PAGE  
10

	
	     “Be not surprised if at the point you finish reading the book “The Resurrection of Exact

Science”  you have thrown overboard a lot of so called “proven theories”.

Thomas Arends
integrator@newpowers.org    http://www.newpowers.org/



10.08.04

PHYSICAL MEANING OF HEAT AND TEMPERATURE

Kanarev Ph.M.

e-mail: kanphil@mail.ru

Abstract: Temperature of any medium is formed by an aggregate of the photons, maximal quantity of which corresponds to maximum of radiation being equal to radiation of the black body. 
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INTRODUCTION
            Notions “heat” and “temperature” belong to the fundamental scientific notions. They are widely used in engineering practice and everyday life. But physical sense of these notions remains mysterious. It is so, because electromagnetic structure of an elementary carrier of heat energy has remained unknown. Now it is known. A photon is the elementary carrier of heat energy (Fig. 1). A radius (
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) of its rotation is equal to a wavelength (
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), which is circumscribed by its centre of mass. The photon rotation radius is changed in the wide range 
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). When the photon rotation radius is decreased, the temperature being produced by them is increased. Now we’ll see that an ambient temperature change is a sequence of the wavelength change of the majority of the photons in this medium; it will become clear that heat and temperature are produced by the largest aggregate of the photons with the definite wavelength [1], [2]. 
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Fig. 1. Diagram of an electromagnetic model of the photon:

 a) a theoretical model, b) a simulated one

ANALYSIS
We have already shown that the hydrogen atom fusion processes in the entrails of the stars in the Universe and their further cooling (when they retreat from the stars) serve as a relic radiation source [1]. In Fig. 2, an experimental dependence (a thin line) of relic radiation and dependence (a bold line) being obtained with the help of Planck formula (1) by 
[image: image8.wmf]K

T

3

=

is shown [1], [2], [3], [4], [5]. 
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Fig.2. Dependence of relic radiation of the Universe on the wavelength: theoretical dependence (the bold line); experimental dependence (the thin line)
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where  
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r

 is radiation density, J/m3; 
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 is radiation frequency, Hz; 
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 is speed of light, m/s; 
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is Planck constant,  J(s, 
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 is Boltzmann constant, J/K, 
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is absolute temperature, K.

Relic radiation maximum corresponds to the wavelength of nearly 0.001 m (Fig. 2). It is formed by a hydrogen atom spectrum (Table 1). This process begins at the time of the contact between the proton and the electron when it occupies approximately the 105th energy level (Table 1). The electron emits the photon with the wavelength of nearly 0.001 m. At this time, ambient temperature is equal to 
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When the hydrogen atoms retreat from the star and the ambient temperature is reduced, the electrons of the hydrogen atoms begin to descend to the lower energy levels approaching the protons and emitting the aggregate of the photons, density dependence of which on the wavelength is described by Planck formula (1) [1]. Maximal density of the photons in it is formed by the ambient temperature. 
Table 1.     Spectrum of the hydrogen atom
	Energy level number
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	Excitation energy  (eV)
	Binding energy of the electron with the nucleus (eV)

	1

	-0.00000000000000075


	13.59800000000000000



	2

	10.19849999999999872


	3.39950000000000000



	3

	12.08711111111111168


	1.51088888888888896



	4

	12.74812500000000000


	0.84987500000000000



	5

	13.05408000000000000


	0.54391999999999992



	6

	13.22027777777777664


	0.37772222222222224



	7

	13.32048979591836672


	0.27751020408163264



	8

	13.38553125000000000


	0.21246875000000000



	9

	13.43012345679012352


	0.16787654320987654



	10

	13.46202000000000000


	0.13597999999999998



	……
	……….
	………..

	102


	13.59669300269127424


	0.00130699730872741



	103


	13.59671825808275968


	0.00128174191724008



	104


	13.59674278846153984


	0.00125721153846154



	105


	13.59676662131519232


	0.00123337868480726



	106


	13.59678978284086784


	0.00121021715913136



	107


	13.59681229801729536


	0.00118770198270591



	108


	13.59683419067215360


	0.00116580932784636




In Fig. 3, dependence of radiation density (photon density) of the black body on the wavelength of radiation (the photons) is shown at the black body cavity temperatures that are equal to 2000 K and 1500 K. 
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Fig. 3. Black body radiation intensity dependence on the wavelength [2]

Alteration dependence of black body radiation maximum on temperature and the wavelength is described by Wien's law. This law gives the possibility to determine the wavelength of radiation (the photon) corresponding to radiation maximum at any temperature 
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 in the black body cavity. 
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where 
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If the temperature in the black body cavity is 
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When the temperature in the black body cavity is reduced up to 1500 K, the wavelength of the photons, which form their maximal density in the black body cavity, is equal to

[image: image25.wmf]m

T

C

6

3

1500

10

932

.

