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UNLOCKING THE POWER OF
COMPLEX ANALYSIS: A DEEP
DIVE INTO "COMPLEX VARIABLES
WITH APPLICATIONS" BY DAVID
WUNSCH

Complex analysis  is  often regarded as
one of  the most  elegant  and powerful
branches of mathematics.  For students

and professionals seeking a rigorous yet
accessible  introduction,  Complex
Variables With Applications by David
Wunsch stands as a classic and highly
respected  resource.  This  textbook
bridges pure mathematical  theory with
practical  engineering  and  scientific
applications, making it an indispensable
guide  for  anyone  looking  to  master
complex variables.
In  this  comprehensive  article,  we  will
explore  the  key  themes  of  Wunsch’s
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work, examine its pedagogical strengths,
and  discuss  why  it  remains  a  vital
reference  decades  after  its  initial
publication.  Whether  you  are  an
undergraduate  student,  a  graduate
researcher,  or  a  practicing  engineer,
understanding the content of this book
can  significantly  enhance  your  ability  to
solve real-world problems involving fluid
dynamics,  electromagnetics,  control
systems,  and  more.

Who Is David
Wunsch and Why

Is This Book
Important?
David  Wunsch  is  a  highly  regarded
mathematician and educator, formerly a
p ro fesso r  a t  the  Un ive rs i t y  o f
Massachusetts Lowell. His expertise lies
in  applied  mathematics,  particularly  in
complex analysis and its connection to
engineering. Complex Variables With
Applications (often published with the
co-authorship  of  Ruel  V.  Churchill  and
James Ward Brown in later editions) is
w ide ly  used  in  upper -d iv i s i on
undergraduate  and  graduate  courses.
The book’s longevity stems from its clear
presentation of core concepts, abundant
worked examples, and a strong focus on
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applications that demonstrate the utility
of complex analysis in fields such as:

Electrical engineering (e.g.,
conformal mapping in transmission
line theory)
Fluid mechanics (e.g., potential
flow around objects)
Control theory (e.g., Nyquist
stability criterion)
Heat transfer and electrostatics
(e.g., solving Laplace’s equation)

Unlike  many  purely  theoretical  texts,
Wunsch’s  approach gives  students  the
confidence  to  apply  complex  variables
directly  to  engineering  problems.  This
blend of rigor and applicability is what
makes the book stand out in a crowded
field.

Core Topics
Covered in
"Complex
Variables With
Applications"
The  book  systematically  builds  from
foundational  definitions  to  advanced
techniques.  Below  are  the  major
thematic  sections,  each  designed  to
progressively  deepen  the  reader’s
understanding.
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1. FUNDAMENTAL CONCEPTS:
COMPLEX NUMBERS AND

FUNCTIONS

The  early  chapters  introduce  complex
numbers, their geometric interpretation,
and  algebraic  operations.  Wunsch
emphasizes  the Argand diagram, polar
representation,  and  Euler’s  formula.
Students  learn  to  manipulate  complex
functions, including polynomial, rational,
exponential, and trigonometric functions.
This  foundation  is  critical  before
venturing  into  differentiation  and
integration  in  the  complex  plane.

2. ANALYTIC FUNCTIONS AND THE
CAUCHY-RIEMANN EQUATIONS

A central theme of complex analysis is
the  concept  of  analyticity.  Wunsch

explains the Cauchy-Riemann conditions
in  both  Cartesian  and  polar  forms,
showing how they determine whether a
function  is  differentiable  in  the  complex
sense.  The  text  includes  detailed
examples  of  verifying  analyticity  for
functions like f(z) = z² and f(z) = e^z.
The  significance  of  analytic  functions  in
mapping  and  potential  theory  is
foreshadowed  here.

3. COMPLEX INTEGRATION AND
CAUCHY’S THEOREM

Integration  along  complex  paths  is
treated  with  careful  attention  to
parameterization  and  the  use  of
antiderivatives.  The  landmark  Cauchy-
Goursat theorem is introduced, followed
by  Cauchy’s  integral  formula  and  its
extensions. Wunsch provides numerous
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examples  of  evaluating  contour
integrals, reinforcing the power of these
results.  This  section  is  essential  for
understanding  later  topics  like  residue
theory.

4. SERIES REPRESENTATIONS:
TAYLOR AND LAURENT EXPANSIONS

Power series in the complex plane are
examined, with convergence properties
explained  using  the  ratio  test  and
geometric  series.  The  Laurent  series,
which  accounts  for  functions  with
singular it ies,  is  given  thorough
treatment. Students learn how to classify
isolated  singularities  (poles,  essential
singularities,  removable  singularities)
and how to compute series expansions
around various points.

5. RESIDUE THEORY AND ITS
APPLICATIONS

The  residue  theorem  is  arguably  the
most powerful tool in complex analysis
for evaluating real definite integrals and
summing  infinite  series.  Wunsch
dedicates  significant  attention  to
calculating  residues  and  applying  the
theorem  to  integra ls  invo lv ing
trigonometric, rational, and exponential
functions. The book also covers Jordan’s
lemma and the evaluation of improper
integrals.  This  section  is  particularly
valuable  for  students  in  advanced
engineering  and  physics.

6. CONFORMAL MAPPING AND
BOUNDARY VALUE PROBLEMS

One of the most applied chapters deals
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with conformal mappings—functions that
preserve  angles  locally.  Wunsch  maps
domains using bilinear transformations,
the  exponential  function,  and  the
Joukowski  transformation.  These
techniques  are  then  used  to  solve
Lap lace ’ s  equat ion  in  va r ious
geomet r i e s ,  a  co rne r s tone  o f
electrostatics  and  fluid  flow.  The  book
includes  practical  methods  for  finding
mappings  that  simplify  complicated
boundaries.

