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B.Sc-504-G   [ ¬ÛÀ¬ı˛¬ı˛ ¬Û‘á¬±˚˛ ^©Ü¬ı… B.Sc-504-G 

¶ß±Ó¬fl¡ ¬Û±Í¬Sê˜  ( B.D.P.) 
ø˙é¬±¬ı¯ ∏ «±ôL ¬Û¬ı˛œé¬±  ( Term End Examination )  

øÎ¬À¸•§¬ı˛, 2014 › Ê≈ √Ú, 2015 

¬ı̨¸±˚˛Ú ( Chemistry ) 
‹ø26√fl¡ ¬Û±Í¬Sê˜ ( Elective ) 

¯ ∏á¬ ¬ÛS ( 6th  Paper : Physical Chemistry-I ) 

¸˜˚̨ – ≈√̋ ◊√√ ‚KI◊±¬  Û”Ì«̃ ±Ú – 50 

Time : 2 hours Full Marks : 50 
[ ˜±ÀÚ¬ı˛ &èQ – 70% ] 

Weightage of Marks : 70% 

¬Ûø¬ı˛ø˜Ó¬ › ˚Ô±˚Ô Î¬◊M√√À¬ı˛¬ı˛ Ê√Ú… ø¬ıÀ˙¯∏ ˜”˘… Œ√›˚˛± ˝ √√À¬ıº 
’qX ¬ı±Ú±Ú, ’¬Ûø¬ı˛26√ißÓ¬± ¤¬ı— ’¬Ûø¬ı˛©®±¬ı˛ ˝ √√ô¶±é¬À¬ı˛¬ı˛ Œé¬ÀS Ú•§¬ı˛ 

Œfl¡ÀÈ¬ ŒÚ›˚˛± ˝ √√À¬ıº Î¬◊¬Û±ÀôL õ∂Àùü¬ı˛ ˜”˘…˜±Ú ¸”ø‰¬Ó¬ ’±ÀÂ√º 

  ø¬ıˆ¬±· - fl¡ 

1º Œ˚-Œfl¡±ÀÚ± ≈íøÈ¬ õ∂Àùü¬ı˛ Î¬◊M√√¬ı˛ ø√Ú – 10 × 2 = 20 

 [fl¡] ·…±À¸¬ı˛ Œé¬ÀS ·Î¬̌ ≈̃Mê√¬ÛÔ › ¸—‚±Ó¬ ¬ı…±¸-¤¬ı˛ ˜ÀÒ… 

¸•Ûfl«¡øÈ¬ Î¬◊¬Û¬Û±√Ú fl¡èÚ º 4  

 [‡] ¸—Àfl¡±‰¬Ú˙œ˘Ó¬± fl¡±Àfl¡ ¬ıÀ˘ ∑  ø¬ıøˆ¬iß Ó¬±¬Û˜±S±˚˛ 

¤fl¡øÈ¬ ¬ı±ô¶¬ı ·…±À¸¬ı˛ Œé¬ÀS ‰¬±À¬Û¬ı˛ ø¬ı¬Û¬ı˛œÀÓ¬           

¸—Àfl¡±‰¬Ú˙œ˘Ó¬± (z)-¤¬ı˛ Œ¬ı‡̨±ø‰¬S ’ÇÚ fl¡èÚ º 4 

 [·] ¤fl¡øÈ¬ ·…±¸     

! 

P  ( V "b  )  =  RT , ¤ ◊̋√√ ¸˜œfl¡¬ı˛Ì 

Œ˜ÀÚ ‰¬À˘ º ·…±¸øÈ¬ øfl¡ Ó¬¬ı˛À˘ ¬Ûø¬ı˛ÌÓ¬ fl¡¬ı˛± ¸y¬ı ∑ 

Î¬◊M√√À¬ı˛¬ı˛ ¸¬ÛÀé¬ ˚ ≈øMê√ ø√Ú º 2  

2º [fl¡] Ó¬¬ı˛À˘¬ı˛ ¬Û‘á¬È¬±ÀÚ¬ı˛ ¤fl¡fl¡ › ˜±S± ø˘‡≈Ú º 2  

 [‡] ∆fl¡ø˙fl¡ Ú˘ Î¬◊O±Ú ¬ÛXøÓ¬ ¡Z±¬ı˛± øfl¡ˆ¬±À¬ı ¬Ó¬¬ı˛À˘¬ı˛ 
Û‘á¬È¬±Ú øÚÌ«˚˛ fl¡¬ı˛± ˝√√̊ ˛ ¬ı…±‡…± fl¡èÚ ¤¬ı— ¸—øù≠©Ü 
¸˜œfl¡¬ı˛ÌøÈ¬ Î¬◊¬Û¬Û±√Ú fl¡èÚ º 4 

