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Equation 1.64 confirms Fourier’s law, that the rate of heat conduction is di-
rectly proportional to the difference in temperatures. Furthermore, comparison to
equation 1.60 yields an explicit prediction for the thermal conductivity:
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where v is the average speed of the molecules. The quantity CV /V is the heat
capacity of the gas per unit volume, which can be evaluated as
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where f is the number of degrees of freedom per molecule. Recall, however, that �

for a gas is proportional to V/N . Therefore the thermal conductivity of a given gas
should depend only on its temperature, through v ∝

√
T and possibly through f .

Over limited ranges of temperature the number of degrees of freedom is fairly con-
stant, so kt should be proportional to the square root of the absolute temperature.
Experiments on a wide variety of gases have confirmed this prediction (see Fig-
ure 1.19).

For air at room temperature and atmospheric pressure, f = 5 so CV /V =
5
2 (105 N/m2)/(300 K) ≈ 800 J/m3·K. Equation 1.65 therefore predicts a thermal
conductivity of

kt ≈ 1
2 (800 J/m3·K)(1.5 × 10−7 m)(500 m/s) = 0.031 W/m·K, (1.67)

only a little higher than the measured value of 0.026. Not bad, considering all the
crude approximations I’ve made in this section.

The preceding analysis of the thermal conductivities of gases is an example of
what’s called kinetic theory, an approach to thermal physics based on actual
molecular motions. Another example was the microscopic model of an ideal gas
presented in Section 1.2. While kinetic theory is the most direct and concrete
approach to thermal physics, it is also the most difficult. Fortunately, there are

Figure 1.19. Thermal con-
ductivities of selected gases,
plotted vs. the square root of
the absolute temperature. The
curves are approximately lin-
ear, as predicted by equation
1.65. Data from Lide (1994).
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