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Applied and Computational Complex Analysis Vol 1: A Deep Dive into Power 
Series, Integration, Conformal Mapping, and the Location of Zeros

Complex analysis is a cornerstone of modern mathematics, physics, and engineering. Whether you’re a graduate 

student tackling advanced problems or a seasoned researcher seeking computational tools, the first volume of 

Applied and Computational Complex Analysisoffers a comprehensive guide that blends rigorous theory with

practical application. In this article, we explore the book’s core themes—power series, integration, conformal

mapping, and the location of zeros—while highlighting how these concepts interconnect to solve real �world

problems.

1. Overview of the Textbook

1.1 Purpose and Audience

Designed for advanced undergraduates, master’s students, and professionals, the volume bridges the gap between

abstract theory and computational practice. It assumes a solid foundation in calculus and linear algebra but does

not require prior exposure to complex analysis. The authors emphasize algorithmic thinking, guiding readers

through the implementation of classical techniques in modern computational environments.

1.2 Structure and Key Topics

The book is organized into four thematic pillars:

•  Power Series: Convergence, analytic continuation, and manipulation of series.

•  Complex Integration: Cauchy’s theorem, contour integration, and the residue theorem.

•  Conformal Mapping: Transformations, the Riemann mapping theorem, and applications to physics.

•  Location of Zeros: Methods for identifying and approximating zeros of analytic functions.

Each chapter contains worked examples, exercises, and MATLAB or Python code snippets that demonstrate how

to implement the theory numerically.

2. Power Series in Complex Analysis

2.1 Definition and Basic Properties

A power series in the complex plane takes the form \\(\\displaystyle \\sum_{n=0}^{\\infty} a_n (z - z_0)^n\\), where \

\(a_n\\) are complex coefficients and \\(z_0\\) is the center. The radius of convergence, \\(R\\), determines the disk

within which the series converges absolutely. The book explains how to compute \\(R\\) using the ratio test or root

test and discusses the implications of convergence on the analyticity of the function.

2.2 Manipulating Power Series

Beyond simple summation, power series can be differentiated, integrated term �by �term, and composed. The authors

present systematic procedures for:



1.  Term �by �term differentiation: \\(f'(z) = \\sum_{n=1}^{\\infty} n a_n (z - z_0)^{n-1}\\).

2.  Term �by �term integration: \\(\\displaystyle \\int f(z)\\,dz = C + \\sum_{n=0}^{\\infty} \\frac{a_n}{n+1} (z - 

z_0)^{n+1}\\).

3.  Composition of series: Combining two power series to produce a new analytic function.

These operations are essential for solving differential equations and for constructing analytic continuations.

2.3 Analytic Continuation and the Role of Power Series

One of the most powerful uses of power series is analytic continuation, the process of extending a function beyond

its initial domain of convergence. The volume demonstrates how to patch together overlapping disks of

convergence to build a global analytic function. By examining the singularities that limit the radius of convergence,

readers learn how to predict where a function can be extended and where it cannot.

3. Complex Integration Techniques

3.1 Cauchy’s Integral Theorem and Formula

The foundational result that the integral of a holomorphic function around a closed contour is zero (Cauchy’s

Integral Theorem) is explored in depth. The authors illustrate how this theorem leads to the Cauchy Integral

Formula, which expresses the value of a function inside a contour in terms of an integral over the contour itself:

\\(\\displaystyle f(z_0) = \\frac{1}{2\\pi i} \\oint_{\\gamma} \\frac{f(z)}{z - z_0}\\,dz\\)

Using this formula, students can derive Taylor and Laurent series coefficients directly from contour integrals.

3.2 Residue Theorem and Applications

The residue theorem is a computational powerhouse. By summing the residues of a function’s poles inside a

contour, one can evaluate complex integrals that are otherwise intractable. The volume provides step �by �step

guidance on identifying poles, computing residues for simple and higher �order poles, and applying the theorem to

evaluate real integrals, such as Fourier transforms and probability integrals.

3.3 Numerical Integration in the Complex Plane

While many integrals can be solved analytically, practical problems often require numerical methods. The authors

discuss adaptive quadrature, trapezoidal rules for periodic integrands, and the use of conformal mappings to

accelerate convergence. Sample code in MATLAB and Python showcases how to implement these techniques

efficiently.

