SP425

Homework Set #7





Due Date: Fri 19 Oct 2007

Topic:  Multielectron Atoms: Residual Interaction and Symmetry Requirements


1.  Let’s work on the level scheme of the helium atom.

a.  The ground state of helium has a ‘hydrogenic configuration’ of 1s2 (or 1s1s).  Using the hydrogenic energy formula, estimate the energy of this ground state configuration.

b.  If energy is dumped into the system, the one of the electrons can be promoted to a higher orbit.  Consider the 5 excited states (hydrogenic configurations):


[image: image1]
c.  Redraw the previous figure incorporating the Residual Interaction Stot effect.  
Include the additional label stot .
d.  Redraw the figure incorporating the Residual Interaction Ltot effect.  
Include the additional label  
[image: image2.wmf]l

tot .

e.  Redraw the figure and label each state with it’s “multielectron spectroscopic notation”.

f.  Examine the experimentally-determined Grotrian diagram for helium.  Which states (that you drew in part e) must be eliminated because of “fermion symmetry requirements”?
g.  In part a, you calculated the 1s1s ground state energy using the hydrogenic basis.  The electron-electron repulsion, the Hartree-Fock procedure, and the Residual Interaction push this state up in energy.  Use the Grotrian diagram to find the total upward ‘push’ in energy.
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2.  In class we worked on the carbon atom.


The figure below is taken from Eisberg & Resnick.  On the figure are states denoted by A, B, C,…,K

[image: image4.png]Energy (eV)

Figure 10-8 Some energy levels of the carbon atom.




Following is the usual Grotrian diagram from Radig & Smirnov.   

a.  Circle and label the corresponding states.  State A is done as an example.

b.  Are the experimentally-determined states on the Grotrian diagram in the same energy-sequence as anticipated from Eisberg & Resnick Fig 10-8?    Comment on any differences.
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3.  Now let’s work on the level scheme of the oxygen atom.

a.  The ground state of oxygen has a ‘hydrogenic configuration’ of 1s2 2s2 2p4 .

b.  If energy is dumped into the system, the one of the electrons can be promoted to a higher orbit.  For the lowest excited states, the energy will be adsorbed by one of the four 2p electrons.  The three lowest-energy configurations, specifying only the last four electrons, are 2p4 (aka gnd state),  2p3 3s1 , and  2p3 3p1.  We could also write our three lowest configurations as 2p2 2p2 (aka gnd state),  2p2 2p1 3s1 , and  2p2 2p1 3p1.   If we believe the first two electron are inert (i.e. don’t do anything funky), then we could get even lazier and write our three lowest-energy configurations as  2p2 (aka gnd state),  
2p 3s , and   2p 3p .
These configurations are diagrammed below.  
[image: image6]
c.  Redraw the previous figure incorporating the Residual Coulomb Interaction Stot Effect.  Include the additional label stot .

d.  Redraw the previous figure incorporating the Residual Coulomb Interaction Ltot Effect.  Include the additional label  
[image: image7.wmf]l

tot .

e.  Redraw the figure and label each state with it’s “multielectron spectroscopic notation”.

f.  Examine the experimentally-determined Grotrian diagram for oxygen.  Which states derived from the 2p2p configuration, must be eliminated because of “fermion symmetry requirements”?

g.  Examine the experimentally-determined Grotrian diagram for oxygen.  Can you identify all states derived from the 2p3s configuration ?   Or is there a problem? 
h.  Examine the experimentally-determined Grotrian diagram for oxygen.  Can you identify all states derived from the 2p3p configuration ?   Or is there a problem? 
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1s1s





1s2s





1s3s





1s2p





1s3p





1s3d





2p2   or   2p2p





2p3s








2p3p
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