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Q1 b) refer chapter 2



Q1 c) a partition function describes the statistical properties of a system in thermodynamic
equilibrium. Partition functions are functions of the thermodynamic state variables, such as
the temperature and volume. Most of the aggregate thermodynamic variables of the system,
such as the total energy, free energy, entropy, and pressure, can be expressed in terms of the
partition function or its derivatives. The partition function is dimensionless, it is a pure
number.

Q1 d) the temperature required to produce liquid helium is low because of the weakness of
the attractions between the helium atoms. These interatomic forces in helium are weak to
begin with because helium is a noble gas, but the interatomic attractions are reduced even
more by the effects of quantum mechanics. These are significant in helium because of its low
atomic mass of about four atomic mass units. The zero point energy of liquid helium is less if
its atoms are less confined by their neighbors. Hence in liquid helium, its ground state energy
can decrease by a naturally occurring increase in its average interatomic distance. However at
greater distances, the effects of the interatomic forces in helium are even weaker.

Because of the very weak interatomic forces in helium, the element remains a liquid at
atmospheric pressure all the way from its liquefaction point down to absolute zero. Liquid
helium solidifies only under very low temperatures and great pressures. At temperatures
below their liquefaction points, both helium-4 and helium-3 undergo transitions to super
fluids.

Q1 e) refer chapter 2
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Q1 h) Diatomic gases

A diatomic gas can be modeled as two masses, m1 and m2, joined by a spring of stiffness a,
which is called the rigid rotor-harmonic oscillator approximation.[19] The classical energy of
this system is
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Where pl and p2 are the momenta of the two atoms, and q is the deviation of the inter-
atomic separation from its equilibrium value. Every degree of freedom in the energy is
quadratic and, thus, should contribute 1/2kBT to the total average energy, and 1/2kB to the
heat capacity. Therefore, the heat capacity of a gas of N diatomic molecules is predicted to be
7N-1/2kB: the momenta p1 and p2 contribute three degrees of freedom each, and the
extension g contributes the seventh. It follows that the heat capacity of a mole of diatomic
molecules with no other degrees of freedom should be (7/2)Naks = (7/2)R and, thus, the
predicted molar heat capacity should be roughly 7 cal/(mol-K).

Extreme relativistic ideal gases

Equipartition was used above to derive the classical ideal gas law from Newtonian mechanics.
However, relativistic effects become dominant in some systems, such as white dwarfs and
neutron stars and the ideal gas equations must be modified. The equipartition theorem
provides a convenient way to derive the corresponding laws for an extreme relativistic ideal
gas. In such cases, the kinetic energy of a single particle is given by the formula

Hyin = cp = c‘,*,.-“'-p% +p? + pl.
Taking the derivative of H with respect to the p, momentum.compeanent gives the formula
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and similarly for the p, and p; components. Adding the three components together gives
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Where the last equality follows from the equipartition formula. Thus, the average total energy
of an extreme relativistic gas is twice that of the non-relativistic case: for N particles, it is 3
NksT

Q2 a) refer book.
Q2 b)






Q3 b)
Draw the gr ropy vs temperature and energy vs temperature; from graphs we can
infer the negative and positive temperature

Q4 a) refer chapter 2
Q4 b)

Q5 a)refer chap 2

Q5 b)refer your book

Q6 a)
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Qéb)

Q7 a)refer book
Q7b)refer your text book

The number of particles in the ground state NV, 1s given by
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Fig. 15.1 Distribution of bosons as a function of temperature below and above the
Bose-Einstein condensation temperature.

Q8 a)refer chapter-5
Q8 b)
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Q9:refer cha}pter 5
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