
Constanten
c 2.99792458 × 108 m s−1

G 6.67428(67) × 10−11 m3 kg−1 s−2

h 6.62606896(33) × 10−34 J s
e 1.60217733(49) × 10−19 C
k 1.3806504(24) × 10−23 J K−1

σ 5.670400(40) × 10−8 W m−2 K−4

amu 1.660538782(83) × 10−27 kg
me 9.10938215(45) × 10−31 kg

≃ 0.00054858 amu
mp 1.672621637(83) × 10−27 kg

≃ 1.00727647 amu
mn 1.674927211(84) × 10−27 kg

≃ 1.00866492 amu
eV 1.602176487(40) × 10−19 J

GM⊙ 1.32712441 × 1020 m3 s−2

M⊙ 1.9884 × 1030 kg
R⊙ 6.96 × 108 m
L⊙ ≃ 3.85 × 1026 J s−1

LV,⊙ ≃ 5.6 × 1023 J s−1 nm−1

Teff,⊙ ≃ 5780 K
MV,⊙ 4.83
Mbol,⊙ 4.74

yr 365.25 × 86400 s
A.U. 1.495978707 × 1011 m

≃ 499.00478384 s × c
pc ≃ 3.086 × 1016 m

H0 67.4(5) km s−1 Mpc−1

t0 13.787(20) Gyr
Ωb 0.0486(10)
ΩCDM 0.2589(57)
ΩΛ 0.6911(62)

Formules
Afstand, tijd en licht
d(pc) ≡ 1

p(′′)

m1 − m2 = −2.5 10log f1
f2

L = 4πR2F = 4πd2f

Bλdλ = 2πhc2

λ5
1

ehc/λkT −1 dλ

λmaxTeff = constant ≃ 0.29 cm K
F = B = σTeff

4

Rms
r⊙

≈
(

Mms
M⊙

)n

; Mms ≲ M⊙ : n ≈ 1; Mms ≳ M⊙ :
n ≈ 0.6
Lms
L⊙

≈
(

Mms
M⊙

)3.8

Gassen, straling en sterren
dM(r)

dr = 4πr2ρ(r)
dP (r)

dr = − GM(r)
r2 ρ(r)

u = 4σ
c Teff

4

F = − cl
3 ∇u = − c

3κρ ∇u(
dT (r)

dr

)
rad

= − L(r)
4πr2

3κ(r)ρ(r)
4σ

1
4T (r)3(

dT (r)
dr

)
ad

= (1 − 1
γ ) T (r)

P (r)
dP (r)

dr

P = 1
3 nvp = 1

3 nmv2 ≡ nkT

1
2 mv2 ≡ 3

2 kT

Pgas = k
µmH

ρT

Prad = u
3 = 4σT 4

3c

Pd ≡ Kd
me

(
ρ

µemH

)5/3
; Kd ≈ 2.13 × 10−68 N2 m2 s2

Pd,r ≡ Kd,r

(
ρ

µemH

)4/3
; Kd,r ≈ 2.45 × 10−26 N m2

Pc ∝ GM
R ρ̄ ∝ 3GM2

4πR4

Tc ∝ µmH
k

ρ̄
ρc

GM
R

τn ∼ 10 Gyr M
M⊙

(
L

L⊙

)−1

τth ≡ Eth
L ∼ GM2

RL ∼ 31 Myr
(

M
M⊙

)2 (
R

R⊙

)−1 (
L

L⊙

)−1

τdyn =
√

R3

GM ∼ 27 min
(

M
M⊙

)−1/2 (
R
r⊙

)3/2

Rwd ≈ 0.01125 R⊙

[(
Mwd

1.454 M⊙

)−2/3
−

(
Mwd

1.454 M⊙

)2/3
]1/2

Rs = 2GM
c2

Dubbelsterren
GMT

a3
b

=
( 2π

P

)2 = ω2
b

a1 = M2
MT

ab; q1 ≡ M1
M2

= a2
a1

µ ≡ M1M2
M1+M2

; Mc ≡
(

M1M2
M

1/3
T

)3/5

RRl,i ≈ 2
34/3 ab

(
Mi

MT

)1/3
≈ 0.46 ab

(
Mi

MT

)1/3

Eb = Epot + Ekin,1 + Ekin,2 = − GM1M2
2 ab

Jb = J1 + J2 = M1M2

(
G ab
MT

)1/2

(
J̇
J

)
GW

= − 32
5

G3

c5
M1M2MT

a4

τmerge,gw = 5
256

c5

G3
a4

b
M1M2MT

≈ 150 Myr
(

ab
R⊙

)4 (
M1
M⊙

)−1 (
M2
M⊙

)−1 (
MT
M⊙

)−1

ȧ
a = 2Ṁd

Md−Ma
MdMa

|Ebind,mntl| = αCE |∆Eb| = αCE

[
GMd,eMa

2ae
− GMd,bMa

2ab

]



