
PH102: Interactive Lecture 3 

• Topics 
– Particle in a 3-D box 

– 3-D Schrodinger Equation for Hydrogen atom 

–   

– Separation of variables  

– Three equations 

– Three quantum numbers (n, l, ml) 

– Wave functions 

– Degeneracies 

 



Particle in a 3-d infinite well 

Wave functions exist only inside the 3-d infinite well. 

Separation of variables: 
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Cx =  -            Cy = -              Cz=  - 

Cx + Cy + Cz =                         =  



Particle in a 3-D infinite well 

Lowest energy state = 

Wave function for the lowest energy state = 



An electron in a cubit 3d infinite well of 1 nm at the E(2,1,1) state 

,  



Where is a particle with the value most likely to be found? 
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Energy Split 

Consider  (that is, a slightly non-symmetric box along the z axis) 
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Quantum Problem Solving Schema 

• Think about potential energy and Hamiltonian 
• Divide regions, if possible 
• Choose appropriate coordinates 
• Write Schrodinger Equation for each region 
• Separation of variables, if possible 
• Set “constant”s if applicable 
• Solve for wave function 

– Boundary conditions 
– Normalization 

• Solve for energy 
• Build energy level diagrams and inspect for energy 

degeneracies 
 
 



Hydrogen atom 

• Potential created by Coulomb interactions 
between electron (-e) and proton (+e) 
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Schrodinger Equation 

Azimuthal Equation  

Polar Equation  

Radial Equation  
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Wave function  

Boundary condition 
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Magnetic quantum number 



Polar Equation 

Solutions: Associated Legendre Functions 
Quantization 

 Orbital quantum number 





Radial Equation 

Solutions: associated Laguerre functions 
Quantization:  

n  Principal quantum number 

l = 0, 1, 2, …(n-1) 





Hydrogen atom Solutions 





Schrodinger Equation: Hydrogen Atom 

Hamiltonian (H) = T (kinetic) + U (Potential) 

Kinetic energy w.r.t. r  + Kinetic energy w.r.t. rotation 
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Three quantum numbers  

• Principal quantum number: n 

 

 

 

 

• Orbital quantum number:  

• Magnetic quantum number: 
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