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as its title indicates this book is about logic sets and mathematical proofs it is a
careful patient and rigorous introduction for readers with very limited mathematical
maturity it teaches the reader not only how to read a mathematical proof but also
how to write one to achieve this we carefully lay out all the various proof methods
encountered in mathematical discourse give their logical justifications and apply them
to the study of topics such as real numbers relations functions sequences fine sets
infinite sets countable sets uncountable sets and transfinite numbers whose mastery
is important for anyone contemplating advanced studies in mathematics the book is
completely self contained since the prerequisites for reading it are only a sound
background in high school algebra though this book is meant to be a companion
specifically for senior high school pupils and college undergraduate students it will
also be of immense value to anyone interested in acquiring the tools and way of

thinking of the mathematician

introduction to mathematical proofs helps students develop the necessary skills to
write clear correct and concise proofs unlike similar textbooks this one begins with
logic since it is the underlying language of mathematics and the basis of reasoned
arguments the text then discusses deductive mathematical systems and the systems

of natural num

an engaging and accessible introduction to mathematical proof incorporating ideas
from real analysis a mathematical proof is an inferential argument for a mathematical
statement since the time of the ancient greek mathematicians the proof has been a
cornerstone of the science of mathematics the goal of this book is to help students
learn to follow and understand the function and structure of mathematical proof and
to produce proofs of their own an introduction to proof through real analysis is based
on course material developed and refined over thirty years by professor daniel |
madden and was designed to function as a complete text for both first proofs and

first analysis courses written in an engaging and accessible narrative style this book

2 Discrete Mathematics With Proof



Discrete Mathematics With Proof

systematically covers the basic techniques of proof writing beginning with real
numbers and progressing to logic set theory topology and continuity the book
proceeds from natural numbers to rational numbers in a familiar way and justifies the
need for a rigorous definition of real numbers the mathematical climax of the story it
tells is the intermediate value theorem which justifies the notion that the real numbers
are sufficient for solving all geometric problems concentrates solely on designing
proofs by placing instruction on proof writing on top of discussions of specific
mathematical subjects departs from traditional guides to proofs by incorporating
elements of both real analysis and algebraic representation written in an engaging
narrative style to tell the story of proof and its meaning function and construction
uses a particular mathematical idea as the focus of each type of proof presented
developed from material that has been class tested and fine tuned over thirty years in
university introductory courses an introduction to proof through real analysis is the
ideal introductory text to proofs for second and third year undergraduate mathematics
students especially those who have completed a calculus sequence students learning
real analysis for the first time and those learning proofs for the first time daniel j
madden phd is an associate professor of mathematics at the university of arizona
tucson arizona usa he has taught a junior level course introducing students to the
idea of a rigorous proof based on real analysis almost every semester since 1990 dr
madden is the winner of the 2015 southwest section of the mathematical association
of america distinguished teacher award jason a aubrey phd is assistant professor of

mathematics and director mathematics center of the university of arizona

how to write mathematical proofs shown in fully worked out examples this is a
companion volume joel hamkins s proof and the art of mathematics providing fully
worked out solutions to all of the odd numbered exercises as well as a few of the
even numbered exercises in many cases the solutions go beyond the exercise
question itself to the natural extensions of the ideas helping readers learn how to
approach a mathematical investigation as hamkins asks once you have solved a
problem why not push the ideas harder to see what further you can prove with them

these solutions offer readers examples of how to write a mathematical proofs the
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mathematical development of this text follows the main book with the same chapter
topics in the same order and all theorem and exercise numbers in this text refer to

the corresponding statements of the main text

all too often through common school mathematics students find themselves excelling
in school math classes by memorizing formulas but not their applications or the
motivation behind them as a consequence understanding derived in this manner is
tragically based on little or no proof this is why studying proofs is paramount proofs
help us understand the nature of mathematics and show us the key to appreciating
its elegance but even getting past the concern of why should this be true students
often face the question of when will i ever need this in life proofs in competition math
aims to remedy these issues at a wide range of levels from the fundamentals of
competition math all the way to the olympiad level and beyond don t worry if you
don t know all of the math in this book there will be prerequisites for each skill level
giving you a better idea of your current strengths and weaknesses and allowing you

