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Introduction To Fourier Analysis On Euclidean Spaces
This book celebrates a nineteenth century mechanical calculator that performed Fourier
analysis by using gears, springs and levers to calculate with sines and cosines—an
astonishing feat in an age before electronic computers. One hundred and fifty color
photos reveal the analyzer’s beauty though full-page spreads, lush close-ups of its
components, and archival photos of other Michelson-inspired analyzers. The book
includes sample output from the machine and a reproduction of an 1898 journal article
by Michelson, which first detailed the analyzer. The book is the official companion
volume to the popular YouTube video series created by the authors.
Introductory Fourier Transform Spectroscopy discusses the subject of Fourier transform
spectroscopy from a level that requires knowledge of only introductory optics and
mathematics. The subject is approached through optical principles, not through abstract
mathematics. The book approaches the subject matter in two ways. The first is through
simple optics and physical intuition, and the second is through Fourier analysis and the
concepts of convolution and autocorrelation. This dual treatment bridges the gap
between the introductory material in the book and the advanced material in the journals.
The book also discusses information theory, Fourier analysis, and mathematical
theorems to complete derivations or to give alternate views of an individual subject. The
text presents the development of optical theory and equations to the extent required by
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the advanced student or researcher. The book is intended as a guide for students
taking advanced research programs in spectroscopy. Material is included for the
physicists, chemists, astronomers, and others who are interested in spectroscopy.
Contains 36 lectures solely on Fourier analysis and the FFT. Time and frequency
domains, representation of waveforms in terms of complex exponentials and sinusoids,
convolution, impulse response and the frequency transfer function, modulation and
demodulation are among the topics covered. The text is linked to a complete FFT
system on the accompanying disk where almost all of the exercises can be either
carried out or verified. End-of-chapter exercises have been carefully constructed to
serve as a development and consolidation of concepts discussed in the text.
This work addresses all of the major topics in Fourier series, emphasizing the concept
of approximate identities and presenting applications, particularly in time series
analysis. It stresses throughout the idea of homogenous Banach spaces and provides
recent results. Techniques from functional analysis and measure theory are
utilized.;College and university bookstores may order five or more copies at a special
student price, available on request from Marcel Dekker, Inc.
Harmonic Analysis
A First Course in Harmonic Analysis
An Introduction
Introduction to Fourier Analysis and Wavelets
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A compact, sophomore-to-senior-level guide, Dr. Seeley's text
introduces Fourier series in the way that Joseph Fourier himself
used them: as solutions of the heat equation in a disk.
Emphasizing the relationship between physics and mathematics,
Dr. Seeley focuses on results of greatest significance to modern
readers. Starting with a physical problem, Dr. Seeley sets up
and analyzes the mathematical modes, establishes the principal
properties, and then proceeds to apply these results and methods
to new situations. The chapter on Fourier transforms derives
analogs of the results obtained for Fourier series, which the
author applies to the analysis of a problem of heat conduction.
Numerous computational and theoretical problems appear
throughout the text.
An intuitive introduction to basic Fourier theory, with numerous
practical applications from the geosciences and worked examples
in R.
This textbook is a thorough, accessible introduction to digital
Fourier analysis for undergraduate students in the sciences.
Beginning with the principles of sine/cosine decomposition, the
reader walks through the principles of discrete Fourier analysis
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before reaching the cornerstone of signal processing: the Fast
Fourier Transform. Saturated with clear, coherent illustrations,
"Digital Fourier Analysis" includes practice problems and
thorough Appendices for the advanced reader. As a special
feature, the book includes interactive applets (available
online) that mirror the illustrations. These user-friendly
applets animate concepts interactively, allowing the user to
experiment with the underlying mathematics. For example, a real
sine signal can be treated as a sum of clockwise and counterclockwise rotating vectors. The applet illustration included
with the book animates the rotating vectors and the resulting
sine signal. By changing parameters such as amplitude and
frequency, the reader can test various cases and view the
results until they fully understand the principle. Additionally,
the applet source code in Visual Basic is provided online,
allowing this book to be used for teaching simple programming
techniques. A complete, intuitive guide to the basics, "Digital
Fourier Analysis - Fundamentals" is an essential reference for
undergraduate students in science and engineering.
