
PH 102: Interactive Lecture 2 Topics 

• Unbound states 
• Particle in a 1-D infinite potential well 
• Particle in a 3-D infinite potential well 

– Schrodinger Equation 
– Separation of Variables 
– Energy quantization 
– Wave functions 
– Energy degeneracy 
– Energy split 

• 3D Schrodinger Equation for Hydrogen atom 
– Separation of variables  
– Three equations 



Schrodinger Equation 

Separation of Variables 
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For Free Particle 

1.4 Momentum (p) =  

1.5 Energy quanta (E) =  
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Bound vs. unbound states 

 

 



Bound vs. unbound states 

 

 



Bound vs. unbound states 

 

 

= 



Bound vs. unbound states 

= 



Bound vs. unbound states 

= 



Bound vs. unbound states 

= 



Bound vs. unbound states 

= 

 0 



Bound vs. unbound states 

 

 



Bound vs. unbound states 

 

 



Bound vs. unbound states 

 

 

Region  
1 

Region 
 2 

Region 
 3 



Bound vs. unbound states 

Region  
1 

Region 
 2 

Region 
 3 



Bound vs. unbound states 

Region  
1 

Region 
 2 

Region 
 3 



Bound vs. unbound states 

Region  
1 

Region 
 2 

Region 
 3 



Bound vs. unbound states 

Region  
1 

Region 
 2 

Region 
 3 



Schrodinger Equation 

Hamiltonian operator (H) 

 



1-D infinite potential well 



1-D infinite potential well 

Region I 
Region II 
Region III I         II         III 
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Regions I and III, no wave function can exist   
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1-D infinite potential well 

Normalization: 
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1-D infinite potential well 

Normalization: 

Obtain the first three energy levels (          ) 
and draw their associated wave functions  



1-D infinite potential well 

Normalization: 



Particle in a 3-d infinite well 

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



Particle in a 3-d infinite well 

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

Separation of variables: 
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Particle in a 3-d infinite well 

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

Separation of variables: 

=constant 

constant=Cx Constant=Cy Constant=Cz Cx + Cy + Cz =  



Particle in a 3-d infinite well 
1-D solutions:  



Particle in a 3-d infinite well 
1-D solutions:  

3-D solutions: wave functions 



Particle in a 3-d infinite well 
1-D solutions:  

3-D solutions: wave functions 

Cx =  -            Cy = -              Cz=  - 

Cx + Cy + Cz =                         =  



Particle in a 3-D infinite well 

Lowest energy state = 

Wave function for the lowest energy state = 
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Particle in a 3-D infinite well 

Lowest energy state = 

Wave function for the lowest energy state = 

Second lowest energy state(s) =  

Wave functions for the second lowest energy state(s) = 



Particle in a 3-D infinite well 

Lowest energy state = 

Wave function for the lowest energy state = 

Second lowest energy state(s) =  

Wave functions for the second lowest energy state(s) = 



Some problems 

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

An electron in a cubit 3d infinite well of 1 nm at the E(2,1,1) state 
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Where is a particle with the value most likely to be found? 

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