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In the present book, we have put together the basic theory of the units and
cuspidal divisor class group in the modular function fields, developed over the past
few years. Let i) be the upper half plane, and N a positive integer. Let r(N) be the
subgroup of SL (Z) consisting of those matrices == 1 mod N. Then r(N)\i) 2 is
complex analytic isomorphic to an affine curve YeN), whose compactifi cation is
called the modular curve X(N). The affine ring of regular functions on yeN) over C is
the integral closure of C[j] in the function field of X(N) over C. Here j is the classical
modular function. However, for arithmetic applications, one considers the curve as
defined over the cyclotomic field Q(JlN) of N-th roots of unity, and one takes the
integral closure either of Q[j] or Z[j], depending on how much arithmetic one wants
to throw in. The units in these rings consist of those modular functions which have
no zeros or poles in the upper half plane. The points of X(N) which lie at infinity,
that is which do not correspond to points on the above affine set, are called the
cusps, because of the way they look in a fundamental domain in the upper half
plane. They generate a subgroup of the divisor class group, which turns out to be
finite, and is called the cuspidal divisor class group.

Contemporary Abstract Algebra
A basic advanced text in its field, this monograph for undergraduates and graduate
students in mathematics requires some background in elementary qualitative
algebraic geometry and the elementary theory of algebraic groups. 1959 edition.
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Linear Algebra
The present book is meant as a text for a course on complex analysis at the
advanced undergraduate level, or first-year graduate level. Somewhat more
material has been included than can be covered at leisure in one term, to give
opportunities for the instructor to exercise his taste, and lead the course in
whatever direction strikes his fancy at the time. A large number of routine
exercises are included for the more standard portions, and a few harder exercises
of striking theoretical interest are also included, but may be omitted in courses
addressed to less advanced students. In some sense, I think the classical German
prewar texts were the best (Hurwitz-Courant, Knopp, Bieberbach, etc. ) and I would
recom mend to anyone to look through them. More recent texts have empha sized
connections with real analysis, which is important, but at the cost of exhibiting
succinctly and clearly what is peculiar about complex anal ysis: the power series
expansion, the uniqueness of analytic continuation, and the calculus of residues.
The systematic elementary development of formal and convergent power series
was standard fare in the German texts, but only Cartan, in the more recent books,
includes this material, which I think is quite essential, e. g. , for differential
equations. I have written a short text, exhibiting these features, making it
applicable to a wide variety of tastes. The book essentially decomposes into two
parts.
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Modular Units
This book provides an introduction to the basic concepts in differential topology,
differential geometry, and differential equations, and some of the main basic
theorems in all three areas. This new edition includes new chapters, sections,
examples, and exercises. From the reviews: "There are many books on the
fundamentals of differential geometry, but this one is quite exceptional; this is not
surprising for those who know Serge Lang's books." --EMS NEWSLETTER

Introduction To Commutative Algebra
The present book "Problems and Solutions for Undergraduate Real Analysis" is the
combined volume of author's two books "Problems and Solutions for
Undergraduate Real Analysis I" and "Problems and Solutions for Undergraduate
Real Analysis II". By offering 456 exercises with different levels of difficulty, this
book gives a brief exposition of the foundations of first-year undergraduate real
analysis. Furthermore, we believe that students and instructors may find that the
book can also be served as a source for some advanced courses or as a
reference.The wide variety of problems, which are of varying difficulty, include the
following topics: (1) Elementary Set Algebra, (2) The Real Number System, (3)
Countable and Uncountable Sets, (4) Elementary Topology on Metric Spaces, (5)
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Sequences in Metric Spaces, (6) Series of Numbers, (7) Limits and Continuity of
Functions, (8) Differentiation, (9) The Riemann-StieltjesIntegral, (10) Sequences
and Series of Functions, (11) Improper Integrals, (12) Lebesgue Measure, (13)
Lebesgue Measurable Functions, (14) Lebesgue Integration, (15) Differential
Calculus of Functions of Several Variables and (16) Integral Calculus of Functions of
Several Variables. Furthermore, the main features of this book are listed as
follows:1. The book contains 456 problems of undergraduate real analysis, which
cover the topics mentioned above, with detailed and complete solutions. In fact,
the solutions show every detail, every step and every theorem that I applied.2.
Each chapter starts with a brief and concise note of introducing the notations,
terminologies, basic mathematical concepts or important/famous/frequently used
theorems (without proofs) relevant to the topic. As a consequence, students can
use these notes as a quick review before midterms or examinations.3. Three levels
of difficulty have been assigned to problems so that you can sharpen your
mathematics step-by-step. 4. Different colors are used frequently in order to
highlight or explain problems, examples, remarks, main points/formulas involved,
or show the steps of manipulation in some complicated proofs. (ebook only)5. An
appendix about mathematical logic is included. It tells students what concepts of
logic (e.g. techniques of proofs) are necessary in advanced mathematics.

