
Ñòðóíû è ÊÒÏ. Çàäà÷è-4

1. Ðàññìîòðèì �ôåðìèîííûé îñöèëëÿòîð� ñ ãàìèëüòîíèàíîìH = ωc†c, ãäå ôåðìè-
îïåðàòîðû óäîâëåòâîðÿþò êîììóòàöèîííûì ñîîòíîøåíèÿì cc† + c†c = 1, c2 =
(c†)2 = 0. Ðåàëèçóéòå èõ ìàòðèöàìè â n-ìåðíîì ïðîñòðàíñòâå (÷åìó ìîæåò
áûòü ðàâíî n?) è íàéäèòå óðîâíè ýíåðãèè.

2. Ñóïåðñèììåòðè÷íûé îñöèëëÿòîð çàäàåòñÿ ãàìèëüòîíèàíîì H = ωa†a + ωc†c,
ãäå a, a† � áîçîííûå îïåðàòîðû ([a†, a] = 1), à c, c† � ôåðìèîííûå, êàê â ïðåäû-
äóùåé çàäà÷å.

à) Íàéäèòå óðîâíè ýíåðãèè.

á) Ïîñòðîéòå îïåðàòîðû Q,Q† òàêèå, ÷òî [Q,H] = [Q†, H] = 0, [Q,Q†] = H.

Âåçäå íèæå ψr, ψ̃r, Jn, Ln � îïðåäåëåííûå ñòàíäàðòíûì îáðàçîì ìîäû ôåðìèîíîâ,

òîêà è òåíçîðà ýíåðãèè-èìïóëüñà.

3. Äîêàæèòå, ÷òî
⟨
ψ̃r1 . . . ψ̃rnψsn . . . ψs1

⟩
= detij

⟨
ψ̃riψsj

⟩
.

4. Â òåîðèè ñâîáîäíûõ áåçìàññîâûõ ôåðìèîíîâ ñ äåéñòâèåì 1
π

∫
ψ̃∂̄ψ d2z âû÷èñ-

ëèòå
⟨
ψ̃(z1) . . . ψ̃(zn)ψ(wn) . . . ψ(w1)

⟩
.

5. à) Äîêàæèòå, ÷òî [Jn, ψr] = ψn+r, [Jn, ψ̃r] = −ψ̃n+r, [Jn, Jm] = nδn+m,0; á) Íàé-
äèòå [Ln, ψr] è [Ln, ψ̃r].

6. Ââåäåì J(t) ≡
∑
n≥1

tnJn, ãäå t = {t1, t2, . . .} � áåñêîíå÷íûé íàáîð ôîðìàëüíûõ

ïåðåìåííûõ. Íàéäèòå a) eJ(t)ψ(z)e−J(t), eJ(t)ψ̃(z)e−J(t); á) eJ(t)J−ne
−J(t).

7. Âû÷èñëèòå etL0ψ(z)e−tL0 è etL0ψ̃(z)e−tL0 .
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