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From Hot to Cool: The Second Law of Thermodynamics
Learning Goal: To understand the meaning and applications of the second law of thermodynamics, to understand the meaning of entropy, and perform some basic calculations involving entropy changes. 
The first law of thermodynamics (which states that energy is conserved) does not concern the direction in which thermodynamic processes in nature can spontaneously occur. For instance, if an object is given a quick push along a rough horizontal surface, its kinetic energy is converted into thermal energy until the object stops. The amount of kinetic energy lost equals the amount of thermal energy generated. In such a case, energy is conserved. 

However, the first law of thermodynamics would not at all be violated if the process described above were reversed: Imagine a resting object taking off along a rough horizontal surface and speeding up while cooling down. Although such a process does not violate conservation of energy, it is of course, impossible. Such a process would never take place spontaneously. 

There is a law in physics that dictates which processes in nature are spontaneous and which ones are not. It is known as the second law of thermodynamics and can be stated in many ways. One of them uses the concept of entropy, and we need to say a few words about it before we return to the second law. 

Entropy
Entropy can be thought of as a measure of a system's disorder: A lower degree of disorder implies lower entropy and vice versa. For instance, a highly ordered ice crystal has a relatively low entropy, whereas the same amount of water in a much less ordered state, such as water vapor, has a much higher entropy. Entropy is usually denoted 
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and it has units of energy divided by temperature (). Note that, as is the case with many other quantities, it is the change in entropy that really matters. Calculating such a change for a given process may sometimes be mathematically difficult. However, it is relatively easy for an isothermic process. If the temperature of an object remains constant or nearly constant as it exchanges heat with the surroundings, the entropy change is given by 
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is the amount of heat involved in the process and [image: image4.png]


is the absolute temperature of the object. The heat [image: image5.png]


is positive if thermal energy is absorbed by the object from the surroundings and is negative if thermal energy is transferred from the object to the surroundings. 

Variants of the second law
Using the idea of entropy, the second law can be stated as follows:

The entropy of an isolated system may not decrease. It either increases as the system approaches equilibrium or stays constant if the system is already in equilibrium.

This explains why the process of a block sliding on a rough surface and coming to rest is irreversible. In the isolated system of the block and the surface, when the process occurs in the forward direction, the entropy of the system increases. In order for the process to spontaneously occur in the "opposite" direction entropy would have to decrease and the second law of thermodynamics would be violated. Note that for an object that is not isolated, the entropy can increase, stay the same, or decrease. 

The second law can be stated in several other ways, too:

I. When two objects at different temperatures are brought in contact, heat always flows spontaneously from the hotter object to the colder one, never the other way around. 

II. It is impossible for any process to have as its only result the heat transfer from a colder object to a hotter one. 

III. The "arrow of time" (which points to the future) always points in the direction of increasing entropy for an isolated system.

What about refrigerators and air conditioners? Don't they make heat flow from a colder object to a hotter one? Yes, of course they do, but these processes require an outside interference and hence are not spontaneous.

A. What happens to the entropy of a bucket of water as it is cooled down (but not frozen)? 

	[image: image6.wmf]It increases.
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What happens to the entropy of a cube of ice as it is melted? 

	[image: image10.wmf]It increases.
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What happens to the entropy of your room as you thoroughly clean up and arrange things neatly? 

	[image: image14.wmf]It increases.
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What happens to the entropy of a piece of wood as it is burned? 
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Let us try some calculations now. 

A. [image: image21.png]


An object at 20[image: image22.png]


 absorbs 25.0 [image: image23.png]


of heat. What is the change in entropy [image: image24.png]


of the object?

Express your answer numerically in joules per kelvin. 
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=
	Answer not displayed
	[image: image26.png]J/K




	


B. [image: image27.png]


An object at 500 [image: image28.png]


dissipates 25.0 [image: image29.png]kJ



of heat into the surroundings. What is the change in entropy [image: image30.png]


of the object? Assume that the temperature of the object does not change appreciably in the process.

Express your answer numerically in joules per kelvin. 
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=
	Answer not displayed
	[image: image32.png]J/K




	


C. [image: image33.png]


An object at 400 [image: image34.png]


absorbs 25.0 [image: image35.png]kJ



of heat from the surroundings. What is the change in entropy [image: image36.png]


of the object? Assume that the temperature of the object does not change appreciably in the process.

Express your answer numerically in joules per kelvin. 
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=
	Answer not displayed
	[image: image38.png]J/K




	


D. [image: image39.png]


Two objects form a closed system. The object at 400 [image: image40.png]


absorbs 25.0 [image: image41.png]kJ



of heat from the other object at 500 [image: image42.png]


. What is the net change in entropy [image: image43.png]ASeys



of the system? Assume that the temperatures of the objects do not change appreciably in the process.

Express your answer numerically in joules per kelvin. 
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=
	Answer not displayed
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E. [image: image46.png]


In a well-insulated calorimeter, 1.0 [image: image47.png]


of water at 20[image: image48.png]


 is mixed with 1.0 [image: image49.png]


of ice at 0[image: image50.png]


. What is the net change in entropy [image: image51.png]ASeys



of the system by the moment the ice completely melts? The heat of fusion of ice is [image: image52.png].34 % 10° J /kg



. 

Express your answer numerically in joules per kelvin. Use two significant figures in your answer. 
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=
	Answer not displayed
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