Earthquake Fastens Earth Rotation

Abstract
The relation between earthquake and planet motion is one of topics
interesting to people. Based on conservation law of energy, this paper
proves that the energy release by earthquake proportions to the square of
velocity of Earth’s rotation, while velocities of revolution of Earth and
Moon remain unchanged. Further more, earthquake happening in
pulse-mode is proved by Principle of minimum energy release. Testing
examples of Japan 2011-3-11 earthquake,

show that the shortening of a day
caused by earthquake depends on the time of earthquake lasting, the
shortening, the lasting.
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1. Introduction

Relations between earthquakes and rotational variations of the Earth has
been the subject of many journal publications since 1960. The methods
used - statistic methods, e.g., a quote from the abstract of Chao, B.F. &

R.S. Gross.(1995): "An extremely strong statistic is found for the

earthquakes' tendency to increase the Earth's spin energy; the rate during




1977 to 1993 was +6.7 GW, about the same as the total seismic-wave
energy release". Guo and Xu (1988) great earthquake also by
statistic method, using historical data, on the relation

between earthquake and velocity of earth’ s rotation.

However, statistic method not give
the reason of the relation between energy release of earthquake
and velocity of earth’ s rotation, but just links the
connection from phenomenon observation. Further more,
earthquake is a temporal disturb, the results obtained by
methods of using a long—term data to a temporal action seems
to be lacking in logical reasonability. Gross, R. S.& B. F. Chao
(2006, 2000) the signature of the 2004-12-26 Sumatran
earthquake, and the gravitational signature of earthquakes, in
Gravity, Geoid, and Geodynamics. However, no relationship
between the velocity of Earth’ s rotation and the earthquake
scale has been established. Richard (2011) reported that
according to the calculation of Richard Gross, NASA’ s Jet
Propulsion Laboratory in Calf, the Japan 2011-03-11 earthquake

shortening the length of day by 1.8 microseconds (us).




However, he not give
the details of model and calculation or equation linking to the
energy release of earthquake (ERE) and shortening of day.
The aim of this paper is to establish an equation linking ERE and velocity
of earth’s rotation based on the conservation law of energy (CLE).

The CLE is one of the greatest discovers in 19" century and has
important use in wide fields. For examples, Yun and Li (1995) CLE
to prove the accuracy of calculation for an In-plane-hinge-joint rigid
sloping piles’ group, where no previous works can be use for comparing
and no experiment can be done. Yun (2015) CLE to determine the
seeking range of a missing plane MH370. Yun (2016) CLE to judge
an investment will be success or failure. Here, CLE is again used to
establish an equation linking up ERE and velocity of earth rotation.

2. Study range, coordinates system, and basic hypotheses

We study the isolated sun-earth-moon systems. An isolated system is
defined the system in a stable equilibrium state that the total energy or
work done by external forces and internal forces keeps . Thus,
CLE holds for isolated system.

Cartesian coordinates and Cylindrical coordinates

Let (x,y,z) be the Cartesian coordinates with earth’s center at

0.(0,0,0), the z-axes, perpendicular to the equatorial plane x0.y, be the

earth’s rotating axis with z =0 at x0.y.




Let (r,0,z) be the cylindrical coordinates of the geometric center of the

earth. The relation between (x, y) and (r,0) is:

{x =rcosb,

y =rsin® (0<0<21, 0<r<ow,—0<z<x) (2-1)

Basic Hypotheses

A spherical earth with spherical-symmetry, continuously fully filled
liquid mantle.

3. The method of analysis.

3.1 The CLE states that the change of energy of an isolated system is
Zero.

AE, + AE, + AQ = C, (3-1)
Where AE, = Ey(t;) — Ex(ty), AE, = E;(t;) —E,(t,), AQ=Q(t;) —Q(t,), are
the change of kinetic energy, potential energy and heat and
electromagnetic energy respectively; C is a constant; t, is the time just
before earthquake, t, Is the time at earthquake over.

