Is partial differential equations calculus

is partial differential equations calculus is a question that often arises in the study of advanced
mathematics, especially in fields such as engineering, physics, and applied mathematics. Partial
differential equations (PDEs) are a fundamental aspect of mathematical analysis, encompassing
techniques that extend beyond ordinary calculus. This article delves into the relationship between
partial differential equations and calculus, exploring the definitions, applications, and significance of
PDEs in various scientific domains. Additionally, we will provide a comprehensive overview of the
methods used to solve PDEs and their relevance in real-world scenarios.

In the following sections, we will elucidate key concepts such as the differences between ordinary and
partial differential equations, the fundamental techniques used in their solutions, and their
applications across various disciplines. We will also address common misconceptions and provide a
detailed understanding of the calculus involved in PDEs.
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Understanding Partial Differential Equations

Partial differential equations are equations that involve multivariable functions and their partial
derivatives. They are essential in describing various physical phenomena, such as heat conduction,
wave propagation, and fluid dynamics. Unlike ordinary differential equations (ODEs), which involve
functions of a single variable and their derivatives, PDEs deal with functions of multiple independent
variables.

Mathematically, a PDE is expressed in the form:
F(x,y,z,u,ux,uy,uz..)=0

Here, \(u\) is a function of the independent variables \(x\), \(y\), and \(z\), while \(u_x\), \(u_y\), and
\(u_z\) represent the partial derivatives of \(u\) with respect to these variables. The solutions to PDEs
can describe a wide range of physical systems, making them a critical tool in both theoretical and
applied mathematics.



Differences Between Ordinary and Partial Differential
Equations

To fully grasp the nature of partial differential equations, it is vital to differentiate them from ordinary
differential equations. The primary distinctions include:

* Number of Variables: ODEs involve functions of a single variable, while PDEs involve
functions of multiple variables.

e Order of Derivatives: ODEs can be of various orders based on the highest derivative present,
whereas PDEs can also have varying orders in different variables.

¢ Methods of Solution: The techniques used to solve ODEs differ significantly from those
applicable to PDEs, often requiring more complex approaches due to their multidimensional
nature.

For instance, the classic wave equation, a second-order PDE, exemplifies how PDEs capture dynamic
systems where the wave's behavior depends on both time and spatial dimensions. In contrast, a
simple first-order ODE, such as \(\frac{dy}{dx} = y\), describes exponential growth in a single
variable context.

Methods for Solving Partial Differential Equations

Several methods are employed to solve partial differential equations, each suited for different types
of PDEs. These methods include:

» Separation of Variables: This technique is commonly used for linear PDEs, allowing the
equation to be broken down into simpler, solvable ODEs.

e Method of Characteristics: This method is particularly useful for first-order PDEs and
transforms them into a system of ODEs along characteristic curves.

* Fourier Series and Transforms: Fourier methods are employed to solve linear PDEs by
converting them into algebraic equations in the frequency domain.

 Finite Difference Methods: These numerical techniques approximate solutions by
discretizing the equations, making them suitable for complex geometries or boundary
conditions.

e Variational Methods: These approaches find solutions by minimizing or maximizing
functionals, often used in physics for problems involving energy minimization.



Each of these methods has its advantages and limitations, and the choice of method often depends
on the specific characteristics of the PDE being addressed, including boundary conditions and the
desired accuracy of the solution.

Applications of Partial Differential Equations

Partial differential equations are ubiquitous in various scientific fields, reflecting their versatility and
importance. Key applications include:

Physics: PDEs describe fundamental phenomena such as electromagnetism, quantum
mechanics, and thermodynamics.

Engineering: In fields such as civil, mechanical, and aerospace engineering, PDEs model
stresses, vibrations, and fluid flow.

Finance: The Black-Scholes equation, a PDE, is used in option pricing, reflecting the dynamics
of financial markets.

Biology: PDEs are utilized in population dynamics, modeling the spread of diseases or the
growth of populations.

These applications illustrate how PDEs are integral to understanding and solving complex real-world
problems. Their ability to model dynamic systems makes them invaluable across diverse domains.

Common Misconceptions About PDEs and Calculus

Despite their significance, several misconceptions surround partial differential equations and their
relation to calculus. Common misunderstandings include:

* PDEs are just advanced calculus: While PDEs utilize calculus concepts, they encompass a
broader range of mathematical techniques and theories.

