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Upon completion of the course, students will:

(1) master the basic principles and methods in mineral physics

(2) be able to apply the results in mineral physics to understanding the internal
structure, composition, dynamics, and evolution of Earth and other planetary bodies;
(3) learn how to conduct research in the areas of Earth and planetary interiors by
conducting a term research project and give an oral presentation.
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Teaching Methods
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The course will compose lectures, complemented with homework, course project, and final
presentation.
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Course Contents

Section 1 Introduction to the course (2 hours)
Introduction to the course contents, goals, and assessment

Section 2 Chemical composition of Earth and planets (2 hours)
Formation of elements; chemical composition of the solar system;
condensation of the solar nebula; chemical differentiation of planets

Section 3 Mass, density, gravity, and pressure in planetary interiors (4 hours)
Mass, radius, and moment of inertia of planetary bodies; gravity and
pressure; mass distribution in planets

Section 4 Thermodynamics of planetary materials (I) (4 hours)
Review of thermodynamics for one-component systems;
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thermodynamic properties and thermodynamic relations

Section 5

Compression of planetary materials and equation of state (6 hours)
Equation of state of gases; density of materials under planetary
interior conditions; high-pressure experimental methods

Section 6

Crystal structure and crystal chemistry (4 hours)
Crystal structure and X-ray diffraction; crystal chemistry in planetary
interiors; chemical bonding and interatomic potentials

Section 7

Thermodynamics of planetary materials (II) (4 hours)

Review of thermodynamics for multiple component systems;
chemical reactions; law of mass action; activity and fugacity; phase
diagrams

Section 8

Structure and mineralogy of Earth and planets (4 hours)
Phase transition and phase equilibria; structure and mineralogy of
Earth and planets

Section 9

Elasticity and seismic wave velocity of planetary materials (4 hours)
Elasticity of planetary materials; Birch’s law; seismic anisotropy

Section 10

Thermal properties of Earth and planetary materials (6 hours)

Lattice vibrations; thermal properties; temperature profiles in planets;
effect of temperature on seismic velocities; melting, element
partitioning, and chemical differentiation

Section 11

Transport properties and dynamics of Earth and planetary interiors (6
hours)

Crystalline defects and diffusion; rheology of mantle and core
materials; electrical and thermal conductivities;

Section 12

Term project presentations (2 hours)
Oral presentations for term projects
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Course Assessment
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Attendance 5%, class performance 5%, homework 50%, course project 20% final paper

and presentation 20%
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