The 11th Israeli Mini-Workshop in Applied and Computational Mathematics
 

Time: Thursday July 2, 2009.
 

Place: The Grand Water Research Institute (GWRI), Technion, Haifa. 

Registration: agnon@technion.ac.il 

	0930
	1000
	Gathering and refreshments -
	The Grand Water Research Institute (GWRI), Technion, Haifa.

	1000
	1030
	Or Peleg, Yonatan Plotnik, Oren Cohen, Mordechai Segev, Nimord Moiseyev 

Technion
	Soleakons: self-Trapped Leaky Waves and Their Interactions

	1030
	1100
	Prof. Avram Sidi  

Technion   
	An overview of vector extrapolation methods with applications

	1100
	1120
	Coffee break
	 

	1120
	1150
	Prof. David Kessler   
Bar-Ilan University
	Sampling Growing Populations:  Family Size Statistics

	1150
	1220
	Niv Sarig

Weizmann Institute
	Algebraic methods for Non-linear Reconstruction of Simple models from measured Linear Moments

	1220
	1250
	Prof. Zvi Artstein 

Weizmann Institute
	Chattering Variational limits

	1250
	1430
	Lunch break
	 

	1430
	1500
	Prof. Isaac Goldhirsch

Tel Aviv University
	Coarse graining granular media

	1500
	1530
	Prof. Einat Aharonov 

The Hebrew University
	Modeling coupled deformation of granular media and pore fluids

	1530
	1600
	Ori Adam

The Hebrew University
	Steady states and constraints in the forced shallow water equations on the rotating Earth

	1600
	1610
	Posters oral presentation
	 

	1610
	1640
	Coffee break and poster session
	 

	 
	 
	Yuliya Kanevsky

Technion
	Feedback control of pattern-forming systems (Poster)

	 
	 
	Elena Novbari

Technion
	Instability of thin liquid films on a vertical fiber (Poster)

	1640
	1710
	Prof. Michael I. Weinstein

Columbia University
	Dynamics of Coherent Structures of the  Nonlinear Schroedinger / Gross-Pitaevskii Equation

	1710
	1740
	Yuval Harness 

Tel Aviv University
	Electromagnetic Scattering by Randomly Shaped Objects


Steady states and constraints in the forced shallow water equations on the rotating Earth

Ori Adam
The Hebrew University
 Solutions of an axially symmetric inviscid Shallow-Water-Model (SWM) on Earth forced by constant differential heating are constructed numerically by directly integrating the time-dependent equations following an analysis of their steady-states. The SWM simulates the dynamics of the upper branch of the ideal atmospheric Hadley circulation. The dependence of the attractor sets of the SWM on initial conditions is shown by using the material and integral constraints of the system. The predictions of the new theory are compared with those of existing theories.   
Modeling coupled deformation of granular media and pore fluids

Einat Aharonov 
The Hebrew University

The deformation of coupled fluid -granular matter is a fundamental physical problem, with many practical implications: from shearing of a fluid-filled granular media in geological fault zones, to earthquake-induced liquefaction of soils, and to formation of debris flows. The basic picture is a porous skeleton made of contacting solid grains, with fluid-filled pores.  The skeleton may deform elastically or in a poro-plastic manner (e.g. pore collapse). Such changes of pore structure and volume may affect the pore fluid pressure. The fluid pressure in turn exerts a force affecting grain motion and network evolution. In order to study such coupled deformation of saturated granular material in response to forcing, we developed a generic analytical framework, based on first principles of mass and momentum conservation, for both phases, the granular one and the interstitial fluid one. This formulation captures basic coupling mechanisms leading to generation of high pore pressure. The formulation then serves as a basis for a general two-level two-phase model, suitable for simulating irreversible and finite matrix deformation: the grains are modeled at the grain scale using a granular dynamics model, while fluid is simulated on a coarser Darcy porous flow scale. 
Our first use of the analytical and numerical models aims to understand physics of pore pressure elevation during shear of granular matter. Initial results from our model already provide insights. First an analytical formulation for coupled solid-fluid deformation was developed. The formulation reveals two processes by which pore pressure evolves: when porous flow is relatively slow, pore fluid pressurization is correlated to fluid compressibility which is thus proven to be essential (in contrast to what was previously thought), and when porous flow is relatively rapid pore pressure may rise as a result of Darcy flow. In the latter case, pore pressure elevation to high values may take place even when initially densely packed granular media is sheared, in contrast to the common belief in engineering that pore fluid pressurization occurs only via compaction of initially loose soils. These two processes may operate simultaneously in large systems, causing pore pressure elevation, which often controls catastrophic natural processes such as landslides and earthquakes.

Chattering Variational limits
Zvi Artstein
The Weizmann Institute of Science
An overview will be presented, of situations where Young measures play a role in the formation of variational limits of systems that exhibit fast oscillations and rapidly varying parameters.

Coarse graining granular systems

Isaac Goldhirsch

Tel Aviv University
A general formulation for the coarse graining of the dynamics of discrete classical assemblies, such as grains in granular systems, will be presented. It will be shown that e.g., the stress field can be assigned objective values and the possible asymmetry of stress in the presence of friction will be quantified. Explicit expression for several macroscopic (continuum) fields in terms of the microscopic (grain scale) degrees of freedom will be presented. Results of simulations and physical experiments analyzed with the help of this formulation will be presented. Time allowing the question of fluctuations and their relation to constitutive relations will be discussed as well.

