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8 J/(K - mol) ~ 0.08 L - atm/(K - mol)

10° Pa ~ 1 atm
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1. Provide an equation or two and define terms.

(a} (4 pts) State the First Law of Thermodynamics as it applies to the universe and
to the system (two equations).
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(b} (2 pts) Define reversible work in terms of its thermodynamic variables (one equa- S dorg to
tion). G .
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(c) {4 pts) Define the fwo conditions for a eritical point of a single component fluid
(two equations).
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2. (10 pts) The internal energy for one mole of a model fluid is given by
E(p,T)=3RT + g1% ~ap p=nfV _ (1)

Derive (%IF)E and C,(T") assuming that a, g are constants.
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3. (12 pts) One mole of argon (assumed to be an ideal gas) is compressed from 10 L to 5
L at 300 KK by two processes: a reversible isothermal compression; and a compression
at a constant pressure equal to the final pressure of the gas. Calculate AFE, w,, and
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4. Quick math

(a) (8 pts) A block of ivon at 1 bar is heated from 300K to 500K, what is the fractional
change in volume given that ap = 3 x 107°K 1,
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(b) (8 pts) When 720 J of energy are supplied to 3 moles of gaseous water in a closed
container of fixed volume, the temperature increases by 10K. What are C, and
C)p in units of R for gaseous water?
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(c) (8 pts} Calculate the heat of vaporization of water at 20° C and at 1 bar given
that the heat capacity of water is 4J/(K- g) and the heat of vaporization is 2180
J/g at 100° C. Express your answer in J/g.
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. The proposed equation of state, Eq(2), has many advantages over the van der Waals

equation,
pRT
= W - fbﬁg =Pt (2)

particularly in its treatment of intermolecular repulsion. Here a is the van der Waals
a-parameter and 7 the packing fraction.

(a) (8 pts) What is the second virial coefficient derived from Eq(2)? Note the series
expansion given on page 1 of the exam.
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{(b) (8 pts) dexive (dE(T, p)/dp)p using Eq{2) and
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(c) (4 pts) The van der Waals a parameter represents molecular physics. What does
it represent. If we increase a, does the internal energy increase or decrease?
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6. Proofs

(a) (8 pts) Prove that C, — C, = R for one mole of an ideal gas, starting from dF
and the definition of H.

dH=d(E+9V) = CudT + A(RT) = +R JAT
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{b) (8 pts) Prove that

ar
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starting from the definition of ap on page 1.
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(¢} (8 pts) If

AIL,V) = dT + %ﬂf (5)
then on
),
Supply the right hand side.
2 €/ ﬁ) t/7) | @5_,)
pueli = [eU/1/ — Lo 3
QCD\/ /. @T ’ TADV) 5

- am)

y




