
algebraic independence

Unraveling the Mystery of Algebraic Independence: A Deep Dive

Introduction:

Have you ever wondered about the intricate dance between numbers and polynomials? The concept of algebraic
independence delves into this fascinating realm, exploring the relationships – or rather, the lack of relationships
– between numbers that resist being tied together by polynomial equations. This isn't just abstract
mathematics; it has profound implications in fields like number theory, algebraic geometry, and even theoretical
physics. This comprehensive guide will demystify algebraic independence, starting with the fundamentals and
progressing to more advanced concepts, ensuring a thorough understanding for both beginners and seasoned
mathematicians. We'll explore its definition, key theorems, examples, and applications, providing a solid
foundation for further exploration.

Defining Algebraic Independence: The Foundation1.

Algebraic independence fundamentally asks: Can a set of numbers be expressed as the roots of a polynomial
equation with coefficients from a specific field (often the rational numbers)? If the answer is no – meaning no
non-trivial polynomial equation can relate them – then those numbers are considered algebraically independent.
Let's break this down. A polynomial is an expression involving variables raised to non-negative integer powers,
multiplied by coefficients. For instance, x² + 2x – 1 is a polynomial. If we can find a polynomial with rational
coefficients (like this one) where a set of numbers are simultaneously roots, they are algebraically dependent.
Conversely, if no such polynomial exists, they're algebraically independent.

Understanding Algebraic Dependence: The Contrast1.

Before we delve deeper into independence, understanding its opposite, algebraic dependence, is crucial. Algebraic
dependence implies a connection; a specific relationship describable by a polynomial equation. For example, the
numbers 1 and 2 are algebraically dependent because they satisfy the polynomial equation x² - 3x + 2 = 0. This
simple example demonstrates the core concept: algebraic dependence implies a deterministic link expressible
through a polynomial.

Key Theorems and Results: Illuminating the Landscape1.

Several pivotal theorems shed light on the intricacies of algebraic independence. The transcendence of e and π is
a cornerstone result. It's proven that e and π are algebraically independent over the rationals – meaning no
polynomial with rational coefficients can have both e and π as roots. This is a non-trivial result requiring
sophisticated techniques from transcendental number theory. Other important theorems, like Lindemann-
Weierstrass, provide powerful tools for determining algebraic independence in specific cases.

Examples and Counterexamples: Putting Theory into Practice1.



Let's illustrate with examples. The numbers 1, �2, and �3 are algebraically dependent because they satisfy
polynomial equations (although finding the single polynomial is a slightly more involved process than with the
1 and 2 example). However, proving the algebraic independence of, say, e and π, is far more challenging and
requires advanced mathematical machinery. Understanding these examples, both simple and complex, is vital for
grasping the nuances of the concept.

Applications of Algebraic Independence: Beyond Theory1.

The implications of algebraic independence extend far beyond pure mathematics. It plays a critical role in:

Number Theory: Determining the transcendence of specific numbers is a central problem.
Algebraic Geometry: Studying the geometry of algebraic varieties often relies on understanding the algebraic
independence or dependence of coordinates.
Theoretical Physics: Certain models in physics utilize transcendental numbers, and their algebraic independence
properties are relevant for consistency and interpretability.

Advanced Topics: Exploring the Frontiers1.

For those seeking a deeper understanding, exploring topics like:

Transcendence degree: A measure of the "size" of a set of algebraically independent numbers.
Gelfond-Schneider theorem: A significant result concerning the algebraic independence of certain exponential
functions.
Hilbert's seventh problem: A historically significant problem relating to algebraic independence, now solved.

These advanced topics open doors to the rich and complex world of algebraic number theory.

Book Outline: "The Algebraic Independence Handbook"

Introduction: What is algebraic independence? Why is it important?
Chapter 1: Fundamental concepts: polynomials, fields, and algebraic extensions.
Chapter 2: Algebraic dependence and its implications. Examples and counterexamples.
Chapter 3: Key theorems: transcendence of e and π, Lindemann-Weierstrass theorem.
Chapter 4: Applications in number theory, algebraic geometry, and theoretical physics.
Chapter 5: Advanced topics: transcendence degree, Gelfond-Schneider theorem, Hilbert's seventh problem.
Conclusion: Summary of key concepts and future directions of research.

