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Abstract 

This work will demonstrate that blackbody radiation is a thermodynamic phenomenon.   
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1. Introduction 

    During the 1890s, physicists such as Lummer, Prings-

heim, and Rubens conducted extremely detailed experi-

ments at the Physikalisch-Technische Reichsanstalt in Ber-

lin. These measurements showed that the intensity of radia-

tion increased with frequency up to a maximum point and 

then decreased, forming a bell-shaped curve. 

     In June 1900, Lord Rayleigh published an article propos-

ing the form of the law based on the equipartition theorem. 

However, the formula only worked for long wavelengths. In 

1905, James Jeans corrected an error in the proportionality 

constant, resulting in the Rayleigh-Jeans formula as we 

know it today. 

    In October 1900 Max Planck published this famous law, 

which gave rise to quantum mechanics. 

    Planck's law, as he himself said, was born out of an act of 

desperation, assuming the quantization of energy; an argu-

ment that even he did not believe. 

2. Planck constant  (𝐡)   

    The energy   ε = ve
2μe.Where 𝑣𝑒 is the speed of the elec-

tron in the hydrogen atom and 𝜇𝑒 is the reduced mass of the 

electron. 

    The angular momentum of the electron is: 

            𝑙𝑒 = 𝑣𝑒𝑟𝑏𝜇𝑒 = ℏ = 1.055 ∗ 10−34𝐽𝑠  [1, 2] 

Where: 

                𝑣𝑒 = 2.2 ∗ 106 𝑚

𝑠
  Electron speed 

                 𝑟𝑏 = 5.3 ∗ 10−11 𝑚  Bohr radius  

               𝜇𝑒 = 9.11 ∗ 10−31𝐾𝑔  Electron mass 

              𝜀 = 𝑣𝑒
2𝜇𝑒    𝑣𝑒 =

ℏ

𝑟𝑏𝜇𝑒
      𝑣𝑒 = 𝜔𝑟𝑏  

                     𝜀 = (
ℏ

𝑟𝑏𝜇𝑒
) (𝜔𝑟𝑏)𝜇𝑒 

 Therefore 

ε = ℏω    ω Is the angular frequency of the electron 

                        𝜔 = 2𝜋𝜈    So     𝜀 = 2𝜋ℏ𝜈                                   

                                     But   2𝜋ℏ = ℎ    

                               Therefore   𝜀 = ℎ𝜈                                      (1)                                                                                                                                                                                                                                                                                                                                                                                

3. Average energy (𝛆̅) 

    Rayleigh and Jeans used the Boltzmann probability den-

sity function [1] continuously, that is, using integration. 

They showed that the energy density is: 

                                𝜌𝑇(𝜈) =
8𝜋𝜈2

𝑐3 𝑘𝑇  [1, 2]                      (2)                   

  This result led to what they called the ultraviolet catastro-

phe, because the energy density could reach infinite values. 

Furthermore, it did not coincide with experimental results, 

which showed that at high energies the radiation density 

tended towards zero. 

    The calculations they used were the following: 

                                   𝜀̅ =
∫ 𝜀 
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   But Max Planck did not use integrals but summations, 

therefore assuming that energy is not continuous, and by 

performing the calculations he found that the formula is: 



                    𝜌𝑇(𝜈)𝑑𝜈 =
8𝜋𝜈2

𝑐3

ℎ𝜈

𝑒 
(

ℎ𝜈
𝑘𝑇
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−1
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    Which coincided with the experimental results and 

avoided the ultraviolet catastrophe. 

    Rayleigh-Jeans made two crucial errors that, had they 

not   made them, quantum mechanics would not exist. 

    The two errors were, firstly, assuming that the upper limit 

of integration is infinite, which implies the existence of in-

finite energies, which is not true. Secondly, they considered 

only one average energy, the average energy of ε, but in the 

system there is another energy, kT. The energy ε is the en-

ergy acquired by the electrons due to the temperature T, and 

the thermal energy is kT. Taking this into account, the for-

mula for finding the average energy 𝜀 ̅is: 

 

                                  𝜀̅ = 𝜀𝑇̅ − 𝜀𝜈̅                                          (3)   

                           𝜀𝑇̅ =
∫ (𝑘𝑇)  
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                           𝜀𝜈̅ =
∫ (ε)   
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Subtracting: (3) – (4)   you get the following: 

                         𝜀̅ =
∫  (𝑘𝑇−𝜀)  
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Replacing   (7) y (8) en (6) 
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    Therefore, substituting (1) into (9): 

                         𝜌𝑇(𝜈)𝑑𝜈 =
8𝜋𝜈2
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Were   
8𝜋𝜈2

𝑐3  is the mode density 

    Equation (10) is the same as Planck found in 1900 but 

assuming the quantization of energy 

 

4. Conclusions 

    Energy is continuous and non-quantized; it does not need 

to be discrete to justify the experimental results of black-

body radiation. The key detail is knowing that the difference 

between the two average energies must be used. 

    Planck's constant h is simply the angular momentum of 

the electron in the hydrogen atom multiplied by 2π. It is not 

a magical or extraordinary quantity, as some claim. It is 

simply the minimum action of the electromagnetic system 

of the hydrogen atom. 

 

5. References 

1. Eisberg, R.,  & Resnick, R. (1985). Fisica Cuantica: 

Atomos, Moleculas, Solidos, Nucleos y Particulas. 

Limusa. MURRAY R. Spigel.  

2. Raymond A. Serway & Jhon W. Jewett, Jr. Fisca para 

ciencias e ingeniería con física moderna 

 

 

 

 


