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PLASMA

Plasma Shielding

Simple definition: 

a quasi-neutral gas of charged particles showing collective behaviour.

Quasi-neutrality: number densities of electrons, ne, and ions, ni , with charge state Z are locally 

balanced:   ne ≈ Zni

Collective behaviour: long range of Coulomb potential (1/r ) leads to nonlocal influence of 

disturbances in equilibrium.



Debye shielding

Mp/me~1836



Debye shielding 1
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The effect of potential – perturbing charge in a plasma are generally much 

shorter- range than in vacuum  because the charges in plasma tend to 

distribute themselves so as to shield the plasma from the electric field the 

perturbing charge generates. 

The effect can be deduced readily from Poisson’s equation by assuming, for 

example, that ions do not move but that electrons adopt a thermal equilibrium 

distribution in which electron distribution is determined by the Boltzmann 

factor: )/exp( ee kTeVnn =

n is electron density far from the perturbing charge where potential V is 

taken as a zero. Poisson’s equation is:
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If we suppose that eV<<kTe exponential term can be expressed by 1+eV/ kTe

and we obtain:
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Linear approximation just to understand problem, signs are roughly OK
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eV<<kTe,, exponential can be 

approximated by linear term➔
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In one dimension the solution indicates exponential decrease of potential

➔ perturbing effect of a charge will tend to penetrate into the plasma only 

to the distance of the order of the Debye length D

Linear approximation just to understand problem  
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For laboratory plasma with Te=1eV and ne=1011cm-3
➔ D=23mm

ne=1011cm-3
➔ “distance” between particles ~ 2mm;

For plasma with Te=0.001eV (~10K) and ne=1011cm-3
➔ D=0.7mm

For plasma with Te=0.001eV (~10K) and ne=107cm-3
➔ D=74mm
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Linear approximation just to understand problem  

ne=1011cm-3
➔ “distance” between particles ~ 2mm;



Potential of a Uniform Sphere of Charge
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In spherical symmetry Poisson’s equation gives (not in SI!):
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Applying the boundary condition that as r tends to infinity V must tend to zero gives B=0, 

V must tend to e/r as r tend to zero ➔
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The solution indicates exponential decrease of potential

➔ perturbing effect of a charge will tend to penetrate into the plasma only 

to the distance of the order of the Debay length D
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N – number of particles in debye sphere

Just rewritten

Ked elektron vleti do plazmatu, zmeni sa v jeho okoli rozlozenie elektronov, Vlastne dojde k vytlaceniu elektronov - energia na 

to potrebna je Nef a ta je prave rovna ~ kinetickej energii castice,  inak povedano plasma ma energiu nato, aby sa chovalo jak 

sa chova…. Zaujimave je, ze pokial pokladame ionty za nehybne, tak na umiestnenie elektronu treba energiu a pri umiestneni 

kladnej castice sa energia ziska…➔ Pri ionizacii fotonom a vzniku  +  a  – castice vlastne netreba ziadnu dodatocnu energiu… 

TO VSETKO MOZE BYT PRESNE NA FAKTOR 1-3… ale urcitu predstavu dava…

Dalo by sa to chapat aj inak: ionizujem casticu a potom  + a – vzdialim na vzdialenost D castice uz na seba neposobia … 

energia potrebna na separaciu bola e.e/ D vsetko samozrejme urobit v SI
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Ještě raz  ⚫ Stínění v plazmě

⚫ Ustanovení debyovského 
stínění

~Zi/r

~e-r/ld

ld
2 =0kT/ne2

sc(v) = 2∫ b db 
Problém srážek na velkou vzdálenost

f(r) = (Zie/40)/r *e
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Výpočet:
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at 1000K, n=4.8x1012m-3= 4.8x106 cm-3

ld=1 mm = 0.001m 

at 10K, n=1x1010m-3= 1x104 cm-3

ld~2 mm ~ 0.002m



Další kroky  



Debye lengths
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Další kroky  



Debyeho stínící vzdálenost  ◼ Debyeho stínící vzdálenost

◼ Potenciál kolem náboje v plazmě.

Df= - 1/0 eSZini

Plazma 

Df= - 1/0 (Z1n1 + Z2n2)

Uvážíme-li, že koncentrace jednotlivých složek plazmatu jsou dány

Maxwellovým-Boltzmannovým zákonem:
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Debyeho stínící vzdálenost
◼ Debyeho stínící vzdálenost. 

◼ Debyeovský poloměr

Df= - e/0 {(Z1n10 + Z2 n20) –f(Z1
2 e n10/kT1 + Z2

2 e n20/kT2 )}

=0 = 1/ld
2

Df = f/ld
2

Vzhledem k symetrii problému… kolem bodového náboje.
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Debyeho stínící vzdálenost
◼ Shrňte, co se od účastníků očekává – pochopit, co je plazma. 
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For quasineutral plasma, 

n10= n20= n/2= with T1=T2 we obtain 
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Debyeho stínící vzdálenost ◼ Jiný pohled
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For quasineutral plasma, 

n10= n20= n/2= with T1=T2 we obtain 
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It is equivalent to condition ef<<kT

The problem is that b0 is for individual collision

ld is for many particles...

