SP425 Quantum Mechanics II

Homework Set #6





Due Date: Wed 10 Oct 2007
Topic:  Multielectron Atoms

1.  The 3rd Excited Group in Helium
Using the following figure as an example, which summarizes the central electron-nucleus attraction, electron-electron repulsion, and exchange effects in helium, add on the next higher group of states built upon the n1=1 n2=3 hydrogen atom basis (aka 1s3*).  Label the states with their “multielectron atom” spectroscopic notation.
[image: image1.emf]
2.  Specify the ground state electron configuration of (in the spirit of ER p334):

a.  8O 

b. 15P 

c. 83Bi 

d. 87Fr

3.  The effective charge is Zeff = 2.771 for the outer 5s electron in Rb.  Calculate the minimum energy needed to completely remove the 5s electron from Rb.

4.  Rydberg atoms are atoms having an outermost electron in an excited state with a very large principal quantum number.
a.  Why do all Rydberg atoms with the same n value have essentially the same ionization energy?

b.  What would cause some minor differences in the ionization energy for different Rydberg atoms with the same n?

c.  What is the ionization energy for a Rydberg atom with a principal quantum number of n = 290 ?

d.  What is the approximate size of the Rydberg atom with n = 732 ?

(Note:  290 was obtained in an earth laboratory. 732 was detected in interstellar space.  See http://en.wikipedia.org/wiki/Rydberg_atom for more information the impact of Rydberg atoms.)
5.  Identifying States on a Grotrian Diagram.


The figure below is taken from our discussion of the helium atom.  It is essentially the same as Eisberg & Resnick Fig 9-7.  On the figure are states denoted by A, B, C,...,G.
[image: image2.jpg]Helium Summary

exchange-related
Repulsion
E-relat_e d hi) spin-singlet
repulsion —
spin-triplet
n-related o 1s2p o
H-basis repulsion e Bpin-inglet
functions e e T — spin-riplet
1s2*
1s2*
*=s,p "~ w —————— spin-singlet
ol B V X
1s1s
1s1s

1s1s




Following is the usual Grotrian diagram from Radig & Smirnov.   Circle and label the corresponding states.  State A is done as an example.
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