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Models of the electromagnetic field formation associated with earthquakes due to the
piezoelectricity of quartz.
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Piezoelectricity of quartz is proposed as a formation model of electromagnetic phenomena associated with earthquakes
(SES). However, aproblem is pointed that electric polarization from randomly oriented quartz will be cancelled to zero. What
kind of mechanisms are possible to solve this difficulty? Some models will be shown with the procedure to verification.

1: rectification in earth

2: fluctuation of the random orientation

3: macroscopic chirality of quartz

4: orientation of +a-axis

5: polarization due to stress gradient

5': abnormal piezoelectricity

Stress gradient can form electric polarization in conductive matters

5'-1: streaming potential

5'-2: deformation potential

Piezoelectricity of quartz is proposed as a formation model of electromagnetic phenomena associated with earthquakes
(SES). However, a problem is pointed that electric polarization from randomly oriented quartz will be canceled to zero. What
kind of mechanisms are possible to solve this difficulty? Some models will be shown with the procedure to verification.

1: rectification in earth

Randomly phased charge-compensating current may be rectified in crust. Inhomogeneous rocks may have electrochemical
rectification[2].

2: fluctuation of the random orientation

Random orientation of N particles can have the fluctuation of about root N.

Seethe previous report by Ikeya[3].

3: macroscopic chirality of quartz

There are left-handed and right-handed quartz in nature. If one type exceeds the other[6], and if there is c-axis
orientation[4,5] in arock, it has shear piezoelectricity.

4: orientation of +a-axis

It is difficult to distinct the sign of a-axis[7]. More, we have to distinct the orientation from the fluctuation. Physical
mechanisms should be investigated to limit the samples to be searched.

5: polarization due to stress gradient

Even the rock with a center of symmetry can have electric polarization under a stress gradient in principal.

The strehgth of quartz is anisotropic and obeys the trigonal symmetry[8]. If a crack parallel to the b-plane has anisotropic
strength between + and - a direction, the strength depends on the direction of a-axis in stress gradient. Such effect forms
macroscopic polarization.

6: abnormal piezoelectricity

Stress gradient can form electric polarization in conductive matters

6-1: streaming potential[9]

6-2: deformation potential[10]

Reference

[1] American Institute of Physics Handbook (McGraw-Hill,1972), 3rd edit., 9-2

[2] R.Tamamusi,F Denkikagaku, 2nd ed.(Tokyokagaku dojin, 1991),277, in Japanese

[3] M.Ikeya: Recent Res. Devel. Applied Phys.,2,109-127,1999

[4] P.Blumenfeld et a.Tectonophysics (Netherlands), vol.127, no.1-2, 97-115, 1986

[5] Preferred Orientation in Deformed Metals and Rocks: An Introduction to Modern Texture Analysis (Academic Press,
1985), Sec.2

[6] H.JKing et a., Opt. Lett. (USA), vol.18, no.22, 1970-2, 15 Nov. 1993

[7] O.Nomoto, Butsuri,3,136-141,1948

[8] T. Reuschile et a., Eur. J. Mineral., vol.8, 695-701, 1996

[9] H. Mizutani et al., Geophys. Res. Lett., vol.3, No.7, 1976

[10] V. F. Petrenko, Physics and chemistry of ice, Hokkaido Univ. Press, 175-182, 1992.

D. Aa Fifolt et al., Physics and chemistry of ice, Hokkaido Univ. Press, 470-475, 1992.



