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

øÎ¬À¸•§¬ı˛, 2015 › Ê≈ √Ú, 2016 

¬ı˛¸±˚˛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¡] 1 atm ‰¬±¬Û › 273 K Î¬◊¯ûÓ¬±˚˛ 1Œ˜±˘ ’±√̇ « 

·…±À¸¬ı˛ ’±˚˛Ó¬Ú 22·4 L ˝ √√À˘ ¸¬ı«Ê√ÚœÚ ·…±¸ ÒËn∏¬ıfl¡ 

R-¤¬ı˛ ˜±Ú Î¬◊¬Û˚ ≈Mê √ ¤fl¡fl¡ ¸˝ √√ øÚÌ«˚˛ fl¡èÚº S.I. 

¤fl¡Àfl¡ R-¤¬ı˛ ˜±Ú Î¬◊À~‡ fl¡èÚº 4 

 [‡] Œfl¡±Ú ·…±À¸¬ı˛ (d/p) — P Œ˘‡øÈ¬ õ∂fl¡±˙ › ¬ı…±‡…± 

fl¡èÚº     

! 

P " 0  ’¬ı¶ö±˚˛ ¤˝◊ √√ Œ˘‡øÈ¬¬ı˛ &èQ fl¡œ ∑ 4 

 [·] ¤fl¡øÈ¬ ·…±¸     

! 

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

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

˚ ≈øMê√̧ ˝√ √ ¬ı…±‡…± fl¡èÚº 2 

2º [fl¡] ¬Û‘á¬È¬±Ú fl¡œ ∑ ¤¬ı˛ Î¬◊»¬ÛøM√√ fl¡œˆ¬±À¬ı ˝√ √̊ ˛ ∑ ¤¬ı˛ õ∂ˆ¬±À¬ı 

fl¡œ ‚È¬ÀÓ¬ ¬Û±À¬ı˛ ∑ ¤¬ı˛ ¤fl¡fl¡ › ‚±Ó¬ Î¬◊À~‡ fl¡èÚº 4 

 [‡] Ó¬¬ı˛À˘¬ı˛ ˙±ôL ¬ı± Ò±¬ı˛±¬ı±ø˝√√fl¡ [laminar] õ∂¬ı±˝√√ ¬ı˘ÀÓ¬ 

fl¡œ Œ¬ı±Á¡±˚˛ ∑ ¸±fÓ¬± › ¸±fÓ¬± &Ì±Ç fl¡œ ∑ ¸±fÓ¬± 

&Ì±ÀÇ¬ı˛ ‚±Ó¬ › ¤fl¡fl¡ Î¬◊À~‡ fl¡èÚº 4 

 [·] Œfl¡˘±À¸¬ı˛ ˜”˘√ ŒÂ√√ ¸•Ûøfl«¡Ó¬ ¸”SøÈ¬ [Law of 

rational intercept] õ∂fl¡±˙ fl¡èÚº  2 

3º  [fl¡] ¸•Û”Ì« ’¬ıfl¡˘ [exact differential], ’±—ø˙fl¡ 

’¬ıfl¡˘ [partial differential] › ’¬ı¶ö±-’À¬Ûé¬fl¡ 

[state function] fl¡œ, Î¬◊√±˝√ √¬ı˛Ì¸˝√ √ ¬ı…±‡…± fl¡èÚº  5 

 [‡] Ó¬±¬Û·øÓ¬ ø¬ı√…±¬ı˛ õ∂Ô˜ ¸”SøÈ¬ ø¬ı¬ı‘Ó¬ fl¡èÚº ¤¬ı˛ 

·±øÌøÓ¬fl¡ ¬ı˛+¬ÛøÈ¬ õ∂fl¡±˙ fl¡èÚº 3 

 [·] õ∂˜±Ì fl¡èÚ – ’±√̇ « ·…±À¸¬ı˛ Œé¬ÀS ’ˆ¬…ôL¬ı˛œÌ ˙øMê √ 

Œfl¡¬ı˘˜±S Î¬◊¯ûÓ¬±-øÚˆ«¬¬ı˛º 2 
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4º [fl¡] ¬Û¬ı˛±¬ıÓ«¬ [reversible] › ’¬Û¬ı˛±¬ıÓ«¬ [irreversible] 

