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[abstract]: through the analysis of the nature of temperature and heat, | found that temperature is not the
sign of the average kinetic energy of molecular thermal motion, but related to the frequency corresponding to
the peak intensity of thermal radiation, and the temperature is positively correlated with the main frequency of
molecular thermal motion. Based on this, the physical phenomena such as constant temperature but absorbing
or releasing a large amount of heat during the phase transition of most substances can be well explained. At the
same time, the physical phenomena such as the inverse relationship between specific gravity and specific heat of
most solid materials are predicted and explained. Heat is a measure of the degree of change of molecular kinetic
energy in the process of molecular temperature convergence. On the basis of a new understanding of
temperature and heat, this paper intends to reinterpret and understand entropy increase, heat death and the
second law of thermodynamics.

Energy is the most common term in physics, but there are still many disputes and misunderstandings about
the nature of energy. In this paper, the essence of energy is discussed in depth, and its physical significance is
expounded on this basis. At the same time, by expounding the essential meaning of temperature and heat, it is
applied to explain the abnormal correlation between temperature and heat during the phase change of water
and the abnormal temperature distribution in various layers outside the sun.

On the basis of re-examining the differences between the two forms of Planck's blackbody radiation formula
(frequency, wavelength and energy intensity respectively), the relationship between blackbody temperature and
the frequency corresponding to the peak radiation intensity is re-deduced, and the temperature of the sun
surface is calculated to be 9932.78°C by using this relationship, instead of 5522.85°C calculated by Wien's law.
The reason of uneven surface temperature of artificial earth satellite is also discussed.

Chapter one
How to understand and interpret entropy
increase and the second law of thermodynamics

First, Definition of temperature and heat

1. Definition of temperature

Temperature is a physical quantity indicating the degree of heat and cold of an object, and it is
the intensity of thermal motion of an object molecule in a microscopic view. Temperature can only be
measured indirectly through some characteristics of an object changing with temperature, and the
scale used to measure the temperature value of an object is called a temperature scale.

From the point of view of molecular motion theory, temperature is a sign of the average kinetic
energy of molecular motion of an object. Temperature is the collective expression of a large number
of molecular thermal movements, which has statistical significance. For individual molecules,



temperature is meaningless[Excerpted from Encyclopedia of Thickness].

2.Definition of heat

Heat means that when the change of system state comes from the destruction of thermal
equilibrium conditions, that is, from the temperature difference between the system and the outside
world, we say that there is thermal interaction between the system and the outside world. As a result,
energy is transferred from a high-temperature object to a low-temperature object, and the energy
transferred at this time is called heat[Excerpted from Encyclopedia of Thickness].

Second, the real meaning of the temperature and heat

1, The real meaning of the temperature
According to the Planck blackbody radiation formula:
8’ 1
et —1
It is known that the frequency vn, corresponding to the maximum radiation intensity E is closely
related to the temperature T of the object. We can derive (formula 1-1) from v and make the
derivative equal to 0. There are:
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Divide both sides of (formula 1-2) by constants and the same term, and simplify to get:
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The relationship between the temperature of the object and the frequency corresponding to the

peak value of radiation energy can be established by (Formula 1-3): T=f(vm):
T _ (354420082 = (Formula 1-4)
2.821439372k k

As shown in Figure 1-1, Planck's blackbody radiation formula is basically applicable to the
thermal radiation of general objects, including the solar radiation spectrum. Therefore, the law that
the temperature of an object is related to the frequency corresponding to the peak of the thermal
radiation spectrum of the object is universal and can be applied to general physics research. It can be
seen that the temperature of an object is not determined by the average kinetic energy of its
molecules, but by the frequency corresponding to the peak of thermal radiation. However, the peak
frequency of blackbody radiation spectrum is only related to the dominant molecular thermal motion
frequency (hereinafter referred to as "the main frequency of molecular thermal motion"), and has
nothing to do with the molecular mass, the average velocity of thermal motion, momentum and
kinetic energy (which is why Planck's blackbody radiation formula has nothing to do with the material
type). Therefore, we have reason to understand that temperature is only related to the peak
frequency of blackbody radiation spectrum, and the peak frequency is only related to the main
frequency of molecular thermal motion. Therefore, there are: temperature is only related to the main
frequency of molecular thermal motion. It can be seen that temperature is not directly proportional
to the kinetic energy of molecules, that is, it is not a sign of the average kinetic energy of molecules,
but a sign of the main frequency of molecular thermal motion.
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Figure 1-1: Comparison of theoretical and experimental
data of the relationship between blackbody radiation intensity and frequency

2. The true meaning of heat

Heat refers to the amount of energy exchange generated in the process when materials with
different temperatures contact or interact with each other through electromagnetic radiation, and
the high-temperature objects will heat up the low-temperature objects and cool themselves.
However, from the above re-understanding of the meaning of temperature, we will find that
temperature is only related to the main frequency of thermal motion of molecules. Therefore, if a
high-temperature object transfers heat to a low-temperature object, it should be the
high-temperature object molecules that increase the thermal motion frequency of the
low-temperature object molecules, and at the same time reduce their own frequency to achieve
frequency synchronization and temperature equality. It can be seen that whether it is heat
conduction or heat radiation, heat is transferred from high molecular thermal motion frequency to
low, and reaches the same temperature after the frequencies are equal.

3. The relationship between temperature and heat

In order to explain the relationship between temperature and heat, we choose water as the
research object for detailed analysis.

Brief table of specific heat change of water Table 1
Serial number Name Status Unit | Heat quantity (J)
1 Every1 ‘C increase ofice below0 C Solid state Kg 2060
2 Change0 T iceinto0 C water Solid-liguid mixture Kg 335000
3 0~100C water rises by 1°C Liquid Kg 4219
4 Water at 100 C becomes steam at 100 C | Gaseous and liquid mixture Kg 2258000
) " > 4221 and increases with
5 i K
Every1 C increase of water vapor above 100 C | Gaseous state & | the ncrease oftemperature
Heat calculation table of water Table 2
Temperature (K) | Specific heat (KI/Kg*K) |  Heat (KJ/Kg) Status &3
0 0 Ignore theinfluence
2060 Ice
273 15 062689 Of specfic heat
4219 BITHED Water | Withtemperature
1319589
373.15 2577589 When the state of
4221 Gaseous | matteris constant
4732.15 26599580 matter s constan
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Figure 1-2:Diagram of the relationship between
internal energy (heat capacity) and temperature of water

It can be seen from Table 1, Table 2 and Figure 1-2 that the temperature of water is not a simple
linear relationship with the heat it carries. When water changes from solid to liquid or from liquid to
gas, the relationship between heat and temperature is multivalued. Therefore, the temperature can
not be directly used to express the heat level of the same substance! We must consider the state of
matter, that is, the motion state of molecules or atoms and their relationships. Although the
temperature of an object is positively related to the main frequency of its molecular thermal motion,
it is also positively related to the average velocity, momentum and kinetic energy of molecular
thermal motion, but it is not a single-valued function. The average velocity, momentum and kinetic
energy of molecular thermal motion of water and ice or water and steam mixture at the same
temperature can have many values.

Third, the fact that the supporting temperature

is the main frequency mark of molecular thermal motion

1. The relationship between temperature and heat during phase transition

During the phase change of most substances, the temperature remains the same but will absorb
or release a lot of heat. This is inconsistent with the sign that temperature is the kinetic energy of
molecular thermal motion. For example, in the process of changing ice into water or water into steam,
the temperature is 0°C or 100°C, but it will absorb a lot of heat. The phenomenon that the increase
of heat does not cause the temperature to rise shows that the temperature has a wireless or
proportional relationship with the average kinetic energy of molecules, as shown in Tables 1 and 2
and Figure 1-2 above:

The above phenomena can be well explained by using temperature as a sign of the main
frequency of molecular thermal motion: as a solid ice, its molecular spacing is small, its free motion is
difficult and its thermal motion stroke is small; However, the distance between water molecules is
large, the free movement is relatively easy, and the thermal movement stroke is large; The distance
between water vapor molecules is larger, the free movement is easier and the thermal movement
stroke is longer. Therefore, under the condition of constant thermal motion frequency, the kinetic
energy of molecules of ice is the smallest, followed by water, and water vapor is the largest.
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Therefore, when ice at 0°C changes into water at 0 °C, the kinetic energy of molecules increases
greatly, so it is natural to absorb a lot of heat. It is the same for water at 100°C to become steam at
100°C, and the heat absorbed is much greater than that from ice to water.

2.Relationship between specific gravity and specific heat of main metals

According to the positive correlation between temperature and the main frequency of molecular
thermal motion, it can be inferred that the specific heat of a substance is inversely proportional to
the specific gravity (the smaller the molecular spacing, the smaller the freedom and stroke of thermal
motion, and the less heat is needed); It is proportional to the number of atoms per unit volume. It
can be seen from Table 3 below that the product of specific gravity and specific heat is between 1.47
and 3.47 J/cm?3 *°C; Except for aluminum, the ratio of specific heat to atomic number per unit volume
of other metals is between 1.325 and 3.264, which shows a certain regularity.