1

1500

10

989

.

2

'

-

-

×

=

×

=

=

l

.                                             (5)

Let us pay attention to the fact that the photons with the wavelengths of 
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 and 
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 belong to the infrared spectral region (Table 2). When temperature is increased, the wavelength of the photons, which form it, is decreased.

    Table 2. Measurement ranges of the wavelength 
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 and energy 
[image: image29.wmf]E

 of electromagnetic radiations

	Ranges
	Wavelength 
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, m
	Energy  
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	1. Low frequency range
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	2. Radio range
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	3. Microwave range
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	4. Relic range (max)
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	5. Infrared range
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	6. Light range
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	7. Ultraviolet range
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	8. X-range
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	9. Gamma range
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  In Fig. 4, a part of the scale of electromagnetic radiations is shown with the photon density dependences on the wavelength being formed by the black body (Fig. 4, a) and relic radiation (Fig. 4, b). 
[image: image50.png]o3 ogPy
e a “: b)
. 16
I el
2 2
107 100 105 104 103 102 g0

100





Fig. 4. Radiation intensity dependence on the wavelength of: 
a) the black body; b) relic radiation
It is considered that the average temperature of the Universe is 
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. Wien’s displacement law (3) gives exact prediction of the wavelength of maximal relic radiation corresponding to this temperature (Fig. 4, b). 
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It appears from this that maximal quantity of the photons with the definite wavelength forms temperature in the location of any thermometer. Let us suppose that the thermometer shows 
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. The wavelength of maximal quantity (density in the space volume unit near the thermometer) of the photons forming this temperature will be equal to
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If the thermometer shows 20(C, maximal quantity of the photons, which form this temperature, in the thermometer area has the wavelength
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When the temperature is increased up to 30(C, maximal quantity of the photons, which form this temperature, in the thermometer area in the volume unit has the wavelength
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If the thermometer shows 100(C, maximal quantity of the photons, which form this temperature, in the thermometer area has the wavelength
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The wavelength of the photons, which form the temperature of 1000(C, is equal to
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Thus, the ambient temperature in the range of 
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is formed by the photons of the infrared range (Table 2). When the temperature is increased, the wavelength of the photons, which form it, is decreased. If maximal quantity of the light photons with the wavelength of 
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Thus, the temperature being shown by the thermometer is formed by maximal density of the photons, which wavelength is determined according to Wien’s formula (3). 

In order to know how the photons form the temperature, let us pay attention to the hydrogen atom spectrum oscillogram (Fig. 5). There are two spectral lines in it. The first line (to the left) corresponds to a jump of the electron of the hydrogen atom from the 3rd energy level to the 2nd one;  the second line corresponds to a jump of the electron of the hydrogen atom from the 4th energy level to the 3rd one. When the electron of the hydrogen atom jumps (Table 1) from the 4th energy level to the 3rd one, a photon is emitted with energy
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and the wavelength
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Fig. 5. Spectral lines of the hydrogen atom

When the electron jumps from the 3rd energy level to the 2nd one, a photons is emitted with energy
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and the wavelength
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It is a light photon. If the photons with the wavelength of 
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If maximal quantity of the photons in the environment has the wavelength of 
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, they will form the temperature

[image: image70.wmf]K

C

T

87

.

4413

10

56566

.

6

10

898

.

2

'

7

3

2

3

2

3

=

×

×

=

=

-

-

-

-

l

.                                             (18)

Thus, the wavelength difference of the photons produced by the electron of the hydrogen atom during its jump from the 4th energy level to the 3rd one and from the 3rd energy level to the 2nd one is equal to
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A difference of the temperatures formed by these photons is equal to
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It appears from this that the hydrogen atoms and the atoms of other chemical elements cannot form a smooth change of the temperature of the environment. This function can be executed only by the molecules. In order to understand how they do it, let us pay attentions to the smooth change of brightness of the oscillogram area to the right of the spectral line of the hydrogen atom (Fig. 5). The smooth change of brightness is formed by the smoothly changing wavelengths of the photons emitted at that time [3]. 
The molecules of other chemical elements form the so-called stripy spectra. It proves discrete energy jumps of valence electrons of such molecules. 

Thus, the smooth change of the temperature of the environment is provided by the molecules, not by the atoms of chemical elements. How do they do it? A diagram of the hydrogen atom is given in Fig. 6; the diagrams of the hydrogen molecules are given in Fig. 7 [1], [3].