In the last 200 years, harmonic analysis has been one of the
Page 4/24

Bookmark File PDF Introduction To Fourier Analysis On Euclidean Spaces
most influential bodies of mathematical ideas, having been
exceptionally significant both in its theoretical implications
and in its enormous range of applicability throughout
mathematics, science, and engineering. In this book, the authors
convey the remarkable beauty and applicability of the ideas that
have grown from Fourier theory. They present for an advanced
undergraduate and beginning graduate student audience the basics
of harmonic analysis, from Fourier's study of the heat equation,
and the decomposition of functions into sums of cosines and
sines (frequency analysis), to dyadic harmonic analysis, and the
decomposition of functions into a Haar basis (time
localization). While concentrating on the Fourier and Haar
cases, the book touches on aspects of the world that lies
between these two different ways of decomposing functions: timefrequency analysis (wavelets). Both finite and continuous
perspectives are presented, allowing for the introduction of
discrete Fourier and Haar transforms and fast algorithms, such
as the Fast Fourier Transform (FFT) and its wavelet analogues.
The approach combines rigorous proof, inviting motivation, and
numerous applications. Over 250 exercises are included in the
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text. Each chapter ends with ideas for projects in harmonic
analysis that students can work on independently. This book is
published in cooperation with IAS/Park City Mathematics
Institute.
Fourier Analysis
Albert Michelson's Harmonic Analyzer
An Introduction to Fourier Analysis and Generalised Functions

For physicists, engineers and mathematicians, Fourier analysis constitutes a
tool of great usefulness. A wide variety of the techniques and applications of
the subject were discussed in Dr Körner's highly popular book, Fourier Analysis.
Now Dr Körner has compiled a collection of exercises on Fourier analysis that
will thoroughly test the understanding of the reader. They are arranged
chapter by chapter to correspond with Fourier Analysis, and for all who enjoyed
that book, this companion volume will be an essential purchase.
It examines the theory of finite groups in a manner that is both accessible to
the beginner and suitable for graduate research.
A new, revised edition of a yet unrivaled work on frequency domain analysis
Long recognized for his unique focus on frequency domain methods for the
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analysis of time series data as well as for his applied, easy-to-understand
approach, Peter Bloomfield brings his well-known 1976 work thoroughly up to
date. With a minimum of mathematics and an engaging, highly rewarding
style, Bloomfield provides in-depth discussions of harmonic regression,
harmonic analysis, complex demodulation, and spectrum analysis. All methods
are clearly illustrated using examples of specific data sets, while ample
exercises acquaint readers with Fourier analysis and its applications. The
Second Edition: * Devotes an entire chapter to complex demodulation * Treats
harmonic regression in two separate chapters * Features a more succinct
discussion of the fast Fourier transform * Uses S-PLUS commands (replacing
FORTRAN) to accommodate programming needs and graphic flexibility *
Includes Web addresses for all time series data used in the examples An
invaluable reference for statisticians seeking to expand their understanding of
frequency domain methods, Fourier Analysis of Time Series, Second Edition
also provides easy access to sophisticated statistical tools for scientists and
professionals in such areas as atmospheric science, oceanography,
climatology, and biology.
The Fourier transform is one of the most important mathematical tools in a
wide variety of fields in science and engineering. In the abstract it can be
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viewed as the transformation of a signal in one domain (typically time or
space) into another domain, the frequency domain. Applications of Fourier
transforms, often called Fourier analysis or harmonic analysis, provide useful
decompositions of signals into fundamental or "primitive" components, provide
shortcuts to the computation of complicated sums and integrals, and often
reveal hidden structure in data. Fourier analysis lies at the base of many
theories of science and plays a fundamental role in practical engineering
design. The origins of Fourier analysis in science can be found in Ptolemy's
decomposing celestial orbits into cycles and epicycles and Pythagorus' de
composing music into consonances. Its modern history began with the
eighteenth century work of Bernoulli, Euler, and Gauss on what later came to
be known as Fourier series. J. Fourier in his 1822 Theorie analytique de la
Chaleur [16] (still available as a Dover reprint) was the first to claim that
arbitrary periodic functions could be expanded in a trigonometric (later called a
Fourier) series, a claim that was eventually shown to be incorrect, although not
too far from the truth. It is an amusing historical sidelight that this work won a
prize from the French Academy, in spite of serious concerns expressed by the
judges (Laplace, Lagrange, and Legendre) re garding Fourier's lack of rigor.
