
General Relativity
Contributed by Dan Zwillinger.Notation

• c speed of light
• G gravitational constant
• Gab Einstein tensor
• gab metric tensor
• n dimension of the manifold
• R Ricci/curvature scalar
• Rab Ricci curvature tensor

• R`ijkRiemann tensor
• Tab energy-momentum stress tensor

• Γkij Christoffel symbols of the first kind
• Γmij Christoffel symbols of the second kind
• Λ cosmological constant
• ρvac vacuum constant

1. Christoffel symbols

Γkij =
1

2
(gki,j + gkj,i − gij,k)

Γmij = gmkΓkij =
1

2
gmk (gki,j + gkj,i − gij,k)

2. Einstein’s (field) equations

Gab =
8πG

c4
Tab

3. Einstein tensor

Gab = Rab +

(
Λ − 1

2
R

)
gab

4. Ricci scalar (also called curvature scalar)

R = Rcdg
cd

5. Riemann tensor

R`ijk =
∂

∂xj
Γ`ik −

∂

∂xk
Γ`ij +

n∑
s=i

(
Γ`jsΓ

s
ik − Γ`ksΓ

s
ij

)
6. Ricci tensor

Rab = Rdadb

7. Metrics
Note that ds2 = gµνdx

µdxν .

(a) Flat spacetime in (t, x, y, z) coordinates

ds2 = −c2dt2 + dx2 + dy2 + dz2

(b) Flat spacetime in spherical (t, r, θ, φ) coordinates

ds2 = −c2dt2 + dr2 + r2dΩ2

where dΩ2 = dθ2 + sin2 θ dφ2 is the standard metric on the 2-sphere.
(c) Schwarzschild metric (M is a mass)

ds2 = −
(

1 − 2GM

r

)
c2dt2 +

(
1 − 2GM

r

)−1

dr2 + r2dΩ2

8. Vacuum constant

ρvac =
Λc2

8πG

9. Vacuum field equations
Rab = 0

1