List of specific gravity, specific heat and

relative atomic weight of main metals and their relationship Table 3

Name Silver | Auminium |Iron/steel | Copper | Mercury | Lead Zinc | Gold |Remarks
Specific gravity (g/cm’) 10. 49 2T 7.87 8. 89 13.6| 11.34 7.14| 19.32
Specific heat (J/g*C) 0. 24 0. 88 0. 46 0.39 0.14 0.13 0.39 0.13

Specific heat * specific

gravity ()/em3* C) 2.92 2.38 3. 62 3. 47 1. 90 1. 47 2.78 2.01

Relative atomic weight 107.87 26. 98| 9o. 845 63.9046| 200.59 207.2 69.39( 196. 97

Number of atoms per unit volume
(Specific gravity/relative atomic weight)

0.10 0.10 0.14 0.14 0. 07 0.00 0.11 0.10

Specfic heat/number o atoms per unitvolume 2 468 8. 7923 2. 264 2. 788 2. 065 2375 2. 572 1.325

3. The induction cooker and microwave oven have high thermal efficiency

Generally, the thermal efficiency of microwave oven and induction cooker is above 80%, the
main reason is that the frequency of alternating electromagnetic field generated by microwave oven
is just in the frequency band with large absorption coefficient of water molecules, and the frequency
of water molecules is more likely to be increased to be close to the frequency of heated
electromagnetic field. So that the alternating electromagnetic field generated by electric energy can
give full play to the warming effect of water molecules in the heated object. At the same time, the
energy wasted by mutual interference and mutual cancellation between different frequencies is
reduced.

4. The crowd effect indicates that the frequency of molecular thermal motion can only be
synchronized under thermal equilibrium

When huge crowds of people walk in a channel with limited width, synchronization with each
other is the most efficient way to pass. Similarly, when in thermal equilibrium, the thermal motion
frequencies of molecules in matter must be the same, so that the system will be stable and will not
collide with each other to cause energy transfer and imbalance.

5. Principle of semiconductor refrigeration (heat)

When the cooler composed of two kinds of (N and P) semiconductors is energized and the
electrons move from one end to the other, the temperature of the end is cooled because the
vibration frequency of the supplementary electrons is lower than that of the original electrons, while
the temperature of the end is increased when the electrons moving to the other end through the PN
junction are accelerated by the electric field. This is the basic principle of semiconductor refrigeration
(heat).

6.The principle of compression refrigeration (heat)

When gas is compressed, due to the decrease of molecular spacing, the frequency of thermal
motion naturally rises and heats up. However, when the pressure is reduced, the molecular distance
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suddenly increases and the stroke increases, and the thermal motion frequency naturally decreases
and the temperature drops. During this period, there was external heat exchange, but the reason for
the drastic change of temperature was the change of molecular thermal motion stroke, which led to
the change of thermal motion frequency and temperature.

Fourth, Analysis of the relationship between thermal radiation frequency,

electromagnetic forced heating and molecular thermal motion frequency

1. The relationship between thermal radiation frequency and molecular thermal motion
frequency
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Figure 1-4:Schematic diagram of atomic velocity and
displacement distance change in one cycle of thermal motion

In the process of molecular thermal motion, a specific molecule is impacted by neighboring
molecules, which changes its state of motion and accelerates its linear motion until other molecules
on the other side are hindered and decelerate its linear motion until it stops temporarily. This process
is a cycle of molecular thermal motion. The stress of atoms in molecules during this period is shown
in Figure 1-3 above: at the initial stage of collision, electrons are first stressed and change their
motion state, and the change of electron motion state forces the nucleus to change its motion state.
During this time, the atom will become an electric dipole. After moving for a certain distance, when
the speed of the electron and the nucleus is synchronized, the atom returns to the electrically neutral
state; After moving for a certain distance, it will be hindered by neighboring molecules on the other
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side and decelerate. If it is just the opposite at first, the electron first begins to decelerate and forces
the nucleus to decelerate. In this process, the atom becomes an electric dipole again, but the polarity
is just the opposite. Until the atom temporarily stopped moving, the atom returned to the neutral
state. Therefore, one cycle of thermal motion of molecules makes the atoms in them become electric
dipoles twice, which will radiate the electromagnetic field of electric dipoles twice, and also just
complete one cycle of electromagnetic radiation, that is, the frequency of thermal motion is equal to
the radiation frequency. See Figure 1-4 above for details.

2. The relationship between electromagnetic forced heating and molecular thermal motion
frequency

When an externally changing electromagnetic field acts on a substance, the atoms in its
molecules will be affected by the additional and changing electromagnetic field and change their
motion mode and state. Because the charges carried by the nucleus and the electrons in the atom
are different and the mass difference is huge, under the action of the same externally changing
electromagnetic field, their motion states change in opposite directions, and the range of change is
obvious: as shown in Figure 5 below, the first half of the externally changing electric field will make
the electrons and the nucleus move away from each other to form an electric dipole; In the second
half of the week, the atoms form electric dipoles with opposite polarities. Its change law is the same
as that of molecular thermal motion. When atoms are forced by the external changing electric field,
electrons and nuclei will eventually synchronize with the frequency of the external electromagnetic
field, thus achieving the purpose of heating.
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Figure 1-5: schematic diagram of force analysis during forced heating of atoms

Fifth, The real meaning of entropy increase

and the second law of thermodynamics

1, The real meaning of the law of entropy increase

1.1. The law of entropy increase: the law of entropy increase means that the flow of heat from
high temperature objects to low temperature objects is irreversible. It shows that the world will
become more and more disorderly and chaotic.

1.2. Real meaning: According to the positive correlation between temperature and the main
frequency of molecular thermal motion, the so-called heat flowing from high-temperature objects to
low-temperature objects is only the change of molecular or atomic thermal motion frequency, which
leads to the change of its kinetic energy. That is, the real scene of heat exchange between
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high-temperature objects and low-temperature objects is that part of kinetic energy of
high-temperature object molecules is transferred to low-temperature object molecules, which makes
the temperature of low-temperature objects rise and the temperature of high-temperature objects
drop. When they reach the synchronization of molecular motion frequency, the kinetic energy will no
longer be exchanged. For objects with the same composition and state of matter, after they reach
temperature equilibrium, the thermal motion frequency of molecules is equal, and the momentum
and kinetic energy are equal; However, for objects with different material compositions or states,
after they reach temperature equilibrium, the thermal motion frequencies of molecules are equal,
but the kinetic energy is not necessarily equal. For example, although the temperature of ice-water
mixture is 0°C, the average travel, speed, momentum and kinetic energy of ice molecules are far less
than those of water molecules.

Although the direction of heat transfer in the process of temperature convergence between
objects is irreversible from high temperature to low temperature, it does not mean that the world
will become more and more disorderly and chaotic. Because there are two ways in this process: first,
when solid objects exchange heat only by surface contact heat conduction or non-contact thermal
radiation between liquid and gas substances, because there is no mixing process of molecules or
atoms between objects, it is only a process of convergence of molecular and atomic thermal motion
frequencies, and the order is not chaotic, but becomes more orderly because of mutually
synchronous molecular thermal motion; Second, when liquids and gases are mixed with each other,
although the process of mixing occurs due to the thermal movement of molecules, when the
temperature equilibrium state is reached, the thermal movement frequencies of molecules also
converge, and the overall order is better than before mixing. As for the confusion caused by the
mixing process of liquid and gas, it is not caused by the change of temperature or the transfer of heat,
but the necessity of molecular thermal movement. Even if two liquids and gases with the same
temperature are mixed, the phenomenon of confusion will also occur, but there is no heat transfer in
this process.

2. The possibility of heat death

2.1. The meaning of heat death: heat death is a hypothesis to guess the ultimate fate of the
universe. According to the second law of thermodynamics, as an "isolated" system, the entropy of
the universe increases with the flow of time, from order to disorder. when the entropy of the
universe reaches the maximum, all other effective energy in the universe has been converted into
thermal energy. the temperature of all matter reaches thermal equilibrium. This state is called heat
death.

2.2, Possibility analysis: from the above analysis, we can see that the heat exchange process
between objects is only the exchange process of molecular thermal kinetic energy. There are many
factors that affect the kinetic energy of molecular thermal motion. Such as: the role of gravitation
and electromagnetic force. At the same time, the macroscopic motion of matter and the non-thermal
kinetic energy of the atoms, electrons and nuclei that make up the molecules are not taken into
account in the thermal energy. Even if the object is at absolute zero degree, its macroscopic motion
still exists, the electrons and nuclei in the atom are also moving, and there is still a huge kinetic
energy of non-thermal motion. In particular, the energy of particles with mass is proportional to the
product of mass and the square of the speed of light. This part of the energy is not taken into account.
The most important thing is that there is a temperature gradient in objects, especially solids, that is,
the temperature of the surface and interior of the same object is not exactly the same, and the
performance of non-metallic materials is more significant than that of metal materials. This is why
there is such a big temperature difference between the surface illuminated by the sun and the other
side of the aircraft in space. That's why Parker's solar probe is so close to the sun and withstands the
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heat of more than a thousand degrees near the sun. Due to the existence of temperature gradient,
when the external electromagnetic radiation on different surfaces is different, the thermal motion
frequency of the surface molecules will converge with the peak frequency of the external radiation
spectrum. When the aircraft in space faces the sun, the thermal motion frequency of the molecules
on the surface of the aircraft will converge with the peak frequency of the solar spectrum, while on
the other side, because the electromagnetic radiation is very weak, it is mainly cosmic background
radiation and aircraft scattering and conduction. when the transfer efficiency of aircraft materials is
not high, the temperature will be much lower than the sun-facing side.

From the above analysis, we can see that the conditions for a system or even the whole universe
to achieve thermal silence are quite stringent, unless all matter in the universe is liquid and gas and
gathers together. Otherwise, the state of motion will always change under the action of gravitation
and electromagnetic force. The change of the motion state will change the thermal motion state of
the molecules in the matter, resulting in a temperature difference. It will never be possible to
equalize the temperature of all matter in the universe and produce a state of thermal silence.

