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Mathematical derivation of macroscoprc ( thermodynamik)

propeiies of physical systems from unicroscoprcdesciphtrus .
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1 cm3 of iron has a

1023 atoms

Mic :
Individual atom with certain

states

Macron : Magnetigahon of
whole iron block

Ä I . E- atom with spin (many
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Ansatz ( Gibbs ,Boltzmann,
Maxwell 2nd half ertasten
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Conceiue macroscopic

states as probability measures
on micro states weh



2- Equilibrium

Macroscoprc systems
at equilibrium uüuimiges free energy
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3Phase Transition
-

Raghly , phase
transition we disconhinuihks of

macroscoprc systems under pwame.to changes
.

¥. Pwamagnetism vs Ferromagnetisch
Cousins iron block at high temperatur
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Low temperaturen
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spontanes magnetisches

first - oder phase transition (
Pierre Curie 1895)

Otho phusetransiions : e) Liquid -vapor transition

2) Base -Einstein
condeusawos
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3) Graudca.uonrcaheusem-i.me state is a

Gibbs measure of the form
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numbo of pwtrcles in
System

[ Hlw) plus) = U

[ Nlw)plus) = N ( expeckd numbuofpwhicles)

µ interpret as chemical potential or
external magnetic field .

Physics ( thermodynamik,
Quantum mechanics )
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HEE: | Statistics

neural networks

Game theory (euconowrrcs)
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ZOISINGMODELPwadigmahcmodet for naguehifahlou ( Lenz 1920, lag 25)
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the Hamiltonran ,

and

ftp.n-w?rze-Hn;Binlw '
the partition function .

Remote n) ß inverse Temperaturen
2) h external magnetic fieed

3) Ofter also clehhed
with open arpoiodrc

boundary Conditions .

Open : boundary interaction
are rgnored 1¥, h
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4) feromagnet smce spin
like to align



2- Magnetik
For weh weco-srduteetotalmagnehfalio-iutczdM.tw) - ¥ Wi and the

lnagnehizalrondensityffMehr) c- [-1,1] → Information on

average spin
direction

By symmetrie µ!µ . (1) = 0
I
Zero magnetic fieed .
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Reina i) Conceuhrawon on groundstates
2) No LLN
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