Detailed Explanation of Book Chapters:

(Expanding on the book outline above – This section would be substantially longer in an actual book.)

Chapter 1: Fundamental Concepts: This chapter would carefully define polynomials, fields (such as the field of
rational numbers), and algebraic extensions. It would lay the groundwork for understanding the mathematical
language necessary to discuss algebraic independence formally. Examples of polynomial rings and field
operations would be included with detailed explanation.

Chapter 2: Algebraic Dependence: This chapter would delve into the meaning of algebraic dependence, providing
numerous examples ranging from simple to more complex cases. It would differentiate between algebraically
dependent and independent sets, emphasizing the key differences. Counterexamples would highlight the subtleties



involved.

Chapter 3: Key Theorems: This would focus on proving or providing detailed explanations of seminal theorems,
including the transcendence of e and π and the Lindemann-Weierstrass theorem, illustrating their applications in
determining algebraic independence. Proof outlines or intuitive explanations (depending on the target audience)
would be provided for major theorems.

Chapter 4: Applications: This chapter would explore the practical applications of algebraic independence
across diverse fields, linking abstract concepts to real-world implications. Specific examples would
demonstrate how algebraic independence arises in practical problems.

Chapter 5: Advanced Topics: This would discuss the more challenging concepts like transcendence degree, the
Gelfond-Schneider theorem, and the history and solution of Hilbert's seventh problem, suitable for advanced
undergraduate or graduate-level students.

Conclusion: The conclusion would summarize the main points of the book, emphasizing the significance of
algebraic independence and its ongoing impact on various mathematical areas. It would also point to avenues
for future research and open problems.

FAQs:

What is the difference between algebraic and transcendental numbers? Algebraic numbers are roots of1.
polynomials with rational coefficients, while transcendental numbers are not.

Is the set of all real numbers algebraically independent? No, most real numbers are algebraically1.
dependent.

How is algebraic independence used in cryptography? While not a direct application, the properties of1.
transcendental numbers are sometimes used in the design of secure cryptographic systems.

Can two transcendental numbers always be algebraically independent? No, some pairs of transcendental1.
numbers are algebraically dependent.

What are some open problems in algebraic independence? Many problems remain unsolved, concerning the1.
transcendence and algebraic independence of specific constants and functions.

What mathematical tools are needed to study algebraic independence? Tools from abstract algebra,1.
number theory, and analysis are necessary.

How does algebraic independence relate to linear independence? Linear independence deals with linear1.
combinations, while algebraic independence deals with polynomials of arbitrary degree.



Is proving algebraic independence usually easy? No, proving algebraic independence is often very difficult,1.
requiring advanced techniques.

What are some resources to learn more about algebraic independence? Textbooks on number theory and1.
algebraic geometry are excellent resources.

Related Articles:

Transcendental Numbers: A detailed exploration of numbers that are not roots of polynomials with1.
rational coefficients.

Lindemann-Weierstrass Theorem: A deep dive into this crucial theorem proving the transcendence of many1.
numbers.

Gelfond-Schneider Theorem: A discussion of this theorem concerning the transcendence of certain1.
algebraic powers of transcendental numbers.

Hilbert's Seventh Problem: The history and solution of this important problem relating to algebraic1.
independence.

Transcendence Degree: A formal explanation of this measure for the "size" of an algebraically independent1.
set.

Algebraic Extensions of Fields: A comprehensive discussion of how extending a field with algebraic1.
numbers works.

Algebraic Number Theory: A broad overview of this significant area of mathematics where algebraic1.
independence plays a crucial role.

Diophantine Equations: Exploration of equations that involve only integer solutions, closely related1.
to algebraic number theory.



The transcendence of π and e: A focused study on the historical proofs and implications of the1.
transcendence of these fundamental mathematical constants.