Fourier Analysis on Groups
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Introduction to Fourier Series
A First Course in Fourier Analysis
Discrete Harmonic Analysis
"Clearly and attractively written, but without any deviation from rigorous standards of
mathematical proof...." Science Progress
This book provides a concrete introduction to a number of topics in harmonic analysis,
accessible at the early graduate level or, in some cases, at an upper undergraduate level.
Necessary prerequisites to using the text are rudiments of the Lebesgue measure and
integration on the real line. It begins with a thorough treatment of Fourier series on the
circle and their applications to approximation theory, probability, and plane geometry (the
isoperimetric theorem). Frequently, more than one proof is offered for a given theorem to
illustrate the multiplicity of approaches. The second chapter treats the Fourier transform
on Euclidean spaces, especially the author's results in the three-dimensional piecewise
smooth case, which is distinct from the classical Gibbs-Wilbraham phenomenon of onedimensional Fourier analysis. The Poisson summation formula treated in Chapter 3
provides an elegant connection between Fourier series on the circle and Fourier
transforms on the real line, culminating in Landau's asymptotic formulas for lattice
points on a large sphere. Much of modern harmonic analysis is concerned with the
behavior of various linear operators on the Lebesgue spaces $L^p(\mathbb{R}^n)$.
Chapter 4 gives a gentle introduction to these results, using the Riesz-Thorin theorem and
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the Marcinkiewicz interpolation formula. One of the long-time users of Fourier analysis is
probability theory. In Chapter 5 the central limit theorem, iterated log theorem, and BerryEsseen theorems are developed using the suitable Fourier-analytic tools. The final chapter
furnishes a gentle introduction to wavelet theory, depending only on the $L_2$ theory of
the Fourier transform (the Plancherel theorem). The basic notions of scale and location
parameters demonstrate the flexibility of the wavelet approach to harmonic analysis. The
text contains numerous examples and more than 200 exercises, each located in close
proximity to the related theoretical material.
This book introduces harmonic analysis at an undergraduate level. In doing so it covers
Fourier analysis and paves the way for Poisson Summation Formula. Another central
feature is that is makes the reader aware of the fact that both principal incarnations of
Fourier theory, the Fourier series and the Fourier transform, are special cases of a more
general theory arising in the context of locally compact abelian groups. The final goal of
this book is to introduce the reader to the techniques used in harmonic analysis of
noncommutative groups. These techniques are explained in the context of matrix groups
as a principal example.
The authors present a unified treatment of basic topics that arise in Fourier analysis.
Their intention is to illustrate the role played by the structure of Euclidean spaces,
particularly the action of translations, dilatations, and rotations, and to motivate the study
of harmonic analysis on more general spaces having an analogous structure, e.g.,
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symmetric spaces.
Classical and Multilinear Harmonic Analysis:
A Primer on Fourier Analysis for the Geosciences
A Visual Tour of a Nineteenth Century Machine That Performs Fourier Analysis
Principles of Fourier Analysis

An Introduction to Fourier Series and IntegralsCourier Corporation
Fourier analysis is a subject that was born in physics but grew up in
mathematics. Now it is part of the standard repertoire for mathematicians,
physicists and engineers. This diversity of interest is often overlooked, but in this
much-loved book, Tom Körner provides a shop window for some of the ideas,
techniques and elegant results of Fourier analysis, and for their applications.
These range from number theory, numerical analysis, control theory and
statistics, to earth science, astronomy and electrical engineering. The
prerequisites are few (a reader with knowledge of second- or third-year
undergraduate mathematics should have no difficulty following the text), and the
style is lively and entertaining. This edition of Körner's 1989 text includes a
foreword written by Professor Terence Tao introducing it to a new generation of
fans.
Undergraduate-level introduction to Riemann integral, measurable sets,
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measurable functions, Lebesgue integral, other topics. Numerous examples and
exercises.
This introduction to Laplace transforms and Fourier series is aimed at second
year students in applied mathematics. It is unusual in treating Laplace transforms
at a relatively simple level with many examples. Mathematics students do not
usually meet this material until later in their degree course but applied
mathematicians and engineers need an early introduction. Suitable as a course
text, it will also be of interest to physicists and engineers as supplementary
material.
