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Question:

Do the laws of Physics reflect Laws of Nature”? Or...

Are they rules for processing information about Nature?

Our objective:

To derive Quantum Theory as Entropic Dynamics

and discuss the implications for the theory of time.
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Maximize S[p, ¢] subject to the appropriate constraints.
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Maximize S[p, ¢] subject to the appropriate constraints.

™ (MaxEnt, Bayes' rule and Large Deviations are special cases”)
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Step 2: Entropic Dynamics

Maximize

S,[P.Q]=—| &'dy' P(x',y'| x)log

P(x",y'| x)

O(x", y'| x)

(1)



Step 2: Entropic Dynamics

Maximize

L Py %)
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Step 2: Entropic Dynamics

Py %)

o(x", y'| x)
uniform

Maximize

P(x'|x) p(y"| x)
eM

= (¥ " Bx7) = A (x)

f

(A

Short steps:
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The resulit:

P(x'| x)= é exp [S(x")— —i—a(x)ﬁf:]

where  S(x)= ‘J- ay’ p(y' | x")1log Py txr)
q(y’)

Displacement: Ax = Ax + Aw

1 :

Expected drift : Ax— y® 0,S(x)

a(x)
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Step 2: Entropic Dynamics
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The resulit:

X 1 ’ ]- 2
P(x' | x)=— exp[S(x)——a(x)Al"]
L 2
where  S(¥)=-[ @ p(y'| ¥)log 21X
q(y’)
Displacement: Ax = Ax + Aw
; L
Expected drift : Ax" = ¥y 0,S(x)
a(x)
7 b 1 ab
Fluctuations: (AWAW )=——7y

a(x)
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Step 3: Entropic Time

Time Is introduced to keep track of the accumulation
of many small changes.

The foundation of any notion of time i1s dynamics.

P(x) = | dcP(¥,x) = [ dc P(x' | X)P(x)

(1) Introduce the notion of an Instant

p(x. 1) = [ deP(x'| x) p(x.0)
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(2) Introduce the notion of interval between instants

For large a the dynamics is all in the fluctuations:

(AW Aw’) = A ¥
a(x)

Define duration so that motion looks simple:
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The resultis a Fokker-Planck eq.: 2. p=—-C_(pv?)

v=2 59  &x.0)=S(x)—log p"*(x,8)
¢ 4
v: L b-ﬂ i H-:
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The result is a Fokker-Planck eq.:. &, p=-

0.(pv7)

v=2 59  &x.0)=S(x)—log p"*(x,1)
T
v =b" +u”
. _ R
drift velocity: b — 8
T
_ _ 3 O_Z aap
osmotic velocity: e
2Tt p
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But this is just diffusion, not quantum mechanics!

A wave function requires >
two degrees of freedom: P(x, )= p'%e?

p(x) N
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Eneray conservation [Nelson (1979). Smolin (2006)
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Step 4: Manifold dynamics?

Energy conservation [Nelson (1979), Smolin (2006)]

E- _I-dExp' ;mv: T;mu; +V(x)
| \

2A
where || —

g

irsa: 10050056 Page 45/75



The result: two coupled equations
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The result: two coupled equations

1) Fokker-Planck/diffusion equation

. h
p=——=0(pd.¢)

m
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The result: two coupled equations

1) Fokker-Planck/diffusion equation

A
p=——=06"(p6.9)

m

2) energy conservation + diffusion

hi vlp‘;ﬁf B
2m p':

R - i
hg+—(0 @) +V —
§- (0.9
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Combine p and ¢ into ¥ =p'' e

: : .
to get Quantum Mechanics, #AY = —ZI—V-LP +PP
m
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Combine p and ¢ into ¥ =p'*e”

to get Quantum Mechanics,

This includes the classical Iimit # = ma
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Combine p and ¢ Into — P -

to get Quantum Mechanics, 6 —V LPE

This includes the classical limit # = ma

Let S, =h¢ then S-,,+—(os Y 1r—a

H

~ 2m
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More on entropic time
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More on entropic time

A clock follows a classical trajectory.

"physical’ spact

Pirsa: 10050056 Page 54/75

h



More on entropic time

Pirsa: 10050056 Page 55/75



More on entropic time

For the composite system of particle and clock:
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More on entropic time

For the composite system of particle and clock:

"physical’ spact
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Entropic time vs "physical” time?

VWe observe correlations at an instant.
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Entropic time vs "physical” time?

Ve observe correlations at an instant.
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Entropic time vs "physical” time?

VWe observe correlations at an instant.

\We do not observe the "absolute” order of the instants.

"physical’ spact
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Entropic time vs "physical” time?

We observe correlations at an instant.

\We do not observe the "absolute” order of the instants.

"physical’ spact

Entropic time is all we need.
There is an arrow of entropic time.
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Conclusion:

On Laws of Physics vs. Laws of Nature:

Entropic inference can lead to Laws of Physics.
It provides an alternative to Action Principles.

The natural order/arrow of inference is entropic time...
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Conclusion:

On Laws of Physics vs. Laws of Nature:

Entropic inference can lead to Laws of Physics.
It provides an alternative to Action Principles.

. The natural order/arrow of inference Is entropic time...
| _..and this is all one needs.
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The Big Picture:

ﬁ[nference}ﬁ
[ society ] [ physics ]

e

Tl_.:].



