
and protein-DNA interactions. We have developed an efficient docking algorithm to predict 
the protein complex structure by using biological information. Part of results will be 
appeared in the journal of PROTEIN SCIENCE soon. You can see our preview article by 
my website(www.dtc.umn.edu/~duany). We are developing a free energy change calculation 
scheme to explore the regulation of gene expression by mutation on operator/repressor 
system. Some very exciting  preliminary results are obtained for TetR/TetO system. In order 
to know more knowledge about the biology, I have taken the graduate-level courses of 
Biochemistry and  Biostatistics. This semester, I’m taking the graduate-level course of 
Molecular and Cellular Biology for medical school students. From my CV, besides 
developed several codes, you may see I have been used many computational biology 
software, such as Insight II, Homolog modeling, Charmm, etc. I also have very strong 
experience on theory of condensed matter of physics and have been used many software into 
my research work, such as VASP, LMTO, DVM, etc. I’m feeling very confident to take 
such kind of job and will do my best to achieve the desired goal.

I have very strong scientific programming skills and have been developed several efficient 
programs during my research. I’m very familiar with Fortran(95,90,77), C/C++, Perl and 
have very strong parallel programming experiences(MPI). During my graduate study on 
computer engineering, my major focused on the high-performance scientific computing. I 
have taken all graduate-level parallel courses. Having a MS degree on computer 
engineering, I also have quite wide knowledge and programming skills on computer science. 
I have been working on different operating systems and on different kinds of computer and 
have quite strong knowledge of code installation. I also have experience on maintenance for 
different platform and operating system, on code debugging, and on software design 
procedure.  I have experience on code documentation and on giving public presentation. I 
like to challenge difficult problem and situations. 

 
I hope I can have this opportunity to work with your institute since my backgrounds and 
experience on different discipline are very suitable for this position. Should you need any 
further information about me, be sure contact me or my references without hesitation. 
Thank you very much for your kind consideration and time. 

With my best wishes, 

Sincerely yours, 

 yuhua duan
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Statement of Research Interests
Carmen J. Gagne

Although phase transitions are ubiquitous in nature and a robust understanding of them would 
significantly impact industry, science, and national defense, our comprehension of them, especially 
their dynamics, is far from complete.  As computer power has increased and numerical techniques 
have improved, simulations have become a crucial link between experiment and theory.  My 
recent research activity in computational materials science has been driven by the necessity of 
understanding and realistically modeling the behavior of materials during and after phase 
transitions; however, this study uses methods developed for the study of glasses and is broadly 
applicable to some polymers and other elastic materials [1].  My dissertation research focused on 
a loftier goal, understanding phase transitions in the Early Universe.  I chose this topic largely 
because it lay on the interface between cosmology, particle physics, and statistical mechanics.  
The breadth of my research illustrates the adaptability of computational methods and statistical 
mechanics.  I believe this expertise is an excellent platform from which to launch interdisciplinary 
research in quantitative biology.  

As a graduate student at Dartmouth, I often requested introductory physics for life science majors 
as my teaching assignment, because I enjoyed working with people who were trained to approach 
a problem differently than I, as a physicist, was trained.  This interaction with life scientists made 
me a better teacher, and I believe it will make me a better researcher. I would like to form 
collaborations with life scientists, mathematicians, engineers, and other physicists for the purpose 
of applying not just our diverse methods and knowledge, but also our different ways of thinking,
to solve important problems in quantitative biology.  I am particularly interested in problems that 
have the potential to contribute to the understanding and treatment of human disease.  I outline 
below a some relevant background, follow with accomplished and current research, and conclude
with some examples of possible future interdisciplinary research at the University of Arizona.

Background

Langevin Simulations
I frequently use Langevin simulations to study the dynamics of physical systems.  A Langevin 
equation treats slow or relevant processes differently than fast or irrelevant processes.  The fast or 
irrelevant processes are treated as noise, small perturbations on the explicitly treated slow or 
relevant processes. Sometimes the form of the noise, and its related damping, is chosen 
phenomenologically, as with martensites, but sometimes, as in cosmology, the noise and damping 
can be derived by integrating out the fast or irrelevant degrees of freedom.  This noise is not 
limited to random, Gaussian noise, but it can become quite complicated.  I believe that this 
technique could be applied profitably to the study of biological systems where there is a clear 
separation of time scales or importance.    Coarse graining may be useful where there is a clear 
separation of length scales.

Martensites
Martensitic transformations are phase transitions in which the crystal structure of a solid changes 
from the parent austenite phase to the lower temperature, lower symmetry martensite phase due 
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to the cooperative movement of atoms [2].  Many metals, including iron, plutonium, and their 
alloys have a martensite phase.  Because plutonium is crucial to our national security, information 
about its properties and processability adds a powerful incentive to fully understand what happens 
during martensitic transformation.  Properties of these materials depend strongly on the dynamics 
of their phase transitions: fast or deep quenching of an alloy of iron produces hard martensite steel 
while slow cooling produces soft ferrite.  Martensites often exhibit shape memory effect and 
superelasticity, very important properties that are useful for smart materials, cell phone antennae, 
endoscopes, bullet train engines, and air conditioners, to name just a few common applications 
[3].  Obviously, understanding dynamics of martensitic transformations is not just of scientific 
interest, but very important for industrial and national security interests.  

Spinodal Nucleation
When a solid phase nucleates, it can be difficult to predict the structure of the resulting solid, 
which in turn can greatly influence its physical and chemical properties.  All solids, including 
martensites, have a long-range elastic interaction.  Spinodal nucleation occurs for long-range 
interactions and deep quench depths.  In spinodal nucleation, unlike classical nucleation, the 
nucleation droplet is ramified and does not necessarily have the structure of the low temperature 
phase [4]. Because structure is crucial to the properties of the solid, it is important that we 
understand spinodal nucleation in solids.

Previous and Current Research

Spinodal Nucleation in Martensites
Our approach is to use a mean-field model of a two-dimensional square-to-rectangular martensitic 
phase transition [5]. This model is a phenomenological, coarse-grained model, showing details 
on the order of about 10 nm, or about 70 to 90 unit cells, with system sizes currently of a few 
microns. The free energy is a function of the order parameter, deviatoric strain, and the long-
range elastic interaction occurs explicitly in the form of a non-local free energy term that results 
from the combined effect of the non-order parameter, compression and shear, strains [6].  Klein, 
Lookman, Saxena, and Hatch predicted that spinodal nucleation in this system results in a 
nucleating droplet with a different structure than the stable martensite [5].  They also predicted 
that the structure depends on the two strain gradient coefficients, which can be determined from 
neutron scattering phonon dispersion curves [7].  Klein, Lookman, Saxena, Gould, and I have 
confirmed these predictions using Langevin simulations in which I related the parameters in the 
simulation to experimentally measurable quantities [8]. We are currently extending our studies to 
heterogeneous nucleation. In many biological systems, elasticity and probabilistic change of state 
are important, therefore, many aspects of this project could prove useful in the study of biological 
systems.

Mixing in the Fermi-Pasta-Ulam problem with long-range interactions
Fermi, Pasta, and Ulam [9] found that increasing the nonlinearity in a system of nearest-neighbor 
coupled anharmonic oscillators decreases the time for the energy in the spatial Fourier modes to 
mix. Similarly, Klein, Gould, Boghosian, and I have found that increasing the range of the 
interaction decreases the mixing time [10].  We expect to show that for long, but finite-range 
interactions, the system can be described as hopping from one free energy minimum to another. 
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This information may help us understand the effect of long-range forces in nonlinear systems, such 
as earthquakes or some biological systems.

Removing lattice-spacing dependence in stochastic models of continuum theories
The computation of continuous models on a lattice must be done very carefully to ensure that the 
results do not depend on arbitrary quantities such as the lattice spacing.  Gleiser and I removed 
the lattice spacing and renormalization mass dependence in simulations of thermal phase mixing, 
in which the results would not converge without renormalization [11].  This technique and others 
like it [12] make possible the simulation of a continuous model on a much coarser lattice.  These 
techniques should also prove useful in simulations of continuous models of more realistic systems, 
particularly those involving hydrodynamics at some nonzero temperature.

Departure from equilibrium during cosmological phase transitions with random noise
Gleiser and I developed a novel technique to study numerically the departure from equilibrium of 
a simple model of the electroweak phase transition with white noise during a finite-time quench 
[13].  This approach may be applied to nonequilibrium biological systems, as well as more realistic 
models of cosmological phase transitions.

Departure from equilibrium in cosmological systems with multiplicative noise
Gleiser, Ramos, and I are using the novel technique developed during my dissertation research to
study the departure from equilibrium of a more complicated cosmological model with 
multiplicative as well as random noise [14].  This technique may be useful for studying biological 
systems that experience noise that is not strictly random.

Possible Future research

Prof. Secomb’’s research on microcirculation interests me a great deal.  My experience in 
computational methods, statistical mechanics, and elasticity would be very useful for 
computational modeling of blood flow in microvessels. I find this problem fascinating because it 
involves many areas of physics, is computationally challenging, and has tremendous potential to 
benefit to human health.  I could help facilitate collaboration with Prof. Goldstein’s group and 
Prof. Zohar’s group.  Prof. Goldstein’s expertise in low Reynolds number hydrodynamics could 
be very useful to this problem.  Microfluidic experiments by Prof. Zohar’s group could, perhaps, 
produce experiments to test some scenarios which are impractical to simulate at this time, or to 
isolate one part of the problem, such as flow along the walls of the vessels.

I also find Prof. Goldstein’s research fascinating.  I see great potential for application of Prof. 
Goldstein’s research on bacterial flagella to sperm.   It is unfortunate that Prof. Ward studies 
sperm with no flagellum; but I am confident that sufficient expertise on sperm with flagella can be 
found at the University or Medical School for this study.  Prof. Zohar may be able to do useful 
experiments for the study of sperm as well.

As a third example, Prof. Nagy’s work on the drosophila gap gene is an interesting project to 
which I could contribute, especially given that statistical mechanics concepts such as diffusion are 
such an integral part of the problem.  I am interested in facilitating collaboration between Prof. 
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Goldstein and Prof. Nagy on this problem.

In addition to the possible projects listed above where the physics contribution is obvious, I would 
enjoy working on projects where methods and concepts familiar to physics, such as rate 
equations, multiscale modeling, and statistical methods would be useful, but the biology would 
strongly dominate the treatment of the problem.  Some examples are Prof. Little’s work on gene 
regulatory circuits or Prof. Parker’s research on mRNA.  

These are just a few of the many possibilities for interdisciplinary research that I can envision 
myself becoming involved at the University of Arizona.  I am sure that other, possibly better, 
possibilities exist.  These examples emphasize my current skills; obviously, new problems will 
require learning new skills, which in turn can be applied to other projects.  In summary, I believe 
that interdisciplinary postdoctoral research at the BIO5 Institute in quantitative biology would be
interesting and productive both for me and for those with whom I collaborate. 

References
[1] F. S. Bates et al., “Isotropic Lifshitz Behavior in Block Copolymer-Homopolymer Blends,”

Phys. Rev. Lett. 75, 4429 (1995); F. S. Bates et al., “Polymeric Bicontinuous
Microemulsions,” Phys. Rev. Lett. 79, 849 (1997).

[2] Z. Nishiyama, Martensitic Transformation, Academic Press, NY (1978).
[3] K. Otsuka and T. Kakeshita, “Science and Technology of Shape-Memory Alloys: New

Developments,” Met. Res. Soc. Bull. 27, 91 (2002).
[4] C. Unger and W. Klein, “Nucleation Theory Near the Classical Spinodal,” Phys. Rev. B 29,

2698 (1984).
[5] W. Klein, T. Lookman, A. Saxena, and D. Hatch, “Nucleation in Systems with Elastic

Interactions,” Phys. Rev. Lett. 88, 85701 (2002).
[6] S. R. Shenoy, T. Lookman, A. Saxena, and A. R. Bishop, “Martensitic Textures:

Multiscale Consequences of Elastic Compatibility,” Phys. Rev. B 60, R12537 (1999).
[7] G. R. Barsch and J. A. Krumhansl, unpublished;  G. R. Barsch, private communication.
[8] C. J. Gagne, W. Klein, T. Lookman, A. Saxena, and H. Gould, “Simulations of Spinodal

Nucleation in Systems with Elastic Interactions,” in review;  C. J. Gagne, W. Klein, T. 
Lookman, A. Saxena, and H. Gould, “Spinodal Nucleation in Systems with Elastic 
Interactions,” in progress.

[9] T. P. Weissert, The Genesis of Simulation in Dynamics: Pursuing the Fermi-Pasta-Ulam 
Problem, Springer-Verlag, NY (1997).

[10] C. J. Gagne, H. Gould, W. Klein, and B. Boghosian, “Long-Range Interactions in the Fermi-
Pasta-Ulam Problem,” in progress. 

[11] C. J. Gagne and M. Gleiser, “Lattice Independent Approach to Thermal Phase Mixing,”
Phys. Rev. E 61, 3483 - 3489 (2000).

[12] L. M. A. Bettencourt, S. Habib, and G. Lythe, “Controlling One-Dimensional Langevin
Dynamics on the Lattice,” Phys. Rev. D 60, 105039 (1999).

[13] C. J. Gagne and M. Gleiser, “Quantifying Nonequilibrium Behavior with Varying Cooling 
Rates,” Physica D 181, 121 - 131 (2003).

[14] C. J. Gagne, M. Gleiser, and R. O. Ramos, “Approach to Equilibrium in 1+1D Scalar Field 
Models,” in progress.



Carmen J. Gagne

Contact
Department of Physics and Astronomy
Arizona State University
P.O. Box 871504
Tempe, Arizona  85287
cgagne@physics.clarku.edu

P.O. Box 12833
Chandler, AZ 85248
480-634-6144 (home)
480-231-9596 (cell)
480-965-4669 (fax)

Experience

Postdoctoral Research Associate, Clark University, Worcester, MA
William Klein and Harvey Gould, advisors, July 2001 to June 2004, with continued 
collaboration as a Visiting Researcher at Arizona State University.

Research: Confirmed mean-field theory of nucleation near the point of instability in 
elastic materials using Langevin dynamics simulations, in collaboration with William 
Klein (Boston University and Los Alamos National Laboratory (LANL)), Turab 
Lookman (LANL), Avadh Saxena (LANL), and Harvey Gould (Clark University). 
Currently investigating memory effects in these systems.

Determined dependence of energy mixing times on the range of interaction of a system of 
coupled nonlinear oscillators (Fermi-Pasta-Ulam model) with long-range interactions, in 
collaboration with Harvey Gould, William Klein, and Bruce Boghosian (Tufts University). 
Currently investigating dependence of complex energy landscape on range of interaction.

Extending novel method developed during Ph.D. research, in which the departure from
equilibrium at any time is monitored using a single scalar parameter, to study the effect of 
cooling rate on the approach to equilibrium in cosmological systems with multiplicative 
noise, in collaboration with Marcelo Gleiser (Dartmouth College) and Rudnei Ramos 
(Federal University of Rio de Janeiro).

Teaching: Taught graduate level statistical mechanics and undergraduate quantum 
mechanics.

Research/Teaching Fellow, Dartmouth College, Hanover, NH
Marcelo Gleiser, advisor, August 1995 to June 2001.

Ph.D. Research: Developed previously described novel method to study the effect of 
temperature or pressure quench rate on the dynamics of phase transitions. Developed 
efficient method for removing lattice spacing and renormalization mass dependence from 
serial and parallel lattice Langevin simulations of mean-field models. Exploited lattice 
spacing dependence to find critical value of the order parameter.

Other research: Automated search for auroral medium frequency bursts in ground based 
radio data. Assisted in supervision of undergraduate students. Advisor: James Labelle
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Teaching: Extensively modified undergraduate laboratory projects and instructions for 
introductory physics for life science students. Reviewed and provided editorial feedback 
for revision of general physics and statistical mechanics textbooks. Instructed and 
supervised undergraduate and graduate students in laboratory and review sessions. Guest 
lectured in graduate quantum mechanics, undergraduate quantum mechanics, and 
introductory physics.

Undergraduate Student, University of New Hampshire, Durham, NH
Senior Project: August 1994 to August 1995. Wrote data acquisition and control software 
in LabView and collaboratively constructed and tuned front-end electronics for new 
gamma ray detector. Advisor: James Ryan

Data Analyst, Compton Gamma Ray Observatory: Part-time August 1993 to August 
1995; Full-time August 1989 to May 1990. Analyzed data to localize gamma ray bursts in 
near real time satellite data from COMPTEL (Compton Telescope) and BATSE (Burst
and Transient Source Experiment) on CGRO (Compton Gamma Ray Observatory). 
Forwarded burst locations to radio and optical astronomers in search for counterparts of 
gamma ray bursts. Automated the localization and notification process. Independently 
produced survey of weak gamma ray bursts from archived data. Summarized results in 
reports for distribution to other CGRO groups. Modeled COMPTEL response to neutrons 
and gamma rays. Supervisor: James Ryan

Data Analyst, Nuclear Physics Group: June 1988 to August 1989. Analyzed electron 
scattering spectral data to verify model of the structure of complex nuclei. Supervisors: 
John Calarco, Jochen Heisenberg, William Hersman, and John Dawson

Certified Nursing Assistant, New Hampshire Hospital, Concord, NH 
July 1990 to August 1993

Direct patent care of patients with neurological diseases and geriatric psychiatric patients.

Education
Ph.D., Physics and Astronomy, June 2001, Dartmouth College, Hanover, NH

B.S., Physics, cum laude, May 1995, University of New Hampshire, Durham, NH

Thesis
Ph.D., “Nonequilibrium Dynamics of Phase Transitions," Advisor:  Marcelo Gleiser

Publications
C. J. Gagne, W. Klein, T. Lookman, A. Saxena, and H. Gould, “Simulations of Spinodal 
Nucleation in Systems with Elastic Interactions,” in review for Phys. Rev. Lett..

C. J. Gagne, W. Klein, T. Lookman, A. Saxena, and H. Gould, “Theory and Simulation of 
Spinodal Nucleation in Systems with Elastic Interactions,” in progress.

Carmen J. Gagne and Marcelo Gleiser, “Quantifying Nonequilibrium Behavior with 
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Varying Cooling Rates,” Physica D 181, 121 - 131 (2003).

Carmen J. Gagne and Marcelo Gleiser, “Lattice Independent Approach to Thermal Phase
Mixing,” Phys. Rev. E 61, 3483 - 3489 (2000).

M. L. Cherry, P. P. Altice, M. B. Barakat, C.-X. Chen, B. K. Dann, A. Drake, S. B. 
Ellison, C. J. Gagne, J. Gordon, T. G. Guzik, R. Lockwood, K. Johnston, J. Macri, M. L. 
McConnell, V. Nagarkar, J. Ryan, and S. Vasile, “New Balloon-Borne Detector for High 
Angular Resolution Hard X-Ray Astronomy,” Proc. 24th Internat. Cosmic Ray Conf., 
Rome, Vol. 2, 45 (1995).

Presentations
“Simulations of Spinodal Nucleation in Systems with Elastic Interactions,” seminar, 

Arizona State University, Tempe, AZ, September 2004. Similar seminars given at 
University of California, Los Angeles, CA, March 2004, University of Massachusetts, 
Amherst, MA, March 2004, and National Institute of Standards Center for Theoretical 
and Computational Material Science, Gaithersburg, MD, January 2004. Similar talk at 
American Physical Society Meeting, Montreal, Canada, March 2004, Ninetieth Statistical 
Mechanics Conference, Rutgers University, Piscataway, NJ, December 2003, and 
American Physical Society New England Section, Bates College, Lewiston, ME, October 
2003. Similar poster given at Symposium on Nonequilibrium Statistical Mechanics in the 
New Millennium, Boston University, Boston, MA, March 2003.

“Phase Transitions in the Early Universe,” colloquium, University of Massachusetts, 
Lowell, MA, March 2004.  Similar colloquia given at Rhode Island College, Providence, 
RI, March 2004, Bridgewater State College, Bridgewater, MA, October 2001, and Clark 
University, Worcester, MA, January 2001.

“Lattice-Independent Approach to Thermal Phase Mixing,” talk, American Physical 
Society, Austin, TX, March 2002. Similar talks given at New England Complex Systems 
Institute International Conference on Complex Systems, Nashua, NH, May 2000, 
American Physical Society New England Section, Central Connecticut State University, 
New Britain, CT, November, 2000, and Greater Boston Area Statistical Mechanics 
Meeting, Brandeis University, Waltham, MA, October 1999.

“Approach to Equilibrium of Systems with Topological Defects,” talk, American Physical 
Society New England Section, Central Connecticut State University, New Britain, CT, 
November, 2000. Similar talk given at Greater Boston Area Statistical Mechanics 
Meeting, Brandeis University, Waltham, MA, October 2000.

J. LaBelle, S. Shepherd, M. Trimpi, and C. Gagne, “Further Studies of Auroral MF-
Burst,” poster, American Geophysical Union, San Francisco, CA, December 1996, 
“Trans. Am. Geophys. Union,” F636 (1996).

Skills
Modeling of nonequilibrium and equilibrium phase transitions, particularly in condensed 
matter and cosmological systems.
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Quantum, classical and finite temperature field theory.

Langevin and Monte Carlo simulation, Fortran 77/90/95, C, UNIX, MPI, and LabView.

Scientific visualization with DataExplorer, SuperMongo, Igor, and PgPlot.

Data analysis in nuclear physics, high-energy astrophysics, and space physics.

Additional Education
“Computational Cell-Biology” tutorial, American Physical Society, Montreal, Quebec, 
Canada, March 2004.

“Modeling System Biology” tutorial, American Physical Society, Austin, TX, March 2003.

“High Performance Computing Workshop,” Boston University, Boston, MA, October 
2000.

“Current Topics in Astrofundamental Physics” International School for Astrophysics “D. 
Chalonge,” Erice, Sicily, December 1999.

Fellowships and Honors
Selamawit Tsehaye Physics Teaching Award, Dartmouth College, Hanover, NH, June 
2000.

NSF funding to attend New England Complex Systems Institute International Conference 
on Complex Systems, Nashua, NH, May 2000.

NSF Advanced Study Institute Travel Award and Dartmouth College Graduate School 
Travel Grant to attend International School for Astrophysics “D. Chalonge”, Erice, Sicily, 
December 1999.

NASA Space Grant Fellow under the New Hampshire Space Grant Consortium, 
Dartmouth College, Hanover, NH, July 1997 - June 2000.

Citation Report for Quantum Statistical Physics (Topic: Phase Transitions), Dartmouth 
College, Hanover, NH, June 1997.

NASA Space Grant Matching Student under the New Hampshire Space Grant 
Consortium, Dartmouth College, Hanover, NH, July 1996 - June 1997.

Karel A. Wolterbeek Junior Physics Award, University of New Hampshire, Durham, NH, 
May 1989.

Outreach
Junior High School Science Careers Outreach, December 1999. Invited to discuss careers 
in physics and astronomy with seventh and eighth grade science classes, Nashua, NH.

Women in Science Outreach, Fall 1995. Hosted a group of fifth grade girls at the Space 
Science Center at the University of New Hampshire, Durham, NH, as part of a program to 
encourage girls’ interest in science.
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Research Interests: 
 
Biological physics, Mathematical and computational modeling in biology,  
Non-equilibrium dynamics, stochastic processes, disordered systems,  
soft condensed matter.  
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Department of Biological Physics, 
Max Planck Institute for Physics of Complex Systems, 
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I was selected by the Department of Science and Technology to be a member of the first 
Indian student delegation to attend the Annual Meeting of Nobel Laureates at Lindau, 
Germany during June 25-29, 2001. 
 
Qualified in the CSIR-UGC National Eligibility Test (Govt. of India), 2001. 
 
National merit scholarship for higher secondary studies, 1992.  
 
Publications/preprints: 
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 ���	�� � �	����� ������� �	
�� ����	 ��������	
� 	�
� ��	�����
��	
�� ������� �	��� (tentative title), 

     M. Gopalakrishnan, B. Schmittmann and R.K. P. Zia  
    (invited article to be submitted to J. Phys. Cond. Mat. special issue as a Festschrift for 
     Lothar  Schäfer)  
     
2. ������ 	� ����� ����� 	
 ���
� ����	�����	
� �
��
��� ����
��
 �
� 	�����	�	�������� ���
	��
�, 
    M. Gopalakrishnan, K. Forsten-Williams, E. Spiegel, S. Angiah,   M. A. Nugent   
    and  U. C. Täuber. 
    e-print q-bio.SC/0407015 (to be submitted, 2004). 
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3. ���
� ����
��
� ������	
�����
� ���
 ����� ���	�� �
� 
�������� ��������	
�
������� �	 ��� �������, 

    M. Gopalakrishnan, K. Forsten-Williams, T. R. Cassino, L. Pedro,  
    T. E. Ryan and U. C. Täuber. 
    e-print q-bio.QM/0406004 (under review in Eur. Biophys. J, 2004). 
 
4. �	
� ����	����	
 	� �	������, 
    Manoj Gopalakrishnan, B. Schmittmann and R. K. P. Zia. 
    J. Phys. A 37(29) L337-L343 (2004). 
    
5. ���
���
����� ��
��
 ������ ������	� �������	�����	
� �������� ���	���	

��������	
� 	� ����� ��
��
,  

    Manoj Gopalakrishnan, Kimberly Forsten-Williams and Uwe C.Täuber,  
    J. Theor. Biol. 227 (2) 239-251 (2004). 
  
6. ��
����� 	� � ������� �����
 �������� 	
 � ��
�	��� ���������
 �������,  
    Manoj Gopalakrishnan, Phys. Rev. E  69 011105(2004). 
    
7. 
��������
�� �
 ������� �	��� �	����	���
������ ����	���, 

     G. Manoj, Phys. Rev. E 67, 026115 (2003). 
 
8. 
����� ��������	
 �����
 �� � ���������
 ��	�����
��	
�� ���������
�
�	��
���� �����, 

    G. Manoj and M. Barma, J. Stat. Phys 110(3), 1305-1316 (2003). 
    (invited article to the special issue dedicated to M. E. Fisher on his 70th birthday). 
 
9. 
��������
�� �
 ����� ����
��	
� � 	 ��
��� ��
� �����
 �����, 

     G. Manoj and P. Ray,   Phys. Rev. E 64, 7755 (2000).  
      
10. ������� ����������	
 	� ��������
� �����,  
     G. Manoj  and P. Ray, J. Phys. A 33,  5489 (2000).  
 
11. �����
 �
� ������� �	�����	
 �
 ��������
��,  
     G. Manoj  and P. Ray,  J. Phys. A 33, L109 (2000). 
 
Conference proceedings: 
 
12. 

��� �������	
 ���	�� � �	����� ������, 
     Manoj Gopalakrishnan, B. Schmittmann and R. K. P. Zia, 
      Bulletin of the American  Physical Society (March meeting in Montreal, Canada)  
      p.735 (2004). 
 
13. �������	
�������� ������	
� 	
 ��� ���� �������,    
     Manoj  Gopalakrishnan, Uwe. C. Täuber and Kimberly Forsten-Williams,  
     Bulletin of the American  Physical Society (March meeting in Austin, Texas)  
     48(1) (2003). 
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14. �����
 �
� ������� �	�����	
 �
 ��������
��,  
      G. Manoj and P. Ray, Proceedings of the DAE Solid State Physics  
       Symposium,   IGCAR, Kalpakkam, India   (2000). 
 
 
15. �	������� ������ �
 � ��	��	��	
�
� ����� ������
�,  
      G. Manoj, P. B. Sunil Kumar and Madan  Rao,  Proceedings of the  
      Royal     Society/Unilever Indo-U.K  Forum meeting at National   
      Chemical    Laboratory, Pune, India (1997). 

Unpublished preprints: 
 
1. �
����� ����� ��������	
 �
 � ���������
 �	�� �������,  
      G. Manoj and M.  Barma (2001). 
 
2.  ��
������ �����
 �
 ��� ������� ����������	
 	� ��������
� �����, 
      G.  Manoj and P. Ray,  e-print cond-mat/9901130 (1999). 
 
3. 
��������
�� �
 	
������
��	
�� �������	
�������	
 �������,  

    G. Manoj, IMSc preprint  98/07/44 (1998). 

Teaching and Research Supervision: 
 
I gave a set of lectures in a Graduate Statistical Mechanics course taught by Prof. Uwe  
C. Täuber  at Department of Physics, Virginia Tech in November 2003. 
 
I have assisted the following students in their research projects formally supervised by 
Prof. Uwe C. Täuber. 
 
1. Satheesh Angaiah, Graduate student, Elec. Eng., VT (Spring 2004) 
 
2. Eric Spiegel, Undergraduate student, Physics, VT (Fall 2003 and Spring 2004) 
 
3. Brad Habenicht, Undergraduate student, Physics, VT (Fall 2002) 
 
 
Other professional activities: 
 
Referee for Biophysical Journal. 
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Recent seminars: 
 
1. Co-operative effects in ligand-receptor binding kinetics, 
    Department of Physics, IIT Mumbai and TIFR, Mumbai (September 2004). 
 
2. Effect of lipid rafts on cell signaling: Enhanced rebinding and other  
    co-operative phenomena, 
    Max-Planck-Institut für Physik komplexer Systeme, Dresden, Germany (July 2004). 
 
3. Dynamics of a passive sliding particle on a randomly fluctuating surface, 
   Department of Physics, Virginia Polytechnic Institute and State University,  
   Blacksburg, Virginia  (November 2003). 
 
4. Binding of FGF-2 ligand to its receptor: Pre-coupling of receptors or  
   diffusion-limited  reactions ?, Department of Physics, Virginia Polytechnic Institute  
    and State University, Blacksburg, Virginia (September 2003). 
 