Fourier Analysis and Its Applications
An Introduction to Fourier Analysis
.... Buch
An Introduction to Fourier Series and Integrals
This book helps students explore Fourier analysis and its
related topics, helping them appreciate why it pervades many
fields of mathematics, science, and engineering. This
introductory textbook was written with mathematics, science,
and engineering students with a background in calculus and
basic linear algebra in mind. It can be used as a textbook
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for undergraduate courses in Fourier analysis or applied
mathematics, which cover Fourier series, orthogonal
functions, Fourier and Laplace transforms, and an
introduction to complex variables. These topics are tied
together by the application of the spectral analysis of
analog and discrete signals, and provide an introduction to
the discrete Fourier transform. A number of examples and
exercises are provided including implementations of Maple,
MATLAB, and Python for computing series expansions and
transforms. After reading this book, students will be
familiar with: • Convergence and summation of infinite
series • Representation of functions by infinite series •
Trigonometric and Generalized Fourier series • Legendre,
Bessel, gamma, and delta functions • Complex numbers and
functions • Analytic functions and integration in the
complex plane • Fourier and Laplace transforms. • The
relationship between analog and digital signals Dr. Russell
L. Herman is a professor of Mathematics and Professor of
Physics at the University of North Carolina Wilmington. A
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recipient of several teaching awards, he has taught
introductory through graduate courses in several areas
including applied mathematics, partial differential
equations, mathematical physics, quantum theory, optics,
cosmology, and general relativity. His research interests
include topics in nonlinear wave equations, soliton
perturbation theory, fluid dynamics, relativity, chaos and
dynamical systems.
This unified, self-contained book examines the mathematical
tools used for decomposing and analyzing functions,
specifically, the application of the [discrete] Fourier
transform to finite Abelian groups. With countless examples
and unique exercise sets at the end of each section, Fourier
Analysis on Finite Abelian Groups is a perfect companion to
a first course in Fourier analysis. This text introduces
mathematics students to subjects that are within their
reach, but it also has powerful applications that may appeal
to advanced researchers and mathematicians. The only
prerequisites necessary are group theory, linear algebra,
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and complex analysis.
DIVThis compact guide emphasizes the relationship between
physics and mathematics, introducing Fourier series in the
way that Fourier himself used them: as solutions of the heat
equation in a disk. 1966 edition. /div
Written by a master mathematical expositor, this classic
text reflects the results of the intense period of research
and development in the area of Fourier analysis in the
decade preceding its first publication in 1962. The
enduringly relevant treatment is geared toward advanced
undergraduate and graduate students and has served as a
fundamental resource for more than five decades. The selfcontained text opens with an overview of the basic theorems
of Fourier analysis and the structure of locally compact
Abelian groups. Subsequent chapters explore idempotent
measures, homomorphisms of group algebras, measures and
Fourier transforms on thin sets, functions of Fourier
transforms, closed ideals in L1(G), Fourier analysis on
ordered groups, and closed subalgebras of L1(G). Helpful
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Appendixes contain background information on topology and
topological groups, Banach spaces and algebras, and measure
theory.
An Introduction for Engineers
Representations, Number Theory, Expanders, and the Fourier
Transform
Introduction to Fourier Analysis on Euclidean Spaces
(PMS-32), Volume 32
From Fourier to Wavelets
This textbook presents basic notions and techniques of Fourier analysis in
discrete settings. Written in a concise style, it is interlaced with remarks,
discussions and motivations from signal analysis. The first part is dedicated to
topics related to the Fourier transform, including discrete time-frequency analysis
and discrete wavelet analysis. Basic knowledge of linear algebra and calculus is
the only prerequisite. The second part is built on Hilbert spaces and Fourier
series and culminates in a section on pseudo-differential operators, providing a
lucid introduction to this advanced topic in analysis. Some measure theory
language is used, although most of this part is accessible to students familiar with
an undergraduate course in real analysis. Discrete Fourier Analysis is aimed at
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advanced undergraduate and graduate students in mathematics and applied
mathematics. Enhanced with exercises, it will be an excellent resource for the
classroom as well as for self-study.
