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Blog Entry © Tuesday, October 29, 2024, by James Pate Williams, Jr. Quantum Mechanical 
Perturbation Calculation 

Reference: Microsoft PowerPoint - Lesson 23 Perturbation theory.pptx 

The unperturbed  Hamiltonian operator is: 

𝐻0 = −
1

𝜋2

𝑑2

𝑑𝜉2
 

The perturbation is as follows: 

𝐻𝑝 = 𝑓 (𝜉 −
1

2
) 

The Schrödinger equation is shown next: 

𝐻0𝜓 = −
1

𝜋2

𝑑2𝜓0

𝑑𝜉2
= 𝐸𝜓 

𝑑2𝜓0

𝑑𝜉2
+ 𝜋2𝐸𝜓0 = 0 

𝜓0(𝜉) = 𝐴 sin(𝜋√𝐸𝜉) 

𝑑𝜓0

𝑑𝜉
= 𝐴𝜋√𝐸 cos(𝜋√𝐸𝜉) 

𝑑2𝜓0

𝑑𝜉2
= −𝐴𝜋2𝐸 sin(𝜋√𝐸𝜉) 

𝜓0(0) = 0 

𝜓0(1) = 0 → √𝐸 = 𝑛 

∫𝜓0(𝜉)𝜓0(𝜉)𝑑𝜉 = 𝐴2∫[sin(𝑛𝜋𝜉)]2𝑑𝜉

1

0

1

0

= 1 

𝑒𝑖𝑛𝜋𝜉 = cos(𝑛𝜋𝜉) + 𝑖 sin(𝑛𝜋𝜉) 

𝑒−𝑖𝑛𝜋𝜉 = cos(𝑛𝜋𝜉) − 𝑖 sin(𝑛𝜋𝜉) 

sin(𝑛𝜋𝜉) =
𝑒𝑖𝑛𝜋𝜉 − 𝑒−𝑖𝑛𝜋𝜉

2𝑖
 

[sin(𝑛𝜋𝜉)]2 = −
𝑒2𝑖𝑛𝜋𝜉 + 𝑒−2𝑖𝑛𝜋𝜉 − 2

4
 

https://dabm.stanford.edu/wp-content/uploads/2021/12/Lecture_23.pdf
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𝐴2∫[sin(𝑛𝜋𝜉)]2𝑑𝜉

1

0

= −
𝐴2

8𝑛𝜋
(𝑒2𝑖𝑛𝜋 − 1) +

𝐴2

8𝑛𝜋
(𝑒−2𝑖𝑛𝜋 − 1) +

2𝐴2

4

= −
𝐴2

8𝑛𝜋
(𝑒2𝑖𝑛𝜋 − 𝑒−2𝑖𝑛𝜋) +

𝐴2

2
= −

2𝑖

8𝑛𝜋
sin(2𝑛𝜋) +

𝐴2

2
 

𝑒2𝑖𝑛𝜋 − 𝑒−2𝑖𝑛𝜋 = 2𝑖 sin(2𝑛𝜋) 

sin(2𝑛𝜋) = 0∀𝑛 ∈ {0,1,2, … } 

𝐴2 = 2 

𝐴 = √2 

𝜓0(𝜉) = √2 sin(𝑛𝜋𝜉) 

⟨𝜓0(𝜉)|𝐻𝑝|𝜓0(𝜉)⟩ = 𝑓∫𝜓0(𝜉) (𝜉 −
1

2
)𝜓0(𝜉)𝑑𝜉 =

1

0

2𝑓∫sin(𝑚𝜋𝜉) (𝜉 −
1

2
) sin(𝑛𝜋𝜉)

1

0

𝑑𝜉 

I wrote a little C++ Win32 program to graph the first and second order perturbation results. 
The integrals are zero for m = n and m or n must be even and the other odd.  
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