to set realistic goals as a math student so mathematical minds we set you off

this book prepares students for the more abstract mathematics courses that follow
calculus the author introduces students to proof techniques analyzing proofs and
writing proofs of their own it also provides a solid introduction to such topics as
relations functions and cardinalities of sets as well as the theoretical aspects of fields

such as number theory abstract algebra and group theory

research on teaching and learning proof and proving has expanded in recent decades
this reflects the growth of mathematics education research in general but also an
increased emphasis on proof in mathematics education this development is a
welcome one for those interested in the topic but also poses a challenge especially to
teachers and new scholars it has become more and more difficult to get an overview

of the field and to identify the key concepts used in research on proof and proving

college students struggle with the switch from thinking of mathematics as a

calculation based subject to a problem solving based subject this book describes how
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the introduction to proofs course can be taught in a way that gently introduces
students to this new way of thinking this introduction utilizes recent research in
neuroscience regarding how the brain learns best rather than jumping right into proofs
students are first taught how to change their mindset about learning how to
persevere through difficult problems how to work successfully in a group and how to
reflect on their learning with these tools in place students then learn logic and
problem solving as a further foundation next various proof techniques such as direct
proofs proof by contraposition proof by contradiction and mathematical induction are
introduced these proof techniques are introduced using the context of number theory
the last chapter uses calculus as a way for students to apply the proof techniques

they have learned

written by a pair of math teachers and based on their classroom notes and
experiences this introductory treatment of theory proof techniques and related
concepts is designed for undergraduate courses no knowledge of calculus is assumed
making it a useful text for students at many levels the focus is on teaching students
to prove theorems and write mathematical proofs so that others can read them since
proving theorems takes lots of practice this text is designed to provide plenty of
exercises the authors break the theorems into pieces and walk readers through
examples encouraging them to use mathematical notation and write proofs
themselves topics include propositional logic set notation basic set theory proofs
relations functions induction countability and some combinatorics including a small
amount of probability the text is ideal for courses in discrete mathematics or logic
and set theory and its accessibility makes the book equally suitable for classes in
mathematics for liberal arts students or courses geared toward proof writing in

mathematics

why mathematics is not merely formulaic an argument that to write a mathematical
proof is tantamount to inventing a story in the meaning of proofs mathematician
gabriele lolli argues that to write a mathematical proof is tantamount to inventing a

story lolli offers not instructions for how to write mathematical proofs but a
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philosophical and poetic reflection on mathematical proofs as narrative mathematics
imprisoned within its symbols and images lolli writes says nothing if its meaning is
not narrated in a story the minute mathematicians open their mouths to explain
something the meaning of x how to find y they are framing a narrative every proof is
the story of an adventure writes lolli a journey into an unknown land to open a new
connected route once the road is open we correct it expand it just as fairy tales offer
a narrative structure in which new characters can be inserted into recurring forms of
the genre in original ways in mathematics each new abstract concept is the
protagonist of a different theory supported by the general techniques of mathematical
reasoning in ancient greece there was more than an analogy between literature and
mathematics there was direct influence euclid s proofs have roots in poetry and

rhetoric mathematics lolli asserts is not the mere manipulation of formulas

this text explores the many transformations that the mathematical proof has
undergone from its inception to its versatile present day use considering the advent of
high speed computing machines though there are many truths to be discovered in
this book by the end it is clear that there is no formalized approach or standard
method of discovery to date most of the proofs are discussed in detail with figures
and equations accompanying them allowing both the professional mathematician and

those less familiar with mathematics to derive the same joy from reading this book

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

6 Discrete Mathematics With Proof



Discrete Mathematics With Proof

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

an essential reference for anyone grappling with advanced mathematics this fourth
edition helps readers master the basic techniques that are used in all proofs
regardless of the mathematical subject matter in which the proof arises once the
reader has a firm grasp of the technique they |l be better equipped to read
understand and actually do proofs they Il also learn when each technique is likely to

be successful based on the form of the theorem midwest

these questions arise from any attempt to discover an epistemology for mathematics
this collection of essays considers various questions concerning the nature of
justification in mathematics and possible sources of that justification among these are
the question of whether mathematical justification is a priori or a posteriori in
character whether logical and mathematical differ and if formalization plays a

