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PH-09 

December - Examination 2025 

B.Sc. (Part-III) Examination 

PHYSICS 

(ELEMENTARY QUANTUM MECHANICS AND SPECTROSCOPY) 

izkjfEHkd DokaVe ;kaf=dh ,oa LisDVªksLdkWihizkjfEHkd DokaVe ;kaf=dh ,oa LisDVªksLdkWihizkjfEHkd DokaVe ;kaf=dh ,oa LisDVªksLdkWihizkjfEHkd DokaVe ;kaf=dh ,oa LisDVªksLdkWih    
Paper : PH-09 

 [Time: 3 Hours]                     [Maximum Marks: 35]    
                                                                                           

 

Note :- This question paper is divided into three Sections A, B and C. Write answers as per the 

   given instructions. 

funsZ’k %&funsZ’k %&funsZ’k %&funsZ’k %&    ;g iz’ui= ^v*] ^c* vkSj ^l* rhu [k.Mksa esa foHkkftr gSA fn, x, funsZ’kksa ds vuqlkj mŸkj fy[ksaA    
 

 Section-A 7××××1====7 

 (Very Short Answer Type Questions)  

Note :- Answer all questions. As per the nature of the question delimit your answer in one word, one 

   sentence or maximum up to 30 words. Each question carries 1 mark. 

 [k.M&^v^[k.M&^v^[k.M&^v^[k.M&^v^     

 ¼vfr¼vfr¼vfr¼vfr    y?kqy?kqy?kqy?kq    mŸkjh; iz’umŸkjh; iz’umŸkjh; iz’umŸkjh; iz’u½½½½     

funsZ’kfunsZ’kfunsZ’kfunsZ’k %& lHkh iz’uksa ds mŸkj nhft,A vki vius mŸkj dks iz’ukuqlkj ,d 'kCn] ,d okD; ;k vf/kdre                
   30303030  'kCnksa esa ifjlhfer dhft,A izR;sd iz’u 1111 vad dk gSA 

1. (i) Explain the meaning of threshold frequency in the context of the photoelectric 

effect.   

 

  izdk’k&oS|qr izHkko ds lanHkZ esa nsgyh vko`fÙk dk vFkZ le>kb,A  

 (ii) State Heisenberg’s uncertainty principle for position-momentum and                     

energy-time.  

 

  fLFkfr&laosx rFkk ÅtkZ&le; ds fy, gkbtsucxZ ds vfuf’prrk fl)kar dk dFku 
nhft,A  

 

 (iii) What is a wave packet? Explain its physical significance.   

  rjax fiVd ¼iSdsV½ D;k gS\ blds HkkSfrd egÙo dks le>kb,A   

 (iv) What is the physical significance of expectation values?   

  izR;k’kk ekuksa dk HkkSfrd egÙo D;k gS\  

 (v) What is meant by the degeneracy of an energy level?   

  ÅtkZ Lrj dh viHkz"Vrk ¼fMtujslh½ ls D;k vfHkizk; gS\  

 (vi) What is meant by fine structure?   

  lw{e lajpuk ls vki D;k le>rs gSaa\  

 (vii) Why does the CO2 molecule not exhibit rotational spectra?   

  CO2 v.kq ?kw.khZ LisDVªk D;ksa ugha n’kkZrk gS\  
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 Section-B 4××××3½====14 

 (Short Answer Type Questions)  

Note :- Answer any four questions. Each answer should not exceed 200 words. Each question 

   carries  3½ marks. 

 [k.M&^[k.M&^[k.M&^[k.M&^cccc^̂̂̂  

 ¼ y?kq¼ y?kq¼ y?kq¼ y?kq    mŸkjh; iz’u ½mŸkjh; iz’u ½mŸkjh; iz’u ½mŸkjh; iz’u ½     

funsZ’kfunsZ’kfunsZ’kfunsZ’k %& fdUgha pkjfdUgha pkjfdUgha pkjfdUgha pkj iz’uksa ds mŸkj nhft,A vki vius mŸkj dks vf/kdre 200200200200 'kCnksa esa ifjlhfer dhft,A 
   izR;sd iz’u 3333½ vad dk gSA 

2. Describe the Davisson-Germer experiment and discuss its results.   

 Msfolu&teZj iz;ksx dk o.kZu djsa vkSj blds ifj.kkeksa dh foospuk djsaA   

3. Explain the difference between time-dependent and time-independent Schrödinger 

equations.  

 

 dkykfJr vkSj dky&vukfJr JksfMaxj lehdj.kksa esa varj le>kb,A   

4. A particle is confined in a one-dimensional box of length L. Its wave function is       

ψ (x) = C sin(πx/L) in the region 0 ≤ x ≤ L and ψ (x) = 0 outside this region. 

Calculate the expectation value 〈x〉 of x.  