¬ÛXøÓ¬ ≈√øÈ¬¬ı˛ øfl¡ˆ¬±À¬ı Ó ≈¬˘Ú±      fl¡¬ı˛À¬ıÚ ∑ ¤fl¡øÈ¬ 

¬Û¬ı˛±¬ıÓ«¬, ¬ı˛+XÓ¬±¬Û ¬õ∂¸±¬ı˛√ÀÌ¬ı˛ Œé¬ÀS [’±√̇ « ·…±À¸¬ı˛ 

Ê√Ú…] õ∂˜±Ì fl¡èÚ Œ˚   

! 

PV
"

=  ÒËn∏¬ıfl¡º  

   5 

 [‡] Ê≈ √̆ -Ô˜¸Ú õ∂¸±¬ı˛Ì fl¡œ ∑ Ê≈ √̆ -Ô˜¸Ú &Ì±Ç 
  

! 

µJT( )  -

¤¬ı˛ ·±øÌøÓ¬fl¡ ¸—:± ø√Úº ¤øÈ¬ øfl¡ Ÿ¬Ì±Rfl¡ 
    

! 

µJT < 0( )  

˝√√ÀÓ¬ ¬Û±À¬ı˛ ∑ 3 

 [·] õ∂˜±Ì fl¡èÚ, ¤fl¡øÈ¬ ’±√̇ « ·…±À¸¬ı˛ Œé¬ÀS 

    

! 

"U

"V

# 

$ 
% % 

& 

' 
( ( 
T

= 0  º 2 

   ø¬ıˆ¬±· - ‡¡ 

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

5º [fl¡] ˆ¬…±Ú Î¬±¬ı˛ ›˚˛±˘À¸¬ı˛ ·…±¸ ¸˜œfl¡¬ı˛ÌøÈ¬ ø¬ı¬ı‘Ó¬ fl¡èÚº 

¤˝◊ √√ ¸˜œfl¡¬ı˛ÀÌ ¬ı…¬ı˝√ √+Ó¬ ÒËn∏¬ıfl¡ ≈√øÈ¬¬ı˛ Ó¬±»¬Û˚« › ¤fl¡fl¡ 

Î¬◊À~‡ fl¡èÚº 3 

 [‡¡] ¬ıÀ˚˛˘ Ó¬±¬Û˜±S± 
  

! 

(T
B
)  fl¡œ ∑ ˆ¬…±Ú Î¬±¬ı˛ ›˚˛±˘¸ƒ 

·…±À¸¬ı˛ Œé¬ÀS ¤øÈ¬¬ı˛ ·±øÌøÓ¬fl¡ ¬ı˛+¬ÛøÈ¬ øÚÌ«˚˛ fl¡èÚº  3 

6º [fl¡] P –V Œ˘‡ø‰¬ÀS fl¡±ÀÌ±« ‰¬ÀSê¬ı˛ [Carnot cycle] 

õ∂øÓ¬øÈ¬ Ò±¬Û ¶Û©Üˆ¬±À¬ı ø‰¬ø˝êÓ¬ fl¡èÚº fl¡±ÀÌ±« ˝◊ √√ø?ÀÚ¬ı˛ 

√é¬Ó¬± ¬ı˘ÀÓ¬ fl¡œ Œ¬ı±Á¡±˚˛ ∑ ¤øÈ¬¬ı˛ ¬ı˛±ø˙˜±˘± Î¬◊À~‡ 

fl¡èÚº 4 

 [‡¡] ¤˝◊ √√ ‰¬ÀSê¬ı˛ 
      

! 

q
/
T" = 0-¤¬ı˛ Ó¬±»¬Û˚« fl¡œ ∑ 2 

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

  

! 

