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King Fahd University of Petroleum and Minerals
Department of Physics
Course Syllabus
	Term
	:
	Spring Semester 2013 – 2014 (132)

	Course Title
	:
	Atomic and Molecular Physics

	Course Code
	:
	Phys 551

	Credit Hours
	:
	(3-0-3)

	Prerequisites
	:
	PHYS 501 or Consent of the Instructor

	Lecture:
	:
	UTR  3:20 – 4:10 pm.  Building 6, Room 101

	Instructor
	:
	Dr. Ibraheem Nasser, Prof.

	Phone
	:
	2234

	Email
	:
	imnasser@kfupm.edu.sa

	Web. page
	:
	http://faculty.kfupm.edu.sa/phys/imnasser/

	Office
	:
	Building 6, Room 217

	Office Hours
	:
	UTR 1:00 – 3:00 pm, or by appointment


Course Description:
Energy levels and wave functions of atoms and molecules; microwave, infrared, visible and UV spectroscopes; lasers and masers; LS and j j coupling; Thomas-Fermi and Hartree-Fock approximations; relativistic effects; group theoretical considerations; collisions.
Objectives:

This course will introduce fundamental concepts and applications of quantum mechanics to the structure of atoms and molecules; perturbation and variational calculations, self-consistent fields, multiplet, angular momenta, Thomas-Fermi model, diatomic molecules, spectral intensities..

Main Textbook:
M. Weissbluth, “Atoms and Molecules”. Academic Press (1978)
Other helpful texts:
1- Condon, E. U. and Odabasi, H. (1980). Atomic structure. Cambridge University Press.

2- Cowan, R. D. (1981). The theory of atomic structure and spectra. Berkeley: University of California Press.

3- Sobelman, I. I. (1996). Atomic spectra and radiative transitions, 2nd edn. Berlin: Springer.

4- Bransden, B. H. and Joachain, C. J. (2003). Physics of atoms and molecules, 2nd edn. London: Longman.

5- D. A. Mc Quarrie, Quantum Chemistry, University Science Books, Mill Valley, California, 1983
6- I. Levine, Quantum Chemistry, 6th Edition, Prentice Hall, 2009.
7- Wolfgang Demtroder (2005) Molecular Physics Theoretical Principles and Experimental Methods, WILEY-VCH Verlag GmbH & Co. KGaA, Wein heim

8- Cohen-Tannoudji, Claude, Advances in atomic physics : an overview, World Scientific, 2011
9- Yang, Fujia., Modern atomic and nuclear physics,  World Scientific, 2010, QC776.Y26 2010
10- Yang, Fujia., Modern atomic and nuclear physics : problems and solutions manual,  World Scientific 2010, QC173.Y94 2010.
11- Foot, Atomic physics, QC173.F664 2005
12- Budker, D., Kimball, D. F. and DeMille, D. P. (2003). Atomic physics an exploration through problems and solutions. Oxford University Press.

13- Bethe, H. A. and Salpeter, E. E. (1977). Quantum mechanics of one and two-electron atoms. New York: Plenum.

	Web address  (Exact page address)
	Salient Features

	http://www.elsevier.com/wps/find/journaldescription.cws_home  /627320/description#description
	This journal will provide papers and review articles in all areas of computational chemistry.

	http://cmm.cit.nih.gov/modeling/guide_documents/quantum_mechanics_document.html
	This website will give complete information about psi functions.

	http://www.shodor.org/chemviz/overview/quantum.html
	It gives over view of quantum chemistry


Homework:

A homework assignment will be given every week on each of the chapters covered in the text book. Solutions should hand in for grading not later than one week after completing the chapter. Problems may be set from the textbook or from the other sources.

Late Policy: Homework is due by 5 PM on the due date. If you need an extension, email me by the day before the homework is due. Extensions will be granted quite freely, but you must include: Why you need the extension, and when you will turn it in. You can have an extension of up to one week. If you do not get an extension, the policy is 50% credit up to one week late, and zero credit after that. Also, note that late homework may not be graded in a timely manner. 
Extra credit will be given for computer solving problems.
Examinations:

Three examinations are announced during classes. The exams will be closed book but with formula sheet.

Attendance:

Attendance will be evaluated according to the University regulations.

Assessment

	Activity
	Weight

	Homework
	30%

	Exam #1   
	20%

	Exam #2
	20%

	Final Exam (Comprehensive)
	30%


Grading

	A+(89
	89>A(82
	82>B+(75
	75>B(68
	68>C+(61
	61>C(54
	54>D+(47
	47>D(40
	F<40


Homework & Tests:

This course will be your opportunity to work lots of homework problems. Usually one set for each topic (or chapter) will be assigned. The instructor’s written solutions will be passed out when the set is due. The homework turned in will be spot-graded and returned. It is each student’s responsibility to study and understand the solution.

