Heat and Thermodynamics 3e
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:

e. Students know entropy is a quantity that measures the order or disorder of a system, and is larger for a more disordered system.

This standard seems to be best appreciated as an effort to have the students begin to get a qualitative understanding of entropy.  Most students find it quite intuitive to learn that most processes will lead to an overall increase in disorder.  It takes a little learning to identify increasing disorder with “increasing entropy”.  It also takes some adjustment to understand that although many important quantities in nature like energy and momentum are conserved, entropy is only conserved in special situations and in general, entropy always increases.

The framework discusses how a system at constant temperature that has heat flowing in or out of it, such as the melting or freezing of ice, has a change in entropy ∆ S described by:



∆ S = ∆Q/T

where ∆Q is the heat that enters or leaves the system and T is the absolute temperature.  This relationship should serve to introduce students to a quantitative definition of entropy and start them to appreciating that the units of entropy are joules/K.  If just the melting or freezing ice cube is considered, it might seem that entropy could decrease during freezing since energy must be extracted from the system.  However, when considering the “entire universe” it will be appreciated that a refrigerator that could extract the energy from the ice cube would require an energy input to operate and the entropy in the overall universe must increase.

Since the statistical mechanics required to establish the relationship between temperature and disorder can be quite complex, this standard should be appreciated as a way to start students to thinking about the concept of entropy, how it can be defined and the units used to measure it.   A discussion of how the second law of thermodynamics can be cast in terms of entropy should be given that relates heat flow from a high temperature to a low temperature source with an increase in the disorder of the system (see the earlier discussion in Standard 3b, on the second page.)

