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OUTLINE
• Motivation

 The Map of Physics
 Conservation Laws are Fundamental
 Shut up and Calculate!













CONSERVATION LAWS
ARE FUNDAMENTAL

• A conservation law is a statement that a particular
measurable property of an isolated physical system will
not change as the system evolves in time



CONSERVATION LAWS
ARE FUNDAMENTAL

• Classical mechanics relies on the conservation of three
quantities:

• Linear momentum→
• Angular momentum →
• Energy→



SHUT UP AND
CALCULATE!



STATEMENT OF THE
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OUTLINE
• Statement of the Problem

 Different formulations of Classical Mechanics
 Noether’s Theorem
 Dissipation
 Where did the quantum friction go?
 The Arrow of Time



THREE DIFFERENT
FORMULATIONS OF

CLASSICAL MECHANICS



• Sir Isaac Newton (1642-1726)

• Newtonian Mechanics:
 Standard ‘high school
physics’

 Coincides with discovery of
calculus

 Calculations get tedious fast



• Joseph-Louis Lagrange (1736-1813)

• Lagrangian Mechanics:
 Much more elegant
 Works for all coordinates!
 Exploits symmetries



• William Rowan Hamilton (1805-1865)

• Hamiltonian Mechanics:
 The “Hamiltonian” is the total
energy

 Is the only form of mechanics
that we know how to
quantize
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• Hamiltonian Mechanics:
 The “Hamiltonian” is the total
energy

 Is the only form of mechanics
that we know how to
quantize

Conservation 
of energy!

• William Rowan Hamilton (1805-1865)



NOETHER’S THEOREM

•
• Symmetries Conservation Laws!



DISSIPATION



• Dissipative systems do not obey conservation laws
• Newtonian mechanics can deal with friction
• Lagrangian and Hamiltonian mechanics cannot



• Dissipative systems do not obey conservation laws
• Newtonian mechanics can deal with friction
• Lagrangian and Hamiltonian mechanics cannot



• But quantum mechanics is derived explicitly from
Hamiltonian mechanics...



• So are quantum systems truly conservative and
therefore time reversible?

•
•
•

•OR



• So are quantum systems truly conservative and
therefore time reversible?

•
•
•
• We don’t know how to incorporate dissipation into
quantum systems?

•OR



WHERE DID THE QUANTUM
FRICTION GO?

•
• Statement of the problem: the foundations of quantum
mechanics are explicitly time reversible, but this is only
true for isolated conservative systems!
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WHERE DID THE QUANTUM
FRICTION GO?

•
• Statement of the problem: the foundations of quantum
mechanics are explicitly time reversible, but this is only
true for isolated conservative systems!

• We live in a world dominated by friction and irreversible
dissipative processes

• In thermodynamics, this is known as...



THE ARROW OF TIME



METHODOLOGY



OUTLINE
• Methodology

 Expanding the Mathematical Toolkit
 Identifying experimental scenarios that are
intrinsically dissipative

 Instead on relying on computer simulations, focus
on analytic approaches

 Striving for conceptual clarity!







RESULTS



OUTLINE
• Results (so far)

 Nonconservative Lagrangian Mechanics
 Fractional Calculus and Memory
 Perturbation Expansion

 Small deviations from classical trajectories
 Is space-time… a fractal?



NONCONSERVATIVE
LAGRANGIAN
MECHANICS



FRACTIONAL CALCULUS



• A fractional derivative is:
 an extension of regular
derivatives from whole number
values to any real number




SYSTEMS WITH MEMORY









PERTURBATION
EXPANSION

• Widely used approach to find how
much quantities deviate from a
simple case

• In this context, deviation from
‘straight line’ trajectories





FRACTAL GEOMETRY

•
• A fractal is any geometric structure that
exhibits a self-similar relation







RELEVANCE



• Relevance
 We can formulate the foundations of quantum
mechanics in a completely different mathematical
language
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• Relevance
 We can formulate the foundations of quantum
mechanics in a completely different mathematical
language

 Motivate research programs on fundamental
physics beyond the current paradigm of
supersymmetry and string theory

 Apply theoretical framework to experimental
settings

 Shut up and calculate!







SUMMARY



FUTURE WORK



OUTLINE
• Future Work

 Test new paradigm against experimental data:
 Brownian motion
 Bouncing Droplets
 Many Body Localization



OUTLINE
• Future Work

 Test new paradigm against experimental data:
 Brownian motion
 Bouncing Droplets
 Many Body Localization

 Develop numerical and computational models
 How will my models fare in comparison to modern
canonical theory, namely Quantum Field Theory?
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