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Nature's cheat codes 

Let me use this funny “analogy”:

Severo Ochoa Coffee Talk, CIMNE 

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.



3

Nature's cheat codes Severo Ochoa Coffee Talk, CIMNE 

<latexit sha1_base64="vDw3E4vuDyGWSbfQ3W/+puFaPec=">AAACBXicbZBNS8MwGMdTX+d8q3rUQ3AInkYrQ70IQ0E8TnAvsJaSZukWlqQlSQej9OLFr+LFgyJe/Q7e/DZmWw+6+YfAL//neUief5gwqrTjfFtLyyura+uljfLm1vbOrr2331JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HN5M6u0RkYrG4kGPE+Jz1Bc0ohhpYwX2kadSHlDojQjObnNDV5DPbigP7IpTdaaCi+AWUAGFGoH95fVinHIiNGZIqa7rJNrPkNQUM5KXvVSRBOEh6pOuQYE4UX423SKHJ8bpwSiW5ggNp+7viQxxpcY8NJ0c6YGar03M/2rdVEeXfkZFkmoi8OyhKGVQx3ASCexRSbBmYwMIS2r+CvEASYS1Ca5sQnDnV16E1lnVPa/W7muV+nURRwkcgmNwClxwAergDjRAE2DwCJ7BK3iznqwX6936mLUuWcXMAfgj6/MHmUWYAg==</latexit>X

i

~Fi = m~aNewton’s law:

Energy conservation:
<latexit sha1_base64="g7CAzoN/R3W1dOQdIZWNjZwMSWk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiRb0IRREELxWatpCGstlu2qWbbNjdCCX0Z3jxoIhXf403/43bNgdtfTDweG+GmXlBwpnStv1tFVZW19Y3ipulre2d3b3y/kFLiVQS6hLBhewEWFHOYupqpjntJJLiKOC0HYxup377iUrFRNzU44T6ER7ELGQEayN5d70mukYP6Ay5vXLFrtozoGXi5KQCORq98le3L0ga0VgTjpXyHDvRfoalZoTTSambKppgMsID6hka44gqP5udPEEnRumjUEhTsUYz9fdEhiOlxlFgOiOsh2rRm4r/eV6qwys/Y3GSahqT+aIw5UgLNP0f9ZmkRPOxIZhIZm5FZIglJtqkVDIhOIsvL5PWedW5qNYea5X6TR5HEY7gGE7BgUuowz00wAUCAp7hFd4sbb1Y79bHvLVg5TOH8AfW5w98bY9x</latexit>

ET = K + U

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? <latexit sha1_base64="pYM132qgRhMHaU/a61ywLFbdrWg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/puWPMQ==</latexit>

✓

<latexit sha1_base64="U9vKRhSiD/Ul4CguiQTY14y73ls=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBdMW2lA22027dHcTdjdCCP0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ3czv/NElWaxfDRZQgOBR5JFjGBjJb8v0ht3UK25dXcOtEq8gtSgQGtQ/eoPY5IKKg3hWOue5yYmyLEyjHA6rfRTTRNMJnhEe5ZKLKgO8vmxU3RmlSGKYmVLGjRXf0/kWGididB2CmzGetmbif95vdRE10HOZJIaKsliUZRyZGI0+xwNmaLE8MwSTBSztyIyxgoTY/Op2BC85ZdXSfui7l3WGw+NWvO2iKMMJ3AK5+DBFTThHlrgAwEGz/AKb450Xpx352PRWnKKmWP4A+fzB1IajmA=</latexit>

µ = 0

<latexit sha1_base64="OlQqY3YZLIxt2bgUY/MluCmov9E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyteM8Q==</latexit>

d

Simpler
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Nature's code Severo Ochoa Coffee Talk, CIMNE 

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 Severo Ochoa Coffee Talk, CIMNE 

FOR EVERY CONTINUOUS 
SYMMETRY, THERE EXISTS A 

CONSERVED QUANTITY

NOETHER’S THEOREM



What is a symmetry? Severo Ochoa Coffee Talk, CIMNE 

• Def: A symmetry is an operation that we can perform to an 
object that leaves it unchanged.