5. Diffusion-limited reactions on the cell surface, Annual meeting of the American  
    Physical   Society at Austin, Texas (March 2003). 
 
6. Persistence in q-state Potts model: A mean-field approach, Department of  
    Physics, Indian Institute of Technology (Madras), Chennai (January 2003). 

Academic visits: 

1. Indian Institute of Technology (Bombay), Mumbai,  India  (September 2004).

2. Harish-Chandra Research Institute, Allahabad, India (September 2004). 

3. Indian Institute of Technology (Madras), Chennai,  India  (January 2003).   
    
4. The Institute of Mathematical Sciences, Chennai, India (Dec. 1-6, 2002). 
 
5. Lindau, Germany (Annual meeting of Nobel Laureates, June 25-29, 2001). 
 
6. Tata Institute of Fundamental  Research, Mumbai, India  
    (Feb. 21-26, Sept.25-Oct.7, 2000 and March 18-April 30, 2001). 
 
7. The  University  of Manchester, Manchester,  U. K (June 1-4, 2000). 
 
8. Universite Paul Sabatier, Toulose, France (May 29-31, 2000). 
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9. The Abdus Salam ICTP, Trieste, Italy (May 5-May 28, 2000).    
 
10. Institute of Physics,  Bhubaneswar, India (March 3-March  9,2000).   
 
11. Saha Institute of Nuclear Physics, Calcutta, India (March, 2000) .  
 
12. S. N. Bose National Centre for Basic Sciences, Calcutta, India 
     (Feb.29-March 3, 2000). 
 
 
 
Conferences/Workshops : 
 
1.  Symposium on ‘Biological systems and soft materials: Future directions in  
     Statistical  Physics’, Department of Physics, Virginia Tech., March 6-7, 2004. 
    Contributed talk: Impact of lipid rafts on cellular signaling via enhanced  
     rebinding of  ligands. 
 
2.  Annual meeting of the American Physical Society, Austin, Texas, March 3-7, 2003. 
     Contributed talk: Diffusion-limited reactions on the cell surface. 
 
3.  Discussion Meeting on Mesoscopic and Disordered systems, Indian Institute of  
     Science, Bangalore, India, December 18-20, 2000. 
     Poster: Unusual phase separation in a fluctuating rough surface. 
 
4. DAE  Solid State Physics Symposium, Indira Gandhi Centre for 
    Atomic Research, Kalpakkam, India, Dec. 20-24, 1999. 
    Poster: Scaling and fractal formation in Persistence. 
 
5. Royal Society/Unilever Indo-U.K  Forum meeting, National Chemical  
    Laboratory,  Pune, India, Dec.8-12, 1997. 
    Poster: Modulated phases in a two-component fluid membrane. 
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                                       Statement of research interests 
 
����� �������	
�����
����	����� �� �
����
��� ����
��
��� ������ ����
���� ��	 ����
�� �� ������� �������
�	����� ��	����  
 
 
My primary research area is statistical mechanics and its applications, and lately, most of 
my research activities are centered at Theoretical Biophysics. In particular, I am very 
interested in the physical and computational modeling of cellular 
biophysical/biochemical processes. My other areas of interest are non-equilibrium 
dynamics (coarsening, persistence, interfaces), disordered systems (percolation in 
correlated media) and soft matter physics (biological membranes). 
 
My philosophy in research is best summarized in this quote from Einstein. 
 
“I have little patience for scientists who takes a board of wood, looks for its thinnest part 
and drills a great number of holes where drilling is easy.”  
 
(i) Signal transduction in olfactory cilia 
 
Most recently, I am working with F. Jülicher and M. Zapotocky (at MPI-PKS, Dresden) 
on some aspects of the biophysics of the olfaction-the sense of smell. We are especially 
concerned with the initial stages of the process where the external olfactory stimulus is 
detected by the olfactory sensory neurons (OSN) through specialized receptors, and the 
consequent opening of the Ca+2  channels leading to an influx of these ions. Among the 
issues we seek to understand here are co-operative effects between isolated receptors 
(which are spaced a fraction of a micron apart in the cilia), the phenomenon of olfactory 
adaptation which is believed to be due to an effective negative feedback by Ca+2  on 
itself, and aspects of information transfer (eg. signal to noise ratio) between sub-
processes. 
 
Other problems I am interested in are concerned with percolation of lipid rafts on the cell 
membrane, and how it affects protein diffusion (in collaboration with M. Zapotocky at 
MPI-PKS and K. Simons and group at Max Planck Institute for Cell Biology and 
Genetics, Dresden). 
 
(ii) Ligands, receptors and lipid rafts: co-operative phenomena at sub-cellular level 
 
At Virginia Tech, I have been involved in studying certain cellular biochemical processes 
which play a principal role in defining the response of the cell to external stimuli: the 
binding and dissociation kinetics of the external ligands by cell surface receptors. We 
recently developed a successful theoretical model for the rebinding phenomenon of 
ligands: dissociated ligands may rebind to the receptors several times over short time 
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intervals, which leads to a very slow effective dissociation curve measured via 
experimental methods such as Surface Plasmon Resonance (SPR)[1]. A related problem 
was addressed in the context of lipid rafts, which are floating micro-domains on the cell 
surface which trap several receptor proteins (eg. Heparan sulfate Proteoglycans, or 
HSPG). Our theoretical/computational models highlighted the significance of co-
operative interactions between receptors in slowig down ligand dissociation, made 
possible through the confining geometry provided by the rafts[2]. In an earlier project, we 
studied an especially interesting ligand-receptor problem: the binding of the basic 
Fibroblast Growth Factor (FGF-2) to its cell surface receptor (CSR) and HSPG. HSPGs 
bind FGF-2 with low affinity and impact CSR-mediated signaling via stabilization of 
FGF-2-CSR complexes via association with both the ligand and the receptor. We 
determined the conditions by which pre-association would impact CSR-FGF-2-HSPG 
triad formation assuming diffusion-limited surface reactions [3]. My principal 
collaborators in these projects are Kimberly Williams (Chemical Eng., VT) and Uwe C. 
Täuber (Physics, VT). 
 
(iii) Correlated percolation  
 
Recently, with Beate Schmittmann and R. K. P. Zia at Virginia Tech, I have been 
working on the modeling of gas transport through a polymer membrane. As an interesting 
sub-problem, we looked into the percolation of a set of ��mers on a two-dimensional 
square lattice. Unlike ordinary bond percolation, w have a highly correlated set of 
occupied bonds here. The percolation transition was investigated as a function of the 
polymer length � and the mean density (number of monomers per lattice bond) � . 
Numerical simulations showed a non-monotonic dependence of the critical monomer 
density c

� on the polymer length �� Another interesting observation is that increasing � has 

opposite effects on the percolation probability at low and high � [4]. Further 
investigations into this interesting result, and its implications in the gas transport studies 
are currently under progress [5]. 
 
Another example of correlated percolation occurs in the context of a random surface. The 
contours formed by intersection of a two-dimensional rough surface with a flat horizontal 
reference plane is a well-studied problem. In this context, it is interesting to ask: What is 
the smallest fraction of the surface area that should be above the plane so that there is a 
connected portion of the surface above this plane? This is a percolation problem, but 
again with a highly correlated set of occupied sites. I have been studying several aspects 
of this problem in the context of two-dimensional Kardar-Parisi-Zhang surface, such as 
the distribution of the percolation threshold for various system sizes, and the size 
distribution of the percolating as well as non-percolating clusters. In particular, the 
broken symmetry in the direction of growth leads to the existence of two percolation 
thresholds, both of which have broad distributions in the thermodynamic limit. 
 
(iv)  Passive sliding particle(s) on a fluctuating surface 
 
What is the effective long-time scale dynamics of a free particle sliding on a randomly 
fluctuating surface? Although stated very simply, this problem is surprisingly difficult to 
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solve. For the simple Gaussian (Edwards-Wilkinson) surface in one dimension, the 
particle was observed to show anomalous diffusion with the mean square displacement 

being proportional to 34 /t , a result first predicted by a self-consistent effective theory for 
particle motion, and verified in simulations[6]. This problem is closely related to the 
well-known class of passive scalar processes in fluid dynamics.  
 
In an earlier work (with Mustansir Barma) [7], we had shown that a set of particles 
initially distributed at random on a fluctuating surface would cluster together over long 
times, provided the steady state of the surface is rough and the particles have hard-core 
exclusion. We characterized the ordered state using the pair-correlation function as well 
as distributions of cluster sizes and order parameter. The ordering was found to be a 
direct consequence of the existence of deep ‘valleys’ on the surface.  
 
(v) Coarsening and Persistence 
 
During my doctoral studies, I studied (with Purusattam Ray) the phenomenon of 
‘persistence’ in coarsening systems. Persistent regions in such systems are defined that 
the parts of space where the ordering field has always remained above (or below) an 
arbitrary reference level. Our main finding was that this region has a fractal structure over 
sufficiently small length scales, and the fractal dimension was determined using 
analytical as well as numerical techniques[8]. We have done this study in several models, 
both discrete (Ising model) and continuum (simple diffusion, Time Dependent Ginzburg-
Landau), and in several spatial dimensions, and confirmed that our results are very 
general[9]. Recently, I studied the spatial distribution of persistent spins in one 
dimensional q-state Potts model analytically by mapping the problem to a mean-field 
model, combined with the well-known Independent Interval  Approximation, and showed 
that the distribution exhibits a fractal-homogeneous transition between q=2 and q=3[10]. 
 
(vi) Soft condensed matter: biological membranes 
 
In the very early part of my research career, I had worked on biological membranes (with 
Madan Rao and P. B. Sunil Kumar). A biological membrane is often made up of 
thousands of different types of molecules. We studied a simple example of a membrane 
consisting of two different kinds of lipids, each of which prefers curvature of opposite 
sign. This coupling between the surface configuration and the lipid concentration leads to 
interesting effects associated with the phase segregation of the lipids. After integrating 
out the surface degrees of freedom from the complete free energy functional, we find a 
depression of the critical temperature of phase segregation, as well as an effective ‘anti-
ferromagnetic’ long-range interaction between the lipid densities at different points in 
space. Numerical minimization of the effective free energy functional produces a phase 
diagram, which, in addition to the usual ordered and disordered phases, contains two 
‘modulated’ phases[11]. The transitions between the phases was also investigated 
numerically. 
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    Phys. Rev. E  69 011105. 
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8.   G. Manoj  and P. Ray (2000)  Scaling and Fractal formation in Persistence,  
     J. Phys. A  33, L109;  Spatial distribution of persistent sites,  J. Phys. A  33,  5489.  
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      Phys. Rev. E  67, 026115. 
  
11. G. Manoj  (1997) Modulated phases in two-component fluid membranes,  
      M.Sc project thesis (Institute of Mathematical Sciences, Madras, India, unpublished) 
    
 
 
 
 
 
 
 
 
 



Research interests

My research interests are focused on several related topics, as solid-state implementations of 
quantum computers, optimal control of mesoscopic systems, dynamics of systems described by
differential equations with generalized fractional derivatives. Below I describe these topics in more 
detail.
1) Quantum Computing
After it has been shown that quantum computer can perform certain tasks much faster than

classical one, and even the exponential speed-up is possible [1], there is a considerable progress in 
the field of quantum computing. A number of physical realizations of building blocks of a quantum 
computer, including atoms, molecules or single trapped ions, were recently suggested and tested. 
These systems show relatively long-time phase coherence, but scaling up of such systems is not 
straightforward. Much higher potential to realize a scalable quantum computer is demonstrated by 
solid-state nanoscale devices, like SQUIDs and quantum dots (see, for example, [2]).
However, virtually unavoidable environmentally induced decoherence has so far been and still

remains as one of the main obstacles on the way of implementing quantum protocols using solid 
state systems, that is why  the issues of  "taming" of the decoherence turn out to be of a great
importance.

The main goal of my current and close future research is to find new ways to minimize
decoherence effects in solid-state devices. In order to do this, one needs to develop an adequate 
theoretical description which helps to gain new insights into the nature and means of practical
optimal control of such systems. Using optimal control approach, one can propose novel device 
setups, based on implementing of new mechanisms to control decoherence in the system. For 
example, by coupling two or more SQUIDs in different ways, one can design a quantum system 
that is described by the Hamiltonian with desired properties and/or symmetries. As the result such 
a system can exhibit much slower loss of coherence, compare to systems with a non-optimal 
design.
Additional challenge in this research is to describe non-Markovian dynamics of the correspondent 

quantum systems and include effects of the presence of 1/f noise, which
seem to be a serious issue for superconducting nanodevices at low temperatures [3].
A recent result of my work in this area [4] was a new optimal design of a two-qubit register, by 

utilizing a special kind of symmetry of its Hamiltonian, that provides additional stability against 
decoherence. As a part of this work I am going to continue and extend my studies on optimal 
design of quantum logic gates like CNOT, B-gate, RNOT, SWAP and other quantum operations 
like discrete FFT.

2) Coherent control of mesoscopic systems.
The second part of my research plan is to continue investigations on optimal control of mesoscopic

systems, for example, quantum dots, which represents a challenging problem. External control of 
quantum states in semiconductor nanostructures may lead to revolutionary new applications, such 
as those involving quantum computing, spintronics, etc. In order to solve optimal control problems
for quantum systems I am going to utilize both numerical and analytical approaches. In particular, 
I am interested in control of systems, which evolution is governed by nonlinear equations like Bose-
Einstein condensate and Josephson junctions.
The recent results of my previous work in this field [5] include a new analytical method to derive 

optimal fields to control various quantum systems. I also have published results on application of
Genetic Algorithm to solve the problem of optimal control of photo-induced tunneling between two 
quantum dots [6].



3) Time evolution of  dynamical systems with
fractional derivatives.
I am going to continue my research on dynamical systems described by differential equations with

derivatives of a fractional order. It was recently demonstrated, that 300 years old fractional 
calculus can be successfully applied for different physical problems [7]. 
For example, the Poincare-Bendixon theorem states that nonlinear differential systems having 

order N>2 can be chaotic. Using generalized fractional derivatives (either Riemann-Liouville or 
Caputo formulations) one can determine a system having a "fractional" order 2<N<3. The 
interesting problem is whether such a system can exhibit chaotic dynamics. Since fractional 
derivatives are of a nonlocal character, there is also a challenging problem to determine the 
Lyapunov exponents in order to characterize sensitivity of orbits to small perturbations.
The results of my recent work [8] demonstrate a manifestation of chaotic motion of a fractional 

generalization of the Lorenz model. One can consider further interdisciplinary applications of this 
research, for example, description of pseudochaos, application to stock market dynamics, or 
dynamics of complex fluids. Another interesting possibility to utilize non-locality of fractional
derivatives is to use them in order to describe non-Markovian dynamics of a quantum system 
interacting with noisy environment characterized by the power-low correlations.

[1] P. W. Shor, Proc. 35nd Annual Symposium on Foundations of Computer Science, Ed. Shafi 
Goldwasser, IEEE Press, (1994), p124-134.
[2] D. Vion et al, Science {\bf 296}, 886 (2002); J. E. Mooij et al, Science {\bf 285}, 1036 
(1999); Y. Nakamura et al, Nature {\bf 398}, 786 (2002);
[3] Y. M. Galperin, B. L. Altshuler, D. V. Shantsev, cond-mat/0312490
[4]  I. A.Grigorenko and D.V. Khveshchenko, cond-mat/0312349, submitted to PRL. 
[5] Ilia Grigorenko, Martin E. Garcia and K. H. Bennemann, Phys. Rev. Lett. 89, 233003 (2002). 
[6]  Ilia Grigorenko, Oliver Speer and Martin E. Garcia ,  Phys. Rev. B , 65, 235309 (2002). 
[7] Applications of Fractional Calculus in Physics, edited by R. Hilfer (World Scientific, River 
Edge, New Jersey, (2000).
[8] I. Grigorenko and E. Grigorenko, Phys. Rev. Lett. 91, 034101 (2003).

Teaching philosophy

My teaching philosophy is not to teach physics "to the walls", but to teach students.   I believe that 
any successful pedagogical process should contain, as its essential part, a positive feedback from 
the students. I encourage students to participate in the classroom by engaging them with questions, 
open discussions, demonstrations and other activities. Based on the response of the auditory,  I can 
judge whether most of the students demonstrate understanding, and if they do not, I immediately 
know that I should reinforce the particular concepts involved in the discussion.
During my classes students learn not just what is in standard physics courses, they are also 

practicing communication and presentation skills, abilities to express their ideas and arguments in 
clear and compact way, they are learning how to be exposed to other people’s criticism and how to 
defend their opinion.



Since there are usually only few hours of physics classes a week, I see my aim not only to present 
fundamental physics concepts during these hours,  but also to teach my students how to learn on 
their own.
In order to make students more interested to study physics, I usually use historical and physics-in-

everyday-life ways of presentation. The first one is based on the presenting material arranged by 
references to the times of the discoveries and the scientists who did them, presenting evolution in 
physics as a result of the battle of different physics concepts, like the birth of the idea of wave-
particle dualism. The second way is to present a physics concept through various examples of its 
technological realizations and applications, discussing benefits and risks associated with such 
issues as nuclear power, irradiation of food products and electric and magnetic field exposure.

Usually I try to attract student's attention by introduction to the intriguing unsolved problems in 
physics and science in general,  as puzzles waiting for a solution that students could possibly take 
part in finding. The solution of such problems, like controlled thermonuclear fusion, often could 
have a great impact on the life of the whole mankind.

I usually try to demonstrate physics concepts in different fields. For example, to mention about 
application of the concept of Brownian motion in financial mathematics and everyday Wall Street 
practice, referring to Nobel Prize winners in economy Black and Scholes and their option pricing 
model. I also believe that individual mentoring of the students is  a very significant part of the 
teaching-learning process. Mentoring has many forms: individual tutoring, academic advising or 
research advising.  I understand that it is very important to be accessible to students for this 
purpose. I usually tell my students that they can simply come to my office and ask questions any 
time I am there.
I had experience to teach students in 1997-1998 (four semesters) at the St. Petersburg State 

Technical University, in Russia. The courses were: Quantum Mechanics, Statistical Physics, 
Classical Mechanics and Classical Electrodynamics. I also had experience to conduct Classical 
Mechanics labs for medicine students for one month in 2002 at the Free University Berlin, in 
Germany.
I am ready to teach "core" courses to undergraduate students, as well to teach specialized courses 

such as Chaos Theory, Optimal Control of Dynamical Systems, Quantum Computing, which will 
be (partially) presented in my lecture notes book "Optimal Control and Forecasting of Complex 
Dynamical System", that will be published by the World Scientific Publishing, in 2005
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14.  „Subrecoil cooling of atoms with a non-degenerate ground state“, B. G. Matisov, I. A. Grigorenko, 

I. E. Mazets,   JETP Lett. 62, 484 (1995).
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Statement of Research Accomplishments

The topic of my PhD is ‘Multiscale Modeling of Chemotaxis’. Chemotaxis is the directed 
movement of organisms / cells towards or away from a chemical source. It plays an 
important role in wound healing, fertilization, morphogenesis, cancer and food finding 
strategies for micro-organisms such as bacteria and amoeba. The particular system I 
studied in my thesis is one in which a number of organisms secrete a chemical in a 
continuous fashion and at the same time they are responsive towards it. This leads to 
either aggregation or dispersion depending on the nature of the system under 
investigation. This system is modeled (usually) by the so called Keller-Segel Equations (1)
which are a set of two coupled partial differential equations. These equations cannot be 
solved analytically and so they are solved numerically. However simulation of these 
equations is problematic because of well known discretization problems arising with the 
solution of advection-diffusion equations. In particular the problems arise due to a 
different discretization needed for the advection and for the diffusion parts of the 
equations. We have found an exact mathematical transformation which converts a wide 
class of these equations (including the Keller-Segel Equations) into master equations 
describing diffusion processes with spatially varying hopping rates (2); this master 
equation discretization allows easily implementation without the discretization problems of 
the commonly used schemes (e.g. Euler, Lax-Wendroff, Upwind, Crank-Nicolson 
methods). The main aim of the thesis has however been to construct and analyze a 
stochastic model of chemotaxis (3). The reasons behind this endeavor are that i) 
population models throw away individual information about cells (by assuming that all 
cells have the same properties); an individualist description can account for heterogeneity 
in cell properties e.g. genotype,  ii) the Keller-Segel equations being coupled partial 
differential equations, must be some kind of mean field approximation (MFA) to an 
underlying stochastic theory. Such approximations are presumably fine for systems in 
which the number of interacting cells / organisms is very large however there are many 
known chemotactic systems in which the number of interacting cells may be a few hundred 
or thousand. How well do the Keller-Segel equations work in these cases? 
To answer such questions, we constructed an individual-based stochastic model of 
chemotactic cell movement. The formulation is based on Langevin dynamics since this 
approach allows analytic study using methods from statistical and many-body physics. We 
found that by neglecting statistical correlations between the cells i.e MFA, the Keller-
Segel Equations are recovered, thus confirming our initial hypothesis about these 
equations. Cell-Cell interactions were studied in the context of diagrammatic perturbation 
theory. We find that statistical correlations are non-negligible at large times and lead to 
renormalization of the cell diffusion coefficient; this renormalization is absent in the MFA. 
Monte Carlo simulations of the model confirm our theoretical results; we also find that the 
form of the stochastic equations enables a numerical implementation which does not 
require an underlying spatial grid, hence providing an efficient way of simulating large 
numbers of individual interacting cells. I have also developed a mathematical 
approximation to the strong coupling stochastic theory (as opposed to the perturbation 
approach) (4). This theory correctly predicts renormalization of the cell diffusion 
coefficient for any chemotactic strength and also a ‘phase’ transition for the case of 



negative chemotaxis, a transition which is numerically and experimentally observable. 
I am currently investigating another model of auto-chemotaxis, one in which cells move on 
a discrete lattice and in which the chemical field is discrete rather than continuous. The 
temporal behaviour of the cell in this model typically consists of an initial random walk 
period following by a localization period, in which the cell gets trapped by its own 
chemical. For long enough times, the cell is ‘freed’ and behaves like a sub-diffusive 
random walker with a power close to ½ (in one dimension). When the chemical field is 
modeled through a diffusion type equation, different dynamics are observed. In particular, 
the localization periods tend to be longer. The long term behaviour is still under study. 
This model (with continuous chemical field) yields results qualitatively similar to that from 
the Langevin model discussed above. The results are furthermore qualitatively independent 
of the actual form of the cell movement rules (provided the rates of movement have some 
common mathematical properties). The difference between the model with discrete and 
continuous fields can be traced to the fluctuations in the discrete field which are absent in 
the continuous one. The continuous model is a mean field model and as such introduces 
‘averaging’ over the noise which leads to deceptively long localization times and to 
smaller effective cell diffusion coefficients than what is obtained with a model in which the 
molecules are modeled individually. This phenomenon may be a generic feature of cellular 
automata models which have feedback through a field modeled through diffusion type 
dynamics. Such models should fare fairly well when the number of molecules is large, 
though there is no clear cut way of determining how large the field has to be for these 
models to be true and nevertheless there will always be regions where the chemical 
concentration will be low and consequently modeling through a diffusion type equation 
will fail in some regions. Another artificiality of the model is the underlying grid. This is 
still under investigation. The results put together cast a dubious light on some descriptions 
of cell movement and cell-cell interactions based on cellular-automata (5).  

More recently I have started working on a model of fungal morphogenesis with Dr. R. 
Roberson (Plant Biology, ASU). The generation of shape in fungal hyphae and the 
intracellular dynamics which contribute to this process are of particular interest. Primitive 
models based on fluid dynamics and vesicle transport have been implemented and the 
simulation results do corroborate some of the experimentally observed phenomena. In 
addition I have had some lab experience in the areas of tissue sample preparation, 
microscope (light and electron) usage, use of imaging software, etc …

(1) Keller LF and Segel LA,  J. Theor. Bio. 26, 399 (1970)
(2) ‘Accurate discretization of advection-diffusion equations’ Grima R and Newman TJ,  
Phys. Rev. E 70, 036703 (2004)
(3) ‘Many-body theory of chemotactic cell-cell interactions’ Newman TJ and Grima R,
approved for publication in Phys. Rev. E
(4) ‘A Strong-coupling theory of chemotaxis’ Grima R (in preparation)
(5) ‘Anomalous cell movement in a discrete model of auto-chemotaxis’ Grima R, 
Sanguansin S and Newman TJ   (in preparation)



General Research Interests

Generally speaking, I am interested in complex systems particularly those modeling 
biological phenomena. I have some experience modeling such systems using models based 
on both deterministic and stochastic differential equations. I am particularly interested in 
constructing and analyzing more realistic models of cell movement and of intracellular 
dynamics and especially including a realistic description of hydrodynamics into the 
modeling. I am really interested to work on anything which involves a combination of 
differential equations, automata and statistical mechanical ideas in a biological setting. On 
the experimental side I have had very little experience; the little I know is from some work 
in Dr. Roberson’s lab. Since my experience has been mostly on the theoretical side, it 
would be of great benefit for me to get some training and experience in a biological lab 
setting while working on theoretical/applied problems.  



My research interests include developing molecular-based tools for 
identification of pathogenic bacteria. I am also interested in general 
clinical microbiology, molecular bacteriology, basic immunology, infectious 
diseases research and bioterrorism.                                          
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? Capable of teaching 
 
&#61656; Molecular Biology Techniques: DNA isolation and purification, PCR 
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Microbiology conducted by A.P. College Service Commission, Hyderabad which is 
accredited by the UGC, New Delhi.                                         
? June 1994-June 1996, Junior Research Fellowship during PhD by the 
University Grants Commission, New Delhi.                                      
? June 1996-June 1999, Senior Research Fellowship during PhD by the 
University Grants Commission, New Delhi.                                      

MEMBERSHIP IN ACADEMIC BODIES
Life Member, Association of Microbiologists of India (AMI).

 

DOCTORAL WORK 
Title of the PhD Thesis:
 
 "PESTICIDE - MICROFLORA INTERACTIONS IN SOILS"
Pesticide-Microflora Interactions were studied under aerobic conditions in 
the laboratory with selected insecticides such as monocrotophos and 
quinalphos of organophosphate group and cypermethrin of synthetic pyrethroid 
group in black clay and red sandy loam-sandy clay soils collected from cotton 
and groundnut fields, respectively.  The parameters considered for this study 
were impact of monocrotophos and quinalphos in combination with cypermethrin 
on soil microflora and their activities, and metabolism of only 
organophosphorus insecticides, monocrotophos and quinalphos.                 

POST- DOCTORAL WORK 
&#61656; Isolation of Leptotrichia 



A novel species of Leptotrichia was isolated from pus sample of a patient 
suffering from pelvic abscess using 16S rRNA gene amplification and 
sequencing.  This work was communicated for the publication in Emerging 
Infectious Diseases.                                                         
&#61656; Isolation of Bartonella in rats
Two novel species of Bartonella were isolated from blood samples of rats 
using ITS sequencing.  This work was published in Journal of Clinical 
Microbiology.                                                          
&#61656; Isolation of Afipia from water
Two novel species of Afipia were isolated from hospital supply water using 
amoeba co-culture method.  This work was submitted for publication in 
Research in Microbiology.                                            
&#61656; Isolation of Bartonella in dogs 
Two species of Bartonella were isolated from blood samples of dogs in Gabon 
using ITS sequencing.  This work was communicated for publication in Emerging 
Infectious Diseases.                                                   
&#61656; Identification of Acinetobacter 
Presently, working on identification of Acinetobacter based on rpoB (RNA 
polymerase &#946;-subunit encoding gene) gene sequencing.               

PUBLICATIONS
(Note: I have published some papers with name, G.V.A.K. Babu during my PhD) 
Doctoral work
1. Babu GVAK, Reddy BR, Narasimha G & Sethunathan N (1998) Persistence of 
quinalphos and occurrence of its primary metabolite in soils. Bulletin of 
Environmental Contamination and Toxicology, 60: 724-731.                     
2. Reddy BR, Narasimha G & Babu GVAK (1998) Cellulolytic activity of fungal 
cultures. Journal of Scientific and Industrial Research, 57: 617-620.   
3. Narasimha G, Babu GVAK & Reddy BR (1999) Cellulolytic activity of fungal 
cultures isolated from soil contaminated with effluents of cotton ginning 
industry. Journal of Environmental Biology, 20: 235-239.                   
4. Gundi VAKB, Narasimha G & Reddy BR (2003) Interaction effects of 
insecticides on microbial populations and dehydrogenase activity in a black 
clay soil. Journal of Environmental Science and Health, B (in press).  
5. Gundi VAKB & Reddy BR (2003) Persistence of monocrotophos in retreated 
soils. Chemosphere (communicated).                                         

Post-doctoral work
6. Gundi VAKB, Davoust B, Khamis A, Boni M, Raoult D & La Scola B. (2004) 
Isolation of Bartonella rattimassiliensis sp. nov. and Bartonella phoceensis 
sp. nov. from European Rattus norvegicus. Journal of Clinical Microbiology, 



42: 3816-3818.                                                             
7. Gundi VAKB, Desbriere R & La Scola B. (2003) Leptotrichia amnionii, a 
fastidious emerging pathogen of the female reproductive tract.  Emerging 
Infectious Diseases (in press).                                    
8. Gundi VAKB, Davoust B, Bourry O, Raoult D and La Scola B (2004) Bartonella 
clarridgeiae and Bartonella henselae isolated from dogs in Gabon. Emerging 
Infectious Diseases (in press).                                               
9. Khamis A, Gundi VAKB, Raoult D & La Scola B. (2004) Description of Afipia 
quartiernordensis sp. nov. and Afipia saintantoinensis isolated from hospital 
supply water. Research in Microbiology (communicated).                      
10. Gundi VAKB, Khamis A, Raoult D & La Scola B. (2004) Identification of 
Acinetobacter based on rpoB gene sequencing. (in preparation).          