< v
x

>[ ]  

˜±Ú øÚÌ«˚˛ fl¡èÚº Ù¬˘±Ù¬À˘¬ı˛ Œˆ¬ÃøÓ¬fl¡ [physical] 

¬ı…±‡…± ø√Úº 4  

 [‡¡] ¶Û˙«Àfl¡±Ì fl¡œ ∑ Â√ø¬ı¸˝√ √ ¬ı…±‡…± ø√Úº 2 

8º [fl¡] Ó¬¬ı˛À˘¬ı˛ ¬Û‘á¬È¬±Ú ¤¬ı— ¬Û‘á¬˙øMê√¬ı˛ ˜ÀÒ… ¸•Ûfl«¡øÈ¬ ¶ö±¬ÛÚ 

fl¡èÚº  3 

 [‡¡] ·…±¸ › Ó¬¬ı˛À˘¬ı˛ ¸±fÓ¬± &Ì±Ç Î¬◊¯ûÓ¬±¬ı˛ ¸±ÀÔ øfl¡ˆ¬±À¬ı 

¬Ûø¬ı˛¬ıøÓ«¬Ó¬ ˝√√̊ ˛ Î¬◊À~‡ fl¡èÚº 3  

9º [fl¡] ¬ıË±ˆ¬±˝◊ √√̧  Ê√±˘fl¡ ¬ı˘ÀÓ¬ øfl¡ Œ¬ı±Á¡±˚˛ ∑ ¤˝◊ √√ Ê√±˘Àfl¡¬ı˛    

¸—‡…± fl¡íøÈ¬ ¬— ı…±‡…± fl¡èÚº  3 
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 [‡¡] Œfl¡˘±¸ Ê √±˘Àfl¡ [lattice) ≈√øÈ¬ ¬Û±˙±¬Û±ø˙ (hkl) 

Ó¬À˘¬ı˛ ”√¬ı˛Q     

! 

(dhkl)-¤¬ı˛ ·±øÌøÓ¬fl¡ ¬ı˛±ø˙˜±˘± øÚÌ«̊ ˛ 

fl¡èÚº 3 

10º [fl¡]  ˆ¬…±Ú Î¬±¬ı˛ ›˚˛±˘¸ƒ ·…±À¸¬ı˛ P – V Œ˘‡øÈ¬ õ∂fl¡±˙ 

fl¡èÚº Œ˘‡øÈ¬¬ı˛ ø¬ıøˆ¬iß ’—À˙¬ı˛ Ó¬±»¬Û˚« ¬ı…±‡…± fl¡èÚº 
   4 

 [‡¡]  ¤fl¡øÈ¬ ’¬ı˚˛¬ı Œfl¡øffl¡ ‚Úfl¡±fl¡±¬ı˛ Œfl¡˘±À¸¬ı˛ ˙Ó¬fl¡¬ı˛± 

fl¡Ó¬ ˆ¬±· Ù“¬±fl¡± Ô±Àfl¡ øÚÌ«˚˛ fl¡èÚº  2 

ø¬ıˆ¬±· - ·¡ 

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

11º¬ ˆ¬…±Ú Î¬±¬ı˛ ›˚˛±˘¸ƒ ·…±À¸¬ı˛ a › b ¤˝◊ √√ ÒËn∏¬ıfl¡ ≈√øÈ¬¬ı˛ ¸±˝√ √±À˚… 

¸—fl¡È¬ ÒËn∏¬ıfl¡ 
    

! 

Pc,  Vc,  Tc( )-¤À√¬ı˛ ˜±Ú õ∂fl¡±˙ fl¡èÚº  

12º fl¡øÍ¬ÀÚ¬ı˛ Ó¬±¬Û¢∂±˝√ √œÓ¬± ¸•Ûøfl«¡Ó¬ ’±˝◊ √√Úà±˝◊ √ √ÀÚ¬ı˛ Ó¬ÀN¬ı˛ ˜”˘ 

õ∂øÓ¬¬Û±√… › ¸œ˜±¬ıXÓ¬± ÚøÔˆ ≈¬Mê √ fl¡èÚº 

13º 1 atm, 300 K, 1 L Ú±˝◊ √√À¬∏C±ÀÊ√Ú ·…±À¸ Œ˜±È¬ ¸—‚ ∏̄ «      

¸—‡…± øÚÌ«˚̨ fl¡èÚº  ’Ì ≈¬ı˛ ¬ı…±¸ = 1·87 × 10  

! 

