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	June 8th  (Thursday)

	Time
	Content
	Venue

	08:00～09:00
	Registration
	Main Building Lobby(主楼大厅)

	09:00～09:50
	Opening Ceremony
	Conference Hall of Main Building (主楼接待厅)

	9:50～10:20   Coffee Break,  Main  Building Lobby at the third floor

	General Lecture I ( Conference Hall of Main Building 主楼接待厅)
Chairman:  Meirong Zhang

	Time
	Title
	Speaker

	10:20～11:00
	Multiple Rhythms and Switches in the Nervous System
	Nancy Kopell

	11:00～11:20
	Some Ideas on Action Potentials
	Din-Yu Hsieh  (谢定裕)

	11:20～12:00
	Effects of Localized Over-expression of Receptors in Drosophila Embryos
	Frederic Y. M. Wan 
(温耀明)

	12:00～13:00  Lunch Break

	General Lecture II  (Lecture Hall of School of Sciences  理学院报告厅)
Chairman:  Zhen-Su She

	Time
	Title
	Speaker

	14:00～14:40
	CSAW: Stochastic approach to Protein Folding
	Kerson Huang (黄克孙)

	14:40～15:20
	“Collapse and Search” Dynamics of Protein Folding Detected by Time-resolved Small Angle X-ray Scattering
	S. Takahashi

	15:20～15:50   Coffee Break

	15:50～16:30
	Mathematical Modeling of Biopolymer Mechanical Responses
	Haijun Zhou (周海军)

	

	June 9th  (Friday)

	General Lecture III  (Lecture Hall of School of Sciences  理学院报告厅)
Chairman:  Yu-Qing Lou

	Time
	Title
	Speaker

	09:00～09:35
	Protoplanetry Disks and Extrasolar Planets
	Douglas N. C. Lin

	09:35～10:10
	The Structure, Evolution and Instability of a Self-gravitating Gaseous Disk under the Influence of Periodic Forcings
	Chi Yuan

	10:10～10:30  Coffee Break

	10:30～11:05
	Dynamics of Spiral Galaxies
	Giuseppe Bertin

	11:05～11:40
	Dark Matter Dynamics in Galaxies
	Chung-Pei Ma

	11:40～12:15
	Asymptotics and Star Formation
	Frank Shu

	12:15～14:00  Lunch Break

	General Lecture IV  (Lecture Hall of School of Sciences  理学院报告厅)
Chairman:  Chang-Yi Wang

	Time
	Title
	Speaker

	14:00～14:40
	Solitary Waves from Nonlinear Optics to Water Waves
	Mark J. Ablowitz

	14:40～15:20
	Mathematical Resonance Problems in Photonics
	Michael I. Weinstein

	15:20～15:50  Coffee Break

	15:50～16:30
	Some Mathematical Properties of Long Waves
	David J. Benney

	16:30～17:10
	Analytical and Numerical Studies of Nonlinear Light Propagation in Periodic Media
	Jianke Yang (杨建科)


Multiple Rhythms and Switches in the Nervous System
Nancy Kopell
Department of Mathematics, Boston University, Boston, MA 02215, USA
nk@math.bu.edu
Abstract

The nervous system produces electrical activity whose frequency bands reflect cognitive states (sleep/wake, attentive, learning, etc.). The biophysical origins of these different neural rhythms are beginning to be understood, leading to mathematical issues about how the same networks of neurons can produce different frequency dynamics under different circumstances. This talk with discuss some case-studies, using methods from dynamical systems.
Some Ideas on Action Potentials
Din-Yu Hsieh 
ZHOU PEI-YUAN Center for Applied Mathematics, Tsinghua University, Beijing 100084, China
dhsieh@mail.tsinghua.edu.cn
Abstract

It is proposed that the action potentials propagate as ion-acoustic waves in the axons rather than the diffusion process according to the telegraph equation.  A non-linear oscillator model is also proposed to account for the spike threshold and the signal coding of the action potentials.
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Effects of Localized Over-expression of Receptors in Drosophila Embryos
Frederic Y. M. Wan
Department of Mathematics, University of California at Irvine, Irvine, CA  92697-3875, USA
fwan@uci.edu
Abstract

