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Course Rationale :This module is intended to introduce students to the basic ideas that underlie solid state physics, with emphasis on the behaviour of electrons in crystalline structures, particularly in materials that are metallic. This will enable the students to learn the subject matter in order to explain and account for the physical, thermal, electrical and optical properties of solids. Students will appreciate solid state physics as one branch of physics which plays a fundamental role in the electronic industry.
Learning Outcomes
Upon completion of this module students students will have demonstrated the ability to:
• examine the behavior of solid state systems and, through the application of physical laws, make quantitative predictions of future behaviour based upon their properties
• describe crystal structure of solids in terms of a space lattice + unit cell, and relate structures in real space to those in reciprocal space,
• explain the concepts of the reciprocal lattice and the Brillouin zone,
• describe the various atomic bonds in crystals,
• discuss the electrical, thermal and optical properties in terms of the free electron model,
• apply knowledge of how crystalline structures vibrate and the associated theories of heat capacity,
• discuss the factors that control the electrical conductivity of metals,
• elaborate how the diffraction of X rays are related to the properties of the reciprocal lattice.
• be familiar with and understand the magnetic, and dielectric properties of solids for practical applications.
Course Description
This module describes phenomena associated with the solid state: Topics to be treated include the classification of solids and crystal structure, X-ray diffraction, classification of crystals, binding energy, and an introduction to their electronic, vibrational, thermal, optical, magnetic, dielectric properties and the quantum mechanical description of electrons in crystals

COURSE CONTENT

1. Crystal Structure
• Introduction- atomic models
• Lattice points and space lattice
• Fundamental types of lattices
• Index system for crystal planes
• Classification of crystals
2. X-Ray Diffraction
•Reciprocal lattices
• Diffraction of waves by crystals: Bragg’s law
• Brillouin zones in one and two dimensions
3. Binding Energy in Crystals
• Bonding in solids
• Ionic bonding
• Covalent bonding
• Metallic bond
• Properties of metallic crystals
• Calculation of cohesive energy
4. Thermal properties of solids
• Crystal vibration
• Lattice Specific heat
• Classical theory (Dulong and Petit law)
• Einstein’s theory of specific heat
• Debye’s theory Thermal conductivity
5. Dielectric properties of solid
• Review of basic formulae
• The microscopic concept of polarization
• Langevin’s theory of polarization in polar dielectrics
• Clausius-mosotti relation
• The static dielectric constant of solids and liquids (Elemental dielectrics, 
Polarization of ionic crystals)
• Ferroelectricity
• Piezoelectricity
6.Magnetic properties of solids
• Magnetic permeability
• Magnetization
• Diamagnetism
• Paramagnetism
• Ferromagnetism
• Quantum theory of paramagnetism and ferromagnetism
• The domain model
7.The free electron Fermi gas
• Energy levels in one dimension
• Effect of temperature on the Fermi-dirac distribution
• Free electron gas in three dimensions
• Heat capacity of the electron gas
Assessment
· From chapter 1-4
· Quiz and test ……..30%
· Assignment………. 20%
· From chapter 5-7
· Final exam ……50%
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