A First Course in Calculus
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First Published in 2018. Routledge is an imprint of Taylor & Francis, an Informa
company.

Linear Algebra
All the exercises plus their solutions for Serge Lang's fourth edition of "Complex
Analysis," ISBN 0-387-98592-1. The problems in the first 8 chapters are suitable for
an introductory course at undergraduate level and cover power series, Cauchy's
theorem, Laurent series, singularities and meromorphic functions, the calculus of
residues, conformal mappings, and harmonic functions. The material in the
remaining 8 chapters is more advanced, with problems on Schwartz reflection,
analytic continuation, Jensen's formula, the Phragmen-Lindeloef theorem, entire
functions, Weierstrass products and meromorphic functions, the Gamma function
and Zeta function. Also beneficial for anyone interested in learning complex
analysis.

A Book of Abstract Algebra
This book covers an especially broad range of topics, including some topics not
generally found in linear algebra books The first part details the basics of linear
algebra. Coverage then proceeds to a discussion of modules, emphasizing a
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comparison with vector spaces. A thorough discussion of inner product spaces,
eigenvalues, eigenvectors, and finite dimensional spectral theory follows,
culminating in the finite dimensional spectral theorem for normal operators.

Real and Functional Analysis
"This book is intended for first- and second-year undergraduates arriving with
average mathematics grades The strength of the text is in the large number of
examples and the step-by-step explanation of each topic as it is introduced. It is
compiled in a way that allows distance learning, with explicit solutions to all of the
set problems freely available online http://www.oup.co.uk/companion/singh" -From preface.

Basic Abstract Algebra
Diophantine problems represent some of the strongest aesthetic attractions to
algebraic geometry. They consist in giving criteria for the existence of solutions of
algebraic equations in rings and fields, and eventually for the number of such
solutions. The fundamental ring of interest is the ring of ordinary integers Z, and
the fundamental field of interest is the field Q of rational numbers. One discovers
rapidly that to have all the technical freedom needed in handling general
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problems, one must consider rings and fields of finite type over the integers and
rationals. Furthermore, one is led to consider also finite fields, p-adic fields
(including the real and complex numbers) as representing a localization of the
problems under consideration. We shall deal with global problems, all of which will
be of a qualitative nature. On the one hand we have curves defined over say the
rational numbers. Ifthe curve is affine one may ask for its points in Z, and thanks to
Siegel, one can classify all curves which have infinitely many integral points. This
problem is treated in Chapter VII. One may ask also for those which have infinitely
many rational points, and for this, there is only Mordell's conjecture that if the
genus is :;;; 2, then there is only a finite number of rational points.

Complex Analysis
This solutions manual for Lang’s Undergraduate Analysis provides worked-out
solutions for all problems in the text. They include enough detail so that a student
can fill in the intervening details between any pair of steps.

Calculus of Several Variables
This is a second edition of Lang's well-known textbook. It covers all of the basic
material of classical algebraic number theory, giving the student the background
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necessary for the study of further topics in algebraic number theory, such as
cyclotomic fields, or modular forms. "Lang's books are always of great value for the
graduate student and the research mathematician. This updated edition of
Algebraic number theory is no exception."—-MATHEMATICAL REVIEWS

Undergraduate Algebra
This is a short text in linear algebra, intended for a one-term course. In the first
chapter, Lang discusses the relation between the geometry and the algebra
underlying the subject, and gives concrete examples of the notions which appear
later in the book. He then starts with a discussion of linear equations, matrices and
Gaussian elimination, and proceeds to discuss vector spaces, linear maps, scalar
products, determinants, and eigenvalues. The book contains a large number of
exercises, some of the routine computational type, while others are conceptual.

Mathematics for Machine Learning
This book is meant as a text for a first-year graduate course in analysis. In a sense,
it covers the same topics as elementary calculus but treats them in a manner
suitable for people who will be using it in further mathematical investigations. The
organization avoids long chains of logical interdependence, so that chapters are
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mostly independent. This allows a course to omit material from some chapters
without compromising the exposition of material from later chapters.

