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INTRODUCTION:
WHY RUDIN’S
PRINCIPLES
REMAIN A
CORNERSTONE OF
MATHEMATICAL
STUDY

For  generations  of
mathematics  students
and  professionals,  the
n a m e  " R u d i n "  i s
synonymous  with  a
rigorous,  elegant,  and
c h a l l e n g i n g
introduction  to  real
a n a l y s i s .  R u d i n
P r i n c i p l e s  O f

M a t h e m a t i c a l
A n a l y s i s ,  o f t e n
referred  to  simply  as
"Baby Rudin," is a text
that  has  shaped  the
way advanced calculus
a n d  a n a l y s i s  a r e
taught.  First  published
in 1953 and now in its
third edition, the book
is  celebrated  for  its
concise  prose,  deep
logical  structure,  and
u n c o m p r o m i s i n g
standards.  Whether
you  are  a  graduate
student  preparing  for
qualifying  exams,  a
self-learner  seeking  a
p r o f o u n d
unders tand ing  o f
a n a l y s i s ,  o r  a n
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instructor looking for a
time-tested curriculum,
Rudin’s  work  offers  a
unique blend of clarity
and depth. This article
e x p l o r e s  t h e  k e y
features  of  the  book,
its  structure,  major
top ics ,  and  why  i t
con t inues  to  be  a
must-read  for  anyone
s e r i o u s  a b o u t
mathematics.

THE PEDAGOGICAL
PHILOSOPHY OF
BABY RUDIN

W h a t  s e t s  Rud in
P r i n c i p l e s  O f
M a t h e m a t i c a l
Analysis  apart  from
other  textbooks  is  its
phi losophy.  Rudin
believed  that  analysis
should be taught from
first  principles  with
maximum  rigor  and
minimal  hand-waving.
The  book  does  not
coddle  the  reader;
instead,  it  expects
active  engagement.

E a c h  t h e o r e m  i s
proved  with  precision,
and  exerc ises  are
designed to extend the
theory  rather  than
merely  test  routine
ca l cu la t i on .  Th i s
approach  bui lds  a
d e e p ,  s t r u c t u r a l
understanding  of  real
numbers,  continuity,
differentiation,
i n t e g r a t i o n ,  a n d
sequences of functions.
While  some  critics  find
the book too terse for
beginners, its admirers
argue that the struggle
is precisely what leads
to mastery.

Who
Should
Read This
Book?
The intended audience
i s  a d v a n c e d
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undergraduates  or
beginning  graduate
students  who  have
completed  a  standard
calculus  sequence.
C o m f o r t  w i t h
mathematical  proofs
and some exposure to
set-theoretic  language
is  helpful.  However,
Rudin  does  include  a
chapter  on  the  real
number  system  and
basic topology, so even
self-taught  learners
can  start  from  there.
The book is  especially
popular  in  honors
analysis courses and as
a  preparation  text  for
subjects like functional
analysis,  measure
theory,  and  complex
analysis.

STRUCTURE OF
THE BOOK: A
CHAPTER-BY-
CHAPTER
OVERVIEW

The  th i rd  ed i t i on
c o n t a i n s  e l e v e n

chapters, each building
upon  the  previous
o n e s .  B e l o w  i s  a
summary of the major
sections.

Chapter
1: The
Real and
Complex
Number
Systems
R u d i n  b e g i n s  b y
constructing  the  real
numbers as an ordered
field  with  the  least-
upper-bound  property.
He  introduces  the
complex  numbers  and
discusses the extended
real  number  system.
T h e  c h a p t e r  a l s o
covers  Euc l idean
spaces  and  basic  set
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n o t a t i o n .  T h i s
foundation is crucial for
everything that follows,
as  it  establishes  the
rigorous framework for
limits  and  continuity.
Key  concepts  include
completeness,  the
Archimedean property,
a n d  t h e  d e c i m a l
representation of reals.

Chapter
2: Basic
Topology
This  chapter  delves
into  metric  spaces,
open and closed sets,
c o m p a c t n e s s ,
connectedness,  and
perfect  sets.  Rudin’s
t r e a t m e n t  o f
compactness in metric
spaces  is  a  highlight,
leading  to  the  Heine-
Borel theorem and the
Bolzano-Weierstrass
theorem. Readers learn

about  countable  and
uncountable  sets,
Cantor  sets,  and  the
concept of separability.
T h i s  t o p o l o g i c a l
foundation is  essential
for  later  chapters  on
continuity and uniform
convergence.

