PSU - DEPARTMENT OF PHYSICS

PH 619 : QUANTUM MECHANICS

SPRING 2007

(I)
GENERAL INFORMATION :


Instructor : Peter Leung


Office : SB2 406, Phone : 725-3818, email : hopl@odin.pdx.edu


Office hours : Tue., Thur. : 12:00 p.m.- 1:00 p.m., and by appointment


Course grade : Homework (3 problem sets in total) : 60%


                       Final (take home) : 40%  (due on : June 12, 2007 – Tue. 12:00 noon)


Project (Optional) : Students may choose to write a study report (10-20 pgs) on the “ Foundation of


Quantum Mechanics ”.  This can substitute for 1/2 of the homework grade, i.e. : 30% H.W., 30% project.


This may include philosophical, conceptual, and mathematical foundations, among other possibilities.  The


following are some topics of interest : quantum reality, collapse of the wave function,  hidden variables, 

the EPR paradox, Bell’s theorem, theory of measurement, quantum teleportation, different kinds of 

interpretation of QM such as the Copenhagen school, the many-worlds interpretation, the 

transactional interpretation,...etc.  Besides this area, any interesting topic in Quantum information and 

Quantum computation is also acceptable such as: quantum teleportation, cryptography, 

entanglement,...etc.


Some references for the project : 

     B. D’espagnet, “ Conceptual foundations of quantum mechanics ”(Benjamin, 1971);




     M. Jammer, “ The conceptual developments of quantum mechanics ” (McGraw-Hill, 1966) ;



     G. Greenstein and A. G. Zajonc, “ The quantum challenge ” (Jones & Bartlett, 1997).


** In addition to the above books, many more reference articles/books are available from the instructor.


Nature of the course : This will be sequential to PH 511 and PH 618 in which students are supposed to have gone




          through most of the fundamental aspects of wave mechanics including both the bound state




          as well as continuum (scattering) state problems with the TISE; as well as the general




          applications of the TDSE.  PH 619 will go on to cover certain important special topics in




          non-relativistic quantum mechanics as outlined below.  If time permits, we shall include a




          brief introduction to Dirac’s relativistic quantum mechanics; issues on the foundation of 




          quantum mechanics as outlined above; and quantum computing.


References :  (i)  P. M. Mathews and V. Venkatesan : “ A Textbook of Quantum Mechanics ”, (Tata 

 McGraw-Hill, 1976).  



        (ii) D. J. Griffiths : “ Introduction to Quantum Mechanics ”, (Prentice-Hall, 2004).

        (iii) J. J. Sakurai : " Modern Quantum Mechanics ", (Addison-Wesley, 1994).

        (iv) Other classic references will be given for each individual special topic in the notes.  

(II)
COURSE OUTLINE FOR PH 619 : (we shall first finish the topics left from PH 618)

H.
A REVISIT TO TIME-DEPENDENT PROBLEMS (M&V.: Ch. 9; Griffiths: Ch. 10)

31.   Alternative pictures of time evolution (the Schrodinger, Heisenberg, and Dirac (interaction) picture)


32.   Concept of density matrix: time evolution of ensembles of identical non-interacting systems


33.   The adiabatic theorem


34.   The discovery of Berry’s phase (1984)

I.
QUANTUM THEORY OF ANGULAR MOMENTUM (M&V.: Ch. 8)

35.   Definition in terms of commutation rules


36.   Eigenvalue spectrum and matrix representation


37.   Intrinsic spin


38.   Addition of angular momenta


39.   Clebsch-Gordan coefficients


40.   Identical particles with spin


41.   Addition of spin and orbital angular momenta


42.   Spherical tensor operators and the Wigner-Eckart theorem

J.
BRIEF INTRODUCTION TO PATH-INTEGRAL FORMALISM OF QUANTUM MECHANICS

43.   The least action principle in classical physics


44.   Dirac’s remark (1932) on the role of the Lagrangian in QM


45.   Feynman’s theory


46.   Equivalence to the Schrodinger equation


47.   Some examples

K.
BRIEF INTRODUCTION TO RELATIVISTIC QUANTUM MECHANICS (RQM)

48.   The Klein-Gordon equation for integral spin particles


49.   Dirac’s equation for spin 1/2 particles


50.   Some applications of the Dirac equation


51.   Relativistic covariance and nonrelativistic limit of RQM

L.
BRIEF DISCUSSION ON THE FUNDAMENTAL INTERPRETATIONS OF QM

The following topics will be included: the Copenhagen interpretation; the ensemble interpretation;

the Einstein-Podolsky-Rosen (EPR) paradox; hidden-variable theories; "paradox" of the 

Schrodinger's cat; quantum entanglement; Bell's theorem; the many-worlds interpretation; and 

the transactional interpretation.

M.
BRIEF INTRODUCTION TO QUANTUM COMPUTING (only if time permits)


The following topics will be included: the concept of qubits; various unitary transformations as 

quantum logic gates; Shor's algorithm for factorization; Grover's quantum search algorithm.

