THERMODYNAMICS
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The constant B characterizes the volume expansion properties of a particular
material; it is called the coefficient of volume expansion. The units of 3 are K!
or (C°)~". As with linear expansion, B varies somewhat with temperature, and
Eq. (17.8) is an approximate relationship that is valid only for small temperature
changes. For many substances, 3 decreases at low temperatures. Table 17.2 lists
values of B for several materials near room temperature. Note that the values for
liquids are generally much larger than those for solids.
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" Latent heat for this phase change (17.20)

ign (heat entering) is used when the material melts; the minus sign
(heat leaving) is used when it freezes. The heat of fusion is different for different
materials, and it also varies somewhat with pressure.

For any given material at any given pressure, the freezing temperature is the
same as the melting temperature. At this unique temperature the liquid and solid
phases can coexist in a condition called phase equilibrium.

‘We can go through this whole story again for boiling or evaporation, a phase
transition between liquid and gaseous phases. The corresponding heat (per unit
mass) is called the heat of vaporization L,. At normal atmospheric pressure the
heat of vaporization L, for water is
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This relationship is called the Stefan-Boltzmann law in honor of its late-
19th-century discoverers. The Stefan—Boltzmann constant o (Greek sigma) is
a fundamental constant; its current best numerical value is

o = 5.670373(21) X 1078 W/m?- K*
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The function f(v) describing the actual distribution of molecular speeds is
called the Maxwell-Boltzmann distribution. It can be derived from statistical-
mechanics considerations, but that derivation is beyond our scope. Here is the
result:
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We can rearrange this to the form

0=AU+W
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The internal energy U of an ideal gas depends only on its temperature 7, not on
its pressure or volume.
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It is impossible for any system to undergo a process in which it absorbs heat
from a reservoir at a single temperature and converts the heat completely into
mechanical work, with the system ending in the same state in which it began.
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It is impossible for any process to have as its sole result the transfer of heat from
a cooler to a hotter body.
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We can draw the following general conclusion: For any thermodynamic
system, the most probable macroscopic state is the one with the greatest
number of corresponding microscopic states, which is also the macroscopic
state with the greatest randomness and the greatest entropy.

Calculating Entropy: Microscopic States

Let w represent the number of possible microscopic states for a given macro-
scopic state. (For the four coins shown in Fig. 20.21 the state of four heads has
w = 1, the state of three heads and one tails has w = 4, and so on.) Then the
entropy S of a macroscopic state can be shown to be given by

Expression for - .+ Number of microscopic
entropy in =S ="k In'w states for the given (20.22)
microscopic terms % macroscopic state

Boltzmann constant
(gas constant per molecule)
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To find out, we separate system C from systems A and B with an ideal insu-
lating wall (Fig. 17.2b), then replace the insulating wall between A and B with a
conducting wall that lets A and B interact. What happens? Experiment shows that
nothing happens; there are no additional changes to A or B. This result is called
the zeroth law of thermodynamics:

If C is initially in thermal equilibrium with both A and B, then A and B are also
in thermal equilibrium with each other.

(The importance of this law was recognized only after the first, second. and third
laws of thermodynamics had been named. Since it is fundamental to all of them,
the name “zeroth” seemed appropriate.)

Now suppose system C is a thermometer, such as the liquid-in-tube system
of Fig. 17.1a. In Fig. 17.2a the thermometer C is in contact with both A and B.

In thermal equilibrium, when the thermometer reading reaches a stable value,
the thermometer measures the temperature of both A and B: hence both A and B
have the same temperature. Experiment shows that thermal equilibrium isn’t af-
fected by adding or removing insulators, so the reading of thermometer C
wouldn’t change if it were in contact only with A or only with B. We conclude:

Two systems are in thermal equilibrium if and only if they have the same
temperature.

This is what makes a thermometer useful; a thermometer actually measures ifs
own temperature, but when a thermometer is in thermal equilibrium with another
body, the temperatures must be equal. When the temperatures of two systems are
different, they cannot be in thermal equilibrium.
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To convert Fahrenheit to Celsius, solve this equation for 7¢:
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A common room temperature, 20°C (= 68°F), is 20 + 273.15, or about 293 K.
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