CONFERENCES (Poster presentations)
1. Presented a research paper entitled "Persistence of quinalphos in soils" 
in 36th Annual Conference of Association of Microbiologists of India held at 
CCS Haryana Agricultural University, Hisar, November 8-10, 1995.              
2. Presented a research paper entitled "Dissipation of monocrotophos in 
soils" in 37th Annual Conference of Association of Microbiologists of India 
held at Indian Institute of Technology, Chennai, December 4-6, 1996.   
3. Presented a research paper entitled "Pesticide interactions on protease 
activity in a soil" in 39th Annual Conference of Association of 
Microbiologists of India held at College of Fisheries, Mangalore, December 
5-7, 1998.                                                                   
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Rúa Rio Salas 4 3 B
Zip code: E-32630
Xinzo de Limia, (Ourense)
SPAIN
Phone: (+34) 981461147
Cell-Phone: (+34) 657929775

Current Profesional Status

From October-2002, Phd Student at The University of Santiago de Compostela, under the
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Publications:

1. Authors: S. Rudiger, D.G. Mı́guez, A.P. Muñuzuri, J. Casademund, F. Sagués.
Title: Dynamics Of Turing Patterns Under Spatiotemporal Forcing
Journal: Phys. Rev. Lett., 90, 128301
Number of Pages: 4
Year: 2003

2. Authors: B. Peña, C. Pérez-Garćıa, A. Sanz-Anchelergues, D.G. Mı́guez, A.P. Muñuzuri
Title: Transverse Instabilities In Chemical Turing Patterns Of Stripes
Journal: Phys. Rev. E., 68, 056206
Number of Pages: 7
Year: 2003

3. Authors: M. Kærn, D.G. Mı́guez, A.P. Muñuzuri, M. Menzinger
Title: Control Of Chemical Pattern Formation By A Clock-And-Wavefront Type Me-
chanism
Journal: Biophys. Chem., 110, 231
Number of Pages: 7
Year: 2004

4. Authors: D.G. Mı́guez, E. Nicola, A.P. Muñuzuri, J. Casademunt, F. Sagués, L. Kramer
Title: Travelling-Stripe Forcing Generates Hexagonal Patterns
Journal: Phys. Rev. Lett., 93, 048303

Number of Pages: 4
Year: 2004

5. Authors: F. Sagués, D.G. Mı́guez, E. Nicola, A.P. Muñuzuri, J. Casademunt, L. Kramer
Title: Spatio-Temporal Forcing Of Turing Patterns
Journal: Physica D, (In Press)
Number of Pages: 8
Year: 2004

6. Authors: D.G. Mı́guez, R. Satnoianu, A.P. Muñuzuri
Title: Experimental Observation Of Flow Distributed Structures
(Submitted)
Number of Pages: 4
Year: 2004

7. Authors: D.G. Mı́guez, M. Dolnik, A.P. Muñuzuri
Title: The Role Of Directional Growth In Pattern Formation Systems
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(Submitted)
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8. Authors: D.G. Mı́guez, A.P. Muñuzuri
Title: Response of steady chemical patterns to a frequency imposition
(Submitted)
Number of Pages: 11
Year: 2004
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Contributions to International Conferences

1. Authors: David G. Mı́guez, Alberto P. Muñuzuri, Jaume Casademunt, Francesc Sagués
Title: Induced Dynamics of Spatially-Resonant Chemical Patterns
Contribution: Poster
Meeting Name: Gordon Research Conferences: Oscillations and Dynamic Instabilities
in Chemical Systems
Year : 2002
Place: Oxford (England)

2. Authors: David G. Mı́guez, Mads Kærn, Michael Menzinger, Alberto P. Muñuzuri,
Title: Experimental Validation of a Clock-and-wavefront mechanism of axial segmenta-
tion in Turing Patterns
Contribution: Oral
Meeting Name: ESF Reactor Workshop: Nonlinear Phenomena in Chemistry
Year : 2003
Place: Budapest (Hungary)

3. Authors: David G. Mı́guez, Mads Kærn, Michael Menzinger, Alberto P. Muñuzuri,
Title: Validation of axial segmentation models in morphogenesis using experimental Tu-
ring patterns
Contribution: Oral
Meeting Name: Phynecs; Nonequilibrium Physics: from complex fluids to biological sys-
tems
Year : 2003
Place: San Feliu de Guixols (Spain)

4. Authors: David G. Mı́guez, Milos Dolnik, Alberto P. Muñuzuri,
Title: The role of Directional Growth in Pattern Formation Systems
Contribution: Oral
Meeting Name: Dynamics Days: 4 decades of chaos
Year : 2003
Place: Palma de Mallorca (Spain)

5. Authors: David G. Mı́guez, Milos Dolnik, Alberto P. Muñuzuri,
Title: Directional Growth in Pattern Formation
Contribution: Oral
Meeting Name: International Conference of Complex Systems: ICCS
Year : 2004
Place: Boston (USA)
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Contributions to National Conferences

1. Authors: David G. Mı́guez, Alberto P. Muñuzuri, Jaume Casademunt, Francesc Sagués
Title: Inducción a la transición bandas - hexágonos en patrones experimentales de Turing
Contribution: Poster
Meeting Name: XI Congreso Nacional de F́ısica Estad́ıstica FISES 2002
Year : 2002
Place: Tarragona (Spain)

2. Authors: David G. Mı́guez, Alberto P. Muñuzuri, Jaume Casademunt, Francesc Sagués
Title: Forzamiento espacio-temporal en patrones estacionarios de Turing
Contribution: Oral
Meeting Name: XI Congreso Nacional de F́ısica Estad́ıstica FISES 2002
Year : 2002
Place: Tarragona (Spain)

3. Authors: David G. Mı́guez, Alberto P. Muñuzuri, Jaume Casademunt, Francesc Sagués
Title: Forzamiento de transiciones hexágonos-bandas en estructuras de Turing experi-
mentales
Contribution: Oral
Meeting Name: Dinámica no lineal en la Naturaleza y en la Técnica: No-lineal 2002
Year : 2002
Place: Cuenca (Spain)

4. Authors: David G. Mı́guez, Alberto P. Muñuzuri, Jaume Casademunt, Francesc Sagués
Title: Spatio temporal forcing in steady experimental chemical patterns
Contribution: Poster
Meeting Name: Dinámica no lineal en la Naturaleza y en la Técnica: No-lineal 2002
Year : 2002
Place: Cuenca (Spain)

5. Authors: David G. Mı́guez, Alberto P. Muñuzuri
Title: Modelo clock-and-wavefront de segmentación axial en morfogónesis validado ex-
perimentalmente mediante estructuras de Turing
Contribution: Oral
Meeting Name: Centenario de la Real Sociedad Española de F́ısica: Bienal 2003
Year : 2003
Place: Madrid (Spain)

6. Authors: David G. Mı́guez, Alberto P. Muñuzuri,
Title: Formación de patrones q́ımicos y biológicos por un mecanismo de anclaje de
oscilaciones
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Contribution: Oral
Meeting Name: XII Congreso Nacional de F́ısica Estad́ıstica FISES 2003
Year : 2003
Place: Pamplona (Spain)

7. Authors: David G. Mı́guez, Razvan Satnoianu, Alberto P. Muñuzuri,
Title: Formación de patrones estacionarios en sistemas de Reacción-Difusión-Advección
experimentales
Contribution: Oral
Meeting Name: III Reunión de la Xarxa: Nonlinear Dynamics of Spatio-Temporal Sel-
forganization
Year : 2004
Place: Barcelona (Spain)
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Statement of Research Interests 
 

Nature comprises dynamical systems that operate on all time and space scales. From 

morphogenesis to collective self-organization, the complex behavior of living systems 

can sometimes be captured by relatively simple dynamical models. The availability of 

quantitative mathematical and physical tools has led to numerous examples that reveal 

the essential physics of diverse biological processes. Nowadays, mathematical models 

are used to reproduce in silico complex biological systems, such as skin patterns, the 

dynamics of genetic networks and bacterial collective behavior.  The possibility of 

working in the laboratory with living systems and concurrently developing dynamical 

models and interpretations provides more control of the relevant experimental variables 

than simple observation of the phenomena. 

 

Living systems respond, sometimes in an unpredictable way, to external stimuli and 

environmental changes. Nowadays, it is known that a “simple” reaction-diffusion 

system develops complex and coherent responses under spatial, temporal or spatio-

temporal modulations of the environment. Bacterial colonies under the same 

inhomogeneous conditions will reorganize forming coherent structures and breaking the 

symmetry of the system. The study of the response of living systems to external changes 

in temperature, chemical gradients, etc ... appears as a new and fruitful field of research. 

My background in chemical pattern formation systems subjected to external forcing and 

growth can be used to obtain and understand, e.g. new symmetry breaking and self-

organization processes in E. Coli populations.  

 

In addition, my thesis research dealt also with the self-organization of pigment cells in 

the process of skin patterning and with experimental models of axial segmentation 

during the early embryonal development of vertebrates.  These examples of biological 

patterns are yet an open question. Bacterial colonies can help to understand embryo 

development because chemotaxis and positional information are key processes during 

cell differentiation. The fact that bacteria move along chemical gradients can be used to 

mimic, for instance, somitogenesis or the displacement of chromatophores in the skin of 

a fish embryo. 

 

Nowadays, cells are seen as biochemical reactors in which, connecting network 

modules as the Toggle Switch or the Ring Ocillator, it can produce bistable or 

oscillatory behavior in E. Coli. The coupling of this behavior with displacement due to 

chemotaxis will produce symmetry breaking phenomena and, even coherent patterns. In 

this way, using such gene engineered networks, combined with a cell-cell 

communication module (which plays the role of the diffusion in reaction-diffusion 

systems) it may be possible to design a living system which exhibits macroscopic 

oscillations, traveling waves and even steady patterns.  

 

I would like to apply my background in formation, growth and external forcing of self-

organized patterns to living systems. My research will be reinforced by the possibility to 

interact with different areas of research and by interdisciplinary collaboration. In this 

way, I have always got a strongly positive experience working with people and 

teaching.  In this context I consider the postdoctoral position in Arizona University as 

one of the best opportunities in my carrier.  

 

       David Gómez Míguez 
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Statement of Research
Mark L. Henle

Although many interactions in biological systems are highly specific, there are important interactions

where the underlying nonspecific physical laws dominate.  Biomolecules in the cell diffuse through the highly

crowded cellular environment; bacteria swim in viscous fluids; cellular rigidity and motility are generated by a

dynamic cross-linked network of semiflexible biopolymers known as the cytoskeleton. It is in these areas where the

general principles of theoretical physics can help to explain biological phenomena, and it is on such problems that I

would like my research to focus while at the BIO5 institute.  Such research is both highly interdisciplinary,

involving the tools of physics, biology, and often chemistry and engineering, and highly collaborative, using

experiments and simulations to inform and confirm theoretical predictions. Thus, the Quantitative Biology Initiative

at the BIO5 institute is the ideal environment for this research.

One of the problems that I would like to investigate is the nature of electrostatic interactions between

biomolecules in the cell.  Electrostatic interactions are ubiquitous in molecular biology.  Most biomolecules –

including biopolymers (such as DNA, microtubules, and actin), phospholipids, and many proteins – have groups

which ionize in aqueous environments, leaving charged macromolecules in solution with oppositely charged

counterions and dissociated salt ions. The electrostatic interactions between biomolecules in this salty environment

are vital to a properly functioning cell. For example, the electrostatic repulsion between like-charged biomolecules

prevents their precipitation at the high concentrations at which they exist in the cell.  The attraction between

negatively charged DNA and positively charged proteins allows DNA binding proteins to quickly find their binding

site and histones to package eukaryotic DNA.  In addition, electrostatic interactions in the presence of salt are

important in many other soft condensed matter systems, including charged colloidal suspensions and polyelectrolyte

solutions.  Therefore, understanding the electrostatic interactions between charged macromolecules is a fundamental

problem in biophysics and soft condensed matter physics.

In order to understand how charged macromolecules interact in the presence of mobile ions, one must first

understand the interaction between a single macromolecule and these ions.  The equilibrium distribution of ions

around a charged surface – determined by the competition between electrostatic interactions and the entropy of the

ions – is characterized by a region far from the macromolecule that is electrically neutral and a region near the

macromolecule containing ions whose total charge is equal and opposite to the macromolecular charge.1  The latter

region is often decomposed into two parts:  the Stern layer, a hydrodynamically immobile layer near the

macromolecular surface that contains many more counterions than co-ions (ions whose charge is of the same sign as

the macromolecule), and the remaining portion of the region, known as the diffuse double layer.1  Experimentally, it

is very difficult to determine the equilibrium ion distribution around a charged surface: for example, the ions cannot

be visualized directly, due to their small size and large thermal fluctuations.  However, electrophoresis  – the flow of

charged macromolecules in a fluid induced by an external electric field – and electro-osmosis – the flow of fluid past

an immobile charged surface, again due to an external electric field – are ideal dynamical experiments that can be

used to probe the ion distribution around charged macromolecules.2  In particular, the recent advent of capillary
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electrophoresis has allowed the study of free solution electrophoresis at the necessary electric field strengths without

the undesirable effects of convection due to Joule heating.2 Although much work has already been done on the

theoretical issues surrounding electrophoretic and electro-osmotic measurements,1 there remains several

fundamental questions that have yet to be resolved.  In particular, I would like to determine what information can be

extracted from these measurements regarding the equilibrium distribution of ions around a charged macromolecule,

and understand the effects of an external electric field on the ionic distribution.

One problem I intend to explore concerns the precise nature of the Stern layer, its response to an external

electric field, and its contribution to electrophoretic mobility measurements.  These issues can be addressed by

considering the model system of electro-osmotic flow past a charged plane.  The Stern layer can be modeled

explicitly in this problem using a two-state model: counterions can either bind to the planar surface (i.e. enter the

Stern layer), where their mobility is reduced by surface roughness or their attraction to discrete charges on the plane,

or be “free” in solution.3  This simple model will allow a detailed exploration of several interesting questions. For

example, will a strong electric field “pull off” ions from the Stern layer so that they can move more freely in

solution, thus altering the distribution of ions around the plane?  Such an effect has recently been observed in

simulations,4 and it will lead to a fluid velocity that is a non-linear function of the electric field.  Also, what is the

mobility of the ions in the Stern layer; that is, is there surface conduction due to the motion of ions in the Stern

layer?5

Many biopolymers, including DNA, actin, and microtubules, are highly charged.  It is well known that a

highly charged polyelectrolyte has counterions that are localized near – i.e. “condensed” onto – its surface at

equilibrium, thus lowering its effective charge.6  However, the precise distinction between condensed and

uncondensed counterions has not been fully clarified.7  I am interested in understanding how the equilibrium process

of counterion condensation manifests itself in the dynamic process of electrophoresis.  In particular, do the

condensed counterions move along with the polyelectrolyte, in the opposite direction that they would move in free

solution?  The answer to this dynamic question could clarify the meaning of condensation at equilibrium.  In

addition, questions arise in this problem that are similar to ones posed above regarding the Stern layer, namely: is

the equilibrium distribution of counterions disturbed by the electric field?  Specifically, can the electric field cause

some condensed ions to de-condense?

The questions that arise in considering the two problems presented above are pertinent even when ionic

correlations are negligible, i.e. when mean-field theory is applicable.  However, the lessons learned from these

problems should be applicable to problems where ionic correlations are important. The correlation of multivalent

ions condensed near highly charged surfaces can lead to an enhanced localization of these ions near the surface,

even to the point where the total charge of the condensed counterions on a macromolecule overwhelms its bare

charge (charge inversion).8 By understanding the dynamic nature of counterion condensation, we can understand

how ionic correlations affect the number of condensed counterions on the macromolecule, and how an electric field

affects the distribution of counterions when ionic correlations are important.  Furthermore, many of the additional

condensed ions are located in the first layer of ions near the surface, i.e. in the Stern layer.8  Therefore, the

knowledge of the Stern layer gained from the above mean-field problem should help answer questions regarding the
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electrophoresis of solutions where mean-field theory is no longer valid.  Ultimately, the investigation of all of these

problems should lead to a better understanding of the interactions between charged macromolecules and mobile ions

in a variety of different conditions.  This in turn not only helps us understand electrostatic interactions between

biomolecules in vivo; it also helps us manipulate these interactions in vitro.  For example, ionic correlations can lead

to the condensation of DNA molecules into toroidal bundles, which can be used in gene therapy to package DNA for

delivery to the target cell.9  Thus, electrophoresis and electro-osmosis can provide invaluable insight into the nature

of biomolecular interactions both in and outside the cell.

                                                  
1 R. J. Hunter, Foundations of Colloid Science, 2nd ed. (Oxford University Press, New York) 2001.
2 J.-L. Viovy,  Rev. Mod. Phys. 72, 813 (2000).
3 M. L. Henle, C. D. Santangelo, D. M. Patel, and P.A. Pincus, Europhys. Lett. 66, 284 (2004).
4 R. R. Netz, Phys. Rev. Lett. 91, 138101 (2003).
5 J. Lyklema, J. Phys. Cond. Matt. 13, 5027 (2001), and references therein.
6 G. S. Manning, Q. Rev. Biophys. 11, 179 (1978).
7 M. Deserno, C. Holm, and S. May, Macromolecules 33, 199 (2000), and references therein.
8 A. Yu. Grosberg, T. T. Nguyen, and B. I. Shklovskii, Rev. Mod. Phys. 74, 329 (2002).
9 V. A. Bloomfield, Biopolymers 44, 269 (1997), and references therein.
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the melting of vortex lattices in high-Tc superconductors. Advisor:
Xinsheng Ling. Summer 1999 research funded by National Science
Foundation Research Experience for Undergraduates grant.

Undergraduate Research Assistant, University of Illinois at Chicago, Summer 1998.

Performed experiments using high intensity ultraviolet femtosecond
laser pulses. Advisor: Charles K. Rhodes.

Undergraduate Research Assistant, University of Illinois at Chicago, Summer 1997.

Combined experimental data with computer modeling to determine
the 3-D atomic structure of grain boundaries in semiconductor ox-
ides. Advisor: Nigel D. Browning. Funded by National Science
Foundation Research Experience for Undergraduates grant.

TEACHING EXPERIENCE

Teaching Assistant, University of California, Santa Barbara, 2000-2001.

Lead discussion and laboratory sections, and graded labs, tests,
and problems for introductory physics courses.

Lead Teaching Assistant, University of California, Santa Barbara, 2001-2002.

Handled a number of administrative issues regarding Physics De-
partment teaching assistants (e.g. assigning TA positions; hiring
graders; resolving issues between TAs, teachers, and students);
served as a general teaching resource for Physics Department TAs
(e.g. participated in TA training).
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PROFESSIONAL ACTIVITIES

Boulder School for Condensed Matter Physics and Materials Physics, University
of Colorado, Boulder, CO, July 2002.

Condensed Matter Reading Group, Department of Physics, University of California,
Santa Barbara, 2000-present.

American Physical Society, Member, 2000-present.

Biophysical Society, Member, 2004-present.

CONFERENCE PRESENTATIONS

Contributed Talk, with C. D. Santangelo, D. M. Patel, and P.A. Pincus, “Distribution
of Counterions near discretely charged rods,” American Physical Society March Meeting,
Montreal, QC, Canada, March 2004.

Poster, with C. D. Santangelo, D. M. Patel, and P.A. Pincus, “Distribution of Counterions
near discretely charged rods”, Workshop on Nanotechnology, Biotechnology, and Nanos-
tructured Materials, University of California, Santa Barbara, April 2004.

Poster, with C. D. Santangelo, D. M. Patel, and P.A. Pincus, “Distribution of Counterions
near discretely charged rods”, USCB-Max Planck Institute Workshop on ”Future Trends in
Materials,” University of California, Santa Barbara, February 2004.

Poster, with C. D. Santangelo, D. M. Patel, and P.A. Pincus, “Distribution of Counteri-
ons near discretely charged rods”, National Science Foundation Site Visit Poster Session,
University of California, Santa Barbara, February 2004.

Poster, with C. D. Santangelo, D. M. Patel, and P.A. Pincus, “Distribution of Counterions
near discretely charged rods”, Materials Research Outreach Program Symposium, University
of California, Santa Barbara, January 2004.

Contributed Talk, with P.A. Pincus, “Aggregation of like-charged macromolecules: forma-
tion of finite-size bundles,” American Physical Society March Meeting, Austin, TX, March
2003.

SEMINARS

University of California, Santa Barbara, “Equilibrium bundle size of rodlike polyelec-
trolytes with counterion-induced attractive interactions,” October 2004.
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PUBLICATIONS

C. D. Santangelo, M. L. Henle, and A. Gopinathan, “Diffusion and binding of finite-size
particles through tubes,” in preparation.

M. L. Henle and P. A. Pincus, “Equilibrium bundle size of rodlike polyelectrolytes with
counterion-induced attractive interactions,” submitted to Physical Review Letters, cond-
mat/0407645.

M.L. Henle, C.D. Santangelo, D.M. Patel, and P. A. Pincus, “Distribution of counteri-
ons near discretely charged planes and rods”, Eur. Phys. Lett. 66, 284 (2004), cond-
mat/0310450.

M. L. Henle, “The Melting of Vortex Matter in Type II Superconductors,” senior thesis
published by Brown University Press, November 2001.
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STATEMENT OF RESEARCH INTERESTS

There are two main mechanisms by which cells of human and animal tissues or organs receive nutrients 
and other vital substances: (1.) Perfusion(bulk flow or convection), and (2.) Diffusion(passive & active). 
Perfusion is the main route of supply to tissues and organs, whereas diffusion processes occur mostly at 
the cellular level. Convection or bulk flow at the cellular level is akin to perfusion at the tissue or organ 
level.

There are known mathematical and pharmacokinetics equations that can be written for these processes in 
simple systems. However, obtaining the equations that govern these processes and applying them to the 
transport of substances in human tissues and organs are difficult to achieve. In my research, I have 
devised two mathematical equations that can model the transport mechanisms in the brain and 
intervertebral discs. The analytic solution of the equation governing transport process in the intervertebral 
discs had been developed and applied in my dissertation work. I am now working on developing an 
analytical solution governing transport processes in the brain. In vivo, dynamic MR Imaging with contrast 
agents is being used in my work to clearly define and elucidate these processes. 
Intervertebral Discs:
Intervertebral disc is the largest avascular structure in the human body. Nutrients reach the disc 
exclusively by diffusion through the end-plates and the annulus fibrosus. Bulk flow, and convection play 
an insignificant role. Mathematical equation governing this process is that of diffusion(Fick’s 2nd Law) in 
a finite geometry. When dynamic MR Imaging with contrast agents are performed, the images obtained, 
in conjunction with my modeling equation,  can be processed to give a map of diffusion and diffusion 
parameters throughout the tissue. Abnormality of diffusion parameters, such as diffusion coefficient can 
be used to assess the viability of the discs. Degeneration may be initiated by a decrease in the rate of 
diffusion into the disc. Therefore, changes in diffusion may be an early marker of disc degeneration and or 
trauma (herniation, prolapse etc.).
The Brain:
Transport of nutrients and substances into the brain is by perfusion and diffusion processes. Unlike the 
intervertebral discs, brain is a highly vascularized and perfused organ. Therefore, mathematical modeling 
equation that describes the transport mechanisms of the brain must include diffusion and perfusion 
processes explicitly. Analytical solution of this kind of non-linear, combined equation has not been solved. 
One can use numerical integration methods to obtain a solution. But, there are several disadvantages to 
this approach, one of which is that generalization and global extensions of the parameters are not 
advisable. The ultimate goal is to develop an analytic equation that can be applied to dynamic MR Images 
with contrast agents, and obtain transport parameters that can define transport mechanisms of the brain in 
detail. Once, these parameters are obtained, the problem of transport abnormalities in neurological 
diseases, such as Alzheimer’s disease, dementias, stroke, and trauma can be fully characterized.

In summary, my short term goals are to investigate in vivo, the mechanisms controlling transport of 
nutrients and other biological molecules into the brain and intervertebral discs with MR Imaging. This 
goal can be achieved with mathematical and pharmacokinetics modeling. My long-term goal is to 
translate the findings of  this research into early diagnosis and treatment of diseases, such as Alzheimer’s 
disease,  other dementias,  and intervertebral discs degeneration. Although, there is no funding 
mechanism for these projects at this time, the potential of being funded  is very strong, and certainly be 
enhanced by joining efforts with an interdisciplinary scientific community.



Michael A. Ibrahim, M.D., Ph.D.

STATEMENT OF RESEARCH INTERESTS

There are two main mechanisms by which cells of human and animal tissues or organs receive nutrients 
and other vital substances: (1.) Perfusion(bulk flow or convection), and (2.) Diffusion(passive & active). 
Perfusion is the main route of supply to tissues and organs, whereas diffusion processes occur mostly at 
the cellular level. Convection or bulk flow at the cellular level is akin to perfusion at the tissue or organ 
level.

There are known mathematical and pharmacokinetics equations that can be written for these processes 
in simple systems. However, obtaining the equations that govern these processes and applying them to 
the transport of substances in human tissues and organs are difficult to achieve. In my research, I have 
devised two mathematical equations that can model the transport mechanisms in the brain and 
intervertebral discs. The analytic solution of the equation governing transport process in the 
intervertebral discs had been developed and applied in my dissertation work. I am now working on 
developing an analytical solution governing transport processes in the brain. In vivo, dynamic MR 
Imaging with contrast agents is being used in my work to clearly define and elucidate these processes. 
Intervertebral Discs:
Intervertebral disc is the largest avascular structure in the human body. Nutrients reach the disc 
exclusively by diffusion through the end-plates and the annulus fibrosus. Bulk flow, and convection 
play an insignificant role. Mathematical equation governing this process is that of diffusion(Fick’s 2nd

Law) in a finite geometry. When dynamic MR Imaging with contrast agents are performed, the images 
obtained, in conjunction with my modeling equation,  can be processed to give a map of diffusion and 
diffusion parameters throughout the tissue. Abnormality of diffusion parameters, such as diffusion 
coefficient can be used to assess the viability of the discs. Degeneration may be initiated by a decrease in 
the rate of diffusion into the disc. Therefore, changes in diffusion may be an early marker of disc 
degeneration and or trauma (herniation, prolapse etc.).
The Brain:
Transport of nutrients and substances into the brain is by perfusion and diffusion processes. Unlike the 
intervertebral discs, brain is a highly vascularized and perfused organ. Therefore, mathematical modeling 
equation that describes the transport mechanisms of the brain must include diffusion and perfusion 
processes explicitly. Analytical solution of this kind of non-linear, combined equation has not been 
solved. One can use numerical integration methods to obtain a solution. But, there are several 
disadvantages to this approach, one of which is that generalization and global extensions of the 
parameters are not advisable. The ultimate goal is to develop an analytic equation that can be applied to 
dynamic MR Images with contrast agents, and obtain transport parameters that can define transport 
mechanisms of the brain in detail. Once, these parameters are obtained, the problem of transport 
abnormalities in neurological diseases, such as Alzheimer’s disease, dementias, stroke, and trauma can 
be fully characterized.

In summary, my short term goals are to investigate in vivo, the mechanisms controlling transport of 
nutrients and other biological molecules into the brain and intervertebral discs with MR Imaging. This 
goal can be achieved with mathematical and pharmacokinetics modeling. My long-term goal is to 
translate the findings of  this research into early diagnosis and treatment of diseases, such as Alzheimer’s 
disease,  other dementias,  and intervertebral discs degeneration. Although, there is no funding 
mechanism for these projects at this time, the potential of being funded  is very strong, and certainly be 
enhanced by joining efforts with an interdisciplinary scientific community.



Michael A. Ibrahim, M.D., Ph.D.

TEACHING PHILOSOPHY

My philosophy on teaching is based on the 5 tenets of: student-centered environment, self-sufficient 
learners, life-long learning skills, relevancy to learners, and technological literacy.  The lecturer should 
impart knowledge to students and should manage the learning process of many students.  The teacher 
needs to know and understand the needs of the students and how to fulfill such needs.  Another caveat 
of the learning process includes providing students with a safe place to develop both socially and 
mentally.

I realize that students are individuals whose backgrounds are varied, thus it is imperative that the teacher 
takes this into account in relating to each of the students in the classroom.  Teaching should therefore be 
made appropriate to each individual.  In order to get a better appreciation for each of the students, it is 
proper that the teacher assign (usually on the first day or during the first week) students to provide a 
biography to the teacher.  It should also be explained to the students the purpose of this assignment, i.e., 
to enable the teacher to better serve the students’ needs.

Students learn best when they are able to relate the relevance of any topic to everyday examples.  A 
classic example of this approach is to help students appreciate the science and technology the underlie 
many applications in any household; from the light switch, to the laundry room washer and dryer, 
television radio etc.  The importance of classroom participation is very important in the learning process.  
It is my view that classroom participants can enhance the learning process by engaging their otherwise 
quiet mates.  However, the teacher can accentuate the process by using himself as an example of a 
participant who takes a position in any debate and elegantly justifies it.  In this regard, I appreciate the 
importance of proper preparedness for any participation in a classroom activity.  This is one of the 
cornerstones of learning and I appreciate it and enforce it to all students.

I also believe that while the teacher is the main source of imparting knowledge in the classroom, learning 
is a two way street and students do indeed teach teachers.  By learning from my students, I become 
equipped to be a better teacher.

In the case of graduate or medical students the above principles still apply with minor modifications. 
Graduate students of the sciences and medical students are supposed to be life-long-learners. Hence, 
they should be given the latitude to find information that are germane to the topic at hand, by 
themselves.



