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1. Provide the equation(s) and define the terms.

{a) (6 pts) State the First Law of Thermodynamics as it, applies to the universe and
to the system (two equations).
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(b) (4 pts) Define an adiabatic process in terms of the restriction it implements in
the First Law (one equation).

(¢) (6 pts) Define the conditions for the critical point of a single component fluid (two
equations). Use eithe1 density or volume as a variable.
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2. (8 pts) The enthalpy per mole H of a model fluid is given by
H(T, P) = al + ¢T'P? (1)

Derive ptjr = (%Tﬁ)H if @ and ¢ are constants.
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3. (10 pts) The van der Waals equation, without allowance for attractive forces, is given

by
_ pRT
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For C'S,, the van der Waals b parameter is b =~ 0.040 L/mole and the molar mass is
roughly 80 g/mole.

a) If the mass density of liquid carbon disulfide is 1.2 g/mL, what is its molar density
in moles/L7?
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b) What is the lowest molar density {moles/L) at which Eq(2) fails?
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4. (6 pts) For a specific material, the Joule-Thomson coefficient is found to be pyr =
~1.25 mK /bar. Does the temperature increase or decrease and by how much when the
pressure drop is 1 kbar in a Joule-Thomson expansion?
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5. Consider a fluid whose equation .of state obeys
P=pRT(L+bp+ (b)) —ar’s  p=n/V - ®
where ¢ and b are constant. Derive:

(a) (10 pts) ‘Bs(T'), Bs(T'), the second and third virial coefficients, respectively;
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(b) (8 pts) and the dependence of total derivative of E(T, p), namely dE(T,p) on p

and T. Use ( ‘ (a ) )
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6. (18 pts) One mole of argon (assumed to be an ideal gas with C, = %R) is compressed

reversibly from an initial state at 300K and a volume of e L, to a final state whose
volume is 1 L. Calculate AFE, w,, and g,,. First, consider an ISOTHERMAL process

and second, an ADIABATIC process. Place the answers in the Table.
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7. (8 pts) Prove that
gpP
dp = (55;) . K (5)

starting with the definition of ap.

X = j\_/_@’\’f/_)fp v Qa'_} @’P_} = KT%‘;}V

cy c\\c
rule

8. (8 pts) Determine if dgp,/T? is an exact differential for an ideal gas which undergoes a
reversible process. Assume that C), is independent of T.
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9. (8 pts) dE(S, V) is an exact differential, where S is the entropy and T is the absolute

temperature. If _
dE(S,V)=TdS — PdV (6)
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