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B. Sc. III Year BPH-E503 Semester-V 

DSE 1 QUANTUM MECHANICS  

Total 

Lectures 

Time Allotted 

for End 

Semester 

Examination 

Marks 

Allotted for 

Continuous  

Assessment 

Marks Allotted for 

End Semester 

Examination 

(ESE) 

Maximum 

Marks (MM) 

Total Credits 

60 3 Hrs 30 70 100 04 
 

NOTE: The question paper shall consist of TWO sections (Sec.-A, Sec.-B).  Sec.-A shall contain 10 short answer type 

questions of Five mark each and student shall be required to attempt any Five questions. Sec.-B shall contain 8 descriptive type 

questions of ten  marks each and student shall be required to attempt any four questions. Questions shall be uniformly 

distributed from the entire syllbus. The previous year paper/model paper can be used as a guideline and the following syllabus 

should be strictly followed while setting the question paper. 

 
Time dependent Schrodinger equation: Time dependent Schrodinger equation and 

dynamical evolution of a quantum state; Properties of Wave Function. Interpretation of 

Wave Function Probability and probability current densities in three dimensions; 

Conditions for Physical Acceptability of Wave Functions. Normalization. Linearity and 

Superposition Principles. Eigenvalues and Eigenfunctions. Position, momentum & 

Energy operators; commutator of position and momentum operators; Expectation values of 

position and momentum. Wave Function of a Free Particle. 

(6 Lectures) 
Time independent Schrodinger equation-Hamiltonian, stationary states and energy 

eigenvalues; expansion of an arbitrary wavefunction as a linear combination of energy 

eigenfunctions; General solution of the time dependent Schrodinger equation in terms of 

linear combinations of stationary states; Application to the spread of Gaussian 

wavepacket for a free particle in one dimension; wave packets, Fourier transforms and 

momentum space wavefunction; Position-momentum uncertainty principle. 

(10 Lectures) 
 

General discussion of bound states in an arbitrary potential- continuity of wave 

function, boundary condition and emergence of discrete energy levels; application to 

one-dimensional problem- square well potential; Quantum mechanics of simple 

harmonic oscillator-energy levels and energy eigenfunctions using Frobenius method. 

(12 Lectures) 

Quantum theory of hydrogen-like atoms: time independent Schrodinger equation in 

spherical polar coordinates; separation of variables for the second order partial 

differential equation; angular momentum operator and quantum numbers; Radial 

wavefunctions from Frobenius method; Orbital angular momentum quantum numbers l 

and m; s, p, d,.. shells (idea only)        

 (10 Lectures) 

 
Atoms in Electric and Magnetic Fields:- Electron Angular Momentum. Space 

Quantization. Electron Spin and Spin Angular Momentum. Larmor’s Theorem. Spin 

Magnetic Moment. Stern-Gerlach Experiment. Zeeman Effect: Electron Magnetic 

Moment and Magnetic Energy, Gyromagnetic Ratio and Bohr Magneton. (8 Lectures) 
 

Atoms in External Magnetic Fields:- Normal and Anomalous Zeeman Effect. 

(4 Lectures) 
 

Many electron atoms:- Pauli’s Exclusion Principle. Symmetric and Antisymmetric 

Wave Functions. Periodic table. Fine structure. Spin orbit coupling. Spectral Notations 
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for Atomic States. Total Angular Momentum. Vector Model. Spin-orbit coupling in 

atoms-L-S and J-J couplings.       (10 Lectures) 
 

Reference Books 

 A Text book of Quantum Mechanics, P.M.Mathews & K.Venkatesan, 2
nd 

Ed., 2010, 

McGraw Hill 

 Quantum Mechanics, Robert Eisberg and Robert Resnick, 2
nd

Edn., 2002, Wiley. 

 Quantum Mechanics, Leonard I. Schiff, 3
rd

Edn. 2010, Tata McGraw Hill. 

 Quantum Mechanics, G. Aruldhas, 2
nd

Edn. 2002, PHI Learning of India. 

 Quantum Mechanics, Bruce Cameron Reed, 2008, Jones and Bartlett Learning. 

 Quantum Mechanics for Scientists & Engineers, D.A.B. Miller, 2008, Cambridge 

University Press 

Additional Books for Reference 

 Quantum Mechanics, Eugen Merzbacher, 2004, John Wiley and Sons, Inc. 

 Introduction  to  Quantum  Mechanics,  David  J.  Griffith,  2
nd   

Ed.  2005,  Pearson 

Education 

 Quantum Mechanics, Walter Greiner, 4
th

Edn., 2001, Springer 
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(i) Course learning outcome: 
This course will enable the student to get familiar with quantum mechanics 

formulation. 

 After an exposition of inadequacies of classical mechanics in explaining 

microscopic phenomena, quantum theory formulation is introduced through 

Schrodinger equation.

 The interpretation of wave function of quantum particle and probabilistic nature 

of its location and subtler points of quantum phenomena are exposed to the 

student.

 Through understanding the behavior of quantum particle encountering a i) 

barrier, ii) potential, the student gets exposed to solving non-relativistic 

hydrogen atom, for its spectrum and eigenfunctions.

 Study of influence of electric and magnetic fields on atoms will help in 

understanding Stark effect and Zeeman Effect respectively.

 The experiments using Sci-lab will enable the student to appreciate nuances 

involved in the theory.

 This basic course will form a firm basis to understand quantum many body problems.

 In the laboratory course, with the exposure in computational programming in the 

computer lab, the student will be in a position to solve Schrodinger equation for 

ground state energy and wave functions of various simple quantum mechanical 

one- dimensional and three dimensional potentials.

(ii) Broad contents of the course: 

 Time dependent Schrodinger equation

 Time independent Schrodinger equation

 General discussion of bound states in an arbitrary potential

 Quantum Theory of hydrogen-like atoms

 Atoms in Electric and Magnetic Fields

 Atoms in External Magnetic Fields

 Many  electron atoms

(iii) Skills to be learned 

 This course shall develop an understanding of how to model a given problem 

such as hydrogen, particle in a box etc. atom etc using wave function, operators 

and solve them.

 These skills will help in understanding the different Quantum Systems.

 

  


