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Instructions : (1) ¼ÛµÛÛ ¸ÛóÊ¶ÛÛé¶ÛÛ •Ûä̈ Û ÍÛÁõ”ÛÛ× ™öé. 
   (2) Š¸ÛýÛÛé•Û¾ÛÛ× ÅÛàµÛéÅÛ ÍÛ×ßÛÛ…Ûé¶ÛÛ …¬ÛÙ ¸Ûó̈ ÛÛÅÛà ¸Ûó¾ÛÛ¨Ûé ™öé. 
   (3) ›÷¾Û¨Ûà ¼ÛÛ›ä÷ ÅÛ”ÛéÅÛ …×ïõ ¸ÛóÊ¶Û¶ÛÛ ¸ÛæÁõÛ× •Ûä̈ Û þùÉÛÛÙÈÛé ™öé. 
 

1. (a) Ü³ù…Û¨ÈÛàïõ ¸ÛÁõ¾ÛÛ¨Ûä¶ÛÛ ÈÛÛýÛä¬Ûà ½ÛÁéõÅÛ …¶Ûé …ÛéÁõ¦øÛ¶ÛÛ ©ÛÛ¸Û¾ÛÛ¶Ûé ÁõÐéüÅÛ …éïõ ïõÛ˜Û¶Ûà ÅÛÛ×¼Ûà 
¶ÛÇà¾ÛÛ×¬Ûà ®ùÉýÛ …¬ÛÈÛÛ ¸ÛÛÁõ›Û×¼ÛÅÛà ¸ÛóïõÛÉÛ ¸ÛÍÛÛÁõ ïõÁõ©ÛÛ, ˆÅÛéî¤ÖøÛéÜ¶Ûïõ ÈÛ¨ÛÙ̧ Û¤ø Áõ˜ÛÛýÛ ™öé. …Û 
ÈÛ¨ÛÙ̧ Ûa ¾ÛÛ¤éø ©ÛÁ×õ•Û ÍÛ×”ýÛÛ¶ÛÛ ÍÛ¾ÛàïõÁõ¨ÛÛé ©Û¬ÛÛ ÉÛîýÛ ˆÅÛéî¤ÖøÛéÜ¶Ûïõ ÍÛ×’õÛ×Ü©Û Í©ÛÁõÛé ÍÛ¾Û›ÛÈÛÛé.   7 

…¬ÛÈÛÛ 

  ˆÅÛéî¤ÖøÛéÜ¶Ûïõ ¼Ûé¶¦ø¶Ûà ½Ûó¾Û¨Û ÍÛ×Áõ˜Û¶ÛÛ (rotational structure) ¾ÛÛ¤éø R …¶Ûé P ÉÛÛ”Û¶ÛÛ ©ÛÁ×õ•Û 
ÍÛ×”ýÛÛ ÍÛ¾ÛàïõÁõ¨ÛÛé ¾ÛéÇÈÛÛé. …Û ÍÛ×Áõ˜Û¶ÛÛ ¾ÛÛ¤éø …éïõ¾Û ¸ÛÁõÈÛÅÛýÛ ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé …¶Ûé ©Ûé¶ÛÛ 
ºõÛéÁ¤Öéøø¤ø ¸ÛÁõÈÛÅÛýÛ ÜÈÛÉÛé ÍÛ¾Û›÷ …Û¸ÛÛé.  

 

 (b) »êõïõ-ïõÛé¶¦ø¶Û ÜÍÛ±ùÛ×©Û¶Ûä× ïõ¬Û¶Û ÅÛ”ÛÛé. ïõÛé¶¦ø¶Û ¸ÛÁõÈÛÅÛýÛ¶ÛÛé Š¸ÛýÛÛé•Û ïõÁõà Š©ÍÛ›÷Ù¶Û ÈÛ¨ÛÙ̧ Ûa ¾ÛÛ¤é 
©ÛàÈÛó©ÛÛ¶Ûà ÈÛÐêü˜Û¨Ûà ÍÛ¾Û›ÛÈÛÛé.ø 7 

