
Agenda: Kinetics and Transport in Multiparticle Systems

Dynamics of interacting multi-particle systems 

• Interaction energies
Dissipation via multiple scattering

• Probabilistic evolution 
Random walk and binomial distribution, limits
Master Equation &  Diffusion/Fokker-Planck processes

 Maxwell-Boltzmann equilibrium energy distributions
 Fluctuating (Langevin) dissipative forces
 

• Kinetics of dilute gases
Fundamental ideal gas laws, Equation of state (EoS)
Work and heat transfer 

 Flow of heat and radiation
 Laws of thermodynamics, thermodynamic ensembles

Reading 

Assignments

Weeks 3 &4

LN II.6, III.1: 

Kondepudi Ch. 9.6 

Additional Material

McQuarrie & Simon 

Ch. 3.1 -3.4

Math Chapters 

             MC B, C, D, 



ME @Dissipative Transport

fn(t) and fm(t) are the actual, instantaneous populations of cells n, m at time t.

Cell n receives population from all cells m with higher population and loses to 
cells with lower pops. Rate       depends on population difference

→ Mean rate slows when all               .  But instantaneous rate doesn’t vanish!

Animation: N=200 particle cluster f00=1(200), fxy=0, wnm=wmn,=const
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Cell populations after some time has elapsed? Dependence on transition 
probabilities wn→m and wm→n?  → Simplified model : wn→m = wm→n (time 

reversal invariance, quantum requirement)

( ) ( ) ( ) 
0

0
,

m n

n m n m n
m m n

f f
f t w f t f t

f ft





 
= − = 

 



m n
f f

Dimension
=1 

Expand
 to 2 D 

( ) ( )lim . (" ")
n n equt
f t f const equilibrium

→
= 

Average

( )n
f t t

Asymptotic 
Stationary state



Fokker-Planck Transport Equation

General trends in the evolution of  cell n population: 

1. overall stream of population away (or towards) cell = drift, 

2. diffuse broadening of stream envelope = diffusion, 
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Solutions to Fokker-Planck Equation

Time evolution of cell n population: 
Probability distribution fn has t-dependent bell-
shape, maximum around the mean, falling off 
sideways → Gaussian normal distribution
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Solutions to Fokker-Planck Equation

Time evolution of cell n population: 
Probability distribution fn has t-dependent bell-
shape, maximum around the mean, falling off 
sideways → Gaussian normal distribution
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Diffusive Transport: Diffusion Equation

Time evolution of cell population: 
Distribution fn on average stationary 
but broadens → model with Gaussian 

normal distribution
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Fick’s Diffusion Laws

Fluid dynamics for stream of N=const. particles➔ 

temporal rate of change in specific population 
f(x,y,z)=concentration c of volume element dV → 

total time derivative of population.

In general D(x,y,z) is anisotropic 3x3 tensor.
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Example: Cumulative Diffusion Flow
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Example: D for Hydrogen Diffusion in Metals
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H. Mehrer, 2007

Tracer= radioactive species 
(hydrogen isotope tritium 3H).

Apply thin tracer activity A on 
clean surface of Fe sample at 
x=0 @ t=0, sample @ 
temperature T → pulse @t=0 

Wait for t several hours, then 
section sample in x direction 
→ measure T concentration as 
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Lithium Diffusion In Silicon

Example of a pathway for the diffusion of a 
lithium atom (violet) in bulk amorphous 
silicon. The numbers label the (interstitial) 
equilibrium sites between which lithium hops. 
Crystal bond length b0 = 2.37 Å.
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Gas Diffusion/Permeation through Metals

Diffusion Tube

External diameter___ 1.0 mm (approx.)

Wall thickness .......... 0.075 mm

Heated length .......... 38.0 mm

W. Udo Schröder 2025

T
rn

sp
rt

 R
W

-D
if

f
11

D given as gas 
volume cm3 @ 
N.T.P. diffusing 
per second 
through 1 cm2 
surface @1 mm 
thick. Richardson 
Equ, for D(P,T)

Effect of Temperature on Rate of 
Diffusion/Permeation 

Table I—Hydrogen-Molybdenum

C. J. Smithells and C.E. Ransley (Proc. Royal Society, 1935) 

https://royalsocietypublishing.org/

Molybdenum Gas Diffusion Constant
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Experimental Magnitudes of Transport Coefficients
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Agenda: Kinetics and Transport in Multiparticle Systems

Dynamics of interacting multi-particle systems 

• Interaction energies
Dissipation via multiple scattering

• Probabilistic evolution 
Random walk and binomial distribution
Diffusion processes

 Maxwell-Boltzmann energy distributions
 Fluctuating (Langevin) dissipative forces
 

• Kinetics of dilute gases
Fundamental ideal gas laws, Equation of state (EoS)
Work and heat transfer 

 Flow of heat and radiation
 Laws of thermodynamics, thermodynamic ensembles

Reading 

Assignments

Weeks 3 &4

LN II.6, III.1: 

Kondepudi Ch. 9.6 

Additional Material

McQuarrie & Simon 

Ch. 3.1 -3.4

Math Chapters 

             MC B, C, D, 



Random Velocity Distribution

Particle velocities change differently 
through different collisions 
→ random speeds, random 3D directions

→ for all possible  
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Random Velocity Distribution

Particle velocities change differently 
through different collisions 
→ random speeds, random 3D directions

→ for all possible  
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Maxwell-Boltzmann Velocity Distribution

Particle velocities change differently 
through different collisions 
→ random speeds, random 3D directions

→ for all possible  
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( )4 2 2 2
kin B
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Maxwell-Boltzmann Velocity Distribution

Particle velocities change differently 
through different collisions 
→ random speeds, random 3D directions

→ for all possible  
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The Final State: Randomized Thermal Energy

Particles in gas volume collide continuously. Transfer of momentum and energy occur  
depending centrality of collisions (head on,……., grazing)  like  hard spheres. 

→ randomly fluctuating (“thermal”) “Maxwell-Boltzmann” kinetic-energy spectrum.

   (Ideal gas: internal U=  (kinetic energy), no potential energy  no interactions)
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Random (Thermal) Motion in Space

Particles in a gas move in different directions and at different speeds, 
colliding with one another often. Eventually, their positions at any given time 
are random. 

→ All available (accessible) space is visited by all particles (in due time). 

→                                     → Ergodic Theorem

Example: Motion in two dimensions 
of 300 non-interacting (ideal-gas) 
particles.

All particles move in random 
directions because of multiple 
collisions, which actually do occur 
but are not explicitly treated here. 

Every particle visits every one of 
the energetically equivalent cells.

Contrast: Collective motion.

../assets/videos/Rnd_Positions.avi
../assets/videos/Rnd_Positions.avi


Snapshot (time) = microscopic state of multi-particle system

Microscopic Particle Phase Space

Energy transfer to gas of independent particles in containment. 
By scattering or by incoherent (short  wavelength) radiation → chaotic motion of 
particles  in space → transferred energy is dissipated → not totally reversible 
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