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Consistency with microcanonicalensemble
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1ˢᵗlaw Is this caristentwith thefirstlaw
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we also know that F E TS d F dE Tds Sdt c

1118111 de Tds Pdr which is consistentwith the 1ˢ ltaw
that we derived in the microcanonical ensable



Summary

For finite systems micro cano ensembles are very different

just think about the fluctuation of E

As N no the concentration of measures leads to an ensemble equivalence

The thermodynamic potentials laws thatone can define in each

ensemble coincide upon relating conectly the controlparameters Hen

through

Conclusion Whatever ensemble
gan experiences lives in youcan use

your favourite ensemble to accent predict experimental result

provided you use the right thermodynami relation between

control parameters
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Pressure P E 1ft as in nino

San physics in bothensembles in the large N limit

3 3 The grand commicalensemble

3 3 1 Exchanging particles

let us now consider a system that can exchange particles

energy with reservanist
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Syst reserv.in microcanonialensemble Syst reservain in canonicalensemble
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Both routes are equivalent

Route repeat the micro sano derivation with a new variable

Here follow
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Wethen define the chemicalpotential of the reservoir v do

and the fugacity z em

One then finds the grand canonical distribution
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grand canonical partition fruition Q can be convenientlywrittenas
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Grand potential G GT IQ

3 3 7 Fluctuations large V limit
Nis now a fluctuating quantity whose statistics are controlledby µ
Since F is extensive u GE is intensive as the temperature

To take a large system limit we can only send V to N

Fluctuations of N
moment generating function N 9pm 138 Q

Using 8pm 8 38 N 38hQ 8ha
Cumulantgenerating function NY Em pG p 38,56
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Thetypicalfluctuation of N an much smaller thanits average value


