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Learning Objective:
This course has two parts. In part 1, Crystal Structur , Crystal Diffraction and Reciprocal Lattice  and Phonons and Lattice will be covered. In part 2, Thermal Properties of Solids and Electrical Properties of Metals will be discussed.
Upon successful completion of the course, the student should be able to:
	S No
	CLO Statement
	PLO
	Learning Domain and level

	1. 
	Explain the physical origins which govern the properties of matter;
	1
	C2

	2. 
	Apply the knowledge gained in this course to understand a variety of applied problems in condensed matter and solid state physics;

	3
	C3

	3. 
	 Able to apply the knowledge gained in this course to understand a variety of applied problems in condensed matter and solid state physics

	2
	C4



	
1. CLO – PLO MAPPING:

	CLOs
	PLOs

	
	Engineering Technology Knowledge
	Problem Analysis
	Design / Development of Solutions
	Investigation
	Modern Tool Usage
	The Engineering Technologist and Society
	Environment and Sustainability
	Ethics
	Individual and Team Work
	Communication
	Project Management
	Lifelong Learning

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1
	C2
	
	
	
	
	
	
	
	
	
	
	

	2
	
	C4
	
	
	
	
	
	
	
	
	
	

	3
	
	
	C3
	
	
	
	
	
	
	
	
	



Learning Methodology:
· The course content is designed as a mixture of theory lectures and analysis methods. 
· Participants will be evaluated based on assignments and quizzes from theory, worked examples and individual/group presentations/projects.
Recommended Text Books:
Book 1: Charles Kittel, “Introduction to Solid State Physics”, 8th ed. 2005, John Wiley & Sons.
Reference Books:
M. A. Omar, “Elementary and Solid State Physics”, Pearson Education, 2000.
M. A. Wahab, “Solid State Physics”, Narosa Publishing House, 1999.

Grade Evaluation Criteria
Following is the criteria for the distribution of marks to evaluate final grade in a semester.

	Marks Evaluation
	Marks in percentage

	Quizzes/Assignments(x8)/project
	30

	Mid Term Examination
	30

	End Term Examination
	40

	Total
	100 



Assignments and quizzes: Short Questions, Mcq’s and Problems will be assigned and quizzes will be given at regular intervals during the semester.
         Mid-Term examination:  This will cover all the material covered during the period between 1st lecture and 14th lecture.			
 Final examination:       This will cover 25 % of midterm syllabus and the material covered after the midterm during the semester.

ATTENDANCE POLICY:	Students have to maintain 80 % attendance in the 30 lectures in whole semester. Students who have less than 80 % attendance are not allowed to sit in the final exam
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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











Class Policy
STUDENTS ARE REQUIRED TO READ AND UNDERSTAND ALL ITEMS OUTLINED IN THE PARTICIPANT HANDBOOK
CLASS ATTENDANCE: Students need to be in class at the assigned time. After 10 minutes past the assigned time, the students will be marked absent. 

TURN OFF MOBILE PHONE! It is unprofessional to be texting or otherwise.

READ EMAILS! Participants should regularly check their university emails accounts regularly and respond accordingly. Students would be responsible if they miss a deadline because of not reading the emails. 

CLASS ATTENDANCE POLICY: A minimum of 80% attendance is required for a participant to be eligible to sit in the final examination. Being sick and going to weddings is absence and will not be counted as present. Participants with less than 80% of attendance in a course will not be allowed to take end term exams. International students who will be leaving for visa during semester should not use any days off except for visa trip to avoid reaching short attendance.

MOODLE: UMT –LMS (Moodle) is an Open Source Course Management System (CMS), also known as a learning Management System (LMS). Participants should regularly visit the course website on MOODLE Course Management system, and fully benefit from its capabilities. In case of any problem while using MOODLE, visit http://oit.umt.edu.pk/moodle. For queries email moodle@umt.edu.pk

HARASSMENT POLICY: Sexual or any other harassment is prohibited and is constituted as punishable offence. Sexual or any other harassment of any participant will not be tolerated. All actions categorized as sexual or any other harassment when done physically or verbally would also be considered as sexual harassment when done using electronic media such as computers, mobiles, internet, emails etc.

USE OF UNFAIR MEANS/ HONESTY POLICY: Any participant found using unfair means or assisting another participant during a class test/quiz, assignments or examination would be liable to disciplinary action. 
PLAGIARISM POLICY: All students are required to attach a “Turnitin” report on every assignment, big or small. Any student who attempts to bypass “TurnItin” will receive “F” grade which will count towards the CGPA. The participants submit the plagiarism report to the resource person with every assignment, report, project, thesis etc. If student attempts to cheat Turnitin, a second “F” will be awarded that will count towards the CGPA. There are special rules on plagiarism for final reports etc. all outlined in your handbook.

COURSE WITHDRAWAL POLICY: Students may withdraw from a course till the end of the 12th week of the semester. Consequently, grade ‘W’ will be awarded to the student which shall have no impact on the calculation of the GPA of the student. A Student withdrawing after the 12th week shall be automatically awarded “F” grade which shall count in the GPA.

COMMUNICATION OF RESULTS: The results of quizzes and assignments are communicated to the participants during the semester and answer books are returned. It is the responsibility of the course instructor to keep the participants informed about his/her progress during the semester. The course instructor will inform a participant at least one week before the final examination related to his or her performance in the course.
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