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Content
• Introduction to transport phenomena

• Boltzman equation and the equation of change

• Enskog solution of Boltzman equation for a 
dilute system close to equilibrium

• Screened Coulomb potential: preliminary 
results for Yukawa liquid of C12

• Relevance to Neutron Star physics and 
computer simulations (Horowitz & Caballero)
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Boltzman equation for the particle 
distribution function: (phase space)

x

Vx = 0 : Liouville equation (no collisions)

=( ): Boltzman equation (binary 
collisions only)

Fundamental assumptions:

• Molecular chaos – no correlations

• Dilute system – encounters occur 
over a small fraction of molecular 
lifetime

Equations of motion → time evolution → operator 

σ(v-v`,θ)
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“Thermal Physics” Ch. Kittel & H. Kroemer

Equation of change for property ф

ʃ фdv =  n <Δф>

<Δф> = n-1 ʃ ф ( ) dv

ф



Enskog approximate solution of
the Boltzman equation

System assumed to be only slightly disturbed from the Maxwell 
equilibrium state (0):

=(0)+(1)+(2)+…

Boltzman equation: F[] = 0

F[] = F(0)[(0)] + F(1)[(0),(1)] + F(2)[(0),(1),(2)] + …

F(0)[f(0)] = 0 → Maxwell distribution

F(1)[f(0),f(1)] = 0 → first approximation

F(2)[f(0),f(1),f(2)] = 0 → second approximation

…



Classical vs quantum
transport cross-section

Quantum caseClassical case

•  – characteristic length for a potential

• = – dimensionless momentum variable

•  - quantum number for angular momentum 

• δl – partial wave phase shifts



= π b2



Statistics and Transport Integrals

λ(T) – thermal De-Brogie wavelength 



Diffusion and shear viscosity



Thermal conductivity

In order to calculate thermal conductivity one needs to invoke the 
virial expansion or other means to find specific heat capacity 



Results for C12 with V(R)→exp[-R/a]/R

dots: first approximation

line: second approximation
• “Low” temperatures

• Dilution parameter:  3 < 1

• Density independence

• Large number of partial waves

Ongoing work:

• Compare classical with     
quantum results

• Mixtures (multiple component)

• Study effects of magnetic filed

• + the virial gives η/s (T)

Honey ~ 10 Pa s



• Diffusion:

element segregation

• Viscosity:

rotation

seismic modes

• Thermal conductivity

cooling

temperature map

Classical molecular-dynamical 
simulations (Horowitz & 
Caballero) are to be compared 
with the Enskog approach for a 
dilute system with quantum and 
classical collision cross-sections, 
allowing a check of the low 
density regime of the system.

…to be continued
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