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Heat capacities of substances can be measured at constant volume or con-

stant pressure. To measure the heat capacity of a gas, it is relatively easy
to keep the gas at a constant volume (just enclose it in a sealed container).
For solids and liquids, however, it is much easier to measure heat capacity
at constant pressure. To see why, we can estimate how much pressure needs
to be increased to keep a solid or liquid from expanding as it is heated.

The thermal expansion coefficient is a measure of the relative volume
change with temperature at constant pressure:
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Suppose we heat a solid (or liquid) a bit at constant pressure, so that its
volume changes by an amount dV :

dV = βV dT (2)
The reciprocal of the bulk modulus is the isothermal compressibility:
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This measures how much the relative volume changes as we increase the
pressure at constant temperature. If we take the substance that we heated a
bit and then compress it at the new temperature by just the amount that it
expanded, then the volume change is −dV so

dV = κTV dP (4)
Dividing 4 by 2 we get the deriviatve of pressure with respect to tem-

perature at constant volume, since after the two actions, the volume is un-
changed: (
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For an ideal gas, we have
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For water, the values given by Schroeder are (at 25◦ C):

β = 2.57×10−4 K−1 (9)
κT = 4.52×10−10 Pa−1 (10)

To keep the volume of some water constant as its temperature is raised
from 20◦ C to 30◦ C, the pressure would need to be increased by about

∆P ∼=
β

κT
∆T =

2.57×10−4

4.52×10−10 ×10 = 5.69×106 Pa ≈ 56 atm (11)

For mercury in the same temperature range

β = 1.81×10−4 K−1 (12)
κT = 4.04×10−11 Pa−1 (13)

so the pressure increase must be

∆P ∼=
β

κT
∆T =

1.81×10−4

4.04×10−11 ×10 = 4.48×107 Pa ≈ 442 atm (14)

To measure CV thus requires very large pressures for typical liquids (and
even more so for solids). Measuring CP for liquids and solids is relatively
easy as we can just heat them at atmospheric pressure.

PINGBACKS

Pingback: Heat capacities using Maxwell relations
Pingback: Isothermal and isentropic compressibilities
Pingback: Graphite and diamond

http://physicspages.com/pdf/Schroeder/Schroeder Problems 05.13-15.pdf
http://physicspages.com/pdf/Schroeder/Schroeder Problems 05.16.pdf
http://physicspages.com/pdf/Schroeder/Schroeder Problems 05.24-27.pdf

	Pingbacks

