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ABSTRACT

Prior to large earthquakes the Earth sends out transient signals, sometimes strong, more often subtle
and fleeting. These signals may consist of local magnetic field variations, electromagnetic emissions
over a wide range of frequencies, a variety of atmospheric and ionospheric phenomena. Great
uncertainty exists as to the nature of the processes that could produce such signals, both inside the
Earth’s crust and at the surface..When rocks are stressed, peroxy links break, releasing electronic
charge carriers, h_, known as positive holes. The positive holes are highly maobile and can flow out of
the stressed subvolume. The situation is similar to that in a battery. The h_ outflow is possible when
the battery circuit closes. The h_ outflow constitutes an electric current, which generates magnetic
field variations and low frequency EM emissions. The study of chemical processes based on a model
equation for electromagnetic waves is presented.
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1. INTRODUCTION

A method studied for predicting earthquakes through changes in crust electrical parameters.
These parameters are including the impedance and the electrical potential of shifts and
pressure the layers of the earth that produce electromagnetic waves. Through the calculation
of the wave equation and offer an initial model to compute the surface potential and profile of
afault can be intensity an earthquake predicted from the fault. Parallel study changes in the
frequency range of ULF and VLF electric and magnetic fields and other studies show that the
use of electromagnetic methods alongside electrica methods provides better results in

predicting earthquakes.

2. CALCULATIONOFMOMENT MAGNITUDEAND DEFINITIONEARTHQUAKE INTENSTY
All from 1980 earthquake was introduced a way to introduce for measurement earthquake that

is called seismic moment Mg (seismic moment). Seismic moment depends on the size fault
area (A) and average level of fault Au. Therefore:

M,~AAu (1)

And to be more precise the product of three factors determined measuring an earthquake.
M, =mxAxAu )
= pStiffness dyn/cm? A= Area of broken cm? ,Au = Average slip cm? u is the shear
modulus for shallow earthquakes 3 - 510" dyn /cm *
Since numbers of seismic moment are very large. A new measure is defined as the moment
magnitude:

_109M, 1573

v T15 3)

M
21 Cdaulatingthepatential
Arrangement of the flow electrodes were placed with greater distance compared to potential

electrodes. Have the form of:

n=(L-x)-4r=L+x)+0 n=(L-x)+4r,=(L+x)-{ 4

If the smallest distance between the electrodes flow and potential electrodes. Be much larger
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from The distance between the two electrode potentials (Coefficient 10 or more) from

equation (3-33), we have:

Y 1

| H(L_>1<)—/:_(L+i)+/@}_{(t—>l<)+4’_(L*’I‘HH ®)

rﬂ

Because 1 inconclusion have after Simplify:(L-x)>becauseis

r :ﬂ(LZ_XZ)Z(ﬂ)
220 (L2+x2) 1 (6)

This arrangement often be used symmetrically.

Ma :W(I_) (7)

-

Fig.1. View of the Schlumberger array

3 -

Potential electrodes are fixed in speculation deep. While the distance between the electrodes

flow spread symmetrically toward center of the arrangement. When L is large it may be

necessary that | also increase till potential be measurable.

2.2. Calculatethedectric field

According to Maxwell's equations:

VxE = —ﬁ
ot
VxH =1J +£
ot
Asaresult:
VxVxE = -2 (mJ +m 22
ot ot
Where D is the displacement current density.
. VE +V(V.E) = -mg 2L m, 20
ot ot

(8)
9)

(10)

(11)
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Pisthe polarization current density.

= -V’E +%=—n},%—n},§t—i(euE+P) (13)
_V2E+&—_ Q_e aziE_ azi
e - mJat oMy atz m 612 (14)
arranging the above equation:withWe have
0°E  Vr BN o°P
_VZE e Z - - f _-ft JRN—
= T EM 5 e . e (15)
Giventhat; J+ =SE
:>V2E_e 62_E+s E—_&_ 62_P
oMoz M= M (16)

By considering the following equations:

e
e [ Jpe—
"oe, E=€+C P-PE)P=-cE (17)

Fore the must nuture deelecteric is between 1 and -1 , k>1, x>=0.€-

For conductors k o is assumed.

