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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) ÂVFÁX Â^ ÂEıÁ„XÁ %ÁV`Ô GÓÁ„aÃ[˝ ªJÙÁY P, HX±ºˆ ρ A[˝e 

%S«m◊_Ã[˝ ]…_ ]W˝Ó [˝GÔ Â[˝G c c˜„_ 

  P  =  2
3
1 cρ  

 %ÁÃ[˝C ÂVFÁX Â^ AEı Â]Á_ %ÁV`Ô GÓÁ„aÃ[˝ Â]ÁªRÙO `◊N˛ E 

c˜„_ T  TˆÁY]ÁyÁÃ^ 

  E  =  RT
2
3 , 

 R  c˜_ aÁ[˝ÔLX›X GÓÁa W˝–”[˝Eı * 6 + 4 

F) %ÁV`Ô GÓÁ„aÃ[˝ GTˆ›Ã^ Tˆ√º¯ ÂU„Eı GÓÁ„aÃ[˝ aÁ≥V–TˆÁ·¯ A[˝e 

TˆÁY Y◊Ã[˝[˝Á◊c˜TˆÁ„·¯Ã[˝ ]„W˝Ó  a+EÔı Y“◊TˆúˆÁ EıÃ[˝”X * 

ALXÓ Y“„Ã^ÁLX›Ã^ %X«]ÁXm◊_ a«&rÙ\ˆÁ„[˝ ◊_F«X * 10 

G) ]c˜ÁEıÓÁX◊XEıÁ_ a]Á„[˝„ Ã̀[˝ mÃ[˝”±ºˆ a]◊rÙ ÂU„Eı 

]ÓÁjC„Ã^_-Â[˝Á_LÀ]ÓÁX, Â[˝Áa-%Ác ÕX∫RÙOÁc˜OX A[˝e ZıÁ◊]Ô-

◊QˆÃ[˝ÁEı aeFÓÁÃ^X Y◊Ã[˝ªJÙÁ◊_Tˆ EıSÁm◊_Ã[˝ [˝≥RÙOX a…y ◊XSÔÃ̂  

EıÃ[˝”X * 10 

H) i) ◊ÿö̂ Ã[˝ TˆÁ„Y ae„EıÁªJÙX`›_TˆÁ k, HX±ºˆ ρ  A[˝e 

%ÁÃ^TˆX Y“aÁÃ[˝S mSÁ·¯ β  c˜„_ Y“]ÁS EıÃ[˝”X Â^ 
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 ii) %ÁV`Ô GÓÁ„aÃ[˝ Âl˘‰y ÂVFÁX Â^ k = 
p
1  A[˝e 

T
1

=β  . 

 iii) ÂEıÁ„XÁ PVT Tˆ„‹óˆÃ[˝ LXÓ 
V

aT 33
=β   A[˝e  

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

   3 + 3 + 4 
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I¯) TˆÁYG◊Tˆ◊[˝VÓÁÃ[˝ Y“U] a…y ÂU„Eı ÂVFÁX Â^ ÂEıÁ„XÁ %ÁV`Ô 

GÓÁ„aÃ[˝ Ã[˝”à˘TˆÁY Y◊Ã[˝[˝Tˆ¤„XÃ[˝ LXÓ  

  vp CC −  =  nR   A[˝e 

  γPV  =  W –̋”[˝Eı, 

 ◊ªJÙc˜‘m◊_ aÁW˝ÁÃ[˝S %UÔ [˝c˜X Eı„Ã[˝ * 
 AÃ[˝ ÂU„Eı [˝ÁÃ^«]≥Qˆ„_Ã[˝ =b’TˆÁ ª=¨JÙTˆÁÃ[˝ a„Ü ÂEı]X\ˆÁ„[˝ 