* All PDEs can be solved analytically: Many PDEs do not have closed-form solutions and
require numerical methods for approximate solutions.

e Understanding PDEs requires advanced mathematics background only: While a solid
foundation in calculus is beneficial, many resources exist to help beginners grasp PDE concepts.

Addressing these misconceptions is essential for fostering a more accurate understanding of the role
of PDEs in mathematics and their applications.



Conclusion

In summary, the inquiry into whether is partial differential equations calculus reveals the
intricate relationship between these two mathematical domains. Partial differential equations extend
the principles of calculus into multiple dimensions, allowing for the modeling and analysis of complex
systems across various fields. Understanding PDEs requires familiarity with advanced calculus
techniques and a range of solution methods. Their applications in physics, engineering, finance, and
biology emphasize their critical role in solving real-world problems. As mathematical tools, PDEs
continue to evolve, contributing significantly to advancements in science and technology.

Q: What are partial differential equations?

A: Partial differential equations are mathematical equations that involve multivariable functions and
their partial derivatives, used to describe various physical phenomena, such as heat conduction and
fluid dynamics.

Q: How do partial differential equations differ from ordinary
differential equations?

A: The primary difference is that PDEs involve functions of multiple variables, while ordinary
differential equations involve functions of a single variable. Additionally, the techniques for solving
them differ significantly.

Q: What are some common methods to solve partial
differential equations?

A: Common methods include separation of variables, the method of characteristics, Fourier series and
transforms, finite difference methods, and variational methods.

Q: What applications do partial differential equations have?

A: PDEs are used in various fields, including physics for modeling fundamental phenomena,
engineering for analyzing stresses and fluid flows, finance for option pricing, and biology for
population dynamics.

Q: Can all partial differential equations be solved analytically?

A: No, many PDEs do not have closed-form analytical solutions and often require numerical methods
for approximate solutions.



Q: Do | need advanced mathematics knowledge to study
partial differential equations?

A: While a solid foundation in calculus is beneficial, many resources exist that can guide beginners in
understanding the concepts related to PDEs without requiring advanced mathematics knowledge.

Q: Why are partial differential equations important in science
and engineering?

A: PDEs allow for the modeling of complex systems and phenomena in a variety of disciplines, making
them essential tools for understanding and solving real-world problems in science and engineering.

Q: What is the role of boundary conditions in solving PDEs?

A: Boundary conditions provide necessary constraints that help determine unique solutions to PDEs,
as many PDEs can have multiple solutions without specific conditions.

Q: Are there numerical methods for solving partial differential
equations?

A: Yes, numerical methods such as finite difference methods, finite element methods, and spectral
methods are commonly used to approximate solutions for PDEs, especially when analytical solutions
are not feasible.

Q: How do PDEs relate to calculus in terms of practical
applications?

A: PDEs extend the concepts of calculus into multiple dimensions, allowing for the analysis of dynamic
systems across various fields, thus demonstrating the practical application of calculus in real-world
problems.
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members and guests of the former Sonderforschungsbereich in Bonn (SFB 72) who, over the years,
collaborated on the research group Solution of PDE's and Calculus of Variations. The emphasis is on
existence and regularity results, on special equations of mathematical physics and on scattering
theory.

is partial differential equations calculus: Partial Differential Equations for Scientists
and Engineers Stanley J. Farlow, 2012-03-08 Practical text shows how to formulate and solve
partial differential equations. Coverage includes diffusion-type problems, hyperbolic-type problems,
elliptic-type problems, and numerical and approximate methods. Solution guide available upon
request. 1982 edition.

is partial differential equations calculus: Introduction To Partial Differential Equations
(With Maple), An: A Concise Course Zhilin Li, Larry Norris, 2021-09-23 The book is designed for
undergraduate or beginning level graduate students, and students from interdisciplinary areas
including engineers, and others who need to use partial differential equations, Fourier series,
Fourier and Laplace transforms. The prerequisite is a basic knowledge of calculus, linear algebra,
and ordinary differential equations.The textbook aims to be practical, elementary, and reasonably
rigorous; the book is concise in that it describes fundamental solution techniques for first order,
second order, linear partial differential equations for general solutions, fundamental solutions,
solution to Cauchy (initial value) problems, and boundary value problems for different PDEs in one
and two dimensions, and different coordinates systems. Analytic solutions to boundary value
problems are based on Sturm-Liouville eigenvalue problems and series solutions.The book is
accompanied with enough well tested Maple files and some Matlab codes that are available online.
The use of Maple makes the complicated series solution simple, interactive, and visible. These
features distinguish the book from other textbooks available in the related area.