3. Interpretation of the second law of thermodynamics

3.1. The second law of thermodynamics: heat can only be transferred from a high-temperature
object to a low-temperature object spontaneously. The direction of heat transfer is opposite to that
of temperature gradient.

3.2. Real meaning: Through the above analysis of temperature and heat, we can know that the
so-called heat will be spontaneously transferred from a high-temperature object to a
low-temperature object, which is essentially that when molecules with high thermal motion
frequency meet or have electromagnetic interaction with molecules with low thermal motion
frequency, their thermal motion frequencies will converge (only in this way can their motions be
synchronized without or without interference with each other). That is to say, the movement
frequency is high, and the movement frequency is low, until the two frequencies are the same.

To sum up, temperature is only positively related to the main frequency of molecular thermal
motion of an object, but has nothing to do with the average stroke, speed, momentum and kinetic
energy of molecular thermal motion! The process of heat transfer is essentially the process of
convergence of molecular thermal motion frequencies. At the same temperature, the average
velocity, momentum and kinetic energy of molecular thermal motion are positively related to the
stroke of molecular thermal motion and the mass of molecules. These are the essential factors and
characteristics of temperature, heat and their heat exchange.



On the Essence and Significance of Energy

First, The definition of energy

Energy is a measure of the possible change of the temporal and spatial distribution of matter,
which is used to characterize the ability of physical systems to do work. Energy exists in many
different forms; according to the different forms of motion of matter, energy can be divided into
mechanical energy, chemical energy, thermal energy, electric energy, radiation energy, nuclear energy,
light energy, tidal energy and so on. These different forms of energy can be transformed into each
other through physical effects or chemical reactions. The field also has energy. The essence of energy
is a physical guantity measured in four-dimensional space in the physical sense, similarly, momentum,
which is measured in three-dimensional space, and mass, which is measured in two-dimensional
space, and so on. They are all material properties of matter in different dimensions..

Energy is a measure of material motion transformation, referred to as "energy". Everything in the
world is in constant motion. Among all the attributes of matter, motion is the most basic attribute,
and other attributes are the concrete manifestations of motion. Energy is a measure of the ability of a
physical system to do work. Energy is a unified measure to measure the movement scale of all
substances [from Baidu Encyclopedial.

Second, The form of energy

Energy can be divided into mechanical energy (kinetic energy and potential energy), chemical
energy, thermal energy, electric energy, radiant energy, nuclear energy and light energy.
1. Kinetic energy
Kinetic energy is the energy possessed by an object due to its mechanical motion.
E«=0.5mv? Among them: E for kinetic energy, m for quality, v for speed
2. Potential energy
Typical potential energy includes gravitational potential energy, gravitational potential energy
and elastic force potential energy.
3. Chemical energy
Energy released or absorbed when a substance undergoes a chemical change (chemical
reaction).
4. Electric energy
The potential energy between positive and negative charges due to the action of electricity.
5. Radiant energy
Refers to the energy of light and electromagnetic fields.
6~ Nuclear energy
The binding energy of nucleons in the nucleus, which will be released into kinetic energy of
reaction products in the nuclear fission or fusion reaction of atoms.

Third, the characteristics of energy

1. The function of quality

Mechanical energy (kinetic energy and potential energy) and nuclear energy are all related to the
guality of matter.

Mechanical energy including kinetic energy and potential energy is related to the mass of matter,
that is to say, only matter with mass can have kinetic energy and potential energy.
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Nuclear energy is the fission or fusion reaction of the nucleus in matter, which causes the
reaction products to gain great motion speed and move outside the nucleus to produce powerful
kinetic energy. Therefore, it is also related to the quality of matter.

To sum up, the substance with mass is the carrier of energy and the medium of energy
conversion and transmission.

2. The function of electric charge

Chemical energy, electric energy, radiant energy and nuclear energy are all related to the charge
of matter.

Chemical energy is a new substance formed by two substances after chemical reaction. In this
process, the outer electrons of two or more elements change in their motion modes and motion
regions, which leads to changes in the motion states of themselves and other substances around
them.

Electric energy is the directional movement of electrons in a substance, which leads to the
change of the magnetic field and electric field in the surrounding space, thus leading to the change of
the motion state of itself and other surrounding substances.

Radiant energy is the process in which the motion states of electrons and nuclei in a substance
change regularly, so that the electric field and magnetic field in the surrounding space change with
time, which leads to the change of the motion states of itself and other surrounding substances.

In the process of nuclear fission or fusion reaction, it is generally accompanied by the generation
and extinction of charged particles and great changes in the state of motion, which leads to great
changes in the electromagnetic field in the space around the nucleus. This leads to a change in the
state of motion of itself and other matter around it.

To sum up, the function of charge is that the charged substance changes the electromagnetic
field near its position, which in turn leads to the change of the motion state of itself and the
surrounding charged body. From a macro point of view, this effect is like transferring the kinetic
energy of charged matter to other nearby substances and causing energy exchange. But in essence, it
is still the change of the motion state of matter with mass that leads to the occurrence of energy
transfer. Charge itself does not have the basic properties and characteristics of energy, nor is it the
carrier of energy.

3, The action of movement

Kinetic energy, potential energy, chemical energy, electric energy, radiant energy and nuclear
energy are all related to the motion of charged substances or/and charged substances.

Kinetic energy is undoubtedly the energy directly related to the macroscopic motion of matter
with mass.

Potential energy is also the energy related to the change of the spatial position of the matter
with mass, which leads to the change of its own motion trend and ability.

Chemical energy is the energy directly related to the change of the movement mode of atoms
and molecules in the micro-world of matter with mass.

Both electric energy and radiant energy are energy that the movement of charged particles with
mass leads to the change of electromagnetic field at the position of the surrounding charged body,
which leads to the change of its motion state.;

Nuclear energy refers to the change of the motion state of basic particles such as protons and
neutrons, which constitute the nucleus, during the fission or fusion of the nucleus with mass, thus
leading to the change of energy.

To sum up, when the material with mass moves macroscopically or microscopically, it will lead to
the change, transformation and transmission of energy.

4. the function of the frame of reference
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All the energies related to velocity and spatial position, such as kinetic energy, potential energy,
chemical energy, electric energy, radiant energy and nuclear energy, are related to the frame of
reference. The same substance has different values of energy at the same time in different frames of
reference. For example, the kinetic energy of a relatively stationary object in a frame of reference is O,
while in another frame of reference that moves in a straight line with respect to this frame of
reference, the kinetic energy of the object is not zero.

Fourth, The nature of the energy

From the above analysis, we can see that no matter what kind of energy it is, it is closely related
to the matter with mass and charge. On further examination, we will find that the role of electric
charge in energy is very limited, although in the micro world, the role of electric charge is much
greater than that of gravity. Whether the gravitation causes the change of the motion state of the
matter with mass to obtain the change of kinetic energy or potential energy, or the electric field
changes the motion state of the matter with mass to obtain the change of kinetic energy or potential
energy, or the magnetic field changes the motion state of the magnetic and mass matter and obtains
the change of kinetic energy or potential energy. Or the chemical reaction causes the change of the
binding state of the atom or molecule with mass, which leads to the change of the kinetic energy or
potential energy of the matter, or the fission / fusion reaction changes the structure of the nucleus
with mass, which leads to the change of the kinetic energy or potential energy of the matter, and so
on. The most crucial element is that matter must have mass in order to have the change of kinetic
energy and potential energy. Therefore, the essence of energy is a measure of the ability of mass
matter to maintain and change the state of motion and spatial position. That is to say: no mass, no
energy. Only the matter with mass is the carrier of energy, and it can also become the carrier of
energy transfer and transformation.

Fifth, the re-understanding of energy

From the above discussion, we can see that energy must be carried by objective entities with
mass and transmitted among substances with mass. At the same time, the transfer of energy is often
a process in which a substance with a high moving speed transfers kinetic energy to a substance with
a low moving speed and makes the two energies converge. For example, the process in which a
high-temperature substance raises the temperature of a low-temperature substance while lowering
its own temperature means that the moving speed of the atoms or molecules of a high-temperature
substance is higher than that of a low-temperature substance. When the molecules or atoms of a
high-temperature substance come into direct contact with the atoms or molecules of a
low-temperature substance, an elastic collision class will be formed, which will increase the speed of
a low-speed molecule or atom and decrease the speed of a high-speed atom or molecule. If the two
substances are not in direct contact and there is no intermediate (vacuum) between them, the
electromagnetic wave frequency emitted by the high-temperature substance is higher than that of
the low-temperature substance, and the high-frequency electromagnetic wave will increase the
vibration frequency of the atoms or molecules of the low-temperature substance, while the
low-frequency electromagnetic wave emitted by the low-temperature substance will decrease the
vibration frequency of the atoms or molecules of the high-temperature substance. The result of the
interaction between the two sides will reach an equilibrium state-the temperature tends to be equal,
that is, the frequencies of electromagnetic waves of the two sides tend to be the same. This is the
process that the high-temperature substance transfers heat to the low-temperature substance and
makes the temperature converge, but the heat in it is not a particle. The heat is only a measure of the
thermal motion of atoms or molecules in the substance, and it is also a form of expression of the
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momentum of the substance. Another example is the collision between macroscopic objects, the
collision between a fast-moving object and a slow-moving or stationary object, and the collision
between two objects moving in opposite directions. Whether it is a complete elastic collision or an
incomplete elastic collision, the object with a high moving speed always increases the moving speed
of the object with a low moving speed, while its own speed decreases or stops moving or moves in
the opposite direction.

