
Quantum mechanics. Department of physics. 7
th

 semester. 

Lesson №10. Movement in central field: the two-body problem in quantum 

mechanics, flat rotator, spatial rotator. 

1. Homework check. 

Tasks 1-2. Calculate commutators 
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2. Two-body problem 
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in quantum mechanics, as in classic mechanics, is brought to the problem of 

movement in central field 
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 – position vector of two particles’ center of inertia  

1r r r   – position vector of two particles’ relative motion. 
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 – reduced mass of two particles. 
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2.1. Hamiltonian of the particle, which moves in the central field is 

 

2 2 2 2
2 2

2 2 2 2

2
2

2 2

ˆ
1 1 1ˆ ( ) ( );

2 2 2

1 1 ˆ
sin .

sin sin

l
H r U r r U r

r r r r r r r r

l





  


    

        
                   

    
      

    

 Commutation relations for 
2ˆ ˆˆ , , zH l l  are 
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Separation of variables: ( ) ( , , ) ( ) ( , ).lmr r R r Y        

2.2. Equation for radial part of wave function ( )R r  
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Task 4. Find energy levels and normalized wave functions of rigid plane rotator with 

Hamiltonian    
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  (HКК № 4.1) 

Task 5. Find energy levels and normalized wave functions of rigid spatial rotator with 

Hamiltonian 
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Hometask HКК № 3.37, 4.28, 4.33. 
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