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* Fill pattern of outermost electrons.
n=1: 2 with [=0
n=2: 2 with |1=0, then 6 with |=1

3

Discovered 2004

n=3: 2 with |=0, then 6 with |=1, but then not 10 with |=2
Since the n=4, |=0 states have a probability close to the core and their

energy is lowered.
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The total angular momentum 05/06/2005
E=V(r)+55(p7 + 5 L) HALB =51 (pf + 5 L) +4[(L+5)* - L* - &

- AP+ 4[J?-S%], J=L+S
Spin orbit
couphng

V(1) + (2 =~ )R (1 +1) ~ 477 2]+ & PR+ 2 J°0 = ED

Where again a simultaneous eigenfunction of L2 was chosen.

V(r)+5 b +(

The Schradinger equation

2mr?

One can addltlonally choose S|multaneous eigenfunctions of J2 since

N

[L2 J?] = [L2 L2+2LS +SZ]—

The total angular momentum J has angular momentum commutators
[JI J i1 =1ng,J, and therefore\]2 has eigenvalues 7% (| +1)

This leads to a one dimensional Schrodinger equation
V(N + Gz =D+ +47°{j(j +1) - F]1P + 5 YO = ED

were the set of eigenfunctions depends onland j: @ [ R j (r), E= Ean
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05/06/2005

Largest possible eigenvalue for J,: M; = | +2 Note that L, and S, cannot
be without spread
Other eigenvalues of J, can be when Jz is fixed.

obtained by the lowering operator J_: M D{_l _%,-- 2}

‘nl jsmj>:A‘nI,m =m, —%,smS:%>+B‘nl,m =m. +%,smsz—%>
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Total angular momentum states 05/06/2005

W=3T S S Analimsm)=3 >y z By [l )

=—| nqs_—_
Where the eigenstates of J? are linear combinations of the

previously arbitrarily chosen eigenstates of L,and S,:
|

‘nljsmj> > Z\nlmsms>

:—| mg=-—
m
Ci'm —<nl m sms‘nl | smj>
The basis states are now simultaneous eigenfunctions of:

nljsm 2|(|+1)\nljs >

Note that having eigenstates of Jz

as basis states is an arbitrary

=h J(J +]_)‘n| jsm > choice smce all liner combinations

=n*2|nl jsm,) ‘nljsm>ANJ

m == have the same energy.
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Classification of states in Hydrogen 05/06/2005

1) Main quantum number: -

I n-1
Number of states with n: N_ = z Z 2= z 2(21 +1) =482 + 2n =2n?
=0 m=-| =

2

|
Orbital angular momentum quantum number: 32
Notationfor /=0 1 2 3 4 5 ... > p3/2

s pd fg h..

Total angular momentum quantum number:
As trailing subscript: j=1/2 3/2 5/2 ...

Multiplicity of the fine structure:
As leading superscript: 2 for one electron and its 2 spin states.

Systems with more than one electron:

Orbital angular momentum of the full atom:
Notationfor /=0 1 2 3 4 5 ...
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Fine structure of Hydrogen OI06I2005

A full relativistic treatment, including spin-orbit coupling leads to

Ean = En[l+ 0;12 T 43n)]

i+1
1*3

*  No dependence on /: This is a special feature of the Coulomb 1/r potential.
It disappears when the 1/r potential is changed for example by electrons in
inner shells.

*  There cannot be a dependence on m;, due to rotational symmetry.
Classical picture: Changing m; for fixed j does not change the angle
between J and S.

E(eV) = =

= = j=9/2 1=2
. = = j=3/2 1=1 or 2
_ — j=1/2 1=0 or 1
= — =312 =1
j=1/2 1=0 or 1
Lamb shift between

/=0and 1: 4 UeV

n=1
O.18meVl n=1_i=1/2 1=0
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