is partial differential equations calculus: Introduction to Partial Differential Equations
David Borthwick, 2017-01-12 This modern take on partial differential equations does not require
knowledge beyond vector calculus and linear algebra. The author focuses on the most important
classical partial differential equations, including conservation equations and their characteristics,
the wave equation, the heat equation, function spaces, and Fourier series, drawing on tools from
analysis only as they arise. Within each section the author creates a narrative that answers the five
questions: What is the scientific problem we are trying to understand? How do we model that with
PDE? What techniques can we use to analyze the PDE? How do those techniques apply to this
equation? What information or insight did we obtain by developing and analyzing the PDE? The text
stresses the interplay between modeling and mathematical analysis, providing a thorough source of
problems and an inspiration for the development of methods.

is partial differential equations calculus: Differential Equations: From Calculus to
Dynamical Systems: Second Edition Virginia W. Noonburg, 2020-08-28 A thoroughly modern
textbook for the sophomore-level differential equations course. The examples and exercises
emphasize modeling not only in engineering and physics but also in applied mathematics and
biology. There is an early introduction to numerical methods and, throughout, a strong emphasis on
the qualitative viewpoint of dynamical systems. Bifurcations and analysis of parameter variation is a
persistent theme. Presuming previous exposure to only two semesters of calculus, necessary linear
algebra is developed as needed. The exposition is very clear and inviting. The book would serve well
for use in a flipped-classroom pedagogical approach or for self-study for an advanced undergraduate
or beginning graduate student. This second edition of Noonburg's best-selling textbook includes two
new chapters on partial differential equations, making the book usable for a two-semester sequence
in differential equations. It includes exercises, examples, and extensive student projects taken from
the current mathematical and scientific literature.

is partial differential equations calculus: Calculus of Variations and Partial Differential
Equations Luigi Ambrosio, Norman Dancer, 2012-12-06 At the summer school in Pisa in September
1996, Luigi Ambrosio and Norman Dancer each gave a course on the geometric problem of evolution
of a surface by mean curvature, and degree theory with applications to PDEs respectively. This



self-contained presentation accessible to PhD students bridged the gap between standard courses
and advanced research on these topics. The resulting book is divided accordingly into 2 parts, and
neatly illustrates the 2-way interaction of problems and methods. Each of the courses is augmented
and complemented by additional short chapters by other authors describing current research
problems and results.

is partial differential equations calculus: Partial Differential Equations J. Necas,
2018-05-04 As a satellite conference of the 1998 International Mathematical Congress and part of
the celebration of the 650th anniversary of Charles University, the Partial Differential Equations
Theory and Numerical Solution conference was held in Prague in August, 1998. With its rich
scientific program, the conference provided an opportunity for almost 200 participants to gather and
discuss emerging directions and recent developments in partial differential equations (PDEs). This
volume comprises the Proceedings of that conference. In it, leading specialists in partial differential
equations, calculus of variations, and numerical analysis present up-to-date results, applications, and
advances in numerical methods in their fields. Conference organizers chose the contributors to bring
together the scientists best able to present a complex view of problems, starting from the modeling,
passing through the mathematical treatment, and ending with numerical realization. The
applications discussed include fluid dynamics, semiconductor technology, image analysis, motion
analysis, and optimal control. The importance and quantity of research carried out around the world
in this field makes it imperative for researchers, applied mathematicians, physicists and engineers to
keep up with the latest developments. With its panel of international contributors and survey of the
recent ramifications of theory, applications, and numerical methods, Partial Differential Equations:
Theory and Numerical Solution provides a convenient means to that end.

