
Complex Atoms

Several quantum numbers: n, l, ml, s, ms

Lifting the l -degeneracy

Magnetic effects

Pauli’s exclusion priciple

Shell strcuture and the 

Periodic Table of the elements



The Helium atom; semi-classical approximation
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Complex Atoms and the Schrödinger Equation
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Magnetic Dipole Moments; Total Angular Momentum

Instead, the angles were quantized, corresponding to the 
quantized values of the magnetic moment.

Stern-Gerlach experiment
-nonuniform magnetic field
-classically a continuum of deflection angles is expected

The Nobel Prize in Physics 1943
"for his contribution to the development 
of the molecular ray method and his 
discovery of the magnetic moment of the proton"
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General for a magnetic dipole:
-Force on a dipole in a gradient
-Orientation of a dipole in a 
Homogeneous B-field



Magnetic Dipoles
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zzBU μ−=Choose the magnetic field along z;

Force = gradient of the potential:

1. Only a force if there is a magnetic field gradient

2. In a homogeneous magnetic field

Stern-Gerlach
space quantisation

Zeeman effect

Both effects related to quantisation of angular momentum



Intermezzo

Angular momentum and the unit of the Bohr magneton
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We find a relation between 
the angular momentum and the
magnetic moment of a classical
point charge
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For a classical particle 1=Lg

For a (relativistic) spin
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This is peculiar !



Hydrogen Atom: 
Schrödinger Equation and Quantum Numbers
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If no magnetic field: energy does not depend on m
ml degeneracy

In a magnetic field
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Hence splitting

For atomic wave functions;
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Hydrogen Atom: The Zeeman effect

In a magnetic field, the energy levels 
split depending on m .l

"in recognition of the extraordinary service 
they rendered by their researches 

into the influence of magnetism 
upon radiation phenomena"

Pieter Zeeman Hendrik Lorentz

1902

lBL mBgU ×= μ



Normal Zeeman effect

For an 1S 1P-transition
Energy splitting for an nl state
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Energy splitting: MgE Bm μδ =

Recall selection rules for m
and polarization of light

σ− σ+σz



Electron spin

No classical analogue for this phenomenon

There is an additional “two-valuedness”
in the spectra of atoms, behaving like
an angular momentum
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This may be interpreted/represented
as an angular momentum

Origin of the spin-concept

-Stern-Gerlach experiment; 
space quantization

-Theory: the periodic system requires
an additional two-valuedness

For a (relativistic) spin
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This is peculiar !



4. The spin quantum number, ms, 
for an electron can take on the 
values +½ and -½. The need for 
this quantum number was found 
by experiment; spin is an 
intrinsically quantum mechanical 
quantity, although it 
mathematically behaves as a form 
of angular momentum.

Hydrogen Atom: 
Schrödinger Equation and Quantum Numbers



Hydrogen Atom: 
Schrödinger Equation and Quantum Numbers



In order to understand the electron distributions in atoms, another 
principle is needed. This is the Pauli exclusion principle:

No two electrons in an atom can occupy the same quantum state.

The quantum state is specified by the four quantum numbers; no 
two electrons can have the same set.

Complex Atoms; the Exclusion Principle

The Nobel Prize in Physics 1945
"for the discovery of the Exclusion Principle, 
also called the Pauli Principle"



Intermezzo: the problem of “screening”
Question : why do l-values for the same n have differing energies

The potential energy in a multi-electron atom:
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Intermezzo: the problem of “screening”

Radial part of the wave function
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Intermezzo: the problem of “screening”

Lowering of low     quantum states as an effect of screeningl



This chart shows the occupied – and some unoccupied – states in 
He, Li, and Na.

Complex Atoms; the Aufbau Principle



Each value of is 
given its own letter 
symbol.

The Periodic Table of the Elements

l

Electron configurations are written by 
giving the value for n, the letter code 
for , and the number of electrons in 
the subshell as a superscript.

For example, here is the groundstate
configuration of sodium:

1s22s22p63s1

l



The Periodic Table of the Elements

subshells



Filled shells
He(1s2), Ne(2p6)
Noble gases

One–electron systems
Alkali metals
Li(2s), Na(3s),K(4s), Rb (5s)

2p electrons

3p electrons3d electrons

4d electrons

5d
5f

6f

Two-electron systems
Earth-alkali metals