Statement of Research and Teaching Interests of Vassili Ivanov 

 

After graduation from UCLA in summer 2005 I would like to continue my career in 

biophysics at university or major research institution. I am interested in the computational 

biophysics directly connected with the experiment, as I did in my DNA phase transition 

research. I would like to join a research group doing both computational modeling and 

experiments and participate in two projects: one more theoretical and the other more 

experimental, like I am doing now in the Prof. Zocchi’s lab. Fortunately it is possible 

nowadays in the field of biophysics.  

I believe that the single molecular experiments are supplementary to the statistical 

mechanics modeling of the phase transitions. For example, the B-to-Z transition of DNA 

can be monitored by mechanical rotation of the right helix into the left helix. The 

structure of intermediate states or, at least, the correlation length during the transition 

might be revealed in this experiment.  

 

During my graduate study at UCLA I was a teaching assistant in many undergraduate 

physics classes and labs. I would like to teach the undergraduate upper division statistical 

mechanics and mathematical physics.   
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Curriculum Vitae of Vassili Ivanov 
 

Graduate Student (PhD expected in 2005)     Email: vivanov@physics.ucla.edu 

University of California, Los Angeles      Phone: (310) 206 0715 (Work) 

Department of Physics and Astronomy      Phone: (310) 397 1694 (Res.) 

Box 951547        Fax:    (310) 206 5668 (Work) 

Los Angeles, CA 90095-1547 
______________________________________________________________________________________________________________________ 

 

Objective: PostDoc research position in the area of applied physics at the interface of biology and 

nanotechnology. 
 

Interests: Statistical physics of biopolymers; bio-nanotechnology and single molecule experiments; 

intermolecular and surface forces.  
 

Current research at UCLA: (see abstracts of selected papers below) 

1) Theory: development of statistical mechanics models for DNA melting in which base stacking 

and pairing are explicitly introduced as distinct degrees of freedom. These models utilize transfer 

matrix technique with a new parameterization of the nearest neighbor dimer states. The partition 

functions were calculated (using C++ program) and compared with experimental data.  

2) Single molecule experiment: monitoring the displacement of a micrometer-size bead tethered to a 

surface by a single DNA molecule undergoing mechanical motion upon binding of a single protein. 

For the experiment I use a total internal reflection microscope connected to a computer data 

acquisition system (LabView). The molecular assembly is build using surface chemistry, 

bioconjugate techniques, and mutagenesis. 

3) We detected intermediate states in the B-to-Z transition of DNA using CD spectroscopy.  

4) Study of acting thermal denaturation with differential calorimetry. 
 

Education: 

Ph.D. study in Physics   UCLA, Department of Physics and Astronomy 1998-2005 

M.S. in Physics   UCLA, Department of Physics and Astronomy 1999 

Graduate studies   Joint Institute for Nuclear Research, Dubna, Russia 1996-1998 

Diploma in Physics  Moscow State University    1996 
 

Academic Awards  

Dissertation Year University Fellowship, UCLA     2004-2005 

Finkelstein Fellowship, UCLA, Department of Physics and Astronomy  1998-1999 

ISSEP (Soros Foundation) Fellowship       1995 
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Papers in Progress (see the abstracts below; the texts [2-7] are available upon request) 

[1] V. Ivanov and G. Zocchi, Transfer Matrix Technique for the Discrete Peyrard – Bishop Model,  

(will be submitted to Phys. Rev. E)  

[2] V. Ivanov, D. Piontkovski, and G. Zocchi, Local Cooperativity Mechanism in the DNA Melting 

Transition, submitted to Phys. Rev. E (2004) 

  

Papers Published 

[3] V. Ivanov, Y. Zeng, and G. Zocchi, Statistical mechanics of base stacking and pairing in DNA 

melting, (in press) Phys. Rev. E 70 (2004) 

[4] V. Ivanov, G. Zocchi, K. Grzeskowiak, Evidence for an Intermediate State in the B-to-Z 

Transition of DNA, J. Phys. Chem. B 107, 12847 (2003) 

[5] M. Singh-Zocchi, S. Dixit, V. Ivanov and G. Zocchi, Single-molecule detection of DNA 

hybridization, PNAS 100, 7605 (2003) 

[6] A.T. Filippov, V.G. Ivanov, Global Properties of Exact Solutions in Integrable Dilaton-Gravity 

Models, hep-th/9908068  

[7] A.T. Filippov, V.G. Ivanov, A New Class of Integrable Models of 1+1 Dimensional Dilaton 

Gravity Coupled to Scalar Matter, Phys. Atom. Nucl. 61, 1639 (1998)  

  

Conference talks 

[8] V. Ivanov and G. Zocchi, Transfer Matrix Technique for the Discrete Peyrard – Bishop Model, 

American Physical Society March Meeting 2005 

[9] V. Ivanov and G. Zocchi, On the transition matrix formulation of the Poland Scheraga Model of 

DNA melting, 49th Annual Meeting of Biophysical Society (2005) 

[10] V. Ivanov, Y. Zeng, and G. Zocchi, Statistical mechanics of base stacking and pairing in DNA 

melting, American Physical Society March Meeting 2004 (oral session, March 24) 

[11] V. Ivanov, G. Zocchi, K. Grzeskowiak, Evidence for an Intermediate State in the B-to-Z 

Transition of DNA, 47th Annual Meeting of Biophysical Society (March 2003, poster presentation) 
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Abstracts of the selected papers: 
[1] We introduce a simple discrete Peyrard – Bishop like model of DNA melting. A new parameterization of the model 

states let us introduce the experimentally measured values of the thermodynamic parameters into the model. In the 

homogeneous thermodynamic limit, the discrete PB model is exactly solvable in the transfer matrix formalism, and it 

has a second order phase transition at the temperature of the complete strand dissociation. We calculate all observables 

of the model as well as the unzipping force without use of the grand partition function. We show that some sort of the 

localized boundary condition is required for the ergodicity and the partition function convergence.  

[2] We propose a statistical mechanics model for the melting transfer of DNA. Base pairing and stacking are treated as 

separate degrees of freedom, and the interplay between pairing and stacking is described by a set of local rules which 

mimic the geometrical constraints in the real molecule. This microscopic mechanism intrinsically accounts for the 

cooperativity related to the free energy penalty of bubble nucleation. Furthermore, the model describes both the 

unpairing and the unstacking part of the spectroscopically determined experimental melting curves. Finally, the model 

explains the observed temperature dependence of the effective thermodynamic parameters used in models of the 

nearest-neighbor (NN) type. We compute the partition function for the model through the transfer matrix formalism, 

which is susceptible of further generalizations to include non-local chain entropy terms. (The material on the matrix 

Poland – Scheraga model will be added to the paper by the request of the editor upon resubmission, see abstract [9].)  

[3] We propose a statistical mechanics model for DNA melting in which base stacking and pairing are explicitly 

introduced as distinct degrees of freedom. Unlike previous approaches, this model describes thermal denaturation of 

DNA secondary structure in the whole experimentally accessible temperature range. Base pairing is described through a 

zipper model, base stacking through an Ising model. We present experimental data on the unstacking transition, 

obtained exploiting the observation that at moderately low pH this transition is moved down to experimentally 

accessible temperatures. These measurements confirm that the Ising model approach is indeed a good description of 

base stacking. On the other hand, comparison with the experiments points to the limitations of the simple zipper model 

description of base pairing. 

[4] We study the transition of a B-form of d(CGCGCGCGCGCG) to Z-form as a function of the ions strength of PBS 

buffer. We use Circular Dichroism (CD) spectroscopy. Decomposition CD spectra by linear superposition provides 

evidence for one or more intermediate states distinct from the B- and Z-forms DNA. Linear decomposition is performed 

according to the Locally Linearized Model (LLM) modified by the explicit introduction of the weight function 

essentially present in any quadratic integral of the spectra.   

[5] We demonstrate the detection of nanometer-scale conformational changes of single DNA oligomers through a 

micromechanical technique. The quantity monitored is the displacement of a micrometer-size bead tethered to a surface 

by the probe molecule undergoing the conformational change. This technique allows probing of conformational changes 

within distances beyond the range of fluorescence resonance energy transfer. We apply the method to detect single 

hybridization events of label-free target oligomers. Hybridization of the target is detected through the conformational 

change of the probe. 

[9] We introduce a new parameterization of the Yeramian transfer matrix in the Poland - Scheraga model of DNA 

melting. The transfer matrixes of our model correspond to the overlapping nearest neighbor dimers along the DNA. As a 

result base pairing and stacking can be explicitly treated as separate degrees of freedom, and the interplay between 

pairing and stacking mimics the geometrical constraints in the real molecule, which is different from the Zimm - Bragg 

parameterization used in the other papers. The model is exactly solvable in the homogeneous thermodynamic limit, and 

we calculate all observables without use of the grand partition function.  
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Current Status:  

Citizen of Russia 

 

 

References: 

 

Prof. Giovanni Zocchi 
University of California, Los Angeles  

Department of Physics and Astronomy    

Box 951547      
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Prof. Joseph Rudnick 
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Department of Physics and Astronomy    

Box 951547      
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Box 951569, 405 Boyer Hall     

Los Angeles, CA 90095-1569 

Phone: (310) 825 4585 

Email: dpavlov@chem.ucla.edu 

 
 



Statement of Research and Teaching Interests
Ninetta Kosswig, Ph.D.

I am looking for a career challenge in which I can apply and further develop my
bioinformatics expertise in the life sciences.

In the life sciences my main interests are biochemistry, molecular biology,
biotechnology, and pathophysiology. I worked on basic research projects in the
field of atherosclerosis and I gained extensive experience in cell biology, protein
chemistry, and molecular biology techniques. During my research I was
fascinated by the possibilities provided by informatics tools. In order to develop
skills to take advantage of these possibilities efficiently, I have been participating
in a life science informatics program after completion of my Ph.D. project.
Currently, I am also a member of a text-mining group developing methods to
extract biological entities from unstructured text documents. Now, I would like to
advance my expertise in text/data mining, relational databases/bio-databases,
programming (Perl, JAVA), and statistical methods in bioinformatics to support
research in the biomedical field.

I am experienced in presenting and discussing my research at informal team
meetings, as well as at international conferences. I enjoy working independently
and I am looking forward to working in a collaborative and multidisciplinary
environment.



Curriculum Vitae
Ninetta Kosswig, Ph.D.

Nationality: German

Address: Michelsbergstrasse 5

53913 Swisttal, Germany

Telephone: +49 (22 55) 95 93 46

E-mail: kosswig@cs.uni-bonn.de

Education

Since 09/03 Student of life science informatics at the Bonn-Aachen International

Center for Information Technology (B-IT), Germany

� Computer science and bioinformatics

� Relational databases (SQL) and bio-databases

� Object-oriented programming (JAVA)

� Statistical methods in bioinformatics

09/03 Doctorate (Ph.D.) at the University of Bonn, Germany, magna cum laude

Dissertation: “Dissecting class A scavenger receptor mediated cell

adhesion and lipoprotein internalization”

Advisor: Alan Daugherty, Department of Internal Medicine, University of

Kentucky, Lexington, Kentucky, USA

05/00 Diploma (M.S.) at the University of Bonn, Germany

Diploma thesis: “The role of tumor necrosis factor and its receptors in the

development of atherosclerosis in mice”   

Advisor: Michal Toborek, Department of Surgery, University of Kentucky,

Lexington, Kentucky, USA

08/96 – 05/99 Graduate studies in Nutritional Sciences and Household Economics

at the University of Bonn, Germany:

� Biochemistry

� Economics/Business administration

� Pathophysiology of nutrition

� Genetic engineering and biotechnology

09/94 – 08/96 Undergraduate studies in Nutritional Sciences and Household

Economics at the University of Bonn, Germany

06/94 University entrance exam



Work / Research Experience

Since 03/04 Scientific assistant at the Fraunhofer Institute for Algorithms and

Scientific Computing (SCAI), St. Augustin, Germany

06/00 – 06/03 Research scholar at the Department of Internal Medicine, University

of Kentucky (Lexington, KY, USA)

05/99 – 05/00 Research scholar at the Department of Surgery, University of Kentucky

(Lexington, KY, USA)  supported by a scholarship from the Heinrich-

Hertz-Stiftung, Germany

10/98 – 12/98 Graduate assistant at the Institute for Nutritional Sciences at Faculty of

Agriculture at the University Bonn, Germany

08/98 Internship in the laboratory for molecular genetics at the Faculty of

Agriculture at the University Bonn, Germany

09/95 – 10/98 Graduate assistant at the Mathematical Institute at the Faculty of

Agriculture at the University Bonn, Germany

Qualifications

10/02 Medical writing workshop at the University of Kentucky, Lexington,

KY, USA

09/98 Excel in business administration -  introductory course at the Institute

for Agricultural Economics at the University of Bonn, Germany

09/94 Examination for foreign language assistant for English at the

Chamber of Commerce, Cologne, Germany

05/92 Examination for typewriting at the Chamber of Commerce,

Cologne, Germany

Other Skills

Languages  German, native

 English, fluent

 Latin

Computer Skills Working in UNIX and Windows environment

JAVA, Perl, SQL, HTML

Experience with biological databases

Excellent knowledge of Word, Excel, PowerPoint and Access

Good knowledge of SigmaPlot, SigmaStat, ProCite, HomeSite

Basic knowledge ImagePro, PhotoEditor, GeneRunner, R, Matlab, PyMOL,

Eclipse



Publications

Kosswig N, Rice S, Daugherty A, Post SR. Class A scavenger receptor mediated adhesion and
internalization require distinct cytoplasmic domains.
J. Biol. Chem., Sep 2003; 278: 34219 – 34225.

Daugherty A, Kosswig N, Cornicelli JA, Whitman SC, Wolle S, Rateri DL. Macrophage-specific
expression of class A scavenger receptors enhances granuloma formation in the absence of
increased lipid deposition.
J. Lipid Res., Jul 2001; 42(7):1049-55.

Abstracts

Kosswig N, Daugherty A, Post SR. Class A scavenger receptor mediated ligand internalization
and cell adhesion require distinct cytoplasmic domains.  4th Annual Conference on
Atherosclerosis, Thrombosis and Vascular Biology, Washington, DC, 2003.

Kosswig N, Daugherty A, Post SR. Class A scavenger receptor mediated ligand internalization
and cell adhesion require distinct cytoplasmic domains.  Gill Heart Institute Research Day,
University of Kentucky, KY, 2002.

Kosswig N, Daugherty A, Post SR. Class A scavenger receptor mediated ligand internalization
and cell adhesion require distinct cytoplasmic domains.  South Eastern Lipid Research
Conference, Atlanta, GA, 2002.

Kosswig N, Rateri DL, Whitman SC, Szilvassy SJ, Cornicelli JA, Daugherty A. Macrophage-
specific expression of class A scavenger receptors decreases atherosclerosis in LDL-receptor
deficient mice.  Gill Heart Institute Research Day, University of Kentucky, 2001.

Kosswig N, Shah AM, Ravisankar P, Rateri DL, Daugherty A. Identifying the functional domain
of the class A scavenger receptor that mediates adhesion.  Gill Heart Institute Research Day,
University of Kentucky, 2000.

Kosswig N, Daugherty A, Mattson MP, Henning B, Toborek M. Diminished development of
atherosclerosis and elevated HDL-cholesterol in TNF-receptor deficient mice.  FASEB, San
Diego, 1999.

Kosswig N, Daugherty A, Mattson MP, Henning B, Toborek M. Diminished development of
atherosclerosis and elevated HDL-cholesterol in TNF-receptor deficient mice.  Live Science Day
University of Kentucky, 1999.

Kosswig N, Daugherty A, Mattson MP, Henning B, Toborek M. Diminished development of
atherosclerosis and elevated HDL-cholesterol in TNF-receptor deficient mice.  Gill Heart
Institute Research Day, University of Kentucky, 1999.



 

RESEARCH INTERESTS 
      

 

I am currently working in the field of nonlinear optical phenomena and pattern formation in nematic 

liquid crystals induced by intense light. This problem can be solved in the framework of the 

hydrodynamic approach. It turns out that such a system exhibits an interesting sequence of the 

bifurcations between different regimes of the director motion. In most cases one needs a qualified 

numerical approach for the problem but in some cases it can be solved analytically. I am interested in all 

complex systems (not necessarily the liquid crystals) dealing with optics that show complex bifurcation 

scenarios and dynamics.  

 

TEACHING INTERESTS 
      

Computational physics. Theoretical mechanics. Electrodynamics. Quantum mechanics. Hydrodynamics. 



Resume  Dmitry Krimer 
 
 

DMITRY KRIMER  

 

 Private address: 

 Schelmgraben 13,   D-95473  Haag,  Germany 

 Phone:      +49 - 921 – 788 548 0  

 Mobile:    +49 - 179 – 47 47 989 

 

 Working address: 

 Department of Physics TPII 

 University of Bayreuth 

 D-95440 Bayreuth, Germany 

 Phone:      +49 – 921–55 3255 

 E-Mail:    Dmitry.Krimer@uni-bayreuth.de 

 Web-page: http://www.phy.unibayreuth.de/~btp403/ 

 Personal data: 

  

 Date and place of birth:  

 January 5, 1975; Brest (Belarus) 

 

 Family status:  married 

 

 Permanent residence: Germany 

 Citizenship:    Belarus 

  

 

SCHOOL  EDUCATION 

 

06. 1992                          Graduation from secondary school, Brest, Belarus      

 

UNIVERSITY  EDUCATION 

 

08.1992 - 07.1997          M. Sc. in Theoretical Physics,  

                                       Department of Physics, Belarus State University, 

                                       Minsk, Belarus   

                                       Title of the Diploma Thesis:  

                                      “The photoproduction of the )(−π  mesons  in the reaction 

                                       ppd )( −→ πγ  at the  region of ∆ resonance” 

08.2000-07.2004             Institute of  Physics,   University of  Bayreuth,  Germany, 

                                        Ph. D. in Physics (July 2004)   

                                        Title of the Ph.D. Thesis: 

                                        “Optically induced orientational transitions in nematic liquid crystals” 

                                        Supervisor: Prof. Lorenz Kramer, Ph. D. 

 



Resume  Dmitry Krimer 
 
 

PROFFESIONAL EXPERIENCE   

 

 

08.1997 – 02.2000            Junior Research Fellow, International Laser Center,  

                                          Belarus State Polytechnic Academy, Minsk, Belarus 

   

 04.2000-present        Institute of  Physics, University of Bayreuth,  Germany, 

                                          Research and Teaching Assistant 

 

 

OTHER SKILLS  

 

Scientific data-processing software:                       Maple, Mathematica,  LaTeX. 

Programming languages:                                         FORTRAN. 

Operating systems                                                   Linux/Unix, Windows. 

Languages:                                                               Russian  (native language),  

                                                                                 English  (good), German  (fair). 

 

 

 

RESEARCH INTERESTS 
      

 

I am currently working in the field of nonlinear optical phenomena and pattern formation in nematic 

liquid crystals induced by intense light. This problem can be solved in the framework of the 

hydrodynamic approach. It turns out that such a system exhibits an interesting sequence of the 

bifurcations between different regimes of the director motion. In most cases one needs a qualified 

numerical approach for the problem but in some cases it can be solved analytically. I am interested in all 

complex systems (not necessarily the liquid crystals) dealing with optics that show complex bifurcation 

scenarios and dynamics. 
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SCIENTIFIC ACTIVITY 
      
 
•   9th International Topical Meeting on Optics of Liquid Crystals,  Napoli, Italy 
  (September 2001):  poster session 

 
•   Seminar  at the theoretical chair of physics department, Bayreuth, Germany (December 2002) 

 
•   Mini-symposium on “Vortex dynamics in nonlinear media”, The Rank Prize Funds,            

          Grasmere, England (May 2003): oral session 
 

•   10th International Topical Meeting on Optics of Liquid Crystals, Aussois, France 
    (September 2003): oral session 

 
•   Talk on “Colloquiums of the European Graduate School”, Bayreuth, Germany (January 2004) 

 
•   Scientific visit to the Research Institute for Particle and Nuclear Physics,  

          Budapest, Hungary (April 2004) 
 
 
SCIENTIFIC  PUBLICATIONS (during the research work in Bayreuth, Germany) 
 
Published: 
 

•  D. O. Krimer, G. Demeter, and L. Kramer, Phys. Rev. E 66, 031707 (2002) 
Title: “Pattern forming instability induced by light in pure and dye-doped nematic liquid crystals.” 

 
     Abstract:  We study theoretically the instabilities induced by a linearly polarized ordinary light wave       
incident at a small oblique angle on a thin layer of homeotropically oriented nematic liquid crystal with 
special emphasis on the dye-doped case. The spatially periodic Hopf bifurcation that occurs as the 
secondary instability after the stationary Fréedericksz transition is analyzed. 
 

•  D. O. Krimer, G. Demeter, and L. Kramer, Mol. Cryst. Liq. Cryst. (in press) 
Title: “Orientational dynamics induced by circularly polarized light in nematic liquid crystals.” 
 

     Abstract:  We study theoretically the transitions induced by a circularly polarized plane light wave 
perpendicularly incident on a thin layer of homeotropically oriented nematic liquid crystal. There are 
three dynamical regimes separated by different types of transitions. 

 
Submitted: 
 

•  E. Brasselet, T. V. Galstian, and L. J. Dube; D. O. Krimer, and L. Kramer, submitted to 
J. Opt. Soc. Am. B  
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Title: “Nonlinear reorientation dynamics generated by light in nematic liquid crystal films 
I - Circularly polarized excitation.” 
 

      
 
Abstract:  The reorientation dynamics of a homeotropically aligned nematic liquid crystal film      
excited by a circularly polarized beam at normal incidence is investigated both theoretically and 
experimentally with the intensity of the incident light regarded as the control parameter. Two 
representations for the description of the experimental observations are discussed and compared. The 
secondary instability above the optical Fréedericksz transition threshold is shown to be a supercritical 
Hopf bifurcation leading to quasi-periodicity while the discontinuous transition from the quasi-periodic 
regime to a uniform precession regime with large reorientation is identified as a homoclinic bifurcation. 
These phenomena can be understood in terms of a transfer of the spin angular momentum of light to the 
liquid crystal. 

 
•  D. O. Krimer, and L. Kramer; E. Brasselet, T. V. Galstian, and L. J. Dube; submitted to 
J. Opt. Soc. Am. B  
Title: “Nonlinear reorientation dynamics generated by light in nematic liquid crystal films 
II - Elliptically polarized excitation.” 

 
      Abstract:  The reorientation dynamics of a nematic liquid crystal film excited by an elliptically 
polarized light is investigated both theoretically and experimentally. The complete bifurcation diagram 
as a function of the intensity and polarization of the excitation light is obtained. A new dynamical 
regime, namely quasi-periodic rotations, is found for almost circular polarization. The broken symmetry 
arising from elliptical excitation is shown to affect dramatically the dynamics. 
 
In preparation: 

 
•  D. O. Krimer, G. Demeter, and L. Kramer, to be published. 
Title: “Influence of the backflow effect on the orientational dynamic induced by light in nematics.” 

 
      Abstract:  As is known the director dynamics in a nematic is very rich when intense light propagates 
through it. However, in the theoretical models described up to now the velocity field was neglected. The 
aim of this article is to clarify the influence of the backflow effect (at least in one particular geometry). 
Thereby, for the first time a full theory is developed for the nonlinear behavior of a nematic starting 
from the nematodynamic equations, which eventually could be used for a quantitative comparison with 
experiment. 
 
 
SCIENTIFIC  PUBLICATIONS (during the research work in Minsk, Belarus) 

 
Published: 
  

•  V. L. Kalashnikov, D. O. Krimer, I. G. Poloyko, and V. P. Mikhailov, Optics Comm. 159, 237 
(1999) 
Title: “Ultrashort pulse generation in cw solid-state laser with semiconductor saturable absorber in 
the presence of the absorption linewidth enhancement.” 

 
•  D. O. Krimer, V. L. Kalashnikov,  I. G. Poloyko, and V. P. Mikhailov, Optics & Spectroscopy 87, 
311 (1999) 
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Title: “Influence of the linear optics Stark effect in semiconductor saturable absorber to the 
parameters of the ultrashort pulses in mode-locked cw solid-state lasers." 

 
• V. L. Kalashnikov, D. O. Krimer,  and I. G. Poloyko,  J. Opt. Soc. Am. B, 17(4), 519 (2000) 
Title: “A quasi-soliton generation in solid-state lasers with semiconductor saturable absorber." 

 
• J. Jasapara, V.L. Kalashnikov, D.O. Krimer, I.G. Poloyko, M. Lenzner, and W. Rudolph,  J. Opt. 
Soc. Am. B, 17(2), 319 (2000) 

      Title: “Automodulations in CW Kerr-lens mode-locked solid state lasers." 
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1.  Personal information
 Name:  Wei Liu
Sex:     Male
Date of Birth:  May 16, 1971
Mailing Address:

Cyclotron Institute and Physics Department
Texas A&M University
College Station, Texas 77843-3366

Email: weiliu@neo.tamu.edu
Phone: 1-979-845-1411

2.  Job Objective
To pursue a post doctoral position in theoretical nuclear physics, quantitative biology or 
related fields.

 
3.  Education and Experience

 I Bachelor of Engineering 
Tongji University, Shanghai, P.R.China
From Sep.1989 to Jul. 1993

 
 II Engineer 

Chinese Railway Company, Hunan Province, P.R.China
From Sep. 1993 to Aug. 1996

III Master of Science 
Peking University, Beijing, P.R.China
From Sep. 1996 to Jul. 1999

IV Ph.D. 
Texas A&M University
From Sep. 1999 to Dec. 2004 (finished defense and submitted dissertation)

4.  Title of Ph.D. Thesis
Charmonium absorption and charmed hadron production in hadronic reactions

5.  Research Interests
1.   Effective Lagrangian approach to hadronic interactions
2.   Charmonium absorption by hadrons
3.   Charmed hadron production in photo and hadronic reactions
4.   Exotic pentaquark baryon production in photo and hadronic reactions

Relativistic heavy ion collisions.5
Quantitative Biology6

6.  Computer Skills
Operating Systems: Dos, Windows, Linux
Programming Language: C, Fortran, Mathematic Software

7.  Publications



“On the long distance contribution to the Bs → γ γ decay in the effective lagrangian 1.)
approach”, Wei Liu, Bin Zhang and HanQing Zheng, Phys. Lett. B461, 295-298 (1999).

“A numerical analysis to the π and K coupled-channel scalar form-factor”, Wei Liu, 2.)
HanQing   
Zheng, and Xiao-Lin Chen, Commun. Theor. Phys. 35 543 (2001).

“Cross section for charmonium absorption by nucleons”, W. Liu, C.M. Ko, and Z.W.Lin, 3.)
Phys. Rev. C65, 015203: 1-8 (2001).

“Charm meson production from meson-nucleon scattering”, W. Liu, C. M. Ko, Phys. Lett. 4.)
 B533 259-264 (2002).

“Charm production from photon-proton reactions in a hadronic model”, Wei liu, Su Huong 5.)
Lee, and Che Ming Ko, Nucl. Phys. A724 375-390 (2003).

“Pentaquark baryon production at the Relativistic Heavy Ion Collider”, L. W. Chen, V. 6.)
Greco, C. M. Ko, S. H. Lee, and W. Liu, Phys. Lett. B601, 34-40 (2004). 

“Charmed hadron production in nucleon-nucleon collisions”, Wei liu, Che Ming Ko, and Su 7.)
Houng Lee, Nucl. phys. A728 457-470 (2003).

“Cross sections for pentaquark baryon production from protons in reactions induced by 8.)
hadrons and photons”, W. Liu and C. M. Ko, Phys. Rev. C68, 45203: 1-7 (2003).

“Pentaquark baryon production from photon-neutron reactions”, W. Liu and C. M. Ko, Nucl. 9.)
Phys. A741, 215-233 (2004).

10.)  “Pentaquark Theta+ production from the reaction γ p →π+ K- Theta+”, W. Liu, C. M. Ko, 
and 

V. Kubarovsky, Phys. Rev. C69, 025202: 1-7 (2004).

11.)  “Photoproduction of exotic Cascades from nucleons”, W. liu and C. M. Ko, Phys. Rev. C69, 
045204: 1-6 (2004).

12.)  “Pentaquark baryon production in nuclear reactions”, C. M. Ko and W. Liu, Nucl-
th/0410068. 

8.  Talks
“Charmonium Absorption by Hadrons”, Fourteenth Nuclear Physics Summer School, Santa 1.)
Fe, New Mexico, July 28-August 10, 2002.
“Cascade Pentaquark Baryon Production in Photon-Nucleon Reactions”, Penta-quark 2003 2.)
workshop, Jefferson Lab, Newport News, Virginia, November 6-8, 2003.
“Pentaqurak Production in Elementary Reactions”, Nuclear Theory Semenar, Texas A&M 3.)
University, March 2, 2004. 
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1.) Dr. Che-Ming Ko
Cyclotron Institute and Physics Department
Texas A&M University
College Station, Texas 77843-3366, USA
Email:  ko@comp.tamu.edu 
Phone: 1-979-845-1411
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WEI LIU ----- Research Interests
 

We have developed an effective lagrangian based on SU(4) flavor 
symmetry to study the processes involved charmed hadrons, which are 
important in identifying J/Ψ suppression as signal of formation of QGP in 
relativistic heavy collisions. Furthermore this model is also applied to study the 
production of exotic baryon (pentaquark state) in photo and hadronic reactions. 
With the information of these cross sections combined with coalescence 
mechanism we also predict its yield in relativistic heavy ion collisions. Below I list 
my research interest fields which I have a lot of knowledge and intend to carry 
out in the future.

Effective Lagrangian approach to hadronic interactions, in paricular, 1.

Charmonium absorption by hadrons; Charmed hadron production in 

photo and hadronic reactions; Exotic pentaquark baryon production in 

photo and hadronic reactions.

