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According to (he Equipartition Theorem, al temperature T, the average encrgy of any quadratic degres of
freedom is %H‘ where & is the Baltzmann’s constanl. Fora ¢, molecule st high temperature, give

all possible temperature-dependent forms of energy and count the degrees of freedom for each form of
energy, 1f a syslem containing & molecules of &, what is its wia) thermal energy?  {15%)

What are the contenls of lhe four (the zeroth, the first, the second, and the (hird) basic laws of
thermodynamics?  From the first law of thermodynamics and the ideal gas law, detive the Poisson's
relations.  And, based on the second law of thermadynamics in terms of entropy, defing the reversibly
and immeveizible processes.  (30%)

What are the differences betwesn an isothermal compression process and an adiabatic COMPression
process?  Also, illustrate both processes on o PV diapram, (] 5%

The entropy () of on ideal pas depends on ils volume (¥), energy (L9, and number of particles (A0,

which can be expressed by a simplified equation as S= Mk In¥ + Mk In u# . FEN) where f(N) isa
function of &, MNow consider an ideal gas in a chamber, which oceupies only half of the volume
wnitially. A) If the gas expands to the whole volume of the chamber by a quasisiatic jsothermal
expansion pracess, how much does its entrapy change? B) If, instead, by 2 process of free expanzion,
how much does its entropy chenge? C) Whal are the differsnces between 1wo pracesses in A) and B)?
(20%)

Assuming Lhe thermodynamic process is quasistalic, the work required (o compress/expand an ideal gas

¥ . -1 .
isothermally from volume ¥ to ¥, is MeT Ini-j-, however, it is found thai TF’  =constant if the
¥
gas is compressed/expanded adiabatically (¢ is the ratio of heat capacities), For a Camol heal engine,

il the working substance is an ideal gas, show that the engine's eificiency e = 1—%— where ¥, and
A

T, are lemperaluras at the cold and hot reservoirs, respectivaly,  (20%)



