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ÿoˆÁTˆEı YÁPˆy‘] ◊`l˘Á[˝bÔÁ‹ôˆ YÃ[˝›l˘Á 

 ( BDP Term End Examination ) 

◊Qˆ„a∂ëˆÃ[˝, 2017 C L«X, 2018 (December-2017 & June-2018) 

B◊¨K˜Eı YÁPˆy‘] ( Elective Course ) 

YVÁUÔ◊[˝VÓÁ ( Physics ) 
Yá˚] Yy (5th Paper) 

Heat and Thermodynamics : EPH-5 
a]Ã^  f ªV«c˜O H∞RÙOÁ ( Time : 2 Hours ) 

Y…SÔ]ÁX  f 50 (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∂ëˆÃ[˝ 

ÂEı‰ªRÙO ÂXCÃ^Á c˜„[˝* =YÁ„‹ôˆ Y“‰`¬Ã[˝ ]…_Ó]ÁX a…◊ªJÙTˆ %Á‰ªK˜* 
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. 
 
1* Â^-ÂEıÁ„XÁ V«◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 10 × 2 = 20 

Eı) i) [˝Áÿôˆ[˝ GÓÁ„aÃ[˝ LXÓ %[˝ÿöˆÁÃ[˝ a]›EıÃ[˝„S ◊•Tˆ›Ã^ 

◊\ˆ◊Ã[˝Ã^Á_ mSÁ·¯ Y^Ô‹ôˆ W˝„Ã[˝ ◊X„Ã^ ◊ÿöˆÃ[˝ %ÁÃ^Tˆ„XÃ[˝ 

GÓÁa UÁ„]ÔÁ◊]ªRÙOÁ„Ã[˝Ã[˝ Âl˘‰y =b’TˆÁÃ[˝ ae„`ÁW˝„XÃ[˝ 

LXÓ AEı◊ªRÙO Ã[˝Á◊`]Á_Á ◊XSÔÃ^ EıÃ[˝”X * %X«]ÁXm◊_ 

&rÙ\ˆÁ„[˝ ◊[˝[˝ Tˆ EıÃ[˝„Tˆ c˜„[˝ * 5 

 ii) ÂVFÁX Â^ 
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  Â^FÁ„X ◊ªJÙc˜‘m◊_ Y“ªJÙ◊_Tˆ %UÔ [˝c˜X Eı„Ã[˝ * 5 

