recursive formula algebra 1

recursive formula algebra 1 is a fundamental concept in algebra that allows students to define
sequences and understand patterns in numbers. By utilizing a recursive formula, one can generate
terms of a sequence based on previous terms, which is essential for both theoretical and practical
applications in mathematics. This article will explore the definition and characteristics of recursive
formulas, provide examples of how to construct them, and explain their applications in real-world
scenarios. Additionally, we will discuss the differences between recursive and explicit formulas, and
provide tips for mastering the topic.

Here is a structured overview of what will be covered in this article:

e Introduction to Recursive Formulas

e Characteristics of Recursive Formulas
e Constructing Recursive Formulas

e Applications of Recursive Formulas

e Recursive vs. Explicit Formulas

e Tips for Mastering Recursive Formulas

e Conclusion

Introduction to Recursive Formulas

A recursive formula is a way of defining the terms of a sequence using the preceding terms. In
algebra, this method is particularly useful for sequences where each term is generated from one or
more of its predecessors. For instance, in the Fibonacci sequence, each term is the sum of the two
preceding terms. This approach contrasts with explicit formulas, which define the nth term of a
sequence independently of previous terms.

Recursive formulas are expressed typically in two parts: the initial condition(s) and the recurrence
relation. The initial condition specifies the first term(s) of the sequence, while the recurrence
relation describes how subsequent terms are calculated from previous ones. Understanding these
components is crucial for anyone studying algebra, as they form the foundation for more advanced
mathematical concepts.



Characteristics of Recursive Formulas

Recursive formulas exhibit several key characteristics that distinguish them from other
mathematical expressions. These characteristics include:

¢ Dependence on Previous Terms: Recursive formulas require knowledge of one or more
previous terms to calculate the next term.

e Initial Conditions: Every recursive formula must include at least one initial condition that
provides a starting point for the sequence.

¢ Defined Recurrence Relation: The relationship that dictates how to progress from one term
to the next must be clearly defined.

e Application in Sequences: Recursive formulas are commonly used in arithmetic and
geometric sequences, as well as in more complex sequences like the Fibonacci sequence.

These characteristics are essential for understanding how to work with recursive formulas
effectively. Students must grasp these concepts to apply recursive relations in various mathematical
contexts.

Constructing Recursive Formulas

Creating a recursive formula involves identifying the pattern in a sequence and then expressing it
mathematically. The process can be broken down into several steps:

1. Identify the Sequence: Determine the sequence you want to define and write down the first
few terms.

2. Look for a Pattern: Analyze the differences or ratios between consecutive terms to find a
pattern.

3. Write the Initial Condition: Specify the first term (or terms) of the sequence as your
starting point.

4. Establish the Recurrence Relation: Define how each term relates to the previous term or
terms.

For example, consider the sequence 2, 4, 8, 16, ... This sequence doubles each time. The recursive
formula can be expressed as:



a=2

a,=2xa,, forn>1

In this case, the initial condition is a, = 2, and the recurrence relationis a, = 2 X a,;.

Applications of Recursive Formulas

Recursive formulas are not only theoretical constructs; they have practical applications in various
fields. Some notable applications include:

e Computer Science: Recursive formulas are used in algorithms and data structures, such as
trees and graphs, where recursive functions can simplify complex problems.

e Finance: In finance, recursive models can predict future values of investments based on past
performance, taking into account factors like interest rates.

¢ Biology: Population models often use recursive relationships to predict the growth of
populations over generations.

¢ Economics: Recursive formulas help economists model dynamic systems where current states
depend on previous states.

These applications highlight the versatility of recursive formulas across different domains,
reinforcing their importance in algebra and beyond.

Recursive vs. Explicit Formulas

Understanding the difference between recursive and explicit formulas is crucial for algebra
students. While both serve to describe sequences, they do so in fundamentally different ways:

e Recursive Formulas: These formulas define each term based on previous terms, making
them useful for sequences where the relationship is dependent upon earlier values.

e Explicit Formulas: These provide a direct way to calculate the nth term of a sequence

without referring to previous terms. They are expressed in a formulaic manner, such as a, =
3n + 2 for an arithmetic sequence.

An explicit formula can often be derived from a recursive formula, but not all sequences can be



easily described with an explicit formula. Recognizing when to use each type is a valuable skill in
mathematical problem-solving.

