
Institute of Solid State Physics
Technische Universität Graz

Hydrogen atom, 
Atomic Orbitals
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Atomic orbitals
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Radial distribution function
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Helium atom
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is the probability to find one of the electrons at r1

and the other one at r2.
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Helium atom
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neglect the electron-electron interaction term
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assume a product wave function
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Separation of  variables (Trennung der Veränderlichen)
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Reduced Hamiltonian
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any product of atomic orbitals with Z = 2 solves the reduced Hamiltonian 
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Indistinguishable particles

bosons
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fermions

integer spin: 
photons, phonons, 
4He

half integer spin: 
electrons, neutrons, 
protons, 3He



Spin

Spin appears naturally in the relativistic formulation of 
quantum mechanics but in the nonrelativistic 
formulation, we just add the spins states.

 = spin up 
 = spin down

Spin orbitals:



Slater determinants

The antisymmetric solution can be written as a determinant,

Exchanging two columns changes the sign of the determinant. 

If two columns are the same, the determinant is zero = Pauli exclusion.



Slater determinants

The antisymmetric N electron wave function can be written,

Exchanging two columns changes the sign of the determinant. 

If two columns are the same, the determinant is zero = Pauli exclusion.

Dirac notation:



Helium ground state

Approximate antisymmetrized wave function (neglecting electron-
electron interactions) 
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Matrix elements
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Helium ground state

Try other wave functions in the full Hamiltonian
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Electron screening makes the wave function larger



Student project Michael Scherbela, 2014
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Helium ground state

The true wave function cannot be written as a product of two 
one-electron wave functions.
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Slater's rules

Slater, J. C., Atomic Shielding Constants, Phys. Rev. 36, pp. 57–64, 1930. doi:10.1103/PhysRev.36.57



Helium excited states

One electron in 1s and one in 2s, 

2 2

2 2

13.6*2 13.6*2
68 eV

1 2

He
redH

E
 

     
 

The antisymmetric solution  = 0 for 1 2.r r
 



Construct the Hamiltonian matrix

Schrödinger equation
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Student project: determine this matrix



Transform to symmetric and 
antisymmetric orbital solutions



Helium excited states
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E = hf = hc/l
Names refer to 
approximate 
solutions

http://physics.nist.gov/PhysRefData/Handbook/Tables/heliumtable5.htm


