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ABSTRACT

Earthquakes are caused by movements within the Earth’s crust and uppermost mantle. Earthquakes
epicenters occur mostly along tectonic plate boundaries. Solar energy drives the major processes that
happen at the earth's surface, like the water cycle, wind, ocean currents, weathering, erosion, sediments
transports and growth of plants. This huge mass transfer in combination with earth’s rotation and
gravitational effect disturbs the equilibrium of continental plates.

In this paper, we propose a statistical approach to compute the influence of solar energy on
earthquakes. Also we estimate the relationship of aa- geomagnetic indices from solar energy.

The results show that increase of solar activity leads to the growth of number of earthquake events. Finally,
we discuss how general relativity theory interacts as a complex system with earthquakes.
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1.Introduction

The goal of this research is to develop a physics-based model of the earthquakes. Earthquake
releases enormous amounts of energy. To release a huge amount of energy it is necessary to apply a force
equal the same energy. This can be triggered by two forces, either energy of sun or internal processes within
the Earth.

The absorbed sunlight drives photosynthesis, fuels evaporation, melts snow and ice, and warms the
Earth system. The sun provides 99.97% of the energy required for all physical processes that take place on
the earth, 0,025% - geothermal energy, Taylor (2005). The Sun doesn’t heat the Earth evenly. Because the
Earth is a sphere, the Sun heats equatorial regions more than polar regions. The atmosphere and ocean work
non-stop to even out solar heating imbalances through evaporation of surface water, convection, rainfall,
winds, and ocean circulation. This coupled atmosphere and ocean circulation is known as Earth’s heat
engine.

Between the end of the 17th century and the end of the 20th centuries, the Total Solar Irradiance has
increased by 1.25 W/m2, or about 0.09%, Krivova et al (2010). The slight upward trend since then has led us
to conclude that the Sun has played a significant role in earthquakes increase.

In comparison, only about 0.06 W/m? come as heat radiation from inside the Earth. This is more than
2000 times less than the power of the Sun, (Kleidon, 2012).

Mass-energy equivalence is the famous concept in physics represented mathematically by E=mc?,
which states that mass and energy are one and the same (Knight, 2008).

Additionally, the equation suggests that energy and mass are interchangeable with each other. In
other words, energy can be converted to mass and mass to energy.

In accordance with our hypothesis, earthquakes release huge amounts of energy through the stored
solar radiation. The objectives of study are verification of the relationship of earthquakes with solar energy.

2. Method

Over the period of last 300 years have been observed increasing of solar irradiance and significant
earthquakes events (Fig.1)
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Fig. 1. Solar irradiance and earthquakes over the period 1700-2000.

Annual amount of total significant earthquakes data, in mathematical sense, represents a set of natural
numbers and can be described as:

EQ={eqo, eqs eqz ,eqi, ...}; 1)
-where eq o , eq i —averaged yearly number of earthquakes.

In accordance with our concept that earthquakes cause from stored solar energy and notion of sets
(mathematic), every member of earthquakes “EQ” set is also a member of set solar activity presented as
Total Solar Irradiance “TSI” (Nurtaev,2019), then “EQ” is said to be a subset of “TSI” (Fig. 1).

e TSI

Fig. 2. Earthquakes (EQ) are subsets of solar activity, EQ c TSI.
TSI ={tsio, tsi1 ,tSiy, tsis, tSii, ... }; 2

-where tsiy, tsiz,... tsij- measured Total Solar Irradiance in W/m2,

Each value of tsi; predetermines the corresponding value of earthquake EQi. The conversion of earthquakes
series into numerical sets allows working with them as with mathematical objects.

For discovery of relationship a set of data points plotted on an x and y axis to represent two sets of variables
is created. An independent variable “tsi“ is plotted along the horizontal axis. The observed number of
earthquakes or dependent variable EQ is plotted along the vertical axis.

In accordance with concept of mass- energy equivalence and sets theory (Figure 2) —every change of sun
output- “tsi”, leads to change of subset earthquakes “EQ”. This means, that every change in average annual
solar energy leads to a change of earthquakes amount.
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We tested a relationship between amount of earthquakes and solar energy “tsi” over the period 1700-2000.
The generally positive relationship between the two variables can be easily discernible from the cloud
formed by 300 points (Fig. 3).
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Fig. 3. Dependence of earthquakes from solar energy.

To enhance the trend in the graph, we used an global attractor ( Nurtaev, 2018,2019), expressed in the length
of the solar cycle.