F) i) ÂVFÁX Â^ ◊[˝◊EıÃ[˝„SÃ[˝ ªJÙÁY p = 3
u  , ^FX u  c˜_ 

◊[˝◊EıÃ[˝„SÃ[˝ HX±ºˆ * 5 

 ii) E ıb’[˝ÿô«ˆÃ[˝ ◊[˝◊EıÃ[˝„SÃ[˝ Âl˘‰y ◊∫RÙOZıÁX-„[˝Á_dL]ÁX 

a…y Y“]ÁS EıÃ[˝”X * 5 

G) i) %ÁV`Ô GÓÁ„aÃ[˝ GTˆ›Ã^ Tˆ„√º¯Ã[˝ ªJÙÁÃ[˝◊ªRÙO mÃ[˝”±ºˆY…SÔ 

Â]Ï◊_Eı %Ü›EıÁÃ[˝ ◊[˝[˝ Tˆ EıÃ[˝”X * 2 

 ii) %ÁV`Ô GÓÁ„aÃ[˝ LXÓ ]ÓÁjC„Ã^„_Ã[˝ %ÁS◊[˝Eı Â[˝G 

[˝≥RÙO„XÃ[˝ a…y ◊XSÔÃ^ EıÃ[˝”X * 8 

H) i) n-aeFÓEı %◊\ˆ~ Â[˝ÁaX„Eı EıTˆ =YÁ„Ã^ m  `◊N˛ 

ÿôˆ„Ã[˝ Ã[˝ÁFÁ ^Á„[˝ ◊XSÔÃ^ EıÃ[˝”X * 3 

 ii) TˆÁYG◊TˆEı aÁ]ÓÁ[˝ÿöˆÁÃ^ Â[˝ÁaX„VÃ[˝ Âl˘‰y 

ÂEıÁÃ^Á≥RÙOÁ] [˝≥RÙOX a…y ◊XSÔÃ^ EıÃ[˝”X * ÂEıÁXÀ Âl˘‰y 

TˆÁ aXÁTˆX Y◊Ã[˝aeFÓÁ„XÃ[˝ [˝≥RÙOX a…‰yÃ[˝ XÓÁÃ^ c˜„[˝ 

ÂVFÁX * 5 + 2 
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2* Â^-ÂEıÁ„XÁ ◊TˆX◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 6 × 3 = 18 

Eı) AEı◊ªRÙO ◊ÿöˆÃ[˝ ◊[˝≥V« a„]Tˆ =b’TˆÁ ]ÁYEı Âïı„_Ã[˝ Âl˘‰y 

ÂEıÁXÀ ◊[˝≥V«◊ªRÙO„Eı ◊ÿöˆÃ[˝ ◊[˝≥V« W˝„Ã[˝ ÂXCÃ^Á c˜Ã^ ? Ac˜O ◊[˝≥V«Ã[˝ 

=b’TˆÁ 500 ◊Qˆ◊G– W˝Ã[˝„_ [˝ÿô«ˆÃ[˝ =b’TˆÁ T ( X )-AÃ[˝ ]ÁX 

x-AÃ[˝ aÁ„Y„l˘ ◊XSÔÃ^ EıÃ[˝”X * ÂVCÃ^Á %Á‰ªK˜ x-AÃ[˝ ]ÁX 

[˝ÿô«ˆÃ[˝ =b’TˆÁÃ[˝ a]ÁX«YÁ◊TˆEı c˜Á„Ã[˝ Y◊Ã[˝[˝◊Tˆ¤Tˆ c˜Ã^ * Ac˜O 

Âïı„_ L„_Ã[˝ ◊c˜]Á·¯ C G_XÁ„·¯Ã[˝ ]ÁX EıTˆ ? 

  1 + 3 + 2 

F) TˆÁYG◊Tˆ◊[˝VÓÁÃ[˝ ◊•Tˆ›Ã^ a…‰yÃ[˝ Âl˘‰y ÂEı_◊\ˆX-Y¿Á·¯ C 

zı◊aÃ^Á„aÃ[˝ ◊[˝[˝ ◊Tˆ ◊_F«X * ÂVFÁX Â^ ◊[˝[˝ ◊Tˆ V«◊ªRÙO 

a]T«ˆ_Ó * 3 + 3 

G) i) TˆÁYG◊Tˆ◊[˝VÓÁÃ[˝ Y“U] a…y ÂU„Eı ÂVFÁX 
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  Â^FÁ„X ◊ªJÙc˜‘m◊_ Y“ªJÙ◊_Tˆ %UÔ [˝c˜X Eı„Ã[˝ *  

 ii) \ˆÓÁX QˆÁÃ[˝ CÃ^Á_a GÓÁ„aÃ[˝ Â]Á_ÁÃ[˝ %Á‹ôˆÃ[˝`◊N˛  

  u ( T, V ) = 2
3 RT – 

v
a ,  

  Â^FÁ„X a  W˝–”[˝Eı * A◊ªRÙO [˝Ó[˝c˜ÁÃ[˝ Eı„Ã[˝ 

vp CC − -Ã[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X * 3 + 3 

H) ◊X‰∂oˆÃ[˝ TˆÁYG◊Tˆ◊[˝VÓÁÃ[˝ a+EÔım◊_ Y“]ÁS EıÃ[˝”X f 
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 Â^FÁ„X F Âc˜_]„c˜Á_d„LÃ[˝ ]«N˛ `◊N˛ %„Yl˘Eı A[˝e 

