
Çàäà÷è 6. Îïåðàòîðíûé ôîðìàëèçì

1. Ðåøèòå óðàâíåíèå d
dt
G(x, x0|t) = D d2

dx2
G(x, x0|t) ïðè íà÷àëüíîì óñëîâèèG(x, x0|0) =

δ(x−x0). Óáåäèòåñü, ÷òî ÿäðî îïåðàòîðà etD
d2

dx2 (x, x0) ðåøàåò òî æå ñàìîå óðàâ-
íåíèå ñ òåì æå íà÷àëüíûì óñëîâèåì.

2. Â ñëó÷àå îñöèëëÿòîðà âû÷èñëèòå ñðåäíèå 〈0|x̂(t1)x̂(t2)|0〉 è 〈0|T x̂(t1)x̂(t2)|0〉.
Êàêèå óðàâíåíèÿ îíè ðåøàþò? Îïåðàòîð â ãåéçåíáåðãîâñêîé êàðòèíå ðàâåí

x̂(t) =
1√
2

(e−tâ+ etâ†)

3. * Ïîëüçóÿñü îïåðàòîðíûì ôîðìàëèçìîì, âû÷èñëèòå êîððåëÿòîð 〈x(t1)x(t2)〉 â
åâêëèäîâîé òåîðèè ñ öèêëè÷åñêèì âðåìåíåì t ∼ t+ β è äåéñòâèåì

S[x(t)] =

∫ β

0

dt(
1

2
ẋ2 +

1

2
x2)

. ×åìó áóäåò ðàâåí ôóðüå-îáðàç ýòîãî êîððåëÿòîðà?

4. * Íàéäèòå âîëíîâóþ ôóíêöèþ îñíîâíîãî ñîñòîÿíèÿ áîçîííîé òåîðèè íà öèëèí-
äðå â êîîðäèíàòíîì ïðåäñòàâëåíèè.

Ψ0[φ] = exp

(
− 1

L

∑
n>0

n|φn|2
)

5. Âû÷èñëèòå â îïåðàòîðíîì ôîðìàëèçìå 〈J(z)J(w)〉. Äëÿ ÷åãî îêàçûâàåòñÿ íóæ-
íûì ðàäèàëüíîå óïîðÿäî÷åíèå?

Ĵ(z) =
∑
n

ân
zn+1

6. * Çàïèøèòå â êîîðäèíàòíîì ïðåäñòàâëåíèè â−kΨ0[φ], â−kâ−mΨ0[φ]

7. ** Ïðèäóìàéòå, êàê ïðîêâàíòîâàòü ôåðìèîííóþ òåîðèþ ñ äåéñòâèåì

S[ψ, ψ̄] =
1

π

∫
dzdz̄(ψ∂̄ψ + ψ̄∂ψ̄)

Îïèøèòå å¼ ïðîñòðàíñòâî ñîñòîÿíèé.

Çàäà÷è, îòìå÷åííûå *, ìîæíî íå ðåøàòü, ** � íåëüçÿ :-)
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