
4 Chapter 1 Energy in Thermal Physics

Figure 1.2. A selection of thermometers. In the center are two liquid-in-glass
thermometers, which measure the expansion of mercury (for higher temperatures)
and alcohol (for lower temperatures). The dial thermometer to the right measures
the turning of a coil of metal, while the bulb apparatus behind it measures the
pressure of a fixed volume of gas. The digital thermometer at left-rear uses a
thermocouple—a junction of two metals—which generates a small temperature-
dependent voltage. At left-front is a set of three potter’s cones, which melt and
droop at specified clay-firing temperatures.

in Figure 1.2. It’s not obvious that the scales for various different thermometers
would agree at all the intermediate temperatures between 0◦C and 100◦C. In fact,
they generally won’t, but in many cases the differences are quite small. If you ever
have to measure temperatures with great precision you’ll need to pay attention to
these differences, but for our present purposes, there’s no need to designate any one
thermometer as the official standard.

A thermometer based on expansion of a gas is especially interesting, though,
because if you extrapolate the scale down to very low temperatures, you are led to
predict that for any low-density gas at constant pressure, the volume should go to
zero at approximately −273◦C. (In practice the gas will always liquefy first, but
until then the trend is quite clear.) Alternatively, if you hold the volume of the gas
fixed, then its pressure will approach zero as the temperature approaches −273◦C
(see Figure 1.3). This special temperature is called absolute zero, and defines
the zero-point of the absolute temperature scale, first proposed by William
Thomson in 1848. Thomson was later named Baron Kelvin of Largs, so the SI
unit of absolute temperature is now called the kelvin.∗ A kelvin is the same size
as a degree Celsius, but kelvin temperatures are measured up from absolute zero
instead of from the freezing point of water. In round numbers, room temperature
is approximately 300 K.

As we’re about to see, many of the equations of thermodynamics are correct
only when you measure temperature on the kelvin scale (or another absolute scale
such as the Rankine scale defined in Problem 1.2). For this reason it’s usually wise

∗The Unit Police have decreed that it is impermissible to say “degree kelvin”—the

name is simply “kelvin”—and also that the names of all Official SI Units shall not be

capitalized.