Linear Algebra Done Right
Complex Multiplication
The fundamental mathematical tools needed to understand machine learning
include linear algebra, analytic geometry, matrix decompositions, vector calculus,
optimization, probability and statistics. These topics are traditionally taught in
disparate courses, making it hard for data science or computer science students,
or professionals, to efficiently learn the mathematics. This self-contained textbook
bridges the gap between mathematical and machine learning texts, introducing
the mathematical concepts with a minimum of prerequisites. It uses these
concepts to derive four central machine learning methods: linear regression,
principal component analysis, Gaussian mixture models and support vector
machines. For students and others with a mathematical background, these
derivations provide a starting point to machine learning texts. For those learning
the mathematics for the first time, the methods help build intuition and practical
experience with applying mathematical concepts. Every chapter includes worked
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examples and exercises to test understanding. Programming tutorials are offered
on the book's web site.

Advanced Linear Algebra
SL2(R) gives the student an introduction to the infinite dimensional representation
theory of semisimple Lie groups by concentrating on one example - SL2(R). This
field is of interest not only for its own sake, but for its connections with other areas
such as number theory, as brought out, for example, in the work of Langlands. The
rapid development of representation theory over the past 40 years has made it
increasingly difficult for a student to enter the field. This book makes the theory
accessible to a wide audience, its only prerequisites being a knowledge of real
analysis, and some differential equations.

Undergraduate Analysis
Relations between groups and sets, results and methods of abstract algebra in
terms of number theory and geometry, and noncommutative and homological
algebra. Solutions. 2006 edition.

Fundamentals of Diophantine Geometry
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The companion title, Linear Algebra, has sold over 8,000 copies The writing style is
very accessible The material can be covered easily in a one-year or one-term
course Includes Noah Snyder's proof of the Mason-Stothers polynomial abc
theorem New material included on product structure for matrices including
descriptions of the conjugation representation of the diagonal group

Problems and Solutions for Complex Analysis
The companion title, Linear Algebra, has sold over 8,000 copies The writing style is
very accessible The material can be covered easily in a one-year or one-term
course Includes Noah Snyder's proof of the Mason-Stothers polynomial abc
theorem New material included on product structure for matrices including
descriptions of the conjugation representation of the diagonal group

A First Course in Calculus
This book begins with an exposition of the basic theory of vector spaces and
proceeds to explain the fundamental structure theorem for linear maps, including
eigenvectors and eigenvalues, quadratic and hermitian forms, diagnolization of
symmetric, hermitian, and unitary linear maps and matrices, triangulation, and
Jordan canonical form. Material in this new edition has been rewritten and
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reorganized and new exercises have been added.

Undergraduate Algebra
Accessible but rigorous, this outstanding text encompasses all of the topics
covered by a typical course in elementary abstract algebra. Its easy-to-read
treatment offers an intuitive approach, featuring informal discussions followed by
thematically arranged exercises. This second edition features additional exercises
to improve student familiarity with applications. 1990 edition.

Algebra
Algebra: Chapter 0 is a self-contained introduction to the main topics of algebra,
suitable for a first sequence on the subject at the beginning graduate or upper
undergraduate level. The primary distinguishing feature of the book, compared to
standard textbooks in algebra, is the early introduction of categories, used as a
unifying theme in the presentation of the main topics. A second feature consists of
an emphasis on homological algebra: basic notions on complexes are presented as
soon as modules have been introduced, and an extensive last chapter on
homological algebra can form the basis for a follow-up introductory course on the
subject. Approximately 1,000 exercises both provide adequate practice to
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consolidate the understanding of the main body of the text and offer the
opportunity to explore many other topics, including applications to number theory
and algebraic geometry. This will allow instructors to adapt the textbook to their
specific choice of topics and provide the independent reader with a richer exposure
to algebra. Many exercises include substantial hints, and navigation of the topics is
facilitated by an extensive index and by hundreds of cross-references.

