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ÿoˆÁTˆEı YÁPˆy‘] (B.D.P.) 
◊`l˘Á[˝bÔÁ‹ô̂  YÃ[˝›l˘Á ( Term End Examination ) :  

◊Qˆ„a∂ëˆÃ[˝, 2015 C L«X, 2016  

YVÁUÔ◊[˝VÓÁ ( Physics ) 
B◊¨K˜Eı YÁPˆy‘] ( Elective ) 

Yá˚] Yy ( 5th Paper : Heat and Thermodynamics ) 
a]Ã^  f V«c˜O H≥RÙOÁ  Y…SÔ]ÁX  f 50 
Time : 2 Hours  Full Marks : 50 

  ]Á„XÃ[˝ mÃ[˝”±ºˆ  f 70% 
  Weightage of Marks : 70% 
 

Y◊Ã[˝◊]Tˆ C ^UÁ^U =w¯„Ã[˝Ã[˝ LXÓ ◊[˝„`b ]…_Ó ÂVCÃ^Á c˜„[˝* 
%£à˘ [˝ÁXÁX, %Y◊Ã[˝¨K˜~TˆÁ A[˝e %Y◊Ã[˝õıÁÃ[˝ c˜ÿôˆÁl˘„Ã[˝Ã[˝ Âl˘‰y X∂ë̂ Ã[˝ 

ÂEı‰ªRÙO ÂXCÃ^Á c˜„[˝* =YÁ„‹ôˆ Y“‰`¬Ã[˝ ]…_Ó]ÁX a…◊ªJÙTˆ %Á‰ªK˜* 

Special credit will be given for accuracy and relevance 
in the answer. Marks will be deducted for incorrect 

spelling, untidy work and illegible handwriting. 
The weightage for each question has been 

indicated in the margin. 

 

1* Â^-ÂEıÁ„XÁ V«◊ªRÙO Y“‰ ¬̀Ã[˝ =w Ã̄[˝ ◊VX  f 10 × 2 = 20 

Eı) %X«◊]◊Tˆm◊_ =‰{F Eı„Ã[˝ ]ÓÁjC„Ã^„_Ã[˝ %ÁS◊[˝Eı V–”◊Tˆ 

[˝≥RÙOX a…y◊ªRÙO Y“◊TˆúˆÁ EıÃ[˝”X A[˝e TˆÁÃ[˝ ÂU„Eı `◊N˛ [˝≥RÙOX 

a…y◊ªRÙO Y“◊TˆúˆÁ EıÃ[˝”X * 7  + 3 

F) i) ÂEıÁ„XÁ PVT Tˆ„‹óˆÃ[˝ LXÓ 
V

aT 33
=β  A[˝e  

  
V
bk =  c˜„_ %[˝ÿöˆÁÃ[˝ a]›EıÃ[˝S◊ªRÙO ◊XSÔÃ̂  EıÃ[˝”X * 

 ii) ÂVFÁX Â^ AEı◊ªRÙO Eı„l˘ E ıb’ [˝ÿô«ˆ ◊[˝◊EıÃ[˝„SÃ[˝ `◊N˛Ã[˝ 

HX±ºˆ %X„Yl˘ TˆÁY]ÁyÁÃ[˝ ªJÙT«ˆUÔ HÁ„TˆÃ[˝ 

a]ÁX«YÁ◊TˆEı * 4  + 6 

G) i) ◊G[˝Àa-AÃ[˝˝ ÂZıL (phase) Ã[˝”_◊ªRÙO =VÁc Ã̃[˝S 

ac˜„^Á„G Â[˝ÁMıÁX * 

 ii) =¨JÙ y‘„]Ã[˝ V`Á‹ôˆÃ[˝ [˝_„Tˆ ◊Eı Â[˝ÁMıÁÃ^ ? 

 iii) Â[˝Áa HX›\ˆ[˝X ◊Eı [˝ÓÁFÓÁ EıÃ[˝”X * 2  + 2 + 6 

H) i) ÂEıÁÃ^Á≥RÙOÁ] aeFÓÁÃ^„SÃ[˝ V«◊ªRÙO Yà˘◊TˆÃ[˝ ]…_ YÁUÔEıÓ 

◊Eı ? EıFX Ac Õ V«◊ªRÙO aeFÓÁÃ̂ S C aXÁTˆX 

aeFÓÁÃ^„S ÂEıÁ„XÁ YÁUÔEıÓ UÁ„Eı XÁ ?  

 ii) Â[˝Áa aeFÓÁÃ^S Y“„Ã^ÁG Eı„Ã[˝ E ıb’ [˝ÿô«ˆ ◊[˝◊EıÃ[˝„SÃ[˝ 

Y¿ÓÁ·¯ a…y◊ªRÙO Y“◊TˆúˆÁ EıÃ[˝”X * 2  + 2 + 6 

2* Â^-ÂEıÁ„XÁ ◊TˆX◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 6 × 3 = 18 

