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L Overview
B 1

o Ccﬁex!: Explanation of the macroscopic laws of thermodynamics in
the Boltzmannian approach
= Among the ingredients: the statistical postulate (connected with the notion of probability)

= In this presentation: typicality

=« Def: P is a typical property of X-type object/phenomena iff the vast majority of
objects/phenomena of type X possesses P

= Part I: typicality is sufficient to explain macroscopic laws —
explanatory schema based on typicality: you explain P if you explain
that P is typical

= Part II: the statistical postulate as derivable from the dynamics

= Part III: if so, no preference for indeterministic theories in the
quantum domain



L Summary of Boltzmann- 1
B _

¥ Mn:'derive’ macroscopic laws of thermodynamics in terms of
the microscopic Newtonian dynamics

= Problems:

= |echnical ones:

= There are to many particles to do exact calculations

Solution: statistical methods - if N is big enough, one can use
suitable mathematical technique to obtain information of macro
systems even without having the exact solution

= Conceptual ones:
= Macro processes are irreversible, while micro processes are not

= - Boltzmann




L Summary of Boltzmann- 2
|

PBstliate 1: the microscopic dynamics
microstate X = (4, ...y, V4, .... vy ) IN phase space

Partition of phase space into Macrostates
Macrostate M(X): set of macroscopically indistinguishable

microstates - Macroscopic view

= Many X for a given M - given M, which X is unknown

Macro Properties (e.g. temperature): they slowly vary on the
Macro scale

There is a particular Macrostate which is incredibly bigger than
the others
= There are many ways more to have, for instance, uniform temperature

than not = equilibrium (Macro)state )



L Summary of Boltzmann- 3
B _

=
= Entropy: (def) proportional to the size of the Macrostate in phase

space (i.e. it is a count of the number of microstates in a Macrostate)
= The equilibrium state being vastly bigger than the others explains why:
= 1) entropy increases for macroscopic systems not in equilibrium

= Since at any given time there are many more ways of being in
equilibrium than not, the vast majority of non-equilibrium microstates, in
their evolution in phase space, will sooner or later end up in equilibrium

= 2) entropy remains constant for equilibrium states

= Since at any given time there are many more ways of being in
equilibrium than not, the vast majority of equilibrium microstates, in
their evolution in phase space, will remain in that state

= ‘Abnormal’ (exceptional/anti-thermodynamic) microstates, which do not
follow neither 1 nor 2, may exist, but they are VERY, VERY FEW 5
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L Summary of Boltzmann- 4
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l
m Postulate 2: the past hypothesis (PH):

= Since the microscopic dynamics is invariant for time reversal,
entropy tends to increase toward the future, but ALSO
toward the past

= And this is not empirically adequate:
= We have to eliminate the second possibility
= One of the options:

= the PH: let’s postulate an asymmetric initial condition
such that the universe has an incredibly LOW initial
entropy



Entropy increase Entropy increase
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L Summary of Boltzmann- 5
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;
o Pc')&urate 3: the Statistical Postulate (Albert e Loewer)

= With the dynamics and the PH we have arrived to the conclusion that:
= 1-entropy increases for the vast majority of microstates

= However, in order to explain the second law, one would have to get:
= 2-entropy has a high probability of increasing

= To go from 1 to 2 one needs that all the microstates are counted in the same
way (mathematically, one uses the uniform measure)
= Usually, the justification of such a measure is given in terms of ignorance:
= Appeal to the principle of indifference
= However, this does not make any sense:
= How is it possible our ignorance influences the dynamics of the microstate?

= S0, one needs to postulate that the measure to be used is the uniform
measure (no other alternative) 9




Reflections of the statistical
L _postulate

. TWD trlngs up to now:

= 1) the statistical postulate is introduced because one thinks that
statistical explanations has to be probabilistic explanations

= 2) the statistical postulate has to be...postulated!

