
PHYS4702 Atomic, Nuclear, & Particle Physics Fall 2015 HW #8

Due at the start of class on Thursday 15 Oct 2015

(1) You know that for a (charged) particle moving in any spherically symmetric potential,
the wave function will be proportional to Y

lm

(✓,�) where l and m are the usual orbital
angular momentum quantum numbers. Use the form of the Y

lm

to show that electric dipole
transitions imply the selection rule �m = 0,±1.

(2) Using, from the textbook, figures 9-6 and 9-15 (below) estimate the energy required
to remove the remaining electron from the ground state of a singly ionized helium atom.
Compare this to the exact value, which you already know how to calculate.

•From (7-22) for the one-electron atom eigenvalues, we have  
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where we have set Z = 2. In the ground state, the quantum numbers n 1  and n2  are both equal 
to 1, and we obtain 

E= —(4+4) x 13.6 eV= —109 eV 
In the first excited state, one of these quantum numbers equals 1, and the other equals 2. For 
this we obtain 

E= —(4+1)x 13.6 eV= —68 eV 
The energies predicted are shown on the left side of the energy-level diagram of Figure 9-6. 
The right side of that figure shows the energies of the first few levels of helium obtained from 
measurements of the optical spectrum emitted by that atom. The predictions are quite inac-
curate because the Coulomb interaction between the two electrons in the atom is really not 
negligible compared to the Coulomb interactions between each electron and the nucleus, as 
was assumed in this simple treatment, and also because the treatment ignores exchange forces. • 

Figure 9-7 indicates the origin of the first few energy levels of the helium atom. 
The left side of the figure shows the energies of the levels that would be found, as in 
Example 9-4, if there were no Coulomb interaction between its electrons. If this were 
the case, the total energy would be just the sum of the one-electron atom energies of 
each electron moving about the Z = 2 nucleus in states described by the one-electron 
atom eigenfunctions with the quantum numbers indicated. The center of the figure 
shows, in part, the effect of the Coulomb interaction between the electrons. Since this 
interaction energy is positive because both electron charges have the same sign, the 
levels are raised. Furthermore, the upper level is split into two. The reason is that 
the two electrons are somewhat more widely separated on the average when one has 
n = 1, l = 0, and the other has n = 2, l = 0, than when one has n = 1, / = 0 and the 

Figure 9-6 Left: Helium energy levels predicted by a treat-
ment in which the electron-electron interaction is ignored. 
Right: The ground state and first four excited states of 
helium, as determined from the observed spectrum. 
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Figure 9-15 The measured ionization energies of the elements.  

We also see that the ionization energy is particularly small for the elements 3 Li, 
11Na, 19K,  37Rb, 55Cs, and 87Fr. These are the alkalis. They contain a single weakly 
bound electron in an s subshell. Alkali elements are very active chemically because 
it is energetically favorable for them to get rid of the weakly bound electron and 
revert to the more stable arrangement obtained with completely filled subshells. These 
elements are said to have one valence electron, and a valence of plus one. 

At the other extreme are the halogens, 9F, 17 C1, 35Br, 53 I, and 85At, which have 
one less electron than is required to fill their p subshell. These elements have a high 
electron affinity; i.e., they are very prone to capture an electron. They have a valence 
of minus one. In 1962 it was discovered that in special circumstances noble gases 
could be made to combine with the halogen 9F to form stable molecules. Before that 
time it was believed that the noble gases were completely inert. These molecules can 
be formed only because 9F has such a high electron affinity that it can remove one 
of the very tightly bound electrons from the filled outer subshells of the noble gases. 

For the first three rows of the periodic table, the properties of the elements, such 
as valence and ionization energy, change uniformly from the alkali element with 
which the row begins to the noble gas with which it ends. In the fourth row of the 
periodic table this situation is no longer always true. The elements 21 Sc through 
28Ni, which are called the first transition group, have quite similar chemical properties 
and almost the same ionization energies. These elements occur during the filling of 
the 3d subshell. The radius of this subshell is considerably less than that of the 4s 
subshell, which is completely filled for all the first transition group except "Cr. The 
filled 4s subshell tends to shield the 3d electrons from external influences, and so the 
chemical properties of these elements are all quite similar, independent of exactly 
how many 3d electrons they contain. The point is that the chemical properties of the 
elements depend on the electrons in the outer subshells of their atoms, since these 
are the electrons responsible for producing the electric and magnetic fields that inter-
act with electrons in other atoms. The chemical properties of 29Cu are somewhat dif-
ferent from those of the first transition group because it has only a single 4s electron 
in the outermost subshell. To a lesser extent this is also true for 'Cr. The element 
30Zn consists of a set of completely filled subshells and so is somewhat more inert,  

as can be seen from its ionization energy Similar transition groups occur in the filling 
of the 4d and 5d subshells. 

An extreme example of the same situation is found in the rare earths 58Ce through 
71 Lu. These are the elements in which the 4f subshell is filling. This subshell lies deep 
within the 6s subshell, which is completely filled in all the rare earths. The 4f electrons 
are so well shielded from the external environment that the chemical properties of 
these elements are almost identical. The same thing happens in the actinides, 90Th 

(3) The 2p ! 1s transition in atomic hydrogen has a lifetime of about 10�8 sec. Use this
to estimate the lifetime of the K

↵

X-ray transition in lead. Can you find a reference that
confirms your answer?


