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The damping and/or attenuation of small amplitude fluctuations of the
equilibrium takes place over characteristic length and time scales.
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ind shielding, . ..

The initial equilibrium: E,=0 Neo =2 Njo = Ny kpT.; kpT;

where we introduce an small perturbation in the electric charge,
0psp = €[ni(r) —ne(r)] | and Ei(r) represents the perturbed electric field.

5pext + 5psp
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The field E(r) is governed by the Poisson equation, V- -E =

6901(1‘)>

V-Ei = L5(r) + Z[ni(x) — ne(r)]) where, no(r)=1a, exp (i kpTa

Small amplitude perturbations of the charge/electric field means that the thermal
energy [e ¢@(r)| dominates over the electrostatic energy ksT
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The perturbations of the electric charge and/or

plasma potential decay in space with an exponential
rate governed by Ap

The Debye length accounts for thermal effects, the
size ~Ap of the perturbed region increases with ksT

This is a linearization only valid whereas,

Plasma Potential ¢(r)

| We deal with a non linear
< Poisson equation otherwise,
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. Appfoximate magnitudes in typical plasmas, .. [ | [

Plasma ne (cm?3) | KgTe (eV) |  Ape (cm) foe (Hz) NeADe>
Interstellar gas | | 700 6,0 x| 0* 4 x|08
Solar corona 10° 100 0,2 2,0 x|0? 8 x|0°
Solar atmosphere

, |04 I 7,0 x|0- 6,0 x|0'! 40
Gas discharge
jRsamak 10'4 10* 2,0x103 | 2,0x%102 | 6x]08

Values from NRL Plasma Formulary 2007.This practical reference could be

downloaded for free at; http://wwwppd.nrl.navy.mil/nrlformulary/
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Again the initial equilibrium: E, =0 Neo = Njo = Ny  kpTe; kpT;

* lons < Electrons and we consider a one small perturbation of the
Equilibrum o =0 O ="€Ny5x electric charge in one dimension as in the figures,
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that defines the electron/ion plasma frequencies,
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In order to shield out the electric field perturbations a minimum number of charges

are required inside a sphere of radius Ap. This defines the plasma parameter Np for
ions and electrons,

upling parameters, ...
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Npe = ?ﬁ Mo A, kpTe > kpT; ADe > ADj Npe > Np;

The plasma parameter is closely related with the coupling parameter [ c the ratio
between thermal and electrostatic energies.
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Codﬂfiﬁg,parameter, -

For the coupling parameter we also have,
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Description Plasma parameter
Limits I'c >>1 (Np << 1) ['c>>1 (Np >>1)
Coupling Strongly coupled Weakly coupled
Debye sphere Sparsely populated Densely populated
Electrostatic influence Strong Weak
Characteristic Cold and dense Hot and diffuse
Laser ablation plasmas | :
: , onospheric plasmas
Inertial fusion M ic fusi :
Examples exberiments agnetic fusion experiments
P P S |
White dwarfs Elactri szie ﬁ asmasl
Neutron stars ectric discharge plasmas




We consider the plasma electrons

B = B,(z,t)u, oB
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We also have,
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and the equation of motion for electrons

the so called skin depth of London characteristic length
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The magnetic field exponentially decreases in the plasma along . Wpe




The force experienced by electric charges in this course (hon-relativistic),

0526,7: Fo = qang (E+Va/\B)

this gives the cyclotron frequency, €, = ¢o B1 /m4s and using the

perpendicular speed to the magnetic field lines we obtain the Larmor radius
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Low pressure discharges
KT=1-3 eV, n= 108 cm?3

T — —

Solar corona .
KT~100 eV, n~10° cm? 3 Fusion reactor

/\ KT=10*eV, n=10'>cm3
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The black curves are
for neutral particles
and the red line is the
altitude dependent
electron density.

The sum of all different
ion densities n; equals
the electron density ne

Altitude {Km)

103 104 105 106 107 1l1.'l8

Density { part. /cm 3)

The ions are produced by the absorption by the neutrals of parts of the solar
radiation spectrum.The maximum rate takes place at the F| and F; peaks.