Tips for Mastering Recursive Formulas

To excel in understanding and applying recursive formulas, students can consider the following tips:

e Practice Regularly: The best way to understand recursive formulas is through practice. Work
on a variety of problems to gain confidence.

¢ Visualize the Sequence: Drawing out the first few terms of a sequence can help identify
patterns and relationships more clearly.

e Use Technology: Graphing calculators and computer programming can aid in visualizing
sequences and experimenting with recursive relations.

e Seek Help When Needed: Don’t hesitate to ask teachers or peers for clarification on
confusing concepts.

By following these tips, students can improve their understanding and application of recursive
formulas in algebra.

Conclusion

Recursive formula algebra 1 is a key concept that serves as the foundation for understanding
sequences and their relationships. By grasping the characteristics, construction, and applications of
recursive formulas, students can enhance their mathematical skills and apply these concepts in
various fields. Mastering the differences between recursive and explicit formulas is equally
important in developing a comprehensive understanding of sequences. With practice and dedication,
anyone can become proficient in using recursive formulas to solve complex mathematical problems.

Q: What is a recursive formula?

A: A recursive formula is a mathematical expression that defines the terms of a sequence based on
one or more previous terms, along with initial conditions that provide starting points for the
sequence.

Q: How do you identify a recursive formula?

A: To identify a recursive formula, start by writing out the first few terms of a sequence, look for



patterns in how the terms relate to each other, and then express the relationship mathematically
along with the initial conditions.

Q: Can you provide an example of a recursive formula?

A: An example of a recursive formula is the Fibonacci sequence, defined as: a, =1,a,=1,and a, =
a,, +a,, forn > 2, where each term is the sum of the two preceding terms.

Q: What are the main differences between recursive and
explicit formulas?

A: The main difference is that recursive formulas define each term in relation to previous terms,
while explicit formulas provide a direct way to calculate any term in the sequence without
referencing earlier terms.

Q: Why are recursive formulas important in mathematics?

A: Recursive formulas are important because they help describe sequences that evolve based on
prior values, making them useful in various mathematical and practical applications, including
computer science, finance, and biology.

Q: How can I practice using recursive formulas?

A: You can practice by solving problems that require you to generate sequences, identify patterns,
and create recursive formulas based on given sequences. Online resources and textbooks often
provide exercises specifically focused on this topic.

Q: Are recursive formulas only used in algebra?

A: No, recursive formulas are used in various branches of mathematics, including calculus, number
theory, and computer science, as well as in fields like economics and biology for modeling dynamic
systems.

Q: What is the significance of initial conditions in recursive
formulas?

A: Initial conditions are crucial in recursive formulas because they provide the starting point or
points from which all subsequent terms are generated, effectively determining the entire sequence.



Q: Can every sequence be represented by a recursive formula?

A: While many sequences can be represented by recursive formulas, some sequences may be more
easily or more clearly defined using explicit formulas. The choice depends on the nature of the
sequence.

Q: How do I determine if a sequence is arithmetic or
geometric using recursive formulas?

A: In an arithmetic sequence, the recursive formula will typically add a constant value to the
previous term, while in a geometric sequence, the recursive formula will multiply the previous term
by a constant ratio.
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recursive formula algebra 1: Quantum Invariants Tomotada Ohtsuki, 2002 This book
provides an extensive and self-contained presentation of quantum and related invariants of knots
and 3-manifolds. Polynomial invariants of knots, such as the Jones and Alexander polynomials, are
constructed as quantum invariants, i.e. invariants derived from representations of quantum groups
and from the monodromy of solutions to the Knizhnik-Zamolodchikov equation. With the introduction
of the Kontsevich invariant and the theory of Vassiliev invariants, the quantum invariants become
well-organized. Quantum and perturbative invariants, the LMO invariant, and finite type invariants
of 3-manifolds are discussed. The ChernOCoSimons field theory and the WessOCoZuminoOCoWitten
model are described as the physical background of the invariants. Contents: Knots and Polynomial
Invariants; Braids and Representations of the Braid Groups; Operator Invariants of Tangles via
Sliced Diagrams; Ribbon Hopf Algebras and Invariants of Links; Monodromy Representations of the
Braid Groups Derived from the KnizhnikOCoZamolodchikov Equation; The Kontsevich Invariant;
Vassiliev Invariants; Quantum Invariants of 3-Manifolds; Perturbative Invariants of Knots and
3-Manifolds; The LMO Invariant; Finite Type Invariants of Integral Homology 3-Spheres. Readership:
Researchers, lecturers and graduate students in geometry, topology and mathematical physics.