From the above analysis, we can sum up the following key points of energy:

1. The carrier of all energy must be matter with mass, and matter without mass cannot be the
carrier of energy.

2. The energy transfer is from the energy carrier with high moving speed to the energy carrier
with low moving speed.

3. Energy conversion is essentially a process of reorganization of the internal structure and
motion mode of matter.

Sixth, several common mistakes in the understanding of energy

1. The mistake of pure energy theory

1.1. Dark energy theory: There is a view that the total mass of the universe is (100%)<2
(baryon+lepton) (4.4%)+ hot dark matter (<2%)+ cold dark matter (=20%)+ dark energy (=74%).
Among them, dark matter is a substance that can not interact with electromagnetic field but can
interact with gravity; Dark energy is a substance that can neither interact with electromagnetic field
nor with gravity, but it also has mass. We know that there are two basic characteristics of a substance
with mass: one is the ability of inertia, that is, the ability to keep its own motion state unchanged
when there is no external force or the sum of external forces is zero; Second, it has the ability of
gravitation. But dark energy does not produce universal gravitation, but produces universal repulsion,
which makes the universe expand rather than contract. At present, the result that the celestial
redshift obtained by astronomical observation is proportional to the distance from the earth is
wrongly interpreted as the basis for the expansion or accelerated expansion of the universe: the
celestial redshift obtained by astronomical observation is not the only proof that the speed of
celestial bodies leaving the earth is proportional to the distance from the earth (see
http://blog.163.com/pxt1961@126/blog/static/ for details). 2984317920182911363640 My blog post
"A Preliminary Approach to Revealing the True Image of the Red Shift of Celestial Bodies Outside the
River —— Application of Multi-factor Analysis in the Red Shift of Celestial Spectra").

1.2. Field energy theory : There is a view that gravitational field, gravitational field and
electromagnetic field are all energy fields and have energy density. That is to say, there is
gravitational energy or gravitational energy or electromagnetic energy at any point in the surrounding
space of a mass or charged object. There is an obvious mistake in this view: because gravity and
electromagnetic force are remote forces, a point mass or charge can produce gravity or
electromagnetic force at any space position in the whole universe. Can we say that the energy of a
point mass or charge is distributed in the whole universe? Gravitation and electromagnetic force are
both forces that can be superimposed by vectors. When the gravitational force or electromagnetic
force of two or more point masses or charges at the same time and the same spatial position cancel
each other out, can we say that gravitational energy and electromagnetic energy can cancel each
other out and disappear?

2. The authenticity of the law of conservation of energy

The law of conservation of energy, the first law of thermodynamics, means that the total energy
in a closed (isolated) system remains constant. Generally speaking, the total energy is no longer the
sum of kinetic energy and potential energy, but the total amount of static energy (inherent energy),
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kinetic energy and potential energy. It can be expressed as: the change of the total energy of a system
can only be equal to the amount of energy coming in or out of the system. The total energy is the
sum of the mechanical energy, thermal energy and any form of internal energy except thermal energy
of the system. If a system is in an isolated environment, it is impossible to have energy or mass
coming in or out of the system. For this case, the law of conservation of energy is expressed as: "the
total energy of the isolated system remains unchanged." Energy is neither generated nor disappeared
out of thin air, it is only transformed from one form to another, or transferred from one object to
another, while the total amount of energy remains the same [from Baidu Encyclopedia].

So, is the law of conservation of energy really true? Let's first discuss the kinetic energy of a
single object.

According to the definition of kinetic energy, the kinetic energy of an object is equal to half the
product of the square of mass and velocity. Then, for an atom, such as a hydrogen atom, its kinetic
energy should be equal to half of the square product of the total mass of electrons and nuclei and
their moving speed. But the problem is that there are many, even countless, velocities of electrons
and nuclei (relative to different reference frames):

2.1, kinetic energy varies with different research areas

Without considering the gravitational field and electromagnetic field of the atom's space
position, there are: atomic speed (the moving speed of the atom composed of electrons and nuclei
in different reference frames as a whole), electronic speed (the moving speed of electrons around the
nucleus), nuclear speed (the moving speed of the nucleus around the center of mass of the atom),
proton and neutron speed (the moving speed of neutrons and protons in the nucleus), The
movement speed of quarks in protons and neutrons (nuclear fission releases a and B rays and
the movement speed is amazing, indicating that before fission, its movement speed is not zero, and it
should be not lower than the exit speed after fission (fission is a process of slowing it down rather
than accelerating it)).

If we consider the gravitational field and electromagnetic field of the atom's space position
(especially the changing electromagnetic field and the constant movement of other atoms around
the atom lead to the change of the gravitational field and electromagnetic field of the atom's space
position with time), there are: the overall speed, electron speed, nucleus speed, proton and neutron
speed in the nucleus, quark speed of protons and neutrons that change with time under the action of
changing gravitational force and electromagnetic force, etc. Usually, the overall motion of atoms or
molecules is manifested by thermal motion-a seemingly chaotic motion. The higher the temperature
of an object, the more intense the thermal motion.

Since an object composed of atoms or molecules has many kinds of velocities, does its kinetic
energy also have many values? This should be self-evident. At the same time, the velocity of the
same object in different reference frames is also different, and its kinetic energy is of course different.

2.2. Non-scalar nature of momentum and kinetic energy

Because kinetic energy is directly related to the speed of motion, but the speed of motion is
vector rather than scalar. Therefore, kinetic energy is naturally non-scalar. For example, when two
objects with the same mass (M) but the same velocity (V) but opposite directions collide completely,
there are:

Assume that the velocities after collision are viand v;

Conservation of momentum: mv-mv=mvi;+mv, (Formula 2-1)
Energy conservation: 0.5mv?+0.5mv?=0.5mv;?+0.5mv,? (Formula 2-2)
According to (formula 2-1): mvi+mv,=0; vi+v,=0; v,=-v; (Formula 2-3)
According to (formula 2-2): 2v2=vi%+v,%; (Formula 2-4)
Replace (formula 2-3) into (formula 2-4): v2=v,? So there is:
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V=-Vi=V (Formula 2-5)

According to (Formula 2-5), momentum and kinetic energy are conserved before and after the
complete elastic collision. That is, the total momentum and total energy before and after the collision
are respectively: 0and mv?Z,

Let's change a frame of reference to analyze the above case: in a frame of reference that is
stationary relative to one of the objects, the moving speed of the object is 0 and the moving speed of
the other object is 2v (without considering the so-called relativistic effect), then the above (Formula
2-1) ~ (Formula 2-5) should be modified as follows:

Conservation of momentum: 2mv=mvi+mv; (Formula2-1" )
Energy conservation: 2mv?=0.5mv;%+0.5mv,? (Formula2-2’ )
Accordingto (Formula2-1" ) : vi+va=2v;  Vvo=2v-vg (Formula 2-3’ )
According to (Formula2-2" ) : 2v?=0.5v;%+0.5v,?%; (Formula 2-4’ )
Replace (Formula2-3" ) into (Formula2-4" ) : vi(vi-2v)=0;  Sothereis:

vi=0. v;=2v or v=0. vi=2v (Formula 2-5" )

From (Formula 2-5'), it can be known that momentum and kinetic energy are conserved before
and after a completely elastic collision. That is, the total momentum and total energy before and
after the collision are respectively: 2mv and 2mv?

In the constant velocity reference system of two objects moving in opposite directions, the sum
of momentum is 0 and the sum of kinetic energy is mv?; ; However, in a frame of reference that is
stationary relative to one of the substances, the total momentum is 2mv and the total kinetic energy
is 2mv2. That is, the total momentum changes from 0 to 2mv, and the total energy changes from mv?
to 2mv2.

Thus it can be seen that the energy and momentum of the same system are not fixed, but related
to the frame of reference.

For another example, an object with a mass of m moves in a circle at a speed of vi while moving
in a straight line at a speed of v, as shown in Figure 2-1 below. When it is in the four positions of A, B,
Cand D in the figure, its momentum and kinetic energy should be respectively:

When in position A: P =m(v;-v4) E=0.5m(vo-v1)? ;
When in position B: P =m(v,2+v;?)? E =0.5m(v2%+v1?)
When in position C: P =m(vo+vy) E=0.5m(v+v1)?
When in position D: P =m(v,2+v;?)? E =0.5m(v2%+v1?)
A
"“.(_‘.-ﬁ‘-.,h‘ Legend
V]_ —+
Vi e

Figure 2-1: Schematic diagram of an cbject moving in
a circle while moving in a straight line at a uniform speed
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From the above analysis, we can see that although an object moving in a straight line at a
uniform speed while making a circular motion is only constrained by a centripetal force that does not
do work, its energy still varies with the position of time or space. That is, we cannot directly add the
momentum of the circumferential motion of an object to the kinetic energy of the linear motion, but
to calculate the kinetic energy after the velocity synthesis.

2.3, kinetic energy under the condition of synthetic speed

The magnitude and direction of the velocity of any particular object is directly related to the
frame of reference in which the observer or observation device is located. Therefore, the kinetic
energy which is directly related to the velocity of the object is also directly related to the frame of
reference. That is to say, the kinetic energy of any particular object is not the property of the object
itself, but related to the relative motion between the observation device and the object.

