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Abstract 
An explanation is given for the thermal equilibrium in the biosphere, which is based in the equali-
ty between the thermal energy received from the sun and the thermal energy reemitted from the 
atmosphere to the space. In order to understand the origin of the energy that gives rise to the 
processes and phenomena taking place in the biosphere, it is necessary to take into account the 
free energy represented by the product of temperature times the change in entropy, T∆S, whose 
magnitude can be attributed to the variation experimented by the wavelengths (or, consequently, 
the frequencies) of the radiations composing the radiation spectrum received from the sun com-
pared with the radiation spectrum reemitted from the biosphere into the space. A simple discus-
sion allows to predict that the entropy increase driving the processes is connected with a sponta-
neous conversion of high frequency radiations (with lower “content” of entropy) in radiations of 
lower frequencies (with higher “content” of entropy). A consequence of this is that high frequency 
radiations would correspond to more ordered states and, therefore, to less probable states than 
those corresponding to radiations of lower frequencies. 
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1. Introduction 
The discussion on the conditions that should be accomplished for the establishment of the thermal equilibrium in 
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the biosphere leads to an apparent paradox. The thermal equilibrium which allows an average temperature of 
15˚C in the biosphere [1] is based in the reemission to the space, in the form of radiating energy, with a power 
spectrum corresponding, approximately, to the emission spectrum of a blackbody at a temperature of 15˚C, of 
the same amount of thermal energy that it is absorbed from the sun by the terrestrial atmosphere. This is the 
process, according to which the thermal equilibrium in the biosphere is admitted to take place. Nonetheless, be-
fore the radiation is reemitted, a large number of processes and phenomena take place in the biosphere, whose 
development requires the degradation of the energy to another, lower degree. The lowering of degree in the 
energy is a measure of the amount of free energy that is necessary to give rise to all the processes required to 
maintain the functioning of the biosphere, and this free energy is represented by the term T∆S, i.e., by the varia-
tion in entropy and temperature which experiments the incident solar radiation with respect to the spectrum of 
radiations reemitted to the space surrounding the Earth. 

The electromagnetic radiation reaching the outskirts of the terrestrial atmosphere presents a distribution of 
power by surface and frequency unit which is very similar to the radiation spectrum corresponding to a black 
body at 6000 K and arrives at a rhythm of around 1360 W∙m−2. On the other hand, in order that the temperature 
in the biosphere remains constant along the time, the energy should be irradiated from it to the surrounding 
space at the same rhythm at which it is absorbed, i.e., it is necessary to reach a thermal equilibrium. Since the 
average temperature of the biosphere is estimated to be 15˚C, the spectrum of the energy irradiated is similar to 
the corresponding to a black body at a temperature of 15˚C, which is characterized by a distribution of radiation 
of much lower frequencies (frequencies located in the range of the far infrared) than the spectrum of the elec-
tromagnetic radiation coming from the Sun, whose frequencies are located in the ultraviolet and visible ranges. 
Thus, the phenomena occurring in the biosphere must be the consequence of the lowering of the frequency 
which takes place in the electromagnetic radiation and the change in entropy responsible for the degradation of 
the electromagnetic energy should be attributed to the change in the frequency experimented by the different 
radiations composing the solar spectrum reaching the Earth, in comparison with the lower frequencies (or larger 
wavelengths) corresponding to the radiation spectrum emitted by a black body at 15˚C. 

2. Thermodynamic Interpretation of the Transformations Taking Place in the  
Biosphere 

In order to explain how a lowering of the frequency of a radiation is able to give rise to the multiples transfor-
mations taking place in the biosphere it is necessary to resort to the Thermodynamics. According to the argu-
ments exposed in the former paragraph, at a high frequency radiation should correspond a low value of the en-
tropy, whereas at a radiation of low frequency, i.e., of high wavelength, would correspond a high value of the 
entropy. According to this supposition, under conditions in which the enthalpy of any transformation remains 
constant, there would be a spontaneous tendency of the entropy to grow, which means that a spectrum composed 
by radiations of high frequency would present a spontaneous tendency to convert itself in another of lower fre-
quency radiations. The free energy term associated to this transformation (which can be identified with the 
amount of free energy dissipated through all the changes induced in the biosphere) can be represented by the 
product of the absolute temperature, T, multiplied by the entropy change occurring in it, ∆S (T∆S = h∆ν, where 
∆ν denotes the change in frequency associated with any process induced by the changes in the characteristics of 
the radiation). 

The thermodynamic formulation of the energy change which gives rise to every phenomenon occurring in the 
biosphere can be expressed according to the following equation [2]: 

Δ Δ Δ Δ ΔG H T S h Eν= − = =                                 (1) 

where ∆E represents the free energy dissipated as consequence of all the transformations which take place in the 
biosphere. 

