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B.Sc. Physical Sciences with Physics as one of the Core Disciplines 
 

 

 

 

 

 
 

COURSE OBJECTIVES 

This course introduces the basic concepts of atomic, molecular and nuclear physics to an 

undergraduate student. Advanced mathematics is avoided and the results of quantum 

mechanics are attempts to explain, or even to predict, the experimental observations of 

spectroscopy. The student will be able to visualize an atom or molecule as a physical entity 

rather than a series of mathematical equations. 

 

LEARNING OUTCOMES 

On successful completion of the module students should be able to elucidate the following 

main features. 

• Stern-Gerlach experiment, electron spin, spin magnetic moments 

• Space quantization and Zeeman effect 

• Spectral notations for atomic and molecular states and corresponding term symbols 

• Understanding of atomic spectra and molecular spectra 

• Basic principle of Raman spectroscopy and Franck Condon principle 

• To complete scientific potential lies on the way we are able to interpret the fundamental 

astrophysical and nuclear data. This acquired knowledge will be a common base for the 

areas of astrophysics, nuclear, medical, geology and other inter-disciplinary fields of 

Physics, Chemistry and Biology. Special skills required for the different fields will be 

enhanced. 
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SYLLABUS OF DSE 8-3 

THEORY COMPONENT  

(Hours: 45) 

 

Unit I            (11 Hours) 

Atomic Physics  

One-electron atoms: Degeneracy of energy levels and selection rules, modes of relaxation of 

an excited atomic state, line intensities and the lifetimes of excited states, line shapes and 

widths. 

Fine structure of hydrogenic atoms: Shifting of energy levels, splitting of spectral lines, 

relativistic correction to kinetic energy, spin-orbit term, Darwin term, fine structure spectral 

lines, Lamb shift (qualitative idea). 

 

Unit II                                                                                                                            (12 Hours) 

 

Atoms in external magnetic fields: Larmor’s theorem, Stern-Gerlach experiment, normal 

Zeeman effect, Paschen Back effect, and anomalous Zeeman effect, g-factors. 

Two and multi-electron systems: Spin multiplicity, singlet and triplet states and selection 

rules in helium atom, central field approximation, Aufbau and Pauli exclusion principle, 

Slater determinant, LS and JJ coupling scheme (equivalent and non-equivalent electrons), 

term symbols and Hund’s rule, Lande’ interval rule. 

Qualitative Discussion of Lamb shift and Auger effect. 

 

Unit III            (11 Hours) 

 

Molecular Physics 

Electronic states of diatomic molecules: Linear combination of atomic orbitals (LCAO), 

bonding and antibonding orbitals; ‘gerade’, ‘ungerade’, molecular orbitals and the ground 

state electronic configurations for homo and hetero-nuclear diatomic molecules, classification 

of molecular excited states of diatomic molecule, Vector representation of Orbital and 

electron spin angular momenta in a diatomic molecule, The Born-Oppenheimer 

approximation, Concept of Potential energy curve for a diatomic molecule, Morse potential. 

The Franck-Condon principle 

 

Unit IV                                                                                                                           (11 Hours) 

 

Molecular Spectra of diatomic molecule: Rotational Spectra (rigid and non-rigid rotor), 

Vibrational Spectra (harmonic and anharmonic), Vibration-Rotation Spectrum of a diatomic 

molecule, Isotope effect, Intensity of spectral lines 

Raman Effect: Classical Theory (with derivation) of Raman effect, pure rotational Raman 

Lines, Stoke’s and Anti-Stoke’s Lines, comparison with Rayleigh scattering 

Idea of spin resonance spectroscopy (Nuclear Magnetic Resonance, Electron Spin 

Resonance) with few examples, estimation of magnetic field of the Sun. 
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