
 

Pressure P QE 1ft PV Nhist as expected

Same physics in bothensembles in the thermodynamic limit
3 3 Thegrandcanonicalensemble

3 3 1 Changing ensemble

at us now consider open systems that can exchange partials
and energy with a reservoir
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Rant an equivalent in the limits of lage thermostat
reservoirs withfinite systems still large enough to neglect

interaction energy Here follow
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3.3.23 Fluctuations and large V limit
Nis now a fluctuating quantity setby the chemicalpotential

µ ftp Since FαN May9 1 intensivequantity

like the temperature
To take the large system limit we can now aly
send r to do keeping Tdu castant
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The typical fluctuations this scale as at a Vansans



as Vaso and the relative fluctuations of rare small
like those of E in the canonicalensemble

Large limit
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we start to see a lot of similarly looking relaxations that
are insistent themodynai relaxations

Proofofconsistency
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3 3 3 Thermodynamics

So far we have ignored the variationsof F S with a



dF 8tdvt E dit Edn pdr sattudn

as dv E det fan IV I d E IN

1ˢᵗprinciple dE TJS pdVtndn

geardpotentialG E TS.MN FUN
dG dF udN Nda Sdt pdr Ndu

Entropy 5 8 1 Pressure p _Of
in

All these definitions an consistentwith canonical microcanaical

ones in the large V limit

3.3 4 Ideal gas
Ideal gas
Grand partitionfunction Q E em 1

I 1 exp v21 e

Fugacity z eβM

Poc N K e
3 Poisson distribution of parameter

CNS 33
Makes sense for a man interacting gas
3 controls the average density 211
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Can also do S F etc consistentwith cama micro when V bo

3 4 Thermodynamics

3 4 1 Thermodynamic variables

3 extensive variables E V N 3 intensive ones T p µ
23 1 7 ensembleswith at leastoneextensive observable

All theseensembles lead to thermodynamicpotentials

1k f
Me

In the large size limit all ensembles leadto consistent thermodynamics

provided the variablesare related by the saddle paintrelations

e g 1 8 1 U T VN constrainsthe variables

F U TS the legendstraiform castrainsthepotentials

Thermodynamic variable are NOT independent
Experiments whatyou can measure thethermopotentialshave
Ensemble whatyou can predist therightconvexity properties


