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The theory of atomic spectra and, later, quantum mechanics developed almost concurrently with the
mathematical fields of linear algebra , the spectral theory of operators , operator algebras and more broadly,
functional analysis. Quantum information theory is another subspecialty. Relativity and quantum relativistic
theories[ edit ] Main articles: Theory of relativity and Quantum field theory The special and general theories
of relativity require a rather different type of mathematics. This was group theory , which played an important
role in both quantum field theory and differential geometry. This was, however, gradually supplemented by
topology and functional analysis in the mathematical description of cosmological as well as quantum field
theory phenomena. In this area both homological algebra and category theory are important nowadays.
Statistical mechanics Statistical mechanics forms a separate field, which includes the theory of phase
transitions. It relies upon the Hamiltonian mechanics or its quantum version and it is closely related with the
more mathematical ergodic theory and some parts of probability theory. There are increasing interactions
between combinatorics and physics , in particular statistical physics. Usage[ edit ] The usage of the term
"mathematical physics" is sometimes idiosyncratic. Certain parts of mathematics that initially arose from the
development of physics are not, in fact, considered parts of mathematical physics, while other closely related
fields are. For example, ordinary differential equations and symplectic geometry are generally viewed as
purely mathematical disciplines, whereas dynamical systems and Hamiltonian mechanics belong to
mathematical physics. John Herapath used the term for the title of his text on "mathematical principles of
natural philosophy"; the scope at that time being "the causes of heat, gaseous elasticity, gravitation, and other
great phenomena of nature". In this sense, mathematical physics covers a very broad academic realm
distinguished only by the blending of pure mathematics and physics. Although related to theoretical physics ,
[3] mathematical physics in this sense emphasizes the mathematical rigour of the same type as found in
mathematics. On the other hand, theoretical physics emphasizes the links to observations and experimental
physics , which often requires theoretical physicists and mathematical physicists in the more general sense to
use heuristic , intuitive , and approximate arguments. Such mathematical physicists primarily expand and
elucidate physical theories. Because of the required level of mathematical rigour, these researchers often deal
with questions that theoretical physicists have considered to be already solved. Issues about attempts to infer
the second law of thermodynamics from statistical mechanics are examples. Other examples concern the
subtleties involved with synchronisation procedures in special and general relativity Sagnac effect and
Einstein synchronisation The effort to put physical theories on a mathematically rigorous footing has inspired
many mathematical developments. For example, the development of quantum mechanics and some aspects of
functional analysis parallel each other in many ways. The mathematical study of quantum mechanics, quantum
field theory, and quantum statistical mechanics has motivated results in operator algebras. The attempt to
construct a rigorous quantum field theory has also brought about progress in fields such as representation
theory. Use of geometry and topology plays an important role in string theory. In the first decade of the 16th
century, amateur astronomer Nicolaus Copernicus proposed heliocentrism , and published a treatise on it in
He retained the Ptolemaic idea of epicycles , and merely sought to simplify astronomy by constructing simpler
sets of epicyclic orbits. Epicycles consist of circles upon circles. An enthusiastic atomist, Galileo Galilei in his
book The Assayer asserted that the "book of nature" is written in mathematics. Descartes sought to formalize
mathematical reasoning in science, and developed Cartesian coordinates for geometrically plotting locations in
3D space and marking their progressions along the flow of time. Having ostensibly reduced the Keplerian
celestial laws of motion as well as Galilean terrestrial laws of motion to a unifying force, Newton achieved
great mathematical rigor, but with theoretical laxity. The Swiss Leonhard Euler â€” did special work in
variational calculus , dynamics, fluid dynamics, and other areas. Also notable was the Italian-born Frenchman,
Joseph-Louis Lagrange â€” for work in analytical mechanics: A major contribution to the formulation of
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Analytical Dynamics called Hamiltonian dynamics was also made by the Irish physicist, astronomer and
mathematician, William Rowan Hamilton Hamiltonian dynamics had played an important role in the
formulation of modern theories in physics, including field theory and quantum mechanics. The French
mathematical physicist Joseph Fourier â€” introduced the notion of Fourier series to solve the heat equation ,
giving rise to a new approach to solving partial differential equations by means of integral transforms. Into the
early 19th century, the French Pierre-Simon Laplace â€” made paramount contributions to mathematical
astronomy , potential theory , and probability theory. In Germany, Carl Friedrich Gauss â€” made key
contributions to the theoretical foundations of electricity , magnetism , mechanics , and fluid dynamics. In
England, George Green published An Essay on the Application of Mathematical Analysis to the Theories of
Electricity and Magnetism in , which in addition to its significant contributions to mathematics made early
progress towards laying down the mathematical foundations of electricity and magnetism. Jean-Augustin
Fresnel modeled hypothetical behavior of the aether. Michael Faraday introduced the theoretical concept of a
fieldâ€”not action at a distance. The English physicist Lord Rayleigh [â€”] worked on sound. Stokes was a
leader in optics and fluid dynamics; Kelvin made substantial discoveries in thermodynamics ; Hamilton did
notable work on analytical mechanics , discovering a new and powerful approach nowadays known as
Hamiltonian mechanics. Very relevant contributions to this approach are due to his German colleague Carl
Gustav Jacobi â€” in particular referring to canonical transformations. The German Hermann von Helmholtz
â€” made substantial contributions in the fields of electromagnetism , waves, fluids , and sound. In the United
States, the pioneering work of Josiah Willard Gibbs â€” became the basis for statistical mechanics.
