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Terms to know: heat pump, coefficient of performance, refrigerator, air conditioner, entropy, heat death of universe

Learning Objectives from the beginning of the chapter in OpenStax College Physics 
15.5. Applications of Thermodynamics: Heat Pumps and Refrigerators
• Describe the use of heat engines in heat pumps and refrigerators.
•Understand how a heat pump works to warm an interior space.
• Explain the differences between heat pumps and refrigerators.
• Calculate coefficient of performance for heat pumps and refrigerators.
15.6. Entropy and the Second Law of Thermodynamics: Disorder and the Unavailability of Energy
• Define entropy.
• Explain the expected fate of the universe in thermodynamic terms.
• Understand why disorder increases in real systems.
15.7. Statistical Interpretation of Entropy and the Second Law of Thermodynamics: The Underlying Explanation
• Appreciate statistical probabilities in thermodynamic systems.
15.5 Applications of Thermodynamics: Heat Pumps and Refrigerators
Heat pumps and refrigerators are heat engines run backward.  Work is put into the device with the result that energy moves from the cold reservoir to the hot reservoir.
Q1.  For Figure 15.27, why is the net work value negative?
Heat Pumps
The heat pump uses work to move energy from the low temperature reservoir (outside air or ground water) to the high temperature reservoir (inside a home).  
 QC + W   = QH 

Q2.  Why does the outside air (assume temperature= 0 oC) have any energy that can be moved inside a house?
The coefficient of performance measures the amount of energy delivered to the high temperature region relative to the work used to move the energy.

For a heat pump, the coefficient of performance is   CP = QH  /  W    or    CP = QH / (QH – QC )

The maximum CP  =  TH / ( TH – TC )              (Carnot Heat Pump)

For the case of keeping a house warm, what advantage does a heat pump have over a furnace that burns natural gas?
Why does the CP increase when the temperature difference of the hot and cold reservoirs is reduced?

Heat pumps are expensive to install.  Which location would have greater cost savings by using a heat pump and thus a shorter “pay back” time to recover the installation costs?

You should be able to make a simple diagram of a heat pump.

Air Conditioners and Refrigerators 
Q3. How does an air conditioner or refrigerator differ from a heat pump?
The goal of an air conditioner or refrigerator is to remove energy from the cold region.  The coefficient of performance, CP, for a refrigerator is 

CP = QC    /  W   or 

CP = QC  / (QH   - QC)       The maximum value for CP is   TC /( TH – TC )   (Carnot Refrigerator)

You should try to determine reasonable temperatures for an ideal (Carnot) refrigerator that has a coefficient of performance of 13.  There is more than one possible set of values for TC  and TH.
15.6 Entropy and the Second Law of Thermodynamics: Disorder and the Unavailability of Energy
A reversible process is one in which the system changes from one equilibrium state to another equilibrium state by an infinitesimally small change.  The system is said to always be in a state of equilibrium.  An irreversible process is one in which the system was not in equilibrium at some time during the process (e.g.  the free expansion of a gas from a tank into a region which used to be a vacuum;  an apple falling off of a tree).  During an irreversible process the system moves toward a less ordered state.  Entropy is defined to be the state variable that changes in the following way      S =  Q / T       for the system moving on a reversible path.  For all natural processes   S is either 0 or a positive number.  A portion of a system may have a negative S  but the remaining portion of the system will have a S that has a positive magnitude greater than the magnitude of the negative S.  S is 0 for an adiabatic process.  Why?

Entropy provides another statement of the Second Law:  The total entropy of any system plus that of its environment increases as a result of any natural process.

OR  The entropy of an isolated system increases in every natural process, and only those processes are possible for which the entropy of the system increases or remains a constant.   

Heat Death of the Universe: An Overdose of Entropy
Another statement of the Second Law of Thermodynamics: Natural Processes tend to move toward a state of greater disorder

OR  An isolated system in a state of relative order will always pass to a state of relative disorder until it reaches the state of maximum disorder, which is thermal equilibrium.

Theoretically, the universe is moving toward maximum disorder.  When (if) it reaches this state, all objects will have the same temperature.  

Q4. Can work be done with a heat engine in such a universe?
Life, Evolution, and the Second Law of Thermodynamics
Books are organized and packed with information.  Books are made in a factory from raw materials that were disorganized at one point (vat of ink, wood pulp, etc.)  An outside agent acted on the raw materials to create the book.  The S for the book is negative but the S for the factory and environment is positive such that S for the universe is positive as the book is made.  In order for part of system to be more organized work (energy transfer) has to be done on that part of the system.

15.7 Statistical Interpretation of Entropy and the Second Law of Thermodynamics: The Underlying Explanation
We will not do any calculations in this section but it is worth your time to read and appreciate the concepts in this section.  A fair coin toss has 50% chance of being a head or tails.  The textbook correctly points out that if you have 100 random coin tosses it is extremely unlikely that you will end up with a highly organized system (i.e. 100 heads results, or 100 tails results, after 100 fair flips of the coin).

The conclusion is that disorder is much more likely than order.   Systems that start with order tend to go to disorder as time advances unless work is done to reorder the system.  (Imagine a person’s room where no work was ever done to organize the room.  After a month what would be the condition of the room?)

OPTIONAL (but interesting) MATERIAL written by Greg Clements

We are an organized set of molecules.  If you would accumulate the chemical ingredients that match your body composition and put them in a container, shake, and then open the container you would not have a copy of yourself.  I realize that my “milkshake” statement about forming life is an unrealistic example.   But, if evolution is defined as the creation of life from raw materials by random chance arrangement of the molecules and a progression of the arrangement of molecules to form the plants, animals and people we observe today, then I don’t believe in evolution.  In order to have “order” in a system that was originally disordered, outside energy has to come into a system.  I believe that an outside agent, God, created life as outlined in Genesis.  In my opinion, only an outside agent can bring the order and information into the world that we see today.  In my opinion, God created the laws of physics (& chemistry, biology, DNA, etc.) and gave order and life to the universe.   

Applying physics to Biblical passages, and vice versa, is not an exact science.  But, it may be that the “Fall” of Adam and Eve, brought disorder into the creation as well as sin.  I have no difficulty in agreeing with the scientific age of the universe, around 14 billion years.  I believe that God created time as well as mass and energy.  2 Peter 3:8 “ Nevertheless, do not let this one fact escape you, beloved, that with the Lord one day is as a thousand years and a thousand years as one day.” (Amplified Bible)  
Since the previous two paragraphs represent my opinion, they will not be used as the basis of a test question for Prof. Clements' class.  You are invited to visit more with me about these concepts using my contact information given at gpclements.com  or physics.gpclements.com.

---------------------------------------------- 

Answers:  Try to answer the questions on your own first.

Q1. The compression takes place at a higher pressure than the expansion.  The magnitude of the work of compression is greater than the magnitude of the work for the expansion.  A compression process is a negative work process.

Q2. The internal energy of an ideal gas is U = (3/2) n R T.   0oC is not 0 Kelvin, it is 273 Kelvin.  The outside air contains energy that can be moved inside a home by the heat pump.

Q3.  For a heat pump the region of interest (inside the house in the winter) is the high temperature reservoir.  For a refrigerator or air conditioner the region of interest (food location or inside the house in the summer) is the cold reservoir.

Q4. No, the efficiency of the heat engine is 0 when the two reservoirs have the same temperature.
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