
07/21/2019 3. Quantum Mechanics (Fall 2005)
An electron in the n = 3, l = 0, m = 0 state of hydrogen decays by a sequence of electric dipole transitions 
to the ground state.
(a) What decay routes are possible? Specify them by listing the sequence of states |nlmli in each possible 
route.
(b) If you had a large number of atoms in this state |300>, what fraction of them would decay via each 
route? Give an explicit justification for your answer from the expression for the matrix element of the 
relevant operator.
Hint: You may want to use some of the following:

This is griffiths QM prob .

9. 14 parts ca ) and Cb)
.

Solution :

Porta : Electric dipole transitions are governed by the l - selection rule : Al = II
.

This is because emitted photons carry -

away Its in angular momentum .

The m - selection rule is Dm -
- O ,

t 't
, depending on the polarization of the incident light .
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n = z § (3) The allowed paths : (1) 1300 > → 1210 > → 11007
.
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(2) 1300 > → 121 I > → 11007
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(3) 1300 > → 121 - I> → 1100 >
.
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Partb : Here we are asked to compute the probabilities of each path starting with an initial

1300 > population , going to 11007 , treating the intermediate trans .
as independent events

.
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For harmonic perturbations ,
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then Pui > → In ) ) - Kii 't ?
Where the matrix elements

, Uni are of
primary concern

.

They are computed ,
for a harmonic EM field

,

n

Unit x ( n I ewwkkk.XTE.pl i > with th : propagation direction
.

E : polarization dir .

^The electric dipole approx .
is to take '

eat walk -5 ! I + a. Epix
.

and keep only the I
.

Therefore
,

Unit x ( n I E. pl i > = E. CHILD
Now use Sakurai eq .

2.2.26 to write , [ I
,
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Twig ner - Eckhart tells us that if E is along the

x-axis or y - axis then Am = II
.
But if E is along

E-
,
then Dm = 0 .

W! We are not told which axis to select
,
in general all axes should he considered s . t .

all

possible transitions are allowed from part ca )
.

(1) 13007 → 12107 : since Am = 0 we need only compute : ( 210/2-13007 E
( 2,3 ) 1300> → 121 ED : with Sm -

- II we compute : 4211=11×1300> I t ( 21 tell y 13007 I .



Now
, Griffiths QM

eq . 9.70 tells us how to relate the x and y matrix elements
.

Specifically ,

( m '
- m ) ( n' l 'm ' lxlnlm > = Aln 't 'm' lylnlm >

.

So for m = II
,

m
'
= G we find

,

F ( 21111×1300 > =

a
'

5211=11×13007 .

And so
,

CI ) : ( 210/2-13007 E
( 2,3 ) : 4211=11×1300> I t

't 4211=11×13007 I = ( 211=11×1300> ( I I aiy ) .

We have reduced the problem to only 2 matrix elements we need to compute .

( 21012-1300 > = fff ! 1%2 sinodrdodo [ Ra , G) Yolo , Ttrcoso [ Rzolr ) Yoko , O)]
.

= I fo
"

B
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sine cos -0440,05*440,0 )dddQ
* since we are not given the normalized

= It¥Tt¥ ' 2x fo" sinocoso do radial wavefunctions I'll just assume they
= I Bz[ 43 ] = Iha don't matter in the end and absorb

them into a constant
"

I
"

.

If 'c2I±Hx 13007=17%1%2 sinodrdodo [ Rain # to , Ttrcososino [ Rzolr ) Yoko , OD
.

= I I :{
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cosy Enid dado
= Itt FEKETE) . E'dot - cos of Eta'd

= FIVE ¥*L¥) - * = FIFE . I = FIFI .

Now
,
each path will have probability proportional to the modulus - squared of each

matrix element .

Thus
'

CI ) : P ( Boo > → 12103 ) x 1421012-1300312 = ITI
and

(2) P( 1300 > → 12 HD ) X K 211=11×1300> ( It d- f) 12
= IT 6 ( Itai g) ( I Fai yn )
= I 46 (2)
= ITI

→ All 3 paths out of 13007 have equal weighting .
. . . So we expect all equal populations .