 [·] 0·4 cm ¬ı…±¸±Ò« ø¬ıø˙©Ü Œ·±˘±fl¡±¬ı˛ ¤fl¡øÈ¬ Ê√̆ ø¬ıµ≈Àfl¡ 
125øÈ¬ ’øˆ¬iß ’øÓ¬ é≈¬^ Œ·±˘±fl¡±¬ı˛ ŒÙ¬±“È¬±˚˛ Œˆ¬À„√√ 
ŒÙ¬˘± √̋√̆  º ¬Û‘á¬˙øMê√ ¬ı‘øX¬ı˛ ˜±Ú ·ÌÚ± fl¡èÚ º  4 

3º  [fl¡] ’±√̇ « ·…±À¸¬ı˛ ¬Û¬ı˛±¬ıÓ«¬ èXÓ¬±¬Ûœ˚˛ ¸•x¸±¬ı˛ÀÌ¬ı˛ Ê√Ú…  
P – V  ¸•Ûfl«¡ Î¬◊¬Û¬Û±√Ú fl¡èÚ º  4  

 [‡] Ó¬±¬Û·øÓ¬ ø¬ı√…±¬ı˛ ø¡ZÓ¬œ˚˛ ¸”ÀS¬ı˛ flv¡ø¸˚˛±¸ › Œfl¡˘øˆ¬Ú- 
õ≠…±Ç-¤¬ı˛ ¸—:± ≈√øÈ¬ ¸˜±Ô«fl¡º õ∂˜±Ì fl¡èÚ º 3 

 [·] 0˚C ¤¬ı— 100˚C-¤¬ı˛ ˜ÀÒ… fl¡±˚«fl¡±¬ı˛œ ¤fl¡øÈ¬ fl¡±ÀÌ«± 
◊̋√√ø?Ú Î¬◊2‰¬ Ó¬±¬Û˜±S± ø¬ıø˙©Ü ’±Ò±¬ı˛ ŒÔÀfl¡            

840 joule Ó¬±¬Û ¢∂̋ √√Ì fl¡À¬ı˛ º ¸•Û±ø√Ó¬ fl¡±˚« › 
¬ıøÊ«√Ó¬ Ó¬±¬Û øÚÌ«˚˛ fl¡èÚ º 3  

4º [fl¡] n-’Ì ≈ ·…±À¸¬ı˛ Œé¬ÀS ˆ¬…±Ú Î¬±¬ı˛ ›˚˛±˘À¸¬ı˛ 
¸˜œfl¡¬ı˛ÌøÈ¬ Î¬◊¬Û¬Û±√Ú fl¡èÚ º 4  

 [‡] ’…±`ò≈ [Andrew]-¤¬ı˛ Œ˘‡ø‰¬ÀS¬ı˛ ¸±˝√√±À˚… ¬ı±ô¶¬ı 
·…±À¸¬ı˛ ’±‰¬¬ı˛Ì ˆ¬…±Ú Î¬±¬ı˛ ›˚˛±˘¸ [van der 
Waals] ¸˜œfl¡¬ı˛ÀÌ¬ı˛ ¸±˝√√±À˚… fl¡Ó¬”¬ı˛ ¬ı…±‡…± fl¡¬ı˛± ˚±˚˛ 
Ó¬±   Œ√‡±Ú º 4 

 [·] ˆ¬…±Ú Î¬±¬ı˛ ›˚˛±˘¸ ¸˜œfl¡¬ı˛ÀÌ¬ı˛ ¸±˝√√±À˚… ¬ıÀ˚˛˘ 
Ó¬±¬Û˜±S±¬ı˛ ·±øÌøÓ¬fl¡ ¬ı˛+¬ÛøÈ¬ Œ¬ı¬ı˛ fl¡èÚ º 2  

