
Lecture 17: Radial Wavefunction 
and Orbital Levels of the Hydrogen 
Atom  
The material in this lecture covers the following in Atkins.

       The structure and Spectra of Hydrogenic Atoms
              Section 13.1 The structure of hydrogenic atoms
                    (b) The radial solution
              13.2 Atomic orbitals and their energies
                    (a) The energy levels
                    (b) Ionization Energies
 Lecture on-line
                     Hydrogen energy levels and radial wavefunction  (PDF 
                    Format)
                           Hydrogen energy levels and radial wavefunction 
                           (PowerPoint)



Hydrogen Levels

The wavefunction of the hydrogenic atom depends on three  
quantum numbers

 (r, , R (r)Y ( ,nl l,mψ φ θ φ θ) )=

The principle quantum number :  n = 1,2,3,4,....
Angular momentum quantum number :  l = 0,1,2,3,..n - 1
Magnetic quantum number :  ml = − − −l l l l, , , ....,1 2
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Hydrogen Levels
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Angular momentum quantum number :  l = 0,1, 2, 3, ..n - 1
is related to the length L of the angular momentum of the
electron as it moves around nucleus 
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Hydrogen Levels

With the radial part given as
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The wavefunction of the hydrogenic atom 
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Hydrogen Levels

n = 1 ;   l = 0
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Hydrogen Levels
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Hydrogen Levels
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Orbitals of Hydrogenic Atom..PE vz. KE.
The balance of kinetic and potential
energies that accounts for the
structure of the ground state of
hydrogen (and similar atoms).

(a) The sharply curved but   localized
orbital has high mean kinetic energy,
but low mean potential energy

(b) the mean kinetic energy is low,
but the potential energy is not very
favourable;

; (c) the compromise of moderate
kinetic energy and moderately
favourable potential energy.

V(r) = − 1
r



Hydrogen Levels

The energy levels of the hydrogen
atom showing the subshells and
(in square brackets) the numbers
of orbitals in each subshell. In
hydrogenic atoms, all orbitals of a
given shell have the same energy.
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Hydrogen Levels

For  the hydrogen atom with Z = 1
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Hydrogen Levels

Special feature on
 measuring the ionization
potential of the hydrogen
 atom from its Lyman
emission spectrum
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Hydrogen Levels
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1. You are not expected to be able 
to solve the Schrödinger equation for 
the hydrogen - like atom

    H n,l,m n,l,mˆ ( , , ) ( , , )Ψ Ψr E rnϕ θ ϕ θ=

  

However you should be aware that the
 Hamiltonian can 
be written in the form

where r is the distance between  the                
 hydrogen - like    
 atom and the electron whereas     
is the reduced mass.
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You should also be aware of    
 the following  commutation    
 relations

[H,L    and  [H,L      2
zˆ ] ˆ ]= =0 0

What you need to know about the hydrogen atom 
from the previous lecture



2. You are not required to memorize 
the exact form of the eigenfunctions. 

You should recognized
 that  they can be   
 written as a product
 of a radial part R (r) and
the spherical harmonics 
Y ( , )

 [eigenfunctions of L  and L ]
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What you need to know about the hydrogen atom 
from the previous lecture

  

with the corresponding
 energies given by
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It is important that you
 remember the possible 
quantum numbers for l
 and m with respect to
a given n.



What you need to know about the hydrogen atom 
from  this lecture

3.
( ) ( )

 You should be able to count the number of nodes in 
R  as  n - l - 1  and realize that R  only is different
from zero at the nucleus for l = 0.

n,l n,lr r

4. You are expected to relate the l and m quantum numbers to the
length of the orbital angular momentum  vector and the  projection 
of the orbital angular momentum vector on the arbitrary
z - axis,  respectively.

5. Review the way in which absorption spectra,  
emission spectra
and ionization potentials for the hydrogen atom are    
 derived from the 
energy levels E  and make note of the
 degeneracy of the energy
levels E  (subshell structure)

n
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