
Boltzmann equation PFP Lecture 4A FIN 10 03 2025

I am sorry for English, Czech and Slovak language …  , ☺, ☺, …. 

Transport equation



Distribution functions

),,( tvrf


vdrfd


The number of particles with a 
coordinates r,v,t  in drdv

vdrdtvrf


),,(

Particle concentration ),( trn


Mean particle velocity ),(0 trv


Flow of quantity y through 

unit area moving with velocity v0

== VfdVV


)(yy

Local average value

of function g(r, v)



Derivation of the Boltzmann equation

BBGKY equation application for s=1, s=2

Taylorova rada pre funkciu G

Na pohyb částic systému je možno se  dívat jako na 

kanonické transformace Jakobian transformace je 1 a proto je 

∫ dG  = ∫ drNdpN = const,

Fázový objem se nemění. Fázový objem se pohybuje jako nestlačitelná 

kapalina… proto můžeme napsat „rovnici kontinuity“
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Derivation of the Boltzmann Equation

 

BBGKY equations applied to na s=1, s=2

Taylor series - for function G

Na pohyb částic systému je možno se  dívat jako na 

kanonické transformace Jakobian transformace je 1 a proto je 

∫ dG  = ∫ drNdpN = const,

Fázový objem se nemění. Fázový objem se pohybuje jako nestlačitelná 

kapalina… proto můžeme napsat „rovnici kontinuity“
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G(A+X)-G(A)=XDAG



Velký Kracík

“volume” element

Number of particles

in an element

All such j-th particles 

hits the i-th particle at the origin

The i particles in the element is:

i

j
fj

fi
After the collision

leaves the element

A-
ij

A+
ij

Number of collisions 

= the number of particles that leave the drdvi element is:



Velký Kracík
Volume element

Počet částic v elementu

All such j-th particles 

hits the i-th particle at the origin

The i-th particle in the element is:

Number of precipitations 

= the number of particles that leave the element dridvi is :

Similarly, for the number of particles, 

that enter into the element

before collision

Inverse Process

after collision



“volume” element

Number of particles

in an element

All such j-th particles 

hits the i-th particle at the origin

The i particles in the element is:

i

j
fj

fi
After the collision

leaves the element

A-
ij

A+
ij

Number of collisions 

= the number of particles that leave the drdvi element is:



The Law of Conservation of Energy and Impulse

From Liouvill theorem it folows



Full text





Collision term – a deterrent example
(frightening)

But the result…..

◼ Some properties of the collision term

◼ Precipitation invariants

Collisional invariants



◼ Některé vlastnosti srážkového členu

◼ Srážkové invarianty 

Collisional invariants

Collision term – a deterrent example
(frightening)

But the result…..



Boltzmann's H-theorem special case
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No paradox - entropy is increasing



1.3 Gibbs' H theorem ◼ entropy

◼ Reversibility and Irreversibility Procedure

This means that the system does not evolve over time..... 

That is, an unequilibrium system can never reach a state of equilibrium.

Paradox - classical mechanics leads to a strictly reversible description, while nature 

behaves irreversibly. (?...) ...

S=-kH=-k∫PNlnPN,    kde H = ∫PNlnPN

dH/dt=0 dS/dt=0

Using Liouville's theorem, we obtaine the expression

Time evolution – entropion increases ...... System entropion increases, dS/dt>0

Boltzmann's H-theorem special case
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H

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S=-kH



Maxwel distribution function
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equilibrium

So we introduced T..?



Maxwel distribution function ◼ Potential field
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All this in 

balance

This only shows that it does not have an internal contradiction 

balance... thermodynamic equilibrium ???

In equilibrium – that is terribly strong

It is necessary to understand this so 

that we can use it???



Maxwell‘s distribution function ◼ Magnetic field
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i and j



◼ Potential field

0,0  Fr


0=

t
H


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=0 =0

All this in balance

This only shows that it does not have an internal contradiction 

balance... thermodynamic equilibrium ???

Balance … that's terribly strong

This must be understood in such a 

way that we can use it???

!!!

Maxwel distribution function

(No macroscopic movement)



Maxwel distribution function
◼ Potential field

0,0  Fr
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- f is standardized to n !!!

- f was derived with

assumption v0=0!!!

!!!!!!!!

(No macroscopic movement)



◼ Potential field

vxF>0

F<0
F=0

- f is standardized to n

f was derived under the assumption of v0=0  ➔ no macroscopic motion
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Maxwel distribution function

Ion trap



Keď my sme ešte boli Barbari
When we were still Barbarians 

22-pole trap 

10-300 K



The Reality of Everyday Life PFP 3A- 2025

End of story

EVERYDAY REALITY



◼ Potential field

0,0  Fr


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t
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
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- f is normalised to n !!!!

-f was derived under 

assumption v0=0!!!!

!!!!!!!!

no macroscopic movement

◼ Magnetic field

continuation

➔

Maxwel distribution function



Maxwell‘s distribution function ◼ Magnetic field
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◼ Potential field
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Force Field Potential F−= rF
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-f was derived under 

assumption v0=0!!!!