5º [fl¡] P–V Œ˘‡ø‰¬ÀS fl¡±ÀÌ«± ‰¬ÀSê¬ı˛ ¬[Carnot cycle] õ∂øÓ 
¬Ò±¬Û ¶Û©Ü ˆ¬±À¬ı ø‰¬ø˝êÓ¬ fl¡èÚ º ¤ ◊̋√√ ‰¬Sêœ˚̨ 
¬Ûø¬ı˛¬ıÓ«¬ÀÚ¬ı˛ ¸˜œfl¡¬ı˛ÌøÈ¬¬ı˛ √é¬Ó¬±¬ı˛ ¬ı˛±ø˙˜±˘± 
Î¬◊¬Û¬Û±√Ú fl¡èÚ º 4 
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 [‡¡] c ¤¬ı— c + dc ¤ ◊̋√√ ^nøÓ¬ ¬ı…¬ıÒ±ÀÚ m ˆ¬¬ı˛ ø¬ıø˙©Ü 
’Ì ≈&ø˘¬ı˛ ¸—‡…± ÚœÀ‰¬¬ı˛ ¸•Ûfl«¡ ø√À˚̨ õ∂fl¡±ø˙Ó¬ ˝√√̊  ̨–  

      

! 

dN = A  . c
2
. e

"mc
2

/2kT
dc   

  ’ø'ÀÊ√Ú ·…±À¸¬ı˛ Œé¬ÀS 25˚C Ó¬±¬Û˜±S±˚˛ (i) A 
¤¬ı— (ii) ¸¬ıÀ‰¬À˚˛ ¸y¬ı¬Û¬ı˛ ^nøÓ¬ øÚÌ«˚˛ fl¡èÚ º 
Î¬◊¬ÛÀ¬ı˛¬ı˛ ø¬ıÚ…±¸øÈ¬ Î¬◊¯ûÓ¬±¬ı˛ ¸±ÀÔ øfl¡ˆ¬±À¬ı ¬Ûø¬ı˛¬ıøÓ«¬Ó¬ 
√̋√̊  ̨Œ˘‡ø‰¬ÀS¬ı˛ ¸±˝√√±À˚… Œ√‡±Ú º  2 + 2 + 2 

6º [fl¡] ’eœfl¡±¬ı˛&ø˘ ø¬ı¬ı‘Ó¬ fl¡À¬ı˛ ’±˝◊√√Úà±˝◊√√Ú-¤¬ı˛¬ 
Ó¬±¬Û¢∂± √̋√œÓ¬±¬ı˛ ¸˜œfl¡¬ı˛ÌøÈ¬ Î¬◊¬Û¬Û±√Ú fl¡èÚ º Œ√‡±Ú 
Œ˚ Î¬◊2‰¬ Ó¬±¬Û˜±S±˚˛ ¤ ◊̋√√ ¸˜œfl¡¬ı˛ÌøÈ¬ Î ≈¬˘—-Œ¬ÛøÈ¬È¬-¤¬ı˛ 
¸”ÀS ¬Û˚«¬ıø¸Ó¬¬ √̋√̊ ˛ º 6 

 [‡¡] 3·5 Å Ó¬¬ı˛eÕ√‚«… ≈̊Mê√ X-¬ı˛øù¨¬ı˛ ¸±˝√√±À˚… Œfl¡±Ú ¸¬ı˛˘ 
‚Úfl¡±fl¡±¬ı˛ Œfl¡˘±À¸¬ı˛ (100) Ó¬˘ [˚±¬ı˛ ∆√‚«… 1·5 Å] 
ŒÔÀfl¡ ¬ıË±· õ∂øÓ¬Ù¬˘Ú ¸y¬ı øfl¡ ∑ 4 

   ø¬ıˆ¬±· - ‡¡ 

 Œ˚-Œfl¡±ÀÚ± øÓ¬ÚøÈ¬ õ∂Àùü¬ı˛ Î¬◊M√√¬ı˛ ø√Ú – 6 × 3 = 18    

7º [fl¡] ’±√̇ « ·…±À¸¬ı˛ ¤fl¡˜±øSfl¡ ·øÓ¬À¬ıÀ·¬ı˛ ¬ıKI ◊ÀÚ¬ı˛ 
¸˜œfl¡¬ı˛ÌøÈ¬ ø˘‡≈Ú º Ó¬±¬ı˛ ŒÔÀfl¡ ’±√̇ « ·…±¸ ’Ì ≈¬ı˛ 
Œé¬ÀS 

    

! 