…¬ÛÈÛÛ 

  N2 …¨Ûä¶ÛÛ Š¸ÛÅÛÛ …¶Ûé ¶Ûà˜ÛÅÛÛ ˆÅÛéî¤ÖøÛéÜ¶Ûïõ Í©ÛÁõ ¾ÛÛ¤éø ÉÛæ¶ýÛ ¸ÛÛé̂ ¶¤ø Œ›ÛÙ …¶Ûä’õ¾Ûé             
1134 cm–1 …¶Ûé 490 cm–1 ÈÛ¦éø þùÉÛÛÙÈÛÛýÛ ™öé. ›Ûé …Û Š¸ÛÅÛÛ …¶Ûé ¶Ûà˜ÛÅÛÛ ˆÅÛéî¤ÖøÛéÜ¶Ûïõ Í©ÛÁõ 
¾ÛÛ¤éø ωe ¶Ûà Ýïõ¾Û©ÛÛé …¶Ûä’õ¾Ûé 2274.2 cm–1 …¶Ûé 988.4 cm–1 ÐüÛéýÛ ©ÛÛé ©Ûé¾Û¶ÛÛ …ÍÛ×ÈÛÛþùà©ÛÛ 
(anharmonicity) …˜ÛÇÛ×ïõ ¾ÛéÇÈÛÛé. ›Ûé …Û ÜÍ¬ÛÜ©Û Œ›ÛÙ ÈÛÅÛýÛ¶ÛÛ ¼Ûé ¶ýÛæ¶Û©Û¾ÛÛé ÈÛ˜˜Ûé Œ›ÛÙ 
©ÛºõÛÈÛ©Û ‘ve’ ¶Ûà Ýïõ¾Û©Û 49356 cm–1 ÐüÛéýÛ ©ÛÛé ÉÛæ¶ýÛ ¸ÛÛé̂ ¶¤ø Œ›ÛÙ ÍÛ×’õÛÜ©Û ¾ÛÛ¤éø ©Ûé¾Û¶Ûà 
…Û¶ÛäÍÛÛ×Ü•Ûïõ ©ÛÁ×õ•ÛÅÛ×¼ÛÛˆ ÉÛÛéµÛÛé. 

 

2. (a) …Û¸ÛéÅÛ ©Û×ªÛ¶Ûà ÜÈÛ²ä©Û ÈÛÛÐüïõ©ÛÛ¶Ûä× ÍÛ¾ÛàïõÁõ¨Û σel = 
ne2

m
  

lF

vF
 ÍÛÛÜ¼Û©Û ïõÁõÛé. ›Ûé “ºõ¾Ûâ-Œ›ÛÙ” ∈F 

ÈÛµÛé ©ÛÛé ©Ûé¶Ûà ÜÈÛ²ä©Û ÈÛÛÐüïõ©ÛÛ Š¸ÛÁõ ÉÛä× …ÍÛÁõ ¬ÛÛýÛ ? 7 

…¬ÛÈÛÛ 

  ºõÛé¤øÛé̂ ÅÛéî¤Öøàïõ Š©ÍÛ›÷Ù¶Û …é¤øÅÛé ÉÛä× ? ºõÛé¤øÛé ˆÅÛéî¤Öøàïõ …ÍÛÁõ¶Ûà –Û¤ø¶ÛÛ¾ÛÛ× ¸ÛóÈÛÛÐü –Û¶Û©ÛÛ¶Ûä× 
ÍÛ¾ÛàïõÁõ¨Û ¾ÛéÇÈÛÛé. 

 

 (b) ÜÈÛÍÛÁõ¨Û (diffusion) ¾ÛÛ¤éø¶ÛÛé “Üºõïõ ¶ÛÛé Ü¶ÛýÛ¾Û” ¾ÛéÇÈÛÛé …¶Ûé …Û ÜÈÛÍÛÁõ¨Û-•Ûä̈ ÛÛ×ïõ  
(co-efficient of diffusion) ¶Ûä× ÍÛ¾ÛàïõÁõ¨Û D = 1/3 +υ, l ¾ÛéÇÈÛÛé.  7 