��algebraic independence: Introduction to Algebraic Independence Theory Yuri V. Nesterenko,
Patrice Philippon, 2003-07-01 In the last five years there has been very significant progress in the
development of transcendence theory. A new approach to the arithmetic properties of values of
modular forms and theta-functions was found. The solution of the Mahler-Manin problem on values
of modular function j(tau) and algebraic independence of numbers pi and e^(pi) are most impressive
results of this breakthrough. The book presents these and other results on algebraic independence
of numbers and further, a detailed exposition of methods created in last the 25 years, during which
commutative algebra and algebraic geometry exerted strong catalytic influence on the development
of the subject.
  algebraic independence: Algebraic Independence of the Values at Algebraic Points of a Class
of Functions Considered by Mahler N. Ch Wass, 1990 1,\... m)(\*)\cr} TABLE/EQUATION ENDS)for b
$\geq$ 2, a$\sb{\rm ij}$(z), b$\sb{\rm j}$(z) in K(z). Suppose finally that $\alpha\in\kappa$ is such
that 0 $
  algebraic independence: Advances in Algebra K. P. Shum, 2003 This is the proceedings of
the ICM2002 Satellite Conference on Algebras. Over 175 participants attended the meeting. The
opening ceremony included an address by R. Gonchidorsh, former vice-president of the Mongolian
Republic in Uaalannbaatar. The topics covered at the conference included general algebras,
semigroups, groups, rings, hopf algebras, modules, codes, languages, automation theory, graphs,
fuzz algebras and applications.
  algebraic independence: Abstract Algebra Pierre Antoine Grillet, 2007-07-21 A completely
reworked new edition of this superb textbook. This key work is geared to the needs of the graduate
student. It covers, with proofs, the usual major branches of groups, rings, fields, and modules. Its
inclusive approach means that all of the necessary areas are explored, while the level of detail is
ideal for the intended readership. The text tries to promote the conceptual understanding of algebra
as a whole, doing so with a masterful grasp of methodology. Despite the abstract subject matter, the
author includes a careful selection of important examples, together with a detailed elaboration of the
more sophisticated, abstract theories.
  algebraic independence: Number Theory R.P. Bambah, V.C. Dumir, R.J. Hans-Gill, 2012-12-06
The Indian National Science Academy on the occasion ofthe Golden Jubilee Celebration (Fifty years
of India's Independence) decided to publish a number of monographs on the selected fields. The
editorial board of INS A invited us to prepare a special monograph in Number Theory. In reponse to
this assignment, we invited several eminent Number Theorists to contribute expository/research
articles for this monograph on Number Theory. Al though some ofthose invited, due to other
preoccupations-could not respond positively to our invitation, we did receive fairly encouraging
response from many eminent and creative number theorists throughout the world. These articles are
presented herewith in a logical order. We are grateful to all those mathematicians who have sent us
their articles. We hope that this monograph will have a significant impact on further development in
this subject. R. P. Bambah v. C. Dumir R. J. Hans-Gill A Centennial History of the Prime Number
Theorem Tom M. Apostol The Prime Number Theorem Among the thousands of discoveries made by
mathematicians over the centuries, some stand out as significant landmarks. One of these is the
prime number theorem, which describes the asymptotic distribution of prime numbers. It can be
stated in various equivalent forms, two of which are: x (I) K(X) ' -I - as x --+ 00, ogx and Pn ' n log n
as n --+ 00. (2) In (1), K(X) denotes the number of primes P ::s x for any x > O.