recursive formula algebra 1: 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
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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.

recursive formula algebra 1: An Introduction to Mathematical Proofs Nicholas A. Loehr,
2019-11-20 An Introduction to Mathematical Proofs presents fundamental material on logic, proof
methods, set theory, number theory, relations, functions, cardinality, and the real number system.
The text uses a methodical, detailed, and highly structured approach to proof techniques and related
topics. No prerequisites are needed beyond high-school algebra. New material is presented in small
chunks that are easy for beginners to digest. The author offers a friendly style without sacrificing
mathematical rigor. Ideas are developed through motivating examples, precise definitions, carefully
stated theorems, clear proofs, and a continual review of preceding topics. Features Study aids
including section summaries and over 1100 exercises Careful coverage of individual proof-writing
skills Proof annotations and structural outlines clarify tricky steps in proofs Thorough treatment of
multiple quantifiers and their role in proofs Unified explanation of recursive definitions and
induction proofs, with applications to greatest common divisors and prime factorizations About the
Author: Nicholas A. Loehr is an associate professor of mathematics at Virginia Technical University.
He has taught at College of William and Mary, United States Naval Academy, and University of
Pennsylvania. He has won many teaching awards at three different schools. He has published over
50 journal articles. He also authored three other books for CRC Press, including Combinatorics,
Second Edition, and Advanced Linear Algebra.

recursive formula algebra 1: Polynomial Identities in Algebras Onofrio Mario Di Vincenzo,
Antonio Giambruno, 2021-03-22 This volume contains the talks given at the INDAM workshop
entitled Polynomial identites in algebras, held in Rome in September 2019. The purpose of the book
is to present the current state of the art in the theory of PI-algebras. The review of the classical
results in the last few years has pointed out new perspectives for the development of the theory. In
particular, the contributions emphasize on the computational and combinatorial aspects of the
theory, its connection with invariant theory, representation theory, growth problems. It is addressed
to researchers in the field.

recursive formula algebra 1: Computation and Combinatorics in Dynamics, Stochastics
and Control Elena Celledoni, Giulia Di Nunno, Kurusch Ebrahimi-Fard, Hans Zanna Munthe-Kaas,
2019-01-13 The Abel Symposia volume at hand contains a collection of high-quality articles written
by the world’s leading experts, and addressing all mathematicians interested in advances in
deterministic and stochastic dynamical systems, numerical analysis, and control theory. In recent
years we have witnessed a remarkable convergence between individual mathematical disciplines
that approach deterministic and stochastic dynamical systems from mathematical analysis,
computational mathematics and control theoretical perspectives. Breakthrough developments in
these fields now provide a common mathematical framework for attacking many different problems
related to differential geometry, analysis and algorithms for stochastic and deterministic dynamics.
In the Abel Symposium 2016, which took place from August 16-19 in Rosendal near Bergen, leading
researchers in the fields of deterministic and stochastic differential equations, control theory,
numerical analysis, algebra and random processes presented and discussed the current state of the
art in these diverse fields. The current Abel Symposia volume may serve as a point of departure for
exploring these related but diverse fields of research, as well as an indicator of important current
and future developments in modern mathematics.

recursive formula algebra 1: Connecting Self-regulated Learning and Performance with
Instruction Across High School Content Areas Maria K. DiBenedetto, 2018-07-23 This book
shows how principles of self-regulated learning are being implemented in secondary classrooms. The
14 chapters are theoretically driven and supported by empirical research and address all common
high school content areas. The book comprises 29 lesson plans in English language arts, natural and
physical sciences, social studies, mathematics, foreign language, art, music, health, and physical