"8  cm. 

14º 10 atm ‰¬±À¬Û, 300 K Î¬◊¯ûÓ¬±˚˛ 1 mol ’±√̇ « ·…±¸Àfl¡ 

¬ı˛+XÓ¬±¬Û ¬ÛXøÓ¬ÀÓ¬, ¶ö±˚˛œ ¬ıø˝√√–‰¬±À¬Û¬ı˛ ø¬ıèÀX 10 atm ŒÔÀfl¡ 

1 atm ‰¬±À¬Û õ∂¸±ø¬ı˛Ó¬ fl¡¬ı˛± ˝√√˘º ‰”¬Î¬ˇ±ôL Î¬◊¯ûÓ¬±,   

! 

"U  › W -

¤√¬ı˛ ˜±Ú øÚÌ«˚̨ fl¡èÚº 

15º õ∂˜±Ì fl¡èÚ – 
    

! 

µJ"T = "
1

CP

#H

#P

$ 

% 
& & 

' 

( 
) ) 
T

 

16º õ∂˜±Ì fl¡èÚ – 
  

! 

"U

"V

# 

$ 
% % 

& 

' 
( ( 
T

= T
"P

"T

# 

$ 
% % 

& 

' 
( ( 
V

) P   

17º ¬ıË±À·¬ı˛ [Bragg] ¸˜œfl¡¬ı˛ÌøÈ¬ ø˘‡≈Ú ¤¬ı— ¬Û√&ø˘ ¬ı…±‡…± 

fl¡èÚº ¤˝◊ √√ ¸˜œfl¡¬ı˛ÌøÈ¬¬ı˛ Î¬◊¬ÛÀ˚±ø·Ó¬± fl¡œ ∑ 

18º ¬1 cc ’±˚˛Ó¬ÀÚ¬ı˛ ¤fl¡øÈ¬ Ó¬¬ı˛˘ ŒÙ“¬±È¬±Àfl¡ [drop] 10  

! 

"4cm 

¬ı…±¸±ÀÒ«¬ı˛ fl¡À˚˛fl¡øÈ¬ ŒÙ“¬±È¬±˚˛ ˆ¬±„√ √± ˝ √√íÀ˘ ˙øMê√¬ı˛ øfl¡ ¬Ûø¬ı˛¬ıÓ«¬Ú 

˝√√À¬ı ∑ [ 

! 

" = 71·2 dynes cm  

! 

"1 ] 

19º Œfl¡±Úƒ ˙ÀÓ«¬ øÚÀ•ß¬ı˛ ¸˜œfl¡¬ı˛Ì&ø˘ ˜±Ú…Ó¬± ¬Û±˚˛ Î¬◊À~‡ fl¡èÚ – 

  (i)     

! 

"U = 0  ( Ó¬±¬Û·øÓ¬ø¬ı√…±¬ı˛ õ∂Ô˜ ¸”S ) 

 (ii)     

! 

"S > 0  ( Ó¬±¬Û·øÓ¬ø¬ı√…±¬ı˛ ø¡ZÓ¬œ˚˛ ¸”S ) 

 (iii)  ( Ó¬±¬Û·øÓ¬ø¬ı√…±¬ı˛ ø¡ZÓ¬œ˚˛ ¸”S )  
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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) Volume of one mole of an ideal gas at            

1 atm pressure and 273 K temperature  

is 22·4 L. Find the value with proper 

unit of the universal gas constant R. 

  Mention its value in S.I. unit. 4 

 (b) Give the (d/p) vs P diagram for a gas 

and explain. Give its significance at 

    

! 

P " 0  condition. 4 

 (c) A gas follows the equation 

    

! 

P(V " b) = RT . Explain with argument 

whether the gas can be liquefied or not.  

   2 

2. (a) What is 'surface tension' ? Give its 

origin and the probable effect. Mention 

its dimension and unit. 4 

 (b) What do you mean by 'laminar flow' of 

a liquid ? What are viscosity and 

viscosity coefficient ? Mention the unit 

and dimension of the coefficient. 4 

 (c) State the law with respect to rational 

intercept' of crystal. 2  

3. (a) What are exact differential, partial 

differential and state function ? Explain 

with example. 5   

 (b) State the first law of thermodynamics. 