There will be a quiz on each chapter or topic, and a final, with no exemptions. Homework and tests should look professional. All work turned in should be on good paper and be neat and easily read. Use of good, standard notation is required. The presentation will be reflected in the grade.

On the homework and tests, you are expected to show all your work. You must solve everything by hand (no calculators, no symbolic manipulators), unless specifically stated otherwise. The work must be yours alone.

On the homework, it is acceptable to discuss homework problems with others, but each student must turn in work that he did on his own. On tests, any collaboration at all is unacceptable.

Comment
The point of the excerpt is that quantum mechanics is essential for a proper description of atomic physics and there are many quantum mechanics textbooks that would serve as useful background reading for this book. The following short list includes those that the author found particularly relevant: Mandl (1992), Rae (1992) and Griffiths (1995). The book Atomic spectra by Softley (1994) provides a concise introduction to this field. The books Cohen-Tannoudji et al. (1977), Atkins (1983) and Basdevant and Dalibard (2000) are very useful for reference and contain many detailed examples of atomic physics. Angular-momentum theory is very important for dealing with complicated atomic structures, but it is beyond the intended level of this book. The classic book by Dirac (1981) still provides a very readable account of the addition of angular momenta in quantum mechanics. A more advanced treatment of atomic structure can be found in Condon and Odabasi (1980), Cowan (1981) and Sobelman (1996).
What is atomic and molecular physics? 
Atomic and molecular physics is the basic study of the building blocks of macroscopic matter. Atomic and molecular physics has been and still is the testing ground of astrophysics, atmospheric science and quantum mechanics. Experimental techniques developed for the study of atomic and molecular physics and the instrumentation developed have become the tools used in chemistry, biology, medicine, engineering. Some of these tools are things such as the X-ray tube, electron microscope, oscilloscope, spectrometers, LASERS. 

Atomic and molecular physics are part of our way of understanding the world around us. What we see is based on the interaction of light with matter. For this reason optics plays a role in atomic and molecular physics. Lasers were developed through our understanding of atoms and molecules. Understanding of atoms and molecules has come, in large part, through the study of atomic and molecular spectra. 

What is important to remember is that quantum mechanics was developed to explain observations. The experimental observations are critical. Quantum mechanics was not some imagined “theory,” but an explanation when the previous theories disagreed with observation. What we will be exploring are some of the observations (as many as we can do in class) and the explanations of these observations. 

In the class I will be attempting to mix the experimental part of atomic and molecular physics in with the theoretical. The question you should be asking is how do we know? How can we figure this out? 

What are my expectations? 
1- To understand physics you must actively do physics. That means that you must work with the ideas and concepts involved. It means that you must participate in class and not just sit there and expect that I will tell you the answers. It means that you must come to class prepared. Saying “I am lost” is not helpful because that statement implies that you have not attempted to address your difficulties. 

2- You must be prepared for class. This means you must read along in the text. I will not necessarily say “read these pages for the next class,” but you are none the less expected to read along in the text. Being prepared also means that you must do the homework on time. I recommend that it be started immediately when assigned. Homework is for you, not for me. The purpose of homework is not to keep you busy and to keep from idleness. It is to help you apply and learn. It is a learning tool. 

3- You must participate. Participation means that you will be actively involved in the material at hand not talking over your activities of the weekend or yawning for lack of coffee. It means you will actively help your classmates solve problems. If your group is complete with a task, then your group should disperse to other groups and assist those groups. 

4- You must bring to class a calculator, pen, pencil, paper. You must maintain a folder which contains all of the handouts and homework from class. This should be brought to every class. 

5- This is not a math class. It is a physics class. What we are concerned with understanding the physics. That does require some mathematical sophistication, but it is not simply math. We must go beyond the mathematician and look at what it means. This is a question you must ask yourself constantly. 

Explanations 
Ask yourself what constitutes an explanation. When you are asked to explain something, is an answer that simply repeats the question acceptable? Is it reasonable to explain a physical circumstance with mathematics? 

Learning 
Learning is not a passive process. It is an activity. To learn requires active thinking. Learning requires struggle. It requires uncertainty and doubt. In some circumstances learning requires some suffering. Learning and understanding are NOT the same as knowledge of facts. Simply because you know that the fine structure constant is 1/137, does not mean you understand it. 
Topics Covered
I. Basic quantum review (Free reading by students)
a. Wavefunctions and their meaning 
b. Schrödinger’s equation and its solutions 
c. Stationary states and time independence 
d. Sketching wavefunctions based on potential curve 
e. Square well 
f. Coulombic potential
g. Angular momentum (Chapter 1 of Weissbluth)