_OP_LJE
ot? ot? (18)
With insertion of in relation (16):

Due to depending on Space and time the expected in flat wave we can expec field as follows

forethefield E:

E (r,t) = Eeg i (wt-k.r) (20)

A~

In which E is vectore constant amplitude flat wave. By derivative From function as

o
Ee ™ ratio to time we see that for function in this specific case operator 9t is equivalent

to multiplying in symbol -iw and For function as Ee™" operator V isequivaent to ik
Kk
Therefore we have for operator ot * W andfore V? wehave —K?:

—K’E —(e,m —mC)(-WA)E —sm(-iW)E =ik % 1)

The volume density is equal fore positive charge and negative charge. Therefore:

re=r,,fy=r +r, =r,=0 (22)
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—kZ+my(e,-c)w?+iwmes =0 (23)
= k?=my(e,—-cIw?+iwmgs (24)
We sort the equation:
k?=my(e, - c )W (1L+i
e, oW s ) -
12 . S V2
=k =w[m(e,—c)] @+i m) (26)

Since k is complex wave number: k =2 +ib '\We rsanym both sides to the power of 2:

k?’=(a+ib) =a?-b’+2iab 27)

by placing equal amounts K *:We have,

Re:a?-b?=my(e,—c)w?

S

Im:2ab = my(e, — C)W? =swm,

" (e,-c)w (28)
p =31
2 (29)
By placing in real part of equation (28):
2 _swm’ 2
a‘®— =my(e,—Cc)w

1o’ m( ) (30)
=4°-am(e,—-cla’-s Wy =0 (31)

By applying change variable have a*=x :
4X? —aw’my(e, —c)X ? —s wmy’ =0 (32)

obtained by solving the equation In terms of X:we

X - a’my(e, —c) +am W (g, —c)’ -s ? a2
8

(33)
=€,-C :eo—e+eo=zeo—ec —e-e, (34)
Ly LW e u (R ef sF
8 (35)
W AW L w26 ey s?
X = T 2y? izwm, w*(2e,—-e)" —-s (36)

P SR

That em " em |n this particular case, we take wave propagation in the air: Means

v=c, In case of publication in the fog, dust, € " environment must be determined. Then

we can write s =0,®. = ¢ we have with fixing the relationship in equation (33):

2 _WZ
S

W2
c2

W2

< (37

+

N
N[~
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:X:CZ,X:O (38)

Da:[vcvzz}m:vg_ b=0 (39)

k=a+ib=¥
C

(40)
E :Emexp{—i(wt—\::i.r)} (41)
= E :Emexp{—iw(t—cl.r)} (42)
_E
By knowing h asaresult:
H _E _E, exp(—b.r)exp[-i (wt —a.r)]
h h (43)

dE
Calculate the time variation of the electric field (dt ): Since we dont have free charge

density then:

And we have the Laplace equation :

The potential is function ) :

)
By integration solution that is obtained as follows:

=V =Aj +B  (47)
With apply boundary conditionsthat here i =0 |, vV =0 andfor | =a Vv =AV  gbtianed:

0=A0)+B _AV
AV =A(@)+B -

- (49)

By substituting these values into the equation of potential:

SV OS5 (50)
= AV =-[Edl _ 4y _ _g g4 (51)

So finaly we can write:
oo b (g

And then the differential of E we have:



B. Haghighi et al. J Fundam Appl <ci. 2016, 8(29), 430-437 436

dE 1 d(AV)

T at T T ra dt (53)

Weknow P =eE+P=eE gg:

dD e d(AV)

At ra dt (54)

But after displacements of layers and electromagnetic wave propagation, what we recorded by

electromagnetic record,.is in fact, the frequency v or we can say that w here we can say that:

I L . , - :
v Means we with recorded frequency same Time variation field record and aso

d(AV )
simultaneously record AV in a time interval can be time variation AV  means  dt

achieved. Now using these two parameters and considering the known dip angle of the fault

studied (2 ) we can use the above equation and r is means distance from the fault to obtain. To

obtain r and knowing that part of the surface along the fault which usually changes ¢ |, can

Mo =mxAxAU" \We can

be calculated area of broken A. Now, according to equation (3)
calculate the seismic moment MO. Course in this equation p or difficult environments for our
specific and predetermined. Also Au or moderate slip can also be based on past statistics
calculated for each fault. This way calculation of seismic moment can be a magnitude

_logM, 0.73
earthquake in the equation (3-9) as mentioned earlier Means  * 15 O obtai ned.

3. CONCLUSION

In this work a method for predicting earthquakes offered based on the record the frequency
electromagnetic waves before the earthquake which usually before the quake will be sent, that
this method, the recording wave frequency and changes in the electrical potential of around
the fault, using data about the fault: length foult, fault dip angle, average size of fault

displacement in previous earthquakes, possible earthquake intensity is predictable.
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