Theory and phenomenology of heavy ion collisions, i.e., testing the 2.

formation of the quark-gluon plasma (QGP) in the collisions of 

Relativistic Heavy Ion Collider (RHIC), understanding the initial 

condition for relativistic heavy ion collisions, and studying the 

properties of hot and dense nuclear matter.

Perturbative QCD of heavy flavor physics and non-perturbative QCD of 3.

low energy effective theory---chiral perturbation theory applied in 

meson or nucleon reactions.  

Properties of heavy flavor hadrons within chiral perturbation theory, 4.

heavy quark effective theory, and non-relativistic QCD.

Properties of exotic baryon, i.e., its unusual narrow width, low mass, 5.

spin, and parity. 

Model analysis and construction and Numerical simulation in 6.

Quantitative Biology. 

I have interests in teaching physics and mathematics courses. 



Name of Candidate: Sonal Malhotra
Job # applying for: 31493

Statement of Teaching philosophy & future Research Goals  
I would like to incorporate lessons learnt from my varied research experience 
into my teaching philosophy and goals. I believe strongly in incorporating 
practical hints and tips from my research into my teaching. For instance, as 
a microbiologist doing academic research, I have conducted research on three 
distinct bacteria: Pseudomonas aeruginosa, Sinorhizobium meliloti and 
Haemophilus influenzae. This experience, at the bench, has allowed me to 
appreciate the numerous biological differences between these organisms.  I 
would like to incorporate into my teaching the concept of comparative 
analysis and genomics whilst using my research findings and results as 
examples. This should provide students with a more in-depth look into 
materials taught in a classroom and how that can be extended to biomedical 
research. I also gained some research experience in industry where I learnt 
to use high thru-put gene expression profiling techniques such as microarrays 
and proteomics. Another aspect of my teaching philosophy is to incorporate 
modern methodologies and how they are used to examine problems in 
host-pathogen interactions. Please see research plan below for more details. 
I would like to encourage, students to interact and ask questions. When 
possible, I would like to encourage hands on training or exposure to new 
methods and research tools. I prefer smaller student to teacher ratios when 
possible. As a consequence of my teaching goals and philosophy I would be 
interested in helping, in association with other faculty members, develop and 
shape courses and curricula that incorporate some of these modern aspects 
into teaching courses.                                                       
A summary of my research experience and future goals is presented below. 
During my graduate studies, I employed a genomic and proteomic profiling 
approach to identify targets for the alternative sigma factor AlgT. I 
demonstrated using gene fusion and promoter mapping techniques that dsbA is 
under direct regulation of the alternative sigma factor.  This finding 
established that the regulon for AlgT extended beyond genes involved in 
alginate biosynthesis. I have subsequently worked with thioedoxin like 
protein in Sinorhizobium meliloti and now dsbA (por) in Haemophilus 
influenzae. Hence in my future studies I would like to be involved in 
studying dsbA like proteins in more than one of the bacterial species 
indicated above. Such an approach is likely to lead to further studies in the 
area of comparative proteomics and genomics.                           
To begin such an analysis a proteomic approach would be used to identify 
potential downstream targets for a dsbA protein. This would involve a 
comparison of proteome profiles of a wild type strain to that harboring a 
dsbA mutation. This technique relies on the fact that a dsbA mutation is 
likely to affect the redox status of its target proteins, and consequently 
their stability in the cell. A similar approach was used to identify targets 
for dsbA like proteins in E. coli and Salmonella typhi {Agudo D et al 
Proteomics. 2004 Feb; 4(2): 355-63 and Hiniker A et al J Biol Chem. 2004 Mar 
26; 279(13): 12967-73}. In fact as a side project, I anticipate creating a 
database of proteins influenced by a dsbA protein deficit in the cell. Such a 
study would be helpful in comparative proteomics approach. Briefly this 
database would comprise a list of proteins influenced by a dsbA deficit-an 
accumulation as well as a depletion of proteins has been observed in the 
studies listed above. I would involve a query of genomes of H. influenzae and 
P. aeruginosa to identify orthologs in these organisms. Additional 
information regarding any functional attributes of these orthologous 
proteins, if identified in these bacterial genomes would be incorporated in 
the database as well.) Such a database, would be helpful in addressing key 
biological questions-such as what is the role of these isomerases in these 



bacteria. How do they influence its pathogenesis? I have previously 
characterized the gene dsbA in Pseudomonas aeruginosa and shown its 
involvement in controlling regulation of a key virulence factor- a protease 
elastase {Malhotra S. et al. J Bacteriol. 2000 Dec; 182(24): 6999-7006). 
Subsequently, other virulence factors such as lipA are affected by a dsbA 
defect. Similar questions would be asked in H. influenzae biology as well-for 
instance, how does a dsbA deficit influence its pathogenesis. There are a rat 
infection model and a chinchilla model to examine this.  I have 
characterized, using promoter probing methods the dsbA promoter in P. 
aeruginosa, we have shown that it is, unlike E. coli, directly under control 
of the ECF sigma factor AlgT. We will use similar strategies to delineate the 
promoter in H. influenzae.                                                   



SONAL MALHOTRA 
6222 Arbor Drive 

Shrewsbury, MA 01545
smal_97@yahoo.com
OBJECTIVE
To perform biomedical research and teaching that incorporates the use of 
advanced genomic and bioinformatic tools. I firmly believe that this 
experience and training will serve as a strong foundation for innovative 
research.                                                                    
WORK EXPERIENCE
November 15, 2003 to present. Post doctoral Associate, University of 
Massachusetts, Worcester, MA. Salary: US $ 44,000.                       
Nov 1, 2001- Nov 14, 2003. Post-doctoral Research Associate, Virginia 
Bioinformatics Institute, Virginia Tech, Blacksburg, VA 24061. Salary: US $ 
47,500                                                               
Jan 2001- Oct 31, 2001. Junior Scientist, Hmgene Inc., Piscataway, New 
Jersey. Salary: US $ 35,000.                                               
GRADUATE RESEARCH (1992-2000)
September 1996 to December 2000.  Laboratory of Dr. Dennis E. Ohman. My 
graduate research focused on identifying targets for the alternative sigma 
factor, AlgT. Both, a proteomic approach and genomic analysis were used 
successfully in identifying new gene targets for AlgT.                       
December 1992 to August 1996. Laboratory of Dr. Lorraine M. Albritton. My 
research here focused on identifying and characterizing, within the cationic 
amino acid transporter mATRC1, the receptor domain for the murine ecotropic 
leukemia virus.                                                              
LABORATORY SKILLS
I have extensive knowledge of several molecular biology techniques such as 
cloning, PCR, DNA sequencing, Phage library screening, northern and southern 
analysis, site-specific mutagenesis. In addition, I have experience with RNA 
isolation and analysis techniques such as primer extension and RT-PCR. I also 
have significant experience with more advanced techniques such real time PCR 
(TAQMAN) and gene expression profiling using DNA micro array analysis 
(Affymetrix microarray suite). In addition, I have significant laboratory 
experience with basic protein chemistry techniques such as SDS gels, western 
blot, gel filtration, protein purification, cell tissue culture techniques 
and animal handling procedures.                                              
TEACHING EXPERIENCE
Graduate teaching Assistant 1992-1993.  Medical Microbiology Laboratories for 
Medical/Pharmacy/Dentistry students, University of Tennessee, Memphis, TN.  
EDUCATION
December 2000: Ph.D. (Major: Microbiology) University of Tennessee, Memphis, 
TN, 38163                                                                    
1991-1992: Research fellow, Jawaharlal Nehru University, India
August 1991: MS. (Major: Molecular Biology), Jawaharlal Nehru University, 
India                                                                      
August 1989: BS. (Major: Zoology), Delhi University, India

PUBLICATIONS
1) Ajay Kumar and Sonal Malhotra. A Simple Method For Introducing  -SH Group 
at 5' OH Terminus of Oligonucleotides.  Nucleosides & Nucleotides 1992 11(5): 
1003 - 1007. Copyright (c) 1992 by Marcel Dekker, Inc.                    



2) Malhotra, S., A. G. Scott, T. Zavorotinskaya, and L. M. Albritton. 
Analysis of the Murine Ecotropic Leukemia Virus Receptor Reveals a Common 
Biochemical Determinant on Diverse Cell Surface that is Essential to 
Retrovirus Entry. J. Virol. Jan 1996; 70 (1): 321-6.                       
3) Ohman, D.E., S. Malhotra, S. Jain, K. Mathee, and L. A Silo-Suh. Alginate 
biosynthesis in Pseudomonas aeruginosa: a stress response. Clinical 
Microbiology 1999; 5:5S11-13.                                       
4) Malhotra, S., L. A. Silo-Suh and D. E. Ohman. A Proteome Analysis of the 
Effect of Mucoid Conversion on Global Protein Expression in Pseudomonas 
aeruginosa Strain PAO1 Shows Induction of Disulfide Bond Isomerase, DsbA. J 
Bacteriol. Dec 2000; 182(24): 6999-7006.                                      
5) Malhotra, S, S. Suh and D. E. Ohman.  A Proteome Analysis on Global 
Protein Expression in Pseudomonas aeruginosa Cystic Fibrosis Isolate FRD1, 
Shows Induction of a 15 kDa Protein that is Homologous to Escherichia coli 
Protein YgaU.  (Manuscript in preparation.)                            

POSTER AND ABSTRACT PRESENTATIONS
Malhotra, S., A. Scott and L. M. Albritton. Biochemical Contribution of an 
Essential Tyrosine Residue in the MulV-E Receptor-SU Protein Interaction. 
Retrovirus Meeting at Cold Spring Harbor May 24-May 29, 1994.           

Malhotra, S., and D. E. Ohman. Use of a 2-Dimensional Gel Analysis Reveals 
Proteins in Pseudomonas aeruginosa whose Respective Genes are Regulated by 
the Alternate Sigma Factor AlgT. Annual American Society for Microbiology 
Meeting. Chicago IL May1999.                                                  

Sonal Malhotra, Nicole J. McMaster, Eric Nordberg and Bruno W. S. Sobral
A Global Examination of the Nodulation Process in the Model Microsymbiont, 
Sinorhizobium meliloti and its host Medicago truncatula. Poster was displayed 
at Congressional Meeting, Virginia Tech- Northern VA Campus, May 2002  

Sonal Malhotra, Qiang Chen, Nicole J. Mcmaster and Bruno W. S. Sobral.
A Thioredoxin Like Protein (tlpA) Ortholog in Sinorhizobium meliloti is 
Critical For the Nodulation Process. Abstract presented at Annual American 
Society for Microbiology Meeting. New Orleans, LA  May 2004.                 

PROFESSIONAL MEMBERSHIPS
American Society for Microbiology (1998 onwards)
Referee Contact Information provided on request.
REFERENCES 
Dr. Dennis E. Ohman
Professor and Chair
Department of Microbiology and Immunology
Medical College of Virginia
Virginia Commonwealth University
1101 East Marshall Street
P. O. Box 980678
Richmond, VA 23298 - 0678
(804) - 828 - 9728



Email: deohman@hsc.vcu.edu
Dr. Susan Martino-Catt
Director Systems Biology
Bioinformatics Facility (0477)
Virginia Bioinformatics Institute.
Virginia Tech, Blacksburg, VA 24061
Phone: 540-231-1399
Email: smartin@vbi.vt.edu 
Dr. Sang Jin Suh
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Department of Biological Sciences
Auburn University
Auburn, AL 36849
Email: suhsang@auburn.edu
Dr. Rajesh Kamath, Ph.D
Staff Scientist II
Stem Cell Biology - Orthopedic Research
Genzyme Corporation
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(508) 904- 4646
Dr. Biswarup Mukhopadhyay
Research Assistant Professor
Virginia Bioinformatics Institute
Virginia Polytechnic and State University
Blacksburg, VA 24060
(540) 231-8015
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I have been working since 2001 with a postdoctoral research fellowship of 
Council of Scientific and Industrial Research, Govt. of India. From 
beginning, I have been very passionate to work with an outstanding research 
group working with advance biological techniques. Keeping this enthusiasm I 
learned different techniques from various laboratories available in India and 
the moment I have good hand on few techniques like- Two-dimensional 
electrophoresis, PCR, FACS Scan analyses, Bioassay of antioxidant enzymes, 
Centrifugal elutriation of spermatogenic cells, Histological preparations 
etc.                                                                         
At this juncture I need good work environment with a proper direction so as 
to come out with meaningful research output with my sincere hard work.       



Kailash Manda, M. Sc, Ph.D.
(Born-15. 09.71,Male; Indian)

Current Position:
Research Associate, CSIR (01.5.2004 to till date) 
MRDG Department, IISc. bangalore,India

Job Experience:
1. Graduate Lecturer, NCERT (28.7.2000 to 30.4.2001)

Regional Institute of Education, Ajmer, India.
2. Research Associate, CSIR (01.5.2001 to 30.04.04)

Department of Zoology, University of Rajasthan, Jaipur, India.

Academic Qualification:

B.Sc. (1994) in Biology from M.D.S. University, Ajmer, India
M.Sc. (1996) in Zoology from M.D.S. University, Ajmer, India
Ph.D* (2000) from University of Rajasthan, Jaipur, India

*Title of Ph.D. Thesis: Investigation on the possible radioprotective effect of b-carotene 
on mice testis.

Technical Skills:
Spectrophotometric quantification of enzymes

Two dimensional electrophoresis
FACS Scan analyses

Centrifugal elutriation
Histological preparations

Computer Knowledge:
Microsoft office, Chemdraw, Adobe PageMaker, Photoshop, web surfing and  different 

Statistical tools.

Recent Publications:
1. Manda, K. and Bhatia, A.L. (2003) Melatonin-induced reduction in age-related accumulation of 

oxidative damage in mice. Biogerontology. Vol. 4(3), 133-139.
2. Manda, K. and Bhatia, A.L. (2003) Role of b-carotene against acetaminophen-induced 

hepatotoxicity in mice. Nutrition Research, 23(8), 1097-1103.
3. Manda, K. and Bhatia, A.L. (2003) Prophylactic action of melatonin against cyclophosphamide-

induced oxidative stress in mice. Cell Biology and Toxicology 19, 367-372.
4. Bhatia A.L. and Manda K. (2004) Study on pre-treatment of melatonin against radiation-induced 

oxidative stress in mice. Environmental Toxicology and Pharmacology 18, 1320
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1. Dr. A.L. Bhatia 
Professor and Head, Department of Zoology, University of Rajasthan, Jaipur-302 004, India
albzoojpr@yahoo.com
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India
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Statement of Research and Teaching Interests

Postdoctoral Research: “Direct electrical detection of biomolecules using conjugated polymers”
The weak interaction between the conjugated polymers (CP) and biomolecules were explored to 

design a detector based on the conducting properties of the CP in its doped form. The conductivity of 
the doped CP depends on the doping and the conformational morphology of the polymer. In the present 
study we use a two polymer system in which one of them is responsive to the biomolecule. The 
conductivity of blend depends on the percolation length and tunneling properties. We expect that the 
interaction of the biomolecule will result in a change in the percolation length which results in a 
conductivity change. The system used was a hydrogel involving highly conducting polymer cross linked 
with a low conducting polyelectrolyte. The research involves hydrogel preparation, soft lithography, 
micro fluidics, surface modification, conductivity measurements, fluorescence microscopy and different 
characterization techniques. We also used a  system where the biomolecule is embedded in the 
conducting polymer during the synthesis. During this experiments we also got wires of conducting 
polymers of diameter varying from nano to micro meters.

Doctoral Research: “Photoelectrical properties of hybrid conjugated polymer based bilayer structures”
The research studies in this thesis focus on soft-matter bilayer systems from the perspective of 

optical and electronic properties. Three different class of bilayer structures were studied (i) p-type 
semiconducting polymer/n-type semiconducting conjugated polymer (CP) structures for photovoltaic 
properties (ii) doped conducting polymer-blend/bacteriorhodopsin (bR) structure for studying 
synergetic processes at the interface (iii) semiconducting-polymer/nanoparticle devices for tunable light 
emitting diodes and photodiodes.

The transport characteristics of photogenerated free charge carriers across the interface of a bilayer 
consisting of p-type polyalkylthiophene derivatives or polyparaphenylene vinylene derivatives and n-
type polymer poly(benzimidazobenzo phenanthroline) are studied using photocurrent spectral response, 
intensity modulated photocurrent spectra, current-voltage and thermally stimulated current 
measurements. The parameters governing the device efficiency are controlled by the interfacial defect 
characteristics. A clear evidence of these defect states at the polymer-polymer interface is revealed 
using the time and frequency domain photocurrent measurements.

The experimental observations resulting from photoexciting conducting polymer/bR under different 
bias conditions highlight the effects arising from complimentary processes in the two components. 
Oriented bR on a conducting polymer substrate forms a unique hybrid system where the possibility of 
changing the oxidation state of the polymer electrochemically is coupled to the optically activated 
proton gradient in the bR side. The internal conversion of the intermediate deprotonated M state of bR 
and the proton transfer/transport can be controlled by the electrochemical reactions at the interface and 
leads to interesting opto-electrical features in the process.

In CP/nanoparticle systems, a general feature of efficient photocurrent spectral response 
corresponding to nanoparticle and an appreciable EL response corresponding more to the active 
polymer are observed in the devices which results in a dual-function single device with wide separated 
spectral windows for operation.

Other than these research activities we also studied the controlling of luminescence properties using 
varying conjugation length of the conjugated polymers. All polymer field effect transistors were made 
and studied the interfacial properties and light induced effects. It has been observed that the interfacial 
states between the insulating polymer dielectric and the active conjugated polymers play an important 
role in the light induced field effect properties of such FETs. The difference in field effect properties of 
the FETs made with polymer and inorganic materials as dielectrics were studied and probed the 
memory effects in such system.

Future Plans
My future research interests are in the field of physics and device aspects of organic electronics, 

biomolecular electronics, nanotechnology and biosensors. I am very much interested in (1) device and 
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physics aspects of photovoltaic, electroluminescent and field effect devices made of organic materials, 
(2) understanding the self assembling properties of biomolecules and utilizing this property in 
developing structures in nanodimensions (3)study the electrical and optical properties of nanostructures 
made by different methods, (4) exploring the possibility of developing optical and electronic biosensors 
using the weak interaction between the biological systems and organic systems especially using 
conjugated polymers and (5) utilizing the electrical and optical properties of biological systems in 
integrating such molecules or systems in optoelectronic devices

I am also interested in teaching semiconductor physics courses.
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MANOJ. A. G
Present address Permanent address
Postdoctoral Fellow, Adikamana,
Biomolecular and Organics Electronics Lab, Maikad. P. O,
IFM, Linkoping University, Angamally,
SE 58183 Linkoping, Kerala, 
Sweden. India 683589
Phone: +46 13 28 1253 (office) Phone +91 484 2477559
Mobile +46 76 2378689
Fax       +46 13 28 8969
Email mnamboothriy@yahoo.com

manoj@ifm.liu.se

Research Interests
Electronic, optical and mechanical phenomena and device exploration in systems involving 
molecular/polymer/nanoparticles/biomolecular materials.

Education
Ph.D, Physics, Jawaharlal Nehru Center for Advanced Scientific Research, Bangalore, India. 
2003/December, Dissertation: Photoelectric properties of hybrid conjugated polymer based 
bilayer structures, Advisor: Prof. K. S. Narayan.

Master of Science, Physics, University of Pune, Pune, India. 1996/July, Specialization: 
Biophysics and Bioelectronics, Project: Photomovements in microorganisms using imaging 
techniques, Advisor: Prof. P. B. Vidyasagar.

Bachelor of Science, Physics, Mahatma Gandhi University, Kottayam, India, 1993/June.

Professional Experience
Postdoctoral Research, Visiting Scientist, Biomolecular and Organic electronics lab, IFM,
Linköping University, Sweden. 2004/January-Present, Hydrogels of conducting polymer and 
polyelectrolytes imprinted with biomolecules were used to probe the possibility of direct electrical 
detection of biomolecules. Synthesized conducting polymer wires using biomolecule as a template.

Doctoral Research, Jawaharlal Nehru Center for Advanced Scientific Research, Bangalore, India. 
1997/August - 2003/December, 1. Investigated the possibility of a p-n heterojunction using bilayer 
structures of intrinsically p-type and n-type conjugated polymers. 2. Bilayer structures of conjugated 
polymer/nanoparticles were made and studied the optoelectronic properties. 3. Doped conjugated 
polymer/bacteriorhodopsin bilayers were made and studied the possibility of controlling the 
photoinduced states of bacteriorhodopsin by varying the bias dependant doping of the conjugated 
polymer. Topics not included in thesis: Investigated photophysics of conjugated polymers with 
varying conjugation length. All plastic field effect transistors were made and studied the 
photoinduced effects. Polymers and inorganic materials were used as dielectrics and studied the 
memory effects in these FETs.

Project Assistant, Molecular Electronics Lab, Jawaharlal Nehru Center for Advanced Scientific 
Research, Bangalore. India. 1996/November-1997/July, Developed optoelectronics measurement set 
up for polymer electronics. Designed and fabricated thermal evaporation unit for electrodes. 
Electronics instruments were interfaced with computer using GPIB and RS 232 in windows and dos 
environments.

Masters Research, Biophysics and Bioelectronics Lab, Dept of Physics, University of Pune, Pune, 
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India. 1995/January-1995/May, Recorded snd analyzed photoinduced movements of the 
microorganisms in pond water using a microscope coupled with CCD and interfaced with a 
computer through a frame grabber.

Teaching Assistant, Sound Pollution Laboratory, Dept of Environmental Science, University of 
Pune, Pune, India. 1995/January-1995/May, Pre ran experiments and produced detailed protocols 
for new experiments. Demonstrated techniques and assisted students in everyday laboratory 
routines. 

Publications
Opto-electrical processes in a conducting polymer-bacteriorhodopsin system, A. G.  Manoj and K. 
S. Narayan. (Bioelectronics and  Biosensors, 19, 1067 (2004))

Solution processing of active semiconducting polymers and conducting polymer   anodes for 
fabricating photodetectors. V. K. Basavaraj, A. G. Manoj and K. S.   Narayan. (IEE Proc.-
Circuits Devices Syst.,150, 6,  552 (2003).

Voltage controlled spectral tuning of photoelectric signals in a conducting polymer-
bacteriorhodopsin device.  A. G. Manoj and K. S. Narayan. (Appl. Phys. Lett. 83, 3614 (2003))

Photogenerated Charge Carrier Transport in p -Polymer  n -Polymer Bilayer Structures. A. G. 
Manoj, A. A. Alagiriswamy and K. S. Narayan ( J. Appl. Phys. 94, 4088 (2003) )

Photovoltaic Properties of Polymer p-n Junctions made with P3OT/BBL Bilayers. A. G. Manoj, K. 
S. Narayan (Optical Materials, 21, 417 (2003))

Strategies for efficient photo-induced charge separation and transport Semiconducting Polymer 
Systems. K. S. Narayan, Th. B. Singh, A. G. Manoj, V. K. Basavaraj and S. Dutta (Photonics
2002)

Novel Strategies for Polymer Based Light Sensors, K. S. Narayan, A. G. Manoj,   Th. B. Singh, A. 
A. Alagiriswamy . (Thin Solid Films, 417, 75 (2002)). 

Photophysics of PPV derivative with varying conjugation lengths - A. G. Manoj, K. S. Narayan, R. 
Gauri, S. Ramakrishnan ( Synthetic Metals, 101,   255 (1999)

Dual Function Hybrid Polymer-Nanoparticle Devices - K. S. Narayan, A. G. Manoj, J. Nanda and 
D. D. Sarma (App. Phys. Lett. 74, 871 (1999))

Optical and electronic properties of conjugated polymer - nanocluster  semiconductor hybrid 
systems - K. S. Narayan, A. G. Manoj, J. Nanda,  B. Kuruvilla and D. D. Sarma (Proc. of 
Materials Res. Socy. 519, 265  (1998)).

Presentation in Conferences
India and Abroad: A conference on condensed Matter Physics, Bangalore, India,       2002, " Plastic 
Solar Cells" A. G. Manoj, K. S. Narayan 

Invited Student Speaker, International Conference on Photophysics of Organics and Polymers 
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(ICPOP 2001), Cheju, Korea, 2001" Electronic properties of p-polymer n-polymer bilayer" A. G. 
Manoj, K. S. Narayan.

Advanced Materials Workshop, Bangalore, India, 2001 " Photogenerated charge carrier transport  
in p-type n-type polymer bilayer" A. G. Manoj, K. S. Narayan 

Academic Service
Student Representative, Jawaharlal Nehru Center for Advanced Scientific Research, •
Bangalore, India, 1998/August-1999/July

Honors
Visiting Scientist Fellowship, Linkoping University, Sweden, 2004/January-2005/January•
Senior Research Fellowship, University Grant Commission, Govt Of India, India. •
1999/August 2003/December
Junior Research Fellowship, University Grant Commission, Govt. of India, India •
1997/August - 1999/July 
Master of Science, University Grant Commission Fellowship, Govt. of India, India. •
1993/August - 1995/July         

Experimental Techniques
Fabrication and measurement of the optoelectronics properties of photovoltaic, light emitting •
and field effect transistor devices.
Lithography techniques. •
Glove Box (MBRAUN) maintenance and operation. •
DC and AC conductivity measurements.•
Thermally stimulated current measurements.•
Impedance spectroscopy.•
Steady state photocurrent spectroscopy.•
Surface photovoltage spectroscopy.•
Intensity modulated photocurrent spectroscopy.•
Time resolved and temperature (4K - 600K, Using Helium compressor, CTI cryo Systems) •
dependant measurements.
Luminescence measurements.•
Design of vacuum systems. Operating knowledge of UHV.•
Soft lithography.•
Fluorescence microscopy.•
Surface energy modified patterns.•
Stretching of biomolecules•
Materials Used: Inorganic, Organic, and Biological.•

Computer and Programming Skills:
Interfacing: GPIB, RS232. Labview•
Operating Systems: DOS, Windows, Unix•
Languages: Basic, Fortran  and Visual Basic•

References
1. Prof. K. S. Narayan,

Molecular Electronics Lab,
Chemistry and Physics of Materials Unit,
Jawaharlal Nehru Center for Advanced Scientific Research,

 Bangalore 560064,



Manoj. A. G. 4

 India.
 Phone: +91 80 2208 2822
 Fax : +91 80 2208 2766
 Email: narayan@jncasr.ac.in
 

2. Prof. P. S.  Anilkumar,
 Department of Physics,
Indian Institute of Science,
Bangalore 560012,
India.

 Phone: +91 80 2293 3281
 Fax: +91 80 2360 2602
 Email: anil@physics.iisc.ernet.in

3. Dr. Fengling Zhang,
 Biomolecular and Oragnic Electronics Lab,
IFM, Linkoping University,
SE 581 83, Linkoping,
Sweden.
Phone : +46 13 28 1257
Fax : +46 13 28 8969
Email : fenzh@ifm.liu.se  

Personnel Details
Gender :   Male
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Nationality :    Indian
Martial Status :    Single
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CURRICULUM VITAE

NAME: Dr. Eiichi Ono
 (FIRST)  (LAST)

HOME ADDRESS: 11 East Orange Grove Road #2326
Tucson, Arizona 85704
Phone:  (520) 544-4406
e-mail: eiichi@u.arizona.edu

CURRENT POSITION:

Research Associate
Department of Agricultural and Biosystems Engineering
The University of Arizona
403 Shantz Building
Tucson,  Arizona 85721
Phone:  (520) 621-9568
FAX: (520) 621-3963
e-mail: eiichi@u.arizona.edu

EDUCATION:

Post Doctorate Research Associate. 
Tasks: Design, construction and operation of a CO2 mitigating bioreactor.
Department of Agricultural and Biosystems Engineering, 
Advisor: Dr. Joel L. Cuello
University of Arizona, Tucson, Arizona. January 2001 - present

Ph.D. 2001.  Agricultural and Biosystems Engineering, Minor in Global Change
Dissertation: Monitoring of nutrient solution for hydroponically grown sweetpotato 
(Ipomoea batatas).
Advisor: Dr. Joel L. Cuello
University of Arizona, Tucson, AZ , August 1997 - December 2001

M.S. 1997.  Agricultural and Biosystems Engineering
Thesis: Design parameters of high intensity light emitting diodes as a light source for plant 
growth.
Advisor: Dr. Kenneth A. Jordan
University of Arizona, Tucson, AZ, January 1995 - August 1997

M.S. 1992.  Agriculture 
(Agricultural Engineering and Landscape Architecture Emphasis)
Advisor: Dr. Hajime Koshimizu
Meiji University, Graduate School, Kanagawa, Japan, April 1990 - March 1992

Bachelor’s Degree 1990.  Agriculture
(Agricultural Engineering and Landscape Architecture Emphasis)
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Advisor: Dr. Hajime Koshimizu
Meiji University, Kanagawa, Japan, April 1986 - March 1990
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PROFESSIONAL EXPERIENCES:

January 2002 –
present

Research Associate, Department of Agricultural and Biosystems 
Engineering, the University of Arizona, Tucson, Arizona.

Research Project:
US Department of Energy, Adaptive full-spectrum solar energy systems
PI: Dr. Byard D. Wood, The University of Nevada, Reno
Co-PI: Dr. Joel L. Cuello, The University of Arizona, Tucson

Duties:
Design, construction and operation of a CO2 mitigating bioreactor.  

Development of the environment monitoring system.  Measurements and 
analyses of chlorophyll fluorescence by cyanobacteria, measurements of 
CO2 assimilation rates, development of mathematical models on CO2

assimilation. Measurements of basic characteristics such as growth and 
optical characteristics of cyanobacteria samples.  Maintenance of 
thermophilic and meshophilic cyanobacteria cell cultures under aseptic 
conditions. 

