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BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination
December, 2018
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PHYSICS

BPHE-106/PHE-06 : THERMODYNAMICS AND
STATISTICAL MECHANICS

Time : 2 hours ’ Maximum Marks : 50

" Note: All questions are compulsory. However, internal
choices are given. You can use calculators or log
tables. Symbols have their usual meanings. Marks

for each question are indicated against it.

1. Answer any three parts : - 3x5=15

(a) What do you understand by phase space ?
Draw the phase space for a linear harmonic
oscillator of energy E and angular frequency

«. What is the area of the phase space ?

(b) Define mean free path of the molecules of a
gas. Show that it is equal to 1/nnd?, where n
is the number of molecules per unit volume -

and d is the diameter of a molecule.
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3.

(c) Explain zeroth law of thermodynamics. How
does it lead to the concept of temperature ?
(d) State Gibb’s phase rule. Show that at the

triple point of water, the values of
temperature and pressure are fixed.

. . PR
Derive Ehrenfest’s equation for a second-order

phase transition :

ap_ % "%

AT ~ VT@®, - B,)
where Cpl and C Py are respectively, the heat
-capacities at constant pressure for the initial and
final phases, while f; and B, are respectively, the
isochoric volume expansivities for the initial and

final phases. 5
OR

Write down the Van der Waal’s equation of state
for real gases. Using it, obtain the reduced
equation of state. What is its significance ? 1+3+1

Answer any fwo parts : 2x5=10

(a) State the four processes involved in a Carnot
cycle and show them on the P-V and T-S
diagrams. Write the expression for the
efficiency of a reversible Carnot engine.

What conclusions can be drawn from it ? 3+1+1
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(b) Write down the expression for the pressure
exerted by the gas molecules on the walls of
a container in terms of density of gas. .
Calculate the root mean square velocity of
hydrogen molecules at STP, given the
density of hydrogen = 009 kg m3. 243

(¢) What are isothermal and adiabatic
processes ? Starting from the first law of
thermodynamics, prove that

ou _
(ﬁl, = Gp-paV

where the notations | have their wusual
meanings, o being the volume expansion
coefficient. ' 2+3

4. An ideal gas consists of N particles. The energy
of each particlé of the system in terms of its
" momentum pk is E = pc, where c is a constant.
Calculate the partition function, Z; internal
energy, U and heat capacity at constant volume,

_Cv of the system. 7+2+1

OR

What do you understand by Brownian motion ?
Derive Einstein’s formula for the mean square
displacement of a Brownian particle. ‘ 2+8
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5. (a) What is a thermocouple ? How is it used
to measure temperature ? State its

limitations. 1+2+42

(b) A metal wire of length 3 m and area of
cross-section 3 x 1078 m? is suspended from a
torsion head. Its length is increased by
hanging a weight of 10 kg at the free end.
Calculate the work done on the wire. Young’s
modulus of the wire is 2 x 10! Nm~2. 5

OR

Write down Maxwell’s thermodynamic relations.
Using these relations, derive the first and second
energy equations showing, respectively, the
volume and pressure dependence of internal

energy, at constant temperature. 4+6
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