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Riemann surfaces, named after the famous mathematician Bernhard Riemann,
are a fundamental concept in complex analysis, with deep connections to various
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areas of mathematics and theoretical physics. This article aims to provide an
exploration into the computational approach to understanding Riemann surfaces,
as presented in the Lecture Notes in Mathematics 2013. Whether you are a
mathematics enthusiast, a student, or simply curious about this intriguing topic,
this article will take you on a journey through the intricacies and beauty of
Riemann surfaces.

What are Riemann Surfaces?

Riemann surfaces can be thought of as two-dimensional surfaces that extend
complex functions from the complex plane to more complex domains. They can
be visualized as "wrappings" or "coverings" of the complex plane, with multiple
sheets. Riemann surfaces play a crucial role in complex analysis, providing a
geometric understanding of complex functions and their behavior, such as zeros,
poles, and branch points.
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Computational Approach to Riemann Surfaces

The Lecture Notes in Mathematics 2013 offers a computational perspective on
studying Riemann surfaces. This approach utilizes powerful mathematical
software and algorithms to compute and visualize these complex surfaces. The
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computational tools provide researchers and mathematicians with a means to
explore the geometric properties of Riemann surfaces, study their topological
characteristics, and investigate their relationship with other mathematical
structures.

Advantages of Computational Approach

One of the main advantages of the computational approach to Riemann surfaces
is the ability to visualize these intricate mathematical objects. Through interactive
graphics and simulations, mathematicians can gain deeper insights into the
behavior of complex functions on Riemann surfaces, identify critical points, and
analyze the dynamics of these functions. Furthermore, computational methods
allow for numerical approximations and calculations, enabling researchers to
solve complex equations involving Riemann surfaces more efficiently.

Applications of Riemann Surfaces

Riemann surfaces have far-reaching applications in various fields of mathematics
and physics. In algebraic geometry, they provide a geometric foundation for the
study of algebraic curves and their properties. In number theory, Riemann
surfaces are connected to the theory of modular forms and elliptic functions,
playing a pivotal role in understanding prime numbers and their distribution. The
field of theoretical physics uses Riemann surfaces extensively to explore and
explain fundamental concepts, such as quantum field theory and string theory.

The computational approach to Riemann surfaces, as presented in the Lecture
Notes in Mathematics 2013, opens up a world of possibilities for mathematicians,
researchers, and enthusiasts. By leveraging powerful computational tools and
algorithms, it enables a deeper understanding of the geometric and topological
properties of Riemann surfaces, and their connections to other branches of
mathematics and theoretical physics. Embracing this approach allows us to



unravel the beauty and complexity of Riemann surfaces, bringing us closer to
uncovering new mathematical truths and pushing the boundaries of human
knowledge.
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This volume offers a well-structured overview of existent computational
approaches to Riemann surfaces and those currently in development. The
authors of the contributions represent the groups providing publically available
numerical codes in this field. Thus this volume illustrates which software tools are
available and how they can be used in practice. In addition examples for solutions
to partial differential equations and in surface theory are presented.
The intended audience of this book is twofold. It can be used as a textbook for a
graduate course in numerics of Riemann surfaces, in which case the standard
undergraduate background, i.e., calculus and linear algebra, is required. In
particular, no knowledge of the theory of Riemann surfaces is expected; the
necessary background in this theory is contained in the chapter.

At the same time, this book is also intended for specialists in geometry and
mathematical physics applying the theory of Riemann surfaces in their research.
It is the first book on numerics of Riemann surfaces that reflects the progress
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made in this field during the last decade, and it contains original results. There
are a growing number of applications that involve the evaluation of concrete
characteristics of models analytically described in terms of Riemann surfaces.
Many problem settings and computations in this volume are motivated by such
concrete applications in geometry and mathematical physics.
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