     …¬ÛÈÛÛ 

  •ÛÜ©ÛÉÛàÅÛ©ÛÛ (mobility) ¾ÛÛ¤éø¶Ûä× …Ûˆ¶ÍÛ¤øÛˆ¶Û ÍÛ×¼Û×µÛ µÛÁõÛÈÛ©Ûä× ÍÛ¾ÛàïõÁõ¨Û ¾ÛéÇÈÛÛé. 
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3. (a) …ÈÛÛÐüïõ ¾ÛÛµýÛ¾Û¶ÛÛ ¸ÛÁõÛÈÛíéµýÛä©ÛÛ×ïõ (permittivity) ∈m µÛÁõÛÈÛ©ÛÛ …éïõ ÍÛ¾ÛÛ×©ÛÁõ ¸ÅÛé¤ø ÍÛ×•ÛóÛÐüïõ 
(ïéõ¸ÛéÍÛà¤øÁõ)¶Ûé ¦øà.ÍÛà. ÜÍ¬ÛÜ©Û¾ÛÛ¶Û ©ÛºõÛÈÛ©Û¾ÛÛ× ÜÈÛ›÷½ÛÛÁõà©Û ïõÁõÈÛÛ¾ÛÛ× …ÛÈÛé ™öé. …Û ÍÛ×•ÛóÛÐüïõ¶Ûà 
ÍÛÛ¸Ûé“Û ¸ÛÁõÛÈÛíéµýÛä©ÛÛ×ïõ ∈ ¶Ûä× ÍÛ¾ÛàïõÁõ¨Û …¶Ûé ©Ûé¶ÛÛ ÜÈÛ²ä©Û Í¬ÛÛ¶ÛÛ×©ÛÁõ (electric displacement) ¶Ûä× 

ÍÛ¾ÛàïõÁõ¨Û 
→

D = ∈0  
→

E + 
→

P ¾ÛéÇÈÛÛé. 7 

…¬ÛÈÛÛ 

  ›÷ÄõÁõà ÍÛ¾ÛàïõÁõ¨Û¶Ûà ¾Ûþùþù¬Ûà ¸ÛÁõÛÈÛíé²ä©Û µÛóäÜÈÛýÛ©ÛÛ (Dielectric Polarizability) ÍÛ¾Û›ÛÈÛÛé. 
¸ÛÁõÛÈÛíé²ä©Û ÍºõÜ¤øïõ¾ÛÛ× ÍÛ×̧ Ûæ̈ ÛÙ µÛóäÜÈÛýÛ©ÛÛ¶ÛÛ ªÛ¨Û ŠþÕ•Û¾ÛÛé ÅÛ”ÛÛé. 

 

 (b) ¸ÛÁõÛÈÛíé²ä©Û ÈýÛýÛ (dielectric losses) ¶Ûà –Û¤ø¶ÛÛ¾ÛÛ× ÈýÛýÛ-–Û¤øïõõ (loss-factor) ¾ÛÛ¤éø ÍÛ¾ÛàïõÁõ¨Û 
¾ÛéÇÈÛÛé. ¸ÛÁõÛÈÛíé²ä©Û ¾ÛÛ¤éø Œ›ÛÙ “ÛýÛ¶Ûä× ÍÛ¾ÛàïõÁõ¨Û ¾ÛéÇÈÛÛé. 7 

…¬ÛÈÛÛ 

  ¤æ×øïõ¶ÛÛêµÛ ÅÛ”ÛÛé. “…ÛýÛ¶Ûàïõ Íºõ¤øàïõ¾ÛÛ× ¸ÛóïõÛÉÛàýÛ (Optical) ºõÛé¶ÛÛé¶Û¶Ûà ÜÍ¬ÛÜ©Û”. 
 

4. (a) ¸ÛóÜ©Û˜Ûä×¼Ûïõ©ÈÛ (diamagnetism) ¾ÛÛ¤éø ÅÛÛ¾ÛÙÁõ …ÛÈÛèÜ«Û ωL ¶Ûä× ÍÛ¾ÛàïõÁõ¨Û ¾ÛéÇÈÛÛé …¶Ûé ÅÛê•ÛéÈÛà¶Û 
(Langevin’s relation) ¶ÛÛé ÍÛ×¼Û×µÛ ¾ÛéÇÈÛÛé. 7 

     …¬ÛÈÛÛ 

  ˜Ûä×¼ÛïõàýÛ ÍÛä•ÛóÜÐü©ÛÛ (magnetic susceptibility) ¾ÛÛ¤éø îÈÛÛé¶¤ø¾ÛÈÛÛþù¶Ûà ÍÛÜÈÛÍ©ÛÁõ Áõ›æ÷…Û©Û ïõÁõÛé. 
 

 (b) ©ÛÛ¸Û¾ÛÛ¶Û¬Ûà ÍÈÛ©Û×ªÛ …¶Ûä̃ Ûä×¼Ûïõ©ÈÛ (paramagnatism) ¾ÛÛ¤éø¶Ûä× ÍÛ¾ÛàïõÁõ¨Û ¾ÛéÇÈÛÛé. 7 

     …¬ÛÈÛÛ 

  ÍÛ¾ÛÛéÌ¾Ûà ¦øà¾Ûé•¶Ûé¤øÛˆ¡éöÉÛ¶Û¶Ûà ¾Ûþùþù¬Ûà ©Û×ªÛ¶Ûä× ÜÉÛ©Û¶Û (Cooling) ÍÛ¾Û›ÛÈÛÛé. 
 