This first volume, a three-part introduction to the subject, is intended for students
with a beginning knowledge of mathematical analysis who are motivated to
discover the ideas that shape Fourier analysis. It begins with the simple
conviction that Fourier arrived at in the early nineteenth century when studying
problems in the physical sciences--that an arbitrary function can be written as an
infinite sum of the most basic trigonometric functions. The first part implements
this idea in terms of notions of convergence and summability of Fourier series,
while highlighting applications such as the isoperimetric inequality and
equidistribution. The second part deals with the Fourier transform and its
applications to classical partial differential equations and the Radon transform; a
clear introduction to the subject serves to avoid technical difficulties. The book
closes with Fourier theory for finite abelian groups, which is applied to prime
numbers in arithmetic progression. In organizing their exposition, the authors
have carefully balanced an emphasis on key conceptual insights against the
need to provide the technical underpinnings of rigorous analysis. Students of
mathematics, physics, engineering and other sciences will find the theory and
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applications covered in this volume to be of real interest. The Princeton Lectures
in Analysis represents a sustained effort to introduce the core areas of
mathematical analysis while also illustrating the organic unity between them.
Numerous examples and applications throughout its four planned volumes, of
which Fourier Analysis is the first, highlight the far-reaching consequences of
certain ideas in analysis to other fields of mathematics and a variety of sciences.
Stein and Shakarchi move from an introduction addressing Fourier series and
integrals to in-depth considerations of complex analysis; measure and integration
theory, and Hilbert spaces; and, finally, further topics such as functional analysis,
distributions and elements of probability theory.
A reader-friendly, systematic introduction to Fourieranalysis Rich in both theory
and application, Fourier Analysispresents a unique and thorough approach to a
key topic in advancedcalculus. This pioneering resource tells the full story of
Fourieranalysis, including its history and its impact on the developmentof modern
mathematical analysis, and also discusses essentialconcepts and today's
applications. Written at a rigorous level, yet in an engaging style that doesnot
dilute the material, Fourier Analysis brings twoprofound aspects of the discipline
to the forefront: the wealth ofapplications of Fourier analysis in the natural
sciences and theenormous impact Fourier analysis has had on the development
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ofmathematics as a whole. Systematic and comprehensive, the book: Presents
material using a cause-and-effect approach,illustrating where ideas originated
and what necessitated them Includes material on wavelets, Lebesgue integration,
L2 spaces,and related concepts Conveys information in a lucid, readable style,
inspiringfurther reading and research on the subject Provides exercises at the
end of each section, as well asillustrations and worked examples throughout the
text Based upon the principle that theory and practice arefundamentally linked,
Fourier Analysis is the ideal text andreference for students in mathematics,
engineering, and physics, aswell as scientists and technicians in a broad range of
disciplineswho use Fourier analysis in real-world situations.
A carefully prepared account of the basic ideas in Fourier analysis and its
applications to the study of partial differential equations. The author succeeds to
make his exposition accessible to readers with a limited background, for
example, those not acquainted with the Lebesgue integral. Readers should be
familiar with calculus, linear algebra, and complex numbers. At the same time,
the author has managed to include discussions of more advanced topics such as
the Gibbs phenomenon, distributions, Sturm-Liouville theory, Cesaro summability
and multi-dimensional Fourier analysis, topics which one usually does not find in
books at this level. A variety of worked examples and exercises will help the
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readers to apply their newly acquired knowledge.
An Introduction to Laplace Transforms and Fourier Series
Fourier Analysis of Time Series
Introduction to Fourier Analysis
Introductory Fourier Transform Spectroscopy

This book provides a meaningful resource for applied mathematics through
Fourier analysis. It develops a unified theory of discrete and continuous
(univariate) Fourier analysis, the fast Fourier transform, and a powerful
elementary theory of generalized functions and shows how these
mathematical ideas can be used to study sampling theory, PDEs, probability,
diffraction, musical tones, and wavelets. The book contains an unusually
complete presentation of the Fourier transform calculus. It uses concepts
from calculus to present an elementary theory of generalized functions. FT
calculus and generalized functions are then used to study the wave
equation, diffusion equation, and diffraction equation. Real-world
applications of Fourier analysis are described in the chapter on musical
tones. A valuable reference on Fourier analysis for a variety of students and
scientific professionals, including mathematicians, physicists, chemists,
geologists, electrical engineers, mechanical engineers, and others.