(V
x
) � -¤¬ı˛ ˜±Ú ¬Œ¬ı¬ı˛ fl¡èÚ º  Ù¬˘±Ù¬À˘¬ı˛ 

Œˆ¬ÃøÓ¬fl¡ ¬ı…±‡…± ø√Úº 4  

 [‡¡] Ó¬¬ı˛À˘¬ı˛ ¬Û‘á¬È¬±Ú Î¬◊¯ûÓ¬±¬ ¬ı‘øX¬ı˛ ¸Àe }̋√√±¸ ¬Û±˚˛º ¬ı…±‡…± 
fl¡èÚ º 2 

8º ø·¬ı¸ƒ-Œ˝√√̆ ˜À √̋√± ƒ̆Ê√ [Gibbs-Helmholtz] ¸˜œfl¡¬ı˛ÌøÈ¬ 
Î¬◊¬Û¬Û±√Ú fl¡èÚ ¤¬ı— ¤ ◊̋√√ ¸˜œfl¡¬ı˛ÀÌ¬ı˛ õ∂À˚˛±· ø˘‡≈Ú º  4 + 2  

9º [fl¡] ˚Ô±Ô« ˜…±'›À˚˛À˘¬ı˛ [Maxwell's] ¸•Ûfl«¡ ¬ı…¬ı˝√√±¬ı˛ 
fl¡À¬ı˛ Œ√‡±Ú Œ˚  
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 [‡¡] Œ√‡±Ú Œ˚ ¸˜Ó¬±¬Ûœ˚˛ ¬Û¬ı˛±¬ıÓ«¬ õ∂øSê˚˛±˚˛ fl¡±ÀÊ√¬ı˛ 
¬Ûø¬ı˛˜±Ì ¸˜Ó¬±¬Ûœ˚˛ ’¬Û¬ı˛±¬ıÓ«¬ õ∂øSê˚̨±¬ı˛ ŒÔÀfl¡ Œ¬ı˙œº  

   4 
10º [fl¡]  ≈√øÈ¬ Ùv¬±¶® A ¤¬ı— B-¤¬ı˛ ’±˚˛Ó¬Ú ¸˜±Úº A 

√̋√± ◊̋√√ÀE±ÀÊ√Ú ·…±¸ ¤¬ı— B ¸˜ˆ¬À¬ı˛¬ı˛ ø˜ÀÔÚ ·…±¸ Ò±¬ı˛Ì 
fl¡À¬ı˛ º A-¤¬ı˛ Î¬◊¯ûÓ¬± ¬ı˛±‡± ˝√√À˚̨ÀÂ√  300K ¤¬ı— B-¤¬ı˛ 
Î¬◊¯ûÓ¬± ¬ı˛±‡± √̋√À˚̨ÀÂ√ 600K º ·…±¸&ø˘ ’±√̇ « ’±‰¬¬ı˛Ì 
fl¡À¬ı˛ ÒÀ¬ı˛ øÚÀ˚˛ øÚÀ‰¬¬ı˛ õ∂ùü&ø˘¬ı˛ Î¬◊M√√¬ı˛ ø√Ú –  

  (i) Œfl¡±Úƒ Ùv¬±À¶® ‰¬±¬Û Œ¬ı˙œ ¤¬ı— fl¡Ó¬ &Ì Œ¬ı˙œ ∑ 
  (ii) Œfl¡±Úƒ Ùv¬±À¶® ’Ì ≈&ø˘¬ı˛ ·Î¬ˇ ≈̃Mê√¬ÛÔ Œ¬ı˙œ ¤¬ı— 

fl¡Ó¬&Ì Œ¬ı˙œ ∑ 
  [ ø˜ÀÔÚ ¤¬ı˛ ¸—‚ ∏̄« ¬ı…±¸ ˝√√± ◊̋√√ÀE±ÀÊ√ÀÚ¬ı˛ ¸—‚¯ ∏« ¬ı…±À¸¬ı˛ 

