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The Hydrogenic Atom 
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The interaction potential depends 
Only on the relative coordinate of 
The two particles (electron and nucleus). 
We will separate the motion of the centre-of-mass 
(as you will see in the H.W), thus working 
In the centre-of-mass system 
(where the total momentum of the atom is zero)
The Hamiltonian of the atom reduces to that 
describing the relative motion of the two particle.   
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Represent  a bound state wave 
function.
A bound state:  is one in which the 
probability that the electron will
escape from the attraction of the 
proton is zero.
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The first few normalized radial wave functions for H-atom (Z=1)
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For the H-atom
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Probability density
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The radial distribution function

Gives the probability per unit length that the electron is to be found at 
a distance r from the nucleus.
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Electron Cloud

An electron cloud picture for any state
represents the product of the appropriate 
radial and angular probability densities as a 
cloud of varying density. 
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The energy level depend only on the principle quantum number.
For a given n we have n-1 values for L and for a given L we have 2L+1 
M Values, so the total degeneracy of the bound-state energy level is 
Given by 
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The degeneracy with respect to the Quantum number m is present for any 
Central potential (spherically symmetric) while the degeneracy with respect 
To L is characteristic of the Coulomb potential. 

Degeneracy
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H-atom binding energy

The ground state ( that is, the state of lowest energy) is the state n=1.
For this state 

eV 6.131 E

So, the binding energy (the amount of energy you would have to impart to 
The electron in order to ionize the atom) of the H-atom is 13.6 eV.



H-atom spectrum
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Compare what we have obtain with the Rydberg Formula for the spectrun of 
Hydrogen.

R is known as the Rydberg constant.  The above formula was discovered 
Empirically in the nineteenth century.

As you see  they coincide ! 



Transitions to the ground state (n=1) lie in the ultraviolet; they known to 
Spectroscopists as the Lyman series. 
Transitions to the first excited state (n=2) fall in the visible region; they 
Constitute the Balmer series.  Transitions to n=3 are in the infrared, and 
Known as Paschen series.
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