During the mid blastoderm stage, the dorso-ventral axis of a Drosophila embryo is patterned by a gradient of BMP (Bone Morphogenetic Protein) ligands, including the morphogen Decapentaplegics (Dpp). In a process requiring at least three additional extracellular proteins, a broad domain of weak signaling forms and then abruptly sharpens into a narrow dorsal midline peak. Using experimental and computational approaches, we investigated in a recent publication how the multi-protein interactions create the unusual shape and dynamics of this gradient formation. Based on observations suggesting that receptor-mediated ligand degradation is an important driving force in gradient dynamics, we developed a general dynamic model that is capable of capturing both subtle aspects of the evolution of signaling ligand gradient concentration, and a level of robustness that agrees with in vivo results [1]. 

In one of the experiments performed to test the predictive value of model above, the already relatively substantial Dpp receptor tkv concentration in the embryonic head region was elevated by expression of wild type tkv using a bcd-GAL4 driver. When compared with wild type embryos, those expressing ectopic tkv consistently showed a narrowing and weakening of the PMad staining pattern over a range of 10-12 cell diameters posterior to the border of the bcd domain. Thus, the experimental data imply that receptors act as a major BMP sink. 
While the morphogen concentration reduction was attained when the system was well into steady state and therefore not relevant to the investigation of [1], it is important since it differs from an existing experimental result reported in [2]. To investigate this discrepancy, we undertake in this talk an asymptotic analysis of the steady state behavior of the signaling Dpp gradient resulting from the localized elevation of receptor concentration to deduce analytically the same effects observed experimentally and by numerical simulations. 
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CSAW: Stochastic Approach to Protein Folding
Kerson Huang1,2
1 Physics Department, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

2 Country Zhou Pei-Yuan Center for Applied Mathematics, Tsinghua Univeristy, Beijing 100084, China

Abstract

CSAW (conditioned self-avoiding walk) is a model of protein folding that combines the features of SAW (self-avoiding walk) and the Monte-Carlo method. It simulates the Brownian motion of a chain-molecule in the presence of interactions. We begin with a simple model that takes into account the hydrophobic effect and hydrogen bonding. The results show that the hydrophobic effect alone establishes a tertiary structure, which however has strong fluctuations. When hydrogen bonding is added, helical structures emerge, and the tertiary structure becomes more stable. The evolution of the chain exhibits a rapid hydrophobic collapse into a "molten globule", whose slow transition to the final equilibrium state mimics experimental data. The model is designed so that one can add desired features step by step.
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“Collapse and search” dynamics of protein folding  detected by time-resolved small angle X-ray scattering
S. Takahashi1,2, T. Fujisawa 3 
1 Japan  Institute for Protein Research, Osaka University, Suita 565-0871, Japan
2 CREST, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan
st@protein.osaka-u.ac.jp
3 RIKEN Harima Institute SPring-8 Center, Laboratory for Structural Biochemistry, Sayo 679-5148, Japan
Abstract

Proteins collapse from extended conformations of nascent polypeptides to tightly packed and folded structures.  Therefore, the polypeptide collapse is an essential dynamics in the mechanism of protein folding, which is considered to restrict the conformational space where proteins search for folded structures.  To understand the molecular mechanism of the collapse, we systematically investigated the kinetic processes of protein folding based on radius of gyration (Rg) and secondary structure contents (fH) by using time-resolved small angle x-ray scattering (SAXS) and circular dichroism (CD) spectroscopy, respectively [1~5].  The observed dynamics for four proteins with different chain lengths and secondary structure contents suggested a common folding mechanism termed “collapse and search” dynamics, in which the initial collapse promotes the search for the correct secondary and tertiary structures.
   Cytochrome c (cyt c) is a globular protein with two major helices surrounding a covalently attached heme.  The early intermediate of cyt c possesses ~20 Å of Rg which is smaller by ~4 Å than that of the acid-unfolded state.  The Rg of the later intermediate is ~18 Å, which is close to that of the molten globule state.  Considering the -helix contents of the intermediates, we clarified the folding pathway of cyt c on the conformational landscape defined by Rg and fH.  We concluded that cyt c folding proceeds with a specific collapse followed by a cooperative acquisition of secondary structures and compactness [1,2].

