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Earthquake,
ULF magnetic field measurements near S S
(about 7 km) the epicenter of the Z m_
imminent Loma Prieta earthquake have % N
revealed anomalous activity almost two 3
weeks before the earthquake with a ‘;lf. “
remarkable increase three hours before. g 10:,_}“‘-4

Day (UT)
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These experiments possibly indicate a single 160 §
mechanism responsible for the EM emissions. e ®a
It is based on stress activated p-type charge A = §
carriers in igneous rocks creating a battery T 1 140 0

Time [min]

effect that successfully describes such
emissions.
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“The first arrival times of seismo-electric and seismo-
magnetic fields clearly indicate that these two fields
are coupled to different propagation modes, an -
observation that is consistent with electrokinetic S e
theory. Fast longitudinal modes generate only seismo-
electric field whereas transverse modes are coupled to
magnetic fields.” ———
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Experiments

“In the wet rock experiments, EM emissions in £ =
the HF range were detected accompanied with %
AEs, although EMEs in the low-frequency range
were not observed. In contrast, in the dry rock ™=
experiments, EMEs in both the high-frequency  :
and low-frequency ranges were detected. The
generation mechanism can be explained based

on piezoelectricity and compensation charges.” g - MW,WWWW
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a) Real part of the dielectric constant; b) Imaginary part of the dielectric constant.
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Cauchy equations

o Cauchy equation of motion and Cauchy lemma
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Wiaxwell equations

o Maxwell’s equations for insulators g, = 0 and ji.. = 0.

Vxh+d=0
V-b=0
Vxe+b:O
V-d=0

vacuum

With boundary conditions
bl =0 mnx|lh—vxd
ld]] =0 mn x|le+ v x b

0
0

n
n
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Variational principle

o Total Helmoltz free energy
Derived to generate the correct expression for the Maxwell stress tensor

£ 1 1 1
Y(e,d,h) = §,uhT(I-|—26)h-|— 2—€dT(I-|— 2¢)d —
Deformation Electromagnetic Piezoelectric
energy terms effect

Where D is the damage variable
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Variational principle

Pl

Dyp(e) =0
D >0
o The Kirchhoff stress tensor, the electric field and the magnetic
induction
o o o
S~ W . d
Oe od oh
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Variational principle
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The third derivatives with respect €, d and h are also needed for b

- 0h
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Variational principle

/5Agfnx[[15—vxdw+/5Ag1nx[[e+vxbw— t-oudl; + | ex dh dl' =0
r r Iy

r

The second variation of W is also required for the application of Newton's method.

o The backward-Euler method is used for the integration

; bn—l—l = bn
b =

At
1 dn . dn
e, S

At

Mathematical modelling and numerical

12/01/24 simulations for geophysics, 20 June 2011

13



Variational principle

dV () = Vd(e) — V (e) Vdu
o The 2D discretization is based on a 3-node triangle

’U,ZZNKUK

d=) Ngdg
h, = ZNK(hz)K

We use AceGen for the derivation of the discretized equations
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inary results
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Damage:

DAMAGE
9.990e-01

4.995e-01

2.498e-01

0.000e+00




E, (V/m):

E[X]
7.500e-01

4.375e-01

1.250e-01

-1.875e-01

-5.000e-01



E, (V/m):

E[Y]
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BZ
3.000e-01

1.000e-01

-1.000e-01

-3.000e-01

-5.000e-01




Conclusions anae Future

WerwererablestorsuccesstullyfintegratelCauchytequations
offmotonFandSViaxwellSequiationsawithinSasfiniteNstizalin
firdGtulieNiramew.oeklc

hVSIC~aII ¢l In & & Wit \w[h@tt ﬂs

o [Further ane validetion are required to wrmly
pPUrsue acditions to eur appRreaER

o Revisien of bouncdary conditons ane inclusion of
anisotropies are natural cdevelepments in the theory.
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