Y◊Ã[˝[˝◊Tˆ¤Tˆ c˜Ã^ TˆÁ ◊XSÔÃ^ EıÃ[˝”X * 3 + 3 + 4 

ªJÙ) i) %‰ªRÙOÁ aÁc˜O„Eı_ [˝SÔXÁ EıÃ[˝”X A[˝e TˆÁÃ[˝ EıÁ^ÔVl˘TˆÁ 

◊XSÔÃ^ EıÃ[˝”X * 

 ii) AEı◊ªRÙO Y“◊Tˆ[˝Tˆfi c Õ◊t„XÃ[˝ T-S ◊ªJÙy ÂVCÃ^Á c˜_ * 

EıÁ^ÔVl˘TˆÁ ◊XSÔÃ̂  EıÃ[˝”X * 

 
   3 + 3 + 4 

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

Eı) Y“]ÁS ªJÙÁY C TˆÁY]ÁyÁÃ^ GÓÁ„aÃ[˝ %S«Ã[˝ GQÕˆ %[˝ÁW˝ YU 

300 nm * GÓÁ„aÃ[˝ Y“]ÁS ªJÙÁY C TˆÁY]ÁyÁÃ^ HX±ºˆ 

180 kg/m 3  A[˝e %S«Ã[˝ \ˆÃ[˝ 8 × 10 27− kg c˜„_ 

%S«Ã[˝ [˝ÓÁaÁW Ô̋ ◊XSÔÃ̂  EıÃ[˝”X * Y“„Ã^ÁLX›Ã̂  a…y◊ªRÙO =YYÁVX 

EıÃ[˝”X * 3 + 3 

F) ÂEıÁ„XÁ GÓÁ„aÃ[˝ %[˝ÿöˆÁÃ[˝ a]›EıÃ[˝S  

 p = p 0 ( 1 + αT – βv ) ; vC =  W –̋”[˝Eı, ÂVFÁX Â^ 

Ã[˝”à˘TˆÁY Y“◊y‘Ã^ÁÃ[˝ LXÓ  

 vC ln T + α p 0 V =  W –̋”[˝Eı * 6 

G) Ê∫RÙOÁEıaÀ-AÃ[˝ a…y ÂU„Eı [ –̋Á=◊XÃ^ G◊TˆÃ[˝ LXÓ ÂVFÁX Â^ 

 τ
πη

=ξ
rN

RT

A 3
12 , ^FX  η = ]ÁW˝Ó„]Ã[˝ aÁ≥V–TˆÁ·¯, 

r  =  EıSÁÃ[˝ [˝ÓÁaÁW˝Ô,  v = EıSÁÃ[˝ G◊Tˆ„[˝G,  ξ  =  EıSÁÃ[˝ 

aÃ[˝S,  AN  = %ÓÁ„\ˆÁGÁ‰QŒˆÁ aeFÓÁ A[˝e τ = a]Ã^ * 6 

H) ÂEıÁXÁ GÓÁ„aÃ[˝ %[˝ÿöˆÁÃ[˝ a]›EıÃ[˝S  

 RTbV
V
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3/5
 c˜„_ aeEıªRÙO 

TˆÁY]ÁyÁ C aeEıªRÙO ªJÙÁ„YÃ[˝ Ã[˝Á◊`]Á_Á ◊XSÔÃ̂  EıÃ[˝”X * 

   3 + 3 

I¯) 4 ◊ªRÙO %◊\ˆ~ EıSÁ„Eı EıTˆÃ[˝Eı] Yà˘◊Tˆ„Tˆ 4 ◊ªRÙO `◊N˛ÿôˆ„Ã[˝ 

◊[˝XÓÁa EıÃ[˝Á aïˆ[˝ ^FX EıSÁm◊_ (i) ◊ªJÙÃ[˝ÁÃ^Tˆ EıSÁ,    

(ii)  Â[˝ÁaX,  (iii) ZıÁ◊]ÔÃ̂ X ? 2 × 3 
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ªJÙ) TˆÁY a+◊EÔıTˆ mSÁ·¯m◊_  
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1  ^FX 0V  C 0p  ^UÁy‘„] GQÕ̂  