education. Additionally, the chapters address students with special needs, technology, and
homework. Each chapter begins with one or more lesson plans written by master teachers, followed
by narratives explaining how the lesson plans were implemented. The chapters conclude with an
analysis written by expert researchers of the self-regulated learning elements in the lessons. Each
lesson and each analysis incorporate relevant educational standards for that area. Different types of
high schools in several states serve as venues. This powerful new book edited by Maria K.
DiBenedetto provides a unique and invaluable resource for both secondary teachers and researchers
committed to supporting adolescents in the development of academic self-regulation. Each chapter
is jointly written by teachers who provide a wealth of materials, including lesson plans, and
researchers who situate these lesson plans and academic self-regulation goals within the larger
work on self-regulation. The topics covered are far broader than any other book I have seen in terms
of developing academic self-regulation, covering over a dozen content areas, including literacy,
mathematics, social studies, the sciences, and the arts. Teachers and scholars alike will find this
book a must read. Karen Harris, EdD, Arizona State University A practical and magnificent blend of
educational research and application. This book goes beyond presenting the findings of research on
self regulation by connecting detailed strategies that align with the standards to the research.
DiBenedetto et al. clearly illustrate how to develop self regulated learners in the classroom. A
refreshing must read for all secondary educators and educational researchers seeking to be well
grounded in education research and practical application techniques. Heather Brookman, PhD,
Fusion Academy- Park Avenue Self-regulated learning is a research-based process by which teachers
help students realize their own role in the learning process. Connecting Self-Regulated Learning and
Performance with Instruction Across High School Content Areas consists of model teachers’ lessons
and analyses by prominent educational psychologists in the field of self-regulated learning. The book
provides teachers with the tools needed to increase students’ awareness of learning and inspires all
educators to use self-regulated learning to promote engagement, motivation, and achievement in
their students. The book also provides administrators with the principles needed to infuse evidenced
based self-regulated learning into their curriculum and instruction. I highly recommend the book!
Marty Richburg, Northside High School

recursive formula algebra 1: The Metamathematics of Algebraic Systems Lev D. Beklemishev,
2000-04-01 The Metamathematics of Algebraic Systems

recursive formula algebra 1: Introduction to Vassiliev Knot Invariants S. Chmutov, Sergei
Vasil'evich Duzhin, J. Mostovoy, 2012-05-24 A detailed exposition of the theory with an emphasis on
its combinatorial aspects.

recursive formula algebra 1: Simultaneous Trianglularization Heydar Radjavi, Peter
Rosenthal, 2000-01-14 This volume is designed to appeal to two different, yet intersecting
audiences: linear algebraists and operator theorists. The first half contains a thorough treatment of
classical and recent results on triangularization of collections of matrices, while the remainder
describes what is known about extensions to linear operators on Banach spaces. It will thus be
useful to everyone interested in matrices or operators since the results involve many other topics.

recursive formula algebra 1: Advances in Computer Science - ASIAN 2006. Secure Software
and Related Issues Mitsu Okada, Ichiro Satoh, 2008-01-25 Running to more than 360 pages, and
complete with online files and updates, this book constitutes the thoroughly refereed
post-proceedings of the 11th Asian Computing Science Conference, ASIAN 2006, held in Tokyo,
Japan. The 17 revised full papers and 8 revised short papers presented together with 1 invited paper
were carefully selected during two rounds of reviewing from 115 submissions. The papers cover
theory, practice, applications, and experiences related to secure software.

recursive formula algebra 1: Financial Mathematics Kevin J. Hastings, 2022-12-21
Financial Mathematics: From Discrete to Continuous Time is a study of the mathematical ideas and
techniques that are important to the two main arms of the area of financial mathematics: portfolio
optimization and derivative valuation. The text is authored for courses taken by advanced
undergraduates, MBA, or other students in quantitative finance programs. The approach will be



mathematically correct but informal, sometimes omitting proofs of the more difficult results and
stressing practical results and interpretation. The text will not be dependent on any particular
technology, but it will be laced with examples requiring the numerical and graphical power of the
machine. The text illustrates simulation techniques to stand in for analytical techniques when the
latter are impractical. There will be an electronic version of the text that integrates Mathematica
functionality into the development, making full use of the computational and simulation tools that
this program provides. Prerequisites are good courses in mathematical probability, acquaintance
with statistical estimation, and a grounding in matrix algebra. The highlights of the text are: A
thorough presentation of the problem of portfolio optimization, leading in a natural way to the
Capital Market Theory Dynamic programming and the optimal portfolio selection-consumption
problem through time An intuitive approach to Brownian motion and stochastic integral models for
continuous time problems The Black-Scholes equation for simple European option values, derived in
several different ways A chapter on several types of exotic options Material on the management of
risk in several contexts

