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This in-depth analysis delves into the quasi static state analysis of diverse mathematical frame-
works, including differential systems, difference systems, integral systems, and gradient systems. 
By examining their behavior under near-equilibrium conditions, this study provides critical insights 
into complex systems modeling and performance. Such comprehensive evaluation is essential for 
advancing advanced systems theory and practical applications where system stability and transitional 
states are paramount.
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Quasi-static State Analysis of Differential, Difference, Integral, and Gradient Systems

This book is based on a course on advanced topics in differential equations given in Spring 2010 at the 
Courant Institute of Mathematical Sciences. It describes aspects of mathematical modeling, analysis, 
computer simulation, and visualization in the mathematical sciences and engineering that involve 
singular perturbations. There is a large literature devoted to singular perturbation methods for ordinary 
and partial differential equations, but there are not many studies that deal with difference equations, 
Volterra integral equations, and purely nonlinear gradient systems where there is no dominant linear 
part. Designed for a one-semester course for students in applied mathematics, it is the purpose of 
this book to present sufficient rigorous methods and examples to position the reader to investigate 
singular perturbation problems in such equations. Titles in this series are co-published with the Courant 
Institute of Mathematical Sciences at New York University.|This book is based on a course on advanced 
topics in differential equations given in Spring 2010 at the Courant Institute of Mathematical Sciences. 
It describes aspects of mathematical modeling, analysis, computer simulation, and visualization in the 
mathematical sciences and engineering that involve singular perturbations. There is a large literature 
devoted to singular perturbation methods for ordinary and partial differential equations, but there are 
not many studies that deal with difference equations, Volterra integral equations, and purely nonlinear 
gradient systems where there is no dominant linear part. Designed for a one-semester course for 
students in applied mathematics, it is the purpose of this book to present sufficient rigorous methods 
and examples to position the reader to investigate singular perturbation problems in such equations. 
Titles in this series are co-published with the Courant Institute of Mathematical Sciences at New York 
University.
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Metastability and Markov State Models in Molecular Dynamics: Modeling, Analysis, Algorithmic 
Approaches

Applications in modern biotechnology and molecular medicine often require simulation of biomolecular 
systems in atomic representation with immense length and timescales that are far beyond the capacity 
of computer power currently available. As a consequence, there is an increasing need for reduced 
models that describe the relevant dynamical properties while at the same time being less complex. In 
this book the authors exploit the existence of metastable sets for constructing such a reduced molecular 
dynamics model, the so-called Markov state model (MSM), with good approximation properties on the 
long timescales. With its many examples and illustrations, this book is addressed to graduate students, 
mathematicians, and practical computational scientists wanting an overview of the mathematical back-
ground for the ever-increasing research activity on how to construct MSMs for very different molecular 
systems ranging from peptides to proteins, from RNA to DNA, and via molecular sensors to molecular 
aggregation. This book bridges the gap between mathematical research on molecular dynamics and 
its practical use for realistic molecular systems by providing readers with tools for performing in-depth 
analysis of simulation and data-analysis methods. Titles in this series are co-published with the Courant 
Institute of Mathematical Sciences at New York University.

Mathematical Methods for Analysis of a Complex Disease

Complex diseases involve most aspects of population biology, including genetics, demographics, 
epidemiology, and ecology. Mathematical methods, including differential, difference, and integral equa-
tions, numerical analysis, and random processes, have been used effectively in all of these areas. 
The aim of this book is to provide sufficient background in such mathematical and computational 
methods to enable the reader to better understand complex systems in biology, medicine, and the 
life sciences. It introduces concepts in mathematics to study population phenomena with the goal of 
describing complicated aspects of a disease, such as malaria, involving several species. The book is 
based on a graduate course in computational biology and applied mathematics taught at the Courant 
Institute of Mathematical Sciences in fall 2010. The mathematical level is kept to essentially advanced 
undergraduate mathematics, and the results in the book are intended to provide readers with tools for 
performing more in-depth analysis of population phenomena.

Harmonic Analysis

Harmonic Analysis is an important tool that plays a vital role in many areas of mathematics as well 
as applications. It studies functions by decomposing them into components that are special functions. 
A prime example is decomposing a periodic function into a linear combination of sines and cosines. 
The subject is vast, and this book covers only the selection of topics that was dealt with in the course 
given at the Courant Institute in 2000 and 2019. These include standard topics like Fourier series 
and Fourier transforms of functions, as well as issues of convergence of Abel, Feier, and Poisson 
sums. At a slightly more advanced level the book studies convolutions with singular integrals, fractional 
derivatives, Sobolev spaces, embedding theorems, Hardy spaces, and BMO. Applications to elliptic 
partial differential equations and prediction theory are explored. Some space is devoted to harmonic 
analysis on compact non-Abelian groups and their representations, including some details about two 
groups: the permutation group and SO(3). The text contains exercises at the end of most chapters and 
is suitable for advanced undergraduate students as well as first- or second-year graduate students 
specializing in the areas of analysis, PDE, probability or applied mathematics.

