
Galaxies and cosmology equation sheet

• Hubble’s law: vr = H0d+ vpec

• Schechter function: φ(L)dL = φ∗
(
L
L∗

)α
e−(L/L∗) dL

L∗

• de Vaucouleurs profile: log(I/Ie) = −3.33[(r/re)
1/4 − 1]

• Sérsic profile: log(I/Ie) = k[(r/re)
1/n − 1]

• Disc galaxy profile: I(R) = I0e
−R/Rd , I0 = L

2πR2
d

• Poisson equation: ∇2Φ = 4πGρ

• Virial theorem: 2〈Ek〉+ 〈Ep〉+ 〈
∑

αFα
ext · xα〉 = 0

• Timescale for strong encounters: ts = V 3

4πG2m2n

• Relaxation timescale: trelax = V 3

8πG2m2n ln Λ
= ts

2 ln Λ

• Equation of continuity: ∂n
∂t

+ ∂(nv)
∂x

= 0

• Boltzmann equation: ∂f(x,v,t)
∂t

+ v · ∇f −∇Φ · ∂f
∂v = 0

• Robertson-Walker metric: ds2 = c2dt2−dl2 = c2dt2−a2(t)
[

dr2

1−Kr2 + r2(dϑ2 + sin2 ϑdφ2)
]

• Conformal time: τ(t) =
∫ t

0
cdt′

a(t′)

• Redshift and scale factor: 1 + z = λ0
λe

= a(t0)
a(te)

• Angular diameter distance:dA = a0r
1+z

Luminosity distance: dL = a0r(1 + z) = dA(1 + z)2

• Einstein’s field equation: Rµν − 1
2
gµνR− gµνΛ = 8πG

c4
Tµν

• Friedmann equation I: ä
a

= −4πG
3

(
ρ+ 3 P

c2

)
+ Λc2

3

Friedmann equation II:
(
ȧ
a

)2
= 8πG

3
ρ− Kc2

a2
+ Λc2

3

• Critical density: ρcrit = 3H2(t)
8πG

• Hubble constant: H(z) =
(
ȧ
a

)
(z) = H0E(z)

E(z) = [Ωm,0(1 + z)3 + Ωr,0(1 + z)4 + (1− Ω0)(1 + z)2 + ΩΛ,0]1/2

• Age of the Universe: t(z) =
∫ a(z)

0
da
ȧ

= 1
H0

∫∞
z

dz
(1+z)E(z)

• Angular diameter distance in comoving coordinates: r = fK

[
c

H0a0

∫ z
0

dz
E(z)

]
fK(χ) = sinχ (K = +1); fK(χ) = χ (K = 0); fK(χ) = sinhχ (K = −1)

• Mattig’s formula: a0r = 2c
H0

Ω0z+(2−Ω0)[1−(Ω0z+1)1/2]

Ω2
0(1+z)



• Photometric fine structure of elliptical galaxies: ∆r(t) =
∑

k≥3(ak cos kt+ bk sin kt)

• Isotropic elliptical galaxy:
(
Vrot
σ

)
≈
√
ε/(1− ε)

• Fundamental relation: Re ∝ σ1.24I−0.82
e

• Spiralequation: 1
tan i

= R
∣∣ ∂φ
∂R

∣∣ = R
∣∣ ∂f
∂R

∣∣
• Toomre Q-parameter: Q = κσR

3.36GΣ
. 1

• Eddington luminosity: Ledd = 4πGMmpc

σT

• Superluminar motion: Vobs = V sin θ
1−V/c cos θ

• Jacobi radius: x = ±rJ , rJ = D
[

m
3M+m

]1/3
• Metallicity of a closed box: Z(t) = Z0 + p ln

[
Mg(t=0)

Mg(t)

]
• Dynamical friction: −dV

dt
= 4πG2(M+m)

V 2 nm ln Λ

• Two-point correlation function and power spectrum:
dN(r) = N0[1 + ξ(r)]dV
ξ(r) = V

2π2

∫
|∆k|2 sin kr

kr
k2dk = V

2π2

∫
P (k) sin kr

kr
k2dk

P (k) = 1
V

∫∞
0
ξ(r) sin kr

kr
4πr2dr

• Inflation: ρ+ 3P/c2 < 0⇒ a ∝ eHt, H =
√

8πGρvac/3

• The early Universe: t =
(

3c2

32πGaBT 4

)1/2

≈ 230 s
(

109 K
T

)2

• Gas dynamics: Equation of continuity: dρ
dt

= −ρ∇ · ~v
Equation of motion (Euler equation): d~v

dt
= −1

ρ
∇p−∇φ

Gravity equation (Poisson equation): ∇2φ = 4πGρ

• Growth of small density perturbations: d2∆
dt2

+ 2
(
ȧ
a

)
d∆
dt

= ∆(4πGρ0 − k2c2
s)

• K- and E-corrections: mBP = MBP + 5 log(10pc/dL) + kBP(z) + eBP(z)