= My thesis: neither of these two claim is necessarily true

= About 1: Assume it’s a postulate, it's not a postulate about
probability: it's a postulate about typicality- typicality is explanatory
(PART I)

= About 2: the statistical postulate is not a postulate as it can be
derived from the dynamics (PART II)

= Moreover: If 1, 2 then in the quantum domain there’s not a reason
(based on SM considerations) to prefer GRW over the alternatives "
(PART III)



Ny

Part I

Typicality is explanatory

11



|
= Definition of typical property (or behavior):

= A property (or behavior) is typical for an object
(system/phenomenon) of a given type iff the vast majority of the
objects of that type display that property
= In formulas: X=object; S=set; P=property
Xisin S; P is typical of S iff the vast majority of elements of S has P
Ex: X=this gas; S=all gases; P=reaching equilibrium
= Vast majority: the exceptions to a given behavior (objects in S
which do not display that behavior) are few, when measured
using the typicality measure

LTypicaIity (instead of Probability)- 1

12



LTypicaIity (instead of Probability)- 2

i
I TMaIFcy measure vs probability measure

= Typicality measure requires much less:
= It allows to count states
= It makes sense of “the measure of E (exceptions) is small” (no details
required)
= Probability measure is more specific:
= It has to be additive
= It has to distinguish between P=1/2 and 1/3 (e.g.)
= It has to obey the probability axioms

= The notion of typicality allows us to translate:
= 1:"entropy increases for the vast majority of microstates” in
=« 2":"entropy typically increases” 13



LTypicaIity (instead of Probability)- 3

|
A
= Typicality gives us an explanation of the macroscopic (ho

details needed):

= 1-Why is equilibrium typical? Because u(M,t ¢q) < M(Meq)

= 2-Why do systems in equilibrium stay in equilibrium? Because
u(go out) K u(stay in)

= 3-Why do systems which are not in equilibrium converge to equilibrium?
Because u(stay out) < u(go in)

= 4-Why doesn’t entropy decrease?

= Because for equilibrium states, it is typical for entropy to stay constant
(see 2)

= Because for non-equilibrium states, it is typical for entropy to increase

(see 3) 14



LTypicaIity (instead of Probability)- 4

_
. ERBIi@ative schema based on typicality (see also Wilhelm):

= The explanation of an object X having property P is
given by that object being part of a set S, and that set
having that property P as a typical property
= X=0bject; S=set; P=property
Xisin$S
P is typical in S
Therefore, X has P
= EXx: X=this gas; S=all gases; P=reaching equilibrium

= The explanation of this gas reaching equilibrium is that free expansion
is a typical property of gases

15



= Typicality is not probability:
= It does not provide a precise number, only an estimate

« It does not satisfy the probability axioms and the usual rules of
probability calculus

= But, wait a minute!

= We do not want to end up in a situation in which we
can say entropy typically, but not probably(!),
Increases....

=« SO how are the two notions connected?

LTypicaIity (instead of Probability)- 5

16



Typicality (instead of Probability)- 5

'

= -
m T;'/Blcallty grounds probability:

= Degrees of belief:
= Typicality can be seen as the degree of belief of an observer
making predictions, for instance, on the behavior of entropy - it
provides a justification for such belief in that degree

=« Empirical frequency:

= If we make repeated experiments we obtain empirical
frequencies/distributions, which show statistical features

= Typicality provides a measure of how to compare these empirical
frequencies with the theoretical distributions

If we can show that typically the theoretical distributions and the
empirical ones are close, then we have provided an explanation of

the empirical frequencies .




L Typicality and explanation— 1
L E

i
¥ T;Ecality based explanation (typ) and the covering law model

(Hempel)
= Comparison with the deductive nomological (DN) model

Xis A Xis A
typically, all As are Bs All As are Bs
Thus, xisa B Thus, xisa B

= In both explanation is given by nomological facts
= Laws of nature are exception-less

= Typicality facts allow for rare exceptions
That's why it is used in Macro rather than micro contexts

= In Typ however the conclusion cannot be deduced because
there are always exceptions 1o



L Typicality and explanation— 2
i

L
o T;’Hca!ity based explanation (typ) and the covering law model
(Hempel)

= Comparison with the inductive statistical (IS) model:

Xis A Xis A
typically, all As are Bs Prob(A&B)=r
Thus, xisa B Thus, xisa B

= IS: a system of type Ais explained of being also a B by showing that
the probability for an A to also be a B is high (Prob=r)

= Typicality: a system of type F is explained of being also a G by
showing that being a G is typical of Fs

Very similar structure!