ø¡Z&Ì ] 2 + 2 
 [‡¡]  Œ√‡±Ú Œ˚ ’±√̇ « ·…±À¸¬ı˛ Œé¬ÀS P–V Œ˘‡ø‰¬ÀS 

¸˜Ó¬±¬Ûœ˚˛ ¬Û¬ı˛±¬ıÓ«¬ õ∂øSê˚˛± ’À¬Ûé¬± èXÓ¬±¬Û ¬Û¬ı˛±¬ıÓ«¬ 
õ∂øSê˚˛± ’øÒfl¡ ÚøÓ¬˚ ≈Mê√ º  2 

11º¬ [fl¡] Œ√‡±Ú Œ˚  
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 [‡¡]  õ∂˜±Ì fl¡èÚ – 
    

! 
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v
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2
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  Œ˚‡±ÀÚ α = Ó¬±¬Ûœ˚˛ ¸•x¸±¬ı˛Ì &Ì±Ç ¤¬ı—              
β =  ¸—Àfl¡±‰¬Ú˙œ˘Ó¬± &Ì±Ç º   4 

12º ¬[fl¡] ¬ıÀ˚˛˘ Ó¬±¬Û˜±S± øfl¡ ∑ Œfl¡±Ú ·…±¸     

! 

P  (V "b) = RT  
¸˜œfl¡¬ı˛ÌøÈ¬ Œ˜ÀÚ ‰¬˘À˘ Œ√‡±Ú Œ˚ ¬·…±¸øÈ¬¬ı˛ Œfl¡±Ú 
¬ıÀ˚˛˘ Ó¬±¬Û˜±S± Ô±fl¡ÀÓ¬ ¬Û±À¬ı˛ Ú± º 4 
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 ¬[‡¡] ·…±À¸¬ı˛ ¸±fÓ¬±—fl¡ Î¬◊¯ûÓ¬±¬ı˛ ¸Àe øfl¡ˆ¬±À¬ı ¬Ûø¬ı˛¬ıøÓ«¬Ó¬ 
√̋√̊  ̨∑ 2 

13º [fl¡] ¬ıË±· [Bragg]-¤¬ı˛ ¸˜œfl¡¬ı˛ÌøÈ¬ ø˘‡≈Ú ¤¬ı— ¬Û√&ø˘ 
¬ı…±‡…± fl¡èÚ º Œfl¡±Ú Œfl¡˘±À¸¬ı˛ ·Í¬Ú øÚÌ«À˚ ̨X-¬ı˛øù¨ 
¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛± ˝√√̊ ˛ øfl¡c Œ¬ı˛øÎ¬› Ó¬¬ı˛e ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛± ˝√√̊ ˛ 
Ú± Œfl¡Ú, ¬ı…±‡…± fl¡èÚ º  4 

 [‡] ¤fl¡øÈ¬ ‚Úfl¡±fl¡±¬ı˛ ø¸ÀàÀ˜¬ı˛ Ê√Ú… Bravais lattice 

¸˜”̋ √√ ’ÇÚ fl¡èÚ º 2 

14º [fl¡] Œ√‡±Ú Œ˚ ø·¬ıÀ¸¬ı˛ ≈̃Mê√ ˙øMê√¬ı˛ }̋√√±¸ õ∂±5¬ı… fl¡±ÀÊ√¬ı˛ 
¬Ûø¬ı˛˜±ÀÌ¬ı˛ ¸˜±Ú º 3 

 [‡] ¤fl¡øÈ¬ Î¬◊√± √̋√¬ı˛ÀÌ¬ı˛ ¸±˝√√±À˚… Ó¬±¬Û·Ó¬œ˚ ̨¬Û¬ı˛±¬ıÓ«¬ õ∂øSê˚˛± 
¬ı…±‡…± fl¡èÚ º 3 

15º ¤fl¡øÈ¬ ¬ı±ô¶¬ı ·…±À¸¬ı˛ Ê√Ú… ¬Û¬ı˛œé¬±˘t ¤¬ı— ¬ˆ¬…±Ú Î¬±¬ı̨ 
›˚˛±˘À¸¬ı˛ ¸˜œfl¡¬ı˛Ìøˆ¬øM√√fl¡ Ó¬Nœ˚˛ ¤fl¡&26√ P–V ¸˜Ó¬±¬Ûœ˚̨ 
Œ¬ı˛‡± ¬Ûø¬ı˛fl¡äÚœ˚̨ˆ¬±À¬ı ’ÇÚ fl¡èÚ ¤¬ı— ’¬ı¶ö±¬ı˛ ’Ú¬ıÀ26√√ 
¬ı…±‡…± fl¡èÚ º 2 + 2 + 2 

     

ø¬ıˆ¬±· - ·¡ 

 Œ˚-Œfl¡±ÀÚ± ‰¬±¬ı˛øÈ¬¬ õ∂Àùü¬ı˛ Î¬◊M√√¬ı˛ ø√Ú – 3 × 4 = 12     

16º ˆ¬…±Ú Î¬±¬ı˛ ›˚˛±˘¸ (van der Waals) ·…±À¸¬ı˛ ¸—fl¡È¬ 
ÒËn∏¬ıfl¡ 

    

! 