• Ex: 
90º1 2

34

4 1

23

45º
4

1

2

3
90º60º

NOT A SYMMETRY

SYMMETRYDISCRETE



What is a symmetry? Severo Ochoa Coffee Talk, CIMNE 

Another kind of symmetry:

• Ex: 

CONTINUOUS SYMMETRY



Application of Noether's theorem Severo Ochoa Coffee Talk, CIMNE 

Let us consider:

… …(space translation) (space translation)

It’s invariant under 
space translation

which is a 
continuous 
symmetry

Momentum 
conservation!

(Noether’s theorem tells us rigorously)

<latexit sha1_base64="BynolF9NpoFy20fMBzrZGJB/cKM=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJiLoRim5cVrAXaEOZTE/aoTNJmJkUSoiv4saFIm59EHe+jdM0C239YeDjP+dwzvx+zJnSjvNtldbWNza3ytuVnd29/QP78KitokRSaNGIR7LrEwWchdDSTHPoxhKI8Dl0/MndvN6ZglQsCh/1LAZPkFHIAkaJNtbArvanQNM4wzdY4Jyn2cCuOXUnF14Ft4AaKtQc2F/9YUQTAaGmnCjVc51YeymRmlEOWaWfKIgJnZAR9AyGRIDy0vz4DJ8aZ4iDSJoXapy7vydSIpSaCd90CqLHark2N/+r9RIdXHspC+NEQ0gXi4KEYx3heRJ4yCRQzWcGCJXM3IrpmEhCtcmrYkJwl7+8Cu3zuntZv3i4qDVuizjK6BidoDPkoivUQPeoiVqIohl6Rq/ozXqyXqx362PRWrKKmSr6I+vzBz5OlIY=</latexit>

~p = m~v



Application of Noether's theorem Severo Ochoa Coffee Talk, CIMNE 

Let us consider:

It’s invariant under 
time translation

which is a 
continuous 
symmetry

Energy 
conservation!
<latexit sha1_base64="g7CAzoN/R3W1dOQdIZWNjZwMSWk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiRb0IRREELxWatpCGstlu2qWbbNjdCCX0Z3jxoIhXf403/43bNgdtfTDweG+GmXlBwpnStv1tFVZW19Y3ipulre2d3b3y/kFLiVQS6hLBhewEWFHOYupqpjntJJLiKOC0HYxup377iUrFRNzU44T6ER7ELGQEayN5d70mukYP6Ay5vXLFrtozoGXi5KQCORq98le3L0ga0VgTjpXyHDvRfoalZoTTSambKppgMsID6hka44gqP5udPEEnRumjUEhTsUYz9fdEhiOlxlFgOiOsh2rRm4r/eV6qwys/Y3GSahqT+aIw5UgLNP0f9ZmkRPOxIZhIZm5FZIglJtqkVDIhOIsvL5PWedW5qNYea5X6TR5HEY7gGE7BgUuowz00wAUCAp7hFd4sbb1Y79bHvLVg5TOH8AfW5w98bY9x</latexit>

ET = K + U

(Noether’s theorem tells us rigorously)
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Nature's cheat codes Severo Ochoa Coffee Talk, CIMNE 

Energy conservation:
<latexit sha1_base64="g7CAzoN/R3W1dOQdIZWNjZwMSWk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiRb0IRREELxWatpCGstlu2qWbbNjdCCX0Z3jxoIhXf403/43bNgdtfTDweG+GmXlBwpnStv1tFVZW19Y3ipulre2d3b3y/kFLiVQS6hLBhewEWFHOYupqpjntJJLiKOC0HYxup377iUrFRNzU44T6ER7ELGQEayN5d70mukYP6Ay5vXLFrtozoGXi5KQCORq98le3L0ga0VgTjpXyHDvRfoalZoTTSambKppgMsID6hka44gqP5udPEEnRumjUEhTsUYz9fdEhiOlxlFgOiOsh2rRm4r/eV6qwys/Y3GSahqT+aIw5UgLNP0f9ZmkRPOxIZhIZm5FZIglJtqkVDIhOIsvL5PWedW5qNYea5X6TR5HEY7gGE7BgUuowz00wAUCAp7hFd4sbb1Y79bHvLVg5TOH8AfW5w98bY9x</latexit>

ET = K + U

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? <latexit sha1_base64="pYM132qgRhMHaU/a61ywLFbdrWg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/puWPMQ==</latexit>

