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University of Management and Technology
School of Science (SSC)
Department of Physics
Course Code:    PH-421
Course Title:     SOLID STATE PHYSICS
Program: 
       BS (PH)
Course Outline
	Lecture

Schedule 
	Monday-Friday
(12:30  – 1:45), (11:00-12:15)
	Pre-requisite
	Undergraduate Standing

	Course Instructor
	Sidra Khalid
	Contact
	sidra.khalid@umt.edu.pk, 3S-38 Hall room 3


	Course

Description 
	Crystal Structure: Lattices and basis, Symmetry operations, Fundamental Types of Lattice, Position and Orientation of Planes in Crystals, Simple crystal structures.

Crystal Diffraction and Reciprocal Lattice: Diffraction of X-rays, Neutrons and electrons from crystals; Bragg’s law; Reciprocal lattice, Ewald construction and Brillouin zone, Fourier Analysis of the Basis.

Phonons and Lattice: Quantization of Lattice Vibrations, Phonon momentum, inelastic scattering by phonons, Lattice Vibrations for Monoatomic and diatomic basis, Optical Properties in the Infrared Region.

Thermal Properties of Solids: Lattice heat Capacity, Classical model, Einstein Model, Enumeration of normal modes, Density of state in one, two or three dimensions, Debye model of heat capacity, Comparison with experimental results, thermal conductivity and resistivity, Umklapp processes.

Electrical Properties of Metals: Classical free electron theory of metals, energy levels and density of orbital’s in one dimension, effect of temperature on the Fermi–Dirac distribution function, properties of the free electron gas, electrical conductivity and Ohm’s Law, thermal and electrical conductivities of metals and their ratio, motion of free electrons in magnetic fields, cyclotron frequency, static magneto conductivity and Hall Effect along with applications.

	Expected

Outcomes 
	After successfully completing this course the student will:

· be familiar with the basic ideas and tools of solid state physics, and be able to apply them in other fields;

· have developed an understanding of what types of matter exist in the solid state;

· be able to explain the physical origins which govern the properties of matter;

· be familiar with the basic experimental methods available to probe the structure of matter;

· be able to apply the knowledge gained in this course to understand a variety of applied problems in condensed matter and solid state physics;
· will be able to analyze problems in Solid State Physics using relevant mathematical tools.

	Text Book 
	Charles Kittel, “Introduction to Solid State Physics”, 8th ed. 2005, John Wiley & Sons.
The Oxford Solid State Basics, Steven H. Simon Oxford University, CLARENDON PRESS . OXFORD 2015

	Reference Books
	M. A. Omar, “Elementary and Solid State Physics”, Pearson Education, 2000.
M. A. Wahab, “Solid State Physics”, Narosa Publishing House, 1999.
Crystallography, R . Steadman, University of Bradford, Van Nostrand Reinhold(UK) 

	Assignments 
	Problems will be assigned at regular intervals an assignment.

 
	Quizzes
	All quizzes will be announced well before time.
No make-ups will be offered for missed quizzes.

	Mid  Term

Examination 
	A 60-minutes exam will cover all the material covered during the first half of the semester.
	Final 

Examination
	A 120-minutes exam will cover all the material covered during the semester.

	Attendance 

Policy 
	Students missing more than 20% of the lectures will receive an “SA” grade in the course and will not be allowed to take final exam.  

	Grading 

Policy   
	Assignment + Quizzes + Term Project and Presentation:                          30%

Mid Term Examination:                                                                             30%

Final Examination:                                                                                     40%


Department of Physics

Solid State Physics
(PH-421)
Lecture Plan 
	Week
	TOPICS
	CH

	1
	Periodic Array of Atoms: Lattice Translation Vectors, Basis and the Crystal Structure, Primitive Lattice Cell; Fundamental Types of Lattices: Two-Dimensional Lattice Types, Three-Dimensional Lattice Types; Index Systems for Crystal Planes
	1

	2
	Simple Crystal Structures: Sodium Chloride Structure, Cesium Chloride Structure, Hexagonal Close-Packed Structure (hcp), Diamond Structure, Cubic Zinc Sulfide Structure; 
	1

	3
	Direct Imaging of Atomic Structure; Nonideal Crystal Structures: Random Stacking and Polytypism; Crystal Structure Data
	1

	4
	Diffraction of Waves by Crystals: Bragg’s Law; Scattered Wave Amplitude: Fourier Analysis, Reciprocal Lattice Vectors, Diffraction Conditions, Laue Equations
	2

	5
	Brillouin Zones: Reciprocal Lattice to sc Lattice, Reciprocal Lattice to hcc Lattice, Reciprocal Lattice to fcc Lattice; Fourier Analysis of the Basis: Structure Factor of the bcc Lattice, Structure factor of the fcc Lattice, Atomic Form Factor
	2

	6
	Crystals of Inert Gases: Van der Wads-London Interaction, Repulsive Interaction, Equilibrium Lattice Constants, Cohesive Energy
	3

	7
	Ionic Crystals: Electrostatic or Madelung Energy, Evaluation of the Madelung Constant; Covalent Crystals: Metals; Hydrogen Bonds; Atomic Radii: Ionic Crystal Radii 
	3

	8
	Vibrations of Crystals with Monatomic Basis: First Brillouin Zone, Group Velocity, Long Wavelength Limit, Derivation of Force Constants from Experiment
	4

	9
	Two Atoms per Primitive Basis: Quantization of Elastic Waves: Phonon Momentum: Inelastic Scattering by Phonons
	4

	10
	Phonon Heat Capacity: Planck Distribution, Normal Mode Enumeration, Density of States in One Dimension, Density of States in Three Dimensions
	5

	11
	Debye Model for Density of States, Debye T3 Law, Einstein Model of the Density of States, General Result for D(w); Anharmonic Crystal Interactions: Thermal Expansion
	5

	12
	Thermal Conductivity: Thermal Resistivity of Phonon Gas, Umklapp Processes, Imperfections
	5

	13
	Energy Levels in One Dimension: Effect of Temperature on the Fermi-Dirac Distribution: Free Electron Gas in Three Dimensions
	6

	14
	Heat Capacity of the Electron Gas: Experimental Heat Capacity of Metals, Heavy Fermions; Electrical Conductivity and Ohm's Law: Experimental Electrical Resistivity of Metals, Umklapp Scattering
	6

	15
	Motion in Magnetic Fields: Hall Effect; Thermal Conductivity of Metals: Ratio of Thermal to Electrical Conductivity
	6