Observation period for meteorological objects was divided on 11 years solar cycles time intervals for
earthquakes and solar irradiance. It was calculated for every such interval averaged Total Solar Irradiance
and earthquakes events, Nurtaev (2015):

TSI =~ X7y tsi; (3)
EQ = =¥ EQ; (4)

where TSI- averaged Total Solar Irradiance for one solar cycle with length n = 11 years; EQ — averaged
earthquake events for one solar cycle, i - solar cycles.

This averaging allows avoiding a cyclic variability of Total Solar Irradiance as well earthquakes and leads to
uniform sampling both parameters in the same time interval. Solar minima and maxima are the two
extremes of the Sun's 11-year activity cycle. Averaging over 11 years as a rule gives a smoothing effect and
reveals a earthquakes trend at centennial timescales, these are three centuries in our study, Fig.4.
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Fig. 4. World Quakes and Total Solar Irradiance over the period 1700-2008.

Electromagnetic waves of solar heat energy also change the magnetic field of the earth, Fig.5.
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Fig. 5. Dependence of aa- geomagnetic indices from TSI over the period 1878-1996.

Relationship of earthquakes from aa-index over the period of instrumental observation 1867-1996
shows also good correlation:

EQ =1,15aa + 0,55; r=0,75 (5)
3. Discussion

The sun radiates energy uniformly in all directions and the Earth intercepts and receives part of this
energy during rotation around the sun. The source of almost all the energy on Earth is the sun. Changes in
the Earth’s system atmosphere, hydrosphere, biosphere and lithosphere (sedimentary rocks) depend on
continuous stream of particles flowing outward from the Sun.

Sun loses about 5.5 million tones of mass every second or about 174 trillion tones of mass every
year.

A huge amount of energy- mass transfer from the Sun causes consequences for earth’s crust and movable
continental plates. The energy mass transfer is transmitted by way of the mass energy transfer, direct
pressure (solar sail), and magnetic field.

3.1 Mass energy transfer and gravity forces.

The Sun loses about 5,5 million tons of mass every second to energy (Lang, 2006). Part of this
energy reaches the Earth. A total of 173, 000 terawatts (trillions of watts of solar energy) strikes the Earth
continuously. That’s more than 10,000 times the world’s total energy use.

In accordance with the Einstein equation E=mc?, this amount of energy is equivalent to
billion ton of mass, entering in the earth’s atmosphere. Geothermal energy provides 50 terawatts, the
gravitation of the moon and the sun-5 terawatts, (Kleidon .2016).

The solar energy leads to weathering of mother rocks, river sediments transport and redistribution of
sediments in different parts of continental plates. For example, just world-wide rivers sediment contributes
about 7 x 10° tons of suspended sediment to the ocean yearly, John at al (1983). About 70% of this total is
derived from southern Asia and the larger islands in the Pacific and Indian Oceans, where sediment yields
are much greater than for other.

This huge amount of mass-energy transfer upsets of plate tectonics equilibrium and increase them
inertial mass. Mass and energy are closely related. Due to mass-energy equivalence , every object that has
mass also has an equivalent amount of energy and any additional energy acquired by the object above that
rest energy will increase the object's total mass just as it increases its total energy. For example, after heating
an object, its increase in energy could be measured as a small increase in mass, with a sensitive enough scale.

The Sun transfers in each second and amount of 1367 J (Wagemann,1994) on each square meter of
the Earth's diameter. This value calls the "solar constant".
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The annual mean solar irradiance is known as the solar constant and is 1367 = 2 W / m2.

This amount of energy, in accordance with energy-mass concept equals to 12,5 kg/sec of mass,
entering in earth’s atmosphere.

The total photoautotrophic (green plants and photosynthetic bacteria are generally using energy from
light are photoautotroph) for the Earth is about 104.9 billion tones C/yr. This translates to about 426
gC/mz2/yr land production, and 140 gC/mz/yr for the oceans, (Field at al, 1998). There are 42, 6 kg/m? and 14
kg/m2 relatively in the 100 years.

Taking into account earth rotation speed -1,675 kilometers per hour at the equator and square of
continental plates it is the enormous load for earth crust.

Gravity change also deforming the Earth and cause earthquakes. Einstein envisioned gravity as a
bending of space-time by mass. The geodetic effect is the warping of space and time by the gravitational
field of a massive body (in this case, Earth).

GRACE detected a migration pattern of gravity changes due to deep and crustal processes a few
months prior to the 2011 Tohoku (Japan) earthquake (Panet et al.2018).

The force of gravity acts to move the particles along the sloping surface on which they are resting.