Eı) GÓÁ„aÃ[˝ TˆÁY Y◊Ã[˝[˝Á◊c˜TˆÁ·¯ k, aÁ≥V–TˆÁ·¯ η C ◊ÿöˆÃ[˝ 

%ÁÃ^Tˆ„X %Á„Y◊l˘Eı TˆÁY VC  AÃ[˝ ]„W˝Ó a+EÔı 

VCk η=  YÃ[˝›l˘Á •ÁÃ[˝Á a]◊UÔTˆ c˜Ã^ ◊Eı ? XÁc˜„_ 

a…y◊ªRÙO„Eı ◊Eı\ˆÁ„[˝ ae„`ÁW˝X EıÃ[˝„_ A◊ªRÙO YÃ[˝›l˘Á_ï˘ Zı„_Ã[˝ 

a„Ü a«aeGTˆ c Ã̃^ ? 6 
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F) %Ác˜OX∫RÙOÁc Õ„XÃ[˝ Tˆ„√º¯Ã[˝ aÁc˜Á„^Ó ÂEıÁ„XÁ TˆÃ[˝_ ÂEıÁ_Ã^QˆÁ_ 

V–[˝„SÃ[˝ [˝ÿô«ˆEıSÁÃ[˝ AEıEı a]„Ã^ GQÕˆ [˝GÔ aÃ[˝S TˆÁY]ÁyÁÃ[˝ 

=YÃ[˝ ◊Eı\ˆÁ„[˝ ◊X\ˆ¤Ã[˝ Eı„Ã[˝ ÂVFÁX * 6 

G) ◊G[˝aÀ-AÃ[˝ E…ıªRÙOÁ\ˆÁa ◊Eı ? ÂEı]X Eı„Ã[˝ TˆÁ ◊XÃ[˝aX EıÃ[˝Á 

aïˆ[˝ * 6 

H) c˜O◊t„XÃ[˝ E ı◊Tˆ mSÁ·¯ [˝_„Tˆ ◊Eı Â[˝ÁMıÁÃ^ ? ÂVFÁX Â^ V«◊ªRÙO 

◊X◊V¤rÙ =b’TˆÁÃ^ TˆÁY›Ã^ =d„aÃ[˝ ]„W˝Ó EıÁ^ÔÃ[˝Tˆ EıÁ„SÔÁ 

c Õ◊t„XÃ[˝ E ı◊Tˆ mSÁ·¯ a[˝‰ªJÙ„Ã̂  Â[˝◊` * 2 + 4 

I¯) zı◊aÃ̂ Áa-zıÓÁ„YÃ[˝X a]›EıÃ[˝S =YYÁVX EıÃ[˝”X * L„_Ã[˝ 

=YÃ[˝ ªJÙÁY 1 atm. ÂU„Eı [˝Á◊QÕ̂ „Ã̂  1·6 atm. EıÃ[˝„_ 

◊c˜]Á„·¯Ã[˝ ◊Eı Y◊Ã[˝[˝T ¤̂X c˜„[˝ ?  

 ( [˝Ã[˝Zı G_„XÃ[˝ _›X TˆÁY 80 cal/gm )  4 + 2 

ªJÙ) %[˝l˘Ã^› c˜O„_EıÆœÙX GÓÁa Tˆ„‹óˆÃ[˝ LXÓ ZıÁ◊]Ô `◊N˛ÿôˆ„Ã[˝Ã[˝ 

Ã[˝Á◊`]Á_Á ◊XSÔÃ̂  EıÃ[˝”X * 

3* Â^-ÂEıÁ„XÁ ªJÙÁÃ[˝◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 3 × 4 = 12 

Eı) ◊[˝◊EıÃ[˝„SÃ[˝ ªJÙÁY P C ◊[˝◊EıÃ[˝„SÃ[˝ `◊N˛ HX±º̂  u c˜„_ 

ÂVFÁX Â^ 
3
uP =  * 3 

F) \ˆÓÁX QˆÁÃ[˝ CÃ̂ Á_aÀ GÓÁ„aÃ[˝ Ã[˝”à˘TˆÁY Y◊Ã[˝[˝Tˆ¤„XÃ[˝ LXÓ 

Y“]ÁS EıÃ[˝”X Â^ VCRbVT /)( −  = W˝–”[˝Eı * 3 

G) a]ÁX ªJÙÁY C TˆÁY]ÁyÁÃ[˝ c˜Ác˜O‰QŒˆÁ„LX C XÁc˜O‰ÆœÙÁ„LX 

GÓÁa Ã[˝ÁFÁ %Á‰ªK˜ * H 2  A[˝e N 2  %S«Ã[˝ [˝ÓÁa ^UÁy‘„]  