4. Conformal Mapping: Theory and Practice

4.1 What Is a Conformal Map?

A conformal map is a holomorphic function with a non �zero derivative that preserves angles locally. In physical

terms, it preserves the shape of infinitesimally small figures, making it invaluable in fields such as aerodynamics,

electromagnetism, and fluid dynamics.

4.2 The Riemann Mapping Theorem

The Riemann Mapping Theorem guarantees that any simply connected, proper open subset of the complex plane

can be mapped bijectively onto the unit disk by a conformal map. The book walks through constructive proofs,

including the use of extremal length and the Schwarz–Pick lemma, and explains how to approximate the mapping

function numerically.



4.3 Practical Applications

•  Electrostatics: Transforming complex geometries into simpler ones to solve Laplace’s equation.

•  Fluid flow around obstacles: Mapping the exterior of a cylinder to the exterior of a circle.

•  Heat conduction problems: Reducing irregular boundaries to canonical shapes.

•  Image processing: Warping images while preserving local features.

Each application is illustrated with diagrams and computational steps, emphasizing how to choose the appropriate

mapping and verify its correctness.

5. Locating Zeros of Analytic Functions

5.1 Why Zero Locations Matter

Zeros of analytic functions play a pivotal role in physics (e.g., resonance frequencies), engineering (e.g., stability

analysis), and pure mathematics (e.g., the distribution of primes via the Riemann zeta function). Accurately locating

zeros is therefore essential.

5.2 The Argument Principle

The Argument Principle connects the number of zeros and poles inside a contour to the change in the argument of

the function along the contour:

\\(\\displaystyle \\frac{1}{2\\pi i} \\oint_{\\gamma} \\frac{f'(z)}{f(z)}\\,dz = N - P\\)

where \\(N\\) and \\(P\\) are the numbers of zeros and poles, respectively. The authors explain how to use this

principle to bracket zeros before applying root �finding algorithms.

5.3 Numerical Root �Finding Techniques

Once a zero is bracketed, several numerical methods can refine its location:

1.  Newton–Raphson: Requires the derivative of the function and converges quadratically near a simple zero.

2.  Secant Method: Avoids explicit derivative computation, useful for complex functions where derivatives are 

difficult to evaluate.

3.  Durand–Kerner and Aberth Methods: Simultaneous root �finding algorithms ideal for polynomials.

4.  Contour Integration Techniques: Use the Cauchy integral formula to compute zero locations directly.

Each method’s convergence properties, stability, and computational cost are discussed, with code examples

demonstrating their implementation.

6. Integrating Theory and Computation

6.1 Symbolic vs. Numerical Approaches

The volume contrasts symbolic manipulation (e.g., using Mathematica or SymPy) with numerical approximation.

While symbolic methods provide exact expressions, they can become unwieldy for high �degree polynomials or

complex integrands. Numerical methods, on the other hand, offer flexibility and speed, especially when dealing with

large datasets or real �time applications.

6.2 Software Tools Covered

•  MATLAB: For matrix �based computations, contour plotting, and integration routines.

•  Python (NumPy, SciPy, SymPy): Open �source alternatives that provide symbolic and numerical capabilities.

•  Mathematica: For symbolic integration, series manipulation, and visualizing complex mappings.



Each tool’s strengths are highlighted, and the authors provide cross �platform scripts that can be adapted to the

reader’s preferred environment.

7. Case Studies and Real �World Problems

7.1 Electromagnetic Field Design

By mapping a complex antenna geometry to a unit disk, designers can solve Maxwell’s equations in a simpler

domain. The book walks through the entire pipeline: defining the geometry, constructing the conformal map, solving

Laplace’s equation, and transforming the solution back to the original domain.

7.2 Fluid Flow Around a Cylinder

Using a Möbius transformation, the exterior of a cylinder is mapped to the exterior of the unit circle. The resulting

potential flow is then analyzed to compute lift and drag coefficients. Numerical integration of the pressure

distribution showcases the practical power of complex analysis.

7.3 Signal Processing

Fourier transforms of complex signals can be evaluated via contour integration. The authors illustrate how to use

the residue theorem to compute integrals that arise in filtering and modulation problems.

8. How to Get the Most Out of Volume 1
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