Chapter
3:
Numerica
l
Sequence
s and
Series
Here  Rudin  covers
c o n v e r g e n c e  o f
sequences  in  metric
s p a c e s ,  C a u c h y
sequences,  and  the
monotone convergence
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theorem.  The  chapter
then  moves  to  infinite
series,  including  tests
f o r  c o n v e r g e n c e
(comparison,  ratio,
root,  integral  tests),
a b s o l u t e  a n d
c o n d i t i o n a l
convergence,  and
rearrangements.  The
famous Riemann series
theorem  is  discussed.
This chapter is a deep
dive into the behavior
o f  sequences  and
ser ies ,  wi th  many
classic  examples.

Chapter
4:
Continuit
y
Continuity  is  defined
using the epsilon-delta
language and in terms
of  open  sets.  Rudin
proves that continuous

functions  preserve
compactness  and
connectedness.  The
intermediate  value
t h e o r e m  a n d  t h e
extreme value theorem
are  proven  rigorously.
T h e  c h a p t e r  a l s o
c o v e r s  u n i f o r m
continuity  and  the
c o n c e p t  o f
h o m e o m o r p h i s m .
Examples such as  the
C a n t o r  f u n c t i o n
illustrate  pathological
behavior.

Chapter
5:
Differenti
ation
The  de r i va t i ve  i s
defined and basic rules
(chain  rule,  product
rule)  are  proven.  The
chapter  includes  the
Mean  Value  Theorem,
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Taylor’s  theorem,  and
L’Hôpital’s  rule.  The
treatment  is  standard
but  rigorous,  and  the
exercises  introduce
applications  such  as
Newton’s  method.  A
notable  feature  is  the
d i s c u s s i o n  o f
derivatives  of  vector-
valued  functions.

Chapter
6: The
Riemann-
Stieltjes
Integral
Rudin  introduces  the
R i e m a n n - S t i e l t j e s
i n t e g r a l ,  w h i c h
g e n e r a l i z e s  t h e
Riemann  integral  by
allowing  integration
w i t h  r e s p e c t  t o  a
function  (integrator).
This  chapter  covers

p roper t i es  o f  the
integral,  integration of
continuous  functions,
t h e  f u n d a m e n t a l
theorem  of  calculus,
and  integration  by
parts. It also discusses
improper integrals. The
R i e m a n n - S t i e l t j e s
framework  prepares
s t u d e n t s  f o r  t h e
Lebesgue  integral  in
m o r e  a d v a n c e d
courses.

Chapter
7:
Sequence
s and
Series of
Functions
This  is  arguably  the
m o s t  i m p o r t a n t
c h a p t e r  f o r
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applications.  Rudin
discusses  pointwise
a n d  u n i f o r m
convergence,  the
Weierstrass M-test, and
the  consequences  of
uniform  convergence
f o r  c o n t i n u i t y ,
differentiation,  and
integration. The Stone-
Weierstrass theorem is
proven.  This  chapter
a l s o  i n t r o d u c e s
equicontinuity and the
Arzelà-Ascoli  theorem.
Understanding  these
ideas is critical for real
analysis, Fourier series,
and  differential
equations.

Chapter
8: Some
Special
Functions
Here Rudin applies the
theory  to  define

e x p o n e n t i a l ,
l o g a r i t h m i c ,  a n d
trigonometric functions
via  power  series.  He
discusses  the  Gamma
f u n c t i o n  a n d  t h e
Fourier  series.  This
chapter  demonstrates
how  rigorous  analysis
underpins  famil iar
functions.

Chapter
9:
Functions
of
Several
Variables
This chapter moves to
multivariable  calculus:
linear  transformations,
the  derivative  as  a
linear  map,  partial
derivatives,  the  chain
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r u l e ,  t he  i nve r se
function  theorem,  and
the  implicit  function
t h e o r e m .  T h e
treatment  is  modern,
using the language of
l inear  algebra  and
normed vector spaces.
The  exerc ises  are
p a r t i c u l a r l y
challenging.

Chapter
10:
Integratio
n of
Differenti
al Forms
Rud in  in t roduces
differential  forms  and
the generalized Stokes
theorem,  which  unifies
t h e  f u n d a m e n t a l
theorem  of  calculus,

Green’s  theorem,
divergence  theorem,
and Stokes’ theorem in
higher  dimensions.
This  chapter  is  more
advanced  and  often
used  in  later  courses
on  differential
geometry  or  analysis
on  manifolds.

Chapter
11: The
Lebesgue
Theory
(Optional)
This chapter provides a
brief  introduction  to
Lebesgue measure and
integration on the real
l i n e .  I t  c o v e r s
measurab le  se ts ,
measurable  functions,
the Lebesgue integral,
and  convergence
theorems  (monotone
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c o n v e r g e n c e ,
d o m i n a t e d
convergence).  While
n o t  a  c o m p l e t e
treatment,  it  gives
students  a  taste  of
modern  integration
theory.