is partial differential equations calculus: Introduction to Partial Differential Equations
Peter J. Olver, 2013-11-08 This textbook is designed for a one year course covering the fundamentals
of partial differential equations, geared towards advanced undergraduates and beginning graduate
students in mathematics, science, engineering, and elsewhere. The exposition carefully balances
solution techniques, mathematical rigor, and significant applications, all illustrated by numerous
examples. Extensive exercise sets appear at the end of almost every subsection, and include
straightforward computational problems to develop and reinforce new techniques and results,
details on theoretical developments and proofs, challenging projects both computational and
conceptual, and supplementary material that motivates the student to delve further into the subject.
No previous experience with the subject of partial differential equations or Fourier theory is
assumed, the main prerequisites being undergraduate calculus, both one- and multi-variable,
ordinary differential equations, and basic linear algebra. While the classical topics of separation of
variables, Fourier analysis, boundary value problems, Green's functions, and special functions
continue to form the core of an introductory course, the inclusion of nonlinear equations, shock wave
dynamics, symmetry and similarity, the Maximum Principle, financial models, dispersion and
solutions, Huygens' Principle, quantum mechanical systems, and more make this text well attuned to
recent developments and trends in this active field of contemporary research. Numerical
approximation schemes are an important component of any introductory course, and the text covers
the two most basic approaches: finite differences and finite elements.

is partial differential equations calculus: Partial Differential Equations Il Michael E. Taylor,
2010-11-02 The third of three volumes on partial differential equations, this is devoted to nonlinear
PDE. It treats a number of equations of classical continuum mechanics, including relativistic
versions, as well as various equations arising in differential geometry, such as in the study of
minimal surfaces, isometric imbedding, conformal deformation, harmonic maps, and prescribed
Gauss curvature. In addition, some nonlinear diffusion problems are studied. It also introduces such
analytical tools as the theory of L. Sobolev spaces, H lder spaces, Hardy spaces, and Morrey spaces,
and also a development of Calderon-Zygmund theory and paradifferential operator calculus. The
book is aimed at graduate students in mathematics, and at professional mathematicians with an
interest in partial differential equations, mathematical physics, differential geometry, harmonic



analysis and complex analysis

is partial differential equations calculus: Partial Differential Equations Jeffrey Rauch,
2012-12-06 This book is based on a course I have given five times at the University of Michigan,
beginning in 1973. The aim is to present an introduction to a sampling of ideas, phenomena, and
methods from the subject of partial differential equations that can be presented in one semester and
requires no previous knowledge of differential equations. The problems, with hints and discussion,
form an important and integral part of the course. In our department, students with a variety of
specialties-notably differen tial geometry, numerical analysis, mathematical physics, complex
analysis, physics, and partial differential equations-have a need for such a course. The goal of a
one-term course forces the omission of many topics. Everyone, including me, can find fault with the
selections that [ have made. One of the things that makes partial differential equations difficult to
learn is that it uses a wide variety of tools. In a short course, there is no time for the leisurely
development of background material. Consequently, I suppose that the reader is trained in advanced
calculus, real analysis, the rudiments of complex analysis, and the language offunctional analysis.
Such a background is not unusual for the students mentioned above. Students missing one of the
essentials can usually catch up simultaneously. A more difficult problem is what to do about the
Theory of Distributions.

is partial differential equations calculus: Differential Equations Demystified Steven G.
Krantz, 2004-09-14 Here's the perfect self-teaching guide to help anyone master differential
equations--a common stumbling block for students looking to progress to advanced topics in both
science and math. Covers First Order Equations, Second Order Equations and Higher, Properties,
Solutions, Series Solutions, Fourier Series and Orthogonal Systems, Partial Differential Equations
and Boundary Value Problems, Numerical Techniques, and more.

is partial differential equations calculus: Partial Differential Equations and the Calculus of
Variations COLOMBINI, MARINO, MODICA, SPAGNOLA, 2013-11-11 The Italian school of
Mathematical Analysis has long and glo rious traditions. In the last thirty years it owes very much to
the scientific pre-eminence of Ennio De Giorgi, Professor of Mathemati cal Analysis at the Scuola
Normale Superiore di Pisa. His fundamental theorems in Calculus of Variations, in Minimal Surfaces
Theory, in Partial Differential Equations, in Axiomatic Set Theory as well as the fertility of his mind
to discover both general mathematical structures and techniques which frame many different
problems, and profound and meaningful examples which show the limits of a theory and give origin
to new results and theories, makes him an absolute reference point for all Italian mathematicians,
and a well-known and valued personage in the international mathematical world. We have been
students of Ennio de Giorgi. Now, we are glad to present to him, together with all his collegues,
friends and former students, these Essays of Mathematical Analysis written in his hon our on the
occasion of his sixtieth birthday (February 8th, 1988), with our best wishes and our thanks for all he
gave in the past and will give us in the future. We have added to the research papers of this book the
text of a conversation with Ennio De Giorgi about the diffusion and the communication of science
and, in particular, of Mathematics.