Elliptic Partial Differential Equations

This volume is based on PDE courses given by the authors at the Courant Institute and at the 
University of Notre Dame, Indiana. Presented are basic methods for obtaining various a priori estimates 
for second-order equations of elliptic type with particular emphasis on maximal principles, Harnack 
inequalities, and their applications. The equations considered in the book are linear; however, the 
presented methods also apply to nonlinear problems.

Linear Algebra II

This book is the second of two volumes on linear algebra for graduate students in mathematics, the 
sciences, and economics, who have: a prior undergraduate course in the subject; a basic understanding 
of matrix algebra; and some proficiency with mathematical proofs. Both volumes have been used for 



several years in a one-year course sequence, Linear Algebra I and II, offered at New York University's 
Courant Institute. The first three chapters of this second volume round out the coverage of traditional 
linear algebra topics: generalized eigenspaces, further applications of Jordan form, as well as bilinear, 
quadratic, and multilinear forms. The final two chapters are different, being more or less self-contained 
accounts of special topics that explore more advanced aspects of modern algebra: tensor fields, 
manifolds, and vector calculus in Chapter 4 and matrix Lie groups in Chapter 5. The reader can 
choose to pursue either chapter. Both deal with vast topics in contemporary mathematics. They include 
historical commentary on how modern views evolved, as well as examples from geometry and the 
physical sciences in which these topics are important. The book provides a nice and varied selection 
of exercises; examples are well-crafted and provide a clear understanding of the methods involved.

Linear Algebra I

This book is the first of two volumes on linear algebra for graduate students in mathematics, the 
sciences, and economics, who have: a prior undergraduate course in the subject; a basic understanding 
of matrix algebra; and some proficiency with mathematical proofs. Proofs are emphasized and the 
overall objective is to understand the structure of linear operators as the key to solving problems in 
which they arise. This first volume re-examines basic notions of linear algebra: vector spaces, linear 
operators, duality, determinants, diagonalization, and inner product spaces, giving an overview of linear 
algebra with sufficient mathematical precision for advanced use of the subject. This book provides a 
nice and varied selection of exercises; examples are well-crafted and provide a clear understanding 
of the methods involved. New notions are well motivated and interdisciplinary connections are often 
provided, to give a more intuitive and complete vision of linear algebra. Computational aspects are fully 
covered, but the study of linear operators remains the focus of study in this book.

Mathematical Methods of Electromagnetic Theory

This text provides a mathematically precise but intuitive introduction to classical electromagnetic theory 
and wave propagation, with a brief introduction to special relativity. While written in a distinctive, 
modern style, Friedrichs manages to convey the physical intuition and 19th century basis of the 
equations, with an emphasis on conservation laws. Particularly striking features of the book include: 
(a) a mathematically rigorous derivation of the interaction of electromagnetic waves with matter, (b) 
a straightforward explanation of how to use variational principles to solve problems in electro- and 
magnetostatics, and (c) a thorough discussion of the central importance of the conservation of charge. 
It is suitable for advanced undergraduate students in mathematics and physics with a background in 
advanced calculus and linear algebra, as well as mechanics and electromagnetics at an undergraduate 
level. Apart from minor corrections to the text, the notation was updated in this edition to follow the 
conventions of modern vector calculus. Titles in this series are co-published with the Courant Institute 
of Mathematical Sciences at New York University.

Mathematical Models in Developmental Biology

The path from relatively unstructured egg to full organism is one of the most fascinating trajectories 
in the biological sciences. Its complexity calls for a very high level of organization, with an array of 
subprocesses in constant communication with each other. These notes introduce an interleaved set 
of mathematical models representative of research in the last few decades, as well as the techniques 
that have been developed for their solution. Such models offer an effective way of incorporating reliable 
data in a concise form, provide an approach complementary to the techniques of molecular biology, 
and help to inform and direct future research. Titles in this series are co-published with the Courant 
Institute of Mathematical Sciences at New York University.

Mathematical Methods in Immunology

Any organism, to survive, must use a variety of defense mechanisms. A relatively recent evolutionary 
development is that of the adaptive immune system, carried to a quite sophisticated level by mammals. 
The complexity of this system calls for its encapsulation by mathematical models, and this book aims at 
the associated description and analysis. In the process, it introduces tools that should be in the armory 
of any current or aspiring applied mathematician, in the context of, arguably, the most effective system 
nature has devised to protect an organism from its manifold invisible enemies.

Historical Developments in Singular Perturbations



This engaging text describes the development of singular perturbations, including its history, accumu-
lating literature, and its current status. While the approach of the text is sophisticated, the literature is 
accessible to a broad audience. A particularly valuable bonus are the historical remarks. These remarks 
are found throughout the manuscript. They demonstrate the growth of mathematical thinking on this 
topic by engineers and mathematicians. The book focuses on detailing how the various methods are to 
be applied. These are illustrated by a number and variety of examples. Readers are expected to have a 
working knowledge of elementary ordinary differential equations, including some familiarity with power 
series techniques, and of some advanced calculus. Dr. O'Malley has written a number of books on 
singular perturbations. This book has developed from many of his works in the field of perturbation 
theory.

