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Grandpotential

G ht V33

Prisms P hit 3g hit 2 Eos

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 relates the variables

F U TS the legendstraiform castrainsthepotentials

Thermodynamic initials are not independent
Experiments whatyou can measure thethermopotentialshave
Ensemble whatyou can predit therightconvexity properties



the evil crime of thermodynamics
In the thermodynamic limit eash observable can be expressed in terms

of differentvariables

Eg SLE VN Salt V N So T Vml
and we have seen that

So T VMl Sc T V N TMI Sm E tVal V N ItVial

Nobody want to write that But can referto 8 0

thatare differentfunctions so we need to do southing

Solutions E x y
mean we talk about S V XY ambiguous

Using a singleman makesnotation light computation difficult
So we havemany functions with the same man dependent variables let's

see how to dealwith this

The modified chainrule

Thermodynamics relations dependentvariables

e g F U TS atfixedT F O s are not i dependent

We can write this as g 0,5 F 0 where
g x y 3 x Ty z

dg o 8 du dstdf.tt 1

At fixed S F g M S F gsp.lu is a Id function



951

butalso 8g Inlet

Else du Igls lots s.FFls.tt

ilalyndof.lu 8 it s efflu.tosF 1

Els
this look like the way
chain rule
Also 8 e Fluit sit

Prof at fixed T dF do Tds 95 1 t t

The standard chain rule

Salt N V Sml E T V N N V thanks to LEEM

8 le.netElnv.Et.nWIiafthutitiiSmsinceEN van thevariablesObvious thatthis
is thecanonicals

in E en E an 8 in



Be careful with thefunctions the variables involved

3 4 2 Thermodynamic relations

How do we derive thermodynamiculatics
chain rule

the 1ˢᵗ law du Tds pdutudn ds dv 7dm
relate the change in energy entropy to change in extensivevariables

Comment We can use this to change variables If we want UCT V N
Weneed to get rid of ds ds Ifaudit ofu.tntdfrln.tv

doflaudt flu p du tflu.tv dn

Saddle point legendre transform

F U TS G U TS MN etc

fromthe ensembles

Extensivity

E IS IV XN E S V N alsowah for EHSdual
D E SUMI

8197 1

58 v.tvElsntN8En su
ECS.vNI

1ˢᵗprinciple In E ST PVMN



Similarly G T V N 1 7 G T V N

V89 t
GIT UM GPI

fastest way to compute P

Application Gibbs Duhen relation

Use 1 1 1stlaw Sdt Vdp Nda o

Relate variations of intensiveparameters

Maxwell relations

For any function A B C 8 8 4

With our notation all False
a

Ex Es yn
t Enls m Early Elvin

Application Numberfluctuations compressibility

Grand canonical

T V fixed CN's AT 0 1 how to measure thenb s

Modifiedchain rule
flu 8th flt n so Glen Fulton

Turity so standardcharult



ftp.t
measurable in experiments Compressibility kt I dfplt.nu

Maxwell relation to reexpressGp fit
variable

grandcanonial
variable

dG Sdt pdr Nda Of So

dfly sink kt 2 I kt canbereasured

Outlook With this you can look at transformations broughtto
egsters not simply their static properties i e how systemevolve

when the externalconstraints changes
Nowrelevantobservables

Leat Energy exchanged with the environment thatis not wash

dQ du dw du pduudN dQ TdS

Southing hard to understand precisely Statmchhelps canonical

disable energy exchange with the reservoir Actually work
doneby

the degreeof freedom ofthe thermostatoo

Study of transformationfrommicroscopic perspective stochastic
thermodynamics

Applications to heatengines thermodynamic books