(P
c
, V

c
, T

c
)-¤¬ı˛ ¸±˝√√±À˚… a ¤¬ı— b ÒËn∏¬ıÀfl¡¬ı˛ ˜±Ú 

õ∂fl¡±˙ fl¡èÚ º  3  
17º Ó¬¬ı˛À˘¬ı˛¬¬Û‘á¬È¬±Ú ¤¬ı— ¬Û‘á¬˙øMê√¬ı˛ ˜ÀÒ… ¸•Ûfl«¡øÈ¬ ¶ö±¬ÛÚ      

fl¡èÚ º 3 

18º Œ√‡±Ú Œ˚ Ê≈ √̆ -Ô˜¸Ú [Joule-Thomson] ¸•x¸±¬ı˛Ì 
¤fl¡øÈ¬ ’±˝◊√√À¸±¤ÚÔ…±˘ø¬Ûfl¡ õ∂øSê˚˛± º 3 

19º ¤fl¡ Œ˜±˘ (i) ’±√̇ « ·…±¸ (ii) ˝√√±˝◊√√ÀE±ÀÊ√Ú ¤¬ı—              
(iii) ’…±À˜±øÚ˚˛± 27˚C Î¬◊¯ûÓ¬±˚˛ ¬ı˛±‡± √̋√̆  º PV ¬ıÚ±˜ P 
Œ˘‡ø‰¬S&ø˘ ¤fl¡ ◊̋√√ ø‰¬ÀS Œfl¡˜Ú √̋√À¬ı ’ÇÚ fl¡À¬ı˛ Œ√‡±Ú º 3 

20º ø¶ö¬ı˛ Î¬◊¯ûÓ¬±˚˛ ·…±¸&ø˘¬ı˛ ¸±fÓ¬± ‰¬±¬Û øÚˆ«¬¬ı˛˙œ˘ Ú˚˛ øfl¡c 
’øÓ¬ ’ä‰¬±À¬Û ¤ ◊̋√√ øÚ¬ı˛À¬Ûé¬Ó¬± ‚ÀÈ¬ Ú± — ¬ı…±‡…± fl¡èÚ º 3 

21º ìÓ¬¬ı˛˘-¬ı±©Û ¸±À˜…¬ı˛ Ê√Ú… flv¡ø¸˚˛±¸-flv¡…±ø¬Û¬ı˛Ú [Clausius-
Clayperon] ¸˜œfl¡¬ı˛ÌøÈ¬ ˆ¬…±KI ◊ √̋√Ù¬ [van't Hoff] 
¸˜œfl¡¬ı˛ÀÌ¬ı˛ ¤fl¡øÈ¬ ø¬ıÀ˙¯ ∏ ¬ı˛+¬Û ºî  ø¬ı‰¬±¬ı˛ fl¡èÚ º 3 

22º ìŒ√‡±Ú Œ˚ ¬Û‘á¬Àfl¡øffl¡ ‚ÚÀfl¡¬ı˛ [fcc) ’±˚˛Ó¬ÀÚ¬ı˛ õ∂±˚̨       
26 %    Ù¬±“fl¡± º 3 

23º ¬ÛÈ¬±ø˙˚˛±˜ ˜Ò…Àfl¡øffl¡ ‚Úfl¡œ˚˛ Œfl¡˘±¸ [bcc) ·Í¬Ú fl¡À¬ı̨ 
¤¬ı— ¤¬ı˛ ‚ÚQ 0·856 g cm  

! 

