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Three features of macrostates in statistical mechanics:

1. Macrostates are thermodynamically indistinguishable
to a human observer.

2. Macrostates are objective but observer-relative.

3. Macrostates feature in thermodynamic regularities.
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1. Indistinguishablility:

“One kind of physical property according to which sets

of microstates can be defined is distinguishability by a

given observer: in general, observers are unable to

distinguish between individual microstates, but can

distinguish between certain sets of microstates; and

each distinguishable set of indistinguishable

microstates forms a macrostate.” (p. 95)
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2. Observer-dependence:

“In general, different observers can distinguish

between different sets, and therefore macrostates are

relative to a given observer. This relativity is, however,

an objective fact about the physical correlations

between the observer in question and the world that is

being observed.” (p. 95)
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3. Thermodynamic regularity:

“Another kind of physical property of interest, shared

by microstates, is the one that gives rise to the

thermodynamic regularities. Certain sets of

microstates exhibit this particular kind of regularity: all

the microstates in these sets appear to satisfy the

same laws, described by the theory of

thermodynamics.” (p. 95)
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1. Thermodynamic regularity:
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2. Observer-dependence:
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3. Indistinguishability:
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3. Indistinguishability:
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I. Macrostates – triggering intuition

Some notations:

O: observer, S: system,
O + S: joint system

Phase spaces: XO, XS,
XO+S

Microstates: xO, xS,
x = (xO, xS)

Regions: BO, BS , B

Accessible region: A
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I. Macrostates – triggering intuition

Central idea:

Macrostates are emer-
ging via correlations
between the system S

and the observer O via
the accessible region
A.
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I. Macrostates – triggering intuition

One-to-one correlation:
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I. Macrostates – triggering intuition

Many-to-many correlation:
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II. Macrostates – a formal approach
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II. Macrostates – a formal approach

The maps Ao,As,Aos and Aso:
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II. Macrostates – a formal approach

The maps Ao,As,Aos and Aso:
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II. Macrostates – a formal approach

The maps Ao,As,Aos and Aso:
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II. Macrostates – a formal approach

The maps Ao,As,Aos and Aso:
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II. Macrostates – a formal approach

The maps Ao,As,Aos and Aso:
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II. Macrostates – a formal approach

Definition 1. Let {PA
O
, PA

S
}

be a pair of partitions of AO

and AS, respectively such
that

Aos[PA
O ] = PA

S

Aso[PA
S ] = PA

O

An element of PA
S

is called

a macrostate of the sys-
tem S relative to O with ac-
cessible region A.
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II. Macrostates – a formal approach

x ∼ x′: x is projectively connectible with x′:
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II. Macrostates – a formal approach

PA∼: a partition of A
which is compatible
with ∼: for any x ∈ B

and x′ ∈ B′ with B 6= B′

x 6∼ x′
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II. Macrostates – a formal approach

Definition 2. Let PA∼ be
a partition of A compatible
with ∼. Consider the pair of

partitions {PA∼

O
, PA∼

S
}. An

element of PA∼

S
is called a

macrostate of the system
S relative to O with acces-
sible region A.
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II. Macrostates – a formal approach

Proposition. Definition 1 and 2 of macrostates are
equivalent.
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III. Macrostates are observer-dependent
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III. Macrostates are observer-dependent

Joint systems:

O + S and O′ + S: two
observers separately
performing measure-
ments on S

O + O′ + S: two
observers jointly per-
forming measurements
on S.
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III. Macrostates are observer-dependent

Definition 3. Let {PA
O
, PA

S
}

and {PA
O′ , P

′A
S
} be two pairs

of partitions of AO, AO′ and
AS, respectively, such that

Aos[PA
O ] = PA

S Aso[PA
S ] = PA

O

Ao
′
s[PA

O′ ] = P ′A
S Aso

′

[P ′A
S ] = PA

O′

An element of PA
S

is called

a macrostate of the sys-
tem S relative to O within
the joint system O + O′ +

S with accessible region A.

(Similarly for P ′A
S

.)
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III. Macrostates are observer-dependent

Definition 4. Let
{PA

O
, PA

O′ , P
A
S
} be a triple of

partitions of AO, AO′ and
AS, respectively, such that

Aos[PA
O ] = PA

S Aso[PA
S ] = PA

O

Ao
′
s[PA

O′ ] = PA
S Aso

′

[PA
S ] = PA

O′

An element of PA
S

is called

a common macrostate of
the system S relative to
both O and O′ within the
joint system O +O′ + S with
accessible region A.
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III. Macrostates are observer-dependent

Scenarios:

Common partition

{PA
O
, PA

O′ , P
A
S
}

Separate partitions

{PA
O
, PA

S
} and {PA

O′ , P
′A
S
}

No (non-trivial) partition

{PA
O′ , P

A
S
}:
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III. Macrostates are observer-dependent

How do two observers take notice that their joint
measurement generates a common macrostate on S?
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III. Macrostates are observer-dependent

In case of a common
partition {PA

O
, PA

O′ , P
A
S
}

the measurement
outcomes of O and O′

will be perfectly
correlating.

However, perfect corre-
lation does not guar-
antee that there is a
common partition of the
joint system.
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Conclusions

Thermodynamic regularity

Observer-dependence

Indistinguishability
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I. Macrostates – triggering intuition

Many-to-many correlation with disjoint sets on the phase
space of O:
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I. Macrostates – triggering intuition

Many-to-many correlation with disjoint sets on the phase
spaces of O and S:
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I. Macrostates – triggering intuition

Inverse functions f−1 and g−1 “almost” partition the
phase spaces XO and XS:
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