For example, when a passenger on a moving plane or train is at rest, the kinetic energy is 0. But
relative to the ground, its kinetic energy is not zero, but related to the square of the speed of the
plane or train and the weight of the passengers. If the weight of the passenger is m, the speed of the
plane or train relative to the ground is v, and the speed of the passenger on the plane or train is u,
then on the plane or train, the momentum of the passenger is: 0.5mu?. But relative to the ground, its
momentum is: 0.5m(v+u)?.

Since the speed of the observation device relative to the object can be any value (regardless of
whether it can be greater than the speed of light C for the time being), it can be concluded that the
speed of a specific object is the speed of the observation device, and there can be any number of
observation devices and their speeds relative to the object, so the kinetic energy of the object
measured by each observation device is different, and there are also any number of kinetic energy
values.

2.4. Directionality of momentum

Although the direction of motion can not be taken into account when calculating the momentum
of an object, the momentum of an object is directional and its direction is the same as that of motion.
Therefore, in the moment when two billiards collide, if the centroid of the hit ball is not in the
direction of the motion line of the center of mass of the sports ball, the hit ball and the hit ball will
move in different directions respectively. As shown in figure 2-2 below:

AY .

Vi LB

. > X

0 va \ Lo

Figure 2-2: Schematic diagram of non-head-on collsion of two ball

Assume that the mass of the moving ball and the hit ball are both m, and the velocity of the
moving ball before collision is Vi; The velocity of the moving ball after collision is v, the velocity of
the struck ball is u, the change angle of the moving direction of the moving ball is a , and the
included angle between the moving direction of the struck ball and the moving direction of the
moving ball before collisionis B . Then there is:

A, when the momentum is a vector
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Conservation of momentum:

horizontal direction: mvi=mv,cosa+mucos B Vi=Vocosa+ucos B (Formula 2-6)
Vertical direction: O=mv,sina-musin B 0=v;sina-usin B (Formula 2-7)
Kinetic energy conservation: 0.5mv;?=0.5mv,?+0.5mu? vi2=vy2+u? (Formula 2-8)

It can be known from (Formula 2-7) that v2=usin B /sin @ can be substituted into (Formula 2-6):
u=visina/ (sin B cosatsinacos B ) vy=visin B/ (sin B cosatsinacos B )
Substituting U and v, into (Formula 2-8) can be: tg a =ctg B, and then we can get: o+ =90’
When a =450, there are: B =45° u=vy=vy /212

Therefore, the total momentum after the collision is: P=2mv1/22=1.414mv; and greater than
that before the collision. In other words: to ensure the conservation of energy, we can't guarantee
the conservation of total momentum! Only when the momentum is regarded as a vector and the
vectors are superimposed and decomposed can the momentum conservation in different directions
before and after the collision be guaranteed.

B, when the momentum is scalar

Conservation of momentum: mvi=mvy+mu  vi=va+u (Formula 2-6/)

Kinetic energy conservation: 0.5mv;?=0.5mv;2+0.5mu?  vi?=v,2+u? (Formula 2-8/)

It can be obtained by (Formula 2-6/): u=vi-v,, and it can be obtained by substituting (Formula
2-8/):

V=0 or V,=ViThenthereis: u=V: or u=0

Therefore, when momentum is regarded as a scalar rather than a vector, the conservation of
momentum and kinetic energy can be established at the same time, only when two objects collide
head-on, the moving ball becomes a static ball and the static ball becomes a moving ball. Just like
when two balls collide in billiards, there are countless kinds of motion states of the two balls after the
collision. In order to maintain the conservation of momentum and kinetic energy, momentum cannot
be scalar, but must be vector.

When the momentum is regarded as a vector, the total momentum before and after the
collision is not equal when the collision is not completely elastic. Generally, the total momentum
after the collision will be greater than that before the collision.

To sum up, the law of conservation of energy must and only can be established in a specific
frame of reference and closed system and in a specific research object and category.

2. The true meaning of heat and temperature

2.1. Temperature: a physical quantity that indicates the degree of cold and hot of an object.
Microscopically, it is the violent degree of the thermal motion of an object's molecules. From the
point of view of molecular motion theory, temperature is the symbol of the average kinetic energy of
molecular motion of an object. Temperature is the collective expression of a large number of
molecular thermal movements, which is of statistical significance. For individual molecules,
temperature is meaningless. [from Baidu Encyclopedia].

2.2. Heat: It means that when the change of system state comes from the destruction of thermal
equilibrium conditions, that is, when there is a temperature difference between the system and the
outside world, we say that there is thermal interaction between the system and the outside world. As
a result, energy is transferred from a high-temperature object to a low-temperature object, and the
energy transferred at this time is called heat. Heat and work are two different forms of energy
transfer that accompany the change of system state, and they are measures of different forms of
energy transfer. They are all related to the intermediate process of state change, so they are not
functions of system state.[from Baidu Encyclopedia].

2.3. The relationship between temperature and heat

2.3.1. The relationship between temperature and heat absorption (release) of water in
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different states.

Relationship table of heat required for water temperature change

Serial

number Project name Material state | Unit | Heat (J)
1 Under 0 C ice every 1 C Solidbody | Kg 2060
2 0 C iceinto 0 ‘C water soliddiquid | g0 | 3350
3 0~100°C water rises by 1°C Liquid body | Kg 4200
4 Water at 100 ‘C becomes steam at 100 'C Gr?fi;(lt'ﬂ?éd Kg | 2258000
5 Above 100 ‘C water vapour rise up every 1 C Gas body Kg 4200

As can be seen from the above table, there is no linear (i.e. non-single-valued function)
relationship between temperature and heat absorbed or released by an object, mainly because the
process of absorbing or releasing a certain amount of heat will not lead to temperature change
during the state change of the object, when water changes from solid to liquid or from liquid to solid,
and when water changes from liquid to gas or from gas to liquid.

2.3.2. Solar wind and object temperature in space near the sun

We know that the temperature of the photosphere on the surface of the sun is about 6000°C,
while the temperature of the corona can reach 1-2 million C.. However, the temperature of objects at
different distances from the sun is generally different. For example, the temperature of the satellite in
outer space near the earth is above 200°C on one side irradiated by sunlight, while the temperature
on the other side is above MINUS 200°C. According to Parker's solar detector project team, when it is
located at 6 million kilometers on the surface of the sun, the surface temperature of the detector in
the solar illumination part is about 1400°C.

Why can't the temperature of objects (satellites and detectors) in the solar wind of tens or even
millions of degrees for a long time always be the same as the temperature of the solar wind and
reach thermal balance?

2.3.3. The true meaning of temperature

A, Only tangible material entities can have temperature, and there is no temperature for the
subsidiary characteristics such as electromagnetism, gravitation and vacuum.

B. Temperature is the expression of the average level of thermal motion of a certain number of
material entities, and the temperature of a single elementary particle or atom or molecule is
meaningless.

C, The relationship between material radiation and temperature

According to the correlation between the peak radiation of the object and the temperature, the relationship
between the temperature and the peak frequency of radiation can be obtained by deriving Planck blackbody

radiation formula:
(Formula 2-9)

Where E is radiation intensity; h is Planck constant; T is blackbody temperature; v is radiation
frequency; Cis the speed of light in vacuum; k is Boltzmann constant.

That is, take the derivative of (Equation 2-9) and make it equal to 0, then there is:

2 3 hvg,,
Ve, = WMV, __ 8hv,, *i*e ) (Formula 2-10)
max hVpe V. kT

Cte™ -1) Ce¥ 1)

dE
dv
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Finishing (Formula 2-10) can be obtained:

Vena 7 h Vepay

3¢ T . :Tmu*e i 3= (Formula 2-11)

hv,.. g —
To, 3= po= Then (formula 2-11) can be simplified as:

(3-x) €°-3=0 (Formula 2-12)

Toget the numericalsolution of type, we make: /(xx) =(3-x) €* -3 And numerical calculation, as shown in the table below:

It can be seen from the following table that at least two x values (a value between x = Oand x =
2.82143927212x = 2.82143937213) can make (formula 2-12) valid, so there are:

hv
== (Formula 2-13)
KT
hv
H’““ ~ 2.82143937 ~2.82143938 (Formula 2-14)
f(%)=(3 -x)e* —3 Numerical calculation table
X f(x) X f (x) HIE
—1000 —3. 00000 —700 —3. 00000
-500 —-3. 00000 -300 —-3. 00000
-100 —-3. 00000 —50 —-3. 00000
-10 -2. 99941 o —2. 99088
=5 —2. 94610 —4 —2. 87179
o' -2. 70128 2 2. 2552
=1 —1. 52848 el —0. 87714
0 0. 00000 1 1. 12180
1 2. 43656 2 4. 38906
2.82 0. 01983 2.83 —0. 11927
2.821 0. 00606 2.8215 —0. 00084
2.82143 0. 00013 2.8214 —0. 00001
2.82143937 0. 00000003 2. 82143938 —0. 00000011
2.82143937212| 0. 00000000003| 2. 82143937213 |-0. 00000000011
J —3. 00000 4 —57. 59815
b —299. 82632 T —4389. 53263
10 —1. 54E+05 b0 —2. 44E+23
100 —2. 61E+45 300 5. TAEF 152
500 —6. 98E+219 700 —7. 0TE+306
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The above (Formula 2-13) has no physical meaning, so we won't discuss it for the time being.
Available from (Formula 2-14):
hv___
TV (Formula 2-15)
2.82143937 &k

Put Planck constant h =6.6260695729 % 10 J-s And Boltzmann constant k= 1.380650524 = 102 J/K Substitute

the above formula to get:

hv : .
== —1.700989 x10 v (Formula 2-15")

i
2.82143937 k

According to (Formula 2-15'), the temperature of a blackbody is directly proportional to the value
of the frequency vmax corresponding to the maximum radiation intensity. At the same time, it shows
that when the temperature tends to 0, the blackbody radiation should also tend to 0. Therefore, in a
vacuum without any physical substance, even if there is an electromagnetic field and a gravitational
field, its temperature is zero and its radiation should be zero.

