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1. (a) Outline the essential features of the

kinetic theory of gases. Derive an

expression for the pressure of an ideal

gas on the basis of kinetic theory of

gases. 2+5=7
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(b) The critical temperature and pressure of 

CO2  is 31 °C and 73 atmospheres

respectively. Assuming that CO2  obeys

van der Waals’ gas equation, estimate

the diameter of CO2  molecule. 3

Or

(a) Discuss briefly the considerations that

led van der Waals’ to modify the gas

equation of state. Hence deduce

van der Waals’ gas equation. 2+5=7

(b) Show that for an adiabatic process, 

PV g = constant. 3

2. (a) Explain absolute or thermodynamic

scale of temperature. Show that in the

thermodynamic scale of temperature,

any two temperatures are in the same

ratio as the quantities of heat absorbed

and rejected by Carnot’s reversible

engine operating between these two

temperatures. 5

(b) Entropy of an isolated system remains

constant or increases according as it

undergoes reversible or irreversible

changes. Explain. 3

(c) A Carnot engine has the same efficiency

between 1000 K and 500 K and between 

x K and 1000 K (temperature of sink).

Calculate x. 2
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5. (a) Establish the relation : 5
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(b) Using the definition of G-functions,

evaluate the integrals : 5
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4. (a) Define the following with one example of 

each : 3

(i) Hermitian matrix

(ii) Unitary matrix

(iii) Orthogonal matrix

(b) Justify that A A A A× = ×( ) ( )adj adj , where

A =
-

é

ë
ê

ù

û
ú

1 2

3 5 3

(c) Find the inverse of the matrix

cos sin

sin cos

q q

q q-

é

ë
ê

ù

û
ú

4

Or

(a) Find the eigenvalues and eigenvectors of 

the following matrix : 5

0

0

-é

ë
ê

ù

û
ú
i

i

(b) Using the matrix method, solve the

following algebraic equations : 5

x y z

x y z

x y z

+ + =

- + =

+ - =

2 3 10

2 3 1

3 2 9
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Or

(a) Deduce the Maxwell’s four

thermodynamic relations by using

thermodynamic potentials. 6

(b) Deduce the Clausius-Clapeyron latent

heat equation. 3

(c) State the Zeroth law of thermo-

dynamics. 1

3. (a) If u x= +2 3, v y= - 4, w z= + 2 ; show

that u, v, w are orthogonal and find ds2

and the metrical coefficients h1, h2 , h3 . 4

(b) If f is a scalar field and 
r
A, a vector field,

find the value of 
r r
Ñ × f( )A . 3

(c) Define contravariant tensor. Show that

the velocity of a fluid at any point is a

contravariant vector of rank one. 1+2=3

Or

(a) Show that the Kronecker delta is a

mixed tensor of rank two. 3

(b) Derive an expression for the divergence

in terms of orthogonal curvilinear

coordinates. 3

(c) Prove that

curl curl grad( )f = f + f ´
r r r
A A A 4
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( Marks : 25 )

The figures in the margin indicate full marks for the questions

SECTION—I

( Marks : 10 )

Put a Tick (3) mark against the correct answer in the
brackets provided : 1×10=10

1. Molecules of an ideal gas have

(a) only potential energy   (  )

(b) only kinetic energy   (  )

(c) both potential and kinetic energy   (  )

(d) no energy   (  )

/264
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2. Two gases have equal reduced pressure and reduced
temperature, then

(a) the gas having larger molecular weight will have
larger reduced volume   (  )

(b) the gas having larger molecular weight will have
smaller reduced volume   (  )

(c) two gases will have same reduced
pressure   (  )

(d) No conclusion can be drawn about reduced
volume   (  )

3. The thermodynamic process which takes place at
constant temperature is called

(a) isothermal process   (  )

(b) adiabatic process   (  )

(c) isobaric process   (  )

(d) isochoric process   (  )

( 2 )
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4. Net work done by a Carnot’s reversible heat engine
per cycle is equal to

(a) the area included between isothermal at T1 and
volume axis   (  )

(b) the area included between isothermal at T2 and
volume axis   (  )

(c) the area included between two isothermals and
two adiabatics   (  )

(d) zero   (  )

5. If three surfaces u = constant, v = constant and
w = constant intersect at a point P, then the values of 
u, v and w at P are called

(a) coordinate surfaces of the point P   (  )

(b) curvilinear coordiantes of the point P   (  )

(c) coordinate curves of the point P   (  )

(d) loci of the point P   (  )

PHY/II/EC/03 (CBCS)/264
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6. If Amn is a skew-symmetric tensor of second order

and B m is a tensor of rank one, then A B Bmn
m n is

equal to

(a) ¥   (  )

(b) -1   (  )

(c) 0   (  )

(d) 1   (  )

7. The determinant of a square matrix A is 10, then the
determinant of the transpose of A is

(a) -10   (  )

(b) 10   (  )

(c)
1

10
   (  )

(d) -
1

10
   (  )

( 4 )
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8. If AQ be the conjugate transpose of a matrix A, then 

( )AQ Q is equal to

(a) A A- Q   (  )

(b) A A+ Q   (  )

(c) A   (  )

(d) –A   (  )

9. Given that G G G( ) ( )3
5

2
5

æ
è
ç

ö
ø
÷ = C , then the value of C is

(a) p   (  )

(b)
p

2
   (  )

(c)
p

22
   (  )

(d) 
p

24
  (  )

( 5 )
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10. The value of G G( ) ( )1 1+ -m m  is

(a)
m

m

p

psin
   (  )

(b)
p

psinm
   (  )

(c)
p

pm msin
   (  )

(d) 
sin( )

sin( )

1

1

-

+

m

m

p

p
  (  )

( 6 )
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SECTION—II

( Marks : 15 )

Answer any five of the following questions : 3×5=15

1. What do you mean by law of corresponding states?

PHY/II/EC/03 (CBCS)/264
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2. Using the kinetic theory of gases, derive the perfect
gas equation.

PHY/II/EC/03 (CBCS)/264
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3. Derive an expression for entropy of one mole of a
perfect gas in terms of temperature T and volume V.

( 9 )
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4. State and explain first law of thermodynamics.

( 10 )
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5. If 
r
r xi yj zk= + +$ $ $, show that 

r
Ñ =r r$.
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6. Show that curl grad f of a scalar function f is always
zero.

( 12 )
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7. Show that every square matrix can uniquely be
expressed as the sum of a symmetric matrix and a
skew-symmetric matrix.

( 13 )
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8. Show that any matrix A can be uniquely expressed
as H iH1 2+ , where H1 and H2 are both Hermitian.

( 14 )
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9. Using the definition of G-function, prove that 
G G( ) ( )n n n+ =1 .

( 15 )
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10. Using the definition of b-function, show that 
b b( , ) ( , )m n n m= .

H H H

( 16 )
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