%ÁÃ^TˆX C GQÕˆ ªJÙÁY c˜„_ α, β C γ-Ã[˝ ]„W˝Ó a+EÔı 

Y“◊TˆúˆÁ EıÃ[˝”X * AÃ[˝ LXÓ Y“„Ã^ÁLX›Ã^ GÁ◊S◊TˆEı a+EÔı 

◊XSÔÃ̂  EıÃ[˝”X * 3 + 3 

ªK˜) ÂEıÁ„XÁ =VÍÿöˆ◊TˆEı Tˆ„‹óˆÃ[˝ LXÓ Âc˜_„]Á_dL ]«N˛ `◊N˛ 

F c˜„_ ÂVFÁX Â^  
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. 3 + 3 

L) L«_-U]aX Y“◊y‘Ã̂ Á„Tˆ =dy‘] =b’TˆÁ EıÁ„Eı [˝„_ ? 

ÂEıÁ„XÁ GÓÁ„aÃ[˝ %[˝ÿöˆÁÃ[˝ a]›EıÃ[˝S  

 P ( V – b ) =  RVTaRTe /− , ^FX  a, b V«◊ªRÙO 

W˝–”[˝Eı * GÓÁa◊ªRÙOÃ[˝ =dy‘] =b’TˆÁ ◊XSÔÃ̂  EıÃ[˝”X * 6 

Mı) ◊∫RÙO„ZıX-Â[˝Á_L]ÓÁ„XÃ[˝ ◊[˝◊EıÃ[˝„SÃ[˝ a…y Y“◊TˆúˆÁ EıÃ[˝”X * 6 

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

Eı) ÂEıÁ„XÁ GÓÁ„aÃ[˝ %S«Ã[˝ GQÕˆ %[˝ÁW˝ YU 5 Âa◊] c˜„_ EıTˆ 

`TˆÁe` %S«Ã[˝ %[˝ÁW˝ YU 5 Âa◊] ÂU„Eı 6 Âa◊]-AÃ[˝ ]„W˝Ó 

c˜„[˝ ?  3 

F) %◊j„LX %S«„Eı ^◊V V«◊ªRÙO ◊[˝≥V«\ˆÃ[˝ C AEı◊ªRÙO aÃ[˝_ 

\ˆÃ[˝c˜›X ◊&“e •ÁÃ[˝Á ^«N˛ ◊c˜„a„[˝ Y“EıÁ` EıÃ[˝Á c Ã̃^, TˆÁc˜„_ 

TˆÁÃ[˝ ÿë̂ ÁW˝›XTˆÁÃ[˝ ]ÁyÁ EıTˆ ? 3 

G) V«◊ªRÙO AEı YÁÃ[˝]ÁS◊[˝Eı GÓÁ„aÃ[˝ YÁÃ[˝]ÁS◊[˝Eı \ˆÃ[˝ 1A  C 

2A  c˜„_ TˆÁ„VÃ[˝ TˆÁY Y◊Ã[˝[˝Á◊c˜TˆÁ„·¯Ã[˝ %X«YÁTˆ  
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= , ^FX 1η  C 2η  TˆÁ„VÃ[˝ aÁ≥V–TˆÁ·¯, 

Y“]ÁS EıÃ[˝”X * 3 

H) V«◊ªRÙO %S«Ã[˝ ]„W˝Ó ◊ÿöˆ◊Tˆ`◊N Ą̃[˝ Ã[˝Á◊`]Á_Á 
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 aÁ]ÓÁ[˝ÿöˆÁÃ^ %S«V«◊ªRÙOÃ[˝ ]„W˝Ó V…Ã[˝±ºˆ EıTˆ ? AFÁ„X ∈ C σ 

V«◊ªRÙO W˝–”[˝Eı * 3 

I¯) Y“]ÁS EıÃ[˝”X Â^ \ˆÓÁX QˆÁÃ[˝ CÃ^Á_Àa GÓÁ„aÃ[˝  
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ªJÙ) %Á[˝Tˆ¤„XÃ[˝ LXÓ ÂEıÁÃ^Á≥RÙOÁ] Tˆ√º¯ÁX«aÁ„Ã[˝ mÃ[˝”±ºˆ a]◊rÙ ◊XSÔÃ^ 

