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Recap - the potential well



Recap - infinite potential well



Recap - infinite potential well

ψ (x)
2 En

• No probability 
outside well 

•  
•  
•  

En ∝ n2

En ∝ a−2

E1 > 0



Recap - finite potential well



Recap - finite potential well

• Probability density 
decays exponentially 
inside potential wall 

• Increased position  
uncertainty  

• Reduced momentum  
uncertainty  

• Thus, reduced 
energy 

Δx

Δpx

En

Infinite ψ (x)
2

Finite ψ (x)
2



Recap - the harmonic oscillator



Recap - harmonic oscillator



Recap - infinite potential well

ψ (x)
2 En

•  

•  

•  

En = ℏω (n +
1
2 )

En ∝ n

E0 =
1
2

ℏω



The correspondence principle



The correspondence principle

1st Bohr postulate (phase-integral condition):  
Electrons propagate at particular orbits, 
there they do not emit energy 

∮ pdq = nh ⟷ μvrn = nℏ ⟷ 2πrn = nh/(μv)

2nd Bohr postulate (frequency condition):  
An atom can only change its energy through  
transition from one stationary state into another 
stationary state by absorption or emission of a photon 
hνik = Ei − Ek

3rd Bohr postulate (correspondence principle):  
The 1st and 2nd postulate have to correspond 
to the laws of classical physics for great  and 
big 

n
rn



The correspondence principle - Bohr’s 3rd postulate

http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/hosc6.html#c2

• Example: harmonic oscillator 
• For  qm. probability density 

contradicts classical probability 
• For great  both approaches merge

n = 1

n



The correspondence principle - Heisenberg’s refined version

• Every observable  (a macroscopic measurable value)  
is assigned to linear Hermitian operator   
(real eigenvalues), 

 

  
• If the operator  applied to the function  

replicates the function up to a constant factor 
 ,  

the constant  is an eigenvalue and 
the function  is an eigenfunction  
of the operator 

A
̂A

⟨A⟩ = ∫ ∫ ∫ ψ* ̂Aψ dx dy dz

̂A ψ

̂Aψ = Aψ
A
ψ

̂A

• Mean square deviation of eigenvalue 

 

• If  is eigenfunction of the operator , 
then  and 

the system is a state in that  is constant 
over time

⟨A2⟩ − ⟨A⟩2 = ∫ ψ* ̂A2ψ dτ − (∫ ψ* ̂A2ψ dτ)
2

= ∫ ψ* ̂A ⋅ ̂Aψ dτ − A2 (∫ ψ*ψ dτ)
2

= A2 ∫ ψ*ψ dτ − A2 (∫ ψ*ψ dτ)
2

= 0

ψ ̂A

⟨ΔA2⟩ = ⟨(A − ⟨A⟩)2⟩ = 0

A



The correspondence principle - Heisenberg’s refined version

Examples: 
• Position operator   
• Momentum operator  

• Kinetic energy op.  

• Potential energy op.  

• Energy operator  

• Angular momentum op.  
 

̂r = r
̂p = − iℏ∇

̂p
2m

= −
ℏ2

2m
Δ

̂Epot = V

Ĥ = −
ℏ2

2m
+ V

L̂ = ̂r × ̂p = − iℏ ̂r × ∇

Examples: 
•  

•  

• The definitions for  and  are  
only valid in position representation  

• In momentum representation  
the operators became 
  and 

Ĥψ = Eψ

⟨p⟩ = − iℏ∫ ψ*∇ψdτ

̂r = r ̂p = − iℏ∇
ψ = ψ (r)

ϕ = ϕ (p)
̂rp = iℏ∇p ̂pp = p



A particle in a specially symmetric potential



A particle in a specially symmetric potential - spherical harmonics

Ym
l = Y0

0



A particle in a specially symmetric potential - spherical harmonics

,  and  Ym
l = Y−1

1 Y0
1 Y1

1



A particle in a specially symmetric potential - spherical harmonics

Y−2
2

 Y2
2

Y−1
2

Y0
2

Y1
2



A particle in a specially symmetric potential - radial function

Rn,l = R1,0



A particle in a specially symmetric potential - radial function

 and Rn,l = R2,0 R2,1



A particle in a specially symmetric potential - radial function

,  and Rn,l = R3,0 R3,1 R3,2



A particle in a specially symmetric potential - radial function

https://dpotoyan.github.io/Chem324/H-atom-wavef.html