3.2 The change of kinetic energies in sun-earth-moon system

(1) The change of kinetic energy of earth’s rotation

The change of kinetic energy for earth rotation is:

AEy = Ey(t,) — Ey(ty) = 2n [, dz [*[ ft?vz (Odt]rp(r,z, H)dr =
anORe dz forz [v2(t,) — vZ(ty)]rp(r,z, t)dr =

2n[oi(t;) — w2 (ty)] fORe dz forz r3p(r,z, t)dr, (3-2)

Where p = p(r,z,t) is mass density; o. = o = v/r is the rotation

angular velocity of the crust. The appendix shows o.= o =v/r isa




constant and can be moved out of the integral sign; r, = /R2 —z2, a
pointon (r,,z) ofcrust.
By continuity, using theorem of mean value of integration twice, we can

move p out of the integral sign, then (3-2) becomes:
Re Iy

AE, = Zn[cog(tl)—cog(to)]pmf dzf r3dr
0 0

=2[02(t,) — 02 (to)]p, [RE — 2R2IRS + 2R | = 1[02(t,) — 0?(t,)]R3m,,
(3-3)

m, = T Rip,, (3-4)

Where R, = 6,371,012 km is the radius of the earth; m, = 5.976 X

107" (kg) is the mass of the earth, p_is the mean value of mass density,

which can be calculated by (3-4).

(2) The change of kinetic energy of Earth revolving around Sun.

The kinetic energy of Earth revolving around Sun E; . Is:

1

nz M (0), (3-5)

Ers = %mevfs(t) =
Where R, = R (t) is the distance between centers of earth and sun.
v.s = 9R,. and 9 are the velocity and angular velocity of earth
revolved the sun respectively.

m, is the mass of earth.

By the equilibrium equation of centrifugal force and force of universal
gravitation,

Y. F,; = 0, we have




Yo gmeMs (3-6)

2 1
RSE Rse
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Where G is gravitational constant; mg is the mass of sun.

Substituting (3-6) into (3-5), we have

Eirs = 3G “‘R—M (3-7)
AE,.s = E; . (t;) —E(t,) =0, (3-8)
Since m,, Mg, R, are the same in [t,,t,], then we have:

9(t,) =9(ty), (3-9)

Eq. (3-9) shows that the velocity of earth revolved the sun keeps
unchanged during earthquake.
(3) The change of kinetic energy of Moon revolving around Earth

The kinetic energy of Moon revolving around Earth E,,, Is:

1

1
Ekmo = Emmvlge (t) =

2
2Rem

m,, o2 (t), (3-10)
Where R.,, = Ry (t) Is the distance between centers of earth and moon.
Ve = OR,y, and ¢ are the velocity and angular velocity of moon
revolved the earth respectively. m,, is the mass of moon.

By the equilibrium equation of centrifugal force and force of universal
gravitation,

Y. F,; = 0, we have

2

m_ —— = G—=2-1, (3-11)

m 2
Rem Rem

Substituting (3-11) into (3-10), we have

Epno = %G% (3-12)
AEkmo = Ekmo(tl) - Ekmo(to) =0, (3'13)

Since m,, m,, and R, are the same at t, and t,, then we have
o(ty) = o(ty), (3-14)




Eq. (3-14) shows that the velocity of moon revolved the earth keeps
unchanged during earthquake.

3.2 Thechange of potential energy E, in sun-earth-moon system

Common type of potential energy includes: gravitational potential energy,
deformation energy and electric potential energy, etc.

(1) The gravitational potential energy E,,

Yun (2017) considered the potential energy in atmosphere involved
gravity, buoyancy, centrifugal force and lateral buoyancy. However, the
gravitational potential energy E,, inside the earth is unknown yet,
therefore its calculation is difficult.

(2) The deformation energy Egeform

One can calculate the deformation energy theoretically by definition, the
displacement -strain relation, the constituting equation and the
equilibrium equation. However, the theoretical calculation of the default
deformation energy is nearly impracticable.

