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1. à) Ïîêàæèòå, ÷òî ñïèíîâûå ñóììû äëÿ ýëåêòðîíîâ íà íóëåâîì óðîâíå Ëàíäàó
(ìàãíèòíîå ïîëå íàïðàâëåíî âäîëü îñè z) âûãëÿäÿò êàê ρ(p) =

(
(pγ)‖ +m

)
Π−, ãäå

Π− = 1
2
(1− iγ1γ2), à (pγ)‖ = p0γ0 − p3γ3.

á) Ïîêàæèòå ÷òî äëÿ äâóõ ïîëÿðèçàöèé ôîòîíà Tr
[
ρ(p′)ε

(o)
µ γµρ(−p)ε(o)ν γν

]
= 0,

Tr
[
ρ(p′)ε

(e)
µ γµρ(−p)ε(e)ν γν

]
= 4m2, ãäå âåêòîð ïîëÿðèçàöèè (e)-ìîäû íàïðàâëåí ïà-

ðàëëåëüíî ìàãíèòíîìó ïîëþ, à (o)-ìîäû � ïåðïåíäèêóëÿðíî.

2. Èñïîëüçóÿ ýôôåêòèâíûé ëàãðàæèàí Ýéëåðà-Ãåéçåíáåðãà, íàéäèòå äèñïåðñèîííûå
ñîîòíîøåíèÿ äëÿ äâóõ ïîëÿðèçàöèé ôîòîíà (÷àñòîòà ôîòîíà ω � me) âî âíåøíåì
ñëàáîì ýëåêòðè÷åñêîì ïîëå. Ñ÷èòàòü, ÷òî ôîòîí ðàñïðîñòðàíÿåòñÿ ïåðïåíäèêó-
ëÿðíî ïîëþ.

3. Èñïîëüçóÿ ýôôåêòèâíûé ëàãðàæèàí Ýéëåðà-Ãåéçåíáåðãà, íàéäèòå äèñïåðñèîííûå
ñîîòíîøåíèÿ äëÿ äâóõ ïîëÿðèçàöèé ôîòîíà (÷àñòîòà ôîòîíà ω � me) âî âíåøíåì
ñëàáîì ìàãíèòíîì ïîëå. Ñ÷èòàòü, ÷òî ôîòîí ðàñïðîñòðàíÿåòñÿ ïåðïåíäèêóëÿðíî
ïîëþ.

4. Íåëèíåéíûå óðàâíåíèÿ Ìàêñâåëëà.

à) Âûïèøèòå óðàâíåíèÿ ïîëÿ, ñëåäóþùèå èç ýôôåêòèâíîãî ëàãðàæèàíà Ýéëåðà-
Ãåéçåíáåðãà. Çàïèøèòå èõ â âèäå àíàëîãè÷íîìó óðàâíåíèÿì Ìàêñâåëëà â ñðåäå,

div ~D = 0, rot ~B =
∂ ~D

∂t
, ~D = ~E + ~P , ~B = ~H + ~M. (1)

Âûïèøèòå ÿâíûå âûðàæåíèÿ äëÿ âåêòîðîâ "ïîëÿðèçàöèè"è "ìàãíåòèçàöèè"~P , ~M .
á) Ïîëó÷èòå âîëíîâîå óðàâíåíèå â íåëèíåéíîé ýëåêòðîäèíàìèêå. ßâëÿåòñÿ ëè
ïëîñêàÿ âîëíà ïî-ïðåæíåìó ðåøåíèåì âîëíîâîãî óðàâíåíèÿ? Ëèíåéíàÿ êîìáèíà-
öèÿ ïëîñêèõ âîëí?

5. Íàéäèòå èíñòàíòîí, îïèñûâàþùèé ðîæäåíèå ýëåêòðîí-ïîçèòðîííîé ïàðû â ïåð-
ïåíäèêóëÿðíî íàïðàâëåííûõ ýëåêòðè÷åñêîì è ìàãíèòíîì ïîëÿõ E è B (E < B).
Âû÷èñëèòå êëàññè÷åñêîå äåéñòâèå íà èíñòàíòîíå, íàïèøèòå ýêñïîíåíòó ïîäàâëå-
íèÿ ïðîöåññà. ×òî ïðîèñõîäèò ïðè B → E?
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