KEY STRENGTHS
OF RUDIN’S
APPROACH

Rigor and
Precision: Every
theorem is
proven from
axioms. No
assumptions are
hidden.
Economy of
Language:
Rudin’s concise
style forces
readers to think
deeply about
each sentence.
Excellent
Exercises: The
problems are
challenging and
often introduce
new concepts or

counterexamples
. Many are used
in qualifying
exams.
Mathematical
Maturity: The
book teaches
how to read and
write proofs, a
skill essential for
any
mathematician.
Topological
Emphasis: The
early
introduction of
metric spaces
and topology
provides a
modern
perspective.

COMMON
CHALLENGES AND
HOW TO
OVERCOME THEM

Many  students  find
Rudin  Principles  Of
M a t h e m a t i c a l
Analysis  difficult,
especially  on  first
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read ing.  Common
difficulties  include  the
terse explanations, the
abstract  nature  of
some  proofs,  and  the
steep  learning  curve.
H e r e  a r e  s o m e
strategies:

Read slowly1.
and actively:
Pause after each
theorem and try
to prove it
yourself before
reading Rudin’s
proof.
Work problems2.
diligently: The
exercises are not
optional; they
are integral to
the learning
process.
Supplement3.
with other
resources:
Books like Walter
Rudin’s own
“Real and
Complex
Analysis” (for
advanced

topics), or
companion
guides like “Baby
Rudin: A
Companion” by
Michael J. H. B.
can help. Online
lecture notes and
video series
(e.g., from MIT
OpenCourseWare
) can also clarify
tough concepts.
Form a study4.
group:
Discussing proofs
with peers helps
solidify
understanding.

WHY RUDIN
REMAINS
RELEVANT AFTER
70 YEARS

D e s p i t e  t h e
proliferation of analysis
textbooks,  Rudin
P r i n c i p l e s  O f
M a t h e m a t i c a l
Analysis  endures
b e c a u s e  o f  i t s
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intellectual  honesty.  It
does  not  dumb  down
the  material.  While
more  modern  texts
may  offer  more
v i sua l i za t i ons  o r
sample  applications,
Rudin  provides  the
distilled  essence  of
what analysis is about:
rigorous  reasoning
f r o m  a x i o m s  t o
powerful  theorems.
T h e  b o o k  i s  a l s o
relatively  short  (about
350 pages),  making it
a  compact  reference.
For  graduate  students
preparing for qualifying
e x a m s ,  w o r k i n g
t h r o u g h  R u d i n ’ s
problems is considered
the  gold  standard.
Moreover,  its  influence
extends to other fields:
economists,  physicists,
and  engineers  who
n e e d  a  d e e p
unders tand ing  o f
analysis  often  turn  to
Rudin.

COMPARISON
WITH OTHER
CLASSIC TEXTS

Other notable analysis
books include Apostol’s
“ M a t h e m a t i c a l
Analysis,”  which  is
more  verbose  and
i n c l u d e s  m o r e
applications;  Abbott’s
“ U n d e r s t a n d i n g
Analysis,”  which  is
more  accessible  for
b e g i n n e r s ;  a n d
DeGroot's “Analysis II”
for  fur ther  s tudy.
Rudin  Principles  Of
M a t h e m a t i c a l
A n a l y s i s  s i t s
somewhere  between
an introductory and an
advanced  text.  It  is
less  detai led  than
Apos to l  bu t  more
rigorous  than  Abbott.
Many departments use
Rudin  as  a  second
course in analysis after
a  more  elementary
introduction.



12

12 Rudin Principles Of Mathematical
Analysis

2023-07-14

CONCLUSION: A
TIMELESS

MASTERPIECE

In  the  landscape  of
m a t h e m a t i c a l
literature,  few  books
have  achieved  the
legendary  status  of
Rudin  Principles  Of
M a t h e m a t i c a l
A n a l y s i s .  I t  i s  a
c h a l l e n g i n g  b u t
rewarding journey that
transforms  the  way  a
student  thinks  about
calculus,  limits,  and
mathematical  proof.

While not for everyone,
those  who  persevere
gain a foundation that
will  serve  them  for  a
lifetime.  Whether  you
are planning to take a
qua l i f y ing  exam,
pursue  research  in
pure  mathematics,  or
simply  desire  a  deep
understanding  of  real
analysis,  Rudin’s  work
remains  an  essential
companion. Pick it  up,
embrace  the  struggle,
a n d  d i s c o v e r  t h e
beauty  of  r igorous
analysis.


