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In the world of mathematics, solving complex elliptic problems has always been a
challenging task. These problems arise in various scientific and engineering
fields, such as fluid dynamics, heat conduction, and electromagnetism. Traditional
numerical methods often struggle to provide accurate and efficient solutions for
these problems due to their inherent complexity.

However, the Mimetic Finite Difference Method (MFDM) has emerged as a
revolutionary approach that tackles the challenges posed by elliptic problems with
remarkable success. MFDM is a discretization technique that combines the
advantages of both finite differences and finite elements methods. It maintains
the accuracy and robustness of finite element methods while offering a simpler
and more intuitive implementation similar to finite differences.

Understanding the Mimetic Finite Difference Method

The essence of MFDM lies in its mimetic properties. By mimicking the differential
operators on a discrete grid, the method reproduces the fundamental properties
of the continuous equations, such as conservation laws and symmetry properties.
It aims to capture the underlying physics of the problem while preserving
essential mathematical properties.
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The Mimetic Finite Difference Method is based on a set of discrete mimetic
operators. These operators are designed to approximate the differential operators
in the continuous equations accurately. They satisfy key properties, such as the
divergence theorem and the Stokes theorem, which play a vital role in properly
modeling real-world phenomena.

To implement MFDM, the domain of the problem is discretized into a grid of cells
or elements. Each cell represents a small part of the overall domain and serves
as the basic building block for solving the problem numerically. By applying the
mimetic operators to the discrete grid, the method constructs a system of
algebraic equations that approximates the continuous problem. Solving this
system yields the desired solution.

The Advantages of MFDM

MFDM possesses several advantages that make it an attractive choice for solving
elliptic problems. Firstly, the method ensures the preservation of key
mathematical properties, such as mass conservation, symmetry, and stability.
This ensures that the derived solutions accurately reflect the underlying physical
phenomena.
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Secondly, MFDM provides a robust and accurate numerical solution even on
grids with irregular geometry. Traditional methods often struggle to handle
complex geometries and/or unstructured grids. This limitation significantly
restricts their applicability in real-world scenarios. In contrast, MFDM is capable of
handling complex geometries and producing accurate results even in challenging
scenarios where irregular grids are involved.

Additionally, the method offers a higher-order accuracy, allowing for more refined
and precise solutions. This is crucial in situations where high accuracy is
required, such as in scientific research and engineering design. The higher-order
accuracy of MFDM sets it apart from traditional methods, making it a powerful
tool for tackling complex elliptic problems.

Applications of MFDM

MFDM has found applications in various scientific and engineering fields. One of
the primary fields where MFDM has made significant contributions is
computational fluid dynamics. Fluid dynamics problems often involve complex
geometries and require accurate and efficient numerical solutions. MFDM's ability
to handle irregular grids and preserve essential mathematical properties makes it
a suitable choice for fluid dynamics simulations.

Another area where MFDM has shown promise is in heat conduction problems.
These problems frequently appear in engineering design and analysis, where
accurate prediction of temperature distribution is vital. MFDM's high accuracy and
robustness make it an attractive option for simulating heat conduction
phenomena.

Moreover, MFDM has also been applied to solve electromagnetic problems.
These problems involve the interaction of electromagnetic fields with conductive



or dielectric media. Accurate modeling of electromagnetic phenomena is crucial in
many fields, such as telecommunications and antenna design. MFDM's ability to
handle complex geometries and provide accurate solutions makes it well-suited
for simulating electromagnetic interactions.

The Mimetic Finite Difference Method (MFDM) is a revolutionary approach to
solving complex elliptic problems. By mimicking the differential operators on a
discrete grid, MFDM accurately approximates the underlying continuous
equations while preserving essential mathematical properties. The method offers
several advantages over traditional numerical methods, including the
preservation of physical laws, robustness on irregular grids, and higher-order
accuracy.

MFDM finds applications in various scientific and engineering fields, including
fluid dynamics, heat conduction, and electromagnetism. Its ability to handle
complex geometries and provide accurate solutions makes it a valuable tool for
tackling complex mathematical problems. With further advancements in the field,
MFDM is expected to continue revolutionizing the way we solve complex elliptic
problems.
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This book describes the theoretical and computational aspects of the mimetic
finite difference method for a wide class of multidimensional elliptic problems,
which includes diffusion, advection-diffusion, Stokes, elasticity, magnetostatics
and plate bending problems. The modern mimetic discretization technology
developed in part by the Authors allows one to solve these equations on
unstructured polygonal, polyhedral and generalized polyhedral meshes. The book
provides a practical guide for those scientists and engineers that are interested in
the computational properties of the mimetic finite difference method such as the
accuracy, stability, robustness, and efficiency. Many examples are provided to
help the reader to understand and implement this method. This monograph also
provides the essential background material and describes basic mathematical
tools required to develop further the mimetic discretization technology and to
extend it to various applications.
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