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 1. What is Operators? 

Any mathematical entity which act on a wave function and change it to another 

function. 

2. Types of operator 

    1. Simple operator 

  

2. Differential operator 

              

Example1: - 

 Find     𝐹 ̂f(x)    if    𝐹 ̂ =  
𝜕

𝜕𝑥
𝑥 
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Example 2: - 

Find     𝐺 ̂g(x)    if    𝐺 ̂ =  
𝜕

𝜕𝑥
𝑥2 

 

 

 Physical observables and their corresponding quantum 

operators
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2. Properties of operators 

1-liner operator 

i) A ̂(φ1(x) + φ2(x))  =    𝐴 ̂ φ1+  𝐴 ̂ φ2 

ii) A ̂(a φ(x))  = a A ̂φ(x)  

2- Commutation 

 

   Example 3: - prove that [
𝜕

𝜕𝑥
, 𝑥] is unit operator 
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   Example 4: - prove that [𝑥̂, 𝑝̂] = iℏ 

[𝑥̂, 𝑝̂] Ѱ = [x px - px x] Ѱ =[- x𝑖ℏ
𝜕

𝜕𝑥
 - (-𝑖ℏ

𝜕

𝜕𝑥
x)] Ѱ  

 

 

[𝑥̂, 𝑝̂] Ѱ =  𝑖ℏ Ѱ             ⸫   [𝑥̂, 𝑝̂]  =  𝑖ℏ   

 Example 5: - Find 

 

 

H.W: - Find 1. 

 

2. 

  

3.  
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3. Eigen functions and Eigen values 

 When an operator on a function the outcome is another functions. 

 

Example 6: - prove that the function   

 is an eigen function of the operator 

 

 

Solve: 

 

H.W: - by using the eigen value equation show that the function φn(x)= ei4x 

is an eigen function of the operator 𝐴̂ = 
𝜕

𝜕𝑥
 

 

H.W: - by using the eigen value equation show that the function φn(x) = 

sin(6x) is an eigen function of the operator 𝐴̂ = 
𝜕2

𝜕𝑥2 

 