It is known that fusion energy of one mole of the hydrogen molecules is equal to 436 kJ, and fusion energy of one molecule is equal to 4.53 eV. This energy is emitted by the electrons of the atoms in the form of the photons. Each electron emits a photon with energy of 4.53/2.26 eV. 
As the electrons emit the photons, each electron should emit one photon with energy of 2.26 eV when the hydrogen molecule is formed. A question arises: on what energy levels should the electrons be in the hydrogen atoms before they start uniting into molecules?

Molecular spectrum of hydrogen in the form of a solid light area (Fig. 5) proves that the electrons in the molecule do not occupy discrete energy levels as they do when they are in the atoms. In the molecules, their binding energies with the protons and with each other change in such a way that their values become equal to interlevel values of the binding energies corresponding to the atomic state.

When the electron is on the third energy level in the hydrogen atom, its binding energy with the proton is equal to 1.51 eV; when the electron is on the second energy level, its binding energy is equal to 3.4 eV. In order to emit the photons with the energies of 2.26 eV during formation of the molecules and to be between the second energy level (with binding energy of 3.4 eV) and the third one (with binding energy of 1.51 eV), the electron should jump from the 4th energy level (approximately) to the 2nd one. In this case, it will emit the photon with energy (Table 1).
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Actually, it emits the photon with smaller energy of 2.26 eV and is between the second energy level and the third one corresponding to the atomic state. 
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Fig. 6. Diagram of the hydrogen atom model
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Fig. 7. Diagrams of the hydrogen molecules




If all electrons of the hydrogen atoms emitted the photons with the same energy during the formation of the molecules, one spectral line would appear in the molecular spectrum between the atomic lines corresponding to the second energy level and the third one. The absence of this line and availability of the light area mean that the electrons of the hydrogen atoms jump from the 4th energy level during formation of the hydrogen molecules and emit the photons with various energies in such a way that their average value is equal to 2.26 eV. It is natural, because this process takes place not at one temperature, but at the temperature range. 

But it should be noted that that some molecules form the so-called stripy spectra that have dense spectral lines instead of the solid light area. 

Now we can describe the temperature change process. Let us imagine that we have a mercury-filled thermometer and an alcohol thermometer. They show the temperature of 20(C. It means that maximal quantity of the photons in the environment where the thermometers are situated has the wavelength of 
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 (8). The molecules of the mercury and alcohol as well as the molecules of all bodies, liquids and gases in the thermometers area absorb and emit these photons. 

If the thermometers show 21(C, it will mean that in the environment where they are situated the maximal quantity of the photons has another wavelength, i.e.
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Now there are more photons with smaller wavelength in the medium where the thermometers are arranged. The electrons of mercury and alcohol start absorbing and emitting the photons with the wavelength of 
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. If quantity of these photons in the medium where the thermometers are arranged is constant, ambient temperature will not be changed. If quantity of these photons is decreased and quantity of the photons with smaller wavelength is increased, the thermometers will read greater temperature. 

Let us suppose that the temperature is increased up to 30(C and has become stable. It means that in the medium where the thermometers are arranged, maximal quantity of the photons has the wavelength of 
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 (9). If the temperature is increased up to 100(C, it will mean that maximal quantity of the photons will have the wavelength of 
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 where the thermometers are arranged (10). 

It is natural that the molecules of all bodies, liquids and gases being situated in the area of the thermometers and having the same temperature will behave as the molecules of mercury and alcohol in the thermometers. They will absorb and emit the photons, quantity of which is greater in the environment where they are situated.

Thus, the temperature of the medium and the bodies is changed due to the fact that their molecules emit and absorb the photons of the environment constantly. The majority of the photons corresponding to this temperature in the environment where it is measured provides temperature continuity. A change of the wavelength of this majority changes ambient temperature. The wavelength of the majority of the photons is determined according to Wien’s formula. 

In order to prove that a change in temperature is a result of the wavelength change of the majority of the photons in the medium where the temperature is measured, let us write Wien’s formula for two different temperatures:
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Later on we’ll have:
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or
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and
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If we equate (26) and (28), we’ll find
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or
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Thus, the product of the wavelength of 
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The formula (29) means that if the temperature 
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Thus, it can be considered as a proved fact that the temperature change in the medium where the bodies, liquids and gases are arranged is connected with the wavelength change of maximal quantity of the photons filling this medium.
The whole aggregate of the medium photons form its thermal energy. The majority of the photons forming the medium temperature is a statistic centre of this aggregate.
            Thus, we should give a new formulation of the laws of thermodynamics. We’ll do it in our future articles.

Conclusion
The Universe is filled with the photons and exists in the photon medium. The wavelength of the photons forming the photon medium is changed from 
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. The temperature in any area of the Universe is formed by the photons, density of which is maximal in this area.
Temperature balance of the Universe is governed by the temperature balance law. It reads as follows: product of temperatures and wavelengths of the photons forming it in any two points in the Universe is a constant value and is equal to 
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