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18 pts) Calculate AU, 25 and Age"” for the following processes which involve one mole
R g&p

of an ideal gas at an initial temperatme T. Here env denotes the environment or the
swrroundings. To receive credit, place answers in the table.
(a) The gas is expanded isothermally and reversibly from 15 to 30 I..

(b) The gas is expanded isothermally against zero pressure as the volume increases
from 15 to 30 L.

(¢c) The gas is compressed adiabatically and reversibly until its temperature reaches

gT. Note ¢, = %R, Cp = gR.
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2. (10 pts) Complete the identity,
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where @, b are expressed in terms of ap, k7, Cy, C) elc.
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3. (24 pts) Derive the following starting from dU,dH, dG or dA.
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4. (8 pts) For the set of all processes conducted at constant T and V, equilibrium is
attained when (a) .....A\...... for the system is (b) .. POLMNNZ6

Fill in (a} with A, U, G, H or S. Fill in {b) with minimized, mazimized, left unchanged.



5. (8 pts) The Helnholtz energy of a fluid is given by

2

Aln, V,T) = —-a%,— — nRTIn(V — nb) + f(T) 5)

where a and b are constants and f{T) is a function of temperature. Determine the

pressure of the fluid.
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6. (8 pts) Calculate the change in Gibbs energy in Joules when 40 g of liquid ethanol
(mass density of 0.80 g/cm?®) experiences a pressure increase of 20 bar.
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7. (8 pts) Shown below is a plot of the Otto cycle in the P,V plane. Describe the real
world significance of the following (mention ¢ and w) :
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8. (16 points) Also shown is the Carnot cycle as represented in the P,V plane. (a) Label
the steps 1 — 2 and 2— 3 citing the conditions applicable to the expansion or com-
pression. (b) Replot the Carnot cycle in the 5,1 plane (the x-axis is T and the y-axis
is S), labeling points 1---4 in accord with that of part (a). The explicit shape of the
cycle is important.
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