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Applied Exterior Calculus is a fascinating field that intertwines differential geometry and
mathematical physics, providing powerful tools for understanding complex systems in various
scientific disciplines. One of the prominent figures in this domain is Dominic G. B. Edelen, whose
work has significantly contributed to the development of exterior calculus and its applications. This
article will explore Edelen's contributions, the fundamental concepts of applied exterior calculus,
and its implications in modern science and engineering.

Understanding Exterior Calculus

Exterior calculus is an extension of traditional calculus that deals with differential forms, which are
mathematical objects that generalize the concept of functions and vectors. It is primarily used in
fields like physics, engineering, and geometry. The foundations of exterior calculus rest on several
key concepts:

1. Differential Forms
Differential forms are the central objects of study in exterior calculus. They can be thought of as
multi-dimensional generalizations of functions. The types of differential forms include:

- 0-forms: These are simply functions defined on a manifold.
- 1-forms: These are linear functionals that can be integrated along curves.
- k-forms: These represent k-dimensional volumes and can be integrated over k-dimensional
surfaces.

2. Exterior Derivative
The exterior derivative is a crucial operator in exterior calculus that generalizes the concept of
differentiation. It takes a k-form and produces a (k+1)-form. The exterior derivative has several
important properties:

- Linearity: The exterior derivative is linear.
- Nilpotency: Applying the exterior derivative twice yields zero, i.e., \( d^2 = 0 \).
- Product Rule: The exterior derivative satisfies the Leibniz rule: \( d(\alpha \wedge \beta) = d\alpha
\wedge \beta + (-1)^k \alpha \wedge d\beta \), where \(\alpha\) is a k-form.

3. Wedge Product
The wedge product is an operation that combines two differential forms to produce a new form. It is
antisymmetric, meaning that swapping the order of the forms changes the sign, which is essential
for capturing the geometric intuition behind the forms.



Dominic G. B. Edelen: A Brief Biography

Dominic G. B. Edelen is a mathematician and physicist known for his innovative work in the fields of
exterior calculus and its applications to physics. He has authored several influential papers and
books that explore the theoretical underpinnings and practical applications of exterior calculus.

Edelen's educational background includes degrees in mathematics and physics, allowing him to
bridge the gap between these two disciplines. His work often emphasizes the importance of
geometric intuition in understanding complex mathematical concepts.

Key Contributions of Edelen

Dominic G. B. Edelen has made several notable contributions to applied exterior calculus, which can
be summarized as follows:

1. Integration of Differential Forms
Edelen has explored the integration of differential forms, particularly in the context of physics. He
has shown how differential forms can be used to formulate physical laws in a more geometric and
intuitive manner. This approach can simplify calculations and enhance understanding of the
underlying physics.

2. Applications in Electromagnetism
One of Edelen’s most significant contributions is his work on applying exterior calculus to
electromagnetism. He demonstrated how Maxwell's equations, which govern electromagnetic fields,
can be elegantly expressed using differential forms. This formulation not only clarifies the
relationships between the electric and magnetic fields but also provides a more robust framework
for understanding advanced topics like gauge invariance and topology.

3. Geometric Interpretation
Edelen emphasizes the geometric interpretation of mathematical concepts in exterior calculus. He
believes that understanding the geometry behind differential forms can lead to deeper insights into
their applications in various fields. His work often includes visualizing complex mathematical ideas,
making them more accessible to a wider audience.

Applications of Applied Exterior Calculus

Applied exterior calculus, particularly as influenced by Edelen's work, has far-reaching applications
across multiple domains. Some of these areas include:



1. Physics
Exterior calculus is invaluable in theoretical physics, especially in fields like:

- Classical Mechanics: Differential forms can describe the state of a physical system and its evolution
over time.
- Electromagnetism: As mentioned earlier, the formulation of Maxwell's equations using exterior
calculus enhances clarity and provides a geometric perspective.
- General Relativity: The language of differential forms is essential in expressing the Einstein field
equations, which describe the gravitational interaction in a geometric framework.

2. Engineering
In engineering, applied exterior calculus is used in:

- Fluid Dynamics: The behavior of fluids can be modeled using differential forms, allowing for a
deeper understanding of flow phenomena.
- Control Theory: Differential forms can help in modeling and analyzing systems, especially in
nonlinear control scenarios.

3. Computer Graphics and Robotics
The principles of exterior calculus have been applied to:

- Computer Graphics: Geometric transformations and surface representations can benefit from the
framework provided by differential forms.
- Robotics: Kinematics and dynamics of robotic systems can be described using the language of
exterior calculus, providing insights into motion planning and control.

Conclusion

Applied exterior calculus, particularly through the lens of Dominic G. B. Edelen's contributions,
represents a rich interplay between geometry and analysis. The concepts of differential forms,
exterior derivatives, and the wedge product provide powerful tools for understanding and modeling
complex systems across various scientific and engineering disciplines.

As we continue to explore the implications of Edelen's work, it is clear that the geometric
perspective offered by exterior calculus will remain integral to advancements in theoretical physics,
engineering, and beyond. The ongoing development and application of these concepts hold great
promise for future discoveries and innovations in both mathematics and its many applications.

Frequently Asked Questions



What is applied exterior calculus and how is it utilized in
modern mathematics?
Applied exterior calculus is a branch of mathematics that deals with differential forms and their
applications to various fields such as physics, engineering, and geometry. It provides tools for
understanding concepts like integration on manifolds and the generalization of vector calculus,
which are useful in modeling physical systems.

Who is Dominic G. B. Edelen and what contributions has he
made to exterior calculus?
Dominic G. B. Edelen is a mathematician known for his work in applied mathematics and exterior
calculus. His contributions include developing methods for applying exterior calculus to practical
problems, such as in fluid dynamics and electromagnetism, and writing educational materials that
help bridge the gap between theoretical concepts and real-world applications.

What are some practical applications of exterior calculus in
engineering?
Exterior calculus is used in engineering for fluid dynamics, electromagnetism, and structural
analysis. Its ability to handle complex geometries and integrate over manifolds makes it invaluable
for modeling physical phenomena, optimizing designs, and solving differential equations that arise in
these fields.

How does exterior calculus differ from traditional calculus?
Exterior calculus extends traditional calculus by incorporating differential forms, which allows for a
more generalized approach to integration and differentiation on manifolds. Unlike traditional
calculus, which often focuses on functions and their derivatives, exterior calculus emphasizes the
geometric and topological aspects of analysis.

What resources are available for learning about applied
exterior calculus and its applications?
Resources for learning about applied exterior calculus include academic textbooks by authors like
Dominic G. B. Edelen, online courses offered by universities, and research papers that explore its
applications in various fields. Additionally, educational platforms such as Coursera and edX may
offer courses that cover the fundamentals and applications of exterior calculus.
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