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Exercise 4 The selection rules (electric dipole transitions)

The quantum state |n,l,m;) of an electron in a hydrogen atom is characterised by the
values of the principal quantum number n (n = 1,2, ...), the angular momentum quantum

number [ (I = 0,1,...,n — 1) and the corresponding magnetic quantum number my
(m; = —I,—l+1,...,01 —1,1). The level scheme for the states with n = 2 is shown in
Fig. 1, with the quantization axis directed along the z-axis.
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Figure 1: Level scheme of a hydrogen atom for n = 2.

The coordinate representation of these states reads
Uy(r) = (rlg) = (712,0,0) = Rao(r)Yo(0,¢)
Ve, (7) = (Fler) = (712, 1, =1) = R (r)Y1,-1(0, ) ,
Ve, (7) = (Fle2) = (712,1,0) = Raa(r)Y1,0(0, ) ,

ey () = (les) = (712, 1, +1) = Ro (1)Y1,41(6, ) -

The radial part R,,;(r) of the electronic wave function is normalised as

/ dr r’R2,(r) = 1
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and given by
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where ap denotes the Bohr radius.



The angular part of the wave function is given by the spherical harmonics Y, (6, ¢),
which are normalised and orthogonal to each other, that is

™ 2m
/ dg sin@/ ng Y2*m1<9 @)Y’,mf(ev 90) = 5l,l’5mz7mg .
0 0
In particular, for the states under consideration
}/O,O(Q7 gO) = ]

Yio(l,p) = 1 Ecosﬁ
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In the lecture we have defined the dipole matrix element for the transition between the
ground |g) and the exited |e) states as

i

dy = (el dlg) = [ff dF:(F) () (F)

a) Calculate the dipole matrix elements

iy = {e1] d|g) for |e)) = [2,1,—1)
— dyy = (ea] d]g) for |ez) = |2,1,0)
dsy = (es|d|g) for |es) = 2,1, +1)

for the transition between the ground state |g) = |2,0,0) and a given exited state
le;) with i = 1,2, 3 (see Fig. 1).

(3 points)

b) What is the corresponding polarization of the electric field E needed to induce each
transition?

(1 point)