is partial differential equations calculus: Calculus of Variations and Partial Differential
Equations of the First Order Constantin Carathéodory, 1965

is partial differential equations calculus: Partial Differential Equations and the Calculus of
Variations COLOMBINI, MARINO, MODICA, SPAGNOLA, 2012-12-06 The Italian school of
Mathematical Analysis has long and glo rious traditions. In the last thirty years it owes very much to
the scientific pre-eminence of Ennio De Giorgi, Professor of Mathemati cal Analysis at the Scuola
Normale Superiore di Pisa. His fundamental theorems in Calculus of Variations, in Minimal Surfaces
Theory, in Partial Differential Equations, in Axiomatic Set Theory as well as the fertility of his mind
to discover both general mathematical structures and techniques which frame many different
problems, and profound and meaningful examples which show the limits of a theory and give origin
to new results and theories, makes him an absolute reference point for all Italian mathematicians,
and a well-known and valued personage in the international mathematical world. We have been



students of Ennio de Giorgi. Now, we are glad to present to him, together with all his collegues,
friends and former students, these Essays of Mathematical Analysis written in his hon our on the
occasion of his sixtieth birthday (February 8th, 1988), with our best wishes and our thanks for all he
gave in the past and will give us in the future. We have added to the research papers of this book the
text of a conversation with Ennio De Giorgi about the diffusion and the communication of science
and, in particular, of Mathematics.

is partial differential equations calculus: Geometry In Partial Differential Equations
Themistocles M Rassias, Agostino Prastaro, 1994-01-17 This book emphasizes the interdisciplinary
interaction in problems involving geometry and partial differential equations. It provides an attempt
to follow certain threads that interconnect various approaches in the geometric applications and
influence of partial differential equations. A few such approaches include: Morse-Palais-Smale
theory in global variational calculus, general methods to obtain conservation laws for PDEs,
structural investigation for the understanding of the meaning of quantum geometry in PDEs,
extensions to super PDEs (formulated in the category of supermanifolds) of the geometrical methods
just introduced for PDEs and the harmonic theory which proved to be very important especially after
the appearance of the Atiyah-Singer index theorem, which provides a link between geometry and
topology.

is partial differential equations calculus: Special Functions and Analysis of Differential
Equations Praveen Agarwal, Ravi P Agarwal, Michael Ruzhansky, 2020-09-08 Differential Equations
are very important tools in Mathematical Analysis. They are widely found in mathematics itself and
in its applications to statistics, computing, electrical circuit analysis, dynamical systems, economics,
biology, and so on. Recently there has been an increasing interest in and widely-extended use of
differential equations and systems of fractional order (that is, of arbitrary order) as better models of
phenomena in various physics, engineering, automatization, biology and biomedicine, chemistry,
earth science, economics, nature, and so on. Now, new unified presentation and extensive
development of special functions associated with fractional calculus are necessary tools, being
related to the theory of differentiation and integration of arbitrary order (i.e., fractional calculus)
and to the fractional order (or multi-order) differential and integral equations. This book provides
learners with the opportunity to develop an understanding of advancements of special functions and
the skills needed to apply advanced mathematical techniques to solve complex differential equations
and Partial Differential Equations (PDEs). Subject matters should be strongly related to special
functions involving mathematical analysis and its numerous applications. The main objective of this
book is to highlight the importance of fundamental results and techniques of the theory of complex
analysis for differential equations and PDEs and emphasizes articles devoted to the mathematical
treatment of questions arising in physics, chemistry, biology, and engineering, particularly those
that stress analytical aspects and novel problems and their solutions. Specific topics include but are
not limited to Partial differential equations Least squares on first-order system Sequence and series
in functional analysis Special functions related to fractional (non-integer) order control systems and
equations Various special functions related to generalized fractional calculus Operational method in
fractional calculus Functional analysis and operator theory Mathematical physics Applications of
numerical analysis and applied mathematics Computational mathematics Mathematical modeling
This book provides the recent developments in special functions and differential equations and
publishes high-quality, peer-reviewed book chapters in the area of nonlinear analysis, ordinary
differential equations, partial differential equations, and related applications.

is partial differential equations calculus: Implicit Partial Differential Equations Bernard
Dacorogna, Paolo Marcellini, 1999-08-01 Nonlinear partial differential equations has become one of
the main tools of mod ern mathematical analysis; in spite of seemingly contradictory terminology,
the subject of nonlinear differential equations finds its origins in the theory of linear differential
equations, and a large part of functional analysis derived its inspiration from the study of linear
pdes. In recent years, several mathematicians have investigated nonlinear equations, particularly
those of the second order, both linear and nonlinear and either in divergence or nondivergence form.