19



L Typicality and explanation— 3

.

1
= The two models (IS and typicality) are very
similar but not identical:
= Typicality is not probability
= There are some ‘probabilistic’ explanations which are

not ‘typical’ explanations:

= The fact that nuclei of type X have probability of decaying
equal to 0.4 explains why £Ais nucleus of type X has
decayed.

« However, the decay of an X nucleus is not a typical event
(prob <0.5)

20



L Typicality and explanation— 4
B _
O Cﬁin!l

= IS explanations (with large r) are actually typicality
explanations

= Details do not count (compatible with Hempel'’s original
interpretation that one needs high probability)

= Probabilistic reasonings are notoriously counterintuitive
(see Bayes theorem) while often typicality explanations
which invoke high ‘probability’ are extremely intuitive and
endearing

Stereotypes:
“Men are typically jerks”

21



L Typicality and explanation— 5
_
NOte:

= Explanation based on typicality (as the IS model) is

compatible with a deterministic dynamics (or with a causal
structure)

= However, this is NOT what happens in statistical mechanics :

= (contrarily to what Boltzmann initially thought) it is not
true that entropy increases for ALL microstates
There are always ‘anti thermodynamical” microstates

= One instead can show that entropy increases for the vast
majority of microstates

-
]

22



L Typicality and explanation— 6
_

.
= ASIdE from a comparison with Hempel, the
explanation provided is adequate:

= Informative and concise (Wilhelm)

= it is typical for entropy to increase”
this tells us, with a very simple sentence, what is the
behavior of the vast majority of the system

= Predictive (Lazarovici and Reichert)

= typically gases expand freely”

this tells us that we have good reasons to predict what

would happen to this gas (and to gases in general)
23



L Typicality and explanation— 7
i

n

o Eﬂﬂe&ability (Bricmont): the typicality based explanation is
an explanation that holds for the vast majority of the initial
conditions

= We will expect a typical behavior to happen, in the sense that the
behavior will not surprise us

Typically salt dissolves in water

= This is contrasted with an ‘explanation” which appeals to ad
hoc (or fine tuned) initial conditions:

= Monkey writing the Divine Comedy
Possible, but surprising

= Compatible with common practice in physics:
= E.g. inflationary model vs. Big Bang cosmology 24



L Typicality and explanation— 8
B |

a NOle on the PH:

= to get rid of the past-future symmetry in the entropy increase
= PH: very low initial entropy —>(extremely) ad hoc

= And this endangers the whole explanatory schema:

= For Boltzmann’s explanation to succeed as a typicality
explanation (=vast majority of states) one needs a super-
special initial condition!
We explain something being typical using an atypical
initial condition....!
= There are attempts to make the low entropy initial

condition a typical one....
25



Objection to the use of typicality
L in statistical mechanics

. U'-co new: “simple typicality approach”, STA (Badino)

= " Typically, entropy increases” = typically, non-equilibrium

microstates evolve toward equilibrium because it is the larges
state

» It is just a matter of size
« But the dynamics???

= Alternative approach (Frigg, Werndl), “combined
typicality approach”, CTA:
= One needs to prove that typically the dynamics is such that
the typical microstate into equilibrium
= Typical initial condition AND typical dynamics

26



L Answer to the objection
1

-
= The CTA may seems more general, but actually
it is less so:

= In the STA the dynamics does not appear explicitly because
the derivations holds for every dynamics, not only for the
vast majority of them:

= The vast majority of microstates goes toward
equilibrium for every Hamiltonian
= S0, what the CTA proves (the majority of
dynamics brings the majority of microstates to
equilibrium) is useless!

