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B.Sc. 5th Semester (Honours) Examination, 2021-22 

PHYSICS 

Course ID: 52411                                               Course Code: SH/PHS/501/C-11  

Course Title: Quantum Mechanics and Applications 

Time: 1Hour 15 Minutes                                                                Full Marks: 25   

                                                       The figures in the margin indicate full marks. 
Candidates are required to give their answers in their own words 

                                                                          As far as practicable      

Section-I 
 

1. Answer any five questions.                                                                                                        551   

(a) What is Bohr Magneton? 

(b) If ψ1 and ψ2 are the quantum mechanical wave functions of two Fermionic particles, 

respectively, write down the wave function for the combined system.  

(c) Find the eigen functions of the operator 𝑥 + .  

(d) What will be the De-Broglie wavelength associated with an electron having kinetic energy of 

100 𝑒𝑉. 

(e) What physical significance would you draw if two quantum mechanical operators commute 

with each other? 

(f) Write down the position operator in momentum space. 

(g) Define linear operator. 

(h) What is Lande g factor? 

 
Section-II 

 
2. Answer any two questions:                                                                                        1025   

(a) What is quantum number? Write down the radial wave function for hydrogen atom in its 

ground state. Show that the probability density of finding an electron in a hydrogen atom in 1s 

state is maximum at the radial distance r = a, where ‘a’ is the Bohr radius.    1+1+3 
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(b) Consider a linear harmonic oscillator for which the total energy is given by 𝐸 = +

𝑚𝜔 𝑥 , where the symbols have their usual meanings. The particle is assumed to be confined 

in a region of width ‘𝑑’. Use the uncertainty principle to obtain the ground state energy of the 

oscillator.  Evaluate the commutation relation[𝐿 , 𝐿 ].                                               3+2                                                                                                                            

(c) (i) Briefly describe the basic outcomes of the Stern-Gerlach experiment? Why the magnetic 

field used in this experiment is taken to be non-uniform? Why a beam of neutral atoms was used 

instead of using ions?            

(ii) Find out the different states in L-S coupling scheme for a two-electron atom. Given l1 =3 and 

l2 =1.                 (1+1+1)+2                                

(d)  An electron with a kinetic energy 10 eV is moving from left to right along the x-axis. The 

potential energy V=0 for x < 0 and V=20 eV for x > 0. 

      (i) Write down Schrödinger’s equation for the regions x < 0 and x > 0.     

      (ii) Show that the reflection coefficient is unity.       

      (iii) Draw the wave function in both the regions.       

    

                   1+2+2 

                                                                                                                   

Section-III 
                                                                       
3. Answer any one question:                                                                                           10110   

(a) (i) Find out the energy eigenvalue for a quantum particle of mass m confined in a 1-

dimensional infinite square well potential. 

(ii)  Draw its eigenfunctions for ground state and first two excited states. 

(iii) Draw the same when the square well potential becomes finite.   

(iv) Considering the ground state energy for infinite square well potential case show that the   

uncertainty product of position and momentum satisfies Heisenberg’s uncertainty relation. 

                                                   3+2+2+3                                                            

(b) (i) Calculate the value of < 𝑟 > related to the wave function 𝛹 = (𝜋𝑎 ) 𝑒 ⁄ ,  where 𝑎 is 

a constant. 

(ii) The ground state wave function of a system in spherical polar coordinates (r, θ, φ) is given by  
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𝛹(𝑟, 𝜃, ø) = (𝑒 − 𝑒 ), where 𝐴, 𝛼, 𝛽 are constants. Determine 𝐴 as a function of  𝛼, 𝛽 so  

as to normalize the wave function. 

(iii) Examine if the operator 𝐴 is linear for: 

(i) 𝐴𝛹(𝑥) = 𝛹(−𝑥)  

                             (ii) 𝐴𝛹(𝑥) = 𝛹∗(𝑥)            4+3+3 

 
 

_________________ 