Zwaartekrachtgolven

Mc =
(

M1M2
M

1/3
T

)3/5

h+(t) = 4
d

G
c4 µa2

bω2
b cos(2ωbt)

h×(t) = 4
d

G
c4 µa2

bω2
b sin(2ωbt)

|h+,×| = hopt = 4
d

G
c4 µa2

bω2
b = 4

d
G2

c4
M1M2

ab

= 4
d

G5/3

c4
M1M2
M

1/3
T

(πfgw)2/3 = 4
d

(
GMc

c2

)5/3 (
πfgw

c

)2/3

⟨h(t)⟩ = 2
5 hopt

Pgw = 32
5

c5

G

(
GMcωgw

2c3

)10/3
= 32

5
G4

c5
M2

1 M2
2 MT

a5
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ḟgw = 96
5 π8/3 (

GMc
c3

)5/3
f

11/3
gw

fgw = 1
π

(
5

256
1

tcoal−t

)3/8 (
GMc

c3

)−5/8

∆t = 5
256 π−8/3 (

GMc
c3

)−5/3 [
f

−8/3
min − f

−8/3
max

]
≈ 2.16 s

(
Mc

1.22 M⊙

)−5/3
[(

fmin
100 Hz

)−8/3
−

(
fmax

100 Hz

)−8/3
]

(
dab
dt

)
gw = − 64

5
G3

c5
M1M2MT

a3
b

τmerge,gw = 5
256

c5

G3
a4

b
M1M2MT

≈ 150 Myr
(

ab
R⊙

)4 (
M1
M⊙

)−1 (
M2
M⊙

)−1 (
MT
M⊙

)−1

Risco = 3Rs = 6GMbh
c2

fgw,isco = 1
63/2π

c3

GMT
≈ 4.4 kHz

(
MT
M⊙

)−1

fgw,max ∼ 1
π

√
GMT
a3

min
; amin ∼ 1.5 (R1 + R2)

h(t) = ∆L(t)
L

∆φ = 2h0
2πL
λL

sinc
(

2πfgwL
c

)
cos (2πfgwt)

Lopt = c
4fgw

S
1/2
n (f)

∣∣∣∣
shot

= hmin(f)
∣∣∣∣
shot

= ∆Lmin(f)
L

∣∣∣∣
shot

= 1
2πL

√
hcλL

ηPDPL
≈ 7×10−20

√
ηPD

(
L

1 km
)−1

(
λL
µm

)1/2 (
PL
W

)−1/2

h̃(f) = 2
5

( 5
6
)1/2 1

2π2/3
c
d

(
GMc

c3

)5/6
f

−7/6
gw

ρ2 ≡ 4
fmax∫
fmin

|h̃(f)|2

Sn(f) df

ρtot =
√∑Ndet

i ρ2
i

ρ ∼ h0
n0

≳ ρmin
√

τ0
Tobs

Sterrenstelsels en kosmologie

vrot =
√

GM(r)
r

LV ≈ 50.2 L⊙

(
P

day

)0.972

v = H0 · d

r(t) = rs a(t); v(t) = rs ȧ(t)

H(t) = v(t)
r(t) = ȧ(t)

a(t)

v2 − 8πG
3 r2ρ = −kc2r2

s = H2r2 − 8πG
3 r2ρ

H2 − 8πG
3 ρ = −kc2

a2 ; H2
0 − 8πG

3 ρ0 = −kc2

ρcrit = 3H2

8πG

Ω ≡ ρ
ρcrit

; Ω0 = ρ0
ρcrit,0

; Ωb,0 ≈ 0.049
(

H0
67.4 km/s/Mpc

)2

a3ρ = a3
0ρ0 ≡ ρ0(

ȧ
a

)2 = 8πG
3

ρ0
a3 = H2

0
a3

a(t) =
( 3

2 H0t
)2/3 ≡

(
3
2

t
tH

)2/3

t0 = 2
3 tH; tH ≡ 1/H0

z ≡ ∆λ
λ = λobs−λbron

λbron
= aobs−abron

abron
≡ 1

abron
− 1

zDoppler ≡ ∆λ
λ = λobs−λbron

λbron
=

√
1+vrad/c
1−vrad/c − 1 ≈ vrad

c

1 + z = 1
a(z)

d ≈ cz
H0

(z ≪ 1)

t(z) = t0
1

(1+z)3/2

tL ≡ t0 − t(z) ≡ t0 (1 − trel(z))

dL = c · tL = ct0

(
1 − 1

(1+z)3/2

)
uλdλ = 4

c Bλdλ = 8πhc
λ5

1
ehc/λkT −1 dλ

T (a) = T0
a

ρrad = u
c2 = 4σ

c3 T (a)4 = 4σT 4
0

c3a4

ȧ
a =

( 32πG
3c3 σT 4)1/2

T (t) =
(

3c3

128π Gσ

)1/4
t−1/2

a(t) =
( 128πG

3c3 σT 4
0

)1/4
t1/2


