
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         STUDY MATERIAL 

 

 

 

 

 

 

 

 

 

    
 VIVEKANANDA COLLEGE 

 THAKURPUKUR 

          NAAC ACCREDITED GRADE—’A’ 



 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Subject: Chemistry 
 

      Topic:  Schrödinger’s Time Independent Wave 
Equation 

 
 

 

 

 

Name of the Teacher: Surasri Chaudhuri 

 

Semester: 4 

Course: CC-4-9-TH, CEMA 

 Physical Chemistry 3 

 

 

Course Title: Foundation of Quantum Mechanics 



Basic (time-dependent) Schrödinger Equation(BSE or TDSE) 

 

𝑯𝒂𝒎𝒊𝒍𝒕𝒐𝒏′𝒔 𝒆𝒙𝒑𝒓𝒆𝒔𝒔𝒊𝒐𝒏 𝒇𝒐𝒓 𝒕𝒐𝒕𝒂𝒍 𝒆𝒏𝒆𝒓𝒈𝒚   𝑯 =
𝑷𝒙

𝟐

𝟐𝒎
+ 𝒗(𝒙)

𝑷𝒙 𝑷̂𝒙 = −𝒊ℏ
𝝏

𝝏𝒙

𝒙

𝒙,   𝒙̂ = 𝒙 𝑷𝒙 −𝒊ℏ
𝝏

𝝏𝒙
𝒙 𝒙̂

𝑯̂ = −
ℏ𝟐

𝟐𝒎

𝝏𝟐

𝝏𝒙𝟐 + 𝒗(𝒙)

𝑬̂

𝒊ℏ
𝝏

𝝏𝒕
𝑬̂ 𝑯̂ ö

𝝍(𝒙, 𝒕)

𝑯̂𝝍 = [−
ℏ𝟐

𝟐𝒎
 

𝝏𝟐

𝝏𝒙𝟐 + 𝒗(𝒙)] 𝝍 =  𝑬̂𝝍 𝒊ℏ
𝝏

𝝏𝒕
𝝍

 



Time-independent Schrödinger Equation

 𝝍(𝒙, 𝒕) = 𝝓(𝒙)𝒈(𝒕)

𝑯̂𝝍(𝒙, 𝒕) = 𝒊ℏ
𝝏

𝝏𝒕
𝝍(𝒙, 𝒕)

 𝑯̂ 𝝓(𝒙)𝒈(𝒕) = 𝒊ℏ
𝝏

𝝏𝒕
𝝓(𝒙)𝒈(𝒕)

 𝒈(𝒕)𝑯̂ 𝝓(𝒙) = 𝝓(𝒙)𝒊ℏ
𝝏

𝝏𝒕
𝒈(𝒕)

 𝑯̂ 𝝓(𝒙)/𝝓(𝒙) = 
𝒊ℏ

𝒈(𝒕)

𝝏

𝝏𝒕
𝒈(𝒕)

𝑯̂
𝝓(𝒙)

𝝓(𝒙)
=  𝑬

 

𝑯̂ 𝝓(𝒙) = 𝑬𝝓(𝒙) … … … . (𝟏)



Time-independent Average values for separable solutions

𝒊ℏ

𝒈(𝒕)

𝝏

𝝏𝒕
𝒈(𝒕) = 𝑬 … … … . . (𝟐)

 ∫
ⅆ𝒈(𝒕)

𝒈(𝒕)

𝒈(𝒕)

𝟎

=
𝑬

𝒊ℏ
∫ ⅆ𝒕

𝒕

𝟎

 𝒍𝒏 𝒈(𝒕) =
𝑬𝒕

𝒊ℏ

 𝒈(𝒕) = 𝒆𝒙𝒑
𝑬𝒕

𝒊ℏ

𝒈(𝒕) = 𝒆𝒙𝒑
−𝒊𝑬𝒕

ℏ

⟨𝐴⟩ =  
∫ 𝜓∗𝐴𝜓 ⅆ𝑥

∫ 𝜓∗𝜓 ⅆ𝑥
=   

∫ 𝜙∗ⅇ
ⅈ𝐸𝑡

ℏ 𝐴𝜙ⅇ
−

ⅈ𝐸𝑡
ℏ  ⅆ𝑥

 ∫ 𝜙∗ⅇ
ⅈ𝐸𝑡

ℏ 𝜙ⅇ
−

ⅈ𝐸𝑡
ℏ  ⅆ𝑥

   
∫ 𝜙∗𝐴𝜙 ⅆ𝑥

∫ 𝜙∗𝜙 ⅆ𝑥

⟨𝑨⟩ ∫ 𝝓∗𝑨̂𝝓 ⅆ𝒙