   Apomyoglobin (apoMb), possessing seven helices termed A~E, G and H in the native state, has an equilibrium folding intermediate composed of A, G and H helices.  The folding of apoMb from the acid-unfolded state was initiated by a pH jump.  A significant collapse, corresponding to ~50 % of the overall change in Rg from the unfolded to native conformation, was observed within 300 s after the pH jump.  The collapsed intermediate has fH of 33 % and a globular shape that involves more than 80 % of all its atoms.  Subsequently, a stepwise helix formation was detected, which was interpreted to be associated with a conformational search for the correct tertiary contacts.  We suggested that the initial collapse in the apoMb folding facilitates the subsequent search process leading to the native structure [3].
   The folding trajectory of single-chain monellin (SMN) composed of a 5-stranded -sheet and a helix was investigated.  A significant collapse was observed within 300 s after the initiation of folding reaction, leading to the intermediate with a small amount of secondary and tertiary structures but with an overall prolate shape.  Subsequently, the stepwise formations of secondary and tertiary structures were detected.  The observation demonstrate that a significant collapse precedes the formation of secondary structures in the folding of -sheet proteins.  We proposed that the initial collapse of SMN was promoted by the formation of specific structural elements such as tight turns to form the prolate shape [4].

   The collapse of proteins is sometimes suggested to be caused by the coil-globule transition explained by Flory’s theory of polymers.  To support the suggestion by establishing a scaling behavior between Rg and chain length for the folding intermediates, we investigated the folding dynamics of heme oxygenase (HO).  HO is the largest protein (263 residues) ever characterized by the time-resolved SAXS method.  While the folding of HO was found to contain a transient oligomerization, the conformation within 10 ms was monomeric and possessed Rg of 26.1 ± 1.1 Å.  Together with the corresponding data for other proteins, the Rg values demonstrated the scaling relationship to chain length with a scaling exponent of 0.35 ± 0.11, which is close to a theoretical value of 1/3 predicted for the globules in poor solutions.  The finding indicated that the initial folding dynamics of proteins bears the signature of the coil-globule transition [5].
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Mathematical Modeling of Biopolymer Mechanical Responses
Haijun Zhou
Institute of Theoretical Physics, the Chinese Academy of Sciences, Beijing 100080, China
Abstract

DNA, RNA, and proteins are very important biopolymers. They have strongly optimized mechanical properties so as to fulfill their vital biological functions. Recent single-molecule force manipulation experiments on DNA, RNA, and proteins resulted in the accumulation of a great amount of data.  In complementary, the present presentation briefly reviews our efforts on the mathematical modeling of DNA, RNA, and spider capture silk elasticity.

We (1) first give a mini-survey of simple polymer models (i.e., Gaussian chain, freely-jointed chain, wormlike chain). (2) Then we introduce a hierarchical chain model for spider capture silk and show this simple model can reproduce the experimentally observed exponential force—extension behavior. The advantage of such a hierarchical structural organization is also discussed. (3) Then we introduce a stacking chain model for double-stranded DNA and show this model is capable of describing the mechanical response of DNA at both low and high force, with or without torsional strain. (4) In the last part, we study secondary structure formation in single-stranded DNA and RNA and give a theoretical phase diagram with three phases: the native structure, the global molten phase, and the extended coil phase.