significant role in mathematical justification

the book is intended for students who want to learn how to prove theorems and be
better prepared for the rigors required in more advance mathematics one of the key
components in this textbook is the development of a methodology to lay bare the
structure underpinning the construction of a proof much as diagramming a sentence
lays bare its grammatical structure diagramming a proof is a way of presenting the
relationships between the various parts of a proof a proof diagram provides a tool for

showing students how to write correct mathematical proofs

in the four decades since imre lakatos declared mathematics a quasi empirical science
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increasing attention has been paid to the process of proof and argumentation in the
field a development paralleled by the rise of computer technology and the mounting
interest in the logical underpinnings of mathematics explanantion and proof in
mathematics assembles perspectives from mathematics education and from the
philosophy and history of mathematics to strengthen mutual awareness and share
recent findings and advances in their interrelated fields with examples ranging from
the geometrists of the 17th century and ancient chinese algorithms to cognitive
psychology and current educational practice contributors explore the role of refutation
in generating proofs the varied links between experiment and deduction the use of
diagrammatic thinking in addition to pure logic and the uses of proof in mathematics
education including a critique of authoritative versus authoritarian teaching styles a
sampling of the coverage the conjoint origins of proof and theoretical physics in
ancient greece proof as bearers of mathematical knowledge bridging knowing and
proving in mathematical reasoning the role of mathematics in long term cognitive
development of reasoning proof as experiment in the work of wittgenstein
relationships between mathematical proof problem solving and explanation explanation
and proof in mathematics is certain to attract a wide range of readers including
mathematicians mathematics education professionals researchers students and

philosophers and historians of mathematics

shows how to read write mathematical proofs ideal foundation for more advanced
mathematics courses introduction to mathematical proofs a transition facilitates a
smooth transition from courses designed to develop computational skills and problem
solving abilities to courses that emphasize theorem proving it helps students develop
the skills necessary to write clear correct and concise proofs unlike similar textbooks
this one begins with logic since it is the underlying language of mathematics and the
basis of reasoned arguments the text then discusses deductive mathematical systems
and the systems of natural numbers integers rational numbers and real numbers it
also covers elementary topics in set theory explores various properties of relations
and functions and proves several theorems using induction the final chapters

introduce the concept of cardinalities of sets and the concepts and proofs of real
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analysis and group theory in the appendix the author includes some basic guidelines
to follow when writing proofs written in a conversational style yet maintaining the
proper level of mathematical rigor this accessible book teaches students to reason
logically read proofs critically and write valid mathematical proofs it will prepare them
to succeed in more advanced mathematics courses such as abstract algebra and

geometry

the art of proof is designed for a one semester or two quarter course a typical
student will have studied calculus perhaps also linear algebra with reasonable success
with an artful mixture of chatty style and interesting examples the student s previous
intuitive knowledge is placed on solid intellectual ground the topics covered include
integers induction algorithms real numbers rational numbers modular arithmetic limits
and uncountable sets methods such as axiom theorem and proof are taught while
discussing the mathematics rather than in abstract isolation the book ends with short
essays on further topics suitable for seminar style presentation by small teams of
students either in class or in a mathematics club setting these include continuity

cryptography groups complex numbers ordinal number and generating functions

the notion of proof is central to mathematics yet it is one of the most difficult aspects
of the subject to teach and master in particular undergraduate mathematics students
often experience difficulties in understanding and constructing proofs understanding
mathematical proof describes the nature of mathematical proof explores the various
techniques that mathematicians adopt to prove their results and offers advice and
strategies for constructing proofs it will improve students ability to understand proofs
and construct correct proofs of their own the first chapter of the text introduces the
kind of reasoning that mathematicians use when writing their proofs and gives some
example proofs to set the scene the book then describes basic logic to enable an
understanding of the structure of both individual mathematical statements and whole
mathematical proofs it also explains the notions of sets and functions and dissects
several proofs with a view to exposing some of the underlying features common to

most mathematical proofs the remainder of the book delves further into different
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types of proof including direct proof proof using contrapositive proof by contradiction
and mathematical induction the authors also discuss existence and uniqueness proofs

and the role of counter examples
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