S  AXÆœÙ◊Y * 6 

I¯) AEı◊ªRÙO %ÁV`Ô GÓÁ„aÃ[˝ LXÓ P = 2
3
1 cρ  Y“]ÁS EıÃ[˝”X * 

AFÁ„X P ªJÙÁY, ρ  GÓÁ„aÃ[˝ HX±ºˆ A[˝e 2c   c˜_ ]…_ GQÕ̂  

[˝GÔ Â[˝G * Y“]ÁS ªJÙÁY C TˆÁY]ÁyÁÃ^ ÂEıÁ„XÁ GÓÁ„aÃ[˝ 

1 ◊_ªRÙOÁ„Ã[˝Ã[˝ CLX 0·18 g c˜„_ GÓÁ„aÃ[˝ %S«Ã[˝ ]…_ GQÕ̂  

[˝GÔ Â[˝G EıTˆ ? 4 + 2 

ªJÙ) i) ªJÙÃ[˝] `…XÓ TˆÁY]ÁyÁÃ^ c˜O„_EıÆœÙ„XÃ[˝ ÂZı◊]Ô `◊N˛ C 

ÂZı◊]Ô \ˆÃ[˝„[˝„GÃ[˝ Ã[˝Á◊`]Á_Á ◊XSÔÃ^ EıÃ[˝”X * 

 ii) 021 => TT  Ac˜O V«c˜O TˆÁY]ÁyÁÃ^ ÂZı◊]Ô-◊QˆÃ[˝ÁEı 

[˝≥RÙO„XÃ[˝ ªK˜◊[˝ %ÁgE«ıX * 
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3* Â^-ÂEıÁ„XÁ ªJÙÁÃ[˝◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 3 × 4 = 12 

Eı) ◊X‰∂oˆÃ[˝ ◊ªJÙ‰y Y“◊Tˆ aÁc˜O„Eı„_ E ıTˆEıÁ„^ÔÃ[˝ Y◊Ã[˝]ÁS EıTˆ ? 3 

ª  

F) zıÁ◊aÃ^Á„aÃ[˝ =YYÁVÓ ÂU„Eı ÂVFÁX Â^ ◊[˝◊¨K˜~ Tˆ„‹óˆÃ[˝ 

AXÆœÙ◊Y a[˝ÔVÁ [˝ ◊à˘ YÁÃ^ * 3 

G) AEı◊ªRÙO ÂYÆœÙ_ c˜O◊t„XÃ[˝ ae„EıÁªJÙ„XÃ[˝ ]ÁyÁÃ[˝ %X«YÁTˆ 

1 : 7 * GÓÁ„aÃ[˝ ÂYgÁÃ^Áa W˝–”[˝Eı 1·38 c˜„_ c˜O◊t„XÃ[˝ 

a„[˝ÔÁ¨JÙ EıÁ^ÔVl˘TˆÁ ◊XSÔÃ^ EıÃ[˝”X * 3 

H) ÂVFÁX Â^ Ã[˝ÁaÁÃ^◊XEı ◊[˝◊y‘Ã^ÁÃ[˝ aÁ]ÓÁ[˝ÿöˆÁÃ^ ◊G[˝a ]«N˛ 

%„Yl˘„EıÃ[˝ ]ÁX V«c˜O V`ÁÃ[˝ Âl˘‰y a]ÁX *  3 

I¯) ËyW˝ ◊[˝≥V« EıÁ„Eı [˝„_ ? L„_Ã[˝ P-T ◊ªJÙy Ag„Eı ◊[˝◊\ˆ~ 

V`Á C ËyW˝ ◊[˝≥V« ÂVFÁX * 1 + 2 

ªJÙ) ◊X‰ªJÙÃ[˝ GÓÁ„aÃ[˝ Âl˘‰y ÿëˆÁW˝›XTˆÁÃ[˝ ]ÁyÁ EıTˆ ? 

 i) He 
 ii) 2H  

 iii) CO 2  ( ÈÃ[˝◊FEı %S« ) 