(3) The heat and electromagnetic energies Eq

The calculation of Eq is also nearly impossible. Since the individual

calculation of E,,, Egerorm, and Eq at a critical state of earthquake is

pg’
nearly impossible, why not try to instead of these calculation by
measuring the total value K of ERE ? That is, measuring K,

K = AE, = AE,, + AEgerorm + AEq, (3-15)




If K=AE, =0, it means no energy release, the system is in an
equilibrium state.

To understand the sudden released of the stored deformation energy K,
using a common tensile breaking test is best. A pair of tensile forces F
apply to two ends of a testing specimen. The work done by forces F on
elongation of the specimen is stored in deformation energy K. When the
specimen broken, the stored energy is suddenly released and transferred
by impacting to the testing frame with loud impacting sound, which likes
an earthquake of suddenly breaking in some place of a plate. Similar
laboratory test for seismic energy release can be found in ( Boler &
Spetzier, 1986).

Let the measured ERE between [t,,t,] be K (j), then
AE = AE, + K= C, (Joules) (3-16)
Substituting (3-3) into (3-16), we have

5K
meRg,

0%(t;) — w2(t,) =C —

(3-17)

If K= AE, =0, then, oZ(t,) = 0Z(t,), by (3-16), C = 0.Then (3-17) becomes:

02(t) = 0(ty) = ——, (3-18)
Where K = —, defines the system losing energy, or releasing energy;

K = + , defines the system absorbing energy. Eq. (3-18) shows that
K= —, 02(t)) > 03(ty), the rotation velocity is increasing during

earthquake.




3.3 Principle of minimum energy release (PMER)

Here, we state the so-called Principle of minimum energy release as that

if there are many possible paths to reach a goal, the actual carried out (or
the best) path is that one which releases minimum energy.

Now, we use PMER to prove the mode of ERE is a pulse-mode in a short
time interval.

Rewrite (3-18),

Y = w?(t,) — wi(ty) = ——, (3-19)

From the right hand side, Y represents releasing energy. Construct a path
function p(t) = wi(t), such that

Y =[P p®Ode= [ w2 dt, (3-20)
There are many paths p(t) or o.(t), satisfying (3-20). For example, a
straight line or a curve line from t, to t,. The actual one should be the
minimum release of energy.

Proof:

This is an optimization problem, i.e.,

min, Y = min,,_J, Z o2 (t)dt, (3-21)
The necessary condition for this problem to be optimum is:

dy

g (3-22)

do,

Then, we have




2 [T o ()=Ddt =0, (3-23)
Since t,,t; can be arbitrary chosen, by Newton-Leibniz formula, the

integrand of (3-23) must be zero. w.(t) # 0, then, we have

o.(t) = const. = o.(t,) (ty <t <t;) (3-24)
o (1) = o (), (t—to) (3-25)

Eqgs. (3-24), (3-25) show that w.(t) is a broken line: for (t, < t<t,),
0.1 = o.(ty); for (t-ty), 0.(t) = o.(ty). That means that the
earthquake releases energy suddenly at (t = t,) ina short time interval
like few seconds or minutes, i.e., in a pulse-mode. []

4. Discussion

Questionl: Why the velocity of Earth rotation is increasing , while the
velocities of Earth and Moon rewvolution remain unchanged during an
earthquake?

Answer: during earthquake, the system releases energy, according to CLE,
the system must increase its kinetic energy, i.e., increasing the velocity of
earth rotation to keep constant of the system’s energy. Since the velocities
of earth and moon revolution are determined by equilibrium equations
(3-9) and (3-14) respectively, and they are independent to ERE, therefore
they keep unchanged.

Question 2: Why a larger earthquake usually happened to be at few

seconds or minutes?




Answer: According to PMER, if there are many possible paths to reach a
goal, the actual one is that which releases minimum energy. The
pulse-mode is the mode with minimum energy release.

5.

Here, we use the formula of (Hanks & Kanamori, 1979) to calculate ERE,
where assuming constant stress drop, Kanamori the moment
magnitude M, based on the empirical relation of (Gutengerg & Richttel ,

1942, 1956) between surface wave and seismic energy change E..
logE. = 1.5M,, + 4.8, (5.1-1)

Where E, is the change of the seismic energy in Joules.