  algebraic independence: A Course in Constructive Algebra Ray Mines, Fred Richman, Wim
Ruitenburg, 2012-09-10 The constructive approach to mathematics has enjoyed a renaissance,
caused in large part by the appearance of Errett Bishop's book Foundations of constructiue analysis
in 1967, and by the subtle influences of the proliferation of powerful computers. Bishop
demonstrated that pure mathematics can be developed from a constructive point of view while
maintaining a continuity with classical terminology and spirit; much more of classical mathematics
was preserved than had been thought possible, and no classically false theorems resulted, as had
been the case in other constructive schools such as intuitionism and Russian constructivism. The
computers created a widespread awareness of the intuitive notion of an effecti ve procedure, and of
computation in principle, in addi tion to stimulating the study of constructive algebra for actual
implementation, and from the point of view of recursive function theory. In analysis, constructive
problems arise instantly because we must start with the real numbers, and there is no finite
procedure for deciding whether two given real numbers are equal or not (the real numbers are not
discrete) . The main thrust of constructive mathematics was in the direction of analysis, although
several mathematicians, including Kronecker and van der waerden, made important contributions to
construc tive algebra. Heyting, working in intuitionistic algebra, concentrated on issues raised by
considering algebraic structures over the real numbers, and so developed a handmaiden'of analysis
rather than a theory of discrete algebraic structures.
  algebraic independence: Contributions to the Theory of Transcendental Numbers
Gregory Chudnovsky, 1984 Contains a collection of papers devoted primarily to transcendental
number theory and diophantine approximations. This title includes a text of the author's invited
address on his work on the theory of transcendental numbers to the 1978 International Congress of
Mathematicians in Helsinki.
  algebraic independence: Surveys in Number Theory Krishnaswami Alladi, 2009-03-02
Number theory has a wealth of long-standing problems, the study of which over the years has led to
major developments in many areas of mathematics. This volume consists of seven significant
chapters on number theory and related topics. Written by distinguished mathematicians, key topics
focus on multipartitions, congruences and identities (G. Andrews), the formulas of Koshliakov and
Guinand in Ramanujan's Lost Notebook (B. C. Berndt, Y. Lee, and J. Sohn), alternating sign matrices
and the Weyl character formulas (D. M. Bressoud), theta functions in complex analysis (H. M.
Farkas), representation functions in additive number theory (M. B. Nathanson), and mock theta
functions, ranks, and Maass forms (K. Ono), and elliptic functions (M. Waldschmidt).
  algebraic independence: Mahler Functions and Transcendence Kumiko Nishioka,
2006-11-14 This book is the first comprehensive treatise of the transcendence theory of Mahler
functions and their values. Recently the theory has seen profound development and has found a
diversity of applications. The book assumes a background in elementary field theory, p-adic field,
algebraic function field of one variable and rudiments of ring theory. The book is intended for both
graduate students and researchers who are interested in transcendence theory. It will lay the
foundations of the theory of Mahler functions and provide a source of further research.
  algebraic independence: Proceedings of the International Conference on Number
Theory (Moscow, September 14-18, 1971) Ivan Matveevich Vinogradov, 1975 Papers and articles
about number theory.
  algebraic independence: Encyclopaedia of Mathematics Michiel Hazewinkel, 2013-12-01 This
ENCYCLOPAEDIA OF MATHEMATICS aims to be a reference work for all parts of mathe matics. It
is a translation with updates and editorial comments of the Soviet Mathematical Encyclopaedia
published by 'Soviet Encyclopaedia Publishing House' in five volumes in 1977-1985. The annotated
translation consists of ten volumes including a special index volume. There are three kinds of
articles in this ENCYCLOPAEDIA. First of all there are survey-type articles dealing with the various
main directions in mathematics (where a rather fine subdivi sion has been used). The main
requirement for these articles has been that they should give a reasonably complete up-to-date
account of the current state of affairs in these areas and that they should be maximally accessible.