Our mathematical modeling work suggests that, short-ranged weak interactions, such as hydrogen bonding, van der Waals attraction, and base-pair stacking interaction, convey both stability and high deformability to a biopolymer and give it the capability of responding to a wide spectrum of environmental stimuli.
Protoplanetry Disks and Extrasolar Planets
Douglas N. C. Lin 
Lick Observatory, University of California,Santa Cruz, CA 95064, USA
Abstract

The past decade celebrates the discovery of more than 150 Jupiter-mass planets around nearby Sun-like stars. These planets have wide range orbital periods, eccentricities, and densities. The fraction of stars with planets increases with their metallicity. These planets naturally acquire their ubiquity, mass and dynamical distribution, and diverse internal structure through the condensation of grains, cohesive collisions of planetesimals, and efficient gas accretion followed by orbital evolution of protoplanets in their na scent disks around their host stars. We discuss the dominant dynamical processes which led to the build up of solid cores, onset and termination of gas accretion, and protoplanets' dynamical interaction with their host disks and stars. We reconstruct the chronological sequence of planet formation in the solar system.

The Structure, Evolution and Instability of a Self-gravitating Gaseous Disk under the Influence of Periodic Forcings
Chi Yuan 
Institute of Astronomy and Astrophysics, Academia Sinica,No. 1 Roosevelt Rd, Sec. 4,Taipei 100617,Taiwan
yuan@asiaa.sinica.edu.tw

Abstract

Disks are the second most common configuration in the Universe. They range from1010 cm for planetary rings, to about 1015 cm for proto-planetary disks and 1013-16 cm for various kinds of accretion disks, and to 1022 cm for galactic disks. Their sizes span over 1012 in magnitude. Yet they all share the same spiral structure in their appearance. One of the ways that the spirals can be created is through a periodic forcing, moons for planetary rings, planets for proto-planetary disks, asymmetrical central objects or mass for accretion disks, and bars for galactic disks. The mechanism is known to be the resonance excitation. We will use numerical simulations to demonstrate this process. A rotating bar potential or a potential due to spiral waves, both of stellar origin, is imposed on a galactic gas disk. We will show how the spiral density waves are generated, the mass of the disk is re-distributed, and the instability results. In other words, we show the structure, evolution and instability of the disk subject to such a periodic forcing. The instability which leads to turbulence and chaos of the disk can be identified to be of the types of Rayleigh’s shear instability and Toomre’s gravitational instability, or a combination of both. The results are generally shown in movies and some analyses are given. The work is in parts supported by a grant from National Science Council, Taiwan, NSC94 2752 M-001-002- AE.
Dynamics of Spiral Galaxies
Giuseppe Bertin 
 Departimento di Fisica,Universita degli Studi di Milano, Via Celoria 16, I-20133 Milan, Italy
Giuseppe.Bertin@mi.infn.it

Abstract
The dynamics of spiral galaxies is a gold-mine of challenging problems for the astrophysicist and the applied mathematician. In Astrophysics, we may ask how these island-universes formed, evolved, and reached their current structure and thus address the problems of the dynamics of the interstellar medium, of star formation, of stellar dynamics, and of the presence and role of dark matter halos. These fundamental issues have attracted the interest of the scientific community for almost a century. The models conceived and developed to sharpen and to quantify our understanding of the basic dynamical processes at work in this context require a semi-empirical approach and general tools that are characteristic of Applied Mathematics. In my talk I will first review the density wave theory of spiral structure in galaxies, mostly in terms of its progress and of its successful achieve ments up to the mid-90s. The theory has had a major impact on Astrophysics and has been the inspiration for a number of important theoretical and observational investigations. Then I will describe briefly a few selected points of interest that have emerged in the last ten years, some of which may turn out to motivate new and exciting applications of the general framework set by the density wave theory.
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Dark Matter Dynamics in Galaxies
Chung-Pei Ma
Astronomy Department, University of California, Berkeley, CA 94720, USA
cpma@astron.berkeley.edu
Abstract