Maxwel distribution function



◼ Potential field

- f je normovaná k n

-f byla odvozená za předpokladu v0=0 ➔žádny makroskopický pohyb
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Maxwel distribution function



◼ Potential field
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F=0 …

F=0

FF TRAP

Density of trapped particles
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◼ Potential field
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Quo vadis domine

Maxwell's Transport Equations – Transfer Equations



Maxwell's Transport Equations – Transfer Equations

◼ Integration of B. equation 

◼ Relations between quantities

etc.

finta

◼ Multiplication of Boltzman
equation by function F i and 
integration over vi



Maxwell's Transport Equations – Transfer Equations
◼ Integration of B. equation 

◼ Relations between quantities

etc.

◼ Equation is general equation for F i and it is named Maxwell transport equation



Maxwell's Transport Equations – Conservation Laws

◼ Integration of B. equation 

◼ Relations between quantities

For i-th particles

For

For constants are the 

derivatives equal to zero

and we obtaine



Maxwell's Transport Equations – Conservation Laws

◼ Integration of B. equation 

◼ Relations between quantities

For i-th particles

Pro i-te částice ?

The law of conservation of number of 

particles



Maxwell's Transport Equations – Conservation Laws

◼ Integration of B. equation 

◼ Relations between quantities

For

The law of conservation of momentum

The law of conservation of energy

For

The law of conservation

of number of particles



Transport equations for plasma

◼ Plazma, assumptions
????

doesn't apply to 

discharges??

for electrons

Continuity 

equation 

for ionts

p~nkT



Transport equations for plasma ◼ Plazma, assumptions

Zmena hybnosti při zrážke ~ hybnost el.

The sum of momentum in the centroid, 

Just e and i

Light ball changes "relative speed"

for electrons



REALITY of everyday life PFP 4A- 2024



Transport equations for plasma

Change of momentum during collision

~ momentum of el.

The sum of momentum in the centroid, only e and i

Light ball changes "relative speed"

It is for mean speed values

We could understand this as particles of the ith 

kind of conservation equation... would apply

Change when switching to a neutral gas of 

different concentrations.... But equality in the 

change of momentum will remain... It's not 

trivial Tu je chyba

◼ Plazma, assumptions

Extreme caution must be exercised

In terms of confusion ➔ ion-neutral particle



Interpretation of the transport equation for plasma

◼ Movement of electrons in an electric field

eneE= nemeve/te

Je=eneve=(e2ne te/me) . E

conductivity

Electron-ion

Neglected ion velocity

Electron/ion plasma

Electron/ion/neutral plasma

Extreme caution must be exercised

In terms of confusion, ion-neutral particle
The important thing was that one is heavy and electrons are light.

ne

te=1/(collisional frequency)



Transport equations for plasma ◼ A more consistent 

solution

?

Currents would be preferable

eneE= nemeve/te



Transport equations for plasma – conductivity – generalized Ohm's law

plasma

CONDUCTIVITY 

In a magnetic field

CONDUCTIVITY in mag. field 

Elec. Cyklotrone 

frequency



Transport equation for plasma - conductivity

Conductivity and we don't even know EEDF..? Is it possible in general...? And what s(v) ??

cyclotron frequency,

It is characterising B

e

ee
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s

2

=
conductivity

I don't believe it.... But those conditions are probably different than the plasma in our lab....



Transport equation for plasma - conductivity

collisions and cyclotron frequency
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And what about s(v) ??

Extreme caution must be exercised

In terms of confusion, ion➔ neutral particle
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Equation for Drift

eneE= nemeve/te

??????



Transport equation for plasma - conductivity

collisions and cyclotron frequency
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And what about s(v) ??

Extreme caution must be exercised

In terms of confusion, ion➔ neutral particle
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REALITY of everyday life PFP 4A- 2024

The end of a fairy tale



Solution of B. equation

◼ Malý Kracík. 
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Solution of B. equation
◼ Malý a Velký Kracík. 
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We are looking for a solution in the form of

to express particle flows
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Lorentz approximation for a two-component system consisting 
of neutral particles 

and system of particles that have an electric charge....
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Solution of B. equation
◼ We are looking for a shape suitable for transport 

solutions....
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We're going to look for integrals like ....

We will show, for example, that..... ....



MATHEMATICS will be omitted
◼ Only mathematics.

(51,8b)
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Solution of B. equation ◼ We are looking for a shape suitable for 
transport solutions....
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Equation A

Attention, it was achieved according to Malý Kracík, the next is the equation according to Velký Kracík
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

d



Solution B. Decomposition into 
two equations ◼ Velký Kracík

◼ equations (A) a (B)

A

A*

Attention, VK has a differently defined function f

of vectors and scalars... from V

VK



Solution B. Second equation ◼ Looking for f0 a f1
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Collision term - beyond the reach of our approximation

◼ Search f0 a f1

◼ Integration of collision term

◼ Malý Kracík. 



Solution B. Decomposition into two equations ◼ Velký Kracík

◼ Rovnice (A) a (B)

A

B
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Držíme se Velkého Kracíka proto:

N

Elec. Cyklotrone frequency



Conservation Laws
◼ Vector mean values

◼ Scalar mean values

interpretation

pre =

iba na f0

iba na f1
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pre určitý tvar funkce 



REALITY of everyday life PFP 4A- 2024

The end of a fairy tale
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