Teaching Experience:
I taught more than ten undergraduate student research trainees and 

research volunteers, and three research technicians.  Subject includes 
aseptic techniques, cell culture, cyanobacteria culture (both mesophiles and 
thermophiles), cell immobilization, hydroponic plant culture, plant 
propagation technique, and preparation of nutrient solutions (Hoagland, 
BG-11, etc).  I also taught Ion Selective Electrode (ISE) measurements and 
calibration, operation of a spectrophotometer, spectrometer, quantum 
sensor, and the Infra Red Gas Analyzer (IRGA), as well as measurements 
of Residence Time Distribution (RTD) of a bioreactor in a lab experiment 
class of Engineering of Biological Processes (ABE481/581).

April 1992-April 
1994

Environmental Researcher, PREC Institute Inc., Tokyo, Japan.

Duties:
Research work for the New Energy Foundation (NEF) and the New 

Energy and Industrial Technology Development Organization (NEDO) in 
Japan.  Consulting service for local government agencies.  Development of 
the environmental database systems, GIS and modeling systems.  
Supervised assistants.  PREC Institute Inc. is the largest independent 
environmental consulting company in Japan. 

April 1990 - March 
1992

Teaching Assistant, Information Science Center, Meiji University, 
Kanagawa, Japan.

Duties:
Instruction in FORTRAN77 and BASIC programming, usage of PC, 

UNIX workstations and a mainframe machine for undergraduate students.
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PROFESSIONAL AND HONOR SOCIETIES:

Society for Engineering in Agricultural, Food and Biological Systems (ASAE)
Japanese Society of Environment Control in Biology
Honor Society of Agricultural Engineering (Alpha Epsilon)

HONORS AND AWARD:

2004

April 1990-March 
1992

Marquis Who’sWho in Science and Engineering, 8th edition (in press).

The Japan Scholarship Foundation (JSF) Graduate Student Scholarship, 
Tokyo, Japan.

1990 The 26th Encouragement Award from the Tokyo Metropolitan Park 
Association.  Thesis Award.

REFEREED PUBLICATIONS:

Ono, E., Cuello, J. L.  2004.  Feasibility assessment of open-pond microalgal CO2 mitigation 
technology with implementation of the Kyoto Protocol: A case study for Japan. 
Environment Control in Biology 42(3) 1-8.

Ono, E., Jordan, K. A., Cuello, J. L.  2003.  Monitoring the temporal variations of nitrate, 
potassium and manganese in sweetpotato hydroponic solutions for space life support 
application.  33rd International Conference on Environmental Systems, ICES2003CD: 
2003-01-2683. 

Ono, E., Jordan, K. A., Cuello, J. L.  2001.  Dynamic monitoring of nutrient species in hydroponic 
solutions for Advanced Life Support.  Proceedings of the 31st International Conference on 
Environmental Systems, ICES2001CD:2001-01-2276. 

Cuello, J. L., Yang, Y., Kuwahara, S., Ono, E., Jordan, K. A., Nakamura, T., Watanabe, H.  
2001.  Plant hardware equipped with hybrid lighting: combining solar irradiance with 
xenon-metal halide lamps or light-emitting diodes for life support in space.  Proceedings of 
the 31st International Conference on Environmental Systems, ICES2001CD:2001-01-
2423. 

Ono, E., Cuello, J. L.  2000.  Photosynthetically Active Radiation (PAR) on Mars for Advanced 
Life Support.  Proceedings of the 30th International Conference on Environmental 
Systems, ICES2000CD: 2000-01-2427. 

Cuello, J. L., Yang, Y., Ono, E., Jordan, K. A., Nakamura, T.  2000.  Hybrid solar and xenon-
metal halide lighting for lunar and Martian bioregenerative life support. Proceedings of the 
30th International Conference on Environmental Systems, ICES2000CD: 2000-01-2426.

Cuello, J. L., Jack, D., Ono, E., Nakamura, T.  2000.  Supplemental terrestrial solar lighting for an 
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experimental subterranean biomass production chamber. Proceedings of the 30th 
International Conference on Environmental Systems, ICES2000CD: 2000-01-2428.

Ono, E., Cuello, J. L., Jordan, K. A.  1998.  Characterizations of high-intensity red and blue Light-
Emitting Diodes (LEDs) as a light source for plant growth.  International Journal of Life
Support and Biosphere Science.  5.  403-413.  

Ono, E., Cuello, J. L., Jordan, K. A.  1998.  Design parameters of the flat-panel LED modules for 
plant lighting applications.  International Journal of Life Support and Biosphere Science.  
5.  151-158.

Cuello, J. L., Sadler, P., Jack, D., Ono, E., Jordan, K. A.  1998.  Evaluation of light transmission 
and distribution materials for lunar and Martian bioregenerative life support.  International 
Journal of Life Support and Biosphere Science.  5.  389-402.

Short Communication (REFEREED):

Ono, E., Jordan, K. A.  2001.  Time series analysis of noise component of single cell infra-red gas 
analyzer (IRGA) CO2 assimilation data.  Environment Control in Biology.  39(3).  205-
210.

REVIEW (REFEREED):

Ono, E., Cuello, J. L.  2004.  Design parameters of solar concentrating systems for CO2-mitigating 
algal photobioreactors.  Energy, the International Journal.  29.  1651-1657.

Ono, E., Koshimizu, H.  2002.  Significance of the closed artificial ecosystem approach for urban 
and natural landscape studies.  The 5th International Symposium of Japan, Korea and 
China on Landscape Architecture.  215-221.

REVIEW (NON-REFEREED):

Ono, E., Cuello, J. L.  2003.  Design parameters of solar concentrating systems for CO2-mitigating
algal photobioreactors.  In Gale, J. and Kaya, Y (Ed.) Greenhouse gas control 
technologies.  Elsevier Science Ltd., Oxford.  1503-1508.

Ono, E., Takakura, T.  1996.  Biosphere2 - A close look from inside -.  Environment Control in 
Biology.  34(4).  339-343.  (in Japanese).

BOOK CHAPTERS:

Cuello, J. L., Ono, E. Fermentation residence time distributions.  In Heldman, E. (Ed.) 
Encyclopedia of agricultural, food and biological engineering.  Marcel Dekker, Inc., New 
York.  (in press).

NON-REFEREED PUBLICATIONS:

Ono, E., Cuello, J. L.  2004.  Development of microalgal CO2 biofixation technology, ASAE paper 
number 044103.  The 2004 ASAE/CSAE annual meeting, August 1-4, 2004, Ottawa, ON, 
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Canada.

Ono, E., Cuello, J. L.  2003.  Selection of optimal microalgae species for CO2 sequestration.  
Proceedings of the 2nd annual conference on carbon sequestration, Exchange/Monitor 
Publications, Inc., Edward L. Helminski, Publisher, Washington, D.C.

Ono, E., Jordan, K. A., Denton, M. B., Cuello, J. L.  1999.  Monitoring of hydroponic nutrient 
dynamics.  ASAE paper number 995003.  

Ono, E., Cuello, J. L., Jordan, K. A.  1997.  Evaluation of the high intensity light emitting diodes 
as a light source for plant growth.  ASAE paper number 974028.  

PRESENTATIONS (SELECTED):

Ono, E., Cuello, J. L.  2003.  Microalgal CO2 biofixation with Hybrid Solar Lighting. The 1st 
Annual Hybrid Solar Lighting Summit, October 7-8, 2003, The Oak Ridge National 
Laboratory, Knoxville, Tennessee.  

Ono, E., Cuello, J. L.  2002.  Design parameters of solar concentrating systems for algae-based 
CO2-emission mitigation.  6th International Conference on Greenhouse Gas Control 
Technologies, October 1-4, 2002, Kyoto International Conference Hall, Kyoto, Japan. 

GRANT WRITING EXPERIENCE (PENDING SOURCES):

Title: Modeling photosythetically active radiation on Mars.
PI: Joel Cuello, Dept. of Ag. and Biosystem Engineering, The University of Arizona
Co-I: Eiichi Ono, Dept. of Ag. and Biosystem Engineering, The University of Arizona
Source: Mars Data Analysis, Code S, NASA

Title: Development of micropropagation protocols for Saguaro cactus (Carnegiea gigantea).
PI: Joel Cuello, Dept. of Ag. and Biosystem Engineering, The University of Arizona
Co-Is: Eiichi Ono, Dept. of Ag. and Biosystem Engineering, The University of Arizona
Source: Horticultural Research Institute

Title: Development of a novel instrument identifying the cell fusion products.
PI: Joel Cuello, Dept. of Ag. and Biosystem Engineering, The University of Arizona
Co-Is: Eiichi Ono, Dept. of Ag. and Biosystem Engineering, The University of Arizona
Source: Instrument development for biological research, NSF
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Statement of Research and Teaching Interests

My primary research interest throughout my academic and industrial experiences is to 

interface biological science and engineering.  My current technical interests include the 

development of a novel tissue culture system, development of novel biosensors, the use of nano-

materials for biological applications, the bio-environmental application of bioreactors, and the 

development of multi-scale biological models.

Studies on biotechnology require a broad academic background ranging from pure science 

(biology, chemistry, and physics) to applied science (agriculture, engineering), since they are highly 

interdisciplinary in character.  My background is diverse enough to meet these criteria, with a 

Ph.D. in agricultural and biosystems engineering, a minor in global change, a MS in agriculture, 

post-doctoral studies on environmental biotechnology, and work experience as an environmental 

consultant.

In my current laboratory, I have overseen graduate students, undergraduate students and 

research technicians.  I have enjoyed the interactions, the opportunity to explain concepts, interpret 

data, and instruct on laboratory and research protocols.  I also have good relationships with the 

graduate students in the laboratory and enjoy helping them with assignments, project proposals, 

and their research.

I would like to teach both undergraduate and graduate level courses.  I would certainly 

enjoy developing advanced courses specific to my primary research area, such as a Bioengineering 

course.  I also would like to teach undergraduate introductory courses such as biotechnology, 

biological modeling, and basic computer literacy courses.

In my teaching philosophy, I believe that students should learn and develop the following 

four aspects during their college years: basic skills as professional engineers, knowledge and 

theoretical backgrounds for their specialties, philosophy as engineering professionals and finally, 

self-motivation.  My teaching philosophy is to help and guide students in establishing these four 

aspects.
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Research Program

Mason A. Porter (mason@math.gatech.edu)
Visiting Assistant Professor, School of Mathematics and Research Associate Member, Center for Nonlinear Science, School of

Physics, Georgia Institute of Technology, Atlanta, GA 30332-0160, 404-815-1207 [home], 404-894-4564 [office]

I am interested in a broad range of scientific phenomena across many disciplines, and my goal as an applied
mathematician is to use mathematical tools to understand them better by attempting to explain observed behavior
and predict novel behavior. In my research, I utilize mathematical methods from subjects such as dynamical systems
and perturbation theory, as the models I study usually consist of coupled nonlinear ordinary or partial differential
equations. I especially seek problems that can be attacked both analytically and computationally, as these approaches
offer complementary insights.

To find mathematical problems, I interact as much as possible with expert experimentalists and theorists. At
both Cornell and Georgia Tech, I have made it a point to develop strong working relationships with faculty in other
departments, such as physics, biology, and electrical engineering. As a member of Georgia Tech’s Center for Nonlinear
Science, I have interacted especially extensively with several of Georgia Tech’s physics faculty.

CURRENT RESEARCH

I use my interdisciplinary training in nonlinear dynamics to study a wide range of problems, especially in atomic,
molecular, and condensed matter physics.

For my doctoral research at Cornell, I examined quantum billiards with time-dependent boundaries, which provide
a mixed quantum-classical description for the dynamics of small polyatomic molecules [5,11]. As an NSF VIGRE
postdoctoral fellow at Georgia Tech, I have continued pursuing quantum-mechanical problems, studying Bose-Einstein
condensates using a dynamical systems approach.

Another important component of my postdoctoral work has been the advising of undergraduate student research
projects, often in collaboration with other faculty from Georgia Tech’s mathematics, physics, and biology departments.
Some of my students’ research problems, such as classical billiards with mixed chaotic-regular phase space, are directly
related to the interest in classical and quantum Hamiltonian systems I developed as a graduate student. For other
student projects, I have branched out to other areas of applied dynamical systems, such as complex networks, pattern
formation, and mathematical biology.

Bose-Einstein Condensates (BECs)

During the past two years, I have studied the macroscopic dynamics of coherent structure solutions of quasi-one-
dimensional (“cigar-shaped”) Bose-Einstein condensates (BECs) in optical lattices and superlattices using methods
from dynamical systems and perturbation theory, along with supporting numerical simulations. In recognition of
my BEC research, I was recently invited to co-write a review article on coherent structures and nonlinear lattice
dynamics of BECs for Chaos’s 2005 focus issue on the 50th anniversary of the Fermi-Pasta-Ulam problem [6]. I have
also been invited to give a talk at the International Conference on Chaos and Dynamical Complexity, sponsored by
The National Center for Theoretical Sciences in Taiwan, to be held in May 2005.

BECs are formed at extremely low temperatures when particles in a dilute gas of bosons condense into the same
quantum state. They have generated considerable excitement among applied mathematicians and physicists, as
they provide a novel, experimentally-controllable regime of fundamental physics. Their study has begun to yield an
increased understanding of superfluidity and superconductivity, and their eventual engineering applications also hold
great promise. For instance, BECs should eventually lead to more precise measurements of fundamental physical
constants and improvements in the atomic clock. It is also hoped that they can ultimately be used to construct a
quantum computer.

The mean-field (macroscopic) dynamics of BECs is governed by the well-known Gross-Pitaevskii (GP) equation,
which is composed of the ubiquitous nonlinear Schrödinger equation plus an external potential,

i
∂ψ

∂t
= −∇2ψ + g|ψ|2ψ + V (x)ψ , (1)

1



where ψ is the condensate wavefunction, g can be either positive (for “repulsive” condensates) or negative (for
“attractive” ones), ∇2 is the Laplacian, V (x) is the external trapping potential, and the atomic mass and Planck’s
constant have been scaled out. In cigar-shaped traps, which have two tightly-confined spatial dimensions and one
weakly-confined one, the scalar GP equation (1) has a single spatial variable. Multiple-component BECs are described
by coupled GP equations.

BECs in optical lattice potentials, in which V (x) is typically given by a sinusoid, have received particularly intense
scrutiny over the last few years. In 2003, BECs were for the first time successfully loaded experimentally into
optical superlattices, in which V (x) = V1 cos(κ1x) + V2 cos(κ2x). BECs in superlattice potentials are interesting both
mathematically and physically, and applied mathematicians and physicists have only recently begun to study them.
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FIG. 1. Asymmetric splitting of an unstable soliton for a BEC in a superlattice potential with g < 0, V2 = 2V1 = 2 and
κ2 = 3κ1 = 3. A larger portion reaches the neighboring well with a higher local minimum. The ratio of the soliton fragments
resulting from this splitting can be controlled by changing the lattice amplitudes Vi and wavenumbers κi, which can all be
altered in current experimental set-ups. (a) Spatio-temporal evolution of |ψ|2. (b) Plot of the squared amplitude of the soliton
(solid curve) at t = 0 and t = 100 superimposed over a plot of the superlattice potential (dashed curve).

Let me now briefly discuss some of my recent results. With Predrag Cvitanović, I used Hamiltonian perturbation
theory to study the spatial resonance structure of BEC coherent structures in regular lattice potentials, producing an-
alytical estimates of the size of resonance bands and the location in phase space of “period-multiplied” wavefunctions,
whose periods are integer multiples of the underlying lattice period [7,8]. With Panos Kevrekidis and Boris Malomed,
I used the method of averaging to study resonant and non-resonant coherent structures in multiple-component BECs
with interconversion between different hyperfine states of the same atomic species [10]. The vector GP equation
describing this system has linear coupling terms in addition to the usual (“cross-phase modulation”) cubic coupling
terms. With Panos Kevrekidis, I used BECs in superlattice potentials to construct controllable symmetric and asym-
metric soliton splitters (see Fig. 1) [9]. We also found novel, stable spatially extended wavefunctions using multiple
scale perturbation theory. With Martijn van Noort, Yingfei Yi, and Shui-Nee Chow, I am using KAM theory to
investigate quasiperiodic and chaotic spatial dynamics in BEC coherent structures [13].

Student Research Projects

In addition to my personal research, my NSF VIGRE postdoctoral position at Georgia Tech has afforded me the
opportunity to collaborate with over a dozen undergraduate students, often jointly with other Georgia Tech faculty (in
mathematics, physics, and biology), to study a wide range of topics. I use student projects, which reflect my breadth
of research interests, as opportunities to develop collaborations with my colleagues and delve into new research areas,
such as mathematical biology and complex networks.

The student research projects I have advised thus far include the following:1

1For a complete list of student research projects, see my C.V. Descriptions of each project are available at
www.math.gatech.edu/∼mason/research/new.html.

2



• Hopf Bifurcations Near the Flutter Speed in Airfoils (with S. Peles, School of Physics)

• Transient Amplification and Contact Line Instabilities in the Spreading of Thin Liquid Films (with S. Peles and
M. Schatz, School of Physics)

• Dynamics of Plankton Food Chains in the Presence of Seasonal Variation and Fluctuations in Resource Avail-
ability (with L. A. Bunimovich, School of Mathematics and C. Klausmeier, School of Biology)

• Pattern Formation in Periodically Forced Granular Media using Continuum Coupled Maps (with S.-N. Chow,
School of Mathematics)

• Community Structure in Congressional Networks [12] (with P. J. Mucha, School of Mathematics)

• Ranking Division I-A College Football Teams Using Random Walkers on the BCS Network [1,2] (with P. J.
Mucha)

• Liénard Oscillator Models of Bipolar Disorder [3]

• A Graphical User Interface for Simulating Classical Billiards and its Application to the Study of Elliptical
Mushroom Billiards [4] (with L. A. Bunimovich)

My involvement in undergraduate research has had several direct positive benefits on my own research. For example,
because of my mathematical biology projects, I have become involved in Georgia Tech’s bioinformatics graduate
program. Because of my student projects in complex networks, I have had extensive research discussions with
Professor Chuanyi Ji of Georgia Tech’s electrical engineering department. Moreover, some student projects have
developed into full-fledged research projects; I discuss two of these here.
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107 House:  −0.072235<partisan<0.041931

FIG. 2. (a) Poincaré section of phase space depicting the mixed chaotic-regular dynamics of an elliptical mushroom billiard
with a triangular stem. The horizontal axis represents the arclength along the billiard boundary, and the vertical axis represents
the angle of incidence with respect to the boundary. The rightmost region indicates collisions against the elliptical cap. (b)
Clustering diagram of the 107th U.S. House of Representatives network, indicating the hierarchies determined by committee
and subcommittee assignments. The color coding is based on partisanship scores determined by the Congressional roll call (i.e.,
the voting record), where the bluest entries are the most liberal (sub)committees and the reddest are the most conservative
ones. Observe (at the 8 o’clock position) the close connection between the Rules Committee and the Select Committee on
Homeland Security.

Elliptical Mushroom Billiards

In a mathematical billiard, a confined point particle bounces elastically against a boundary in a (usually two-
dimensional) domain, so that the angle of incidence of collisions equals the angle of reflection. The dynamics of
billiard systems, which are Hamiltonian, depend on the shape of the boundary. In general, the phase space of a
billiard possesses both regular and chaotic regions.
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Beginning in Summer 2003, I advised a student project on developing a graphical user interface (GUI) to simulate
classical billiard systems. When the GUI was ready in Spring 2004, my student (Steven Lansel), Leonid Bunimovich,
and I began using it to study the mixed chaotic-regular dynamics of billiards whose boundary is shaped like a
mushroom with an elliptical cap (see Fig. 2a). This geometry generalizes the recently-studied circular mushroom
billiards (which, in turn, generalize stadium billiards), as ellipses have two types of caustics and circles have just one.
Thus far, we have studied elliptical mushroom billiards with rectangular, triangular, and trapezoidal stems. We are
presently extending our work to study the dynamics of two finite-size particles (constituting a so-called “Lorenz gas”)
confined in mushroom-shaped boundaries and will shortly begin writing up a research paper.

Time-Evolution of the United States House of Representatives Network

With Mark Newman and Peter Mucha, I am studying the time-evolution of the network structure of the U.S. House
of Representatives [12]. In this endeavor, which began as a student project I co-advised with Peter Mucha in Summer
2003, we represent the House of Representatives as a bipartite graph with one type of node representing Congressmen
and the other representing committees and subcommittees. Edges indicate committee and subcommittee assignments.

We constructed the networks for the 101st–108th Congresses to investigate structural changes and possible ac-
companying political ramifications. We found, for example, that significant structural changes resulted from the
Republicans gaining control of the House of Representatives for the first time in forty years in the 104th Congress
(1995-96). This can be seen, for example, using integrated degree distributions, in which one examines the fraction
of Congressmen with a given number of committee and subcommittee assignments and the fraction of committees
and subcommittees with a given number of Congressmen. There is no obvious trend for the 101st-103rd Houses, but
beginning with the 104th House, these distributions shift farther to the left with every new Congressional election.

We also found structural changes by examining the House’s hierarchical organization. In particular, the Select
Committee on Homeland Security, formed during the 107th Congress, is very closely connected to the Rules committee,
as the former’s composition eschews established norms for determining membership in select committees (Fig. 2b).

At present, we are attempting to correlate Congressional network structure with political spectra computed us-
ing (for example) singular value decompositions. We consider three measures—partisanship, bipartisanship, and
extremism—and examine their values in important committees, subcommittees, and Congressmen.

RESEARCH PLANS

In the next few years, I will be continuing my BEC research and also branching out to study new projects in applied
nonlinear dynamics. To help fund my upcoming research, I am applying for an NSF applied math grant this fall.

Further Studies of Bose-Einstein Condensates

With new experiments announced almost daily on the e-print arXiv, the understanding of BECs advances rapidly.
With the two years I have spent studying BECs and attending the group meetings of a local atomic physicist (Li
You), I have kept abreast of recent developments. Accordingly, an important component of my upcoming research
program is continuing my dynamical systems analysis of BECs. Among the topics I will study are the following:

• BECs in Superlattice Potentials: As discussed above, the majority of my research the past two years has
concerned BECs in lattice and superlattice potentials. The dynamics of both localized and spatially extended
coherent structures in single- and multiple-component BECs in superlattice potentials is poorly understood, and
the techniques used to analyze BECs in regular lattice potentials can be generalized to this situation.

For spatially extended solutions, for example, one can use Hamiltonian perturbation theory (which I previously
applied to BECs in regular periodic lattices [7,8]) to examine subharmonic spatial resonances and period-
multiplied states. I will also study superharmonic resonances and their associated “fractional period states,”
stable examples of which have been observed by my collaborators and I in preliminary numerical calculations.

• Feshbach Resonances in BECs: A “Feshbach resonance” refers to an enhancement in the scattering amplitude of
a particle incident on a target when the energy of the former is approximately that needed to create a quasibound
state of the two-particle system. Using such resonances, one can alter a BEC’s scattering length [proportional
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to the coefficient g of the nonlinearity in Eq. (1)], which determines the BEC’s dynamical properties, over a
large range with minute adjustments of an applied magnetic field. Even the sign of scattering lengths can be
changed in this way. As is known from mathematical analyses of the single-component GP equation (1), the
equations governing BEC dynamics have markedly different properties for scattering lengths of different sign.

To study Feshbach resonances in BECs, one must incorporate the effects of three-body interactions and the
resulting dissipative effects. To account for this, one may include an additional quintic term (|ψ|4ψ) with a
complex coefficient in Eq. (1), although studies incorporating dissipation phenomenologically are also feasible.
In adjusting the governing equations, it is also important to consider the fact that this dissipation is nonuniform.

As one example project, I will build on recent theoretical work [P. G. Kevrekidis, G. Theocharis, D. J.
Frantzeskakis, & B. A. Malomed, Phys. Rev. Lett., Vol. 90, No. 23, 230401, 2003] that—motivated by analo-
gous techniques on similar partial differential equations in nonlinear optics—introduced the notion of “Feshbach
Resonance Management,” in which a BEC is manipulated by modulating its scattering length periodically be-
tween positive and negative values. Because condensate losses are a serious experimental issue when employing
Feshbach resonances, I will generalize the cited work by incorporating three-body recombination and dissipation.

Finally, Feshbach resonances in the presence of optical lattices and superlattices are also of considerable experi-
mental interest, so incorporating this phenomenon into my studies of BECs in lattice and superlattice potentials
is a natural direction to take my research.

Other Projects

Dynamical systems techniques are applicable not only to conservative systems such as BECs but also to dissipative
ones. Accordingly, my forthcoming research includes studying patterns and chaotic dynamics in dissipative “spatially
extended” systems, which have both spatial and temporal degrees-of-freedom. Complex spatio-temporal dynamics is
ubiquitous—arising in diverse natural and experimental settings such as convection, chemical reactions, and crystal
growth. Although physically diverse, many pattern-forming systems are modeled with similar underlying mathemat-
ical descriptions, so studying one pattern-forming or spatio-temporally chaotic system frequently yields a great deal
of insight into others.

Examples of projects in this direction include:

• A Continuum Coupled Map Approach to Pattern Formation: In this project, I will model periodic, multiple-
frequency forcing in pattern-forming systems using so-called “continuum couple maps” (CCMs).

Mathematical descriptions of spatially extended systems include temporal, spatial, and field variables (i.e.,
wavefunctions). Normally, such systems are modeled using nonlinear partial differential equations (PDEs), in
which all three types of variables are continuous. Under periodic forcing, however, it is sensible to take time
as discrete, producing a CCM description. In this description, one incorporates minimal physics to better
understand the underlying mathematical structures that yield various ubiquitous spatial patterns.

The plans just discussed began with an undergraduate research project I advised in Summer 2003, in my student
advisee sought to generalize a pair of papers by S. Venkataramani & E. Ott [Phys. Rev. Lett. No. 16, 3495-
3498, 1998 and Phys. Rev. E, Vol. 63, No. 046202, 2001] concerning period-two forcing in granular media.
With their CCM approach, Venkataramani and Ott found parameter regimes numerically in which ubiquitous
periodic spatial patterns, such as stripes and hexagons, were stable and subsequently confirmed their numerical
results using linear stability analysis.

Under my supervision, my student incorporated a second forcing frequency, which can lead to additional patterns
as well as quasiperiodic patterns (so-called “quasipatterns”). The goal of my future work on CCMs is to use
my student’s preliminary computational work with multiple-frequency forcing as a basis for more systematic
computational studies, which will indicate what stable patterns and quasipatterns emerge in the governing
equations. I will subsequently examine the stability of these states analytically.

Additionally, although the system just overviewed is physically quite different from BECs, there is a very strong
mathematical parallel in that the spatial dynamics of coherent structures in BECs in superlattice potentials are
also described by a multiple-frequency forced nonlinear oscillator. The difference in physical interpretation here
lies in the fact that the independent variable is time rather than space.
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• Spatio-Temporal Chaos in the Complex Ginzburg-Landau Equation: As discussed above, many spatially extended
systems have an underlying mathematical ubiquity. In some cases, this arises because an appropriate (modal)
decomposition of the wavefunction satisfying the system’s governing equations has Fourier coefficients obeying
the same nonlinear PDE, the complex Ginzburg-Landau (CGL) equation.

Because of this, the CGL equation is one of the most important PDEs in applied mathematics. Despite this,
its chaotic dynamics are not yet systematically understood. One of my long-term goals is to use the method
of “periodic orbit (cycle) expansions,” developed by Predrag Cvitanović and collaborators, to understand the
spatio-temporal dynamics of the CGL equation in terms of unstable recurrent patterns.

Over the past twenty years, it has been established that one can exploit unstable periodic orbits as an effective
tool for examining (temporal) chaotic behavior in low-dimensional dynamical systems. Periodic orbit expansions
have also been successfully employed to study linear PDEs (such as the Schrödinger equation of quantum
mechanics). More recently, there have been some attempts to apply this program to nonlinear PDEs such as
the Kuramoto-Sivashinsky equation.

The philosophical foundation of this program is that spatio-temporal chaotic dynamics in nonlinear PDEs can
be described, in principle, using an infinite hierarchy of their unstable spatio-temporal periodic solutions. The
mathematical challenge of this physically important program, which is to be applied to progressively more
complicated PDEs, lies in showing that what is true in principle can also be applied in practice. Because of the
CGL’s ubiquity and importance, the next logical step in developing the cycle expansion approach is to apply it
to this equation.
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 3. Stephanie Chung, Applied Mathematics and Caroline Seabrook, Applied Mathematics, “Singular Value

Decompositions, Information, and Entropy” joint with S.-N. Chow, Summer 2004 and Fall 2004.
 4. Julie Bjornstad, Discrete Mathematics and Leo Dachevski, Electrical & Computer Engineering, “Dynamics of

Plankton Food Chains in the Presence of Seasonal Variation and Fluctuations in Resource Availability”, joint
with C. Klausmeier (Dept. of Biology) and L. A. Bunimovich, Summer 2004 and Fall 2004.

 5. Adrianne Stroup, visiting student from Caltech, “Dynamics of the Triple Pendulum” (through Caltech’s
summer undergraduate research fellowship), Summer 2004.

 6. Vivien Chua, Electrical and Computer Engineering, “Cubic-Quintic Duffing Oscillators”, Fall 2003 and
“Spatial Resonances in Bose-Einstein condsenation in superlattices”, Spring 2004 and Fall 2004.

 7. Jeremy Corbett, Applied Mathematics and Behram Mistree, visiting student from MIT, “Pattern Formation in
Periodically Forced Granular Media using Continuum Coupled Maps”, joint with S.-N. Chow, Summer 2003.