In the case of an infinitesimal change of the magnitudes produced under conditions of constant enthalpy (dH = 
0), the above equation reduces to the following expression: 

d d d dG T S h Eν= − = =                                    (2) 

The result of the differentiation of the last equation with respect to the time (at constant temperature) gives 
rise to the rate of change of the free energy with the time (or the rate of free energy dissipation), which is given 
by the following expression. 
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d d d d
d d d d
G S ET h
t t t t

ν
= − = =                                    (3) 

Remembering that c = λν; ν = c/λ, y: dν = (−c/λ2) × dλ. By substitution of this equivalence in Equation (3) 
one obtains the following expression: 

2

d d d d
d d d d
G S hcT h
t t t t

ν λ
λ

= − = = − .                                 (4) 

Finally, the rate of generation of entropy, measured by (dS/dt) would be given by the following expression: 

( )2

d 1 d d d d
d d d d d
S G hc h PC
t T t t T t tT

λ ν λ λ
λ

       = − = = = ×       
       

.                    (5) 

According to Equation (5) the rate of generation of entropy is proportional to the rate of change of the wave-
length with the time. The coefficient of proportionality (denoted as PC) is always positive and is given by the 
following expression: 

( ) 2

hc hPC
TT
ν
λλ

   = =   
   

                                     (6) 

This coefficient is an inverse function of the absolute temperature and would be measured in following units 
in the SI: 

( ) ( ) ( )

( )

2 2 1 1

2 2

1 1 2 2 1 1

J s kg m s J m s

K m

J K m s kg m s K N K

hc
Tλ

− − −

− − − − − −

⋅ × ⋅ ⋅ × × ⋅  =  ⋅ 

= ⋅ ⋅ ⋅ = ⋅ ⋅ ⋅ = ⋅

. 

The fact that (PC) > 0 implies that a growth of the entropy with the time, which is indicated by (dS/dt) > 0 and 
expresses the spontaneous evolution of the entropy with the time in any system considered, would be the result 
of a growth of the wavelength with the time, i.e., would be the consequence of the positive value of the rate of 
change of the wavelength with the time, (dλ/dt) > 0. In other words, it can be said that the higher the wavelength 
of a radiation the higher would be its content in entropy. 

On the other hand, the proportionality coefficient in Equation (6) [(PC) = (hc/Tλ2) = (hν/Tλ)] is an inverse 
function of the square of the wavelength and of the temperature. Thus, the most energetic radiations component 
of the solar light (i.e., those radiations of higher frequency or of lower wavelength), would be those that would 
give rise to a more rapid free energy dissipation or a higher rate of generation of entropy. Likewise, according to 
Equation (5) the rate of generation of entropy grows proportionally to the inverse of the temperature. 

Finding dS from Equation (5) one comes to following expression: 

2d d dhc hS
TT
νλ λ
λλ

   = =   
   

                                (7) 

By integrating this equation it is possible to calculate the change of entropy (∆S = Sf – Sin), associated with a 
wavelength variation from an initial value of λ = λin to a final value λf: 

2

d 1 1Δ df f

in in

S
f in S

in f

hc hcS S S S
T T

λ

λ

λ
λ λλ

  = − = = = −       
∫ ∫                      (8) 

( )Δ f in in f
hS S S
T

ν ν= = − = − .                               (9) 

According to this expression ∆S > 0 whenever λin < λf or, in the case that the entropy change would be ex-
pressed as a function of the frequencies, whenever νf < νin. 

These expressions allow to perform calculations about the entropy changes which accompany to the conver-
sion of an Avogadro number of photons of visible radiation of wavelength corresponding to the blue (λblue = 430 
nm) to an Avogadro number of photons of another radiation corresponding to the maximum in the far infrared 
spectrum corresponding to a black body at 15˚C = 288 K, which is situated at about λmáx = 20000 nm. 
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3. Conclusions 
According to the ideas above developed, it could be said that the “arrow of the time” defined by Clausius [3] 
could be interpreted as the irremediable spontaneous conversion along the time of radiations of high frequency, 
i.e., of shorter wavelengths, in radiations of lower frequencies, i.e., of longer wavelengths, which are those 
emitted by a black body at 15˚C, as the biosphere can be supposed to be. Therefore, the energy necessary to 
maintain all the processes taking part in the biosphere should be attributed to the free energy changes proceeding 
from the term T∆S, i.e., from a change in the radiation spectrum corresponding to the sun surface (around 6000 
K) to the radiation spectrum of a black body at 288 K. In this case, in which it can be supposed that the enthalpy 
variation is equal to null, the driving force for the spontaneous transformation of short-length-radiations in radi-
ations of longer wavelengths is the increase of entropy associated with such a change. 

It can be said that the “quality” or grade of the energy transported by the electromagnetic radiation is inverse-
ly proportional to the wavelength, or, directly proportional to the frequency of the radiation considered. Accord-
ing to the second principle of thermodynamics, there is a natural tendency to the energy to spontaneously de-
grade and to convert itself from a higher into a lower grade or “noblesse” [4]. This degradation in the “noblesse” 
of the energy explains the origin of the work amount necessary for driving the multiple processes and pheno-
mena taking place in the biosphere, whereas no thermal energy change can be observed. 

According to the arguments above exposed, also the so called cosmic microwave radiation background that 
according to S. Weinberg [5] could be considered as a black-body radiation with a temperature of 3 K, which 
could be the consequence of the spontaneous degradation of electromagnetic radiations of higher frequencies 
produced along the time. 
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