NASA Thesaurus

Analysis and Simulation of Chaotic Systems is a text designed to be used at the graduate level in 
applied mathematics for students from mathematics, engineering, physics, chemistry and biology. The 
book can be used as a stand-alone text for a full year course or it can be heavily supplemented 
with material of more mathematical, more engineering or more scientific nature. Computations and 
computer simulations are used throughout this text to illustrate phenomena discussed and to supply 
readers with probes to use on new problems.

Applied Mechanics Reviews

The book serves both as a reference for various scaled models with corresponding dimensionless 
numbers, and as a resource for learning the art of scaling. A special feature of the book is the emphasis 
on how to create software for scaled models, based on existing software for unscaled models. Scaling 
(or non-dimensionalization) is a mathematical technique that greatly simplifies the setting of input 
parameters in numerical simulations. Moreover, scaling enhances the understanding of how different 
physical processes interact in a differential equation model. Compared to the existing literature, where 
the topic of scaling is frequently encountered, but very often in only a brief and shallow setting, 
the present book gives much more thorough explanations of how to reason about finding the right 
scales. This process is highly problem dependent, and therefore the book features a lot of worked 
examples, from very simple ODEs to systems of PDEs, especially from fluid mechanics. The text is 
easily accessible and example-driven. The first part on ODEs fits even a lower undergraduate level, 
while the most advanced multiphysics fluid mechanics examples target the graduate level. The scientific 
literature is full of scaled models, but in most of the cases, the scales are just stated without thorough 
mathematical reasoning. This book explains how the scales are found mathematically. This book will 
be a valuable read for anyone doing numerical simulations based on ordinary or partial differential 
equations.

Scientific and Technical Aerospace Reports

Vols. for 1973- include the following subject areas: Biological sciences, Agriculture, Chemistry, En-
vironmental sciences, Health sciences, Engineering, Mathematics and statistics, Earth sciences, 
Physics, Education, Psychology, Sociology, Anthropology, History, Law & political science, Business 
& economics, Geography & regional planning, Language & literature, Fine arts, Library & information 
science, Mass communications, Music, Philosophy and Religion.

Stabilization System Analysis and Performance of the GEOS-A Gravity-gradient Satellite /Explorer 
XXIX/

Stormy development of electronic computation techniques (computer systems and software), ob-
served during the last decades, has made possible automation of data processing in many important 
human activity areas, such as science, technology, economics and labor organization. In a broadly 
understood technology area, this developmentledtoseparationofspecializedformsofusingcomputers-
forthedesign and manufacturing processes, that is: – computer-aided design (CAD) – computer-aided 
manufacture (CAM) In order to show the role of computer in the rst of the two applications m- tioned 
above, let us consider basic stages of the design process for a standard piece of electronic system, 
or equipment: – formulation of requirements concerning user properties (characteristics, para- ters) of 
the designed equipment, – elaboration of the initial, possibly general electric structure, – determination 
of mathematical model of the system on the basis of the adopted electric structure, – determination 



of basic responses (frequency- or time-domain) of the system, on the base of previously established 
mathematical model, – repeated modi cation of the adopted diagram (changing its structure or element 
values) in case, when it does not satisfy the adopted requirements, – preparation of design and 
technological documentation, – manufacturing of model (prototype) series, according to the prepared 
docum- tation, – testing the prototype under the aspect of its electric properties, mechanical du- bility 
and sensitivity to environment conditions, – modi cation of prototype documentation, if necessary, and 
handing over the documentation to series production. The most important stages of the process under 
discussion are illustrated in Fig. I. 1. xi xii Introduction Fig. I.

Stabilization System Analysis and Performance of the Geos-A Gravity-gradient Satellite (Explorer 
XXIX)

This book is an introduction to the field of dynamical systems, in particular, to the special class of 
Hamiltonian systems. The authors aimed at keeping the requirements of mathematical techniques 
minimal but giving detailed proofs and many examples and illustrations from physics and celestial 
mechanics. After all, the celestial $N$-body problem is the origin of dynamical systems and gave rise 
in the past to many mathematical developments. Jurgen Moser (1928-1999) was a professor atthe 
Courant Institute, New York, and then at ETH Zurich. He served as president of the International 
Mathematical Union and received many honors and prizes, among them the Wolf Prize in mathematics. 
Jurgen Moser is the author of several books, among them Stable and Random Motions in Dynamical-
Systems. Eduard Zehnder is a professor at ETH Zurich. He is coauthor with Helmut Hofer of the book 
Symplectic Invariants and Hamiltonian Dynamics. Information for our distributors: Titles in this series 
are copublished with the Courant Institute of Mathematical Sciences at New York University.

Analysis and Simulation of Chaotic Systems

For a one-semester senior or beginning graduate level course in power system dynamics. This text 
begins with the fundamental laws for basic devices and systems in a mathematical modeling context. 
It includes systematic derivations of standard synchronous machine models with their fundamental 
controls. These individual models are interconnected for system analysis and simulation. Singular 
perturbation is used to derive and explain reduced-order models.
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