
Galaxy formation and evolution equations

• Sérsic profile: I(R) = Iee
−βn[(R/Re)1/n−1]
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• Disk galaxy profile: I(R) = I0e
−R/Rd , I0 = L
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• Schechter function: φ(L)dL = φ∗
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• Robertson-Walker metric: ds2 = c2dt2−dl2 = c2dt2−a2(t)
[
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1−Kr2 + r2(dϑ2 + sin2 ϑdφ2)
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• Angular diameter distance: dA = a0r
1+z

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

• Einstein field equation: Rµν − 1
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• Friedmann equation I: ä
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Friedmann equation II:
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• 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) =
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• Angular diameter distance in comoving coordinates: r = fK

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

• Mattig’s formula: a0r = 2c
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• Gas dynamics: Equation of continuity: dρ
dt

= −ρ∇ · ~v
Equation of motion: d~v

dt
= −1

ρ
∇p−∇φ

Gravitational potential: ∇2φ = 4πGρ

• Growth of density perturbations: d2∆
dt2
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General solution: ∆(a) = 5Ω0
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• Evolution of peculiar velocites: d~u
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• Relativistic case: d2∆
dt2
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ȧ
a

)
d∆
dt

= ∆
(

32πGρ
3
− k2c2

s

)
• Perturbed metric: ds2 = a2(τ){(1 + 2φ)dτ 2 + 2widτdx

i− [(1− 2ψ)γij + 2hij]dx
idxj}

• The sound speed: c2
S = (∂p/∂T )r
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= c2

3
4ρr

4ρr+3ρm

• Instabilities in the presence of dark matter:{
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• Two-point correlation function and the power spectrum: dN(r) = N0[1 + ξ(r)]dV
ξ(r) = V
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• Transfer function: ∆k(z = 0) = T (k)f(z)∆k(z)

• Parametric solution: ap = A(1− cos θ) t = B(θ − sin θ)
A = Ω0

2(Ω0−1)
B = Ω0

2H0(Ω0−1)3/2

• Press-Schechter mass function:N(M) = 1
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• Navarro-Frenk-White profile: ρ(r)
ρcrit

= δc
(r/rs)(1+r/rs)2

• Virial temperature: Tvir = µmp
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vir ' 3.6× 105K
(
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• Cooling time: tcool = 3nkBT
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• Free-fall time: tff =
(
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• Galaxy disk mass: Md = mdMvir ' 1.3× 1011h−1M�
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• Spin parameter: λ = Jvir|E|1/2
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• Impulse approximation: ∆ES = 4
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• Dynamical friction: ~Fdf = MS
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• Jeans equation: 1
ρ
d(ρ〈v2r〉)
dr

+ 2β 〈v
2
r〉
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= −dΦ
dr
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• Supermassive black holes: rBH = GMBH

σ2 = 10.8pc
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log(MBH/M�) = 8.12 + 4.24 log(σ/200 kms−1)

• Eddington luminosity: Ledd = 4πGcmp
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(
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)
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• Synchrotron emission: 〈PS〉 = 4
3
σT cγ
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Inverse Compton emission: 〈PIC〉 = 4
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• Growth of supermassive black holes: ṀBH = L
εrc2

=
(

L
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)
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tEdd = σT c
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≈ 4.4× 108 yr

• AGNs and galaxy formation: E
|W | ∼

ε̄MBH

Mgal

(
c
σ

)2