On the whole, these articles should be understandable to mathematics students in their first
specialization years, to graduates from other mathematical areas and, depending on the specific
subject, to specialists in other domains of science, en gineers and teachers of mathematics. These
articles treat their material at a fairly general level and aim to give an idea of the kind of problems,
techniques and concepts involved in the area in question. They also contain background and
motivation rather than precise statements of precise theorems with detailed definitions and
technical details on how to carry out proofs and constructions. The second kind of article, of medium
length, contains more detailed concrete problems, results and techniques.
  algebraic independence: Transcendental Numbers Andrei B. Shidlovskii, 2011-06-01 The
series is devoted to the publication of monographs and high-level textbooks in mathematics,
mathematical methods and their applications. Apart from covering important areas of current
interest, a major aim is to make topics of an interdisciplinary nature accessible to the non-specialist.
The works in this series are addressed to advanced students and researchers in mathematics and
theoretical physics. In addition, it can serve as a guide for lectures and seminars on a graduate level.
The series de Gruyter Studies in Mathematics was founded ca. 30 years ago by the late Professor
Heinz Bauer and Professor Peter Gabriel with the aim to establish a series of monographs and
textbooks of high standard, written by scholars with an international reputation presenting current
fields of research in pure and applied mathematics. While the editorial board of the Studies has
changed with the years, the aspirations of the Studies are unchanged. In times of rapid growth of
mathematical knowledge carefully written monographs and textbooks written by experts are needed
more than ever, not least to pave the way for the next generation of mathematicians. In this sense
the editorial board and the publisher of the Studies are devoted to continue the Studies as a service
to the mathematical community. Please submit any book proposals to Niels Jacob.
  algebraic independence: Transcendence in Algebra, Combinatorics, Geometry and
Number Theory Alin Bostan, Kilian Raschel, 2021-11-02 This proceedings volume gathers together
original articles and survey works that originate from presentations given at the conference
Transient Transcendence in Transylvania, held in Brașov, Romania, from May 13th to 17th, 2019.
The conference gathered international experts from various fields of mathematics and computer
science, with diverse interests and viewpoints on transcendence. The covered topics are related to
algebraic and transcendental aspects of special functions and special numbers arising in algebra,
combinatorics, geometry and number theory. Besides contributions on key topics from invited
speakers, this volume also brings selected papers from attendees.
  algebraic independence: Number Theory and Its Applications Serguei Stepanov, C.Y.
Yildirim, 1998-11-23 Addresses contemporary developments in number theory and coding theory,
originally presented as lectures at summer school held at Bilkent University, Ankara, Turkey.
Includes many results in book form for the first time.
  algebraic independence: Abstract Algebra with Applications Karlheinz Spindler, 2018-05-04 A
comprehensive presentation of abstract algebra and an in-depth treatment of the applications of
algebraic techniques and the relationship of algebra to other disciplines, such as number theory,
combinatorics, geometry, topology, differential equations, and Markov chains.
  algebraic independence: Number Theory IV A.N. Parshin, I.R. Shafarevich, 2013-03-09 This
book is a survey of the most important directions of research in transcendental number theory. For
readers with no specific background in transcendental number theory, the book provides both an
overview of the basic concepts and techniques and also a guide to the most important results and
references.
  algebraic independence: Linear Independence of Logarithms of Algebraic Numbers
Michel Waldschmidt, 1996
  algebraic independence: Number Theory Hans P. Schlickewei, Eduard Wirsing, 2006-11-14
The 15 papers of this selection of contributions to the Journées Arithmétiques 1987 include both
survey articles and original research papers and represent a cross-section of topics such as Abelian
varieties, algebraic integers, arithmetic algebraic geometry, additive number theory, computational