D, calculation of solar surface temperature

The wavelength of the peak in the solar spectral parameter distribution curve is 0.5 u m and the
frequency is 6.0x10**Hz, which can be obtained by substituting (Formula 2-15'):

T,,=1.700989 X 10" X6.0X10"=10205.93 (K) =9932.78 (C)

According to Wien's law: T=b/ Amay, there are:

T,,=2.898X10°/(0.510°)=5796 (K) =5522.85 (°C)

The results of the above two kinds of calculation of solar surface temperature are quite different.
However, according to the difference between Wien's law and Planck's blackbody radiation formula
and the experimental observation data, the credibility of the latter should be much less than that of
the former. From this, it can be concluded that the commonly used data of solar surface temperature
of 5500 ~ 6000°C at present should have a great deviation from the actual surface temperature of
the sun, unless Planck's blackbody radiation formula has no correlation with the observed data of
solar surface radiation energy spectrum.

2.3.4, The true meaning of heat

Heat is a measure of the energy transferred from a high-temperature object to a
low-temperature object due to thermal motion, but it is essentially the change of the motion speed
of molecules or atoms in an object, that is, the motion speed of atoms or molecules in a
high-temperature object is high, while that of atoms or molecules in a low-temperature object is low,
and the motion speed includes thermal motion (disorderly motion), directional motion, resonant
motion and so on. Therefore, heat is essentially a process in which an atom or molecule with a high
speed collides with an atom or molecule with a low speed, and the speed of the two atoms or
molecules is exchanged or the speed is slowed down while the speed is slowed down. From the point
of view of energy, it is a process in which atoms or molecules with high kinetic energy transfer part of
their kinetic energy to atoms or molecules with low kinetic energy, so that their kinetic energy is
reduced, while the collided low-energy atoms or kinetic energy of molecules are improved. When
thermal equilibrium is reached, that is, the kinetic energy or velocity of atoms or molecules converge.

3. Explanation of abnormal relationship between temperature and heat when water changes
between different states

As we discussed above, when water changes between different states, such as ice into water or
water into ice, water into gas or gas into water, its temperature remains unchanged, but it will absorb
or release a lot of heat. According to the general laws of physics: when absorbing heat, the
temperature of an object will rise, and vice versa. Then why is it that when ice becomes water and
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water becomes gas, although ice at 0°C absorbs heat and melts into water, the temperature of water
is still 0°C? Similarly, water at 100°C absorbs heat and evaporates into water vapor at 100°C. This
abnormal situation can be explained by the above essential meanings of temperature and heat: ice or
water with the same temperature of 0°C and water or steam with the same temperature of 100°C
have the same main radiation frequency (the frequency corresponding to the radiation peak)
because the average speed of thermal movement of water molecules inside them is different. That is
to say, whether it is ice or water at 0°C, its radiation frequency is basically unchanged, so the
temperature is also unchanged. However, because ice is solid, the average speed of molecular
thermal motion is much less than that of molecules in liquid water, so its kinetic energy is much less
than that of molecules in liquid water. Only external energy can make the molecules in solid ice gain
enough kinetic energy to become liquid water. Similarly, the same is true when water at 100°C
changes into steam.

4. Explanation of abnormal temperature of solar photosphere and corona

The temperature of the photosphere on the surface of the sun is about 6000°C, while the
temperature of the corona can reach 1-2 million C.. This is different from the general physical laws,
and why is the temperature difference so great? At present, there is no ideal explanation method. In
fact, this anomaly can be well explained by applying the essential meaning of temperature and heat:
First, the influence of density difference: the photosphere is a gaseous plasma, but its density is much
higher than that of the corona layer. Therefore, the particles in the plasma in the photosphere are
easily influenced by other particles around them during the thermal motion, which makes their
motion speed much slower than that in the corona layer. Second, the influence of the distance
difference between ions: when the photosphere is in the plasma state, the positively charged ions
and negatively charged ions move in opposite directions under the action of electromagnetic field,
which is easy to collide with each other and slow down the movement speed, and at the same time,
the electromagnetic radiation is mostly cancelled out. Only the radiation that has not been cancelled
out can be transferred out of the photosphere to chromosphere and the corona layer and then reach
the earth. Although the corona layer is also in the state of gaseous ions, it is quite different from
plasma because of its low density, and the chance of ions colliding with each other is much smaller
than that of the photosphere. Therefore, after being accelerated by the sun's own electromagnetic
field, the speed of various ions can reach a fairly high speed, and the electromagnetic radiation
generated by them is not easy to cancel each other out, and it is easier to reach the earth and be
observed by people. The third is the influence of electromagnetic environment: the electromagnetic
environment of the photosphere should be very different from that of the corona layer. Because the
photosphere is in a plasma state, it is generally in an electrically neutral state. When a changing
electromagnetic field is applied externally, charged particles will rearrange outside the photosphere
to form an electromagnetic shielding layer, so that the externally changing electromagnetic field
cannot be transmitted to the deep inside. Therefore, the main frequency of electromagnetic
radiation in the photosphere will not be affected by external electromagnetic fields. However, due to
the low ion density in the corona layer, the external electromagnetic action is easily transmitted to
the whole corona layer.

In a word, the difference in thermal velocity and average resonance frequency of ions due to
the differences in density, ion spacing and electromagnetic environment between the photosphere
and the corona layer is the fundamental reason for the temperature anomaly. That is, the thermal
motion speed of ions in the photosphere is small and the average resonance frequency is low, so
the temperature is low; However, the temperature in the corona layer is high because of its high
thermal motion speed and high average resonance frequency.

5, The heat balance of anomaly interpretation object
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Generally, the surface temperature of the earth satellite is about 200°C on the light side and
-200°C on the non-light side. Even if the satellite is exposed to sunlight for a long time, the surface
temperature of the satellite cannot reach a constant temperature. That is, it is impossible for a
satellite exposed to the sun for a long time to reach a constant surface temperature, even if the
surface of the satellite is made of materials with good thermal conductivity. According to the general
physical law: when a heat conductor is heated at one end, the temperature of the heat conductor will
be constant as long as it is heated for enough time. In fact, general thermal insulation materials will
achieve constant temperature after long-term heating, unless their heat dissipation conditions are
better than their heat conduction capacity. Therefore, when the satellite is in outer space near
vacuum, the temperature of the satellite surface will rise after absorbing sunlight, and the surface
material will transfer heat to other parts, including the back surface. Because the satellite is in a near
vacuum state, it is impossible for the satellite to conduct heat to other objects. Therefore, only
thermal radiation can radiate the solar energy absorbed by satellites in the form of electromagnetic
waves. When the total amount of electromagnetic radiation energy of the satellite is equal to the
absorbed solar energy, the thermal balance is reached. However, this balance is dynamic, and the
temperature of the satellite surface does not reach the same temperature of all parts. That is to say,
there are temperature gradients and molecular thermal motion velocity gradients on the satellite
surface. It can be seen that when the whole object is not uniformly heated or the heat dissipation
conditions of each part are different, there will be temperature difference inside the object. The
reason why the temperature of the satellite surface exposed to sunlight for a long time will not be
constant is that the heat dissipation and heating conditions of different parts are different, and the
temperature gradient or thermal motion velocity gradient is allowed in the sanitary surface material.
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BREMNME EWEE AL BB, fERATUY: —NMRRERBEEES A T8
NFEHZBEE? 56 5| IR DT RES I 1, 4PN A DL S5
FE nf £ [5] — B ZI 5] — 25 e A BB A 51 1 s s iE JiA BARTE R, R A RATAT AU AHEEIA
RER FR T e TT DAAE ELHKYH T Y8 e ?

2. BEETHEERNELH

RemESFIEE [ (energy conservation law) B2 — 2T E— N (D) R
AR REERIFAL, HhagE - RRCAH st 5A M, mEfilkpgs (EE
o) . FhEE. BRE=EMEAE. WTUERRN: DR SEEN SR RS T8 N E 1L
HZARGHRENZ /. BREENRENVINEE. IEE KL BRHEE LLAMOAT AT N BEFE 2R 2 A .
WR—=NRGATINLAEE, WA RARESREAASEZE RS, N TIHEE, ETE
ERRAN: “ULRENEBRERFEAT. ” ALK E, UASETHE, BER
S NP R LA  —FE R, B N — MR B ek, T eEE 1S R IR AR (4
H (AEAERD ]

W4, RemESFIEERES BRI ? AR — T BRI B g i) e .
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RN E L DERIIRETRESER FARRK—F. B, XIT—MEF, W@
SEFINE, HIENZETHEFMETZN R ES LIS 77 e m—. (5 A/
& BFHEREFZEWEEEFEZY, BEELHN (HNARNSRANS) -

2.1, FEEH W FEIEBEA [F] 1 =t

EAZEBIRFAZEAMEN ARSI IGHNBGHERTE: RFEE (BTREF%
PR IR T AR EEEARRZ IR ARISshEE) , BFEE (B TFRHSE FZIsshisshidl E) |
JRFEEE (RTFZBESETROESEE) , RFAFTFEE (R TFENTTF5RTE
R , RFRNFFASTRNENERE ZRBRMH o . B YL Higsh# B A, Ui
REERT, HEsh# IR 0, PAZR&7E UAAME TR 5 H T EEEahn (AR 22 3
BORTIA R MERERE) O &

FERIETFHAZMAMER B /15 ES Rl Bt A R 7 R B H AR
FHRIAWIEZEI SRR FEZRAE R T 5 /135 K B ER RN FIBRTAE: 81K
I B IR TR A R BER TR AR L BT B . B FERE. R FER. RFERRT
MfFRE. MR FRFFRISEERES. BFEBL TR T30 T HEARIZE R IZ )
———MELRECE s, IREREE S, PUS3hEREZ .

