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Stefan-Boltzmann law for thermal radiation at temperature T (in Kelvin): 

𝐸 =  𝜍𝑇4 

𝑊𝑕𝑒𝑟𝑒, 

𝐸 =  𝐸𝑚𝑖𝑡𝑡𝑒𝑑 𝑃𝑜𝑤𝑒𝑟  𝑝𝑒𝑟 𝑠𝑞𝑎𝑢𝑟𝑒 𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑠𝑢𝑟𝑓𝑎𝑐𝑒  

𝑇 = 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑖𝑛 𝐾𝑒𝑙𝑣𝑖𝑛 𝑎𝑛𝑑  

𝜍 = 𝑆𝑡𝑒𝑓𝑎𝑛 − 𝐵𝑜𝑙𝑡𝑧𝑚𝑎𝑛𝑛 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 =  5.7 × 10−8
𝑤𝑎𝑡𝑡

𝑚2 × 𝐾4
 

 

Stefan-Boltzmann law that shows the relation between luminosity, temperature and 

radius: 

𝐿 = 4𝜋𝑟2 𝜍𝑇4 

Where, 

L = Luminosity 

4πr2 = Star’s surface area (‘r’ is the radius of the star) 

𝜍 = 𝑆𝑡𝑒𝑓𝑎𝑛 − 𝐵𝑜𝑙𝑡𝑧𝑚𝑎𝑛𝑛 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

T = surface temperature of the star (in Kelvin) 

 

Almost all stars are too distant for us to measure their radii. This relation is mostly used to 

calculate the radius of the star from its luminosity and surface temperature, that is, 

𝑟 =  
𝐿

4𝜋𝜍𝑇4 



Wien’s law for peak wavelength (𝝀𝒎𝒂𝒙) thermal radiation at temperature T (in Kelvin): 

𝜆𝑚𝑎𝑥 =
𝑏

𝑇
=  

2,900,000

𝑇
 

𝑊𝑕𝑒𝑟𝑒,  

𝜆𝑚𝑎𝑥 = 𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡𝑕 𝑜𝑓 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 (𝑛𝑚) 

𝑏 = 𝑊𝑖𝑒𝑛′𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = 2,900,000 𝑛𝑚. 𝐾 

𝑇 = 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑖𝑛 𝐾𝑒𝑙𝑣𝑖𝑛 

 

Doppler shift (radial velocity is positive if the object is moving away from us and 

negative if it is moving towards us): 

𝜐𝑟𝑎𝑑

𝑐
=  

𝜆𝑠𝑕𝑖𝑓𝑡 − 𝜆𝑟𝑒𝑠𝑡  

𝜆𝑟𝑒𝑠𝑡
 

𝑊𝑕𝑒𝑟𝑒,  

𝜐𝑟𝑎𝑑 = 𝑜𝑏𝑗𝑒𝑐𝑡′ ′𝑠 𝑟𝑎𝑑𝑖𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 

𝜆𝑠𝑕𝑖𝑓𝑡 = 𝑟𝑒𝑠𝑡 𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡𝑕 𝑜𝑓 𝑎 𝑝𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑟 𝑠𝑝𝑒𝑐𝑡𝑟𝑎𝑙 𝑙𝑖𝑛𝑒 (𝑛𝑚) 

𝜆𝑟𝑒𝑠𝑡 = 𝑠𝑕𝑖𝑓𝑡𝑒𝑑 𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡𝑕 𝑜𝑓 𝑡𝑕𝑒 𝑠𝑎𝑚𝑒 𝑙𝑖𝑛𝑒 (𝑛𝑚) 

𝑐 = 𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑙𝑖𝑔𝑕𝑡 = 3 ×  105  𝑘𝑚 𝑠  

 

Inverse square law for light: 

𝑏 =  
𝐿

4𝜋 𝑑2
 

Where, 

b = Apparent brightness 

L = Luminosity 

d = distance to the object 

Newton’s version of Kepler’s third law: 

𝑃2 =
4𝜋2

𝐺 (𝑀1 + 𝑀2)
. 𝑎3 



Where, 

P = orbital period (in seconds) 

a = orbital distance (in meters) 

M1 and M2 = mass of first and second object respectively (in kg) 

G = gravitational constant (6.673 × 10-11 m3 kg-1 s-2) 

 

If the period, distance and masses are in years, AU and solar masses respectively, then, 

𝑃2 =
𝑎3

𝑀1 + 𝑀2
 

 
Universal law of gravitation:  

𝐹𝑔𝑟𝑎𝑣 =  
𝐺 𝑀1𝑀2

𝑑2
 

Where, 

𝐹𝑔𝑟𝑎𝑣 = 𝑀𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑡𝑕𝑒 𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑓𝑜𝑟𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡𝑕𝑒 𝑡𝑤𝑜 𝑝𝑜𝑖𝑛𝑡 𝑚𝑎𝑠𝑠𝑒𝑠 

𝑀1 𝑎𝑛𝑑 𝑀2 = 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑡𝑕𝑒 𝑓𝑖𝑟𝑠𝑡 𝑎𝑛𝑑 𝑠𝑒𝑐𝑜𝑛𝑑 𝑜𝑏𝑗𝑒𝑐𝑡 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦 (𝑖𝑛 𝑘𝑔) 

𝐺 = 𝐺𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 (6.673 × 10−11  𝑚3 𝑘𝑔−1 𝑠−2) 

𝑑 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡𝑕𝑒 𝑡𝑤𝑜 𝑝𝑜𝑖𝑛𝑡 𝑚𝑎𝑠𝑠𝑒𝑠 

 

Other important formulae: 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑀𝑎𝑠𝑠

𝑉𝑜𝑙𝑢𝑚𝑒
 𝑜𝑟  𝜌 =

𝑚

𝑉
 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑆𝑝𝑕𝑒𝑟𝑒, 𝑉 =
4

3
 𝜋𝑟3 

Speed of light = wavelength × frequency 

That is,  𝑐 =  𝜆 × 𝑓 


