SP425 Quantum Mechanics II

Homework Set #3





Due Date: Wed 12 Sept 2007
Topic:  Perturbation Theory II: Fine Structure
Here’s a very useful website for this course by CR Nave at Georgia State University:

http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/atomstructcon.html#c1
[image: image1.png]



Another interesting reference is:       http://www.pha.jhu.edu/~rt19/hydro/hydro.html

Everything You Always Wanted to Know About the Hydrogen Atom

(But Were Afraid to Ask)

Randal C Teifer
Johns Hopkins University
May 6, 1996


· The Uncertainty Principle 

· The Bohr Model 

· Schrödinger Theory 

· The Spin-Orbit Effect 

· Kinetic Energy Correction 

· Dirac Theory 

· Smaller Effects 

· The Lamb Shift 

· Hyperfine Structure 

· The Zeeman Effect 

· Conclusions 

· References 

NOW ON TO THE ACTUAL HOMEWORK PROBLEMS

1.  Energy Levels of the Hydrogen Atom with Spin-orbit and Relativistic Corrections.

Using a spreadsheet, construct a table similar to the following:

	n
	l
	j
	       En        . 

     (ev)   
	Eso       . 

       (ev)   
	Erel       . 

       (ev)   
	     Enljcorrected         . 

          (ev)   

	1
	0
	1 /2
	
	
	
	

	2
	0
	1 /2
	
	
	
	

	2
	1
	1 /2
	
	
	
	

	2
	1
	3/2
	
	
	
	

	3
	0
	1 /2
	
	
	
	

	3
	1
	1 /2
	
	
	
	

	3
	1
	3/2
	
	
	
	

	3
	2
	3/2
	
	
	
	

	3
	2
	5/2
	
	
	
	


where En is the energy calculated from the bare Coulomb potential, Eso is shift due to the spin-orbit effect, Erel is the shift due to the relativistic effect, and Encorrected = En +  Eso +  Erel  .  You should look up good values for the fundamental constants and keep lots of significant figures.

2.  Transition Energies and Wavelengths in Hydrogen

When we study atoms, we do not observe the energy levels directly, but instead measure the radiation emitted (or absorbed) when the system transitions between states.

Construct the following tables in order to compare the observable effects of fine structure.  The purpose is to observe the impact of our corrections to the Bohr Hamiltonian.

a)  Unperturbed with bare Coulomb potential

	Initial State

Quantum No.s
	Final State

Quantum Numbers
	Initial State

Eninit
(eV)
	Final State

Enfinal
(eV)
	Transition energy

E
(eV)
	

(nm)

	n


	l
	j
	n
	l
	j
	
	
	
	

	2
	1
	1 /2
	1
	0
	1 /2
	
	
	
	

	2
	1
	3/2
	1
	0
	1 /2
	
	
	
	

	3
	1
	1 /2
	1
	0
	1 /2
	
	
	
	

	3
	1
	3/2
	1
	0
	1 /2
	
	
	
	

	3
	1
	1 /2
	2
	0
	1 /2
	
	
	
	

	3
	1
	1 /2
	2
	0
	1 /2
	
	
	
	

	3
	2
	3/2
	2
	1
	1 /2
	
	
	
	

	3
	2
	3/2
	2
	1
	3/2
	
	
	
	

	3
	2
	5/2
	2
	1
	1 /2
	
	
	
	

	3
	2
	5/2
	2
	1
	3/2
	
	
	
	


 should be presented to 1/1000ths of a nm.

b)  with Spin-orbit and Relativistic Corrections. 

	Initial State

Quantum No.s
	Final State

Quantum Numbers
	Corrected

Initial State

Enljinit
(eV)
	Corrected

Final State

Enljfinal
(eV)
	Transition energy

E
(eV)
	

(nm)

	n


	l
	j
	n
	l
	j
	
	
	
	

	2
	1
	1 /2
	1
	0
	1 /2
	
	
	
	

	2
	1
	3/2
	1
	0
	1 /2
	
	
	
	

	3
	1
	1 /2
	1
	0
	1 /2
	
	
	
	

	3
	1
	3/2
	1
	0
	1 /2
	
	
	
	

	3
	1
	1 /2
	2
	0
	1 /2
	
	
	
	

	3
	1
	1 /2
	2
	0
	1 /2
	
	
	
	

	3
	2
	3/2
	2
	1
	1 /2
	
	
	
	

	3
	2
	3/2
	2
	1
	3/2
	
	
	
	

	3
	2
	5/2
	2
	1
	1 /2
	
	
	
	

	3
	2
	5/2
	2
	1
	3/2
	
	
	
	


 should be presented to 1/1000ths of a nm.

3.  Our initial approach to a more accurate treatment of the hydrogen atom has started with the Schrodinger equation (a non-relativistic energy expression) and the “bare Coulomb potential”.  We have been trying to guess what refinements should be made.  It is entirely possible that there could exist corrections that we can’t imagine because of our simplified initial approach.  The Thomas 1/2 –factor could be such an example.

Lamb shift.


a)  What is the Lamb shift about ?  (Max length of answer = 2 sentences)


b)  What is the value of the electron gs factor to ~10 digits?


c)  Where is the musical band known as “Lamb Shift” located?

d)  The energy shift formula for the lamb shift is: 
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where k(n,l) is a numerical factor.  Take k(n,0) ~ 13.0 and otherwise ~ 0.05.   For the ±, use (+) for the “high-j orbits”; p3/2 , d5/2, f7/2, … and use () for the “low-j orbits”; p1/2, d3/2, f5/2, …

Go back and add a column to your spreadsheet table in problem 1 for Elamb..

http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/lamb.html
http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/lamb.html#c3
http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/atomstructcon.html#c1
Darwin Term.

a) What is the Darwin term about?  (Max length of answer = 2 sentences)
_1155744030.unknown

