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Readings:

1. Gasirowics, Quantum Physics, Wiley, New York, 2003.

2. E. Merzbacher, Quantum Mechanics, Wiley, New York, 1995.

3. Messiah, Quantum Mechanics, vol. I & II, Interscience, New York, 
    1985.

4. Schiff L.T., Quantum Mechanics, McGrqw-Hill, New York, 1998, 
    1968.

5. Eisberg & Resnick, Quantum Physics for Atoms, Molecules…..,   

    1974. 

6. Nouredine Zettili, Quantum Mechanics Concepts and 
    Applications, Wiley, Second edition, 2009. 

7. Saxena, A.K., Textbook of Quantum Mechanics, India, Noida      

    (2007).
Course objective

The course will start with a brief description of quantum concepts: describing the old quantum mechanics in which the theoretical attempts of blackbody interpretation will declared, the transition breakthrough’s from classical to quantum Mechanics will be studied, wave aspects and particle aspects also be discussed. The next topic introduces the mathematical tools of quantum mechanics implying the Hilbert space, Dirac notations, operators, Matrix and wave mechanics. One dimensional problems, Angular Momentum, and three dimensional problems will forms the other basic sections involving the particle bounding potentials, Eigenvalue and Eigenvectors, Orbital and Spin intrinsic momentums, and Harmonic Oscillators. The hydrogen atom spectra and its associated wave functions including the concepts of degeneracy and non-degeneracy will derived. Rotations in classical and quantum mechanics, Addition of angular momenta, Clebsh Jordan Coefficients, Isospin, and Tensor operators are being the subjects of the last chapters of the course. Through the course syllabus the student will haves the principal and basic information which enables him to understand and use the quantum mechanical concepts and applications in various branches of physics.   
Forms of Teaching
All the lecture outlines are prepared and will be a subject of open discussion inside the lectures. In the beginning of each lecture a brief summary of the previous lecture will be remembered and the headlines of the forward lecture is identified and determined. The materials given in the lecture is always accompanied by the illustrations and detail derivations with the aid of white board; beside this for every physical phenomenon there will be scientific and live discussion which assists the student to understand the subjects. The lectures will be given mainly in the English language. Throughout the lectures as well as at the end of each chapter there will be home work problems given to the students as a review and assessments. In the last half hour of each lecture there will be a seminar prepared by a student whom selects a quantum subject to be prepared as a presentation and will be open to discussion.  
Grades and Policies 

Knowledge of assigned readings, satisfactory completion of short assignments, class participation, and in-class work will constitute the students assessment program. 
Grades will be based on timely completion of assignments, improvement over the study course, the quality of the discussions, and class attendance and participation.

There will be written assignments in the class and a final examination, So that the final grade will be based upon the following criteria: 

 Home works:              10%
 Seminar:
                  25%

 Written exam:             15%

Final examination:      50%

Course Program 

1. Origins of Quantum Mechanics  (weeks 1, 2)
1.1 Particle Aspect of Radiation      


1.1.1 Blackbody Radiation

1.1.2 Photoelectric Effect

1.1.3 Compton Effect

1.1.4 Pair Production

1.2 Wave Aspect of Particles    
1.3 Classical and Quantum view of Particles and Waves
 
1.4 Quantization Rules
 
1.5 Wave Packets        
      1.5.1 Localized Wave Packets

      1.5.2 Wave Packets and the Uncertainty Relations

      1.5.3 Motion of Wave Packets

          2. Mathematical Tools of Quantum Mechanics
(weeks 3, 4, 5)

2.1 The Hilbert Space and Wave Functions
 

2.2 Dirac Notations
 

2.3 Operators
 

2.4 Representation in Discrete Bases
 

      2.4.1 Matrix Representation of  Kets, Bras and Operators


      2.4.2 Matrix Representation of the Eigenvalue Problem


2.5 Representation in Continuous Bases
 

      2.5.1 Position Representation 


      2.5.2 Momentum Representation


      2.5.3 Parity Operator 


2.6 Matrix and Wave Mechanics
 

      2.6.1 Matrix Mechanics


      2.6.2 Wave Mechanics

        3. One-Dimensional Problems
(weeks 6,7)

3.1 Properties of One-Dimensional Motion
 

      3.1.1 Discrete Spectrum (Bound States)
 


      3.1.2 Continuous Spectrum (Unbound States)


      3.1.3 Mixed Spectrum

                  3.1.4 Symmetrical Potentials and Parity


3.2 The Free particle: Continuous States
 

3.3 The Potential Step 
 

3.4 The Potential Barrier and Well 
 

3.5 The Infinite Square Well Potential
 

3.6 The Finite Square Well Potential

 

3.7 The Harmonic Oscillator 

 

       3.7.1 Energy Eigenvalues 


       3.7.2 Energy Eigenstates

        4. Angular Momentum (weeks 8, 9)

4.1 Orbital Angular Momentum
 

4.2 General Formalism of Angular Momentum
 

4.3 Matrix Representation of Angular Momentum 
 

4.4 Geometrical Representation of Angular Momentum
 

4.5 Spin Angular Momentum 
 

      4.5.1 Experimental Evidence of the Spin


      4.5.2 General Theory of Spin


      4.5.3 Spin 1/2 and the Pauli Matrices


4.6 Eigenfunctions of Orbital Angular Momentum
 

      4.6.1 Eigenfunctions and Eigenvalues of Lz


      4.6.2 Eigenfunctions of L2     


      4.6.3 Properties of Spherical Harmonics

      5. Three Dimensional Problems (weeks 10, 11, 12)

5.1 3D Problems in Cartesian Coordinates
 

      5.1.1 Separation of Variables

                  5.1.2 The Free Particle


      5.1.3 The Box Potential


      5.1.4 The Harmonic Oscillator



5.2 3D Problems in Spherical Coordinates
 

      5.2.1 Central Potential 


      5.2.2 The Free Particle in Spherical Coordinates


      5.2.3 The Spherical Square Well Potential


      5.2.4 The Isotropic Harmonic Oscillator


      5.2.5 The Hydrogen Atom

        6. Rotations and Addition of Angular Momenta (Weeks 12, 13, 14, 15)  
6.1 Rotations in Classical Physics  
6.2 Rotations in Quantum Mechanics  
6.2.1 Infinitesimal Rotations  
6.2.2 Finite Rotations  
6.2.3 Properties of the Rotation Operator  
6.2.4 Euler Rotations  
6.2.5 Representation of the Rotation Operator  
6.2.6 Rotation Matrices and the Spherical Harmonics  
6.3 Addition of Angular Momenta  
6.3.1 Addition of Two Angular Momenta: General Formalism  
6.3.2 Calculation of the Clebsch–Gordan Coefficients 
6.3.3 Coupling of Orbital and Spin Angular Momenta  
6.3.4 Addition of More Than Two Angular Momenta  
6.3.5 Rotation Matrices for Coupling Two Angular Momenta  
6.3.6 Isospin  
6.4 Scalar, Vector, and Tensor Operators  
6.4.1 Scalar Operators  
6.4.2 Vector Operators  
6.4.3 Tensor Operators: Reducible and Irreducible Tensors  
6.4.4 Wigner–Eckart Theorem for Spherical Tensor Operators
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