
Chapter 7: Atomic Physics - Physics of the atom.  
 
Quantum Mechanics 
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Once we have Ψ we can measure  property of the system A  by calculating the  
expectation value , 
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3D Rigid Rotator Problem (tumbling)  
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Spherical Harmonics
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Conservation of Angular Momentum  
(For systems that conserve angular momentum   
 
or have rotational symmetry) 
 

 

< L2 >= ℓ(ℓ+1)"2 ℓ = 0,1,2,3..
< L z >= m"

2 m = −ℓ....+ ℓ

< L x >= not cons tan t (precessing)
< L y >= not cons tan t (precessing)
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3D Particle in a Box    (V=0 inside box, V=∞ outside box) 
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Question: What is the degeneracy of the ground state in the 3D particle in a box? 

 E100= E010= E001 = 
 

!2 π 2

2mL2
   degeneracy=3 

 
Question: What is the average Lx for the particle in a box  (L=r x p)? 

 

< Lx > = < ypz − zpy > =< ypz > − < zpy >
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Question: What is the energy of an electron trapped in L=a0 (Boht radius) box? 
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Hydrogen Atom   V (r) = −k Ze
2

r
  

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Questions: 
 
1) What is r1  for H?   Hydrogen Z=1, n=1     r1=a0 
 

2) What is r1  for positronium (e+  e-)	atom?    µ = meme

me +me

= 1
2
me r1 → 2r1= 2a0  	

 
3) What is the ground state energy of positronium?     E1=-13.6/2 eV = 6.8 eV 
 
4) The Laguerre Polynomials are an Orthonormal Set of eigenfunctions (like i,j,k unit vectors). 
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