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Overview
Robert G. Bartle's "The Elements of Real Analysis, Second Edition (1976)" is a foundational
textbook designed to provide a rigorous introduction to the theory of functions of a single real
variable. It systematically develops the core concepts of real analysis, starting with the
fundamental properties of the real number system and progressing through sequences, limits,
continuity, differentiation, and integration. The book emphasizes a precise, proof-based
approach, making it an essential resource for students transitioning from calculus to more
abstract mathematical reasoning.

The text is renowned for its clarity and meticulous presentation, carefully building each concept
from first principles. It aims to equip readers with a deep understanding of the theoretical
underpinnings of calculus, rather than just computational techniques. Bartle's approach
encourages the development of mathematical maturity through a strong focus on definitions,
theorems, and proofs, preparing students for advanced study in mathematics and related fields.
The second edition likely incorporated refinements and clarifications based on feedback from its
initial publication, further solidifying its status as a classic in undergraduate real analysis
education.

Key Takeaways
• Master the foundational properties of the real number system, including completeness,
before proceeding to more complex topics.

• Understand the epsilon-delta definitions of limits and continuity thoroughly, as they are
central to all subsequent concepts.

• Practice constructing rigorous proofs for theorems, as this is the primary method of
understanding and verifying mathematical statements in analysis.

• Recognize the distinction between computational calculus and the theoretical rigor of real
analysis, focusing on 'why' rather than just 'how'.

• Pay close attention to the conditions under which theorems apply, as these often reveal the
subtleties of mathematical statements.
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• Develop a strong intuition for sequences and series, as they are fundamental tools for
defining and understanding functions and convergence.

Chapter Summaries
Preliminaries

This chapter introduces fundamental concepts from set theory, logic, and functions, providing
the necessary mathematical language and tools for the rigorous development of real analysis. It
covers topics such as sets, relations, functions, countability, and basic proof techniques, ensuring
readers have a solid foundation before delving into the properties of real numbers.

The Real Numbers

This section establishes the axiomatic foundation of the real number system, exploring its
algebraic, order, and completeness properties. Key concepts include the field axioms, ordered
field properties, the Archimedean property, and the crucial Completeness Property, which
distinguishes the real numbers from the rational numbers and underpins much of real analysis.

Sequences and Series

This chapter delves into the behavior of sequences of real numbers, defining convergence,
divergence, and properties of convergent sequences. It introduces concepts like monotone
sequences, subsequences, and the Bolzano-Weierstrass Theorem. The chapter then extends
these ideas to infinite series, discussing convergence tests and properties of series.

Limits of Functions

Here, the rigorous epsilon-delta definition of the limit of a function at a point is introduced and
explored. The chapter covers properties of limits, one-sided limits, infinite limits, and limits at
infinity, providing a precise framework for understanding the local behavior of functions.

Continuous Functions

Building on the concept of limits, this chapter defines continuity of functions on intervals and
explores its properties. Important theorems such as the Intermediate Value Theorem and the
Extreme Value Theorem are proven, highlighting the profound implications of continuity for the
behavior of functions on closed and bounded intervals.

Differentiation

This section provides a rigorous treatment of the derivative of a function, defining it using limits
and establishing its fundamental properties. Key theorems like Rolle's Theorem and the Mean
Value Theorem are proven, laying the theoretical groundwork for understanding rates of change
and optimization.

The Riemann Integral
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This chapter introduces the Riemann integral as a limit of Riemann sums, providing a formal
definition of integration for functions on closed intervals. It covers integrability criteria,
properties of the integral, and the Fundamental Theorem of Calculus, connecting differentiation
and integration rigorously.

Sequences and Series of Functions

This advanced chapter extends the concepts of convergence to sequences and series of
functions. It introduces pointwise and uniform convergence, demonstrating the critical
differences between them. Topics include the Weierstrass M-test and the properties of uniformly
convergent sequences and series, particularly concerning continuity, differentiability, and
integrability.

Themes
• Mathematical rigor

• Foundations of calculus

• Proof techniques

• Limits and continuity

• Real number system

Notable Quotes
• "The purpose of this book is to provide a rigorous introduction to the theory of functions of
a single real variable." — From the preface, outlining the book's primary objective and scope.

• "A real number is either rational or irrational." — A fundamental definition in the chapter on
the real number system.

• "For every ε > 0 there exists a δ > 0 such that if 0 < |x - c| < δ, then |f(x) - L| < ε." — The
precise epsilon-delta definition of the limit of a function, a cornerstone of real analysis.

Frequently Asked Questions
What is The Elements of Real Analysis, Second Edition (1976) about?

This textbook provides a rigorous, proof-based introduction to the theory of functions of a single
real variable. It covers foundational topics like the real number system, sequences, limits,
continuity, differentiation, and the Riemann integral, emphasizing the theoretical underpinnings
of calculus rather than just computational methods. It's designed for students seeking a deep
understanding of mathematical analysis.

Is The Elements of Real Analysis, Second Edition (1976) worth reading?
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Yes, for anyone serious about understanding the theoretical foundations of calculus and
developing mathematical rigor. It's a classic textbook known for its clarity and comprehensive
approach to real analysis. While challenging, it provides an excellent foundation for advanced
mathematics and is highly regarded by educators and students alike.

Who should read The Elements of Real Analysis, Second Edition (1976)?

This book is primarily intended for undergraduate mathematics majors, particularly those in
their junior or senior year, who are taking their first course in real analysis. It's also suitable for
advanced students in physics, engineering, or computer science who require a deep theoretical
understanding of continuous mathematics.

How long does it take to read The Elements of Real Analysis, Second Edition (1976)?

Reading this book for understanding, including working through examples and exercises, can
take a significant amount of time. A focused reader might spend 12-15 hours just reading the
text, but a thorough study, including problem-solving, could easily extend to 80-120 hours or
more over a semester.