EıÃ[˝”X * 3 

ªK˜) 21 , TT  C  3T   TˆÁY]ÁyÁÃ^ ÂZı◊]Ô-◊Q Ã̂[˝ÁEı [˝≥RÙO„XÃ[˝ ◊ªJÙy 

%·¯X EıÃ[˝”X ( )K0123 =>> TTT . 3 

L) AEı◊ªRÙO TˆÁY^«„GΩÃ[˝ V«c Õ Y“Á„‹ôˆÃ[˝ ]„W˝Ó TˆÁY]ÁyÁÃ[˝ YÁUÔEıÓ 

700°C c˜„_ Tˆ◊QÕ̂ ¨JÙÁ_Eı [˝„_Ã[˝ ]ÁX 2·3 × 10 2− V 

A[˝e 500°C c˜„_ 1·7 × 10 2− V * TˆÁY^«„GΩÃ[˝ 1C C 

2C -Ã[˝ ]ÁX ◊XSÔÃ̂  EıÃ[˝”X * 3 

Mı) ÂVFÁX Â^ L«_-U]aX ◊y‘Ã̂ ÁÃ[˝ Âl˘‰y Y“ÁU◊]Eı C %◊‹ô̂] 

%[˝ÿöˆÁÃ^ AXUÓÁ_◊YÃ[˝ ]ÁX a]ÁX * 3 

A’) L„_Ã[˝ P-T  ◊ªJÙy %·¯X Eı„Ã[˝ ËyW˝ ◊[˝≥V«Ã[˝ %[˝ÿöˆÁX ◊X„V¤` 

EıÃ[˝”X * 3 

ªRÙO) ◊[˝◊Eı˝Ã[˝„SÃ[˝ ªJÙÁY aey‘Á‹ôˆ [˝Á„T ¤̂Á◊_Ã[˝ EıÁî◊XEı YÃ[˝›l˘Á◊ªRÙO 

[˝SÔXÁ EıÃ[˝”X * 3 

Pˆ) %ÓÁ„]Á◊XÃ^ÁÃ[˝ Eı◊PˆX C TˆÃ[˝_ %[˝ÿöˆÁÃ[˝ LXÓ [˝ÁπYªJÙÁY 

(P, ◊]◊] YÁÃ[˝Vÿô̂ „ï Ã̂[˝ ªJÙÁY AEı„Eı ) C (T ÂEı_◊\ˆX 

AEı„Eı ) a+EÔı ^UÁy‘„] ln P = 23·03 – 3754/T 

C ln  P = 19·49 – 3063/T, ËyW˝ ˝◊[˝≥V«„Tˆ ªJÙÁY C 

TˆÁY]ÁyÁ ◊XSÔÃ̂  EıÃ[˝”X * 3 

 

( English Version ) 

 

 

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

a) Show that for an ideal gas with pressure P, 

density ρ and root mean square velocity of 

the molecules c, 

  P  =  2
3
1 cρ  

 Show also that for one mole of ideal gas the 

total energy E at temperature T is given by  

 E  =  RT
2
3 , where R is universal gas 

constant. 6 + 4 

b) From the kinetic theory of ideal gases 

establish a relation between the viscosity 

and thermal conductivity. State clearly the 

assumptions. 10 

c) Derive the distributions for particles 

obeying Maxwell-Botzmann, Bose-Einstein 

and Fermi-Dirac statistics from grand 

canonical functions. 10 
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d) i) If bulk modulus at constant 

temperature is k, density is ρ and 

volume expansion coefficient is β, 

then show that 

  
Tp

k ⎟⎟
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⎞
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⎝

⎛
∂
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ρ
=

1 and  
pT
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⎞
⎜
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⎛
∂
ρ∂
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 ii) Show that for an ideal gas k = 
p
1  and 

T
1

=β  . 

 iii) For a PVT system, 
V
aT 33

=β   and  

V
bk = . Find out the equation of 

state. 3 + 3 + 4 

e) From the first law of thermodynamics, 

show that, for adiabatic change of an ideal 

gas, 

  vp CC −  =  nR  and  

  γPV  =  constant, 

 where the symbols carry their usual 

meaning. From the results find out how the 

temperature of the atmosphere varies with 

height. 3 + 3 + 4 

f) i) Describe Otto cycle and find out its 

efficiency. 

 ii) The T-S diagram for a reversible 

engine is given below. Find out its 

efficiency. 

