Heat and Thermodynamics 3f*

3. Energy cannot be created or destroyed, although in many processes, energy is transferred to the environment as heat.  As a basis for understanding this concept:

f* Students know the statement “Entropy tends to increase” is a law of statistical probability that governs all closed systems (second law of thermodynamics).

Often the first statement of the Second Law of Thermodynamics students learn is: Heat flows spontaneously from a high temperature source to a low temperature source.  The objective of his standard is to expand the 2nd law to a more general entropy and probability statement.  The discussion of the jar with two different colored beans in standard 3d. should again remind students how order naturally moves to chaos.  Reminding them that when a hot piece of metal is brought into contact with a cold piece of metal, the interaction between the rapidly moving molecules in the hot metal with the slower moving molecules in the cold metal will eventually lead to most molecules moving at an intermediate speed.  This is analogous to the different colored beans becoming so uniformly mixed that no amount of additional mixing will return them to the original separated state.  

Standard 3 g* will discuss how all heat engines operate by extracting work from energy as it transfers from a high temperature source to a lower temperature source.  The first law of thermodynamics demands that the total heat energy put into the engine must equal the total work extracted from the engine plus the amount of heat energy transferred to the low temperature source.  The first law demands that energy must be conserved.  However, after the energy has been transferred, although it is conserved, the energy is now in a less useful state.  The second law demands that all processes involving energy transfer will result in moving the energy to a less useful state.

At this point it might be well to be reminded that it was less than two centuries ago before it was finally appreciated that heat was not a fluid and even as late as about one century ago leading, physicists were debating the validity of the kinetic molecular theory.  Hopefully these two historical facts will justify our stating that although the mathematics is probably beyond most high school students, arguments involving probability and atomic theory can be used to relate entropy to a natural movement of molecules from a highly improbable configuration to a more probable configuration.  This is realized in the most elemental way when a hot piece of metal is placed in contact with a cold piece of metal and, after some time, the combination comes to an intermediate temperature.  The original organization has moved to a more chaotic state.  All processes in nature move in this direction.  Something as highly complex as life will always have been organized at the expense of an even more highly organization of matter and energy.  Energy from the sun, on its way to the colder earth below passes through a leaf and through the process of photosynthesis a seemingly more complex plant cell is formed.  However, the loss in organization of the transfer of energy from the sun to earth is greater than the organization of the matter in the leaf into a plant cell.  Three common statements of the Second Law of thermodynamics are:

Heat flows spontaneously from a high temperature source to a low temperature source.

All process move spontaneously from a less probable to a more probable state. 

Entropy tends to increase. 

