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Äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü ïëàçìû.

Ðàññìîòðèì áåññòîëêíîâèòåëüíóþ ðåëÿòèâèñòñêóþ ïëàçìó
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Ôóíêöèþ ðàñïðåäåëåíèÿ ïðåäñòàâèì êàê ñóììó ñòàöèîíàðíîé

îäíîðîäíîé ÷àñòè è ìàëîãî âîçìóùåíèÿ: fα = f0α + δfα,
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Ïðè îòñóòñòâèè âíåøíèõ ïîëåé E è B òàêæå ÿâëÿþòñÿ ìàëûì
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Äëÿ ãàðìîíè÷åñêèõ âîçìóùåíèé (∝ exp(ikr − iωt))
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Â òåíçîðíûõ îáîçíà÷åíèÿõ
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Òåíçîð äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè
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Åñëè f0α(p) = f0α(p) (èçîòðîïíûé ñëó÷àé), òî
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Äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü ïëàçìû â ïîñòîÿííîì

ìàãíèòíîì ïîëå
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Öèêëîòðîííûå âîëíû ïðè ïðîäîëüíîì ðàñïðîñòðàíåíèè
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Ïîêàçàòåëü ïðåëîìëåíèÿ öèêëîòðîííûõ âîëí.

Êî÷àðîâñêèé Âë. Â. (ÈÏÔ ÐÀÍ) Ëåêöèÿ 2 ØÑÀ'08 9 / 17



Äèññèïàòèâíûå ïðîöåññû

∂w

∂t
+∇ · (Sf + Sp) = −〈jextE〉+ q +

i

16π

(
∂ωε′′i j

∂ω

)(
∂Ei

∂t
E∗j −

∂E∗i
∂t

Ej

)
−

− iω

16π

(
∂ε′′i j

∂kl

)(
∂Ei

∂xl
E∗j −

∂E∗i
∂xl

Ej

)
.

w =
1

16π

[
B∗i (ω, k, t)Bi (ω, k, t) + E ∗i (ω, k, t)Ej(ω, k, t)

∂

∂ω
ωε′i j(ω, k)

]
,

S
f= c

16π
([E∗B]+[EB∗]), Spl=− ω

16π

∂ε′
i j

∂kl
E∗

i
Ej exp(2k′′r)

q =
iω

16π

[
ε∗ij(ω, k)− εji (ω, k)

]
Ei (ω, k, t)E ∗j (ω, k, t).
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k
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Çàòóõàíèå Ëàíäàó

Äëÿ ïðîäîëüíûõ âîëí â èçîòðîïíîé ïëàçìå

Q =
ωm

8π
Imεl |E|2,

Imεl = −4π2e2m

k2
df (p||)

dp||
ïðè v|| = ω/k .

×åðåíêîâñêîå ïîãëîùåíèå (ïðè v cos θ < vph) è

÷åðåíêîâñêîå èçëó÷åíèå (ïðè v cos θ > vph).
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Ðåëÿòèâèñòñêîå çàòóõàíèå Ëàíäàó ïðîäîëüíûõ âîëí
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Äëÿ ïîïåðå÷íûõ âîëí Imω ≡ 0.
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Ïåðåñå÷åíèå äèñïåðñèîííûõ âåòâåé. Àáñîëþòíàÿ è

êîíâåêòèâíàÿ íåóñòîé÷èâîñòü
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Ëèíåéíîå âçàèìîäåéñòâèå âîëí

Ìîíîõðîìàòè÷åñêèå âîëíû â íåîäíîðîäíîé ñðåäå îïèñûâàþòñÿ â âèäå

ñèñòåìû äèôôåðåíöèàëüíûõ óðàâíåíèé ïåðâîãî ïîðÿäêà:

e′ = −iTe.

Çäåñü ÷åðåç e îáîçíà÷åí N-êîìïîíåíòíûé âåêòîð-ñòîëáåö êîìïëåêñíûõ

ïîëåâûõ ïåðåìåííûõ Aα(α = 1,N); êâàäðàòíàÿ ìàòðèöà T = T (ζ)
îïðåäåëÿåòñÿ ëîêàëüíûìè ñâîéñòâàìè ñðåäû. Øòðèõ îáîçíà÷àåò

äèôôåðåíöèðîâàíèå ïî áåçðàçìåðíîé ïðîñòðàíñòâåííîé ïåðåìåííîé

ζ = k0z .

Îïðåäåëèì äëÿ ìàòðèöû T â êàæäîé òî÷êå ñðåäû ïîëíóþ ñèñòåìó

ñîáñòâåííûõ âåêòîðîâ ei � íîðìàëüíûå âîëíû, äëÿ êîòîðûõ eie
∗
i = 1,

è èõ ñîáñòâåííûå çíà÷åíèÿ - ïîêàçàòåëè ïðåëîìëåíèÿ ni ñ ïîìîùüþ

óðàâíåíèÿ

Tei = niei .
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Ëèíåéíîå âçàèìîäåéñòâèå âîëí

Âîñïîëüçóåìñÿ êàíîíè÷åñêîé çàìåíîé

e =
N∑
i=1

fi ~Ei , ~Ei = Φiei ,

è ïåðåéäåì ê óðàâíåíèÿì äëÿ êîìïëåêñíûõ àìïëèòóä

âçàèìîäåéñòâóþùèõ âîëí

f ′i + ini fi =
N∑
i=1

aij fj , aij = −~E ′j · ~E i∗.

Ïðè ïåðåõîäå èñïîëüçîâàíà âçàèìíàÿ (ê ~E) ñèñòåìà âåêòîðîâ
~E i∗, ~Ej · ~E i∗ = δij . Ìíîæèòåëè Φi îïðåäåëÿþòñÿ èç óñëîâèÿ

aii ≡ −~E ′i · ~E i∗ = 0.
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Ïîëÿðèçàöèîííî-ñïåêòðàëüíûé àíàëèç èçëó÷åíèÿ

êîñìè÷åñêèõ îáúåêòîâ

Ìåòîäû èçìåðåíèÿ ìàãíèòíîãî ïîëÿ:

Êðóãîâàÿ ïîëÿðèçàöèÿ èçëó÷åíèÿ

èç-çà ðàçíèöû â îïòè÷åñêèõ

òîëùèíàõ äëÿ íåîáûêíîâåííîé è

îáûêíîâåííîé âîëí.

Çååìàíîâñêîå ðàùåïëåíèå

ðåçîíàíñíûõ ëèíèé: ëèíåéíîå

äëÿ B < 20ÌÃñ, êâàäðàòè÷íîå

äëÿ B > 20ÌÃñ.

Îòîæäåñòâëåíèå öèêëîòðîííûõ

ëèíèé.

Òåìïåðàòóðà è ìàãíèòíûå ïîëÿ ìàãíèòíûõ áåëûõ êàðëèêîâ.

Çàêðàøåííûå òî÷êè äëÿ âîäîðîäíûõ áåëûõ êàðëèêîâ, ïóñòûå äëÿ

íåâîäîðîäíûõ èëè ñìåøàííîãî òèïà (Liebert (1995)).
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Öèêëîòðîííûå ëèíèè

Ñëåâà � öèêëîòðîííàÿ ëèíèÿ âáëèçè 28.5keV â òðàíçèåíòíîì ïóëüñàðå

X0331+53 (Makishima et al. (1990)). Ñïðàâà � öèêëîòðîííûå

îñîáåííîñòè â ñïåêòðå ïîëÿðà VV Puppis (Visvanathan ans

Wickramasinghe (1979)).
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