
ÎÒÎ�1(âåñíà 2011)Ôîðìóëû1. Îáîçíà÷åíèÿ:
~ = c = kB = GN = 1
ηµν = diag(1,−1,−1,−1)2. Ìåòðèêà:
ds2 = gµνdx

µdxν3. Âåêòîðû:
Â = Aµ∂µ
B̂ = Bµdx

µ4. Êîâàðèàíòíàÿ ïðîèçâîäíàÿ:
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R = gµλRµλ7. Ñâîéñòâà êðèâèçíû:
Rµνλρ = −Rµνρλ = −Rνµλρ = Rλρµν

R[µνλ]ρ = 0
D[κRµν]λρ = 08. �åîäåçè÷åñêàÿ:
S = −m

∫
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d
ds
uµ − uνuκΓ

κ
µν = uνDνuκ = 0

uµ = dxµ/ds; u2
µ = 1 èëè 0

9. Óðàâíåíèÿ Ýéíøòåéíà:
S = − 1

16π
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δgµν10. Óðàâíåíèå Íüþòîíà:
g00 = 1 + 2Φ; T00 = ρ
Γi
00 = ∂iΦ; R00 = ∆Φ

∆Φ = 4πρ11. Ïðîèçâîäíàÿ Ëè:
yµ = xµ + ξµ(x)
T ν
µ
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λ12. Âåêòîð Êèëëèíãà:

£ξgµν = 0 ⇔ Dµξν +Dνξµ = 0
DµDνξλ = −Rνλµκξ

κ13. Çàêîíû ñîõðàíåíèÿ:
I = uµξµ; uλDλI = 014. Ñòàòè÷åñêàÿ ñ�åðè÷åñêè�ñèììåòðè÷íàÿìåòðèêà:
ds2 = f(r)dt2 − h(r)dr2 − r2dΩ2

dΩ2 = dθ2 + sin2 θ dφ215. Òåòðàäû:
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µ
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a
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ωµab = eνaDµeνb; ωµab = −ωµba
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dêa + ω̂ab ∧ êb = 0
R̂ab = 2 (dω̂ab − ω̂ac ∧ ω̂bc)16. Äëÿ ìåòðèêè 14:
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)17. �åøåíèå â ïóñòîòå:
f(r) = 1/h(r) = 1− 2M/r
RS = 2M = 3êì · (M/Msun)18. Çâåçäà:
Tµν = (p+ ρ)uµuν − pgµν
uµ = eµ0
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r[r − 2m(r)]19. Îãðàíè÷åíèÿ íà çâåçäó:
M ≤ 4R/9

2



Çàäà÷è1. Ïîêàçàòü, ÷òî êîììóòàòîð âåêòîðíûõ ïîëåé � âåêòîðíîå ïîëå ñ êîîðäèíàòàìè
[Â, B̂]µ = Aν∂νB

µ − Aν∂νB
µ = AνDνB

µ − AνDνB
µ .2. Ïóñòü ïîëÿ Y µ

a (x), a = 1 . . . 4, îáðàçóþò áàçèñ â êàæäîé òî÷êå ïðîñòðàíñòâà�âðåìåíè. Òîãäà ñîîòâåòñòâóþùèå îïåðàòîðû Ŷa îáðàçóþò àëãåáðó Ëè. Âû÷èñëèòüñòðóêòóðíûå êîíñòàíòû.3. Ïðîâåðèòü, ÷òî âû÷èñëåííûå â ï. 10 êîìïîíåíòû ñâÿçíîñòè è òåíçîðà êðèâèçíûïàðàìåòðè÷åñêè âåëèêè ïî ñðàâíåíèþ ñ îñòàëüíûìè êîìïîíåíòàìè.4. Äîêàçàòü 11.5. Ïîêàçàòü, ÷òî £AB̂ = [Â, B̂].6. Ïîêàçàòü, ÷òî êîììóòàòîð âåêòîðîâ Êèëëèíãà � âåêòîð Êèëëèíãà.7. Íàéòè âåêòîðû Êèëëèíãà, ñîîòâåòñòâóþùèå âðàùåíèÿì R
3. Ïîêàçàòü, ÷òî îíèîáðàçóþò àëãåáðó so(3).8. Ïîêàçàòü, ÷òî åäèíñòâåííàÿ ñ�åðè÷åñêè�ñèììåòðè÷íàÿ äâóìåðíàÿ ìåòðèêà � ìåò-ðèêà ñ�åðû.9. Âû÷èñëèòü 16.10. Ïîëó÷èòü âûðàæåíèå äëÿ ðàäèóñà Øâàðöøèëüäà â ñèñòåìå Ñ�Ñ.11. Ïðîâåðèòü, ÷òî çàêîí ñîõðàíåíèÿ DaTab = 0 äàåò ïîñëåäíåå èç óðàâíåíèé 18.12. �åøèòü óðàâíåíèÿ 18 äëÿ íåñæèìàåìîé çâåçäû

ρ(r) =

{

ρ0 , r < R ,
0 , r > R .Ïîêàçàòü, ÷òî ðåøåíèå îòñóòñòâóåò ïðè M > 4R/9, ãäå M�ãðàâèòàöèîííàÿ ìàññàçâåçäû.13. Âûâåñòè îãðàíè÷åíèå
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]äëÿ êîðà çâåçäû ðàçìåðà r0 è ìàññû m0; p0 = p(r0).Ñïèñîê ëèòåðàòóðû[1℄ R.M. Wald, �General relativity,� Univ. Chi
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