 8. Casey Warmbrand, Discrete Mathematics, “Community Structure in Congressional Networks”, joint with P. J.
Mucha, Summer 2003 and Fall 2003.

 9. Jessica Snyder, Applied Mathematics, “Liénard Oscillator Models of Bipolar Disorder”, Summer 2003.
 10. Thomas Callaghan, Applied Mathematics,  “Ranking Division I-A College Football Teams Using Random

Walkers on the BCS Network”, joint with P. J. Mucha, Summer 2003, Fall 2003, and Spring 2004.
 11. Steven Lansel, Electrical & Computer Engineering and Applied Mathematics, “A Graphical User Interface

for Simulating Classical Billiards”, Summer 2003 and Spring 2004 and “Elliptical Mushroom Billiards”, joint
with L. A. Bunimovich, Fall 2004.

 Mathematical Theoretical Biological Institute (MTBI) projects, Cornell University
 1. Summer 2002: Mathematical Modeling of Bipolar Disorder
 2. Summer 2001: Buckling of Fibers



Mason A. Porter

TALKS

 Invited Talk
 The National Center for Theoretical Sciences (CTS), Taiwan, International Conference on Chaos and

Dynamical Complexity, 5/16/05-5/20/05
 Minisymposium Conference Presentations

 Bose-Einstein Condensates in Optical Lattices and Superlattices
 2004 SIAM Annual Meeting, 7/04

 Modulated Amplitude Waves in Bose-Einstein Condensation
 2003 SIAM Annual Meeting, 6/03
 2003 SIAM Conference on Applications of Dynamical Systems, 5/03

 An Introduction to Quantum Chaos
 2001 SIAM Annual Meeting, 7/01

 Contributed Conference Presentations
 Bose-Einstein Condensates in Optical Lattices and Superlattices

 2004 SIAM Conference on Nonlinear Waves and Coherent Structures, 10/04
 91st Statistical Mechanics Conference; Rutgers, NJ, 5/04

 Band Structure in Bose-Einstein Condensates in Periodic Lattices
 2004 SIAM Annual Meeting, 7/04
 2004 AMS/MAA Joint Mathematics Meetings, 1/04

 Modulated Amplitude Waves in Bose-Einstein Condensation: Dynamics Days, 1/03
 How Well Can Random Walkers Rank Football Teams?: 2004 SIAM Annual Meeting, 7/04
 Quantum Chaos in Vibrating Billiard Systems

 2002 SIAM Annual Meeting, 7/02
 6th SIAM Conference on Applications of Dynamical Systems, 5/01
 Y2K International Conference on Differential Equations and Dynamical Systems, Kennesaw State

University, 5/00
 Seminars

 Band Structure in Bose-Einstein Condensates in Periodic Lattices
 Department of Control and Dynamical Systems, Caltech, 1/29/04
 Center for Nonlinear Science (CNS) Meeting, Physics, Georgia Tech, 10/27/03
 Center for Dynamical Systems and Nonlinear Studies (CDSNS), Mathematics, Georgia Tech, 10/20/03

 How Well  Can Random Walkers Rank Football Teams?
 Department of Mathematics and Statistics, Cal Poly Pomona, 6/03/04

 An Introduction to Jahn-Teller Theory
 Li You group seminar, Physics, Georgia Tech, 11/02

 Periodic Orbits and Spectral Statistics of Quantum Graphs
 Combinatorics Seminar, Mathematics, Georgia Tech, 11/02

 Phenomenological Modeling of Bipolar Disorder
 CDSNS/ACE Lab Brown Bag Seminar, Mathematics, Georgia Tech, 9/24/02

 Modeling Nanostructures with Quantum Billiards
 Department of Mechanical and Industrial Engineering, University of Illinois at Urbana-Champaign, 2/21/02

 Vibrating Quantum Billiards
 Center for Nonlinear Science Group Meeting, Physics, Georgia Tech, 9/23/02



Mason A. Porter

TEACHING

 Course Development
 Introduction to Mathematical Modeling (advanced undergraduate course, taught at Georgia Tech in Spring

2004)
 Courses Taught, Georgia Tech

 Fall 2004: Math 6705 (“Modeling and Dynamics”)
 Spring 2004: Math 4803POR (“Introduction to Mathematical Modeling”)
 Fall 2003: Math 4320 (“Complex Analysis”)
 Fall 2002: Math 2401 (“Calculus III”—vector calculus)

 Teacher’s Assistant, Cornell
 Spring, 2002: Math 420 (Differential Equations and Dynamical Systems)
 Fall, 2001: Math 615 (Mathematical Methods in Physics)
 Summers, 2000-2002: Mathematical Theoretical Biology Institute (MTBI) summer research (REU ) program

for undergraduates
 Courses Taught, Caltech

 Spring 1997: Probability (Ma 1d)
 Teacher’s Assistant, Caltech

 Spring 1998: Linear Algebra/Multivariable Calculus (Ma 1c-practical track)
 Winter 1998: Ma 1b-practical track
 Fall 1998: Matrix Theory/Statistics (Ma 2a-practical track)
 Winter 1997: Differential Equations/Linear Algebra (Ma 1b-practical track)
 Fall 1996: Calculus/Probability (Ma 1a)

SERVICE

 Seminar Organization
 Georgia Tech

 Co-organizer: Center for Dynamical Systems and Nonlinear Studies Colloquium (Fall 2004-Spring 2005)
[with S.-N. Chow]

 Organizer: Public lecture and book signing by Steve Strogatz (9/29/04)
 Organizer: Research Horizons Seminar (Fall 2003-Spring 2004)

 Cornell
 Founder and Organizer: Mathematical Sciences Graduate Student Seminar Series (8/00-12/01)
 Organizer: Bill Sears Club seminar series (8/99-12/99)

 Sessions Organized at Conferences
 Focus Session on “Solitons and Applications in the 50 Years since Fermi-Pasta-Ulam”, 2005 APS March

Meeting (with D. Campbell and N. Zabusky), 3/05
 Minisymposium on “Nonlinear Waves and Pattern Formation in Biological Systems”, 2004 SIAM Conference

on Nonlinear Waves and Coherent Structures (with P. G. Kevrekidis), 7/04
 Minisymposium on “Applications of Discrete and Continuous Dynamical Systems”, 2004 SIAM Annual

Meeting (with S. Wirkus), 6/04
 Minisymposium on “Theoretical Biology and Nonlinear Dynamics” and “Applications of Nonlinear

Oscillators”, 2003 SIAM Annual Meeting (with S. Wirkus), 7/03
 Minisymposium on “Applications of Forced and Coupled Nonlinear Oscillators”, 2003 SIAM Conference on

Applications of Dynamical Systems, 5/03
 Minisymposium on “Theoretical Biology and Nonlinear Dynamics”, 2002 SIAM Annual Meeting (with S.

Wirkus), 7/02
 Refereed papers for the following journals: Chaos, International Journal of Bifurcation and Chaos, Physical Review

Letters
 Refereed a book for the following publisher: Princeton University Press
 Contributing Editor, Complexity Digest (4/01—present)
 Panelist, Project NExT Session on Designing Courses in Mathematical Modeling, MAA MathFest, 8/04



Mason A. Porter

REFERENCES

 Research
 Leonid A. Bunimovich (bunimovh@math.gatech.edu)

 Regents’ Professor, Mathematics and Director, Southeastern Applied Analysis Center, Georgia Tech
 Predrag Cvitanovic (predrag@cns.physics.gatech.edu)

 Professor, Physics and Director, Center for Nonlinear Science, Georgia Tech
 Panayotis G. Kevrekidis (kevrekid@math.umass.edu)

 Assistant Professor, Mathematics and Statistics, University of Massachusetts, Amherst
 Shui-Nee Chow (chow@math.gatech.edu)

 Professor, Mathematics, Georgia Tech
 Mark E. J. Newman (mejn@umich.edu)

 Assistant Professor, Physics and Complex Systems, University of Michigan and External Faculty, Sante Fe
Institute

 Boris A. Malomed (malomed@post.tau.ac.il)
 Professor, Interdisciplinary Studies, Tel Aviv University, Israel

 Peter J. Mucha (mucha@math.gatech.edu)
 Assistant Professor, Mathematics, Georgia Tech

 Chuanyi Ji (jic@ece.gatech.edu)
 Associate Professor, Electrical and Computer Engineering, Georgia Tech

 Richard L. Liboff (richard@ece.cornell.edu)
 Emeritus Professor, Electrical and Computer Engineering, Cornell University

 Gregory S. Ezra (gse1@cornell.edu): member of thesis committee
 Professor, Chemistry and Chemical Biology, Cornell University

 Steven H. Strogatz (shs7@cornell.edu)
 Professor, Theoretical and Applied Mechanics, Cornell University

 Teaching
 Michael T. Lacey (lacey@math.gatech.edu)

 Professor and former Undergraduate Coordinator, Mathematics, Georgia Tech
 Carlos Castillo-Chavez (chavez@math.asu.edu)

 Professor, Mathematics, Arizona State University  and Director, Mathematical Theoretical Biological
Institute (MTBI)

 William T. Trotter (trotter@math.gatech.edu)
 Professor and Chair, Mathematics, Georgia Tech

 Publishing/Editing
 Gottfried Mayer-Kress (gxm21@psu.edu)

 Adjunct Associate Professor, Kinesiology, Pennsylvania State University and Editor, Complexity Digest



Jeremy D. Schmit
Biomolecular Science and Engineering Program

University of California
Santa Barbara, CA 93106

phone: (805) 893-4408
fax: (805) 893-8502

PERSONAL INFORMATION

Home address: 350 Mathilda Dr. Apt. 13
Santa Barbara, CA 93117

Home phone: (805) 968-1458
e-mail: schmit@mrl.ucsb.edu

EDUCATION

University of California, Santa Barbara, Santa Barbara, CA, 2000 - present.

Graduate Student, Biomolecular Science and Engineering Program.
Field of study: Theoretical Soft Condensed Matter, Theoretical Biophysics.
Advisor: Philip A. Pincus.
Mentor: A.J. Levine.
Ph.D. Biomolecular Science and Engineering, expected August 2005.
thesis: “Intermolecular adhesion in conjugated polymers.”.

Northwestern University, Evanston, IL, 1995-1999.

B.A. Integrated Sciences Program and Biological Sciences.

AWARDS AND HONORS

Materials Research Laboratory Travel Grant, 2002, 2003, 2004.

RESEARCH EXPERIENCE

Graduate Research Assistant, University of California, Santa Barbara, 2000-present.

Performed independent analytic and numerical research in polymer
physics and biophysics. Advisor: Philip Pincus.

Lab Rotation, University of California, Santa Barbara, 1999-2000.

Performed independent research in biophysics with three research
groups. Advisors: D. K. Fygenson, P. A. Pincus, J. T. Gerig

TEACHING EXPERIENCE

Teaching Assistant, University of California, Santa Barbara, 2002.

Lead discussion and laboratory sections, and graded labs, tests,
and problems for first-year Introductory physics.

EXTRACURRICULARS

I build and customize computers and a telescope. I am also an accomplished swimmer (three
time letterman at NU) and rugby player.

1



Jeremy D. Schmit 2

PROFESSIONAL ACTIVITIES

Condensed Matter Reading Group, Department of Physics, University of California,
Santa Barbara, 2002-present.

American Physical Society, Member, 2001-present.

CONFERENCE PRESENTATIONS

Contributed Talk, with A.J. Levine, “Intermolecular Bonding in Metallic Polymers,”
American Physical Society March Meeting, Montreal, QC, Canada, March 2004.

Poster, with A.J. Levine, “Intermolecular Bonding in Conducting Polymers”, National Sci-
ence Foundation Site Visit Poster Session, University of California, Santa Barbara, February
2004.

Poster, with A.J. Levine, “Intermolecular Bonding in Conducting Polymers”, UCSB-
Singapore Workshop Poster Session, University of California, Santa Barbara, April 2004.

Contributed Talk, with P.A. Pincus, “Self Energy Effects on Membrane Rigidity,” Amer-
ican Physical Society March Meeting, Indianapolis, IN, March 2003.

Poster, with R. Menes and P.A. Pincus, “Dielectric Induced Counter-Ion Partitioning and
its Effect on Membrane Rigidity”, Materials Research Outreach Program Symposium, Uni-
versity of California, Santa Barbara, California, January 2002.

SEMINARS

Clark University, “Covalent-like Bonding Between Conjugated Polymers”, December
2004.

University of California, Santa Barbara, “Quantum Stickiness in Biosensing Poly-
mers”, January 2004.

University of Massachusetts, Amherst, “Quantum Stickiness in Biosensing Polymers”,
November 2003.

PUBLICATIONS

J. D. Schmit and A. J. Levine,“Intermolecular adhesion in conjugated polymers: The role
of the band gap and solitonic excitations”, in preparation.

J. D. Schmit and A. J. Levine,“Intermolecular adhesion in conjugated polymers”, in prepa-
ration.

J. D. Schmit and A. J. Levine,“Intermolecular adhesion in conducting polymers”, submitted
to Physical Review E, cond-mat/0404114.

J. Schmit, R. Menes, and P.A. Pincus, “Dielectric-induced counterion partitioning and its
effect on membrane rigidity”, Phys. Rev. E 66, 061502 (2002).



My work and training at the interface of physics and biology.

Jeremy Schmit

My interests in science have developed in two directions. Since high school I have been

fascinated with biological machines and how linear molecules can become complex machines.

At the same time I have a great love of the physics behind the microscopic world. This has

led to some compromises on my part, as the internal workings of enzymes and large biological

complexes are generally too complicated for analytical treatment, but it has prepared me

for a broad range of interdisciplinary study.

I am currently in the Biomolecular Science and Engineering (BMSE) program at UCSB.

After doing a year of laboratory rotations and taking biochemistry classes, I focused my

attention on theory. I was able to make this transition because of the physics background

I had received as an undergraduate in the Integrated Sciences Program (ISP), a highly

selective interdisciplinary major at Northwestern University.

My first project was to investigate the ionization state of of charged groups imbedded

within bilayer membranes. This situation occurs in cell membranes when membrane proteins

contain charged amino acids in the transmembrane domains. We found that despite the low

dielectric environment of the membrane, it is favorable for the counterions to diffuse into the

aqueous medium due to the reduction in the counterion’s Born energy. This effectively turns

the membrane into a capacitor, which stiffens the membrane against thermal fluctuations.

In addition to the affect on membrane dynamics, the knowing the charge state of ionizable

residues is particularly important in discerning the permeability of proteins that constitute

transmembrane pores.

After finishing the membrane project, I became interested in the behavior of conjugated

polymers in solution. It has been suggested that fluorescent conjugated polymers could be

used as the basis for highly sensitive biosensors. This idea makes use of the fact that the

fluorescence of such polymers is readily quenched by electron acceptors. In order to make a

sensor specific to a given protein, the electron acceptor is covalently linked to a ligand of the

target protein. The resulting hybrid molecule is then mixed with the fluorescent polymer.

The resulting solution only shows fluorescence in the presence of the target molecule in

which case the protein impedes the ability of the electron acceptor to quench the polymer.

However, the tendency of the conjugated polymers to aggregate, as well as their interaction

1



with “bystander” molecules such as proteins and surfactants, has impeded the development

of such sensors.

Conjugated polymers are intrinsically very hydrophobic, however they can be solublized

by adding charged side groups to the backbone. The resulting molecule has the outward ap-

pearance of DNA, actin, or any other semiflexible polyeletrolyte, but also has many electronic

degrees of freedom not found in biological molecules. Using a simple tight-binding model,

I showed that the backbone electrons can form weak (∼ 2kBT ) bonds between the chains

when they approach each other to within a few angstroms. The overlap of the extended

molecular orbitals creates localized potentials at the binding sites. Just like impurity atoms

in solids, these local potentials create localized “impurity” states that lead to a reduction in

the electronic energy.

The binding energy can also be a function of the distribution of binding sites along the

chains. The interaction between binding sites can be direct, through the mixing of the

bonding states, or indirectly influenced by entropic or electrostatic interactions between the

chains. The competition of the electronic binding with entropy and electrostatic repulsion

between the chains determines whether the chains are free in solution or whether they form

tight bundles or loose tangles. In particular, highly charged chains tend to interact with

the chains perpendicular to each other to minimize the electrostatic energy. Chains with a

lower charge density will arrange in a parallel fashion as this conformation minimizes the

electronic energy. This conclusion is consistent with the observation that polymer aggregates

transition from a globular state to a linear state with increasing salt concentration.

Although we now have some insight into how conjugated polymer aggregates form, there

are still considerable questions about the role aggregation plays in the observed fluorescence.

For example, it has been observed that the changing the length of the polymer or adding

surfactants to the mixture can have profound effects on the fluorescence and quenching

properties of the solution. The origin of this behavior is suspected to lie within the structure

of the aggregates. It has also been suggested that excited chromophores may be “self-

quenched” by other polymers in the aggregate. Another consideration is that since quenching

molecules typically are multivalent ions with complementary charge to the polymers, perhaps

they play a role in the formation of the aggregate? Answering these questions will go a long

way toward the development of fast, efficient biosensors based on conjugated polymers.

To me, the most interesting part of the conjugated polymer problem is the interplay of the

2



polymer statistics with the quantum mechanics of the backbone. Based on my education

in BMSE and ISP as well as my work in the highly interdisciplinary Materials Research

Laboratory, I have developed a multidisciplary approach to science. Now I look forward to

applying my analytic skills and broad education in biochemistry and biology to explore the

interface of physics and biology.
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Karel Vohnout, PhD
1581 N. Coral Bells Dr.

Tucson, Arizona 85745-5221
(520) 743-8053

kavomi@aol.com

September 29, 2004

Job No. 31493

I was browsing the U of A web page and learned that you are looking for three
Postdoctoral Research Associates for the 9011-BIO5 Institute, in the area of Quantitative
Biology. Since you need people with experience in diverse disciplines, including applied
mathematics, I cannot resist the temptation to apply.

As a presentation card, I have my book 

“MATHEMATICAL MODELING FOR SYSTEM ANALYSIS IN AGRICULTURAL RESEARCH”

The book was published last year by Elsevier Science Books and the first printing is almost
sold out. A reference is available at

http://www.elsevier.com/inca/publications/store/6/6/5/2/9/5/index.htt. or
http://www.elsevier.com/locate/isbn/0444512683

The book is essentially a proposal of procedures for mathematical modeling, applied to
experimental tests and analysis of agricultural systems. However, the book is not just about
agriculture but about procedures. The procedures outlined in my book can be applied to any
field of the biological sciences, especially to biomedical research.

I have majors in Animal Physiology-Nutrition and in Biometry from Louisiana State
University. I completed a postdoctoral program in Physiology at Baylor College of Medicine in
Houston and a postdoctoral work in Systems Engineering, at the University of Arizona.

For more than 20 years I worked as a Research Specialist for the Inter-American
Institute for Cooperation in Agriculture (IICA), the agricultural branch of the Organization of
American States (OAS). As such, I was the project research leader on nutritional requirements
of cattle in the tropics. I was also a member of a research team for developing alternative
livestock and crop systems for small farmers in the tropics. 

In addition to research, I taught graduate courses in Experimental Statistics and in
Physiology, at the Agricultural Research and Training Center (CATIE), in Turrialba, Costa Rica.
I was also a member of the committee for the coordination of design and evaluation of
graduate curricular programs. In addition, I was adviser and mentor of graduate students,
many of them holding now PhD degrees. The graduate school at CATIE is sponsored by IICA
and the University of Costa Rica.

I left IICA to relocate my family in Tucson. Ever since, I have been self employed doing
independent consulting work in project planning and bio-statistics. This is the same type of
activity that I was also doing at IICA.

mailto:kavomi@aol.com


At present time I am also an adjunct faculty member at Pima College. I just finished
teaching a summer course in Human Anatomy and Physiology at the desert Vista Campus. I
am now teaching a Statistics course at the Department of Mathematics and a course in
Statistics for Business and Economics, at the Business Department, both at the Downtown
Campus.

I think that my experience in research, in teaching, in bio-statistics and mathematical
modeling of biological systems, in project planning and in interdisciplinary team work, could be
an important asset for your research programs. I’m really eager to return to the research force.

Sincerely,

Karel Vohnout



CURRICULUM  VITAE

Karel Vohnout, PhD
1581 N. Coral Bells Dr.
Tucson, Arizona 85745-5221
Phone: (520) 743-8053
e-mail: kavomi@aol.com

PROFILE • Nutrition-physiologist 
• Research specialist
• Project panning specialist
• Bio-statistician

EDUCATION • Post doctoral work in Systems Engineering - University of Arizona (UA),
Tucson, AZ
• Post doctoral work, course in Physiology - Baylor College of Medicine,
Houston, TX 
• Doctor of Philosophy degree (PhD) with majors in Animal Nutrition and
Biometry - Louisiana State University (LSU), Baton Rouge, LA
• Master of Science degree (MS) in Animal Science, Inter-American Institute of
Agricultural Science (IICA), headquarters in Turrialba, Costa Rica

MAJOR JOB • Mathematical modeling of systems, using a systems engineering 

RELATED SKILLS approach
• Mathematical modeling for drug and tracer kinetics 
• Experimental designs and tests
• Design and evaluation of research projects 
• Administration of teaching and research programs
• Scientific writing and editorial work
• Use of word processors, spreadsheets and statistical programs
• Experience in teaching at the college level
• Experience in working with Latin-American populations
• Languages: English, Spanish and Italian

SELECTED • Developing a methodological foundation for the analysis of biological

ACHIEVEMENTS systems based on mathematical concepts of systems engineering
• Author of the book “Mathematical Modeling for System Analysis in Agricultural
Research” published by Elsevier Science books 
• Distinguished teacher award nomination by the Graduate Students Council,
Tropical Agricultural Research and Training Center in Turrialba, Costa Rica*
• Adviser and mentor of 24 graduate students
• Invited professor and invited speaker to several international courses and
symposia
• Certification in Biometry, Physiology and Nutrition by the former American
Registry of Certified Animal Scientist

mailto:kavomi@aol.com


SCHOLARSHIPS • Guggenheim Foundation: Post-doctoral work in Systems Engineering, 

AND GRANTS • Food and Agricultural Organization of the United Nations (FAO): Post-doctoral
work in Physiology, Baylor College of Medicine
• Organization of American States (OAS): Graduate work in Animal Nutrition and
Statistics, LSU
• Fulbright Commission: Graduate work in Animal Nutrition and Statistics, LSU
• Institute of International Education: Graduate work in Animal Nutrition and
Statistics , LSU
• Rockefeller Foundation: Graduate work in Animal Science, IICA

EMPLOYMENT • Adjunct Faculty Member. Employer: Pima Community College 

EXPERIENCE
Academic Activities:
- Teaching Statistics, downtown campus

• Project Planning and Bio-statistics. Employer: Bio-Statistical
Consulting Services (BSCS), Tucson, Arizona. Present occupation, self
employed. 

 Consulting work: 
- BSCS supports the requirements of companies and institutions in the bio-
industry and related government agencies that may need bio-statistical services
but cannot afford or may not need a full time specialist in this area. 
- Advising Latin-American institutions in relation to the design and analysis of
research projects, with emphasis in livestock production.
- Member of the Bio-Industry Organization of Southern Arizona.

• Research Specialist. Employer: Inter-American Institute for Cooperation in
Agriculture, former Inter-American Institute of Agricultural Science (IICA).
Former employer, more than 20 years of service.

 
Consulting work: 
- Advising Latin-American institutions in relation to design, analysis and
evaluation of research and development projects, with emphasis in livestock
production.

Research Activities*: 
- Project leader, research on nutritional requirements of cattle in the tropics. 
- Coordination of design and evaluation of research projects in animal
production.
- Member of a research team for developing alternative livestock and crop
systems for small farmers in the tropics. 

Academic Activities*: 
- Teaching graduate courses in Experimental Statistics, General Physiology,
Growth Physiology, Digestive Physiology, Environmental Physiology and
Physiology of Lactation. 
- Coordination of design and evaluation of graduate curricular programs in
animal science. 
- Adviser and mentor of graduate students. 



Transfer of technology:
- Working with farmers in the transfer of newly developed technologies for
tropical areas.

• Research Assistant. Employer: Louisiana State University, radioisotope
laboratory, Baton Rouge, LA. Graduate assistant. 

- Tracer kinetics in relation to mineral metabolism and body composition studies.

BOOKS K. Vohnout. “MATHEMATICAL MODELING FOR SYSTEM ANALYSIS IN
PUBLISHED AGRICULTURAL RESEARCH.” Elsevier Science Books. 2003

REFERENCES • Dr. Wayne Wymore, Emeritus Professor of Systems Engineering:
awwymore@yahoo.com
• Dr. Jorge Soria, Professor: jasv@porta.net
• Dr. Oliver Deaton: oliverdeaton@hotmail.com

*Research and teaching at the Tropical Agriculture Research and Training Center (CATIE). 
CATIE was created in 1946 by the Organization of American States, as the first graduate school in Latin
America, to support the requirements and demands of Latin American professionals in agricultural and
animal sciences. It was placed in Turrialba, a tropical region of Costa Rica and called Inter-American
Institute of Agricultural Science (IICA). Later IICA expanded to all Latin-American countries. The
graduate school is sponsored by IICA, CATIE and the University of Costa Rica.



Curriculum Vitae 
Jian Wang  
 
School of Life Sciences & Technology 
Shanghai Jiaotong University 
No. 800 Dong-Chuan Rd. 
Shanghai 200240, China 
Phone: 0086-21-5474 3192 
Fax: 0086-21-5474 3192 
E-mail: wj5365@yahoo.com  
 
Education  
 
September 2000 - Present  
 
Shanghai Jiaotong University  
Ph. D. candidate in Biochemistry & Molecular Biology, expected graduation date: February 2005 
- An Honor Prize and Scholarship in 2004, 
-Thesis "MutS-based mutation detection technique and its application".  
Advised by Professor Jian-Hua Liu 
 
September 1991 - June 1995  
 
Southwest Agriculture University  
Chongqing, China 
B.S. in Freshwater Fishery.  
- An Honor Prize and Scholarship in 1994,  
- An Honor Prize and Scholarship in 1993.  
 
Research experience  
 
December 2001 – November 2002  
 
Cloning and expression of T7 RNA Polymerase gene in the methylotrophic yeast Pichia methanolica.  
- Receiving basic training in molecular biology, such as microorganism culture, DNA recombination, 
RNA manipulation, protein expression and purification.  
 
December 2002 - January 2004 
 
Developing a straightforward method for mutation detection from bacterial genome with mismatch 
repair protein MutS.   
Characterization of a chloroamphenicol acetyltransferase mutant that is responsible for increased 
chloroamphenicol resistant phenotype of a Pseudomonas aeruginosa strain.  
- Being familiar with the regular molecular biology manipulation, such as mutagenesis, mutation 
detection, genetic complementation, and gene function determination. 
- Gradually forming the basic habits and skills required for an academic worker.   
 
March 2004 - Present  
 
Introducing Lambda Red recombination function into Pseudomonas aeruginosa for easier chromosome 
genetic engineering.   
Constructing a universal E. coli expression strain based on lambda Red recombination function. 
 
Current research interest 
 
Functional genomics and proteomics                                               Microorganism recombineering 
Development of eukaryotic model organism                                   Retroviruses 
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Publication list 
 
Wang, J. and Liu, J. (2004) Directly fishing out subtle mutations in genomic DNA with histidine-
tagged Thermus thermophilus MutS. Mutat Res 547, 41-47 
 
Wang, J. and Liu, J. H. (2004) Mutations in the chloramphenicol acetyltransferase (S61G, Y105C) 
increase accumulated amounts and resistance in Pseudomonas aeruginosa. FEMS Microbiol Lett 236, 
197-204  
 
Personal  information 
 
Name:  Jian Wang                                                   Sex: Male 
Date of Birth: August 28, 1972                               Place of Birth: Sichuan, China 
Marital Status: Married  
 
References contact information 
 
Prof. Jian-Hua Liu 
School of Life Sciences & Technology 
Shanghai Jiantong University 
No. 800, Dong-chuan Rd.  
Shanghai 200240, P. R. China 
Phone: 86-21-5474 3192 
Fax: 86-21-5474 3192 
Email: jianhualiudl@sjtu.edu.cn
 
Dr. Steven Hou 
Lab of Immunobiology 
National Cancer Institute-Frederick 
Frederick, MD 21702-1201 
Tel: 301-846-1589; Fax: 301-846-6145 
Email: shou@ncifcrf.gov
 
Prof. Jin-Lin Xu 
School of Life Sciences & Technology 
Shanghai Jiantong University 
No. 800, Dong-chuan Rd.  
Shanghai 200240, P. R. China 
Phone: 86-21-5474 4212 
Fax: 86-21-5474 3348 
Email: xujinlin2001@hotmail.com
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To Whom It May Concern:  
 
My name is Jian Wang, a doctoral candidate at Shanghai Jiaotong University in China. 
I will graduate in February 2005 and am applying for the postdoctoral position in your 
laboratory. 
 
After finishing my work for Ph. D. thesis, “MutS-based mutation detection technique 
and its application”, I was focusing on microorganism recombineering, which is a 
useful approach for gene function determination in vivo. We planed to introduce 
lambda Red recombination function into bacteria other than E. coli and primary 
results showed that it did work in Pseudomonas aeruginosa. 
 
My current research interest involves in Quantitative Biology and System Biology 
which requires much interdisciplinary collaborations. 
 
I am more than willing to answer any of your questions concerning my application 
and research. I am looking forward to your response.  
 
