SECOND LAW OF THERMODYNAMICS
{Clausius statement)
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FIGURE 15-11 Schematic diagram
of energy ransfers for a heat engine.
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FIGURE 15-12 Steam engines.

The second law of thermodynamics is a statement about which processes
occur in nature and which do not. Tt can be stated in a variety of ways, all
of which are equivalent. One statement, due to R. I E. Clausius (1822-1888), is that

heat can flow spontancously from a hot object to a cold object; heat will not

flow spontancously from a cold ohject to a hot object.

Since this statement applies to one particular process, it is not obvious how it
applies to other processes. A more general statement is needed that will include
other possible processes in a more obvious way.

The development of a general statement of the second law of thermodynamics
was based partly on the study of heat engines. A heat engine is any device that
changes thermal energy into mechanical work, such as steam engines and automo-
bile engines. We now examine heat engines, both from a practical point of view and
to show their importance in developing the second law of thermodynamics.

E Heat Engines

It is easy to produce thermal energy by doing work—for example, by simply
rubbing vour hands together briskly, or indeed by any frictional process. But to
get work from thermal energy is more difficult, and a practical device to do this
was invented only about 1700 with the development of the steam engine.

The basic idea behind any heat engine is that mechanical energy can be
obtained from thermal energy only when heat is allowed to flow from a high
temperature to a low temperature. In the process, some of the heat can then be
transformed to mechanical work, as diagrammed schematically in Fig. 15-11.
We will be interested only in engines that run in a repeating cycle (that is, the
system returns repeatedly to its starting point) and thus can run continuously. In
each cycle the change in internal energy of the system is AL/ = 0 because it
returns to the starting state. Thus a heat input @y at a high temperature Ty is
partly transformed into work W and partly exhausted as heat ¢ at a lower
temperature 7 (Fig. 15-11). By conservation of energy, Oy = W + Q,. The
high and low temperatures, Ty; and T, , are called the operating temperatures of
the engine. Note carefully that we are now using a new sign convention: we take
Q. O, and W as always positive. The direction of each energy transfer is
found from the applicable diagram, such as Fig. 15-11.

Steam Engine and Internal Combustion Engine

The operation of a steam engine is illustrated in Fig. 15-12. Steam engines are
of two main types, each making use of steam heated by combustion of coal, oil,
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