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1. Â òåîðèè ñâîáîäíîãî ñêàëÿðíîãî ïîëÿ âû÷èñëèòü ñèíãóëÿðíûå ïðè z → w ÷ëå-
íû îïåðàòîðíîãî ðàçëîæåíèÿ

à) T (z)T (w), ãäå òåíçîð ýíåðãèè-èìïóëüñà T (z) = −1
2
: ∂X(z)2 :,

á) T (z) : eiαX(w,w̄) :, íàéòè àíîìàëüíóþ ðàçìåðíîñòü óïîðÿäî÷åííîé ýêñïî-
íåíòû.

2. Äëÿ ãðàññìàíîâîé bc-ñèñòåìû ñ îïåðàòîðíûì ðàçëîæåíèåì ôóíäàìåíòàëüíûõ
ïîëåé

b(z)c(z′) =
1

z − z′
+ . . .

è òåíçîðîì ýíåðãèè-èìïóëüñà

T = (j − 1) : b∂c : −j : c∂b :

íàéòè ñèíãóëÿðíûå ïðè z → z′ ÷ëåíû îïåðàòîðíîãî ðàçëîæåíèÿ T (z)J(z′) ñ
ãîëîìîðôíûì òîêîì

J(z) =: b(z)c(z) :

Âåðøèííûå îïåðàòîðû Ïóñêàé ó íàñ åñòü íåêîòîðîå ïðîñòðàíñòâî ñîñòîÿ-
íèé êâàíòîâîé òåîðèè, â êîòîðîì âûäåëåí âåêòîð |0 > � âàêóóì, è ñîïðÿæ¼ííûé
åìó âåêòîð äóàëüíîãî ïðîñòðàíñòâà < 0|.

3. Ïóñêàé åñòü íàáîð îïåðàòîðîâ Âi = Â+
i +Â−

i , òàêèå ÷òî Â
−
i |0 >= 0 è < 0|Â+

i = 0.

Êðîìå òîãî, ìû çíàåì âñåâîçìîæíûå êîììóòàòîðû [A+
i , A

+
j ] = [A−

i , A
−
j ] = 0 è

[A−
i , A

+
j ] = Gij ∈ C

• Âû÷èñëèòå < 0|AiBj|0 >

• Âû÷èñëèòå < 0| exp(A1) exp(A2)|0 >

• * Âû÷èñëèòå < 0| exp(A1)... exp(An)|0 >

Ôèçèêà íóëåâîé ìîäû Ðàññìîòðèì êâàíòîâóþ ìåõàíèêó îäíîé ÷àñòèöû ñ
ãàìèëüòîíèàíîì Ĥ = π̂2

2
, ãäå π̂ = −i~ d

dx

4. Ðàññìîòðèì îïåðàòîðû V̂p(0) = exp(ipx̂) è ñîáñòâåííûå ñîñòîÿíèÿ ãàìèëüòîíè-
àíà |p, 0 >= exp(ipx).

• Íàéäèòå ýâîëþöèþ ñîñòîÿíèé è îïåðàòîðîâ ñî âðåìåíåì.

• Âû÷èñëèòå ñðåäíåå çíà÷åíèå < p1, t1|V̂p2(t2)|p3, t3 >
• Ïîëó÷åííûå îòâåò î÷åíü ÷àñòî áûâàåò íóë¼ì. Êàê ýòî ïîíÿòü áåç âû÷èñ-
ëåíèé? (Âû÷èñëèòå êîììóòàòîð [π̂, V̂p(t)])
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