27
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Part 11

Derivation
of the uniform measure
from the dynamics

28



Origin of the typicality measure:

L the stationary argument
-

= St¥stical postulate: the uniform measure is postulated

= No, it is derived from the dynamics — The Stationary argument
(Goldstein, my reconstruction) :

P1: the purpose of the typicality measure is to count the microstates
P2: this counting can be done at different times
P3: no time should be privileged (conventionality of initial time)

subC: So, the measure should be invariant under time translations
(stationary)

P4: If the dynamics is Hamiltonian (not dissipative), the measure must not
depend of the form of the Hamiltonian (the measure should be generic)

P5 (math): The only generic stationary measure is the uniform measure

C: so, the uniform measure is the measure of typicality (for Ham|lton|an
systems).



Objections to the stationary
L argument -1
O‘wec'aons (Bricmont):

= 1) In dissipative chaotic systems (not Hamiltonian), the
stationarity argument gives you the wrong measure:

= The typicality measure (=the one reproducing the empirical
frequencies) is the uniforme measure, but it is not stationary

= According to Bricmont, the uniform measure as the
typcality measure is justified on Bayesian grounds:

= It is the measure that a rational agent would use to reproduce the
empircal frequencies

= This is @ more general argument as it applies to both H and
not-H sytems

= S0, why have a separate arguments also for H systems?

30



Objections to the stationary
L argument -1 - Reply
L

-'f:tétionari‘w is irrelevant for dissipative
systems:

= Dissipative systems (not-H) do not describe the
universe as a whole but only subsystems — so the
argument is /ess general

= The typicality measure is chosen first for the
universe (which is an Hamiltonian system) on the
basis of stationary considerations, and then for
subsystems (H or not) the choice has been already
made

31



Objections to the stationary
L argument -2

-'T)b]ectlons (Bricmont):

= 2) Stationarity is not the ‘right’ notion:

= A theory of scientific explanation should also
capture our intuitions

= The notion of stationary is never part of our
intuitions while explaining

= Thus, stationarity cannot genuinely be part of a
scientific explanation

32



Objections to the stationary
L argument -2 - Reply

o Eﬂlaﬂations have to capture our intuitions about what an
explanation is, but not necessarily with /ingredients which are
intuitive

= Stationarity may be counterintuitive; however, it is connected
with the idea that no temporal instant should be privileged

= *This* is intuitive
= Typicality uses this intuition, through its implementation with
the sophisticated notion of stationarity, to explain
= Einstein: “the whole of science is nothing more than a refinement of our
everyday thinking”
= This refinement can lead us far from intuition without losing its
legitimacy

33



Objections to
L argument -3

the stationary

-"bb]ectlon (possible):

= 3) The genericity requi

irement is unjustified

=« It is not clear why the measure has to be
independent of the Hamiltonian

= After all, there is on

y one Hamiltonian for the

universe, and it is what it is
= SO why should we care about other

Hamiltonians?

34



Objections to the stationary
L argument -3- Reply

=
= 1) While it is true that there is a unique universal

Hamiltonian, however every Hamiltonian subsystem
will have an effective H, ¢ ¢

= Since both H and H,¢, have to provide coherent results,
one needs to require that the measure is the same
= 2) More generally, the genericity requirement is the
requirement that the dynamics should be irrelevant

= It guarantees that the entropy increases for the vast
majority of the initial conditions and all the H

35



L Summary (Part I and II)
B _

e
= Up to now we have arrived here:

« Part I: typicality (not necessarily probability) is sufficient to
explain macroscopic laws

= Part II: the typicality measure is not postulated but it can be
derived from the dynamics using symmetry considerations

(stationarity, genericity)
= If so, the ingredients for Boltzmann’s explanation are
reduced to the following:
= The dynamics (which can determine the typicality measure on
phase space)

= The past hypothesis (which breaks the past/future symmetry)
36
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Part 111

The common structure of
deterministic and indeterministic
theories

37



Quantum mechanics and
L indeterminism- 1

o How d!)es the situation changes if the laws are indeterministic?

