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 (1) Angular momentum states of a hydrogenic atom 
 
Since the energy eigenfunction ( , , )nlm rψ θ φ  of a hydrogenic atom is also an eigenfunction of 2L̂  

and ˆzL , then: 

 
a) For a 2p orbital (l=1): ( 1) 2L l l= + =� � , and the allowed (measurable) values of zL  are 

,0,−� � . 
 

b) For a 2d orbital (l=2),  2(2 1) 6L = + =� � , and the allowed (measurable) values of zL  are 

2 , ,0, ,2− −� � � � . 
 
 
(2) Average radial distance of the electron from the nucleus in an energy eigenstate of a 
hydrogenic atom.  For a hydrogenic atom ( 2, , ,...H He Li+ + ), it can be shown that: 
 

                        
2

0
2

1 ( 1)
1 (1 )

2nl

n a l l
r

Z n

+ < > = + −  
   [Engel, P9.24] 

 
where Z is the atomic number of the atom and 0a  is the Bohr radius for the H-atom 

( 0 0.53a ≅ Å).  

 
Thus: 
 
a) For an H atom (Z=1), 
 
i) 2s (n=2,l=0):   20 06 3.18r a< > = = Å 

 
ii) 3p (n=3,l=1),   31 012.5 6.63r a< > = = Å 

 
 
b) For a 2Li +  atom (Z=3), 
 
i) 2s (n=2,l=0):   20 02 1.06r a< > = = Å 

 
ii) 3p (n=3,l=1),   31 04.167 2.21r a< > = = Å 

 