number theory, exponential sums, modular forms, transcendence and Diophantine approximation,
uniform distribution.
  algebraic independence: Automata, Languages, and Programming Fedor V. Fomin, Rusins
Freivalds, Marta Kwiatkowska, David Peleg, 2013-07-03 This two-volume set of LNCS 7965 and
LNCS 7966 constitutes the refereed proceedings of the 40th International Colloquium on Automata,
Languages and Programming, ICALP 2013, held in Riga, Latvia, in July 2013. The total of 124
revised full papers presented were carefully reviewed and selected from 422 submissions. They are
organized in three tracks focussing on algorithms, complexity and games; logic, semantics, automata
and theory of programming; and foundations of networked computation.
  algebraic independence: Journées Arithmétiques 1980 J. V. Armitage, 1982-09-16 Covers
all branches of number theory.
  algebraic independence: Number Theory, Analysis and Geometry Dorian Goldfeld, Jay
Jorgenson, Peter Jones, Dinakar Ramakrishnan, Kenneth Ribet, John Tate, 2011-12-20 In honor of
Serge Lang’s vast contribution to mathematics, this memorial volume presents articles by prominent
mathematicians. Reflecting the breadth of Lang's own interests and accomplishments, these essays
span the field of Number Theory, Analysis and Geometry.
  algebraic independence: Symbolic and Quantitative Approaches to Reasoning with
Uncertainty Claudio Sossai, Gaetano Chemello, 2009-06-05 This book constitutes the refereed
proceedings of the 10th European Conference on Symbolic and Quantitative Approaches to
Reasoning with Uncertainty, ECSQARU 2009, held in Verona, Italy, July 1-3, 2009. There are 76
revised full papers presented together with 3 invited lectures by three outstanding researchers in
the area. All papers were carefully reviewed and selected from 118 submissions for inclusion in the
book. The papers are organized in topical sections on algorithms for uncertain inference,
argumentation systems, Bayesian networks, Belief functions, Belief revision and inconsistency
handling, classification and clustering, conditioning, independence, inference, default reasoning,
foundations of reasoning, decision making under uncertainty, Fuzzy sets and Fuzzy logic,
implementation and application of uncertain systems, logics for reasoning under uncertainty,
Markov decision process, and Mathematical Fuzzy Logic.
  algebraic independence: Colloquium De Giorgi 2013 and 2014 Umberto Zannier, 2015-03-19
Since 2001 the Scuola Normale Superiore di Pisa has organized the Colloquio De Giorgi, a series of
colloquium talks named after Ennio De Giorgi. The Colloquio is addressed to a general mathematical
audience, and especially meant to attract graduate students and advanced undergraduate students.
The lectures are intended to be not too technical, in fields of wide interest. They must provide an
overview of the general topic, possibly in a historical perspective, together with a description of
more recent progress. The idea of collecting the materials from these lectures and publishing them
in annual volumes came out recently, as a recognition of their intrinsic mathematical interest, and
also with the aim of preserving memory of these events.
  algebraic independence: Mathematics Going Forward Jean-Michel Morel, Bernard Teissier,
2023-06-14 This volume is an original collection of articles by 44 leading mathematicians on the
theme of the future of the discipline. The contributions range from musings on the future of specific
fields, to analyses of the history of the discipline, to discussions of open problems and conjectures,
including first solutions of unresolved problems. Interestingly, the topics do not cover all of
mathematics, but only those deemed most worthy to reflect on for future generations. These topics
encompass the most active parts of pure and applied mathematics, including algebraic geometry,
probability, logic, optimization, finance, topology, partial differential equations, category theory,
number theory, differential geometry, dynamical systems, artificial intelligence, theory of groups,
mathematical physics and statistics.
  algebraic independence: Number Theory Richard A. Mollin, 1990 These proceedings contain
45 refereed papers in diverse areas of number theory including algebraic, analytic, elementary and
computational number theory; elliptic curves; connections with logic; and complexity of algorithms.
For computer scientists as well as number theorists and research mathematicians in general.
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  algebraic independence: Field Theory Steven Roman, 2013-12-20 Intended for graduate
courses or for independent study, this book presents the basic theory of fields. The first part begins
with a discussion of polynomials over a ring, the division algorithm, irreducibility, field extensions,
and embeddings. The second part is devoted to Galois theory. The third part of the book treats the
theory of binomials. The book concludes with a chapter on families of binomials - the Kummer
theory.
  algebraic independence: Combinatorics Nicholas Loehr, 2017-08-10 Combinatorics, Second
Edition is a well-rounded, general introduction to the subjects of enumerative, bijective, and
algebraic combinatorics. The textbook emphasizes bijective proofs, which provide elegant solutions
to counting problems by setting up one-to-one correspondences between two sets of combinatorial
objects. The author has written the textbook to be accessible to readers without any prior
background in abstract algebra or combinatorics. Part I of the second edition develops an array of
mathematical tools to solve counting problems: basic counting rules, recursions, inclusion-exclusion
techniques, generating functions, bijective proofs, and linear algebraic methods. These tools are
used to analyze combinatorial structures such as words, permutations, subsets, functions, graphs,
trees, lattice paths, and much more. Part II cover topics in algebraic combinatorics including group
actions, permutation statistics, symmetric functions, and tableau combinatorics. This edition
provides greater coverage of the use of ordinary and exponential generating functions as a
problem-solving tool. Along with two new chapters, several new sections, and improved exposition
throughout, the textbook is brimming with many examples and exercises of various levels of
difficulty.
  algebraic independence: Séminaire de Théorie des Nombres, Paris 1987-88 Goldstein,
2012-12-06
  algebraic independence: Transcendental Number Theory Alan Baker, 2022-06-09 First
published in 1975, this classic book gives a systematic account of transcendental number theory,
that is, the theory of those numbers that cannot be expressed as the roots of algebraic equations
having rational coefficients. Their study has developed into a fertile and extensive theory, which
continues to see rapid progress today. Expositions are presented of theories relating to linear forms
in the logarithms of algebraic numbers, of Schmidt's generalization of the Thue–Siegel–Roth
theorem, of Shidlovsky's work on Siegel's E-functions and of Sprindžuk's solution to the Mahler
conjecture. This edition includes an introduction written by David Masser describing Baker's
achievement, surveying the content of each chapter and explaining the main argument of Baker's
method in broad strokes. A new afterword lists recent developments related to Baker's work.
  algebraic independence: Systems Analysis by Graphs and Matroids Kazuo Murota, 2012-12-06
Recent technology involves large-scale physical or engineering systems consisting of thousands of
interconnected elementary units. This monograph illustrates how engineering problems can be
solved using the recent results of combinatorial mathematics through appropriate mathematical
modeling. The structural solvability of a system of linear or nonlinear equations as well as the
structural controllability of a linear time-invariant dynamical system are treated by means of graphs
and matroids. Special emphasis is laid on the importance of relevant physical observations to
successful mathematical modelings. The reader will become acquainted with the concepts of matroid
theory and its corresponding matroid theoretical approach. This book is of interest to graduate
students and researchers.
  algebraic independence: Integral Domains Inside Noetherian Power Series Rings:
Constructions and Examples William Heinzer, Christel Rotthaus, Sylvia Wiegand, 2021-10-08
Power series provide a technique for constructing examples of commutative rings. In this book, the
authors describe this technique and use it to analyse properties of commutative rings and their
spectra. This book presents results obtained using this approach. The authors put these results in
perspective; often the proofs of properties of classical examples are simplified. The book will serve
as a helpful resource for researchers working in commutative algebra.