II. Hydrogen atom (Chapter 16 and 17 of Weissbluth)
a. Schrödinger’s equation for hydrogen 
b. Transition dipole moment 
c. Selection rules 
d. Corrections – LS coupling 
e. Zeeman Effect
III. Approximations  (Chapters 14 and 17 of Weissbluth)
a. Variational and time-independent perturbation (both for degenerate cases)
b. Two-electron wavefunctions 
c. Pauli principle 

b. Applications (Stark effect, He-atom and H+ molecule) 

IV. Multielectron atom 
a. Atomic terms 
b. LS coupling revisited 
c. Line shapes 
d. Selection rules 

V. Lasers 
a. A and B coefficient 
b. Gain Coefficient 
c. Threshold calculations 
d. Saturation of Gain 
e. Power output 

VI. Molecules
a. Molecular Schrödinger equation. 
b. Development of the Born-Oppenheimer approximation 
c. Development of Molecular notation 
d. Molecular transitions – intra potential and selection rules 
e. Molecular electronic transitions – extra potential 

VII. Experiments 
More References:

1- Atkins, P. W. (1983). Molecular quantum mechanics, 2nd ed. Oxford University Press.

2- Basdevant, J.-L. and Dalibard, J. (2000). The quantum mechanics solver. Berlin: Springer.
3- Berkeland, D. J., Miller, J. D., Bergquist, J. C., Itano, W. M. And Wineland, D. J. (1998). Laser-cooled mercury ion trap frequency standard. Phys. Rev. Lett., 80, 2089.

4- Bethe, H. A. and Jackiw, R. (1986). Intermediate quantum mechanics, 3rd edn. Menlo Park, CA: Benjamin/Cummings.

5- Brink, D. M. and Satchler, G. R. (1993). Angular momentum, 3rd edn. Oxford: Clarendon Press.

6- Cohen-Tannoudji, C., Diu, B. and Lalo¨e, F. (1977). Quantum mechanics. New York: Wiley.

7- Cohen-Tannoudji, C., Dupont-Roc, J. and Grynberg, G. (1992). Atom–photon interactions: basic processes and applications. New York: Wiley.

8- Demtr¨oder, W. (1996). Laser spectroscopy, 2nd edn. Berlin: Springer.

9- Dirac, P. A. M. (1981). The principles of quantum mechanics, 4th edn. Oxford University Press.

10- Eisberg, R. and Resnick, R. (1985). Quantum physics of atoms, molecules, solids, nuclei, and particles, 2nd edn. New York: Wiley.

11- Feynman, R. P., Leighton, R. B. and Sands, M. (1963–1965). The Feynman lectures on physics. Reading, MA: Addison-Wesley.

12- Griffiths, D. J. (1995). Introduction to quantum mechanics. Englewood Cliffs, NJ: Prentice Hall.

13- Griffiths, D. J. (1999). Introduction to electrodynamics. Englewood Cliffs, NJ: Prentice Hall.

14- Kittel, C. (2004). Introduction to solid state physics, 8th edn. New York: Wiley.
15- Kuhn, H. G. (1969). Atomic spectra, 2nd edn. London: Longmans.

16- Mathews, J. andWalker, R. L. (1964). Mathematical methods of physics. New York: Benjamin.
17- Meschede, D. (2004). Optics, light and lasers: an introduction to the modern aspects of laser physics, optics and photonics. New York: Wiley-VCH.

18- Metcalf, H. J. and van der Straten, P. (1999). Laser cooling and trapping. Berlin: Springer.

19- Morse, P.M. and Feshbach, H. (1953). Methods of theoretical physics. International series in pure and applied physics. New York: McGraw- Hill.

20- Munoz, G. (2001). Spin–orbit interaction and the Thomas precession: a comment on the lab frame point of view. Amer. J. Phys., 69, 554.

21- Nairz, O., Arndt, M. and Zeilinger, A. (2003). Quantum interference experiments with large molecules. Amer. J. Phys., 71, 319.

22- Phillips, W. D., Prodan, J. V. and Metcalf, H. J. (1985). Laser cooling and electromagnetic trapping of neutral atoms. J. Optical Soc. Amer. B, 2, 1751.

23- Pitaevskii, L. P. and Stringari, S. (2003). Bose–Einstein condensation. Oxford University Press.

24- Rae, A. I. M. (1992). Quantum mechanics, 3rd edn. Bristol: Institute of Physics.

25- Rioux, F. (1991). Direct numerical integration of the radial equation. Amer. J. Phys., 59, 474.

26- Sakurai, J. J. (1967). Advanced quantum mechanics. Reading, MA  Addison-Wesley.

27- Slater, J. C. (1960). Quantum theory of atomic structure. Vol. II. New York: McGraw-Hill.

28- Woodgate, G. K. (1980). Elementary atomic structure. Oxford University Press.
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