"3º ¬ÛÈ¬±ø˙˚˛±˜ Œfl¡˘±À¸¬ı˛ 
¤fl¡fl¡ Œfl¡±¯ ∏-¤¬ı˛ Õ√‚«… ¤¬ı— (110) Ó¬˘¡ZÀ˚˛¬ı˛ ˜ÀÒ… ”√¬ı˛Q 
·ÌÚ±   fl¡èÚ º 3 

24º ˜…±'›À˚˛˘-¤¬ı˛ ^nøÓ¬ ø¬ıÚ…±¸ ¸˜œfl¡¬ı˛Ì ŒÔÀfl¡ ¤fl¡øÈ¬ ·…±¸œ˚̨ 
’Ì ≈¬ı˛ ·Î¬̌ ^nøÓ¬¬ı˛ ·±øÌøÓ¬fl¡ ¬ı˛+¬Û Î¬◊¬Û¬Û±√Ú fl¡èÚ º 3 

25º ø·¬ıƒ¸ [Gibbs]-¤¬ı˛ ≈̃Mê√̇ øMê√¬ı˛ ¸±À¬ÛÀé¬ Œfl¡±ÀÚ± õ∂øSê˚˛±¬ı̨ 
¸±˜… ¤¬ı— ¶§Ó¬–¶£”¬Ó«¬Ó¬±¬ı˛ ˙Ó«¬ øÚÌ«˚˛ fl¡èÚ º 3 

26º ø¬ıÀ˘±˜ Î¬◊¯ûÓ¬± fl¡±Àfl¡ ¬ıÀ˘ ∑ ¤fl¡øÈ¬ ’±√̇ « ·…±À¸¬ı˛ ø¬ıÀ˘±˜ 
Î¬◊¯ûÓ¬± ¸•§Àg ˜ôL¬ı… fl¡èÚ º 3 

27º Ó¬¬ı˛À˘¬ı˛ ¸±fÓ¬± &Ì±Ç fl¡±Àfl¡ ¬ıÀ˘ º ¸±fÓ¬± &Ì±ÀÇ¬ı˛ ¤fl¡fl¡ 
¤¬ı— ˜±S± ø˘‡≈Ú º  3 
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( English Version ) 
Special credit will be given for precise and correct 

answer. Marks will be deducted for spelling 
mistakes, untidiness and illegible handwriting. 
The figures in the margin indicate full marks. 

Group-A 

  Answer any two questions.  10 × 2 = 20 

1. (a) Derive a relation between mean free 

path and collision diameter of a gas. 4 

 (b) What is compressibility factor ? Plot 

compressibility factor (z) against 

pressure for a real gas at various 

temperatures. 4 

 (c) A gas obeys equation     

! 

P  ( V "b  )  =  RT . 

Is it possible to liquefy the gas ? Justify 

your answer. 2 

2. (a) State unit and dimension of surface 

tension of a liquid. 2 

 (b) Explain briefly how the surface tension 

of a liquid is measured by capillary rise 

method and deduce the necessary 

equation. 4 

 (c) A spherical drop of water, 0·4 cm in 

radius is split up into 125 identical tiny 

spherical droplets. Calculate the 

increase in surface energy. 4 

3. (a) Derive the P – V relation for an ideal gas 

undergoing reversible adiabatic 

expansion. 4   

 (b) Prove the equivalence of Clausius and 

Kelvin-Planck's statements of the 

second law of thermodynamics. 3 

 (c) A Carnot engine working between 0˚C 

and 100˚C takes up 840 joules from the 

high temperature reservoir. Calculate 

the work done and the heat rejected. 3 

4. (a) Derive van der Waals equation for         

n moles of a gas. 4 
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 (b) With the help of Andrew's curves show 

how far van der Waals equation 

explains real gas behaviour. 4 

 (c) Find the mathematical expression for 

Boyle's temperature using van der 

Waals equation. 2 

5. (a) Indicate Carnot cycle on a P–V diagram 

showing clearly the steps performed. 

Derive an expression for the efficiency 

of the cycle. 4  

 (b) The number of molecules of mass         

m with speed between c and c + dc is 

given by     

! 

dN = A  . c
2
. e

"mc
2

/2kT
dc . 

  Calculate (i) A and (ii) the most 

probable speed for oxygen molecule at 

25˚C. How does the above distribution 

vary with temperature ? Give a 

graphical representation. 2 + 2 + 2 

6. (a) Deduce Einstein equation for heat 

capacity of solid stating assumptions. 