A new, revised edition of a yet unrivaled work on frequencydomain analysis
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Long recognized for his unique focus on frequency domain methodsfor the
analysis of time series data as well as for his applied,easy-to-understand
approach, Peter Bloomfield brings his well-known1976 work thoroughly up
to date. With a minimum of mathematics andan engaging, highly rewarding
style, Bloomfield provides in-depthdiscussions of harmonic regression,
harmonic analysis, complexdemodulation, and spectrum analysis. All
methods are clearlyillustrated using examples of specific data sets, while
ampleexercises acquaint readers with Fourier analysis and itsapplications.
The Second Edition: Devotes an entire chapter to complex demodulation
Treats harmonic regression in two separate chapters Features a more
succinct discussion of the fast Fouriertransform Uses S-PLUS commands
(replacing FORTRAN) to accommodateprogramming needs and graphic
flexibility Includes Web addresses for all time series data used in
theexamples An invaluable reference for statisticians seeking to
expandtheir understanding of frequency domain methods, FourierAnalysis
of Time Series, Second Edition also provides easyaccess to sophisticated
statistical tools for scientists andprofessionals in such areas as atmospheric
science, oceanography,climatology, and biology.
Fourier analysis is one of the most useful and widely employed sets of tools
for the engineer, the scientist, and the applied mathematician. As such,
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students and practitioners in these disciplines need a practical and
mathematically solid introduction to its principles. They need
straightforward verifications of its results and formulas, and they need clear
indications of the limitations of those results and formulas. Principles of
Fourier Analysis furnishes all this and more. It provides a comprehensive
overview of the mathematical theory of Fourier analysis, including the
development of Fourier series, "classical" Fourier transforms, generalized
Fourier transforms and analysis, and the discrete theory. Much of the
author's development is strikingly different from typical presentations. His
approach to defining the classical Fourier transform results in a much
cleaner, more coherent theory that leads naturally to a starting point for the
generalized theory. He also introduces a new generalized theory based on
the use of Gaussian test functions that yields an even more general -yet
simpler -theory than usually presented. Principles of Fourier Analysis
stimulates the appreciation and understanding of the fundamental concepts
and serves both beginning students who have seen little or no Fourier
analysis as well as the more advanced students who need a deeper
understanding. Insightful, non-rigorous derivations motivate much of the
material, and thought-provoking examples illustrate what can go wrong
when formulas are misused. With clear, engaging exposition, readers
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develop the ability to intelligently handle the more sophisticated
mathematics that Fourier analysis ultimately requires.
A self-contained introduction to discrete harmonic analysis with an
emphasis on the Discrete and Fast Fourier Transforms.
Fourier Analysis on Finite Abelian Groups
Fourier Transforms
Exercises in Fourier Analysis
Discrete Fourier Analysis
This book presents the theory and applications of Fourier series and
integrals, eigenfunction expansions, and related topics, on a level
suitable for advanced undergraduates. It includes material on Bessel
functions, orthogonal polynomials, and Laplace transforms, and it
concludes with chapters on generalized functions and Green's functions
for ordinary and partial differential equations. The book deals almost
exclusively with aspects of these subjects that are useful in physics
and engineering, and includes a wide variety of applications. On the
theoretical side, it uses ideas from modern analysis to develop the
concepts and reasoning behind the techniques without getting bogged
down in the technicalities of rigorous proofs.
This two-volume text in harmonic analysis introduces a wealth of
analytical results and techniques. It is largely self-contained and
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useful to graduates and researchers in pure and applied analysis.
Numerous exercises and problems make the text suitable for self-study
and the classroom alike. The first volume starts with classical onedimensional topics: Fourier series; harmonic functions; Hilbert
transform. Then the higher-dimensional Calderón–Zygmund and
Littlewood–Paley theories are developed. Probabilistic methods and
their applications are discussed, as are applications of harmonic
analysis to partial differential equations. The volume concludes with
an introduction to the Weyl calculus. The second volume goes beyond
the classical to the highly contemporary and focuses on multilinear
aspects of harmonic analysis: the bilinear Hilbert transform;
Coifman–Meyer theory; Carleson's resolution of the Lusin conjecture;
Calderón's commutators and the Cauchy integral on Lipschitz curves.
The material in this volume has not previously appeared together in
book form.
Fourier Analysis on Finite Groups and Applications
Introduction to Fourier Analysis on Euclidean Spaces
Digital Fourier Analysis: Fundamentals
˜Anœ Introduction to Fourier analysis
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