
Astrophysics equations, constants and units 
 
Binary stars, planet+star, etc. 
 

2211 rmrm =  and 2211 VmVm =   centre of mass      

21 aaa +=        semi-major axis of relative orbit    
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=      Keplers 3rd law (for the relative orbit) 

iVV sin0=        observed velocity       
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0 =        velocity of circular orbit      

 
Radiation, magnitudes, luminosities, etc. 
 

𝑛𝑛ν = 8𝜋𝜋ν2

𝑐𝑐3 
∙ 1

(𝑒𝑒ℎν/𝑘𝑘𝑘𝑘−1)
   [m-3 Hz-1]    𝑛𝑛 ≈ 2,03 ∙ 107 ∙ 𝑇𝑇3   [m-3] 

𝑈𝑈ν = 8𝜋𝜋ℎν3

𝑐𝑐3 
∙ 1

(𝑒𝑒ℎν/𝑘𝑘𝑘𝑘−1)
   [J m-3 Hz-1]   𝑈𝑈 ≈ 7,56 ∙ 10−16 ∙ 𝑇𝑇4   [J m-3] 

𝐼𝐼ν = 2𝜋𝜋ℎν3

𝑐𝑐2 
∙ 1

(𝑒𝑒ℎν/𝑘𝑘𝑘𝑘−1)
   [W m-2 Hz-1]   𝐼𝐼 ≈ 5,67 ∙ 10−8 ∙ 𝑇𝑇4   [W m-2] 

𝐼𝐼ν = 2ℎν3

𝑐𝑐2 
∙ 1

(𝑒𝑒ℎν/𝑘𝑘𝑘𝑘−1)
   [W m-2 Hz-1 sr-1]  νmax ≈ 5,88 ∙ 1010 ∙ 𝑇𝑇 

𝑑𝑑𝐼𝐼𝑣𝑣
𝑑𝑑𝑑𝑑

= 𝑗𝑗𝑣𝑣 − 𝛼𝛼𝑣𝑣𝐼𝐼𝑣𝑣   𝑆𝑆𝑣𝑣 = 𝑗𝑗𝑣𝑣
𝛼𝛼𝑣𝑣

    𝑑𝑑𝜏𝜏𝑣𝑣 = 𝛼𝛼𝑣𝑣 𝑑𝑑𝑑𝑑  

𝐼𝐼𝑣𝑣 =   𝐼𝐼𝑣𝑣, bg ∙ 𝑒𝑒−𝜏𝜏ν + 𝑆𝑆𝑣𝑣 ∙ (1 − 𝑒𝑒−𝜏𝜏ν  )   𝑇𝑇b =  𝑇𝑇bg ∙ 𝑒𝑒−𝜏𝜏ν +   𝑇𝑇ex ∙ (1 − 𝑒𝑒−𝜏𝜏ν  ) 
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Stellar structure 
 
𝑑𝑑𝑑𝑑𝑟𝑟

𝑑𝑑𝑑𝑑
= 4𝜋𝜋𝑑𝑑2𝜌𝜌 

 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= −
𝐺𝐺𝑑𝑑𝑟𝑟

𝑑𝑑2
𝜌𝜌 

 
𝑑𝑑𝑑𝑑𝑟𝑟
𝑑𝑑𝑑𝑑

= 4𝜋𝜋𝑑𝑑2𝜌𝜌𝜌𝜌 
 
𝑑𝑑𝑇𝑇
𝑑𝑑𝑑𝑑

= −
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𝑇𝑇3

𝑑𝑑𝑟𝑟
4𝜋𝜋𝑑𝑑2
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Cosmology 
 
𝑣𝑣 = 𝐻𝐻0𝑙𝑙       the Hubble-Lemaître law 
 

1 + 𝑑𝑑 = 1 + 𝑣𝑣
𝑐𝑐

=  𝜆𝜆obs
𝜆𝜆em

= 𝜈𝜈em
𝜈𝜈obs

= 𝑎𝑎0
𝑎𝑎

 redshift 
 

𝑑𝑑𝑠𝑠2 = −𝑐𝑐2𝑑𝑑𝑡𝑡2 + 𝑎𝑎(𝑡𝑡)2 � 𝑑𝑑𝑟𝑟2

1−𝑘𝑘𝑟𝑟2
+ 𝑑𝑑2(𝑑𝑑𝜃𝜃2 + sin2𝜃𝜃𝑑𝑑𝑑𝑑2)�  Robertson-Walker metric 

 
�̇�𝑎2

𝑎𝑎2
+ 𝑘𝑘𝑐𝑐2

𝑎𝑎2
= 8𝜋𝜋𝜋𝜋

3
𝜌𝜌 + 𝛬𝛬

3
    the Friedmann equation with cosmological constant 

 
 