Fundamental theoretical results in this area were achieved by the German Ludwig Boltzmann Together, these
individuals laid the foundations of electromagnetic theory, fluid dynamics, and statistical mechanics. And yet
no violation of Galilean invariance within physical interactions among objects was detected. The Galilean
transformation had been the mathematical process used to translate the positions in one reference frame to
predictions of positions in another reference frame, all plotted on Cartesian coordinates , but this process was
replaced by Lorentz transformation , modeled by the Dutch Hendrik Lorentz [â€”]. In , experimentalists
Michelson and Morley failed to detect aether drift, however. Einstein initially called this "superfluous
learnedness", but later used Minkowski spacetime with great elegance in his general theory of relativity , [11]
extending invariance to all reference framesâ€”whether perceived as inertial or as acceleratedâ€”and credited
this to Minkowski, by then deceased. The gravitational field is Minkowski spacetime itself, the 4D topology of
Einstein aether modeled on a Lorentzian manifold that "curves" geometrically, according to the Riemann
curvature tensor , in the vicinity of either mass or energy. Under special relativityâ€”a special case of general
relativityâ€”even massless energy exerts gravitational effect by its mass equivalence locally "curving" the
geometry of the four, unified dimensions of space and time. This revolutionary theoretical framework is based
on a probabilistic interpretation of states, and evolution and measurements in terms of self-adjoint operators on
an infinite dimensional vector space. That is called Hilbert space , introduced in its elementary form by David
Hilbert â€” and Frigyes Riesz , and rigorously defined within the axiomatic modern version by John von
Neumann in his celebrated book Mathematical Foundations of Quantum Mechanics , where he built up a
relevant part of modern functional analysis on Hilbert spaces, the spectral theory in particular. Paul Dirac used
algebraic constructions to produce a relativistic model for the electron , predicting its magnetic moment and
the existence of its antiparticle, the positron. List of prominent mathematical physicists in the 20th century[
edit ].
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This well-rounded, thorough treatment for advanced undergraduates and graduate students introduces basic concepts
of mathematical physics involved in the study of linear systems. The text emphasizes eigenvalues, eigenfunctions, and
Green's functions. Prerequisites include differential equations and.

Spacetime Physics Still the best introduction out there. Springer With a heavy bias towards astrophysics and
therefore on a more moderate level formally. Quite strong on intuition. Special Relativity A thorough
introductory text. Good discussion of the twin paradox, pole and the barn etc. Plenty of diagrams illustrating
Lorentz-transformed coordinates, giving both an algebraic and geometrical insight to SR. Seems to be out of
print Abraham Pais: Subtle is the Lord: Special Relativity and its Experimental Foundations Yuan Zhong
Zhang Special relativity is so well established that its experimental foundation is often ignored. This book fills
the gap and will be of relevance to many discussions in sci. Good on mathematical aspects of gauge theory
and topology. Leptons and quarks, translated from Russian by V. Particle physics and introduction to field
theory. Relativistic Quantum Mechanics One of the more terse books. The first volume on relativistic quantum
mechanics covers the subject in a blinding pages. Very good if you really want to know the subject. Good
knowledge of quantum mechanics and special relativity is assumed. A very good introduction to the concepts
of particle physics. Good examples, but not a lot of Feynman diagram calculation. Introduction to high energy
physics Regarded by many people in the field as the best introductory text at the undergraduate level. Covers
basically everything with almost no mathematics. Close, Marten, and Sutton: The Particle Explosion A
popular exposition of the history of particle physics with terrific photography. Spaceship Neutrino A good,
historical, largely intuitive introduction to particle physics, seen from the neutrino viewpoint. Quantum Field
Theory Introductory textbook, concise and practically orientated. Used at many graduate departments as a
textbook for the first course in QFT and a bare minimum for experimentalists in high energy physics. Chapters
on Feynman diagrams and cross-section calculations particularly well written and useful. Perhaps most
suitable for graduate students who already know some basics of QFT. Unfortunately, this book does not
conform to Bjorken-Drell metric. Superstring Theory 2 vols Although these two volumes do not touch the
important new developments in string theories they are still the best texts for the basics. To keep up with this
fast developing subject it is necessary to download the papers and reviews as hep-th e-prints. A Theory of
Everything ed P. This also predates the new developments which revolutionised string theory after Inward
Bound This can be regarded as a companion volume to his biography of Einstein see special relativity section.