 

   3 + 3 + 4 

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

a) The mean free path of the molecules of a 

gas is 300 nm at STP. At STP the density of 

the gas is 180 kg/m 3 and the mass of a 

molecule is 8 × 10 27− kg. Estimate the 

radius of the molecule. Deduce the 

necessary formula. 3 + 3 

b) The equation of state of a gas is given by 
p = p 0 ( 1 + αT – βv ) ; vC = constant.  

 Show that for adiabatic process  

 vC ln T + α p 0 V = constant. 6 
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c) Starting from Stokes law, show that for 

Brownian motion  τ
πη

=ξ
rN

RT

A 3
12 , where 

η = coefficient of viscosity of the medium, 
r  = radius of the particles, v = velocity of 
the particles, ξ  =  displacement  of  the 
 particle, AN  = Avogadro number and 

τ  =  time. 6 

d) Find out expressions for critical 
temperature and critical pressure for a gas 
whose equation of state is given by 

 RTbV
V

aP =−⎟
⎟
⎠

⎞
⎜
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⎛
+ )(

3/5
. 3 + 3 

e) Find out the number of ways for 4 identical 
particles that can be distributed in 4 energy 
levels when the particles are (i) classical 
particles,  (ii) bosons and (iii) fermions. 

   2 × 3 

f) The coefficients related to heat are given by 
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1  where 0V  and 0p  are 

average volume and pressure, respectively. 
Establish a relation between α, β and γ. 
Deduce the necessary mathematical 
relation for it. 3 + 3 

g) If for a hydrostatic system Helmholtz free 

energy is F, then show that 

 i) S  =  – 
vT
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⎠
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h) What is inversion temperature in Joule-

Thomson effect ? If the equation of state of 

a gas is given by P ( V – b ) =  RVTaRTe /−  

where a and b are constants, find out the 

inversion temperature of the gas. 6 

i) Establish Stefan-Boltzmann law of 

radiation. 6 

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

a) If the mean free path of gas molecules is 

5 cm, what percentage of the molecules will 

have a free path between 5 cm and 6 cm ? 

   3 
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b) If the oxygen molecule is represented by 

two mass points connected by a massless 

straight spring, what will be its number of 

degrees of freedom ? 3 

c) If two monatomic gases have atomic masses 

1A  and 2A , the ratio of their thermal 

conductivities is given by  
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2
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A

k
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= , where 1η  and 2η  are their 

coefficients of viscosities. Prove it. 3 

d) The potential energy between two molecules 

is given by the expression 
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 What is the equilibrium distance between 

the two molecules ? Here ∈ and σ are two 

constants. 3 

e) Prove that for a van der Waals gas,  

 0=⎟⎟
⎠

⎞
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∂
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T

v
V
C

. 3 

f) Find the partition function due to rotation 

in quantum theory. 3 

g) Sketch the Fermi-Dirac distribution 

function at temperatures 21 , TT  and  3T  

( )K 0123 =>> TTT . 3 

h) The emf of a thermocouple is 2·3 × 10 2− V 

when the temperature difference between 

the two ends is 700°C and 1·7 × 10 2− V 

when the difference is 500°C. Find out 1C

and 2C for the thermocouple. 3 

i) Show that enthalpy values for the initial 

and final states are the same for a Joule-

Thomson effect. 3 

j) Draw the P-T diagram for water and 

indicate the triple point. 3 

k) Describe the imaginary experiment of 

Bartoli related to radiation pressure. 3 
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l) The pressure ( P in mm of Hg column ) and 

temperature ( T in K ) for solid and liquid 

phases of ammonia are given by the 

relations ln P = 23·03 – 3754/T and  

 ln  P = 19·49 – 3063/T, respectively. Find 

out the pressure and the temperature at 

the triple point. 3 

    
 


