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Thermodynamic linite Saddle point them dynamic relations

Dependent variables The thermodynamic variables are NOT

independent There an 3 controlparameters U T P V N N the

other variables are enslavedto these If you add observables

e g magnetization M magnetic field h you can increase the

number of independent variables

Ensemble equivalence upon enforcing
the right relations the

microscopic origin
becomes irrelevant are can manipulate all

these quantities in dependentlyof their microscopic origin
The evil crime of thermodynamics
In the thermodynamic limit each observable can be expressed

using a wide range of variable
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Mathematically thesefunctions are all distinct but they yieldthe

same values think to the thermodynamic relations Nobody wants to

keep such a heavy notation and instead are writes

SCTVml S TVN S U V N assuming the thermodynamic

relaticshold The variables define the function But then

can correspond to many differentfunctions solution is to

write to saythat this is SIU V N and not

S T V N The notation is light but it makesmathematics

painful

The standardchain rule
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The modifiedchain rule

let us show that another type of chain rule exist thatreads
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S T N V an 4 variables and thus not independent We now

that S M N V which can be invented in M S N V

then T dossinul relates T S N V
ds

We write this as g T S N V o when g T S.MU

and we work at fixed v so that T S N are not independentanymore

their variations in deed have to satisfy dy o so that
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which one of the 3 factors entering me We can repeatthis for
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shows min

Multiplying by shows me

The dependency by the variables lead to useful butweirdframla

3 4 2 Thermodynamic relation

What are the tools that we can use tonavigate thermodynamics

chain rule modified standard

the 1ˢᵗ law du Tds pdutuan ds IV dn

relates the change in energy entropy to changes in extensive

variables

Comments We can use this to change variables

If we want MIT v M we need to get ridof ds SIT V N sothat

is it fl itflt
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Saddle points legend transform
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Extensivity
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Application Gibbs Duhen relation

Using cal firstlaw SDT VDP Ndu o

this relates ramations of intensive parmeters
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Very useful to capute the pressure

Maxwell relations

For cag function X A B C
on

8A
a c isé 8

a



E Es v n
t 8 s.vn Eats E a u

Applications Numberfluctuations compressibility

Grandconcical Atfixed VAT CN AT 85ᵗʰ
How can we measure the right hand side By relating it

to masmable observables so 1 k I the capusibility

modified chain rule at fixed t

n v flat flat
Extensivity N X y.tl X N Unit 111 N

u so

Standard chainrule V g n t V PM N T N T

E a flat flat
Gibbs Duhan
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Outlook Heatengines

With all these tools formalism one can now study whathappens

when transformations are brought to a system

In the canonical ensemble energy is exchanged with a thermostat

thatmay not solely happen throughwah Heat EQ de dw

Whenthe process is slow the system remains in equilibrim and

d E Tds pdr Tds dw we find da Tds

Studying these transformations from a microscopic perspective is

the goal of stochastic thermodynamics An important application

is the study of heat engines thermodynamics book


