
Chapter Three- Exercises and Problems 

Problem (1): For a particle inside a one-dimensional infinite potential well of width 2a. prove 

that the normalization constant equal to  
1

√𝑎
 , for the wavefunction:  

1- 𝜓𝑛(𝑥) = 𝐴 𝑠𝑖𝑛(
𝑛𝜋

2𝑎
𝑥)     

2- 𝜓𝑛(𝑥) = 𝐵 𝑐𝑜𝑠(
𝑛𝜋

2𝑎
𝑥)    

Problem (2): For a particle inside a one-dimensional infinite potential well of width 2a. prove 

that the eigenfunctions are orthogonal. 

1- 𝜓1(𝑥) =
1

√𝑎
𝑐𝑜𝑠 (

𝜋

2𝑎
𝑥) & 𝜓3(𝑥) =

1

√𝑎
𝑐𝑜𝑠 (

3𝜋

2𝑎
𝑥)     

2- 𝜓2(𝑥) =
1

√𝑎
𝑠𝑖𝑛 (

𝜋

𝑎
𝑥) & 𝜓3(𝑥) =

1

√𝑎
𝑐𝑜𝑠 (

3𝜋

2𝑎
𝑥)  

3- 𝜓1(𝑥) =
1

√𝑎
𝑠𝑖𝑛 (

𝜋

𝑎
𝑥) & 𝜓4(𝑥) =

1

√𝑎
𝑠𝑖𝑛 (

2𝜋

𝑎
𝑥)    

 

Problem (3): Calculate 〈𝑥〉, 〈𝑝𝑥〉, 〈𝑥2〉 𝑎𝑛𝑑 〈𝑝𝑥
2〉 for a particle in one dimensional box. 

  

 

The same results are obtained if we consider the odd parity wave functions. 

 

 



 

 

 

 

 

 



 

 

Problem (4): Show that the uncertainty relation ∆𝑥∆𝑝 ≥
ℏ

2
 is satisfied in the case of a particle 

in a one-dimensional box. 

Solution: The uncertainty 𝑥 is defined as, (∆𝑥)2 = 〈𝑥2〉 − 〈𝑥〉2, similarly, the uncertainty 𝑝𝑥  is 

defined as, (∆𝑝𝑥)2 = 〈𝑝𝑥
2〉 − 〈𝑝𝑥〉2, 

Using the result of problem (1) 

 



 

 

 

Problem (5): Consider a particle of mass m, moving in a one-dimensional infinite square well 

of width L, such that the left corner of the well is at the origin. Obtain the energy eigenvalues 

and the corresponding normalized eigenfunctions of the particle. 

  

 

 

Thus, we have to solve the Schrödinger equation, subject to the boundary conditions, 

𝜓(0) = 𝜓(𝐿) = 0 

The general solution is again given by (4.16),  

 The boundary condition at 𝑥 = 0 requires that 𝐵 = 0. The boundary condition at 𝑥 = 𝐿 

requires that, 

 

And the corresponding eigenfunctions are, 

𝜋2ℏ2

2𝑚𝐿2
 

𝜓(𝑥) = 𝐴𝑠𝑖𝑛 (
𝑛𝜋𝑥

𝐿
) ,                   𝑛 = 1,2,3, … 

0                            L                  

V(x)=0 

x 

…(4.25) 

…(4.26) 

…(4.27) 



The normalization condition requires, 𝐴 = √
2

𝐿
 

 

Note that the energies of the particle are the same as in Equation (4.23) because 𝐿 = 2𝑎. 

Problem (6): Calculate the three lowest energy levels (in eV) for an electron inside a one-

dimensional infinite potential well of width 2Å. Also, determine the corresponding normalized 

eigenfunctions.  

 

 

 

 

 

Problem(7): Think of the nucleus as a cubical box of length 10−14𝑚. Compute the minimum 

energy of a nucleon confined to the nucleus. Given: mass of a nucleon 1.6 × 10−27𝑘𝑔. 

Solution: The energy eigenvalue of a particle of mass m in a cubical box of length a is given by 

…(4.28) 



   

 In the ground state, 𝑛𝑥, 𝑛𝑦 , 𝑛𝑧 = 1,  

 

Problem: In the problem of cubical potential box with rigid walls, we have: ℓ2 + 𝑚2 + 𝑛2 = 9, 

Write down: 

 1- Schrödinger equation for the particle inside the box.  

 2- The possible values of: a- ℓ, 𝑚, 𝑛.    b- 𝐸ℓ𝑚𝑛,      c- 𝜓ℓ𝑚𝑛   d-degree of degeneracy. 

……………………………………………………. 

Useful relations  

𝑠𝑖𝑛2𝜃 =
1 − cos 2𝜃

2
 

𝑐𝑜𝑠2𝜃 =
1 + cos 2𝜃

2
 

cos 𝑎 cos 𝑏 =
1

2
[cos(𝑎 + 𝑏) + cos(𝑎 − 𝑏)] 

sin 𝑎 cos 𝑏 =
1

2
[sin(𝑎 + 𝑏) + cos(𝑎 − 𝑏)] 

cos 𝑎 cos 𝑏 =
−1

2
[cos(𝑎 + 𝑏) − cos(𝑎 − 𝑏)] 

 