Mention its mathematical form. 3 

 (c) Establish that internal energy of an 

ideal gas depends on T (temperature) 

only. 2 

4. (a) Compare between reversible and 

irreversible changes. Establish that for 

a reversible, adiabatic expansion by an 

ideal gas     

! 

PV
"
 = constant. 5 
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 (b) What is Joule-Thomson expansion. 

Give the mathematical definition of 
Joule-Thomson co-efficient 

    

! 

(µ
JT

) . Can it 

      

! 

(µ
JT

< 0)  be negative ? 3 

 (c) Establish that for an ideal gas 

    

! 

"U

"V

# 

$ 
% % 

& 

' 
( ( 
T

= 0 . 2 

Group-B 

  Answer any three questions.  6 × 3 = 18 

5. (a) State the van der Walls equation of 

state for a gas. Mention the significance 

and the units of the constants used in 

the equation. 3  

 (b) What is Boyle temperature 
  

! 

TB( ) ? 

Deduce the mathematical expression of 
Boyle temperature (  

! 

TB ) for a van der 

Walls gas. 3 

6. (a) Give the P –V diagram for Carnot cycle 

mentioning each step clearly. What is 

efficiency of a Carnot engine ? Give its 

expression. 4 

 (b) 
      

! 

q
/
T" = 0 for the above cycle. What 

does it signify ? 2 

7. (a) Give the expression of one dimensional 

velocity distribution of an ideal gas. 

Hence find the value of average 

velocity  

! 

< vx >. Give the physical 

interpretation of the result. 4 

 (b) Explain with diagram : 'contact angle'. 2  

8. (a) Establish the relation between surface 

tension and surface energy. 3 

 (b) How does viscosity coefficient change 

with temperature for a liquid and for a 

gas ? Mention. 3 

9. (a) What is Bravais lattice ? Explain the 

number of such lattice. 3 

 (b) Establish the expression for the 

distance     

! 

(dhkl)  between two successive 

(hkl) planes in the crystal lattice. 3 

10. (a) Give the P – V diagram of a van der 

Walls gas. Explain the significance of 

the different regions of the curve. 4 

 (b) Find the percentage of empty space (%) 

of a face-centered cubic crystal. 2 
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Group-C 

  Answer any four questions. 3 × 4 = 12 

11. Express the critical constants 
    

! 

Pc,  Vc,  Tc( ) 

in terms of the van der Waals constants a    

and b.  

12. Mention the main idea of Einstein about 

heat capacity of solid. Also mention its 

limitation. 

13. Find the total collision number of molecules 

in 1L nitrogen gas at 1 atm, 300 K.  

 [ diameter of molecule  = 1·87 × 10  

! 

"8  cm ]. 

14. 1 mol of ideal gas taken at 10 atm, 300 K is 

expanded adiabatically against a constant 

pressure of 1 atm. Find the final 

temperature,   

! 

"U  and W for the process.  

15. Prove that : 

    

! 

µJ"T = "
1

CP

#H

#P

$ 

% 
& & 

' 

( 
) ) 
T

 

16. Prove that : 

  

! 

"U

"V

# 

$ 
% % 

& 

' 
( ( 
T

= T
"P

"T

# 

$ 
% % 

& 

' 
( ( 
V

) P . 

17. Write the Bragg's equation. Explain the 

terms of the Bragg's equation. Mention the 

utility of this equation. 

18. A single drop of a liquid of 1 cc volume is 

broken into a number of smaller drops, each 

of equal radius of 10  

! 

"4cm. Find the change 

in energy. [ 

! 

" = 71·2 dynes cm  

! 

"1 ] 

19. Mention the condition in which the following 

relations are valid : 

 (i)     

! 

"U = 0  ( first law of thermodynamics ) 

 (ii)     

! 

"S > 0  ( second law of thermodynamic ) 

 (iii)  (second law of thermodynamic ).  

    


