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Coordinate transformation:

dx′a =

3∑
b=0

∂x′a

∂xb
dxb ≡ ∂x′a

∂xb
dxb

Vector transformation:

A′a =
∂x′

a

∂xb
Ab

Tensor transformation:

F ′ab =
∂x′a

∂xc
∂x′b

∂xd
F cd

Jacobian matrix:

J =
∂x′a

∂xb

Metric:
ds2 = gabdx

adxb

dg = ggabdgab = −ggabdgab

Covariant di�erentiation:

DAa = dAa + Γa
bcA

bdxc

DAa = dAa − Γb
acAbdx

c

Aa
;c = Aa

,c + Γa
bcA

b

Aa;c = Aa,c − Γb
acAb

Christo�el symbols:

Γabc =
1

2
(gab,c − gbc,a + gac,b)

Γabc = Γacb

gab,c = Γbac + Γabc

Geodesic equation:

Dua = 0

dua

ds
+ Γa

bcu
buc = 0

d2xa

ds2
+ Γa

bc

dxb

ds

dxc

ds
= 0

duc
ds

=
1

2
gab,cu

aub

Riemann tensor:

Ra
bcd = Γa

bd,c − Γa
bc,d + Γa

ecΓ
e
bd − Γa

edΓe
bc

Ricci tensor:
Rab = Rd

adb

Ricci scalar:
R = gabRab

Einstein equation:

Rab −
1

2
Rgab = κTab

Schwartzschild metric:

ds2 = (1 − rg
r

)dt2 − dr2

1 − rg
r

− r2(dθ2 + sin2 θdφ2)

Equatorial orbits in Schwarzschild metric:

u′′ + u =
M

J2
+ 3Mu2

Lemaitre coordinates in Scharwschild metric,

dτ = dt+

√
rg
r

dr

1 − rg
r

dρ = dt+

√
r

rg

dr

1 − rg
r

Metric in closed and open Friedman universe:

ds2 = a2(dη2 − dχ2 − sin2 χ(dθ2 + sin2 θdφ2))

ds2 = a2(dη2 − dχ2 − sinh2 χ(dθ2 + sin2 θdφ2))

Friedman equation (+ closed, − open):

3

a4
(a′2 ± a2) = κε

Energy conservation:

(εa3)′ + p(a3)′ = 0

3da

a
= − dε

ε+ p

Lorentz transformation:(
t′

x′

)
=

1√
1 − v2

c2

[
1 − v

c2

−v 1

](
t
x

)