  



Miscellaneous 
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𝑁𝑁(𝑡𝑡) = 𝑁𝑁0𝑒𝑒−𝜆𝜆𝜆𝜆;  𝜆𝜆 = ln2

𝜆𝜆1/2
   radioactive decay 

 
𝑑𝑑𝑑𝑑e
𝑑𝑑𝜆𝜆

= 𝑁𝑁star
𝑞𝑞
𝑉𝑉
− 𝛼𝛼𝑛𝑛e𝑛𝑛p    recombination and ionization equation 

 

𝑑𝑑I
4 ∙ 1010𝑑𝑑I,

≈ �
𝑉𝑉max

200 km/s
�
4

               (the Tully-Fisher relation) 
 

𝑑𝑑V
2 ∙ 1010𝑑𝑑V,

≈ �
𝜎𝜎

200 km/s
�
4

              (the Faber-Jackson relation) 
 

𝑑𝑑E =
4𝜋𝜋𝐺𝐺𝑑𝑑𝑚𝑚p𝑐𝑐

𝜎𝜎T
≈ 1.3 ∙ 1031

𝑑𝑑
M

(watt) ≈ 30000
𝑑𝑑

M
L      (the Eddington luminosity)  



Some mathematics 
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𝑓𝑓 = 𝑢𝑢 + 𝑣𝑣          𝑓𝑓′ = 𝑢𝑢′ + 𝑣𝑣′ 
 

𝑓𝑓 = 𝑢𝑢𝑣𝑣                𝑓𝑓′ = 𝑢𝑢′𝑣𝑣 + 𝑢𝑢𝑣𝑣′ 
 

𝑓𝑓 =
𝑢𝑢
𝑣𝑣

                  𝑓𝑓′ =
𝑢𝑢′𝑣𝑣 − 𝑢𝑢𝑣𝑣′

𝑣𝑣2
 

 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
𝑑𝑑𝑑𝑑
𝑑𝑑𝑢𝑢

𝑑𝑑𝑢𝑢
𝑑𝑑𝑑𝑑

       where 𝑑𝑑 = 𝐹𝐹(𝑢𝑢),𝑢𝑢 = 𝑓𝑓(𝑑𝑑) 
 
𝑑𝑑
𝑑𝑑𝑑𝑑

(𝑑𝑑𝑑𝑑) = 𝑛𝑛𝑑𝑑𝑑𝑑−1, 𝑑𝑑
𝑑𝑑𝑑𝑑

(ln 𝑑𝑑) = 1
𝑑𝑑

      (for 𝑑𝑑 > 0) , 𝑑𝑑
𝑑𝑑𝑑𝑑

(𝑒𝑒𝑑𝑑) = 𝑒𝑒𝑑𝑑 
 
 
Constants and units 
 
G = 6.67·10-11 N m2 kg-2 
 

c=2.9979·108 m/s 
 

σ = 5.67·10-8 W m-2 K-4 
 

ℎ = 6,62606896 ∙ 10−34  J s 
 

𝑘𝑘 = 1,3806504 ∙ 10−23  J K-1 

 
 

1 parsec (1 pc) = 3.26 light years = 3.0857·1016 m 
 

1 AU = 1.496·1011 m 
 

1 year = 3.156·107 s 
 

1 arcmin (1') = 1°/60. 1 arcsec (1") = 1°/3600. 
 

 
HI rest frequency ("21 cm line" of atomic hydrogen):  1420.4 MHz 
 
Absolute magnitude of the Sun: +4.8 
 

The solar constant (1 AU from the Sun): 1371 W/m2 
 

H0 = 100h km s–1 Mpc–1. Use h = 0.72 
 
 

Masses: Earth: 5.97·1024 kg,   Jupiter: 1.90·1027 kg,   Saturn: 5.69·1026 kg,   Sun: 1.99·1030 kg 

Radii:    Earth: 6378 km,         Jupiter: 71398 km,       Saturn: 60270 km,       Sun: 6.96·105 km 

 
 


