
A. Çàäà÷à

Íàéòè àñèìïòîòèêó âîëíîâûõ ôóíêöèé è âûðîæäåíèå íóëåâîé ìîäû ýëåêòðîíà ñî ñïèíîì 1/2 â ïðîèçâîëüíîì
ìàãíèòíîì ïîëå, íàïðàâëåííîì ïî îñè z. Ãàìèëüòîíèàí åñòü

Ĥ = Π̂2
⊥ − eB(x, y)σz, (1)

ãäå Π̂⊥ = p̂⊥ − eA⊥(x, y), ⊥= (x, y), áûëî âûáðàíî h̄ = c = 2m = 1, à ìàãíèòíîå ïîëå äàíî

1

ie
[Πx,Πy] = B(x, y) = ∂xAy(x, y)− ∂yAx(x, y), (2)

ãäå âåêòîðíûé ïîòåíöèàë A(x, y) îòâå÷àåò ïðîèçâîëüíîìó ìàãíèòíîìó ïîëþ (íå ïîñòîÿííîìó, êàê ýòî áûâàåò
îáû÷íî),

σz =

[
1 0
0 −1

]
. (3)

Íóëåâàÿ ìîäà äà¼òñÿ óðàâíåíèåì Ĥψ(x, y) = 0. Ïðåäñòàâèòü ýòî óðàâíåíèå â âèäå L̂†L̂ψ = 0, ãäå L̂ äèôôåðåí-
öèàëüíûé îïåðàòîð. Èñïîëüçîâàòü óñëîâèå

divA = ∂xAx + ∂yAy = 0 (4)

äëÿ óäîáíîãî ïðåäñòàâëåíèÿ âåêòîðàA, ôóíêöèþ Ãðèíà äâóìåðíîãî óðàâíåíèÿ Ëàïëàñà, à òàêæå ââåñòè ïîíÿòèå
ïîëíîãî ïîòîêà ìàãíèòíîãî ïîëÿ ÷åðåç îáðàçåö,∫

B(x, y)dxdy = Φ =
2π

e
N, (5)

ãäå N - êîëè÷åñòâî êâàíòîâ ìàãíèòíîãî ïîòîêà, ïðè íàõîæäåíèè âîëíîâûõ ôóíêöèé íóëåâîé ìîäû.

Âîïðîñ 1. Íàïèøèòå óðàâíåíèå äâèæåíèÿ Ëàíäàó-Ëèôøèöà.
Âîïðîñ 2. Íàïèøèòå ïîëóêëàññè÷åñêèå óðàâíåíèÿ äâèæåíèÿ ýëåêòðîíà ñ ó÷¼òîì ôàçû Áåððè â èìïóëüñíîì

ïðîñòðàíñòâå.