recursive formula algebra 1: Differential Geometry of Curves and Surfaces Thomas F.
Banchoff, Stephen Lovett, 2022-08-05 Through two previous editions, the third edition of this
popular and intriguing text takes both an analytical/theoretical approach and a visual/intuitive
approach to the local and global properties of curves and surfaces. Requiring only multivariable
calculus and linear algebra, it develops students’ geometric intuition through interactive graphics
applets. Applets are presented in Maple workbook format, which readers can access using the free
Maple Player. The book explains the reasons for various definitions while the interactive applets
offer motivation for definitions, allowing students to explore examples further, and give a visual
explanation of complicated theorems. The ability to change parametric curves and parametrized
surfaces in an applet lets students probe the concepts far beyond what static text permits.
Investigative project ideas promote student research. At users of the previous editions' request, this
third edition offers a broader list of exercises. More elementary exercises are added and some
challenging problems are moved later in exercise sets to assure more graduated progress. The
authors also add hints to motivate students grappling with the more difficult exercises. This
student-friendly and readable approach offers additional examples, well-placed to assist student
comprehension. In the presentation of the Gauss-Bonnet Theorem, the authors provide more
intuition and stepping-stones to help students grasp phenomena behind it. Also, the concept of a
homeomorphism is new to students even though it is a key theoretical component of the definition of
a regular surface. Providing more examples show students how to prove certain functions are
homeomorphisms.

recursive formula algebra 1: Bimonoids for Hyperplane Arrangements Marcelo Aguiar,
Swapneel Mahajan, 2020-03-19 The goal of this monograph is to develop Hopf theory in a new
setting which features centrally a real hyperplane arrangement. The new theory is parallel to the
classical theory of connected Hopf algebras, and relates to it when specialized to the braid
arrangement. Joyal's theory of combinatorial species, ideas from Tits' theory of buildings, and Rota's
work on incidence algebras inspire and find a common expression in this theory. The authors
introduce notions of monoid, comonoid, bimonoid, and Lie monoid relative to a fixed hyperplane
arrangement. They also construct universal bimonoids by using generalizations of the classical
notions of shuffle and quasishuffle, and establish the Borel-Hopf, Poincar -Birkhoff-Witt, and
Cartier-Milnor-Moore theorems in this setting. This monograph opens a vast new area of research. It
will be of interest to students and researchers working in the areas of hyperplane arrangements,
semigroup theory, Hopf algebras, algebraic Lie theory, operads, and category theory.

recursive formula algebra 1: Discrete Mathematics Douglas E. Ensley, J. Winston Crawley,
2005-10-07 These active and well-known authors have come together to create a fresh, innovative,
and timely approach to Discrete Math. One innovation uses several major threads to help weave core
topics into a cohesive whole. Throughout the book the application of mathematical reasoning is
emphasized to solve problems while the authors guide the student in thinking about, reading, and



writing proofs in a wide variety of contexts. Another important content thread, as the sub-title
implies, is the focus on mathematical puzzles, games and magic tricks to engage students.

recursive formula algebra 1: Cryptography Douglas Robert Stinson, Maura Paterson,
2018-08-14 Through three editions, Cryptography: Theory and Practice, has been embraced by
instructors and students alike. It offers a comprehensive primer for the subject’s fundamentals while
presenting the most current advances in cryptography. The authors offer comprehensive, in-depth
treatment of the methods and protocols that are vital to safeguarding the seemingly infinite and
increasing amount of information circulating around the world. Key Features of the Fourth Edition:
New chapter on the exciting, emerging new area of post-quantum cryptography (Chapter 9). New
high-level, nontechnical overview of the goals and tools of cryptography (Chapter 1). New
mathematical appendix that summarizes definitions and main results on number theory and algebra
(Appendix A). An expanded treatment of stream ciphers, including common design techniques along
with coverage of Trivium. Interesting attacks on cryptosystems, including: padding oracle attack
correlation attacks and algebraic attacks on stream ciphers attack on the DUAL-EC random bit
generator that makes use of a trapdoor. A treatment of the sponge construction for hash functions
and its use in the new SHA-3 hash standard. Methods of key distribution in sensor networks. The
basics of visual cryptography, allowing a secure method to split a secret visual message into pieces
(shares) that can later be combined to reconstruct the secret. The fundamental techniques
cryptocurrencies, as used in Bitcoin and blockchain. The basics of the new methods employed in
messaging protocols such as Signal, including deniability and Diffie-Hellman key ratcheting.

