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(2) LEARNING OUTCOMES

The aim of the course is to provide the general principles for understanding the complex phenomena
that take place in the Solid Crust of the Earth. The fields of deformation, mechanical stress,
temperature as well as the electromagnetic field of the Earth's Solid Crust are examined. The
governing equations are given, and various models are developed for understanding the processes in
the Earth's Solid Crust. The tectonic processes that are due to the stresses of the Earth's Solid Crust
and cause earthquakes are presented. An introduction is made to the methods of analysis such as
electrical and electromagnetic methods. The VAN short-term earthquake prediction method is
presented as well as the physics of the corresponding Seismic Electric Signals. With the completion of
the course the student is able to:

e To wunderstand the fields (mechanical stress, mechanical deformation, temperature,
electromagnetic) that exist in the Solid Crust of the Earth as well as the equations that govern
their spatiotemporal evolution.

e Be able to solve the elasticity equations for the spatio-temporal evolution of the strain field and
derive the body (seismic) waves traveling in the Earth's Solid Crust.

e To be able to calculate fluctuations and phase and group velocities for surface seismic waves.

e To be able to calculate the propagation of thermal fluctuations from the surface to the Solid Crust
of the Earth and to understand the Kelvin model for the first scientific calculation of the age of
the Earth.

e To be able to calculate the transmission of electromagnetic signals in the Solid Crust of the Earth.

e To be able to recognize Seismic Electric Signals (SES) in the recordings of the electric field of the

Earth and extract information from them on the epicentral distance and the magnitude of the

impending earthquake.

The course aims at the following general competences:
e Search for, analysis and synthesis of data and information, with the use of the necessary
technology.

e  Working independently.
e Analytical and synthetic thinking.
e  Critical thinking.

e Problem solving.




(3) SYLLABUS

1. Introduction to elasticity theory (12 hours)

Mechanical stress and strain. The elastic region as a necessary limit of thermodynamic
equilibrium. Lamé measures. Equations of elasticity. The body waves P and S as solutions of
these equations with the corresponding scalar and vector potentials.

2. Introduction to Physics of the Rocks (4 hours)

Introduction to Physics of the Earth. Griineisen theory. Harmonicity-anharmonicity. Melting.
Porous materials. Heterogeneity and transfer phenomena. Effect of fluid infiltration on the
elastic parameters of rocks.

3. Strength, imperfections and breakage of crystalline materials and rocks (4 hours)

Effect of point and line defects on the strength of crystalline materials and fracture processes,
theoretical models. Mechanical properties of materials of the Earth. Critical phenomena and
dynamic instability during the fracture preparation process. Theoretical models relating
mechanical processes preceding rock fracture to the emission of wide-frequency
electromagnetic signals.

4.Seismic waves and structure of the Earth's Solid Crust (12 hours)

Seismic waves. Structure of the Earth's Solid Crust. Thermal and pressure gradients in Earth's
interior. Earthquakes and tectonics of lithospheric plates, faults. Body waves. Surface waves.
Seismic wave velocities. Constitution of the Earth.

5. The temperature field in the Solid Crust of the Earth (4 hours)

Fourier theory. The first scientific calculation for the age of the Earth (Lord Kelvin 1862).

6. The electromagnetic field in the Solid Crust of the Earth (8 hours)

Electromagnetic properties of the materials of the Earth's Solid Crust. Dispersion relations. The
semi-static approximation of Maxwell's equations for their application to the Earth's Solid Crust.
Transmission of Electromagnetic disturbances in the Earth's Solid Crust: Diffusion-Propagation.
7. Electric and electromagnetic prospecting methods.

Electrical methods (DC resistivity method). Magnetotelluric method (MT method).

8. Introduction to the Physics of preseismic electric signals (4 hours)

The VAN method of short-term earthquake prediction. Physical properties of Seismic Electric
Signals (SES).




(4) TEACHING and LEARNING METHODS - EVALUATION

Face-to-face

Yes

Electronic communication with the students using ICT.
Computer-aided lectures, eclass platform.

Lectures 52

Individual Study/ Study and 48
Analysis of bibliography /
Preparation

Projects 50

Course Total 150

Final written exams in Greek
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