7. APPLICATIONS TO PHYSICAL
SYSTEMS

The concluding chapters tie together all
previous material by presenting full case
studies.  For  example,  the  study  of
potential  flow  around  a  circular  cylinder
using a combination of uniform flow and

a  doublet ;  the  so lut ion  o f  heat
conduction in a rectangular plate using
conformal mapping; and the analysis of
electrical  impedance  via  complex
frequency  variables.  Wunsch  ensures
that the link between pure mathematics
and practical engineering is never lost.

Why This Book
Remains a
Favorite Among
Students and
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Instructors
Several  features  make  Complex
Variables  With  Applications  a
perennial  choice  for  coursework:

Clarity of exposition: Each
concept is explained in plain
English before being formalized
mathematically. The book avoids
unnecessarily dense notation.
Abundant worked examples:
Every section contains multiple
solved problems that illustrate the
steps and reasoning. This is
especially helpful in self-study.
Gradual build-up of difficulty:
Exercises start with
straightforward computations and
progress to challenging conceptual

problems.
Application-oriented
perspective: The book never
loses sight of why complex
variables matter in the real world,
making the material more
engaging for engineering students.
Excellent coverage of residue
theory: The treatment of residues
is detailed and includes tricks for
handling various types of integrals,
a skill heavily tested in qualifying
exams.

Who Should
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Read "Complex
Variables With

Applications"?
The  primary  audience  includes  upper-
division  undergraduate  students  in
mathematics, physics, and engineering.
However, the book is also suitable for:

Graduate students who need a1.
refresher in complex analysis
before tackling more advanced
topics like functions of several
complex variables or integral
transforms.
Practicing engineers who2.
encounter problems in

electromagnetic field theory,
signal processing, or fluid
dynamics and wish to strengthen
their theoretical background.
Self-learners with a solid3.
foundation in calculus and
differential equations who want to
explore an elegant branch of
mathematics on their own.

The prerequisites are moderate: a solid
understanding of real calculus and some
familiarity  with  differential  equations  is
assumed. Knowledge of linear algebra is
helpful but not essential.

Key Semantic
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Themes and
Related

Concepts
To  fully  grasp  the  subject,  readers
s h o u l d  b e  a w a r e  o f  s e v e r a l
interconnected  ideas  that  Wunsch
weaves  throughout  the  text.  These
include:

Analytic continuation: How
functions defined in small regions
can be uniquely extended to larger
domains.
Harmonic functions: Real and
imaginary parts of analytic
functions satisfy Laplace’s

equation, linking complex analysis
to potential theory.
Branch cuts and Riemann
surfaces: Handling multi-valued
functions like the logarithm or
square root.
Nyquist stability criterion: A
classic engineering application of
the argument principle and residue
theorem.
Joukowski airfoil theory: Using
conformal mapping to design
airfoil shapes.

By internalizing these concepts, students
can move beyond rote computation and
s t a r t  t h i n k i n g  l i k e  a p p l i e d
mathematicians.
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Tips for Getting
the Most Out of

This Book
If  you  are  using  Complex  Variables
With Applications as a primary text or
for  self-study,  consider  the  following
strategies:

Work through all examples: Do
not simply read them—cover the
solution and try to solve them on
your own.
Complete the exercises: The
book includes a wide range of
problems. Start with the ones that
have answers in the back to check

your understanding.
Draw diagrams: Complex
analysis is inherently geometric.
Sketching contours, mappings, and
singularities can solidify abstract
ideas.
Use supplementary
computational tools: Software
like MATLAB, Mathematica, or
Python’s sympy can help visualize
complex functions and verify your
manual calculations.
Form study groups: Discussing
the applications (especially in
engineering contexts) can reveal
insights you might miss alone.
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Comparing with
Other Texts on
Complex

Variables
While there are many excellent books on
complex  analysis—such  as  "Complex
Analysis" by Ahlfors (more theoretical),
"Functions of One Complex Variable" by
Conway  (advanced),  or  "Complex
Var iables  and  Appl icat ions"  by
Churchi l l /Brown  (a  precursor  to
Wunsch’s  work)—Wunsch’s  edition
distinguishes itself by striking an optimal
balance  between  mathematical  depth

and  practical  relevance.  It  is  less
abstract than Ahlfors but more rigorous
than many engineering-oriented primers.
This  middle  ground  is  precisely  what
most students in applied fields need.

CONCLUSION: A TIMELESS
RESOURCE FOR MASTERING
COMPLEX VARIABLES

C o m p l e x  V a r i a b l e s  W i t h
Applications by David Wunsch is more
than  just  a  textbook;  it  is  a  carefully
crafted  guide  that  transforms  a
challenging  subject  into  an  accessible
and  highly  useful  toolkit.  Its  enduring
popularity  is  a  testament  to  its  clear
pedagogy,  extensive  applications,  and
the genuine relevance of its material to
modern  science  and  engineering.
Whether you are solving for the electric
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field  around  a  charged  conductor,
analyzing  the  stability  of  a  control
system, or modeling the flow of air over
a wing, the principles in this book will
serve you well.  By working through its
pages  methodically,  you  will  not  only
learn  complex  analysis—you  will  learn
how to think with it.

If you are ready to embark on a journey
through the beautiful  landscape of  the
complex  plane,  pick  up  a  copy  of
Wunsch’s  work.  With  dedication  and
practice, you will emerge with a skill set
that is both intellectually satisfying and
practically invaluable.


