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Let me use this funny “analogy”:

How many times have we used
cheats in video games to get through
a mission?

Honestly, I'm still doing it :)

In physics, cheat codes are
conservation laws.

They allow us to solve
complicated (or impossible)
problems.
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Ex 1: (2 points) We have
an inclined plane (no
friction) with a sphere
placed on top of the plane,
what is the final Velocity?

E 2
@ Newton’s law: Z F ma

(Energy conservation: ET — K + U

Simpler
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But rather than being cheat codes, they are closer to
nature's source code, as they arise from a more fundamental
concept, symmetries!!!

« AMALIE EMMY NOETHER

(1882-1935)

« Mathematician

(Albert Einstein, Felix Klein and David Hilbert
considered her one of the most brilliant minds.)

 Conservation laws derive from a
more fundamental relationship:

NOETHER'S THEOREM
—_———
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NOETHER’S THEOREM

FOR EVERY CONTINUOUS
SYMMETRY, THERE EXISTS A
CONSERVED QUANTITY
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« Def: A symmetry is an operation that we can perform to an
object that leaves it unchanged.

NOT A SYMMETRY
- Ex: 1
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Another kind of symmetry:

e Ex:

CONTINUOUS SYMMETRY
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Let us consider:

It’s invariant under which is a Momentum
: * continuous * conservation!
space translation . _
symmetry D= mu

(Noether’s theorem tells us rigorously)
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Application of Noether's theorem

Let us consider:
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(Noether’s theorem tells us rigorously)

which is a Energy

* continuous * conservation!

symmetry Er=K+U

It’s invariant under
time translation
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Ex 1: (2 points) We have
an inclined plane (no
friction) with a sphere
placed on top of the plane,
what is the final velocity?

No matter when I calculate
it, it will always happen the
same way. It is invariant

under time translation!
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. Angular

Noether’s
® momentum
° P > theorem > °
invariance conservation

Rotational
0000000/ 7 7 7 7 J0000000
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« Symmetries are obviously used to simplify problems.

 But they are good for so much more! They help us to
understand the structure of nature (conservations laws).

« Noether's theorem connects the symmetries of our system
with the conservation laws.

What is my research?
« Noether’s theorem involves theories with local operators

(derivatives). What if it involves pseudo-differential
operators or integro-differential operators? O(f)) = (G * f)(x)

We need to extend it!
15



COHCIUSiOnS Severo Ochoa Coffee Talk, CIMNE

It’s 1s done 1n:

Carlos Heredia and Josep Llosa 2021 J. Phy. Comm. 5, 055003
Carlos Heredia and Josep Llosa 2021 J. Phys. A: Math. Theor. 54 425202

Carlos Heredia and Josep Llosa 2022 Phy. Rev. D 105 no. 12

16