Substituting M,, = 9.0 into (5.1-1), we have

logE, = 18.3, (5.1-2)
then E, = 1.999 x 108, (Joules).

Where E, is equalto AE, of this paper, i.e.,

K = AE, = E,, (5.1-3)

Substituting (5.1-3) into (3-18), we have




[w?(t;) — w2 (ty)]mRZ =5 x 1.999 x 108 (Joules), (5.1-4)

Where R, = 6,371,012 km; m, = 5.976 X 102%(kg). 1(Joules) =

21
24%xX60X60

2
1(N.m), 1s = 10°ps, w2 (to) = ( ) =5.288x107% (us ),

based on the empirical relation
of (Gutengerg & Richttel , 1942, 1956) between surface wave and seismic

energy change E.,




logE, =31.3, (5.2-3)

Then E, = 1.999 x 103!(Joules). Substituting E. into (3-18), we have

w.(ty) = 7.27320 x 1011 (us™1), (5.2-4)
w?(t;) =5.700576 x 10721 (us™2), (5.2-5)
w.(t,) = 7.549863 x 10~ (us~1), (5.2-6)

In order to compare with the result reported by Richard A. Lovett, (2011),
let us change the above data to the time of one day. One cyCle)of
revolution for initial velocity o.(t,) needs time :

T, = ﬁ = 8.6388188 x 101°(us), (5.2-7)
Let us try a nearly a pulse-mode, i.e., in a timg/mterval [t,,t,], from

to to t, = 0.9 % (t; —t,), the earthi'retates with w.(t,); from t, to
t,, the earth rotates with w. (#)-

If t; —t, = 120(s), therfthe'earbit only rotates 12 (s) with w,(t,), the
other time of a dayfQtales with . (t,).

In the time intervak t,)—t; = 12(s), the Earth rotates an angle

Ay = 0.(y)%12(1s®) = 7.549863 x 1071 (us™) x 12X 10°(ps)
= 1.0871862 X 1073, (5.2-8)
After t,) the Earth rotates with initial velocity o.(t,), the total time for

one day is:
o 2n—A __6.2820984738 o 4
Tiday = Tormpeismm (MS) +12(s) = =———=7 + 12(s) = 8.6384239 x 10%(s),
(5.2-9)
Tyqay — To = —0.0003948 x 10*(s) = —3.948(s), (5.2-10)

If t; —t, = 12(s), similar calculation, we get A, = w.(t;) X 1.2(s) =




1.087162 x 107*,

6.2830769414
7.27320%x10~11

Ty qar = (us) + 1.2(s) = 0.8638789281 x 10 (ps),

Tiday — To = —0.29519 x 1075(s), (5.2-11)
Eq. (5.2-10) shows that the shortening of time of one day reaches
3.948(s). Eq. (5.2-11) shows that the shortening of time of one day
reduces to 0.29519 (us). Which is near that of Gross (2011) 1.8
(us).The result shows that the shortening of one day depeads gn the time
of earthquake lasting [t,,t,]. The shorten the [t,,t, ], the'shorten the day.
5.2 The 1960 Great Chilean earthquake, 1960-5421»15: 0, M,, = 9.5.

In order to compare different M,, of earthquakesswe use the same
calculating formula, and the same eafthguake lasting time. Substituting
M,, into (5.2-2), we have log B.'=32.8, E, = 1.203x 103% (J).

Substituting E,. = K into(3.18), We have

wc(ty) = 7.27320%.10 " (us™1), (5.3-4)
w2(t,) = 77,6827904 % 10722(us™2), (5.3-5)
w.(t;) Z8.89386 x 1011 (us™1), (5.3-6)
Tos= S 8.6388188 x 10°(ps), (5.3-7)

04 7.27320X10~ 11

If t; =t, = 120(s), then the earth only rotates 12 (s) with w,(t;), the
other time of a day rotates with w,(t,).
In the time interval t, —t, = 12(s), the Earth rotates an angle

Ay = 0c(t)) X 12(us®) = 8.81386 x 1071 (us™1) x 12 x 10°(us)

=1.0576632 % 1073, (5.3-8)