ND je počet částic v „debayove sféře“
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Převod jednotek, plazmatický parametr

◼ kT~1eV ➔T=11600K

◼ 300K ➔kT~25.8meV, 3/2kT=38.8meV

◼ 1eV ~8065.5cm-1

debyeovo stínění platí jenom tehdy, pokud Nd>>>1
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Plazmatický parametr;

U(r)<<kT

r3~1/n

Ideální plazma --- potenciální energie častíc je << kinetická energie

g=ne6/(kT)3<<<1

g=plazmatický parametr

Debye-Hückel radius



Oscilace plazmatu ◼ Pozor jiné jednotky
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Electron plasma frequency
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ne(r,t)=n0 + n’e(r,t)



Vlastní oscilace a srážky ◼ Pozor jiné jednotky
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Podmínka ideálnosti plazmatu 

Many types of collisions …..
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Zvláštnosti coulombovského rozptylu  
◼ Coulombovský rozptyl

◼ Coulombovský logaritmus

Základy klasické a kvantové fyziky plazmatu

„Velký Kracík“

J.Kracík, B. Šesták a L. Aubrecht

Academia Praha 1974



Zvláštnosti coulombovského rozptylu  
◼ Coulombovský rozptyl

◼ Coulombovský logaritmus

ln(E.kinetická/E.potenciální)
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Už jsme ukázali, že platí….



Další kroky  

Fdp/ Fbp~L>>1
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Závislost na teplotě  

kl - klasický

kv - kvantový
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Další kroky  
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Rozdělovací funkce  
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Počet částic v r,v,t  v objeme drdv



Odvození Boltzmannový rovnice  

 

BBGKY rovnice aplikace na s=1, s=2



Další kroky  



Plasma 
frequency



Plasma 
properties



https://en.wikipedia.org/wiki/Debye_length



In space plasmas where the electron 

density is relatively low, the Debye length 

may reach macroscopic values, such as in 

the magnetosphere, solar wind, 

interstellar medium and intergalactic 

medium. See table:



Další kroky  



From NRL Plasma Formulary (very useful)
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Plasma Science:  Advancing Knowledge in the National Interest (2007), National Research Council,  

http://books.nap.edu/openbook.php?record_id=11960&page=9

Wide range of possible plasma parameters.

Plasmas above the line marked “Uncorrelated-Correlated” correspond to L >> 1

http://books.nap.edu/openbook.php?record_id=11960&page=9


Stínění v plazmě  ◼ Stínění v plazmě

◼ Ustanovení debyovského stínění

~Zi/r

~e-r/ld

ld
2 =0kT/ne2

v2~kT/me

ld
2 =kT/me * 1/w0e

2 = v2 /w0e
2 

sc(v) = 2∫ b db 

Problém srážek na velkou vzdálenost

f(r) = (Zie/40)/r *e
-r/ld



Zvláštnosti coulombovského rozptylu  
◼ Coulombovský rozptyl

◼ Coulombovský logaritmus



Zvláštnosti coulombovského rozptylu  
◼ Coulombovský rozptyl

◼ Coulombovský logaritmus

ln(E.kinetická/E.potenciální)
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Další kroky  

Fdp/ Fbp~L>>1
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Závislost na teplotě  



Rozdělovací funkce  
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Počet částic v r,v,t  v objeme drdv



Odvození Boltzmannový rovnice  

 

BBGKY rovnice aplikace na s=1, s=2



Další kroky  



184 Molecules – June 2015

Tom Millar – TIARA Astrobiology Workshop, June 2015



Ještě raz  ◼ Stínění v plazmě

◼ Ustanovení debyovského stínění

~Zi/r

~e-r/ld

ld
2 =0kT/ne2

sc(v) = 2∫ b db 
Problém srážek na velkou vzdálenost

f(r) = (Zie/40)/r *e
-r/l

d

Výpočet:
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ld=1 mm = 0.001m at 1000K

n=4.8x1012m-3= 4.8x106 cm-3

at 10K, n=1x1010m-3= 1x104 cm-3

ld~2 mm ~ 0.002m



Další kroky  



Debyeho stínící vzdálenost ◼ Jiný pohled
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For quasineutral plasma, 

n10= n20= n/2= with T1=T2 we obtain 
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It is equivalent to condition ef<<kT

The problem is that b0 is for individual collision

ld is for many particles...

ND je počet částic v „debayove sféře“



Debyeho stínící vzdálenost ◼ Jiný pohled
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For quasineutral plasma, 

n10= n20= n/2= with T1=T2 we obtain 
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It is equivalent to condition ef<<kT

The problem is that b0 is for individual collision

ld is for many particles...

ND je počet částic v „debayove sféře“



Plasma Shielding
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Plasma Formulary



Weak-coupling between nearest neighbor 

particles in a plasma
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(T usually measured in energy units in plasma physics, so Boltzmann’s constant kB=1)
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FACM 2010

Debye Length

• Charged particles rather than neutrals 

Electrons: e-
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Debye Length

• Quasi-neutrality: nearly equal number of oppositely charged particles

Electrons: e- Ions: H+
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Debye Length

• Pick out a distinguished particle

Electrons: e- Ions: H+
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Debye Length

• Debye length = range of influence, e.g., for single electron 

Electrons: e- Ions: H+

λD
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Debye Length

• In neighborhood of an electron there is deficit of other electrons, 
suplus of positive ions

Electrons: e- Ions: H+
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Debye Length

• Replace positive charged particles by continuum, for simplicity

Electrons: e- ;  test particle    ; Ions: 

smoothed
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Debye Length: Derivation

• Distribution of electrons and ions 
– charge q; temperature T; dielectric coeff ε0;

– potential φ, energy is  -q φ

– electrons in Gibbs distribution (in space) 

– Uniform ions distribution 

• Poisson equation (linearized)
– Single electron at 0

• Solution

With length scale  λD = Debye length:
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Interactions of Charged Particles 

in a Plasma
• Plasma parameter g = (n λD

3)-1 

– Plasma approximation g<<1

– Many particles in a Debye sphere

– Otherwise, the system is an N-body problem

• Long range interactions 
– r > λD          (λD =  Debye length)

– Individual particle interactions are not significant

– Interaction mediated by electric and magnetic fields

• Short range interactions
– r < λD

– Coulomb interactions
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