✓

<latexit sha1_base64="U9vKRhSiD/Ul4CguiQTY14y73ls=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBdMW2lA22027dHcTdjdCCP0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ3czv/NElWaxfDRZQgOBR5JFjGBjJb8v0ht3UK25dXcOtEq8gtSgQGtQ/eoPY5IKKg3hWOue5yYmyLEyjHA6rfRTTRNMJnhEe5ZKLKgO8vmxU3RmlSGKYmVLGjRXf0/kWGididB2CmzGetmbif95vdRE10HOZJIaKsliUZRyZGI0+xwNmaLE8MwSTBSztyIyxgoTY/Op2BC85ZdXSfui7l3WGw+NWvO2iKMMJ3AK5+DBFTThHlrgAwEGz/AKb450Xpx352PRWnKKmWP4A+fzB1IajmA=</latexit>

µ = 0

<latexit sha1_base64="OlQqY3YZLIxt2bgUY/MluCmov9E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyteM8Q==</latexit>

d

No matter when I calculate 
it, it will always happen the 
same way. It is invariant 
under time translation!
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The idea of Noether's theorem Severo Ochoa Coffee Talk, CIMNE 

Noether’s 
theoremTranslational


Invariance
Momentum 
conservation
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The idea of Noether's theorem Severo Ochoa Coffee Talk, CIMNE 

Noether’s 
theoremTime 

invariance
Energy

conservation
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The idea of Noether's theorem Severo Ochoa Coffee Talk, CIMNE 

Noether’s 
theoremRotational 


invariance

Angular 
momentum

conservation
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The idea of Noether's theorem Severo Ochoa Coffee Talk, CIMNE 

Noether’s 
theoremU(1) 

Symmetry

Electric 
charge 
conservation

<latexit sha1_base64="u4zlGeNwst4HuX75cjAkyeoaTSw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuBPUY9OIxgnlAsobZSW8yZPbBTK8Ql3yJFw+KePVTvPk3TpI9aGJBQ1HVTXeXn0ih0XG+rcLa+sbmVnG7tLO7t1+2Dw5bOk4VhyaPZaw6PtMgRQRNFCihkyhgoS+h7Y9vZn77EZQWcXSPkwS8kA0jEQjO0Eh9uwwPmejhCJBNe4kWfbviVJ056Cpxc1IhORp9+6s3iHkaQoRcMq27rpOglzGFgkuYlnqphoTxMRtC19CIhaC9bH74lJ4aZUCDWJmKkM7V3xMZC7WehL7pDBmO9LI3E//zuikGV14moiRFiPhiUZBKijGdpUAHQgFHOTGEcSXMrZSPmGIcTVYlE4K7/PIqaZ1X3Ytq7a5WqV/ncRTJMTkhZ8Qll6RObkmDNAknKXkmr+TNerJerHfrY9FasPKZI/IH1ucPUhCTiA==</latexit>

ei✓ 
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Conclusions Severo Ochoa Coffee Talk, CIMNE 

• 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?

<latexit sha1_base64="HxlYUUnqoL52Xags/uLQNF3rFAc=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VoNyWRom6EogvdWcE+oAlhMp20QycPZiZiCfkBN/6KGxeKuHXvzr9x0kbQ1gMDZ865l3vvcSNGhTSML62wsLi0vFJcLa2tb2xu6ds7bRHGHJMWDlnIuy4ShNGAtCSVjHQjTpDvMtJxRxeZ37kjXNAwuJXjiNg+GgTUoxhJJTn6geUjOcSIJddpxas6SeW+mp5VLi0kJPz5O3rZqBkTwHli5qQMcjQd/dPqhzj2SSAxQ0L0TCOSdoK4pJiRtGTFgkQIj9CA9BQNkE+EnUyuSeGhUvrQC7l6gYQT9XdHgnwhxr6rKrPdxayXif95vVh6p3ZCgyiWJMDTQV7MoAxhFg3sU06wZGNFEOZU7QrxEHGEpQqwpEIwZ0+eJ+2jmnlcq9/Uy43zPI4i2AP7oAJMcAIa4Ao0QQtg8ACewAt41R61Z+1Ne5+WFrS8Zxf8gfbxDX+pmo8=</latexit>

O(f)(x) = (G ⇤ f)(x)

We need to extend it! 
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Conclusions Severo Ochoa Coffee Talk, CIMNE 

It’s is done in:

Carlos Heredia and Josep Llosa 2021 J. Phys. A: Math. Theor. 54 425202

Carlos Heredia and Josep Llosa 2021 J. Phy. Comm. 5, 055003

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