6. Conclusion

Using the modifying to represent the
release energy of earthquake, we can obtain the expect results of large M,,
earthquakes. Which can be used to compare with others’ results, e.g., the
results of Gross of shortening a day by 1.8 (us) for Japan 2011

earthquake, 6.9 (us) for 2004 Indonesia Sumatra earthquake. All

examp les show that the shortening of a day depends on the time of




earthquake lasting, the shortening, the lasting. Based on conservation law
of energy, this paper proves that the energy release by earthquake
proportions to the square of velocity of Earth’s rotation. Furthermore, the
pulse mode of earthquake is proved by PMER .The results show that
during an earthquake, the Earth’s rotation increases , while the velocities
of revolution of Earth and Moon remain unchanged. [

References

Boler, F. M. & Spetzier, H. (1986). Radiated seismic energy and strain
energy release in laboratory dynamic tensile fracture, Pure and Applied
geophysics, 124(4-5), 759 -772.

Chao, B.F. & R.S. Gross.(1995). Changes in the Earth's rotational energy

induced by earthquakes, Geophys. J. Int.,, 122, 776-783.

Gross, R. S., and B. F. Chao. (2006). The rotational and gravitational
signature of the December 26,2004, Sumatran earthquake, Surv. Geophs.,

27(6), 615-632, doi:10.1007/s10712-006-9008-1, 2006.

Gross, R. S., and B. F. Chao,(2000). The gravitational signature of




earthquakes, in Gravity, Geoid, and Geodynamics 2000, edited by M. G.
Sideris, pp. 205-210, Springer-Verlag, New York, 2001.

Guo, H. & Xu, D. (1988), Relations Between Strong Earthquakes and
Earth’s Rotation in Xijiang and Its Adjacency, Inland Earthquake, 2 (2),
(1988) 166 — 173 (in Chinese). http://doi.org/10.16256/ j . issn. 1001
-8956. 1988. 02. 007.

Gutenberg, B. & Richter, C. F. (1942). Earthquake magnitude, intensity,
energy and acceleration, Bull Seis Soc Am 32: 163 — 191.

Gutenberg, B. & Richter, C. F. (1956). Earthquake magnitude, intensity,
energy and acceleration (second paper), Bull Seis Soc Am 46: 105 — 145.
Hank, T.C. & Kanamori, H. (1979). A moment magnitude scale, J.
Geophs. Res. 84: 2348 — 2350.

Richard A. Lovett. (2011) Japan Earthquake shortened days, increased

Earth’s wobble, National Geographic News, (2011-03-16)

Yun, T. Q. & Li, L. (1995). Analysis of In-Plane-Hinge-Joint Rigid
Sloping Piles, Computers and Structures, 55 (2), 341 — 346.
Yun, T. Q. (2015). A Method for Seeking Range of Missing Plane Based

on Law of Energy Conservation, British Journal of Science and

Technology, 9 (2), 206 — 211. Article no. BJAST.2015.260




Yun, T. Q. (2016). Investment in Hydrogen Engine Must be Ended With
Failure, Journal of Mathematical Finance, 6 (1) , 64 — 67.

http://dx.doi.org/10.4236/imf.2016.61008.

Yun, T. Q. (2017). New Dynamic Equations of Aerosol in Air of Certain
Type, Atmospheric and Climate Atmospheric Science, Vol. 7, No. 4, 551
— 524, DOI: 10.4236/acs.2017.74037.

Appendix

Rotating angular velocity of a point of mantle due to Earth rotation.
Proposition: the rotating angular velocity of a point of mantle is equal to
that of crust of Earth.

Proof: Suppose that the rotating angular velocity wy of a point N(r, 0, 2)
of mantle is different to that w. of apoint C(r+dr, 0, z) of crust, say,

wc > wy , then, a friction force Fecion  €XiSts between C(r+dr, 0, 2)
and N(r, 0, z), such that Fr.iction DloCks w: meanwhile drags wy, until
we = wy. Similarly, the rotating angular velocity of a point
of mantle is equal to that of its neighborhood. []
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