recursive formula algebra 1: VIII Hotine-Marussi Symposium on Mathematical Geodesy
Nico Sneeuw, Pavel Novak, Mattia Crespi, Fernando Sanso, 2016-05-18 This book contains a
selection of peer-reviewed papers presented at the VIII Hotine-Marussi Symposium on Mathematical
Geodesy in Rome, 17-21 June, 2013. The scientific sessions focused on global reference systems,
geodetic data analysis, geopotential modelling, gravity field mapping as well as digital terrain
modelling. A special chapter is dedicated to understand the generation of Flash.

recursive formula algebra 1: Quantum Functional Analysis Aleksandr I[JA[Jkovlevich
Khelemskii, 2010 Interpreting quantized coefficients as finite rank operators in a fixed Hilbert space
allows the author to replace matrix computations with algebraic techniques of module theory and
tensor products, thus achieving a more invariant approach to the subject.

recursive formula algebra 1: Identification and System Parameter Estimation 1982 G. A.
Bekey, G. N. Saridis, 2016-06-06 Identification and System Parameter Estimation 1982 covers the
proceedings of the Sixth International Federation of Automatic Control (IFAC) Symposium. The book
also serves as a tribute to Dr. Naum S. Rajbman. The text covers issues concerning identification
and estimation, such as increasing interrelationships between identification/estimation and other
aspects of system theory, including control theory, signal processing, experimental design,
numerical mathematics, pattern recognition, and information theory. The book also provides
coverage regarding the application and problems faced by several engineering and scientific fields
that use identification and estimation, such as biological systems, traffic control, geophysics,
aeronautics, robotics, economics, and power systems. Researchers from all scientific fields will find
this book a great reference material, since it presents topics that concern various disciplines.

recursive formula algebra 1: New Frontiers in Number Theory and Applications Jordi Guardia,
Nicusor Minculete, Diana Savin, Montserrat Vela, Abdelkader Zekhnini, 2024-05-27 This contributed
volume presents recent advances as well as new directions in number theory and its applications.
Algebraic and analytic number theory are the main focus with chapters showing how these areas are
rapidly evolving. By gathering authors from over seven countries, readers will gain an international
perspective on the current state of research as well as potential avenues to explore. Specific topics
covered include: Algebraic Number Theory Elliptic curves and Cryptography Hopf Galois theory
Analytic and elementary number theory and applications New Frontiers in Number Theory and
Applications will appeal to researchers interested in gaining a global view of current research in
number theory.



recursive formula algebra 1: Planar Dynamical Systems Yirong Liu, Jibin Li, Wentao Huang,
2014-10-29 In 2008, November 23-28, the workshop of ”“Classical Problems on Planar Polynomial
Vector Fields ” was held in the Banff International Research Station, Canada. Called classical
problems, it was concerned with the following: (1) Problems on integrability of planar polynomial
vector fields. (2) The problem of the center stated by Poincaré for real polynomial differential
systems, which asks us to recognize when a planar vector field defined by polynomials of degree at
most n possesses a singularity which is a center. (3) Global geometry of specific classes of planar
polynomial vector fields. (4) Hilbert’s 16th problem. These problems had been posed more than 110
years ago. Therefore, they are called classical problems in the studies of the theory of dynamical
systems. The qualitative theory and stability theory of differential equations, created by Poincaré
and Lyapunov at the end of the 19th century, had major developments as two branches of the theory
of dynamical systems during the 20th century. As a part of the basic theory of nonlinear science, it is
one of the very active areas in the new millennium. This book presents in an elementary way the
recent significant developments in the qualitative theory of planar dynamical systems. The subjects
are covered as follows: the studies of center and isochronous center problems, multiple Hopf
bifurcations and local and global bifurcations of the equivariant planar vector fields which concern
with Hilbert’s 16th problem. The book is intended for graduate students, post-doctors and
researchers in dynamical systems. For all engineers who are interested in the theory of dynamical
systems, it is also a reasonable reference. It requires a minimum background of a one-year course on
nonlinear differential equations.
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