Electromagnetic Scattering by Randomly Shaped Objects

Yuval Harness

Tel Aviv University
In this talk we consider the electromagnetic scattering [1] of a single object of uncertain shape. The uncertainty is modeled by assuming, that the scatterer's boundary has a parametric representation in terms of an a priori known random variable.
The method we employ to handle the randomness, is the Polynomial Chaos expansion [2]. The Polynomial Chaos expansion has been applied successfully in the past to differential equations with random parameters or random conditions, for example [3], [4]. In many cases the Polynomial Chaos expansion proved to be far more efficient than the conventional Monte-Carlo sampling method.
When the shape of the scattering object is random, the discontinuity of the coefficients in Maxwell's equations is the random quantity that needs to be handled [5]. The discontinuous nature of the problem impacts the convergence rate of the Polynomial Chaos expansion. It is shown, that the standard approach for applying the Polynomial Chaos expansion [6] for this case, causes a dramatic reduction of accuracy.
In order to obtain spectral convergence, we introduce an indirect approach. In this approach the solution is obtained indirectly, by polynomial expansion of the interface fields at all possible states of the scatter's shape. The interface fields are smooth with respect to the random position of the boundary, thus, their polynomial expansions allow us to obtain a highly accurate approximate solution.
The indirect approach proves to be very efficient in other aspects as well. First, the original problem in the unbounded domain is transformed to evaluation of one-dimensional integrals over a finite interval, thus efficiently reducing the computational domain. Second, the approximate solution takes an integral representation, that automatically satisfies the far-field radiation conditions. Hence, the accuracy of the approximation is not jeopardized by the dramatic reduction of the computational domain.

Sampling Growing Populations:  Family Size Statistics

David Kessler


Bar-Ilan University

We extend the results of Manrubia and Zanette for the family size distribution of a growing population to the statistics of a given sized subsample of the population.  We find that the distribution is universal for small growth rates. In general, sampling shifts the distribution down and leftward in a log-log plot, eliminating the shoulder at small family sizes presented in the full population distribution.  We also calculate an expression for the total number of families.  We also examine the statistics of the past genealogical tree of the sampled individuals.  We discuss the application of these ideas to the calculation of the historic growth rate of the human population via genetic data.
Soleakons: self-Trapped Leaky Waves and Their Interactions

Or Peleg, Yonatan Plotnik, Oren Cohen and Mordechai Segev, Physics Department, 
Nimord Moiseyev, Chemistry Department, Technion
We propose a new concept in nonlinear wave-dynamics: the soleakon, a nonlinear self-trapped leaky mode displaying particle-like features. A "soleakon" forms when a wavefunction induces a potential barrier, whose resonant state (leaky mode) corresponds to the wavefunction itself. We show that, for a proper set of parameters, soleakons are robust and propagate while maintaining their envelope almost indefinitely. However, they eventually disintegrate abruptly. These new entities exhibit particle-like interactions behavior, which is nevertheless profoundly different from soliton collisions.


Algebraic methods for Non-linear Reconstruction of Simple models from measured Linear Moments

Niv Sarig 
Weizmann Institute

We propose to consider the problem of reconstruction of a non-linear finite-parametric model
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 could be of any form - Fourier, Polynomials, Radon moments or any other linear functional measuring our model. The model 
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 is usually taken such that it is piecewise smooth. Our goal is to reconstruct 
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 with no distortion effects such as Gibbs, slow convergence problems etc. which occur in classical linear reconstruction. We concentrate on a direct (and somewhat ``naive'') approach to the above problem: we simply substitute the model function 
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 into the measurements 
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 and compute explicitly the resulting ``symbolic'' expressions of 
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 in terms of the parameters
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. Equating these ``symbolic'' expressions to the actual measurement results, we produce a system of non-linear equations on the parameters
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, which we consequently try to solve.
An Overview of Vector Extrapolation Methods With Applications

Avram Sidi
Technion

An important problem that arises in different areas of science and engineering is that of computing limits of sequences of vectors x_n, where x_n\in\C^N with N very large. Such sequences arise, for example, in the solution of systems of linear or nonlinear equations by fixed-point iterative methods, and lim_{n\to\inft} x_n are simply the required solutions. In most cases of interest, however, these sequences converge to their limits very slowly. One practical way to make the sequences x_n converge more quickly is to apply to them vector extrapolation methods. In this lecture, we review two polynomial-type vector extrapolation methods that have proved to be very efficient convergence accelerators; namely, the minimal polynomial extrapolation (MPE) and the reduced rank extrapolation (RRE). We discuss the derivation of these methods, describe the most accurate and stable algorithms for their implementation along with the effective modes of usage in solving systems of equations, nonlinear as well as linear, and present their convergence and stability theory. We also discuss their close connection with the method of Arnoldi and with {GMRES}, two well-known Krylov subspace methods for linear systems. We show that they can be used very effectively to obtain the dominant eigenvectors of large sparse matrices when the corresponding eigenvalues are known, and provide the relevant theory as well.

One such problem is that of computing the {PageRank} of the Google matrix, which we discuss in detail.

_1305307099.unknown

_1305307275.unknown

_1305307474.unknown

_1305307475.unknown

_1305307317.unknown

_1305307233.unknown

_1305307185.unknown

_1305307025.unknown

