
Announcements 

• Mid-term exam: 02/01, Wed, in class 
– Chapters 7 and 8 

– Open book and open lecture notes but no personal notes 

– 5 questions 

– 2 questions from Chapter 8 conceptual questions 1-24 on 
p.338 -339. 

– More conceptual, simple calculations if any. 

– Review session, 30th, Monday room 356, 5:30-7 pm 

• Homework Two No. 5 
– Orthogonal condition: (px)

*py = 0 

• Homework Two No. 4  



Lecture 8 Topics 

• Wave function for a system of particles 
– Identical particles 
– Exclusion principle for fermions 

• Multi-electron atoms 
– Energy levels by n 
– Energy levels by l at a given n 
– Energy levels by electron symmetric and 

antisymmetric configurations at a given l and n 

• Periodic table 
– Valence electrons 
– Nuclear charge screening 



Periodic Table 

 



What we know so far: 

• Number of electrons in each atom 
• Electrons should be in one of the orbitals determined by n, 

l, and ml 

• n limits what types of l orbitals an electron can occupy. 
• Each l orbital has 2l+1 possible ml  states: 

– s opbital = 1 
– p orbital = 2 x 1 + 1 = 3 
– d orbital = 2 x 2 + 1 = 5 
– f orbital = 2 x 3 + 1 = 7 

• Due to electron’s spin where ½ and – ½ are possible, each 
ml orbital can have two additional possible states. 

• As a result, in each n, there are 2n2 possible states. 



Questions 

• How to construct a wave function with multi-
electrons in an atom (wave function question) 

• How to stack electrons across all possible 
orbitals? (energy question) 

– n 

– By l at a given n 

– By ml at a given l and n 
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Bosons 

•   Systems of bosons are described by wave functions that 
are symmetric upon the exchange of any pair of bosons. 
•   Bosons are integer spin particles such as  

•Photon (s=1) Deuteron (s=1) 
• Pion (s=0) 
•Helium nucleus (alpha particle; s=0) 

•    Bosons can occupy the same quantum state. 



Fermions 

 
• Systems of fermions are described by wave functions that 

reverse sign upon the exchange of any pair of electrons. 

• Fermions’ spin numbers are half-integer: 

– Electron, proton, and neutron = ½ 

• If                                                                   ??? 
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     Two fermions of the same type  cannot occupy the same 
quantum state in an isolated system. 

          Exclusion Principle 



Periodic Table: Two basic rules 

• A system of particles is stable when its total 
energy is a minimum 

• Only one electron can exist in any particular 
quantum state in an atom (exclusion 
principle). 



Which quantum state has a lower 
energy? 

• When n is lower. 

• With a given , when l is lower. 

• With a given l, parallel spin arrangements 
lower energy. 
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If n = n’? 

 Lower Coulomb Interaction (by decreasing repulsive interaction between two electrons) 



P orbital spin arrangements 
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Orbital Energy levels 

 



Ionization Energy 