A startling discovery in science in the past few decades is:  matter in the Universe is mostly dark.   Dark matter is not smoothly distributed in space; rather, most dark matter clusters gravitationally to form extended dark matter halos surrounding all galaxies.More intriguingly, recent numerical simulations have revealed a complex ensemble of dense sub-halos within each dark matter halo. The dynamics of dark matter and the luminous components of a galaxy are  therefore intimately linked.  I will discuss recent developments in our understanding of dark matter distributions and their dynamics in galaxies.
Asymptotics and Star Formation
Frank H. Shu1,2
1National Tsing Hua University, Office of the President, 101, Sec. 2, Kuang Fu Road, Hsinchu 10013,Taiwan
2University of California, San Diego
Abstract

Star formation is a process that spans many decades in length and time scales. As a consequence, asymptotic methods of the variety pioneered by C. C. Lin and other applied mathematicians can be used to great effect at various stages of the problem.  In this lecture, we give an overview of the complete problem in the case of the formation of single stars of sunlike masses, and we highlight a few of the mathematical solutions made possible by an application of asymptotic techniques and ideas – the formation of molecular cloud cores; the gravitational collapse of self-similar, magnetized, rotating toroids; the dissipation by magnetic reconnection of the trapped interstellar flux brought in by gravitational collapse that would otherwise have prevented the formation of circumstellar disks; and the jets and outflows that result when the accreting circumstellar disk interacts with the magnetosphere of the newly formed star.  We end by indicating where additional progress requires a better understanding of the role of turbulence, another subject where astronomers of the future can look to the work of C. C. Lin for guidance.
Solitary Waves from Nonlinear Optics to Water Waves
Mark J. Ablowitz 
Department of Applied Mathematics, University of Colorado, Box 526,Boulder, CO 80309-0526,USA
mark.ablowitz@colorado.edu
Abstract

Optical communications involves quite naturally the study of nonlinear waves.  Asymptotic analysis leads to "classical", and "dispersion managed-nonlocal” nonlinear Schrodinger (NLS) equations which contain solitary waves, or solitons, as special solutions. Recent research has shown that similar waves occur in mode-locked lasers. A numerical method is introduced to find these and other solitary waves in nonlinear optics and fluid dynamics. In water waves, the classical equations are reformulated as a system of nonlocal equations. Asymptotic reductions of this system yields the Boussinesq/KdV, Benney-Luke/Kadomtsev-Petviashvili and nonlinear Schrödinger equations. The above numerical method is employed to find one dimensional solitary waves and two dimensional lumps with sufficient surface tension.
Mathematical Resonance Problems in Photonics
Michael I. Weinstein 
Department of Applied Physics and Applied Mathematics, Columbia University,New York, NY 10025,USA
miw2103@columbia.edu

Abstract

We describe the modeling and mathematical analysis of several problems rising in the study of photonic microstructures. This leads to interesting questions concerning dispersive Hamiltonian partial differential equations, having a structure analogous to article/field models in physics.

Some Mathematical Properties of Long Waves
David J. Benney 
Department of Mathematics,MIT, Room 2-341,77 Massachusetts Ave.,Cambridge, MA 02139,USA   
djb@math.mit.edu
Abstract

Some aspects of long surface waves are considered. Special attention is focused on the existence of conservation laws for this physical system and related problems.
Analytical and Numerical Studies of Nonlinear Light Propagation in Periodic Media 
Jianke Yang
Department of Mathematics and Statistics, The University of Vermont, 16 Colchester Avenue, Burlington, VT 05401, USA.
jyang@cems.uvm.edu
Abstract

Recent experiments on light propagation in micro-scale photonic lattices and photonic-crystal fibers have raised many interesting questions on nonlinear wave propagation in periodic and quasi-periodic media. Using multiple-scale perturbation techniques, we derive envelope equations for solitary waves in two-dimensional periodic media near the edges of Bloch bands. These equations reveal the existence of novel solitary waves comprising of arrays of vortex cells and dipole cells. Using asymptotic analysis, we also calculate when and how localized modes appear when a defect is introduced into the periodic medium.  In parameter regimes where the above analysis does not apply, we develop new numerical schemes to obtain such solitary waves in multi-dimensions, and analyze their linear stability. Comparison with recent experimental observations will also be made when appropriate.
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