 

 yackbZ L ds ,d vk;keh ckWDl esa ,d d.k lhfer gSA bldk rjax Qyu {ks= 0 ≤ x ≤ L 
esa ψ (x) = C sin(πx/L) gS vkSj bl {ks= ds ckgj ψ (x) = 0 gSA x ds izR;k’kk eku 〈x〉 dh 
x.kuk djsaA  

 

5. What is meant by a stationary state? Derive the eigenfunction of the Schrödinger 

equation for a stationary state.  

 

 LFkk;h voLFkk ls D;k vfHkizk; gS\ LFkk;h voLFkk ds fy, JksfMaxj lehdj.k dk vkbxsu 
Qyu O;qRi™k djsaA  

 

6. Calculate the expectation value of the potential energy of a one-dimensional 

harmonic oscillator in its ground state.  

  

 ,dfoeh; ljy vkorhZ nksyd dh ewy voLFkk esa vkSlr foHko ÅtkZ dh x.kuk djsaA   

7. Write the time-independent Schrödinger equation for a particle in a                                         

three-dimensional box. Solve it to find the eigenvalues and eigenfunctions. Explain 

the degeneracy of the wave function.  

  

 f=foeh; ckWDl esa fLFkr d.k ds fy, dky&vukfJr JksfMaxj lehdj.k fy[ksaA vkbxsu 
eku vkSj vkbxsu Qyu izkIr djus ds fy, bls gy djsaA rjax Qyu dh viHkz"Vrk 
¼fMtujslh½ le>kb,A  

 

8. For the H1F19 molecule, the fundamental vibrational energy level is 0.256 eV. 

Calculate the force constant of the molecular bond.  

  

 H1F19 v.kq ds fy, ewy dEiu ÅtkZ Lrj 0.256 eV gSA v.kq ds ca/ku cy fu;rkad dh 
x.kuk djsaA  

 

9. For the orbital quantum number I = 1, find the eigenvalues of the angular momentum 

L and its component Lz along the magnetic field. Calculate the angle θ between L 

and Lz.  

  

 d{kh; ` kaVe la[;k I = 1 ds fy, dks.kh; laosx L vkSj pqacdh; {ks= ds vuqfn’k blds 

?kVd Lz ds vkbxsu eku Kkr djsaA L vkSj Lz ds chp dks.k θ dh x.kuk djsaA  
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 Section-C 2××××7====14 

 (Long Answer Type Questions)  

Note :- Answer any two questions. You have to delimit your each answer maximum up to                  

   500 words. Each question carries  7 marks. 

 [k.M & [k.M & [k.M & [k.M & llll  

 ¼ nh?kZ¼ nh?kZ¼ nh?kZ¼ nh?kZ    mŸkjh; iz’u ½mŸkjh; iz’u ½mŸkjh; iz’u ½mŸkjh; iz’u ½     

funsZ’kfunsZ’kfunsZ’kfunsZ’k %& fdUgha nksfdUgha nksfdUgha nksfdUgha nks iz’uksa ds mŸkj nhft,A vki vius mŸkj dks vf/kdre 555500000000 'kCnksa esa ifjlhfer dhft,A 
   izR;sd iz’u 7777 vad dk gSA 

10. Why did Wien’s law and Rayleigh-Jeans law fail to explain blackbody radiation? 

Discuss their limitations and describe Planck’s quantum hypothesis. Derive Planck’s 

radiation law.  

 

 Ñf.kdk fofdj.k dks le>kus esa ohu dk fu;e vkSj jSys&thUl fu;e D;ksa foQy jgs\ 
mudh lhekvksa dh foospuk djsaA Iykad dh ` kaVe ifjdYiuk dk o.kZu djsa vkSj Iykad ds 

fofdj.k fu;e dks O;qRi™k djsaA  

 

11. What is the difference between a potential step and a potential barrier? Can a particle 

with energy E < V cross a potential barrier of height V? If yes, calculate the 

transmission probability.  

  

 foHko lh<+h vkSj foHko izkphj esa D;k varj gS\ D;k E < V ÅtkZ okyk d.k V Å¡pkbZ dh 
foHko izkphj dks ikj dj ldrk gS\ ;fn gk¡] rks ikjxeu izkf;drk dh x.kuk djsaA  

 

12. Explain the spectrum of alkali atoms. Draw the energy level diagram of sodium and 

describe the main features of its spectrum. Discuss the various series observed in the 

sodium spectrum.  

 

 {kkjh; ijek.kqvksa ds LisDVªe dh O;k[;k djsaA lksfM;e dk ÅtkZ Lrj fp= cuk,¡ vkSj blds 
LisDVªe ds eq[; y{.kksa dk o.kZu djsaA lksfM;e LisDVªe esa izkIr fofHk™k Jsf.k;ksa ij ppkZ 
djsaA  

 

13. Derive the Schrödinger equation for a one-electron atom in spherical polar 

coordinates and separate it into its variables. 

 

 ,dy bysDVªkWu ijek.kq ds fy, xksykdkj /kqzoh; funsZ’kkadksa esa JksfMaxj lehdj.k O;qRi™k djsa 
vkSj bls blds pjksa esa i`Fkd djsaA  

 

 

----------------------------- 