Show that at high temperature the 

equation is reduced to Dulong-Petit 

Law. 6 

 (b) Is it possible to obtain Bragg Reflection 

from (100) plane of simple cubic 

crystals with edge length 1·5 Å by using 

X-ray with wavelength 3·5 Å ? 4 

Group-B 

  Answer any three questions.  6 × 3 = 18 

7. (a) Write down the equation for the 

distribution of velocity of a gas in one-
dimension. Hence find 

    

! 

(V
x
) for ideal gas 

molecules. Give physical interpretation 

of the result. 4 

 (b) Surface tension of a liquid decreases 

with increase in temperature. Explain. 2  

8. Deduce Gibbs-Helmholtz equation and state 

its applications. 4 + 2 

9. (a) Show that  

   
    

! 

dE

dV

" 

# 
$ 

% 

& 
' 
T

= T 
dP

dT

" 

# 
$ 

% 

& 
' 
V

( P  

   using appropriate Maxwell's relation. 2 

 (b) Show that the work done in an 

isothermal reversible process is greater 

than that of irreversible one. 4 
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10. (a) Two flasks A and B have equal 

volumes. A contains   

! 

H2  and B contains 

an equal mass of   

! 

CH4 . A is maintained 

at 300K while B is maintained at      

600K. Assuming ideal behaviour for the 

gases, answer the following questions : 

  (i) In which flask is the pressure 

greater and by how many times ? 

  (ii) In which flask is the mean free 

path of molecules greater and by 

how many times ? 

  ( The collision diameter of    

! 

CH4  is twice 

that of   

! 

H2  ) 2 + 2 

 (b) Show that for an ideal P – V curve of an 

adiabatic reversible process is steeper 

than the same for an isothermal 

reversible one. 2 

11. (a) Show that 

  

    

! 

µ
j,T

= "
1

C
p

dH

dP

# 

$ 
% 

& 

' 
( 
T

 2 

 (b) Prove : 
    

! 

C
p
"C

v
=  (#

2
VT)/$  

  where, α = coefficient of thermal 

expansion and β = coefficient of 

compressibility. 4 

12. (a)  What is Boyle temperature ? Show that 

a gas obeys the equation     

! 

P  (V "b) = RT  

has no Boyle temperature. 4 

 (b) How does viscosity coefficient of a gas 

vary with temperature ? 2 

13. (a) Write the Bragg equation explaining the 

terms involved. Explain why X-rays and 

not radio waves are suitable for the 

determination of crystal structure. 4 

 (b) Draw the Bravais lattice for a cubic 

system. 2 

14. (a)  Show that decrease in Gibbs free 

energy is a measure of available work. 3 

 (b) Explain with example the meaning of a 

thermodynamically reversible process.  

   3 
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15. Draw schematically a set of experimental as 

well as theoretical P – V isotherms based on 

van der Waals equation for real gas. Explain 

the idea of continuity of state. 2 + 2 + 2 

Group-C 

  Answer any four questions. 3 × 4 = 12 

16. Express the constants a and b in terms of 

critical constants 
    

! 

(P
c
, V

c
, T

c
) of a van der 

Waals gas. 3 

17. Establish a relation between surface tension 

and surface energy of a liquid. 3 

18. Show that Joule-Thomson expansion is an 

isenthalpic process. 3 

19. For 1 mole of (i) ideal gas (ii) hydrogen and 

(iii) ammonia, kept at 27˚C, draw PV vs P 

plots on the same diagram. 3 

20. The viscosity of gases is independent of 

pressure at constant temperature but this 

independency fails at very low pressures. 

Explain. 3 

21. "The Clausius-Clayperon equation is a 

special case of the van't Hoff equation for 

liquid-vapour equilibrium." Justify or 

criticize the statement. 3 

22. Show that the void space in a fcc structure 

is ~ 26 %. 3 

23. Potassium crystallizes with a bcc lattice and 

has density of 0·856 g cm  

! 

"3. Calculate the 

length of unit cell and the distance between 

(110) planes. 3 
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24. Deduce the mathematical expression for 

average speed of a gas molecule from 

Maxwell's speed distribution equation. 3 

25. Find the conditions of equilibrium and 

spontaneity of a process in terms of Gibbs 

free energy. 3 

26. What is inversion temperature ? Comment 

on the inversion temperature of an ideal gas. 

    3 

27. Define coefficient of viscosity of a liquid. 

State its unit and dimension. 3 

    


