
The following exercise is from Stellar Atmospheres (Second Edition) by Dimitri Mihalas page 7. 

Exercise 1-3: Derive Stefan’s Law from the following equation: 

𝐸𝑅
∗ =

8𝜋ℎ

𝑐3
∫

𝜈3𝑑𝜈

𝑒ℎ𝜈 𝑘𝑇⁄ − 1

∞

0

= 𝑎𝑅𝑇4(𝑆𝑡𝑒𝑓𝑎𝑛′𝑠𝐿𝑎𝑤) 

𝑎𝑅 =
8𝜋5𝑘4

15𝑐3ℎ3
 

𝐹(𝜈) = (𝑒ℎ𝜈 𝑘𝑇⁄ − 1)
−1

 

𝐺(𝑥) = (𝑒𝑥 − 1)−1 

𝑥 =  
ℎ𝜈

𝑘𝑇
 

𝐺(𝑥) = 𝑒−𝑥(1 − 𝑒−𝑥)−1 

𝐻(𝑦) = 𝑦(1 − 𝑦)−1 

𝑦 = 𝑒−𝑥 

𝐻′(𝑦) = (1 − 𝑦)−1 + 𝑦(1 − 𝑦)−2 

𝐻′′(𝑦) = 2(1 − 𝑦)−2 + 2𝑦(1 − 𝑦)−3 

𝐻′′′(𝑦) = 6(1 − 𝑦)−3 + 6𝑦(1 − 𝑦)−4 

𝐻𝑖𝑣(𝑦) = 24(1 − 𝑦)−4 + 24𝑦(1 − 𝑦)−5 

𝐻𝑣(𝑦) = 120(1 − 𝑦)−5 + 120𝑦(1 − 𝑦)−6 

𝐻(0) = 0 

𝐻′(0) = 1 

𝐻′′(0) = 2 

𝐻′′′(0) = 6 

𝐻𝑖𝑣(0) = 24 

𝐻𝑣(0) = 120 

𝐻𝑛(0) = 𝑛! 

𝐻(𝑦) = ∑ 𝑦𝑛

∞

𝑛=1

 

𝐺(𝑥) = ∑ 𝑒−𝑛𝑥

∞

𝑛=1

 

 



𝐹(𝜈) = ∑ 𝑒−𝑛ℎ𝜈 𝑘𝑇⁄

∞

𝑛=1

 

𝐸𝑅
∗ =

8𝜋ℎ

𝑐3
∑ ∫ 𝜈3
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𝑒−𝑛ℎ𝜈 𝑘𝑇⁄ 𝑑𝜈
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∫ 𝜈3
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𝑒−𝑛ℎ𝜈 𝑘𝑇⁄ 𝑑𝜈
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𝑣=0

𝑣→∞

−
6𝜈𝑘3𝑇3
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𝑒−𝑛ℎ𝜈 𝑘𝑇⁄ ]

𝑣=0

𝑣→∞

−
6𝑘4𝑇4

𝑛4ℎ4
𝑒−𝑛ℎ𝜈 𝑘𝑇⁄ ]

𝑣=0

𝑣→∞

=
6𝑘4𝑇4

𝑛4ℎ4
 

𝐸𝑅
∗ =

48𝜋𝑘4𝑇4
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∑
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=
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) =

8𝜋5𝑘4

15𝑐3ℎ3
𝑇4 = 𝑎𝑅𝑇4 

 