3.2. Direct pressure (solar sail).

Einstein's equation E = mc2 shows that energy and mass are interchangeable. This equation gives the
amount of energy equivalent to a certain mass and is a result derived from Einstein's theory of relativity. The
radiation pressure of sunlight on earth is equivalent to that exerted by about a thousandth of a gram on an
area of one square meter. Taking into account Earth’s surface area- 510 072 000 km?, the total pressure acts
on the surface of the earth with force of many billions kg/force in year. So a quasi-stationary stream (current)
of photons should to perturb equilibrium of the Earth's tectonic plates. A sudden increase in the solar wind
velocity directly correlates with maximum in the number of earthquakes, Odintsov at all (2007).
Mass/energy simply moves from one place to another. The amount of energy remains constant and energy is
neither created nor destroyed.

Dr. Sten Odenwald (NASA) presented calculation of direct mass of solar light in second.

Direct pressure of light: “the ratio of the total mass per second, to that intercepted by the earth is 1.9
kilograms/sec”, Total mass falling direct on earth: 59 754 240 kg/year.

3.3. Magnetic field of earth.

The continuous stream of solar particles (solar wind) pushes Earth's magnetic field. As a result, the
geomagnetic field, acting as an electromagnetic barrier, is compressed in the direction towards the Sun and is
stretched into a (tail) in the direction away from the Sun. Fluctuations in its speed, density, direction, and
entrained magnetic field strongly affect Earth's local space environment.

The interaction between the solar wind and Earth’s magnetic field, and the influence of the
underlying atmosphere and ionosphere, creates various regions of fields and currents inside the
magnetosphere such as the plasmasphere, the ring current, and radiation belts.

4. Conclusion

Mass-energy equivalence is the famous concept in physics represented mathematically by E=mc?,
which states that mass and energy are one and the same. The Sun bathes the Earth with enormous amount of
surface energy. This energy is converted into forces that change earth’s surface by way of weathering,
sediment transfer and biological production.

These processes are enhanced by relativistic effect of inertial rotation of the Earth.

The presented results derive from cosmological, geological, physics and biological studies.

It has been indicated statistically significant influence of solar irradiance on earthquakes.

We show how quantum of energy during period of long time can affects on the earth crust and
finally on earthquakes. Constant tiny change of solar irradiance is accumulated over many years in huge
amount of mass. Redistribution of sediments also has a significant impact on plates.
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Earthquakes physics demands an ubiquitous knowledge. This knowledge includes a comparison of
the methods and results also of relativity theory. General relativity is intended to explain unity of physics.
For this it is necessary bringing all our physical, geological and biological knowledge by a single deductive
logical system.
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OO0mas Teopusi OTHOCUTEJBLHOCTH U 3eMJIeTPSICEHUS

b. Hypraes

Pe3rome

3eMyIeTpsiCeHUs] BBI3BAHBI JBIKEHHSMH B TPEIE/iaX 3eMHOM KOPBI M CaMoOil BepXHEH MaHTHH.
ONUIEHTPHI 3EMIICTPSACCHUN PACIIONONKEHBI B OCHOBHOM BJIOJIb I'PaHMIl TEKTOHUYECKUX TUT. CoiHeYHas
SHEPTHUs YIPaBIAET OCHOBHBIMH TPOIIECCAMH, KOTOPBIE MPOMCXOISAT HA MOBEPXHOCTH 3eMIIM, TAKMMHU Kak
KpPYrOBOPOT BOJBI, BETEpP, OKCAHWYECKHWE TEUEHHUS, BBIBETPUBAHHE, JPO3WsA, MEPEHOC OCAIKOB M POCT
pacTeHuil. DTOT OTPOMHBIM MEPEHOC MAacChl B COYETAHWH C BpAlICHUEM 3eMJIH U TPaBUTAI[MOHHBIM
3¢ (hekToM HapyIaeT PaBHOBECHUE KOHTUHEHTAIbHBIX IUIHT.

B 3T0ii cTaThe MBI IpejlaracM CTATUCTUYCCKUI TOXO0/ JJI pacyera BIAMSHUS COTHEUHON DHEPTrUH
Ha 3eMueTpsiceHust. Takke MbI OIICHHBACM CBA3b a - FEOMArHUTHBIX WHACKCOB C COJIHEYHOM SHEPTHEH.

Pe3ynbTaThl MOKA3bIBAIOT, YTO YBEIMYECHHE COJHEYHOM aKTUBHOCTH MPUBOAUT K POCTY YHUCIA
3emiieTpsicenuii. Hakoner, Mbl 00CykaeM, Kak oOIasi TEOPUS OTHOCHTEIBHOCTH B3aWMOJICHCTBYET Kak
CJIOXKHASI CUCTEMA C 3EMJICTPSCEHUSIMH.
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