 [˝ÓÁFÓÁ EıÃ[˝”X * 3 

ªK˜) EıTˆ =YÁ„Ã^ 3◊ªRÙO c˜O„_EıÆœÙX„Eı 6◊ªRÙO `◊N˛ÿôˆ„Ã[˝ ◊[˝XÓÿôˆ EıÃ[˝Á 

^ÁÃ^ ? a…y◊ªRÙO ◊XSÔÃ^ EıÃ[˝„Tˆ c˜„[˝ * 3 

L) EıÓÁ„XÁ◊XEıÁ_ a]Á„[˝„`Ã[˝ LXÓ ÂVFÁX Â^ a„[˝ÔÁ¨JÙ 

aïˆÁ[˝XÁ]Ã^ [˝≥RÙO„XÃ[˝ LXÓ  
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( English Version ) 
 
 

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

a) i) Assuming the equation of state for a 
real gas up to the second virial 
coefficient, find out an expression for 
temperature correction in a fixed 
volume gas thermometer clearly 
maintioning the assumptions . 5 

 ii) Show that   
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  where the symbols carry their usual 
meanings. 5 

b) i) Show that radiation pressure is given 

by  p = 3
1  u  where u is the density of 

radiation. 5 

 ii) For radiation from a black body, prove 
the Stefan-Boltzmann law. 5 

c) i) Write down four important premises 
of kinetic theory for an ideal gas. 2 

 ii) Deduce the Maxwell law for velocity 
distribution for molecules of an ideal 
gas. 8 

d) i) Find out in how many ways can n 

identical bosons be distributed among 

m levels. 3 

 ii) Find out the distribution of particles 

for bosons in thermodynamic 

equilibrium following quantum 

statistics. Show the limit at which it 

will tend to the results of classical 

statistics. 5 + 2 

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

a) For a scale of temperature with one fixed 

point, which point is taken to be fixed ? If 

the fixed point is taken to be 500°, find out 

the temperature of a body T ( X ) as a 

function of x. Given that x varies linearly 

with temperature. Find out the freezing 

point and the boiling point of water in this 

scale. 1 + 3 + 2 

b) Write down the statements of Kelvin-Planck 

and Clausius for the second law of 

thermodynamics. Show that they are 

equivalent. 3 + 3 
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c) i) Show, from the first law of 

thermodynamics 
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  where the symbols carry their usual 

meanings. 

 ii) In case of van der Waals gas, the 

molar internal energy is  

  u ( T, V ) = 2
3 RT – 

v
a , where a is a 

constant. Using this relation evaluate 

vp CC − . 3 + 3 

d) Prove the thermodynamic relations : 
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 where F is the Helmholtz free energy and 

S  the entropy. 6 

e) Show that for an ideal gas P = 2
3
1 cρ  

where 2c  is the root mean square velocity, 
P the pressure and ρ  the density. At 

standard pressure and temperature, one 
litre of a gas weighs 0·18 gm. What is the 
root mean square velocity of the gas ? 4 + 2 

f) i) Find out expressions for Fermi energy 
and Fermi momentum for electrons at 
absolute zero temperature. 

 ii) Draw the Fermi-Dirac distribution at 
two temperatures  021 => TT . 

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

a) What is the work done per cycle ? 3 

 
b) Show, using Clausius theorem, that the 

entropy of an isolated system always 
increases. 3 

c) A petrol engine has the compression ratio 
1 : 7. Assuming the Poisson constant for 
the gas to be 1·38, find out the maximum 
efficiency of the engine. 3 
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d) Show that in a chemical reaction in 

equilibrium the Gibbs free energy for the 

two phases are the same. 3 

e) What is triple point ? Draw the P-T diagram 

for water indicating the different phases 

and the triple point. 1 + 2 

f) What are the number of degrees of freedom 

for the following gases ? 

 i) He 
 ii) 2H  

 iii) CO 2  ( Linear molecules ) 

 Explain. 3 

g) In how many ways can three electrons be 

distributed among six energy levels ? 

Deduce any formula you use. 3 

h) Show that for a Canonical ensemble the 

maximum probable distribution is given by 
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