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Discussed last time...

» Dielectric permittivity for homogeneous Maxwellian plasma:

1 oo exp(=t?)
ﬁf_oo ———dt

» Function M(zv2) = z-¢(z) and its asymptotic

» Plasma dispersion function ¢(z) =

» Longitudinal dielectric permittivity €' (w, k) = 1 + Za Zv {1 — H( - )}

Ta kvrq

» Transverse dielectric permittivity ¢ (w, k) =1-3, w:;‘;‘ - 11 (k;‘) )
Ta

» Longitudinal plasma oscillations in static limit = Debye shielding
» Transverse waves in static limit - anomalous skin-effect
» High frequency longitudinal waves - Landau damping

» Not discussed:

o Longitudinal waves: intermediate frequency range - ion-acoustic waves
in nonisothermal plasma

o Transverse high frequency waves in plasma
- Degenerate plasma (Fermi distribution)

- QOscillation and waves in degenerate collisionless plasma:
- High frequency plasma waves and zero-point sound




Dielectric permittivity for homogeneous
Maxwellian plasma
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Transverse waves, high frequencies
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High frequency longitudinal waves
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Longitudinal oscillations, short wavelengths
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Longitudinal waves: intermediate frequency range
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Longitudinal waves: intermediate frequency range
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Longitudinal waves: intermediate frequency range
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Longitudinal waves: intermediate frequency range
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Longitudinal waves: intermediate frequency range
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Longitudinal waves: intermediate frequency range
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Longitudinal waves: intermediate frequency range
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Longitudinal waves: intermediate frequency range
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Longitudinal waves: intermediate frequency range
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Longitudinal waves: intermediate frequency range
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Dielectric permittivity for degenerate plasma

Homogeneous isotropic degenerate plasma:

Y k)—1+z o’ fd* (K9)" (9o
SR gowk? P w— kv \ 9
a

N 2
2 -
¢ (a)’k) 1 +22€Oa)k2 dp w — Eﬁ aga
a

2

+ Fermi distribution function fy,(€,) = frg = —22L
exp( KT o 06)+1
05
. T~ |:> |
0 2 4 ~p

Ofra) _ 2
<a£a> ~ (2mh)3 6(&q = Era)

_pra’ _ BuP)PPRN
C 2m, 2m,

gFa

17



Longitudinal dielectric permittivity for
homogeneous degenerate plasma
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Vra =

Longitudinal dielectric permittivity for
homogeneous degenerate plasma
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Transverse dielectric permittivity for
homogeneous degenerate plasma
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Dielectric permittivity for homogeneous
degenerate plasma
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Longitudinal dielectric permittivity for
homogeneous degenerate plasma: static limit
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High frequency plasma waves in the
collisionless degenerate plasma
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High frequency plasma waves in the
collisionless degenerate plasma
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High frequency plasma waves in the
collisionless degenerate plasma: krp,* > 1

3w 1 w w + kv
] _ 1 z pa - Fa l _
£ (@, k) * k?vp,? Zkvpalnw—kvpa ‘ e(wk)=0

w .= VFa
Do =
E > vpe, Upl' “ \/§wpa

swk)=1+ 1—= In

1 w w + kvg, _ 0
2kvp, o —kvpg|

k?1pe?
1 w w + kvp, W

k?rpe? +1—= In =0 B =
be 2kvp, o — kvpg KVpq

2k%rp,2 +2 = Bln

B = 1 + & e_ZRZTDBZ_Zz(i) ~ E
2

B+1
1 -
——=»1 [ B~l+.

25



High frequency plasma waves in the
collisionless degenerate plasma: krp,* > 1
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High frequency plasma waves in the
collisionless degenerate plasma

— = 1
2 kvg, " w — kvg,

3w
(wk)=1+—-L2

2 1 0w . o+ kvg,
k?vg,?

9 _ 2?2 2_
W? = Wye° [1 +§k2‘rD82] W = kvp, (1 + 2e72k"Tpe 2)

“zero-point sound”

Maxwellian plasma
w? = wye? (1 + 3k?1pe?) ~
Landau Damping

27



Summary

» Waves in homogeneous Maxwellian plasma:
> High frequency transverse waves w? = wy,,* + k*c?

> Short wavelength longitudinal oscillations (strongly damped) —— = Z — i /ZIn(kzrDez)

kvre ,Zln(kzrDez)

> Longitudinal waves: intermediate frequency range (vy; < = << Vr,):
g q y rang i <7 e

KTe

. . . _ . _ Ti .
ion-acoustic waves: w = kvg; vg = \/Z — {1 + BZTe} , damping

short wavelength:w = w,;, damping

» Dielectric permittivity for degenerate plasma
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> Transverse e (w, k) =1—Y, 30pa” [1 - (1 @ ) : (1 _19 ln“’+k”F“)]
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» Longitudinal waves in degenerate plasma

> Debye shielding rp, = %
pa

> High frequency longitudinal plasma waves w? = wy,* [1 + ngrDeZ] - no damping!
> High frequency short wavelength longitudinal plasma oscillations:
w = kvg, (1 + ZB_ZRZTDeZ_Z) - “zero-point sound”
»  Next:
> lon-acoustic waves in degenerate plasma
- Transverse high frequency waves in degenerate plasma, skin-effect

- General classification of waves in collisionless plasma
> Kinetic approach with pagrticle collisions
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