Quasilinear and fully nonlinear differential equations are relevant classes of such equations and have
been widely examined in the mathematical literature. In this work we present a new family of
differential equations called implicit partial differential equations, described in detail in the
introduction (c.f. Chapter 1). It is a class of nonlinear equations that does not include the family of
fully nonlinear elliptic pdes. We present a new functional analytic method based on the Baire
category theorem for handling the existence of almost everywhere solutions of these implicit
equations. The results have been obtained for the most part in recent years and have important
applications to the calculus of variations, nonlin ear elasticity, problems of phase transitions and
optimal design; some results have not been published elsewhere.

is partial differential equations calculus: ADVANCED CALCULUS & PARTIAL
DIFFERENTIAL EQUATIONS B.R. THAKUR, HARI KISHAN, GAJENDRA UJJAINKAR, V.K. GUPTA,
-Unit-I- 1.1 Historical background : 1.1.1 A brief historical background of Calculus and partial
differential equations in the context of India and Indian heritage and culture 1.1.2 Abrief biography
of Bodhayana 1.2 Field structure and ordered structure of R, Intervals, Bounded and Unbounded
sets, Supremum and Infimum, Completeness in R, Absolute value of a real number. 1.3 Sequence of
real numbers 1.4 Limit of a sequence 1.5 Bounded and Monotonic sequences 1.6 Cauchy’s general
principle of convergence 1.7 Algebra of sequence and some important theorems -Unit-II- 2.1 Series
of non-negative terms 2.2 Convergence of positive term series 2.3 Alternating series and Leibnitz’s
test 2.4 Absolute and Conditional Convergence of Series of real terms 2.5 Uniform continuity 2.6
Chain rule of differentiability 2.7 Mean value theorems and their geometrical interpretations
-Unit-III- 3.1 Limit and Continuity of functions of two variables 3.2 Change of variables 3.3 Euler’s
theorem on homogeneous functions 3.4 Taylor’s theorem for function of two variables 3.5 Jacobians
3.6 Maxima and Minima of functions of two variables 3.7 Lagrange’s multiplier method 3.8 Beta and
Gamma Functions -Unit-IV- 4.1 Partial differential equations of the first order 4.2 Lagrange’s
solution 4.3 Some special types of equations which can be solved easily by methods other than the
general method 4.4 Charpit’s general method 4.5 Partial differential equations of second and higher
orders -Unit-V- 5.1 Classification of partial differential equations of second order 5.2 Homogeneous
and non-homogeneous partial differential equations of constant coefficients 5.3 Partial differential
equations reducible to equations with constant coefficients

is partial differential equations calculus: Calculus of Variations and Partial Differential
Equations of the First Order Constantin Carathéodory, Julius J. Brandstatter, 1989

is partial differential equations calculus: Calculus of Variations and Partial Differential
Equations of First Order C. Carath,odory, 2024-09-30 From the Preface: The book consists of two
parts. In the first part, I have made an attempt to simplify the presentation of the theory of partial
differential equations to the first order so that its study will require little time and also be accessible
to the average student of mathematics ? The second part, which contains the Calculus of Variations,
can also be read independently if one refers back to earlier sections in Part I ? I have never lost sight
of the fact that the Calculus of Variations, as it is presented in Part II, should above all be a servant
of Mechanics. Therefore, I have in particular prepared everything from the very outset for treatment
in multidimensional spaces. In this second English edition of Carath,odory's famous work, the two
volumes of the first edition have been combined into one (with a combination of the two indexes into
a single index). There is a deep and fundamental relationship between the differential equations that
occur in the calculus of variations and partial differential equations of the first order: in particular,
to each such partial differential equation there correspond variational problems. This basic fact
forms the rationale for Carath,odory's masterpiece.
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