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Discussed last time...

» Properties of the complex dielectric permittivity
> Simplest model: ¢! = (1 — “’w—’”zz)

» Flelds of particles in the dispersive media:
- Static E-field of a charge q:
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- E-field of the fast particle = energy losses

iw kik; k28;; — kik; .
2 )2 ll — — 2 z_Uz trl : JOJ(w'k)

gok? |(w?et(w, k) k?c? —w?e" (w, k)

Ei((,(), l_é) - —




Energy of the EMF in the medium
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Energy of the EMF: plane waves
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Energy of the EMF: plane waves
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Energy of the EMF: plane waves
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For medium in thermodynamic equilibrium!




IC Waves
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Energy of the EMF
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Slowly varying in time
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Energy of the EMF: nonmonochromatic waves
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IC waves
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Energy of the EMF
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(Brillouin, 1921)
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Average energy of the EMF in the medium w/o absorption
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Energy of the EMF: nonmonochromatic waves
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Homogeneous isotropic medium: el-j(w, k)




Average force in inhomogeneous plasma

Average force affecting the plasma in the inhomogeneous high-frequency field - ?

gj(w k) = & (w,k,ng) - function of the plasma density n,

Density variation = variation in eij(w,ﬁ) - EMF energy variation
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Average force in inhomogeneous plasma
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Miller force
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Ponderomotive (Miller) force:
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Initial and boundary value problems

Electromagnetic waves in medium-> dispersion equation (eigenvalue problem):
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Initial Value Problem (IVP): Boundary Value Problem (BVP):
wy (k) - eigen frequencies k,,(w) - eigen wave vectors
at t = 0 perturbation by external local perturbation (at # = 0) - by external
source, then (t > 0) it is switched source = propagation of the signal in
off = medium response? the medium?
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Initial value problem
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Assumptions:
* ReA(w, k) > ImA(w, k)
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ImA(a) E) <0 - damping decrement
1© é=— L
dRe/A(w, k)

>0 - instability increment (non-equilibrium medium)
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For equil. medium
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Initial and boundary value problems

Initial Value Problem (IVP):

Boundary Value Problem (BVP):
wy, (k) - eigen frequencies k,(w) - eigen wave vectors

op = Im(wy) < ? > Im(kg)
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>0 —>forward wave with positive dispersion

<0 - backward wave with negative dispersion
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Kramers-Kronig relations for &€

Ey(,F) = — fw kik; k?8;j — kik; () Electric field in the isotropic medium
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\ v ]
Medium response functions Jo = casualty principle 2 E
1 : : :
(0K and K202 —Zet (k) —> analytical functions in the upper half of the complex w-plane

They should satisfy the Cauchy Theorem for an analytical function x(w)
0= gﬁ, X(w Jdwr _ V. P. foo X’ )iw’ i x(w)

w'—-w
L 1
—__1 1 1 “el(w k)
x(w) = -1 —1=—v.?.f = do’
el(@io el(w, k) im w W —w @
1 1 T el (w, k)
R —-1==V.2.

ee’(w,k) T e W —w

1

o Rer—s— 1
—1——17?] @) 4y
® —
17




Summary

v

Energy of EMF in the medium
» Anti-Hermitian part of ¢;;(w, k) = energy dissipation
Plane wave in the isotropic medium:

o Im " (w, k )>0 - for thermodynamic equilibrium

» Inhomogeneous plasma/wave:
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o nonmonochromatic waves = ~

— 2
- ponderomotive (Miller) force ~V|E|
» Initial and boundary problems
» Kramers-Kronig relations for ¢;;(w, k)

» Next: Plasma dynamics
- Simplest model = single particle approximation
> The hydrodynamic model

Kinetic equations with self-consistent field (Boltzmann-
Landau, Fokker-Plank, Lenard-Balescu, BGK) 18