SL2(R)
The small book by Shimura-Taniyama on the subject of complex multi is a classic.
It gives the results obtained by them (and some by Weil) plication in the higher
dimensional case, generalizing in a non-trivial way the method of Deuring for
elliptic curves, by reduction mod p. Partly through the work of Shimura himself (cf.
[Sh 1] [Sh 2], and [Sh 5]), and some others (Serre, Tate, Kubota, Ribet, Deligne
etc.) it is possible today to make a more snappy and extensive presentation of the
fundamental results than was possible in 1961. Several persons have found my
lecture notes on this subject useful to them, and so I have decided to publish this
short book to make them more widely available. Readers acquainted with the
standard theory of abelian varieties, and who wish to get rapidly an idea of the
fundamental facts of complex multi plication, are advised to look first at the two
main theorems, Chapter 3, §6 and Chapter 4, §1, as well as the rest of Chapter 4.
The applications of Chapter 6 could also be profitably read early. I am much
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indebted to N. Schappacher for a careful reading of the manu script resulting in a
number of useful suggestions. S. LANG Contents CHAPTER 1 Analytic Complex
Multiplication 4 I. Positive Definite Involutions . . . 6 2. CM Types and Subfields. . . .
. 8 3. Application to Abelian Manifolds. 4. Construction of Abelian Manifolds with CM
14 21 5. Reflex of a CM Type . . . . .

Cohomology of Groups
Fundamentals of Differential Geometry
Problems and Solutions for Undergraduate Real Analysis
This logically self-contained introduction to analysis centers around those
properties that have to do with uniform convergence and uniform limits in the
context of differentiation and integration. From the reviews: "This material can be
gone over quickly by the really well-prepared reader, for it is one of the book’s
pedagogical strengths that the pattern of development later recapitulates this
material as it deepens and generalizes it." --AMERICAN MATHEMATICAL SOCIETY
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Algebra: Chapter 0
This textbook offers an innovative approach to abstract algebra, based on a unified
treatment of similar concepts across different algebraic structures. This makes it
possible to express the main ideas of algebra more clearly and to avoid
unnecessary repetition. The book consists of two parts: The Language of Algebra
and Algebra in Action. The unified approach to different algebraic structures is a
primary feature of the first part, which discusses the basic notions of algebra at an
elementary level. The second part is mathematically more complex, covering
topics such as the Sylow theorems, modules over principal ideal domains, and
Galois theory. Intended for an undergraduate course or for self-study, the book is
written in a readable, conversational style, is rich in examples, and contains over
700 carefully selected exercises.

Algebra
Aimed at second year graduate students, this text introduces them to cohomology
theory (involving a rich interplay between algebra and topology) with a minimum
of prerequisites. No homological algebra is assumed beyond what is normally
learned in a first course in algebraic topology, and the basics of the subject, as well
as exercises, are given prior to discussion of more specialized topics.
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Elliptic Functions
Elliptic functions parametrize elliptic curves, and the intermingling of the analytic
and algebraic-arithmetic theory has been at the center of mathematics since the
early part of the nineteenth century. The book is divided into four parts. In the first,
Lang presents the general analytic theory starting from scratch. Most of this can be
read by a student with a basic knowledge of complex analysis. The next part treats
complex multiplication, including a discussion of Deuring's theory of l-adic and padic representations, and elliptic curves with singular invariants. Part three covers
curves with non-integral invariants, and applies the Tate parametrization to give
Serre's results on division points. The last part covers theta functions and the
Kronecker Limit Formula. Also included is an appendix by Tate on algebraic
formulas in arbitrary charactistic.

Introduction to Algebraic Geometry
This new, revised edition covers all of the basic topics in calculus of several
variables, including vectors, curves, functions of several variables, gradient,
tangent plane, maxima and minima, potential functions, curve integrals, Green’s
theorem, multiple integrals, surface integrals, Stokes’ theorem, and the inverse
mapping theorem and its consequences. It includes many completely worked-out
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problems.

Solutions Manual for Lang’s Linear Algebra
CONTEMPORARY ABSTRACT ALGEBRA, EIGHTH EDITION provides a solid
introduction to the traditional topics in abstract algebra while conveying to
students that it is a contemporary subject used daily by working mathematicians,
computer scientists, physicists, and chemists. The text includes numerous figures,
tables, photographs, charts, biographies, computer exercises, and suggested
readings giving the subject a current feel which makes the content interesting and
relevant for students. Important Notice: Media content referenced within the
product description or the product text may not be available in the ebook version.

Basic Mathematics
This self-contained textbook takes a matrix-oriented approach to linear algebra
and presents a complete theory, including all details and proofs, culminating in the
Jordan canonical form and its proof. Throughout the development, the applicability
of the results is highlighted. Additionally, the book presents special topics from
applied linear algebra including matrix functions, the singular value decomposition,
the Kronecker product and linear matrix equations. The matrix-oriented approach
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to linear algebra leads to a better intuition and a deeper understanding of the
abstract concepts, and therefore simplifies their use in real world applications.
Some of these applications are presented in detailed examples. In several ‘MATLABMinutes’ students can comprehend the concepts and results using computational
experiments. Necessary basics for the use of MATLAB are presented in a short
introduction. Students can also actively work with the material and practice their
mathematical skills in more than 300 exercises.