Respectfully yours,  
 
Jian Wang  
 
School of Life Sciences & Technology 
Shanghai Jiaotong University 
No. 800 Dong-Chuan Rd. 
Shanghai 200240, China 
Phone: 0086-21-5474 3192 
Fax: 0086-21-5474 3192 
E-mail: wj5365@yahoo.com
  
Attachment: CV_of_Jian Wang.pdf  
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CHRIS CORY WOODS
3799 North Nash Creek Court

Tucson, Arizona 85745
(520) 743-7736 cwoods74@comcast.net

OBJECTIVE Gain a position in which my educational background and experiential background will be utilized and 
expanded.  

EXPERIENCE April 2004-Present     University of Arizona     Tucson, AZ
Postdoctoral Research Associate (Dominick DeLuca’s Laboratory)
• Study the capacity of tissue inhibitors of metalloproteinases (TIMP) to prevent autoreactive T cells 
from infiltrating target pancreas tissue and thus prevent the subsequent killing of insulin producing β 
cells
• Author manuscripts for submission to peer-reviewed journals
• Design, execute and analyze experiments
• Train incoming graduate and undergraduate students
• Coordinate work with collaborator’s laboratory

August 1999-April 2004     University of Arizona     Tucson, AZ
Graduate Student (Dominick DeLuca’s Laboratory)
• Studied the effects of microgravity on the development of T cells
• Designed, executed and analyzed experiments
• Co-authored and submitted research papers for publication in peer-reviewed journals
• Co-authored research grants for support
• Collaborated work with industry partner

August 1999-June 2000     University of Arizona     Tucson, AZ
Graduate Assistant in Teaching, General Biology-MCB181L & Pathogenic Microbiology-MIC 
421B
• Supervised and taught laboratory section of course
• Helped foster a basic understanding of general biological principles and processes
• Assisted students in the empirical determination of unknown microbiological organisms

EDUCATION January 1999 – April 2004     University of Arizona     Tucson, AZ 
• Doctor of Philosophy in Microbiology and Immunology, Immunology Track, Minor in Cancer Biology, 
Summa Cum Laude

 
August 1993-May 1997     Northern Arizona University     Flagstaff, AZ 
• Bachelor of Science in Zoology, Health Pre-professional Emphasis, Minor in Chemistry, Magna Cum 
Laude 

August 1990-May 1993     Westwood High school     Mesa, AZ
• College Preparatory Graduate, Magna Cum Laude

GRADUATE COURSEWORK
Immunobiology, Gene Therapy & Molecular Engineering, Molecular Mechanisms of Microbial 
Pathogenesis, Tumor Immunology, Bioinformatics, Molecular Mechanisms of Carcinogenesis, 
Research Animal Methodology, General Immunological Concepts, Cancer Therapeutics, Molecular 
Virology, Parasite Immunology

PUBLICATIONS
Chris C. Woods, Krista E. Banks, Raphael Gruener and Dominick DeLuca 2003.  Loss of T cell 
Precursors after Spaceflight and Exposure to Vector-Averaged Gravity. FASEB J. 2003 17:1526-
1528.

SUBMITTED MANUSCRIPTS
Chris C. Woods, Krista E. Banks, Ty W. Lebsack, Todd C. White, Grant A. Anderson, Taber 
Maccallum, Raphael Gruener and Dominick DeLuca.  Use of a Microgravity Organ Culture Dish 
System to Demonstrate the Signal Dampening Effects of Modeled Microgravity during T cell 



Christopher Cory Woods
Development.  Submitted to Developmental and Comparative Immunology, May 2004.

GRANTS
National Aeronautics and Space Administration. "The effects of vector-averaged gravity on the 
development of T cells". Annual award $164,316 (direct costs) (Co-Author) 2004-2007
National Aeronautics and Space Administration Graduate Student Predoctoral Training Grant. Annual 
award $23,700 (Author) 2000-2003

HONORS University of Arizona
Three-year NASA Graduate Student Researcher’s  Program Predoctoral  Fellowship (2000-2003), 
Graduate Registration Scholarship (2000), Summa Cum Laude

Northern Arizona University
Dean’s List, all eight semesters; member of Beta Beta Beta, Biological National Honor Society, 
Magna Cum Laude, Outstanding Senior Scholar

REFERENCES
• Dominick DeLuca, Ph.D., The University of Arizona, Department of Microbiology and Immunology
520-621-8941 (Office Phone) deluca@u.arizona.edu
• Raphael Gruener, Ph.D., The University of Arizona, Department of Physiology
520-626-6519 (Office Phone) rgruener@u.arizona.edu 
• Mark Witten, Ph.D., The University of Arizona, Department of Pediatrics
520-626-6572 (Office Phone) mwitten@peds.arizona.edu



Chris Woods
3799 N Nash Creek Court
Tucson, Arizona 85745
(520) 743-7736
cwoods74@comcast.net

Sept. 10, 2004

To whom it may concern,

I am enclosing my C.V. in application for Research Associate position in the VP for Research 
Division/IBSB, job # 31493.

As you will notice in my C.V., I have extensive experience and skills utilized by academic 
institutions. I strongly feel that my talents could be of value to the University of Arizona. I have a 
strong knowledge base in various aspects of cellular and molecular immunology.  I have both 
laboratory experience, as well as grant writing experience.  My dissertation project allowed me the 
unique ability to work in a collaborative/interdisciplinary environment including both biologists as 
well as aerospace engineers.  This experience directly illustrated to me both the strengths and 
necessity of forming such relationships in order to approach and answer meaningful scientific 
questions.  Furthermore, I have given both oral and visual presentations of my research.  I have also 
gained invaluable experience as a graduate teaching assistant.  My dedication and continued 
association with academia demonstrates my capacity and desire to learn new skills and ideas. I have 
taken numerous courses (as outlined in my C.V.), several of which relate to my minor area of study, 
cancer biology.  I feel that my background, drive and passion will aid me in becoming a productive 
independent scientist. 

Thank you for taking the time to consider my application.

Sincerely,

Chris Woods
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Department of Chemical Engineering, Technion, Haifa 32000, ISRAEL         Fax: + 972-4-8295672 

Arik Yochelis,  Ph.D.  
yochelis@technion.ac.il 
http://www.technion.ac.il/~yochelis 
Tl office: + 972-4-8292933     Tl home:  + 972-8-9413464 

 
 

CURRICULUM VITAE AND LIST OF PUBLICATIONS 
 
 
 

♦ Present Academic Activity 
Lady Davis Post-doctoral fellow. 
Liquid thin films: a continuum mesoscopic hydrodynamics approach. 
Host: Prof. Len Pismen. 

 

♦ Education  
Ph.D. 1999-2003, Department of Physics, Ben-Gurion University.  
Supervisor: Prof. Ehud Meron.  
Thesis title: Pattern formation in periodically forced oscillatory systems. 
 

M.Sc. 1996-1998, Medical Physics, School of Physics and Astronomy, Tel-Aviv University.  
Supervisor: Prof. Solange Akselrod.  
Thesis title: Approximation method for reconstruction of a phase response curve and investigation of the dynamical behavior 
of pacemaker cells as coupled oscillators.  

B.Sc.  1993-1996, Extended Physics, Department of Physics, Ben-Gurion University. 

 

Short term schools  
Self-Assembly, Pattern Formation and Growth Phenomena in Nano-Systems, St. Etienne de Tineé, France (2004).  
Modeling and Simulating Biocomplexity for Mathematicians and Physicists, Santa-Fe Institute, Santa-Fe, NM, USA (2002). 
Nonequilibrium Statistical Physics and Material Science, University of Colorado, Boulder, CO, USA (2001). 
Physical Aspects of Biological Systems, Weizmann Institute of Science, Rehovot, ISRAEL (2000). 
 

♦ Research Interests 
 

Dynamical systems – theoretical aspects of spatiotemporal instabilities of far and near equilibrium systems and related 
applications like spatially extended forced oscillations, excitable media, thin fluid and liquid crystal films, cardiac 
arrhythmia, bacterial behaviors, visual cortex and vibrated granular/liquid media. 
  

♦ Employment History  
Academic 

1999-2003: TA - Mechanics, EM, Modern Physics for undergraduates, Department of Physics, Ben-Gurion University.  
1999: Instructor - Matlab Laboratory, Life Science Faculty, Tel-Aviv University.  
1996-98: Instructor - Physics Laboratory for undergraduates, School of Physics and Astronomy, Tel-Aviv University. 

Industry 

1997-99: Physicist, R&D Department, Orbotech Ltd., ISRAEL.  
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♦ Professional Activities  
2000-03: Coorganizer of the Nonlinear Dynamics seminar, Department of Physics, Ben-Gurion University.  
1998: Research assistant, theoretical study of patterns developed in driven granular media, with I. Procaccia and Z. Olami, 
Physical Chemistry Department, Weizmann Institute of Science. 
1995: Research assistant (undergraduate), experimental NMR study of paramagnetic impurities, with S. Goren and A. Panich, 
Department of Physics, Ben-Gurion University. 

 

♦ Awards and Honors  
2003-05: Lady Davis Fellowship Trust and Israel Council for Higher Education, postdoctoral fellowship. 

2004: Gordon Research Conference, visiting scholarship. 

2002: Santa-Fe Institute, visiting scholarship. 

1999-2003: Ben-Gurion University, Ph.D. scholarship. 

1996-98: Tel-Aviv University, M.Sc. scholarship.  

1996: Ben-Gurion University, graduation (B.Sc.) with honor (Magna Cum Laude). 

 

♦ Presentations 
Contributed talks 

• Self-Assembly, Pattern Formation and Growth Phenomena in Nano-Systems, St. Etienne de Tineé, France (2004). 

• Oscillations and Dynamic Instabilities in Chemical Systems (Gordon research conference), Bates College, ME, USA 
(2004). 

• International Conference on Mathematical Geophysics (CMG) – Pattern and Form in Earth Dynamics, Institute for 
Scientific Interchange (ISI), Torino, ITALY (2002). 

• Dynamics Days Europe 2001, Max-Planck-Institute for Physics of Complex Systems, Dresden, GERMANY (2001). 

Posters 

• Oscillations and Dynamic Instabilities in Chemical Systems (Gordon research conference), Bates College, ME, USA 
(2004). 

• Trends in Pattern Formation: From Amplitude Equations to Applications, Max-Planck-Institute for Physics of Complex 
Systems, Dresden, GERMANY (2003).  

• Dynamics and bifurcations of patterns in dissipative systems, Colorado State University, Fort Collins, CO, USA (2003). 

• Israeli Physical Society (IPS), Tel-Aviv, ISRAEL (2001). 

• Nonequilibrium Statistical Physics and Material Science, University of Colorado, Boulder, CO, USA (2001). 

Seminars 

2004:  Department of Mathematics, University of Utah, UT, USA. 
Division of Engineering and Applied Science, Harvard, MA, USA. 
Einstein Institute of Mathematics, Hebrew University, ISRAEL. 
Department of Mathematics, Technion - Israel Institute of Technology, ISRAEL. 
Department of Complex of Systems, Weizmann Institute of Science, ISRAEL. 

2003:  School of Physics and Astronomy, Tel-Aviv University, ISRAEL. 
Department of Physics, Ben-Gurion University, ISRAEL. 

2002:  Department of Chemical Engineering, Technion  - Israel Institute of Technology, ISRAEL. 
Racah Institute of Physics, Hebrew University, ISRAEL. 

2001:  Department of Physics, Ben-Gurion University, ISRAEL. 
Nanotechnology workshop, Ben-Gurion University, ISRAEL. 

1999: Course lecture Circle maps and medical applications, in a course on: Nonlinear dynamics in biology, ecology and 
medicine, Life Science Faculty, Tel-Aviv University, ISRAEL. 
1998: Mini-course Introduction to nonlinear dynamics and cardiac arrhythmia. Medical Physics, School of Physics and 
Astronomy, Tel-Aviv University, ISRAEL. 
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♦ Scientific Publications  

1. Mesoscopic theory of wetting transitions,  
A. Yochelis and L. M. Pismen, in preparation. 

2. Mesoscopic films of van der Waals fluid: A density functional approach,  
A. Yochelis and L. M. Pismen, submitted. 

3. Frequency locking in extended systems: The impact of a Turing mode,  
A. Yochelis, C. Elphick, A. Hagberg, and E. Meron, to appear in Europhys. Lett. . 

4. Two-phase resonant patterns in forced oscillatory systems: Boundaries, mechanisms and forms,  
A. Yochelis, C. Elphick, A. Hagberg, and E. Meron, Physica D (in press). 

5. Development of standing-wave labyrinthine patterns,  
A. Yochelis, A. Hagberg, E. Meron, A. L. Lin, and H. L. Swinney, SIAM J. Appl. Dyn. Sys. 1, 236 (2002).  

6. Oscillons formation as an initial pattern state,  
A. Yochelis, B. Galanti and Z. Olami, Phys. Rev. E 60, 6157 (1999). 

7. Nuclear spin-lattice relaxation of dipolar order caused by paramagnetic impurities,  
G. B. Furman, A. M. Panich, A. Yochelis, E. M. Kunoff, and S. D. Goren, Phys. Rev. B 55, 439 (1997).  

 

• References 

Prof. Ehud Meron, Ph.D. advisor, Dept. of Physics, Ben-Gurion University, Beer-Sheva Israel. 
Email: ehud@bgu.ac.il 

Prof. Len Pismen, Postdoctoral advisor, Dept. of Chemical Engineering, Technion – Israel Institute of Technology, Haifa , Israel. 
Email: pismen@technion.ac.il 

Prof. Yair Zarmi, Dept. of Physics, Ben-Gurion University, Beer-Sheva Israel. 
Email: zarmi@bgu.ac.il 
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STATEMENT OF RESEARCH AND TEACHING INTERESTS 
 
 
 

My current research fields are attributed to pattern formation in general and in 
particular to theoretical aspects of forced oscillatory spatially extended systems, 
interface/front bifurcations, mesoscopic hydrodynamics and wetting phenomena in 
thin fluid and liquid crystals films. In these studies we combine analytical techniques 
of linear stability analysis incorporated with weakly nonlinear multiple scaling 
asymptotic expansions and numerical computations of partial/integro-differential 
equations.  

The teaching interests are related to introducing students to nonlinear dynamics 
and to complexity however my main experiences focus on undergraduate Physics 
courses like classical Mechanics, Electromagnetism and Modern Physics 
(introduction to Quantum mechanics and special theory of relativity).  

Among many open complex phenomena questions I believe theoretical biology 
is one of the most important ones. Besides the scientific challenge, I find also the 
interdisciplinary nature of the research to be attractive and stimulating. As a 
theoretician trained in nonlinear dynamics and thin film physics I am looking forward 
to contribute to cutting edge biological problems like individual and collective 
bacterial behavior. The advantage of my diverse knowledge and education allows me 
to bridge between mathematical complexity and the "real life" as observed in 
experiments by imposing physical perspective and intuition. To conclude I expect my 
training may not only lead to significant contributions in the area but also help 
promoting new questions and ideas which may have been overlooked. 

Arik Yochelis,  Ph.D.  
yochelis@technion.ac.il 
http://www.technion.ac.il/~yochelis 
Tl office: + 972-4-8292933     Tl home:  + 972-8-9413464  
Department of Chemical Engineering, Technion, Haifa 32000, ISRAEL         Fax: + 972-4-8295672 



EDDY YUSUF

Physics Department, Florida State University and (850) 644-6825 (O)
National High Magnetic Field Laboratory (850) 575-6798 (H)
Tallahassee, FL 32310 eyusuf@magnet.fsu.edu

Statement of Research Interest

Over the past years my research project has primarily been in the area of strongly cor-
related electron systems. The emphasis of my work is on studying the effect of disorder in
one and quasi-one dimensional spin systems. In the past, I have done some work on under-
standing nuclear forces and baryon structure resonances through the study of pion nucleon
scattering. In approaching these problems, I have employed a number of analytical and
numerical techniques.

I am interested in continuing research at the postdoctoral level and would like to apply
my analytical and computational skills to work on new problems. Recently a new field,
which is an interdisciplinary area of biology, computer science, mathematics, and physics has
attracted my interest. I would like to apply the principle of physics, mathematical analysis,
and computer modelling to understand how the mechanism of biological systems work. I
would be extremely interested in working on this area for my future projects. This field is
new to me but the problems it puts forward are very important, very exciting and challenging.
I believe that with my background and training, I will be able to make useful contributions
to open problems in this field. I would also like to continue my research on disorder spin
models to understand some interesting open questions. Below, I briefly describe my recent
research projects.

1 The effects of disorder on antiferromagnetic spin-1/2 lad-
ders.

Quantum effects in one-dimensional spin systems have attracted prolonged interest from both
theoretical and experimental physicists. These include quasi-long range order, topological
order, and fluctuation induced excitation gap (e.g., the Haldane gap) that are purely quantum
mechanical effects enhanced by the low-dimensionality of the systems. One example of 1D
spin system that is of considerable recent interest is the two-leg antiferromagnetic spin-1/2
ladder. It is known to have an excitation gap similar to the Haldane gap of integer AF spin
chains, and short-range spin-spin correlation. Compared to the spin chains, only relatively
few theoretical studies have been devoted to the study of disorder effects in spin ladders.

In this work we studied the effects of disorder on spin ladders using the modified real-
space renormalization-group method. The interest for studying the ladders emerges out of
experimental realizations of these type of materials. Examples of materials that exhibit
ladder structure are the Cu-oxide ladder compound SrCu2O3 and the metallic ladder com-
pound La1−xSrxCuO2.5. The pure ladder is known to be in the spin liquid phase with a
finite energy gap to the excitation spectrum and a short range spin-spin correlation. It is

1



interesting to ask the question : what happens to this phase when a small amount of disor-
der is introduced into the system? Does disorder become a relevant perturbation in the low
energy limit? Is the original phase robust enough in the presence of disorder? There are two
types of disorder which we introduce into the systems. One type is coming from the bond
disorder which is realized in the organic material such as TCNQ and the other one is the
disorder due to the presence of impurities in the systems. The latter is more relevant from
experimentalists’ point of view because the percentage of impurities present in the system
can be controlled and more direct comparison between theory and experiment can be made.
The physical properties of the ladders in the presence of bond disorder only are qualitatively
different from those in the presence of both bond disorder and impurities. For systems with
bond disorder only, we found that the systems will flow into Griffith phase in the strong
disorder limit. This phase is characterized by divergent spin susceptibilities which follow a
non-universal power-law behavior and short-ranged spin-spin correlations. In the presence
of non zero dopants, the two-leg ladders will flow into a phase which is dominated by large
effective moments at low temperature. The susceptibility follows a universal 1/T behavior
regardless of the dopant concentration and the strength of bond randomness.

Reference :

• Eddy Yusuf and Kun Yang, Phys. Rev. B 65, 224428 (2002)

• Eddy Yusuf and Kun Yang, Phys. Rev. B 67, 144409 (2003)

2 The effects of competing interactions in disordered antifer-
romagnetic spin-1/2 chains.

One-dimensional (1D) quantum spin systems have been of interest to physicist for many years.
This is not only because these systems have been a good testing ground for various theo-
retical techniques and approximations but also because they exhibit a wealth of fascinating
phenomena in the low-energy physics regime. Among the quantum phenomena, the interplay
between quantum fluctuation and frustration in the pure chains case have been studied by
many groups. It is found, for pure chains, that there are two phases in these systems which
are controlled by the ratio of the strength of nearest-neighbor and next-nearest-neighbor
interactions. Frustration in quantum spin chains can be realized by introducing further-
neighbor interactions in the systems. The introduction of further-neighbor interactions into
the systems brings us one step closer to a more realistic description of the model because
the overlapping of the wavefunctions of the electrons decay exponentially with distance and
hence the interactions extend beyond nearest neighbor.

Very few works have been devoted to study the effect of further-neighbor interactions in
disorder 1D spin models. In this work, we study on the random AF spin-1/2 chain systems
with nearest-neighbor and further-neighbor interactions using the real-space renormalization-
group method We are interested in studying the properties of these systems at low energy
and comparing them with the known properties of those with nearest neighbor interactions
only. This study is relevant from experimentalists’ point of view because in real systems
further-neighbor interactions are always present. There are a few promising experimental

2



realizations of materials that exhibit non-trivial further- neighbor interactions. One of the
examples is CuGeO3. The strength of further-neighbor interactions can also be controlled by
pressure as done in highly Mg-doped CuGeO3. The competition between nearest-neighbor
and further-neighbor interactions which introduces frustration turns out to be the dominant
factors in determining the phase diagram of these systems. Hence, the further-neighbor in-
teractions are relevant perturbations in the low energy limit. We found that the Random
Singlet Phase is stable against weak perturbations represented by weak further-neighbor
interactions. On the other hand, if strong enough AF further-neighbor interactions are in-
troduced into the system, it will be driven into a new phase characterized by large effective
spins. In this work, we are able to qualitatively locate where the phase boundaries are and to
determine the nature of these phases. We also showed that the system stays in the Random
Singlet phase upon the introduction of non frustrating further-neighbor interactions. Thus
further-neighbor interactions are irrelevant operators in the low energy limit.

Reference :

• Eddy Yusuf and Kun Yang, Phys. Rev. B 68, 024425 (2003)

3 Magnetic ordering in antiferromagnetic spin chains with
long range interactions and violation of Lieb-Schultz-Mattis
theorem.

Antiferromagnetic spin chains continue to be an active research subject at present. One of the
reasons is that their low energy behaviors are very different from their higher-dimensional
counterparts. One example is quantum fluctuation destroys the Neel order in the ground
state of AF chains no matter how big the spin is whereas the Neel order is stable in higher
dimensions in the absence of frustration. These results for Neel order stability/instability are
based on the assumption that the interactions between spins are short-ranged. Not all real
experimental systems can be modelled just by short range interactions between the spins.
There are a few classes of experimental systems that can be described by power-law long
range interactions; one example is the Ruderman-Kittel-Kasuya-Yosida interactions in which
the interaction between spins is mediated by the conduction electrons which decay as a power
law.

In this work we study how the presence of unfrustrated long range interactions (which we
model to decay by a power law exponent β) affects the stability of Neel order in the ground
state. We start by assuming the presence of Neel order in the ground state and then calculate
the quantum and thermal fluctuation correction to the staggered magnetization by using the
spin-wave analysis. We find, for sufficiently large spin S, that the Neel order is stable for
β < 3 at T = 0 and for β < 2 for any finite T . The spin wave spectrums are gapless and
have non-linear k dependence within the range of validity of the approach for nonzero k. For
k → 0, the spectrums still go to zero but they do not behave as L−1 which is a violation of
the Lieb, Schultz, Mattis theorem.

Reference :
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• Eddy Yusuf, Anuvrat Joshi, and Kun Yang, Phys. Rev. B 69, 144412 (2004)

4 Dynamics of weakly coupled spin chains in the presence of
disorder.

Quasi-one-dimensional quantum spin systems show a wide range of interesting and unex-
pected phenomenon such as the spin-Peirels transition and disorder driven long range or-
dering. Materials such as CuGeO3,KCuF3 and Sr2CuO3 are examples of such systems.
Previous work by Anuvrat Joshi and Kun Yang (Phys. Rev. B 67, 174403 (2003)) has
shown that the effect of disorder in weakly coupled spin chains leads to, or enhances the
tendency towards long range order. This study provides another example of the order-by-
disorder phenomenon that has received a lot of attention in recent years.

The specific example that we bear in mind in our study is the interesting phenomenon
of doping driven long range ordering observed in the spin-Peirels material CuGeO3. While
previous study by Anuvrat Joshi and Kun Yang was concentrated on the static properties of
the system, such as the nature of magnetization, the emphasis of this work is to obtain a more
comprehensive understanding of the dynamics of such systems at low temperature in which
the long range ordering prevails. We study the weakly coupled spin-1/2 antiferromagnetic
chains with and without dimerization in the presence disorder, which are appropriate for
the cases with and without spin-Peierls order respectively. The approach involves treating
the interchain coupling in a mean field approximation, solving the resulting effective 1-D
problem using the real space renormalization group approach, and calculating the dynami-
cal structure factor and transverse susceptibility within the Random Phase Approximation
approximation. The dynamical structure factor calculated from this model can be compared
to the intensity measurement in the inelastic neutron scattering experiment for CuGeO3.
The data from antiferromagnetic excitations from neutron scattering can be combined into
dispersion relations which can be compared with the spin wave velocity extracted from the
RPA susceptibility.

Reference :

• Eddy Yusuf and Kun Yang, (in progress)
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EDDY YUSUF
Physics Department, Florida State University and (850) 644-6825 (O)
National High Magnetic Field Laboratory (850) 575-6798 (H)
Tallahassee, FL 32310 eyusuf@magnet.fsu.edu

EDUCATIONAL BACKGROUND

1999 - present Ph.D. program in Physics, Florida State University
(degree expected in 2005)
GPA 4.00 on a 4.00 scale
Advisor : Prof. Kun Yang

1997 - 1999 M.S. in Theoretical Physics
Program Pascasarjana Universitas Indonesia
Graduated Cum Laude with a GPA of 3.79 on a 4.00 scale
Project : Peran Resonan S11 Dalam Hamburan Pion Nukleon
Advisors : Prof. Darmadi Kusno and Prof. Yohanes Surya

1992 - 1997 B.S. in Theoretical Physics
Jurusan Fisika, Fakultas Matematika dan Ilmu Pengetahuan Alam, Uni-
versitas Indonesia
Graduated Cum Laude with a cumulative GPA of 3.56 on a 4.00 scale
Project : Panjang Hamburan Pion Nukleon
Advisors : Prof. Darmadi Kusno and Prof. Yohanes Surya

WORK EXPERIENCE

• 2001-present : Tutor for Department of Physics, Florida State University for the following
undergraduate courses :

– General Physics A and B : An introduction to mechanics, waves, thermodynamics,
electricity, magnetism, optics, and modern physics.

– Intermediate Mechanics : A more in-depth study of classical mechanics of particles,
systems of particles, and rigid bodies.

– Modern Physics : A broad introduction to the study of relativity, quantum mechanics,
statistical physics, atomic and nuclear structure, and elementary particles [for Physics
major].

– Mathematical Physics : An introduction to the application of mathematical techniques
to different physical problems.

– Intermediate Electricity and Magnetism : An introduction to classical electricity and
magnetism, electromagnetic waves, special relativity, and electromagnetic radiation.

– Quantum Theory of Matter : An introduction to the fundamental concepts and ap-
plications of modern quantum mechanics.

• 2000-present : Graduate research assistant at Department of Physics, Florida State Univer-
sity working on a project in Theoretical Condensed Matter Physics under the supervision
of Dr. Kun Yang.

• 1999-2000 : Teaching assistant at Department of Physics, Florida State University as a
laboratory instructor for General Physics A and B.



• 1997-1999 : Research assistant at Jurusan Fisika, Universitas Indonesia working on a project
in Theoretical Nuclear Physics (Pion Nucleon Scattering) under the supervision of Prof.
Darmadi Kusno (deceased) and Prof. Yohanes Surya.

• 1995-1997 : Teaching assistant at Jurusan Fisika, Universitas Indonesia. The primary
responsibility was to give recitations and have class discussions for the following courses :

– Mekanika Klasik : undergraduate course taught at Jurusan Fisika, Universitas In-
donesia which is at the same level as Intermediate Mechanics taught at Florida State
University.

– Pendahuluan Mekanika Kuantum : undergraduate course taught at Jurusan Fisika,
Universitas Indonesia which is at the same level as Quantum Theory of Matter taught
at Florida State University.

– Pendahuluan Fisika Nuklir : An introduction to basic nuclear physics, including nu-
clear decays and reactions and nuclear structure, while covering the essential areas of
basic research and practical applications.

AWARDS AND FELLOWSHIPS

• Dirac-Hellman Award for Theoretical Physics in 2004 by Physics Department, Florida State
University for outstanding theoretical work on the physics of quantum spin chains and
ladders.

• University Research for Graduate Education (URGE) fellowship from 1997- 1999.

SCIENTIFIC ACTIVITIES

• Boulder 2003 Summer School, Frontiers in Magnetism, June 29-July 25, 2003, Boulder.

• 2003 APS Annual March Meeting, March 2003, Austin.

• 47th Annual Conference on Magnetism and Magnetic Materials, November 2002, Tampa.

• Physical Phenomena at High Magnetic Field IV Conference, October 19-25, 2001, Santa
Fe.

• J. Robert Schrieffer Symposium, October 19, 2001, Santa Fe.

PRESENTATIONS

• Thermodynamics of Disordered Spin Ladders, poster presented at 2003 Boulder Summer
School.

• Thermodynamics of Disordered Spin Ladders, contributed talk given at 2003 APS March
Meeting, March 2003, Austin.

• Thermodynamics of Disordered Spin Ladders, contributed talk given at 47th Annual Con-
ference on Magnetism and Magnetic Materials, November 2002, Tampa.



COMPLETED WORKS

• Eddy Yusuf, Anuvrat Joshi and Kun Yang, Spin Waves in Antiferromagnetic Spin Chains
with Long Range Interactions, Phys. Rev. B 69, 144412 (2004).

• Eddy Yusuf and Kun Yang, Random Antiferromagnetic Spin-1/2 Chains with Competing
Interactions, Phys. Rev. B 68, 024425 (2003).

• Eddy Yusuf and Kun Yang, Large Spin Formation and Thermodynamic Properties of Dis-
ordered Spin Ladders with Site Dilution, Phys. Rev. B 67, 144409 (2003).

• Eddy Yusuf and Kun Yang, Thermodynamics of Strongly Disordered Spin Ladders, Phys.
Rev. B 65, 224428 (2002).

• Darmadi Kusno, Yohanes Surya, and Eddy Yusuf, Peran Resonan S11 Dalam Hamburan
Pion Nukleon, Master Thesis (unpublished) (1999).

• Darmadi Kusno, Yohanes Surya, and Eddy Yusuf, Panjang Hamburan Pion Nukleon, Kon-
tribusi Fisika Indonesia, Vol 9, No. 2 (1998).
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