
Nonequilibrium 
Thermodynamics for  

one-dimensional 
system
Speaker: Ruiqi Dun

Supervisor: Prof. Federical Frascoli



content

• Nonequilibrium thermodynamics

a) State function

b) Thermodynamic potential equilibrium/nonequilibrium

• One-dimensional system

a) convenience

b) challenge



Classic nonequilibrium thermodynamics

1) Equilibrium, state function
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Classic nonequilibrium thermodynamics

1) Equilibrium
−𝑆 = 𝑓(𝑃, 𝑇)

𝑉 = 𝑔(𝑃, 𝑇)

𝑑𝐺 = 𝑓𝑑𝑇 + 𝑔𝑑𝑃
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(𝑆, 𝑉) → (𝑃, 𝑇)

Isolated unitary System 
in equilibrium 

Gibbs function

Thermodynamic 
potential 

𝑑𝐺 = −𝑆𝑑𝑇 + 𝑉𝑑𝑃

(𝑃, 𝑇) → (𝐸, 𝑉)

Isolated System in 
Equilibrium 



𝑆𝑡𝑜𝑡𝑎𝑙 = 𝑆𝑠𝑚𝑎𝑙𝑙 + 𝑆𝑚𝑒𝑑𝑖𝑢𝑚

𝑆𝑚𝑒𝑑𝑖𝑢𝑚 =
−𝐸𝑠𝑚𝑎𝑙𝑙 − 𝑃𝑉𝑠𝑚𝑎𝑙𝑙
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Medium with fixed temperature 
and pressure

Energy 
transfer 

Small system 

(𝑃, 𝑇) → (𝐸, 𝑉)

Isolated  System in 
equilibrium 

𝐺 ↓

Volume 
transfer 
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2) Nonequilibrium

𝑇1 𝑇2

𝑥

Temperature distribution 𝑇(𝑥)

𝐺 = න𝑔 𝑇 𝑥 , 𝑃 𝑑𝑥

thermodynamic potential is additive in nonequilibrium system. 

ሶ𝐺 = 0 → ሶ𝑆 > 0

Steady state corresponds to 
extremum of entropy production. 

𝐺 𝑇, 𝑃 ∝ 𝑉 𝑔 𝑇, 𝑃 = 𝐺/𝑉



The framework of  
nonequilibrium 
thermodynamics 

State function 

𝑑𝐺 = −𝑆(𝑇, 𝑃)𝑑𝑇 + 𝑉(𝑇, 𝑃)𝑑𝑃

Thermodynamic 
potential(minimum or maximum) 

𝐺(𝑇, 𝑃)

Local thermodynamic 
equilibrium (minimum 
loss or production) 

𝐺 = න𝑔 𝑇 𝑥 , 𝑃 𝑑𝑥

The validity of the 
three components in 
one-dimensional 
system 



Convenience

𝑑𝐺 = −𝑆(𝑇, 𝑃)𝑑𝑇 + 𝑉(𝑇, 𝑃)𝑑𝑃
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Vander Waals equation

………

Lennard Jones 
potential

Mean field approximation 
is much more applicable



Challenge
1) Slow convergence, sensitive to initial states 

Boundary region for N-dimensional cube 

2𝑁
휀

𝑙

𝑙

휀 𝐺𝑖𝑛 = 𝐺𝑜𝑢𝑡



Challenge

2) Semi-one-dimensional system 

There is no pure one-dimensional



Thank you
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