Thermodynamics of Materials 3.00
Example Problems for Week 5

Example Problem 5.1
thie mole of an idead gas, in an mitial state (T, P, Vo) undergoes an expansion from

Vo to Vi by three different processes:
g, tsothermal reversible erpansion
b isothermal irreversible expunsion agoinst Py = 0 (free expansion)
¢, adiabatic reversible erpansion

Caleulate AS, ey ASprromndingss 28 ASupiverse for exch,

Solution 5.1
Before beginning the problem we can make some general statements. The entropy of a

system is a state function so is path independent. Therefore AS,yumm should be equal for
processes a and b Also, the entropy change for a reversible process in an isolated svstem
is zern. This means that AS, ey for processes a and ¢ should be zero.

a. For an ideal gas the intermal energy is a function of temperature only so0 ALT = ).
This leads tos:

§= =t = J{P’rﬂ; = RTIn [EJ

Vo
We know that:
ant'l'

ﬂ-Slssr-ﬂ--r'fﬂ: = T

So for this reversible process:
¥
AS,ytem = Rln (L—J

For AS,urroundings We use the actual heat that Hows during the process which in this
case yields:

Vi
-':"'Saurrwndirlpa = =Rln (ﬁ)

Andd:

A8 niverse = ﬂ'Siyat:m + -"j"S.:urmundl'Ttg.: =10



b. For a free expansion the system does no work on the surroundings so w = 0. As this
is isothermal AU = 0 as above. Therefore, ¢ = 0 from the First Law. However, as
the entropy of a system is a state function and the initial and final conditions here

are the same as for above:

ASsystem - qr—; =Rln (%)

For the surroundings there is no actual heat flow so:

ASsur1"oundings =0

And the entropy change for the universe is given by:

ASsur7"ounalings = ASsystem + ASsur7"ounalings = Rln (

c. In an adiabatic process ¢ = 0 and since this is a reversible process ¢, = 0. This

leads to:

ASsystem = OASsurroundings = OASuniverse = ASsystem + ASsurroundings

In summary:

Process | AS system Assurroundings ASuniverse
a Rin(11) | —RIn(31) 0
b Rln (%) 0 Rln (%)
c 0 0 0

Example Problem 5.2

=0

One mole of a diatomic ideal gas initially at Latm and 298K undergoes the following

cycle:
a. a constant volume heating to twice the initial temperature
b. an adiabatic reversible expansion back to 298 K
c. an isothermal, reversible compression back to Latm

Calculate Q, W AU and AS for each process and the entire cycle

Solution 5.2



First we construct the P-V diagram and calculate (T, P, V') for the gas at each stage.
Using the ideal gas law for one mole:
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Figure 1: P-V diagram cycle

Calculating the volume and pressure for state 3 is a little more tricky. We must employ
the equation for the adiabats of an ideal gas to first find the volume. The general derivation

for the equation of an adiabat is shown in Example Problem 4.2. The result for an ideal
gas is just stated here.

Y
C, 5
15
Vo=Vo| =] =138L
s 2 <T3>§
RT:
Py = —=3 = 0.177atm
V3

In summary:

state | P (atm) | T (K) | V (L)
1 1 298 244
2 2 296 244
3 0.177 298 138




(1—2)

W:—/PdV:O

AU = Q = CyAT = gR(596 — 298) = T45R

596 Oy, 5 596
AS = —dl'=—-Rln— =1.7R
S 208 T 2R " 298
(2 —3)
R=0
5
AU =W = CyAT = 5R(298 —596) = —T45R
AS =0as (Q = Qrer =0)
(2 —3)
AU =0 as (AT =0)
Vi av Vi
W=-Q=- RT— = —RT'In —
Q Vs V ! V3
W =516R
AS = Crev =-1.7R
T
In summary:
Process Q W AU AS
1—2 745 RK 0 745 RK 1.7TR
2—3 0 —T745RK | —T45RK 0
3—1 516 RK | —516RK 0 —-1.7R
cycle 1261RK | —1261 RK 0 0