BESR — AN HH I 7 B T M B AR B VF 2 Mk B2, R4 Hahae & A R AR 2 N EUE
We? IXMNIZEANT mErERE 7. N, F—EREARSR AP REsiEEde AR, H
SHRE LR EAA T s

2.2, FHENZNEIEHREN

HTshae 5e 3 B, Higsh#EAREMmIERE. Bk, st A AR E
7o e BANRE(m) SRS 3hE E (v)HSE T R R KRR A e e R, A

R VBEAE 8 J5 PR N vis va

FNESFIE: mv-mv=mvi+mv; (A D
REESFIE: 0.5mv2+0.5mv2=0.5mvy2+0.5mv;? (A2
B (AR D BH: mvitmva,=0; vi+v,=0; vo=-v; (AF3)
?E (/Aft 2) ﬁ: 2V2=V12+V22; (/A\ﬁ 4)
B (A3 AN (A4 F: v=vi2 KA

Va=-Vi=V (A3 5)

W (305 AlRl: SEa i vERL I TR I Zh RS RE 2 S E N . Bl 7R AL 13 A AR J5 15
ZNEAEDHER2HN: 0 F mvZ,

BNBH—ASRAERS T EEBRG: X P —DMikE LS B RS, 129
WIBZNHE LY 0, 17— NEEEEEN 2v (ANFREIFEMXHERNE ) , W Rk (A1) ~
(A3 5) MEBEKN:

BESFIE: 2mv=mvi+my; (a1 )
REESFIE: 2mv2=0.5mv;2+0.5mv;? (A 2" )
P& (A1 ) BH: vitva=2v;  v;=2v-y (A3 )
i (AKX 2" ) A 2v2=0.5v12+0.5v,%; (A4 )
B (A3 ) RN (A4 ) A vi(vi-2v)=0;  FILA:

vi=0. v;=2v 3¢ v;=0. vi=2v (A5 )

H (A5 ) Algl: SEABMEREEERT S s =B ReI 2 T M . RIFERETRE A7 AIAEE 5 1)
SAEAEREES NN 2my Fl 2mv?

TEAX AN M S s R SR S IR, BIEEAN 0, BIREEAIN mv?; A H
— MR EIE SR AT, RSN 2my, FIEEEATN 2mv?. BIEZIERH 0 48N 2my, A
BEEH mv2 AN T 2mv2,

HIEA L FA—RENGESIHIEIFARE AL, BE5SRAMHERK.

XBlgn: —ANEA m PR CLERE v 7B R T 12 30 1 R i ik DS o (E ST B 26123,
NE—Frs: WPAEHR AL By C. DUUAMGE BB, HBEMBhEEN 5758
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AGLEI: P =m{vrva) Ei=0.5mlvva)?

BRIERT: P =m(v,+vi2)? E=05mlvsvr?)
CHLEM: P=m{vstva) Bi=0.5mvzswil?
D ’fjﬁﬂﬁ‘ P :m(V22+V12)1/2 E k=0.5m(V22+V12) ,
A
A
......... 1
Vi —
Vz! é

B—: fEEANSEEREZHWERE

L B TR e R A s sh R AR 203 B R is sh ik, BSR FLAUZ B E T i i)
O IR, E e ST A 1) Bl s (B A B AN [ AR G . k2 RATAREIEYMA R Rz 3h
HMshEM BN REEMN, TREHTEEEREBTELIR.

2.3, ARGEEER THIZEE

AR 52 D R ()38 B FE 1R KN 5 7 ) 5 W % 3 W N 265 BB e I S R R LB AR O . AU,
S shiE E B Eh Rt 5 S IR A E M. Wl Ut (R @ MIRIshRE A &
VIR B B LA B @b, T 5 O S Ak (R AR B 3 A

w: BB LB G IR, A LB K i 1R, HBhAEN 0. (EARG HLH T &
HAmem AN 0 T, MRS WWELKEMBSEE T 5REH GIREMKXT . HREAE
Nom, KALECK ZEA S L S SR A v, TRRAE ALK ZE B IIE S u i, AR
MUK E, HIRERIZIE . 0.5mu?. (EAX R, HEhEM: 0.5m(v+u)?.

P T 002 A S A PR B R A R A R RS KT © , ttbmt el 15
e R PR RIZ S0 IE B R AT 3 B RS S, T B B RS AN
YMEREBERE LRSS, FHik, SMUNEERNSHDEIIGREAHEE, BEEEES 3
BB

2.4, HENFFAME

BEARIE TSR B I /T AN (e g s ), EYMARISh &R AT R, H5m
SigghJr AR . Frbl, 7EsRERESN R s ERA R ], an SR T I R O AN E 52 8
BRIC T Cois sl 2 7 0] EisE, TR R 53 B3R Bl [ A B ) 7 [iash . i N s

AY
@
Vi ‘ LB
o. = - > X
@
B PRRIE E A S A
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BB S ER IR BR 1 5 2009 my R RTB ZhER AR BE O vas Bl 5 B B ER B E N va
PAEERAE N u. IBBIERIZEN T R R N o« BRIzl T R 5 s sh BR i ATz 2 7 A
AN B . A

A. SHENRER

hESFE: KFEHIA: mvi=mvacoso+mucos B vi=vacosa+ucos B (A5 6)
FEEH HA]: 0=mvasina-musin B 0=v,sina-usin B (A7)
FEESFIE:  0.5mvi2=0.5mv,?+0.5mu? Vi2=vy2+U2 (AR 8)

B (A7) \JHl: vy=usin B /sina RN (AR 6) AJf:
u=visina/ (sin B cosatsinacos B ) vy=visin B/ (sin B cosa+tsinacos B )

Bou v, RN (A 8) 7] tga=ctgB  HEMAE: a+ B =90

Bo=4501f, . B =450 u=v,=vy/21/2

ik, AEEEEMSSNEAR: P=2mv,/2"~1. 414nv, B X FREERTHIZIE nv,. HELRY:
HiREEETE, MARRIESIETE! REERNENAREIFRITRESNEG 5B
T, A gefRIEREIERT /S KA [F 7 H _E S B SE.

B. ZhEANIRER

SHESFHE: mvi=mvy+mu V1=Vo+U (~zk6)

BAESFIE: 0.5mv12=0.5mv,2+0.5mu? v12=v,2+U2 (~=8)

H (AR 6) A[fF: u=vi-v, A (A 8D 715

Vo=0 B Vo=Vi MIE: u=Vi B u=0

K, ERIEVAGEMIERERN, EFBEFEMSIRFERNBIL, WAFERD
Yok IE AL Bz shEkE o 5 ORER IEBR, TR \EBRSONIZ B BRI A BERAL . T 2 [F] S 3R
BRAFER —, BEERRNESIHIREFLHEH, ARFHENIRTE, ShERSEAR
%! M‘ﬁﬁ%g&%o

LR BEMARER, FFIEHEEEMENEN, MEERENBREIHEER, —KhE
ERESN B R TREERTH SR !

ZLd, BETEERLFERFERENSRANTARGETULEEHIHAXN RS
VaBEI A4 BB AL .

2. RESERENRELE X

2.1, BE: SRFEAPIEENYEE, B ERIEEYIE S T RS RIZIFRE . N
SrFiashie s G, SRR Tiash s finE . AR KRE D THissh Sk R,
TAGE . TSR, BELRAEXM. [HA CaEash) 1.

2.2, RE: B URGRE WS RIE T RSP KRR, BERIET KRGS 40 E
FEREZEN, RANVARRR S I FIAEREHEAER . /ERR S RA 2 s At #
SRR, X TR IE IR ERRAMRE . REMITE RGUIRE A A A BE A AR BT PR AN [F] 1)
ReEfLiE I, RAFEAGREAIENER, SNSRI R EAE, HimAZ RSt
WA RS (WA CaEas) 1.

2.3. BEEREMNXRA

2.3. 1. KEAFRETHEREER (BO HEXRR

KEBEZEUTFEHREHRER

5 % B w& AT P& (JT)
1 0°CLL RIukE: Tk 1°C I Kg 2060
2 0°C FIUK L 0°C 7K EMiRresy Kg 3350
3 0~100°C /K& ETF 1C wmo K Kg 4200
4 100°C FI7K B 100°C 7K 2875, SR A Kg 2258000
5 100°C UL EWKZESE EF1C SRS Kg 4200

M EFZATR: BESYARREEUR AR FATFESN (NERERED KR, TERE
YRS ET, FEK B BB B R R (N AR, AR K BN
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HEL SRR AR, HRKEHRE — 2 IREREESASFEEEKNEL.