  algebraic independence: Rational Number Theory in the 20th Century Władysław
Narkiewicz, 2011-09-02 The last one hundred years have seen many important achievements in the
classical part of number theory. After the proof of the Prime Number Theorem in 1896, a quick
development of analytical tools led to the invention of various new methods, like Brun's sieve method
and the circle method of Hardy, Littlewood and Ramanujan; developments in topics such as prime
and additive number theory, and the solution of Fermat’s problem. Rational Number Theory in the
20th Century: From PNT to FLT offers a short survey of 20th century developments in classical
number theory, documenting between the proof of the Prime Number Theorem and the proof of
Fermat's Last Theorem. The focus lays upon the part of number theory that deals with properties of
integers and rational numbers. Chapters are divided into five time periods, which are then further
divided into subject areas. With the introduction of each new topic, developments are followed
through to the present day. This book will appeal to graduate researchers and student in number
theory, however the presentation of main results without technicalities will make this accessible to
anyone with an interest in the area.
  algebraic independence: New Advances in Transcendence Theory Alan Baker, London
Mathematical Society, 1988-10-13 This is an account of the proceedings of a very successful
symposium of Transcendental Number Theory held in Durham in 1986. Most of the leading
international specialists were present and the lectures reflected the great advances that have taken
place in this area. The papers cover all the main branches of the subject, and include not only
definitive research but valuable survey articles.
  algebraic independence: Diophantine Approximation David Masser, Yuri V. Nesterenko, Hans
Peter Schlickewei, Wolfgang M. Schmidt, Michel Waldschmidt, 2008-02-01 Diophantine
Approximation is a branch of Number Theory having its origins
intheproblemofproducing“best”rationalapproximationstogivenrealn- bers. Since the early work of
Lagrange on Pell’s equation and the pioneering work of Thue on the rational approximations to
algebraic numbers of degree ? 3, it has been clear how, in addition to its own speci?c importance
and - terest, the theory can have fundamental applications to classical diophantine problems in
Number Theory. During the whole 20th century, until very recent times, this fruitful interplay went
much further, also involving Transcend- tal Number Theory and leading to the solution of several
central conjectures on diophantine equations and class number, and to other important achie-
ments. These developments naturally raised further intensive research, so at the moment the subject
is a most lively one. This motivated our proposal for a C. I. M. E. session, with the aim to make it
available to a public wider than specialists an overview of the subject, with special emphasis on
modern advances and techniques. Our project was kindly supported by the C. I. M. E. Committee
and met with the interest of a
largenumberofapplicants;forty-twoparticipantsfromseveralcountries,both
graduatestudentsandseniormathematicians,intensivelyfollowedcoursesand seminars in a friendly and
co-operative atmosphere. The main part of the session was arranged in four six-hours courses by
Professors D. Masser (Basel), H. P. Schlickewei (Marburg), W. M. Schmidt (Boulder) and M.
Waldschmidt (Paris VI). This volume contains expanded notes by the authors of the four courses,
together with a paper by Professor Yu. V.
  algebraic independence: Number Theory, Carbondale 1979 M.B. Nathanson, 2006-11-15 a
  algebraic independence: An Introduction to the Theory of Functional Equations and
Inequalities Marek Kuczma, 2009-03-12 Marek Kuczma was born in 1935 in Katowice, Poland, and
died there in 1991. After finishing high school in his home town, he studied at the Jagiellonian
University in Kraków. He defended his doctoral dissertation under the supervision of Stanislaw
Golab. In the year of his habilitation, in 1963, he obtained a position at the Katowice branch of the
Jagiellonian University (now University of Silesia, Katowice), and worked there till his death. Besides
his several administrative positions and his outstanding teaching activity, he accomplished excellent
and rich scientific work publishing three monographs and 180 scientific papers. He is considered to
be the founder of the celebrated Polish school of functional equations and inequalities. The second



