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Instructions: 

 All questions are compulsory (Q8 
 
 

S. No.  
 

Q1. For a given wavefunction, 𝜓

between 0 to L/2 
(𝑎)1, (𝑏) 1/3, (𝑐)1/2, (𝑑) 1/5  
 

Q2. Choose correct difference between energy Eigen values of 1D harmonic oscillator 

for (n+1)th and nth states,  (𝑎)
ℏఠ

ଶ
 

Q3. The correct commutator relation is 
(𝑎)[𝑥, 𝑝௫] = 𝑖ℏ, (𝑏)[𝐿ଶ, 𝐿௫] = 0
 
 

Q4. Kinetic energy of an electron whose
(𝑎)100 𝑒𝑉, (𝑏)150 𝑒𝑉, (𝑐)175
 

Q5. Lande g factor for the state 3 ଶ

(choose correct one). 
 

 

Q6.  Prove that Eigen values of Hermitian operator
 
 

Q7. Evaluate most probable position for the state,
constant, and N = normalization
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 and Q11 have internal choice) 

SECTION-A  

𝜓 = ඥ2/𝐿 𝑠𝑖𝑛(𝜋𝑥/𝐿),   calculate probability  

   (choose correct one) 

ifference between energy Eigen values of 1D harmonic oscillator 

)
ఠ

, (𝑏)2ℏ𝜔, (𝑐)3ℏ𝜔, (𝑑) ℏ𝜔.   

The correct commutator relation is  
] 0,  (𝑐)both  are correct, (𝑑)none. 

electron whose de-Broglie wavelength,  = 0.1 nm is  
175 𝑒𝑉 , (𝑑)200 𝑒𝑉.       

𝑫ହ/ଶ is (a) 2/3, (b) 6/5, (c) 5/3, (d) 4/3 

 
 
 
 
 
 
 
 
 

SECTION-B  
 

of Hermitian operators are real. 

most probable position for the state,  𝜓(𝑥) =  𝑁𝑥𝑒ି൫ఈమ௫మ/ଶ൯, where
normalization constant. 
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Marks CO 

 
4 CO1 

ifference between energy Eigen values of 1D harmonic oscillator 
4 CO1 

4 CO2 

4 CO3 

4 CO4 

10 CO1 

where α =
10 CO2 



Q8. Write short note on  
 

(a) LS coupling         
 
OR            
     

(b) Paschen Back effect   
 

10 CO2 

Q9. For a given wavefunction, Φ = 𝐴𝑒ଶ௜ఝ , where A = constant, Calculate Eigen value 
of Lz operator.  
 

10 CO3 

 

SECTION-C 
 

Q10.  
(a) What is spin-orbit interaction? Find the relation between B (magnetic field) and L  
     (orbital angular momentum).  
 
(b) Discuss Stern-Gerlach experiment for space quantization. 

10 
 

 
 

10 

CO3 
 
 
 
CO3 
 

 

Q11. (a) Sketch Zeeman transition levels neatly for the atomic transition, 3d2p. 
 

(b) What is space quantization? Calculate total angular momentum J and total 
magnetic moment J for the state,  ଶ𝑷ଷ/ଶ 

 
OR 

 
(a) Solve Schrodinger equation in spherical polar co-ordinates for radial part to obtain  
     energy Eigen value of hydrogen atom of the form,  

𝐸௡ = −
𝑚𝑒ସ

32𝜋ଶ𝜀଴
ଶℏଶ𝑛ଶ

 

 
(b) Find average radius (<r>) the ground state of hydrogen atom,            

      𝜓ଵ଴଴(𝑟) =
ଵ

ටగ௔బ
య

𝑒ି௥/௔బ   

 

10 
 

10 
 
 
 
 
 

10 
 

10 
 

CO4 
 
CO4 

 
 
 
 
 

CO4 
 

CO4 
 

 
Physical constants: ℎ = 6.63 × 10ିଷସ 𝐽 − 𝑠, 𝑐 = 3 × 10଼ 𝑚/𝑠, 𝑎଴ = Bohr radius = 0.53Å , 𝜇଴ = 4𝜋 ×

10ି଻𝐻/𝑚, 𝜀଴ = 8.854 × 10ିଵଶ𝐹/𝑚, mass of proton= 1.6726 x 10-27 Kg, mass of electron= 9.1 x 10-31 Kg 
 

 

 

 