Introduction to Linear Algebra
From the reviews "This is a reprint of the original edition of Lang’s ‘A First Course
in Calculus’, which was first published in 1964.The treatment is ‘as rigorous as any
mathematician would wish it’.[The exercises] are refreshingly simply stated,
without any extraneous verbiage, and at times quite challenging.There are
answers to all the exercises set and some supplementary problems on each topic
to tax even the most able." --Mathematical Gazette

Short Calculus
This fifth edition of Lang's book covers all the topics traditionally taught in the firstyear calculus sequence. Divided into five parts, each section of A FIRST COURSE IN
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CALCULUS contains examples and applications relating to the topic covered. In
addition, the rear of the book contains detailed solutions to a large number of the
exercises, allowing them to be used as worked-out examples -- one of the main
improvements over previous editions.

Linear Algebra
Finally a self-contained, one volume, graduate-level algebra text that is readable
by the average graduate student and flexible enough to accommodate a wide
variety of instructors and course contents. The guiding principle throughout is that
the material should be presented as general as possible, consistent with good
pedagogy. Therefore it stresses clarity rather than brevity and contains an
extraordinarily large number of illustrative exercises.

Algebraic Number Theory
Rapid, concise, self-contained introduction assumes only familiarity with
elementary algebra. Subjects include algebraic varieties; products, projections, and
correspondences; normal varieties; differential forms; theory of simple points;
algebraic groups; more. 1958 edition.
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Problems and Solutions for Undergraduate Analysis
This text for a second course in linear algebra, aimed at math majors and
graduates, adopts a novel approach by banishing determinants to the end of the
book and focusing on understanding the structure of linear operators on vector
spaces. The author has taken unusual care to motivate concepts and to simplify
proofs. For example, the book presents - without having defined determinants - a
clean proof that every linear operator on a finite-dimensional complex vector space
has an eigenvalue. The book starts by discussing vector spaces, linear
independence, span, basics, and dimension. Students are introduced to innerproduct spaces in the first half of the book and shortly thereafter to the finitedimensional spectral theorem. A variety of interesting exercises in each chapter
helps students understand and manipulate the objects of linear algebra. This
second edition features new chapters on diagonal matrices, on linear functionals
and adjoints, and on the spectral theorem; some sections, such as those on selfadjoint and normal operators, have been entirely rewritten; and hundreds of minor
improvements have been made throughout the text.

Abelian Varieties
The present volume contains all the exercises and their solutions for Lang's second
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edition of Undergraduate Analysis. The wide variety of exercises, which range from
computational to more conceptual and which are of vary ing difficulty, cover the
following subjects and more: real numbers, limits, continuous functions,
differentiation and elementary integration, normed vector spaces, compactness,
series, integration in one variable, improper integrals, convolutions, Fourier series
and the Fourier integral, functions in n-space, derivatives in vector spaces, the
inverse and implicit mapping theorem, ordinary differential equations, multiple
integrals, and differential forms. My objective is to offer those learning and
teaching analysis at the undergraduate level a large number of completed
exercises and I hope that this book, which contains over 600 exercises covering
the topics mentioned above, will achieve my goal. The exercises are an integral
part of Lang's book and I encourage the reader to work through all of them. In
some cases, the problems in the beginning chapters are used in later ones, for
example, in Chapter IV when one constructs-bump functions, which are used to
smooth out singulari ties, and prove that the space of functions is dense in the
space of regu lated maps. The numbering of the problems is as follows. Exercise
IX. 5. 7 indicates Exercise 7, §5, of Chapter IX. Acknowledgments I am grateful to
Serge Lang for his help and enthusiasm in this project, as well as for teaching me
mathematics (and much more) with so much generosity and patience.

Geometry
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At last: geometry in an exemplary, accessible and attractive form! The authors
emphasise both the intellectually stimulating parts of geometry and routine
arguments or computations in concrete or classical cases, as well as practical and
physical applications. They also show students the fundamental concepts and the
difference between important results and minor technical routines. Altogether, the
text presents a coherent high school curriculum for the geometry course, naturally
backed by numerous examples and exercises.
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