= Albert:
= Things change a lot, if the laws are the GRW laws
= In this case, the statistical postulate comes from the dynamics

= And this is a reason to prefer GRW to its deterministic
alternatives

= My thesis:

=« Based on what we have seen so far, one can construct a
unified approach in which deterministic and indeterministic
laws have more in common that one may think

= The statistical postulate ALWAYS comes form the dynamics!

= If so, there are no additional reasons to prefer GRW over |ts
determlnlstlc alternatives



Quantum mechanics and
L lndeterminism- 2

= MR Fhrenfest model (prototype of indeterministic dynamics):
indeterministic motion of N balls ‘jumping’ one at a time
between two containers (Zanghi)

= ‘microstate’ at time t: X; = (a4, ...,ay) (list of ball locations)
= a,; = 1 if the ball is in the first container; 0 otherwise

= The microstate changes while the balls jump from one
container to the other

= How can one define the evolution law for X?

= 1) (traditional way) open future, fixed past:

if initially the state is X,, at time t the system will have a given
probability of evolving in one of the 2" possible states

= ‘Problem’: profound asymmetry between past and futtire




Quantum mechanics and
L indeterminism- 3

ﬁherwse

= 2) Graph of the possible histories
= Att =0, the system is in X,

e
@
= At t = 1, there are N possible states \<§

At t = 2, there are N2 possible states

... tire

= At t = n, there are N™ possible states

= SO, the distribution of the balls evolves in time as
exemplified by the graph above

= The set of the possible histories of all the 2V possible
initial microstates is the union of the graphs
corresponding to the various initial microstates

= This union is the ‘new’ phase space

40



Quantum mechanics and
L indeterminism- 4
B |

|
o The‘mdeterministic dynamics determines the typicality measure as the
time-translation invariant (stationary) measure in the space of possible
histories (the union of the graphs)

= How to define stationarity in this context?

= Since there is no privileged time, a possible history is a sequence of
instantaneous states which is open both in the past and in the
fUtUI‘e: X = [""X—l'XO'X]J ]

= The time-translated microstate is: T(X) = [..., Xy, X1, X5, ... ]

= That is, a history in which the state at time t = —1 is identical with the
state at time t = 0 of the original sequence; the state at timet =0 is
identical to the state at time t = 1 of the original sequence, and so on....

= A measure u is stationary if it assigns the same dimension to the set of
possible histories A and to its time-translated counterpart A_;: u(4) =

u(A_¢) h



Quantum mechanics and

L lndeterminism- 5

=TT
= How does this apply to GRW theory?

= The situation is more complicated (not two states to
jump between, but infinitely many)

= However, it is possible to show that the set of possible
histories is again a graph

= Similarly, therefore, the space of the possible
microstates is the union of these graphs, one for each
of the possible microstate

= Therefore, the typicality measure is the stationary
measure on this union

.

42



Quantum mechanics and
L indeterminism- 6

5'- tHere seems to be more similarities than
differences between deterministic and indeterminist
theories

= Deterministic theories:

= Given the initial state, the dynamics determines the typicality
measure on the space of possible histories (phase space)

= Indeterministic theories:

= Given the initial state, the dynamics determines the typicality
measure on the space of possible histories (the union of the graphs)

= Therefore, in both cases, given the initial state and the
dynamics, the rest follows ‘for free’ :

= Both the space of the possible histories and the typicality measu?e




Conclusions
AL

A- According to Albert, the necessarily elements for Boltzmann’s explanation in
classical mechanics are (modulo the PH) :

= the dynamics, the statistical postulate (SP)
B- According to Albert, the necessarily elements for Boltzmann’s explanation in
GRW are (modulo the PH) :

= The dynamics (The SP follows from the dynamics)

In this talk I have argued that:

« Part I: Assuming the SP, typicality, instead of probability, is sufficient to explain
the macroscopic laws

« Part II: the SP, as a typicality postulate, may come from the dynamics using
symmetry considerations (stationarity and genericity)

« Part III: The SP always come from the dynamics, both if the theory is
deterministic and indeterministic!

= If so, there are no additional reasons to prefer GRW over its deterministic
alternatives 44
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Thank you for your attention
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