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Are the laws of Physics 
the most general ones?
A machine learning approach to face the problem
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Classical Physics

Suppose to be in the early years of ‘900s…

qi ! q̂i

pi ! p̂i

[q̂i, p̂j ] = i~�ij
<latexit sha1_base64="cmEW4YK7dvch0k8/PKO8pNx6lgc="></latexit>
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Quantum PhysicsClassical Physics

Suppose to be in the early years of ‘900s…

qi ! q̂i

pi ! p̂i

[q̂i, p̂j ] = i~�ij
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Quantum PhysicsClassical Physics

Suppose to be in the early years of ‘900s…

qi ! q̂i

pi ! p̂i

[q̂i, p̂j ] = i~�ij
<latexit sha1_base64="cmEW4YK7dvch0k8/PKO8pNx6lgc="></latexit>

Theoretical physics  

 is influenced by the 

schools of thought 

prevalent at the time of 

development 
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Where will the 
pendulum be at time 

tpred?
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Lookup table:  
write down measured pairs (ti, x(ti))

Write down the law of motion and 
evaluate it at 

tpred ! x(tpred)

The law of motion is a 
compressed representation 

of reality 
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Lookup table:  
write down measured pairs (ti, x(ti))

Write down the law of motion and 
evaluate it at 

tpred ! x(tpred)

The law of motion is a 
compressed representation 

of reality 

Use Machine Learning

Definition of the problem

University of Pisa and INFN Enrico Lari�4
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Build a 
representation(

✓0 = ...

! = ...

Make predictions
✓(tpred) = ✓0 + ! · tpred

Decoding✓(tpred)?
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C = ||~a� ~f(~x)||2
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Neural 
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https://github.com/eth-nn-physics/nn_physical_concepts
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How to check if Scinet is “understanding”: 
The number of fundamental quantities of the system = number of latent neurons of the 

network (NLN), being NLN selected by repeating the cycle “add 1 latent neuron + training 
+ testing” until a decided accuracy is reached 
Plot the correlations of the known fundamental quantities we know are necessary to 

make predictions respect to the ones Scinet stores in its latent neurons
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mẍ = �kx� bẋ
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Angular Momentum

J = mrotr
2! � rmfree(~vfree)x = mrotr

2!0 � rm(~v0free)x = J 0
<latexit sha1_base64="OJTb4YpT4CzgLahtfaO4jAF/wq4="></latexit>

Total angular momentum

8
><

>:

o = [(trot, ~q(trot)), (tfree, ~q(tfree))]

q = (t0pred, ~q
0
free(tpred))

acor = ~qrot(t0pred)
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Heliocentric Model

The orbit of Mars seems very 
complicated as seen from Earth 

… And if it was the Sun at the 
center?

8
><

>:

o = (✓M (t0), ✓S(t0))

q = t0pred
acorr = (✓M (t0pred), ✓S(t

0
pred))
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What we have LEARNED so far?

 There exists a way to reproduce well the way of reasoning of a physicist and it’s 
awesome that this model can be expressed as a (complicated!) algorithm


 Maybe the answer to the initial question is “yes” since surely the network didn’t 
attend any lessons of physics 

What are the next studies in this sector?

 Here the interpretation of latent variables is simple because the model of the 
analyzed physical system already exists. But, what about use this approach to new 
physical settings which have not a model describing them?
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A.I. is a field of research 
studying the hardware and 
software implementations 

through which a machine can 
develop similar features of the 

human reasoning

Machine learning (ML) is the 
scientific study of 

algorithms and statistical 
models that computer 

systems use to effectively 
perform a specific task 
without using explicit 

instructions, relying on 
patterns and inference 

instead It is the use of computers to 
model the living phenomena
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f(z) =

(
z, if z > 0

↵(ez � 1), if z  0
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