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University of Management and Technology

Course Outline
Course code: PH-764                Course title: Advanced Atomic and Molecular Physics
	Program
	MS/PhD Physics

	Credit Hours
	03

	Duration
	16 weeks

	Prerequisites
	

	
Resource Person
	

	
Counseling Timing

(Room# )
	

	

Contact
	




Learning Objective:
This course provides an advanced understanding of atomic and molecular structure, fine and hyperfine interactions, molecular bonding, spectra, quantum transitions, selection rules, and advanced spectroscopy techniques. Students will develop strong theoretical foundations and understand how atomic and molecular physics supports lasers, astrophysics, plasma physics, materials science, and quantum technologies.
Learning Methodology:
Lectures, mathematical problem‑solving, assignments, quizzes, concept demonstrations, analysis of spectroscopic data, and reading research papers. Students will use computational and analytical approaches to explore atomic and molecular systems and modern applications.
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
	10%

	Assignments
	10%

	Mid Term
	20%

	Attendance & Class Participation
	10%

	Term Project
	10%

	Presentations
	10%

	Final exam
	30%

	Total
	100%








Recommended Text Books:
1. Bransden, B.H. & Joachain, C.J., Physics of Atoms and Molecules, 3rd Edition, Pearson, 2003.
Reference Books:
1. Foot, C.J., Atomic Physics, Oxford University Press, 2005.
2. Herzberg, G., Molecular Spectra and Molecular Structure, Krieger Publishing.
3. Demtröder, W., Laser Spectroscopy: Basic Concepts and Instrumentation, Springer.
Calendar of Course contents to be covered during semester  
Course code: PH-764                Course title: Advanced Atomic and Molecular Physics
	
 Week
	
                                    Course Contents                                                                 
	
	
Reference Chapter(s)

	1
	Review of quantum mechanics; atomic units; hydrogen-like atoms
	Ch. 1

	2
	Fine structure and relativistic corrections
	Ch. 2

	3
	Hyperfine structure, Zeeman and Stark effects
	Ch. 3

	4
	Many-electron atoms; LS & JJ coupling
	Ch. 4

	5
	Atomic spectra and selection rules
	Ch. 5

	6
	Molecular bonding: LCAO, Heitler-London model
	Ch. 6

	7
	Rotation and vibration spectra of diatomic molecules
	Ch. 7

	8
	Electronic spectra; Franck-Condon principle
	Ch. 8

	9
	Normal modes and symmetry in polyatomic molecules
	Ch. 9

	10
	Scattering theory: partial waves and resonances
	Ch. 10

	11
	Spectroscopic techniques: IR, Raman, UV-Vis
	Ch. 11

	12
	Atomic transitions: dipole moment, oscillator strength
	Ch. 12

	13
	Laser–matter interaction fundamentals
	Ch. 13

	14
	Plasma atomic processes: excitation, ionization, recombination
	Ch. 14

	15
	Applications in astrophysics, materials science
	Ch. 15

	16
	Molecular dynamics and computational modeling
	Ch. 16
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