
Numerical Relativity: 100 Years of General
Relativity
Numerical relativity is a branch of physics that uses computers to solve the
equations of general relativity. General relativity is the theory of gravity
developed by Albert Einstein in 1915. It is one of the most successful and
well-tested theories in physics, and it has revolutionized our understanding
of the universe.

Numerical relativity is a relatively new field, but it has already had a major
impact on our understanding of black holes, neutron stars, and other
relativistic objects. Numerical relativity simulations have been used to study
the formation and merger of black holes, the behavior of neutron stars in
binary systems, and the evolution of the early universe.

This book is a pedagogical to the field of numerical relativity. It provides a
comprehensive treatment of the subject, from its theoretical foundations to
its latest applications. The book is written in a clear and concise style,
making it accessible to both students and researchers.
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The equations of general relativity are a set of ten partial differential
equations that describe the curvature of spacetime. These equations are
highly nonlinear, which makes them difficult to solve analytically. However,
numerical methods can be used to solve these equations on a computer.

The first step in solving the equations of general relativity is to choose a
coordinate system. The most common coordinate system used in
numerical relativity is the Schwarzschild coordinate system. This coordinate
system is based on the Schwarzschild metric, which is a solution to the
equations of general relativity that describes the spacetime around a black
hole.

Once a coordinate system has been chosen, the equations of general
relativity can be discretized. This means that the equations are divided into
a set of smaller equations that can be solved on a computer. The most
common discretization method used in numerical relativity is the finite
difference method.

The finite difference method divides the spacetime into a grid of points. The
equations of general relativity are then solved at each point on the grid.
This process can be computationally intensive, but it is the most accurate
method for solving the equations of general relativity.

There are a variety of numerical methods that can be used to solve the
equations of general relativity. The most common methods are:
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The finite difference method: The finite difference method is the
most accurate method for solving the equations of general relativity.
However, it can be computationally intensive, especially for large
systems.

The finite element method: The finite element method is a less
accurate method than the finite difference method, but it is more
computationally efficient. This makes it a good choice for large
systems.

The spectral method: The spectral method is a highly accurate
method that can be used to solve the equations of general relativity.
However, it is computationally intensive and can only be used for small
systems.

The choice of numerical method depends on the specific application. For
large systems, the finite element method is often the best choice. For small
systems, the spectral method is the most accurate choice.

Numerical relativity has been used to study a wide range of relativistic
objects, including:

Black holes: Numerical relativity simulations have been used to study
the formation and merger of black holes. These simulations have
provided new insights into the behavior of black holes, and they have
helped to confirm the predictions of general relativity.

Neutron stars: Numerical relativity simulations have been used to
study the behavior of neutron stars in binary systems. These
simulations have helped to understand the formation of neutron stars,
and they have provided new insights into the behavior of these objects.



The early universe: Numerical relativity simulations have been used
to study the evolution of the early universe. These simulations have
helped to understand the formation of the universe, and they have
provided new insights into the behavior of the universe at its earliest
stages.

Numerical relativity is a powerful tool that has been used to make major
advances in our understanding of the universe. As computers continue to
become more powerful, numerical relativity will continue to play an
increasingly important role in our understanding of the universe.

The future of numerical relativity is bright. As computers continue to
become more powerful, numerical relativity simulations will be able to study
increasingly complex systems. This will allow us to gain new insights into
the behavior of relativistic objects, and it will help us to better understand
the universe.

Some of the most promising areas of research in numerical relativity
include:

The development of new numerical methods: The development of
new numerical methods will allow us to solve the equations of general
relativity more accurately and efficiently. This will allow us to study
more complex systems and to gain new insights into the behavior of
relativistic objects.

The application of numerical relativity to new problems: Numerical
relativity can be used to study a wide range of problems in
astrophysics and cosmology. As computers continue to become more



powerful, numerical relativity will be able to play an increasingly
important role in our understanding of the universe.

Numerical relativity is a powerful tool that has the potential to revolutionize
our understanding of the universe. As computers continue to become more
powerful, numerical relativity will continue to play an increasingly important
role in our understanding of the universe.
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