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‘An example of a calculation of an entropy change

So that we may see how entropy changes are calculated, 1et us
determine the entropy change of a beaker of water when it is
heated at atmospheric pressure between room temperature, at

20°C, and 100 °C by placing it on a reservoir at 100 °C. When the

water reaches 100 ~C, the beaker is removed from the reservoir and
placed in an insulating jacket. This process is shown in Fig. 5.3.
Heat passes from the reservoir into the water and it might seem
that a simple application of equation [5.3] would suffice. However
this equation. applies to a reversible process, while the actual
process here is irreversible because of the inherent finite tem-

erature differences. .
g 7('ma

[1‘1#1’%)

Insulating
jacket

100°C
Reservoir

100°C
Reservoir

. A beaker of water is heated irreversibly and |sobarlcally between
20 C and 100 °C in this process.

Bo o s a NG =6;¢—Szj

We resort again to the argument encountered in section 2.4, As
the water is initially and finally in equilibrium states, with well-
defined entropies, the entropy change for this process is also well
defined. We can then imagine any convenient reversible process
that takes the system between the same two end points and calcu-
late, using equation [5.3], the entropy change for this imaginary

process. This entropy change is then the same as that occurring in
the actual irreversible process.

/( Q,gu(

One simple reversible heating process between the end points
could be effected by bringing up a whole series of reservoirs
between 20 °C and 100 °C, keeping the pressure constant, so that
the water passes through a series of equilibrium states. This imag-
inary process is shown in Fig. 5 4.

20.11 °C

B w}feJ

T covuct
V0 (onven e

e ——

LSS PSS A ALY
Reservoir at Reservoir at Reservoir at Reservoir at /y{/ye‘f);i( lj/@
20.1°C 20.2°C ]'_—+_-__d,[ 100°C /Dﬁ

Fig. 5.4 The same beaker of water is heated reversibly and isobarically
between 20 °C and 100 °C in this imaginary process.

When the water is at T and it is heated to T + dT by the
reservoir at T + dT, the heat entering the water reversibly is

30, = Cpdl

u 2/7[ de&W

74%/36

where Cp is the heat capacity at constant pressure of the water.
Hence the entropy change of the water is
CpdT

T

Ts T
or As—cf g~01 {f}
T
If we have 1 kg of water with Cp = 4.2 kJ K™ and remem-
bering that the T in equation [5.3] is the thermodynamic
temperature, '

ds =

[5.5]

373 37111
- 3 st = .O >< 10 JK
AS = 42X 10°In {293} 1.01

Any other reversible path would give, of course, the same answer,
but this path is probably the most convenient.
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