half of the title of this book describes its contents adequately. Probably even the most devoted
specialist would not have thought that about 300 pages can be written just about the Cauchy
equation (and on some closely related equations and inequalities). And the book is by no means
chatty, and does not even claim completeness. Part I lists the required preliminary knowledge in set
and measure theory, topology and algebra. Part II gives details on solutions of the Cauchy equation
and of the Jensen inequality [...], in particular on continuous convex functions, Hamel bases, on
inequalities following from the Jensen inequality [...]. Part III deals with related equations and
inequalities (in particular, Pexider, Hosszú, and conditional equations, derivations, convex functions
of higher order, subadditive functions and stability theorems). It concludes with an excursion into
the field of extensions of homomorphisms in general. (Janos Aczel, Mathematical Reviews) This book
is a real holiday for all the mathematicians independently of their strict speciality. One can imagine
what deliciousness represents this book for functional equationists. (B. Crstici, Zentralblatt für
Mathematik)
  algebraic independence: Algebraic Statistics Seth Sullivant, 2018-11-19 Algebraic statistics
uses tools from algebraic geometry, commutative algebra, combinatorics, and their computational
sides to address problems in statistics and its applications. The starting point for this connection is
the observation that many statistical models are semialgebraic sets. The algebra/statistics
connection is now over twenty years old, and this book presents the first broad introductory
treatment of the subject. Along with background material in probability, algebra, and statistics, this
book covers a range of topics in algebraic statistics including algebraic exponential families,
likelihood inference, Fisher's exact test, bounds on entries of contingency tables, design of
experiments, identifiability of hidden variable models, phylogenetic models, and model selection.
With numerous examples, references, and over 150 exercises, this book is suitable for both
classroom use and independent study.
  algebraic independence: On the Algebraic Independence of Transcendental Numbers of
Certain Clauses Aleksandr Osipovich Gelʹfond, 1952
  algebraic independence: Number Theory with an Emphasis on the Markoff Spectrum Andrew
Pollington, 2017-10-05 Presenting the proceedings of a recently held conference in Provo, Utah, this
reference provides original research articles in several different areas of number theory,
highlighting the Markoff spectrum.;Detailing the integration of geometric, algebraic, analytic and
arithmetic ideas, Number Theory with an Emphasis on the Markoff Spectrum contains refereed
contributions on: general problems of diophantine approximation; quadratic forms and their
connections with automorphic forms; the modular group and its subgroups; continued fractions;
hyperbolic geometry; and the lower part of the Markoff spectrum.;Written by over 30 authorities in
the field, this book should be a useful resource for research mathematicians in harmonic analysis,
number theory algebra, geometry and probability and graduate students in these disciplines.
  algebraic independence: Encyclopaedia of Mathematics, Supplement III Michiel
Hazewinkel, 2007-11-23 This is the third supplementary volume to Kluwer's highly acclaimed
twelve-volume Encyclopaedia of Mathematics. This additional volume contains nearly 500 new
entries written by experts and covers developments and topics not included in the previous volumes.
These entries are arranged alphabetically throughout and a detailed index is included. This
supplementary volume enhances the existing twelve volumes, and together, these thirteen volumes
represent the most authoritative, comprehensive and up-to-date Encyclopaedia of Mathematics
available.
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