2.3. 2. L ARPHAZ H KFH XA 4R E

A KFAFRMEOGIREIE K24 6000° C, 1 H 8 A6 7] LLA F] 100~200 5 °C.
T 8 25 A B A [R) B B8 AR R — AN ] . e MhERFR AR S R A2, 52 K FH YR
S B — MR EE A 200°C AL, T 55— M AR N AEZR T 200°C LAk o T 45 e e A PHAR I #5 0t H
HHEN: AL TP 600 J3TF KA, A BH G HEHT 43 BOPRMN &% 28 H1 LB 7E 1400°C A4 s

KA FHTEZE EEABERIAXHERAF A (REMERNEZ) KRBT AHGEAEE
55 2K BH X B I B A [0 T 38 281 34 R 2

2.3.3. BEEMETLEX

A, REBAEHREARA e A RE, VI RA B, A5 1S MR R E DL B R
ANAFAEURE 15

B. RE R —EHE YLK RE S P AP RE, AR FERE . 2T 0
R E I

C. WiES S5ERERLR

M 4 7 A S5 TR 5 R B AR DG, Rl R B o SR A AR S A Sl AT SRk 215 B SR
eI ERTESIP W

p-—m
C3(e? -1) (49D

I EAEHEE: hATHARTEE: THEGREBE, v AEHHE; CAETHAE
H: kK ABHESTIL

Bl: X (AKX 9) XKEHSEST 0, NH:

&

dE 24 7hy? S7hy’ h o )
Vona Vo x b 7o (AR 10)

e |v = =
dv s k]"‘:r.m J'E.I""ru: g
Ce T 1) CeT -1

2E (AKX 10) 7F:

hu, Ry,

x:f_g Vv L:r:u iz
3¢ H - k}}naz*e i (’2.“5:&11)

h I LA
4, x=% M (AR 11) TS

(3-x) e°-3=0 (A1)
AR ERBEERE, B4 (0)=G-1) -3 FHTHETE, WTFER:

HTFERH: EPEFHD «E (x=0 1 x=2.82143937212~2. 82143937213 [EIG93E A 41H)
AfE (Ax12) Har, FEE:

hv
= (AT

kT
hv__ A -
- =~ 2.82143937 ~ 2.82143938 (AT 14)
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f(x)=(3-x)e“-3 BEHER

X f(x) X f (x) HIE
—1000 —3. 00000 —700 —3. 00000
-500 -3. 00000 =300 -3. 00000
-100 -3. 00000 -50 —-3. 00000
—10 —2. 99941 & ! —2. 99088
=5 —2. 94610 —4 ~2..BTLT9
=2 —2.70128 2 =2 32352
=1 —1. 52848 el —0. 87714
0 0. 00000 1 1.12180
1 2. 43656 2 4. 38906
2.82 0. 01983 2.83 —0. 11927
2.821 0. 00606 2_.8215 —0. 00084
2.82143 0. 00013 2.8214 —0. 00001
2. 82143937 0. 00000003 2. 82143938 —0. 00000011
2.82143937212| 0. 00000000003| 2. 82143937213 |—-0. 00000000011
J —3. 00000 4 —57. 59815
b —299. 82632 i —4389. 53263
10 —1. 54E+05 50 —2. 44E+23
100 —2. 61E+45 300 ~5. TIET132
500 —6. 98E+219 700 —7. 07TE+306

PLER) CASI3) BAMEESL, BATEAETE.
H (AR 14) 71775
hv

T max (A3 15)
2.82143937 k

% B % F 21 h=6.6260695729 X 10 J-s M H 22 2% £ k=1.380650524 ¥ 102 JK fE A b

KARF:
T%——EEE——=Iﬂm%9xm“%m (AF( 15" )
2.82143937 k
M (a3016" ) A RRAKHNR R 5 HAR S 3R B SO AE B B AR v .. KB R IE B R .
NP iR T 0 I, BAREESSRIZET 0. Bit, BAEEM LA ERRTS S,
M AL B A A 51 J1, FREHRY 0, HERSF %N 0.
D. KFEHRMEETHE
X BA ST 2 8 A 28 R BN REF KR 0.5 nmy A1ER R 6. 010 Hz; [RN (A 157 D
CIEGE
T u=1. 700989 X 10" X 6.0X10"=10205.93 (K) =9932.78 (C)
MARYELE R e T=b/ N, , WA
T x=2. 898X 10°/ (0. 510°)=5796 (K) =5522.85 ('C)
DAL oMt SRR PR AR T I B2 A 45 SR 2 BE A . (H A JRU 5 R 5 5 ) e R A A 2 30 S B
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TR ) A AR S VR Z 5 el J, JEE e EE N ZE /N TR . ikl /5d: BEr
NATTHE A IR PER R 5500~6000°C KM% 5 K FH R LR HREFERKNAIRE, B
e B v RAR AR S A 5 K PHER T 4R 51 BE 15 W U 3048 H AN R AEAH e .

2.3.4. REMELIE X

A FREZY)E ] R IS 3 SRR AR R AR I R /MR, (BT Y
PR BUR TS s B AL, B SR A R B T IS B, AR IEA R R
WO FRIBNEER, MizsiEEaREzs) (EriEsh) fgrigs). EikizshE. FHit,
ESLR RIS SR R R 8 T 518 B0 /N R 5 A BRI, P R
Pl s FE RIS . MRS AR FE . WREEAETE, w2 shas s R 70 R4
HRe LA AR I IR T B0 7, BUE B S RIshRe K, mgalE 1K eRE &R 750 T 3hRe 3
SR . IR PGP, R R T B T RIBh e BE s B E T

3 KEAEPRTEF RN BEE SREXRRR T NERE

T RA TR KA FERPRAS A FE4, n: OKSoKBK UK. K AR B oK, HR
FERFEAR, (HSWIKERBERRER NG . %8 — . AR IRE R & I,
RZ TR AN AUKRRIK . KT, AR 0°C KIS A B ALK, (E RS 7K iR
58 0°C. [FIREHL, 100°C KK EZE KN 100°CHIZK &S . X B 45 o a] i DL b oh i B
I A & SRR [FIRER 0°CIITKERK, BARFEREA 100°CHIKBIKZAS, FEHEAIK
S FRRESIFHEEAREERN EM GEFEEXRAHE) MHE. BITGRZ 0°CHKEUK,
HESFEMEAANT, HHEFEHEAE. HBRKAEZ, 5 FRssh 8- F3EEZ /N FRAK
HHS T, EEESIREENTFBREKFRSF. REIRERILESKF RS FIREEBH
ShEE A B R ASIIK. [FRERE, 100°CHIKZ KBS KIS FEPHE M.

4, KFHNEKES HREE 7 ERERE

K BHR HDEERZ iR R ZI8 6000° C, 1 H % 1R EE ] LLIA 2] 100~200 /5°C. X5 —#Y
HAERAE, HEEZESWb KPERFE A2 HArwoa s s p iR ik, s, MR
T B R S ARE AT S SR T MR IF AR R E IS —REBEEEREM: K2
NEEZWES TR, BEEFEETHRZ. BFit, SSEE RS E TAb ok 77 #fuzg shid
TR 552 B i Hopb ok 7 i sem, S Hiesh#i i/ M FHREZE. & FREEZEFKEm:
HERZE R AT B RS, 2B HEArERR, wIERNE 5% NS ey
WA, Gy r= A HARREAE T AR IS B0, [FIRT i RAAR S 2 AE TRV, A A WA A
TH IR A R AR R Z BIA R EF H 2 25 HaA ek, 1 H%RZE BRI ANIESHE T
RE, HREEEAD, SEETFHRRERRKR, BTFIMALREILS AR E MG L . KK
FHE SRS, #2887 vl COR B A S & A, B = A ) R A 5
WA AR, FE D FAMBRIFHANTUNE] . =R BB JERER B 5 H
FBIEMNZHRKESR . CERZRATHEEFE, SR AT EAMIRE, SRR 5§
Wiy, TEJCERIZ SN2 = A R 7~ B S B HES T T A R B 2, B4R 3R AL 1) e 3%
ToIFAE R BN IR . R, Ye3RE I AR 3 A 22 B AN R e . T H 222 A
BEEAN, SNTHEBERIRR LSRN HRE.

B2, HFARESHREERHERE. BTFRENBBITRERTSEBE FRREIESE
FEB SRR ERERBEERENRARER. B RREABEFHRESHEE /M. FHEHR
MEAL, FAEERK; MHRERRE FREsHEER. FHERAERS, FIEES.

5. VMR8 78 R

Hoxk Nk TR R IERE — 8% JEIMEEREAE 200°C A4 FE ISR EEAE-200°C . BPAf 2
PEKE RN T RBEYEIES T, TRERIOMEEBAGEREERIRS. Bk KIPEEEH
Je N P E WA RA BIRTE, B2 TR R E 2 SRR R G M RHIER . 1218
— R BRI, REMFE®EE, SHREKEREEER. Kbk,
— LA R, R R G SR RNEEEE, BRIEHEAKT T #vE TRE . A,
BEABEESTINRE, PEREWBCKMEEERE BT, REM B HEA 128 21) HAd 5
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2, AFEEME. BT EEATERSRS, BEATREMESL G bYAR. ik, A
A IR REAE R RS R BH G E & DL R IR AR HE 25 o 2 1R ) L B e E R
BRI RERASERS, BLAR] 7 HCPfr, (BT 2 s S HCrg, H 2R
I EEFFARTE BN S Al . g TR R A7 AR SRR BN 7 1 a8 Sl AR S o FH R AL
HMEAR B SRR E I BARFEA RN, MEABBFERE. KPES T KDL
N R R AN 2 LR AR E B2 PR D o5 AL A GRS AT A S AN R, T B AR SR T AR A
FCVFAFAE IR B I BB B T L
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