2·5 × 10 10−  m  A[˝e  3·5 × 10 10−  m  c˜„_ 

=N˛ GÓÁa V«◊ªRÙOÃ[˝ aÁ≥V–TˆÁ„·¯Ã[˝ %X«YÁTˆ ◊XSÔÃ^ EıÃ[˝”X * 3 

H) Y“]ÁS EıÃ[˝”X Â^ ÂEıÁ„XÁ ◊X◊V¤rÙ =b’TˆÁÃ^ [˝ÿô«ˆÃ[˝ =daL¤X 

l˘]TˆÁ C %[˝„`ÁbS l˘]TˆÁÃ[˝ %X«YÁTˆ AEı◊ªRÙO W˝–”[˝Eı A[˝e 

A◊ªRÙO AEı◊ªRÙO %ÁV Ồ E ıb’ [˝ÿô«ˆÃ[˝ =daL¤X l˘]TˆÁÃ[˝ a]ÁX * 

   3 

I¯) Y“]ÁS EıÃ[˝”X Â^ \ˆÓÁX QˆÁÃ[˝À CÃ^Á_aÀ GÓÁ„aÃ[˝ Âl˘‰y 
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ªJÙ) ÂVFÁX Â^ Âc˜_]„c˜Á_ªªRÀÙOL ]«N˛ `◊N˛  

 F  =  
TPI
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 3 

ªK˜) Y“]ÁS EıÃ[˝”X Â^ %X«dy‘]S›Ã̂  Y“◊y‘Ã̂ ÁÃ[˝ (Irreversible 

change) Âl˘‰y ]c˜Á◊[˝„`üÃ[˝ Â]ÁªRÙO AXÆœÙ◊YÃ[˝ [˝ ◊à˘ H‰ªRÙO * 

   3 

L) %◊TˆÍ`TˆÓ a ◊rÙ„Tˆ Ã[˝”à˘TˆÁY ◊[˝ªJ«Ù∂ëˆEıS-AÃ[˝ \…ˆ◊]EıÁ 

%Á„_ÁªJÙXÁ EıÃ[˝”X* 3 
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( English Version ) 

 

 

1. Answer any two questions : 10 × 2 = 20 

a) Stating the assumptions deduce Maxwell’s 

distribution law of molecular speed and 

hence find the energy distribution law. 

   7 + 3 

b) i) For a PVT system,  
V

aT 33
=β  and  

  
V
bk = . Find out the equation of state. 

 ii) Prove that the energy density of black 

body radiation in a cavity is 

proportional to the fourth power of 

absolute temperature. 4 + 6 

c) i) Explain Gibbs’ phase rule with 

example. 

 ii) What is meant by higher order phase 

transition ? 

 iii) Explain Bose condensation. 2 + 2 + 6 

d) i) What is the main difference between 

the two quantum statistics ? When 

will there be no difference between 

these two statistics and the classical 

statistics ? 

 ii) Applying Bose Statistics establish 

Planck’s law of black body radiation. 

   2 + 2 + 6 

2. Answer any three questions : 6 × 3 = 18 

a) Is the relation VCk η= , between thermal 

conductivity k, coefficient of viscosity η and 
specific heat at constant volume VC , 

experimentally verified ? If not, how this 

relation is to be corrected so that it 

corroborates with the experimental results. 

   6 

b) Show with the help of Einstein’s theory, 

how the mean square displacement of the 

particles of a colloidal solution depends on 

the temperature. 6 

c) What is Gibbs paradox ? How can it be 

resolved ? 6 
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d) What do you mean by the efficiency of an 
engine ? Show that the efficiency of a 
Carnot engine operating between two heat 
reservoirs maintained at two fixed 
temperatures is the maximum. 2 + 4 

e) Deduce Claussius-Clapeyron equation. 
Calculate the change in freezing 
temperature of water when the pressure is 
increased from 1 atm. to 1·6 atm. ( Latent 
heat of melting of ice is 80 cal/gm ) 4 + 2 

f) Obtain an expression for the Fermi energy 
in degenerate electron gas system. 

3. Answer any four questions : 3 × 4 = 12 

a) Show that the pressure of radiation ( P ) is 
related to the energy density u through the 

relation  
3
uP = . 3 

b) Show that for adiabatic transformation of a 
van dar Waals gas  

 VCRbVT /)( −  = constant. 3 

c) Hydrogen and Nitrogen gases are 
maintained at equal temperature and 
pressure.  If  the  molecular  diameters  of  
H 2   and  N 2   are  2·5 × 10 10−   m   and 

3·5 × 10 10−  m  respectively, find the ratio 
between the coefficient of viscosities of the 
two gases. 3 

d) Establish that at any fixed temperature the 

ratio of emissive power to absorptive power 

of a substance is constant and is equal to 

the emissive power of a perfectly black 

body. 3 

e) Show that for a van dar Waals gas  
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f) Show that Helmholtz free energy  
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g) Prove that the total entropy of the universe 

is increasing during an irreversible change. 

    3 

h) Discuss the role of adiabatic 

demagnetization to produce extra low 

temperature.  3 

    
 