5. ¶Ûà˜Ûé¶ÛÛ ¸ÛóÊ¶ÛÛé¶ÛÛ ¤æ×øïõ¾ÛÛ× Š«ÛÁõ …Û¸ÛÛé. 14 

 (1) ÍÛÁõÇ ˆÅÛéî¤ÖøÛéÜ¶Ûïõ ÍÛ×’õÛÜ©Û 1∑-1∑ ¾ÛÛ¤éø ¸ÛÍÛ×þù•Ûà¶ÛÛé Ü¶ÛýÛ¾Û _______ ™öé. 
 (2) I2 ¸ÛÁõ¾ÛÛ¨Ûä¶ÛÛ ˆÅÛéî¤ÖøÛéÜ¶Ûïõ ÈÛ¨ÛÙ̧ Ûa¾ÛÛ× þùÛéÅÛ¶Û Œ›ÛÙ¶ÛÛ Í©ÛÁõÛé …éïõ¼Ûà›Û¬Ûà ”Ûæ¼Û ¶Ûœ÷ïõ ÐüÛéýÛ ™öé. 

ïõÛÁõ¨Û …Û¸ÛÛé. 
 (3) CO …¶Ûé I2 ¸ÛÁõ¾ÛÛ¨Ûä×¶Ûà ©ÛàÈÛó©ÛÛ¶Ûà ÈÛÐêü˜Û¨Ûà þùÉÛÛÙÈÛ©Ûà …ÛïèõÜ©Û þùÛéÁõÛé. 

 (4) ˆÅÛéî¤ÖøÛéÜ¶Ûïõ ÈÛ¨ÛÙ̧ Ûaø¾ÛÛ× Ü³ù…ÛÜ¨ÈÛïõ ¸ÛÁõ¾ÛÛ¨Ûä¶Ûà ï×õ¸Û¶Û ÜÍ¬ÛÜ©Û¶Ûä× ÍÛÛ¾ÛÛ¶ýÛ ÍÛ¾ÛàïõÁõ¨Û …Û¸ÛÛé. 
 (5) “ÍÛÁéõÁõÛÉÛ ¾Ûäî©Û ¸Û¬Û” ÈýÛÛ”ýÛÛÜýÛ©Û ïõÁõÛé. 
 (6) ¸ÛóÜïõ¨ÛÙ¶Û …Û¦Õø™öéþù (Scattering Cross Section) ¶Ûä× ¸ÛÜÁõ¾ÛÛ¨Û ÅÛ”ÛÛé. 
 (7) Z-ÜþùÉÛÛ¾ÛÛ× ©Û×ªÛ¶Ûà ŠÌ¾ÛÛ ÈÛÛÐüïõ©ÛÛ ¾ÛÛ¤éø Œ›ÛÙÈÛÐü¶Û (heat transport) Qz ©Ûé ______ ¶ÛÛ 

ÍÛ¸Ûó¾ÛÛ¨Û ÐüÛéýÛ ™öé.  . 

 (8) M ®ùÈýÛ¾ÛÛ¶Û¶ÛÛ ïõ¨Û ¸ÛÁõ t ÍÛ¾ÛýÛé F(t) ¼ÛÇ ÅÛÛ•Ûé ©ÛÛé …Û ïõ¨Û¶Ûà •ÛÜ©Û¶Ûä× ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé.  
 (9) îÅÛÛéÍÛàýÛÍÛ-¾ÛÛéÍÛÛé¤øà ÍÛ×¼Û×µÛ ÅÛ”ÛÛé. 
 (10) ¾Ûäî©Û ˆÅÛéî¤ÖøÛé¶ÛÈÛÛýÛä¾ÛÛ× ¸ÛÁõÛÈÛíé²ä©Û …˜ÛÇÛ×ïõ ∈(ω) ¶Ûä× ¸ÅÛÛ¡Õö¾ÛÛ …ÛÈÛèÜ«Û ωp ÍÛÛ¬Ûé ÍÛ×¼Û×µÛ µÛÁõÛÈÛ©Ûä× 

ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé. 
 (11) Ðä×ü¦ø¶ÛÛ ¸Ûó¬Û¾Û Ü¶ÛýÛ¾Û¶Ûä× ïõ¬Û¶Û ÅÛ”ÛÛé. 
 (12) …ÍÛÁõïõÛÁõïõ ¼ÛÛéÐüÁõ ¾Ûé•¶Ûé¤øÛé¶Û ÍÛ×”ýÛÛ p …¶Ûé ÅÛé¶¦éø (Lande) Í¸ÅÛà¤øá•Û ºéõî¤øÁ ‘g’ ÍÛÛ¬Ûé ÍÛ×¼Û×µÛ 

…Û¸Û©Ûä× ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé. 
 (13) “¸ÛÛŠÅÛà¶Ûä× …¶Ûä̃ Ûä×¼Ûïõ©ÈÛ” ÈýÛÛ”ýÛÛÜýÛ©Û ïõÁõÛé. 
 (14) ESR …¶Ûé NMR ¶ÛÛ ¸ÛæÁõÛ ¶ÛÛ¾Û …Û¸ÛÛé. 

___________ 
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Instructions : (1) All questions carry equal marks. 

   (2) The symbols have ideal meaning. 

   (3) Figures in RHS show marks. 

 

 

1. (a) Continuous visible or ultraviolet light pass through a long tube containing gas of 

diatomic molecule at room temperature to produce electronic spectra. Derive its 

wave number equations and explain possible electronic transition levels. 7 

OR 

  Obtain wave number equations of P and R-branch for rotational structure of 

electronic band. Write single parabolic equation and explain its fortrate parabola. 

 

 (b) Write statement of Franck-Condon Principle. Explain intensity distribution in 

Emission Band using Condon parabola. 7 

OR 

  Zero point energy of N2 molecule in upper and lower electronic states are                

1134 cm–1 and 490 cm–1 respectively. If the value of ωe for upper and lower 

electronic states are 2274.2 cm–1 and 988.4 cm–1 respectively then find out 

anharmonicity constants in both the states. If the energy difference ‘Ve’ between 

the minima of two potential energy curves is 49356 cm–1 then find out 

corresponding wave length of this zero point energy transition. 

 

2. (a) Derive the equation of electrical conductivity σel = 
ne2

m
  

lF

vF
 for a given system. If 

Fermi energy ∈F increases then what will be its effect on electrical conductivity ? 7 

OR 

  What is photoelectric emission ? Derive the equation of current density in the case 

of photoelectric effect., 

 

 (b) Obtain Fick’s law of diffusion and derive the equation for co-efficient of 

Diffusion D = 1/3 +υ, l.  7 

    OR 

  Derive Einstein’s relation equation for mobility. @ge
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3. (a) A parallel plate capacitor with insulating medium of permittivity ∈m is charged 

by d.c. potential difference. Derive the equations of relative permittivity ∈ and its 

electric displacement 
→

D = ∈0  
→

E + 
→

P. 7 

OR 

  Explain Dielectric polarizability using suitable equations. Write three sources of 

total polarizability in dielectric crystal. 

 

 (b) In the case of dielectric losses derive equation of loss-factor. Also obtain equation 

of energy dissipated in dielectric. 7 

OR 

  Write short note on “Optical phonon modes in ionic crystals”. 

 

4. (a) Obtain equation of Larmor frequency ωL for diamagnetism and derive Langevin’s 

relation.  7 

OR 

  Derive quantum theory of magnetic susceptibility. 

 

 (b) Derive expression for temperature independent paramagnatism. 7 

    OR 

  Explain cooling of a system by adiabatic Demagnetization. 

 

5. Answer the following questions in short. 14 

 (1) Selection rule of simplest electronic transition 1∑-1∑ is _____. 

 (2) Why in the electronic spectra of I2 molecule, vibrational levels are much closer ? 

 (3) Draw intensity distribution bands for CO and I2 molecule. 

 (4) Write general expression of vibrational state for diatomic molecule in electronic 

spectra. 

 (5) Define mean free path. 

 (6) Write dimension of scattering cross section. 

 (7) In thermal conductivity heat transport along z-coordinate Qz is proportional to 

_____. 

 (8) If Force F(t) acting on a particle of mass ‘M’ at time ‘t’ then write equation of 

motion of particle. 

 (9) Write Clausius-Mossotti relation. 

 (10) Write an equation of dielectric constant ∈(ω) of free electron gas in terms of 

plasma frequency ωp. 

 (11) Write a statement of Hund’s First rule. 

 (12) Write a relation between effective Bohar magneton number ‘p’ and Lande 

splitting factor ‘g’. 

 (13) Define Pauli paramagnetism. 

 (14) Give full form of ESR and NMR. 
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