It covers the history of particle physics through the twentieth century but is best for the earlier half. The
Second Creation Another history of particle physics in the twentieth century. This one is especially good on
the development of the standard model.. Full of personal stories taken from numerous interviews, it is difficult
to put down. It describes what the Higgs is and gives some background to the subject of particle physics. It
also gives an account of some more general physics history. General Relativity Meisner, Thorne and Wheeler:
It has two tracks for different levels. A famous work in the subject whose main strength is probably its various
asides, historical and otherwise. While it has much interesting reading, it is not a book to learn relativity from:
Space, Time, and Gravity: A good non-technical introduction, with a nice mix of mathematical rigor and
comprehensible physics. A First Course in General Relativity. A readable and useful book, to a point. The
edition, at least, unfortunately has a tangled approach to its Lambda index notation that is wrong in places.
Schutz goes to great lengths to convince the reader of the usefulness of one-forms, but is clearly unaware that
everything he does with them can be done in shorter time using vectors alone. Beware the show-stopping
typos in the Riemann components for the Schwarzschild metric on page The discussion about Riemann tensor
signs on page is also wrong, and will give you wrong results if you apply it. Gravitation and Cosmology A
good book that takes a somewhat different approach to the subject. It strikes just the right balance, in my
opinion, between mathematical rigor and physical intuition. It has great mathematics appendices for those who
care about proving theorems carefully, and a good introduction to the problems behind quantum gravity
although not to their solutions. Putting General Relativity to the Test Non-technical account of the
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experimental support for GR, including the "classic three tests", but going well beyond them. Black Holes and
Time Warps: The book is famous for the final sections about time travel through wormholes. Mathematical
Methods Morse and Feshbach: Methods of Theoretical Physics. This book used to be hard to find, but can now
be bought at feshbachpublishing. Mathematical Methods of Physics. Not comprehensive in any area, but
covers many areas widely. Arfken is to math methods what numerical recipes is to numerical methods â€”
good intro, but not the last word. Handbook of Differential Equations. Huge, but useful when you need an
integral. Nuclear Physics Preston and Bhaduri: Structure of the Nucleus Blatt and Weisskopf: Theoretical
Nuclear Physics This is serious stuff. Also quite expensive even in paper. I think the hard cover is out of print.
This is volume I structure. Volume II scattering is also available. Direct Nuclear Reactions Walecka:
Theoretical Nuclear and Subnuclear Physics Covers advanced topics in theoretical nuclear physics from a
modern perspective and includes results of past 20 years in a field which makes it unique. Not an easy material
to read but invaluable for people seeking an updated review of the present status in the field. Introductory
nuclear physics Introductory-to-intermediate level textbook in basic nuclear physics for senior undergraduates.
Good, clear and relatively comprehensive exposition of "standard" material: Last edition issued in Of course,
it has flaws but only noticeable by the Real Experts TM. A Brief History of Time The ghost-written book that
made Popular Science popular, but an odd mixture of easy physics and very advanced physics. First Three
Minutes A very good book. At a more advanced level, a standard reference. Principles of Physical Cosmology.
I find myself jumping back and forth through the book whenever I want to find anything. This is a great, fairly
thorough, though non-mathematical description of black holes and spacetime as it relates to cosmology. I was
impressed by how few mistakes Kaufmann makes in simplifying, while most such books tend to sacrifice
accuracy for simplicity. Principles of Cosmology and Gravitation This is very well written, and useful as an
undergrad text. A good insight into the scientific process. This is quite a nice and relatively short read for
some of the pressing issues as of in astrophysical cosmology. Structure formation in the universe A
no-nonsense book for those who want to calculate some problems strictly related to the formation of structure
in the universe. The book even comes complete with problems at the end of each chapter. The large-scale
structure of the universe This is a definitive book for anyone who desires an understanding of the mathematics
required to develop the theory for models of large scale structure. The essential techniques in the description
of how mass is able to cluster under gravity from a smooth early universe are discussed. While I find it dry in
some places, there are noteworthy sections e. Inhomogeneous Cosmological Models If you are blinded by the
dogma of the cosmological principle, this book is a real eye opener. A technical, historical and bibliographical
survey of possible inhomogeous universes from solutions of general relativity. Alan Lightman and Roberta
Brawer: The lives and worlds of modern cosmologists, Transcripts of interview with 27 of the most influential
cosmologists from the past few decades.
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Some Mathematical Methods of Physics by Gerald Goertzel, Nunzio Tralli This well-rounded, thorough treatment for
advanced undergraduates and graduate students introduces basic concepts of mathematical physics involved in the
study of linear systems.
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Read "Some Mathematical Methods of Physics" by Gerald Goertzel with Rakuten Kobo. This well-rounded, thorough
treatment for advanced undergraduates and graduate students introduces basic concepts of mat.
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Get this from a library! Some Mathematical Methods of Physics.. [Gerald Goertzel] -- This well-rounded, thorough
treatment for advanced undergraduates and graduate students introduces basic concepts of mathematical physics
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involved in the study of linear systems.

Chapter 6 : Some Mathematical Methods of Physics - ePub - Gerald Goertzel, Nunzio Tralli - Achat ebook
Topics include discrete and continuous systems and approximation methods. edition. Read More Well-rounded,
thorough treatment introduces basic concepts of mathematical physics involved in the study of linear systems, with
emphasis on eigenvalues, eigenfunctions, and Green's functions.
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