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Thermodynamics  
 
This semester we will shift from mechanical physics to thermal physics.  The first three sections 
will be on Kinetic Theory of Matter, Temperature and Absolute Zero.  Please read the section 
and then answer the questions at the end of the section. Please submit all work to 
575-562-0154 or mlee@floydbroncos.com  
 

6.1 The Kinetic Theory of Matter 

Learning Objective 

Distinguish between the forms of energy that make up thermal energy. 

According to the kinetic theory of matter, matter is made up of tiny particles—atoms and 
molecules. The particles are always moving, and they move in a number of ways. They 
rotate, vibrate, and move in straight lines between collisions 

The energy that atoms and molecules have relates to their motion and their position. 
They have translational kinetic energy due to their translational (straight-line) motion as 
well as rotational and vibrational kinetic energy. Also, the particles have potential energy 
from the attractions between them or from their mutual repulsion when they are at close 
range. The total of all these forms of energy in a particular substance is its thermal 
energy. (Physicists usually refer to thermal energy as internal energy because it is 
internal to a substance. It is also popularly called heat energy.) 

6.1 The Kinetic Theory of Matter 

1. What kinds of particle motion account for thermal energy? 
2. Why does a penny become warmer when it is struck by a hammer? 
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6.2 Temperature 

Learning Objective 

Distinguish between thermal energy and temperature. 

When you strike a nail with a hammer, the nail becomes warm. Why? Because the 
hammer’s blow makes the nail’s atoms move faster. When you put a flame to a liquid, 
the liquid becomes warmer as its molecules move faster. When you rapidly compress 
air in a tire pump, the air becomes warmer. In these cases, the molecules are made to 
race back and forth faster. They gain kinetic energy. In general, the warmer an object, 
the more kinetic energy its atoms and molecules possess. Temperature, the degree of 
“hotness” or “coldness” of an object, is proportional to the average translational kinetic 
energy of the atoms or molecules that make up the object. So, the translational motion 
of particles contributes to the temperature of an object (see Figure 6.1, top). 

It is important to note that temperature is not a measure of the total kinetic energy in a 
substance. For example, there is twice as much molecular kinetic energy in 2 liters of 
boiling water as in 1 liter of boiling water—but both volumes of water have the same 
teWe express temperature quantitatively by a number that corresponds to the degree of 
hotness on some chosen scale. A common thermometer takes advantage of the fact 
that most substances expand as temperature rises. Such a thermometer measures 
temperature by comparing the expansion and contraction of a liquid (usually mercury or 
colored alcohol) to increments on a scale. Some modern thermometers avoid contact 
and measure temperature by the infrared radiation emitted by substances, as we’ll 
discuss in the section on heat transfer and radiation later in this chapter. 

On a worldwide basis, the thermometer most often used is the Celsius thermometer. 
This thermometer is named in honor of the Swedish astronomer Anders Celsius 
(1701–1744), who first suggested the scale of 100 degrees between the freezing point 
and boiling point of water. Zero (0) is assigned to the temperature at which water 
freezes, and the number 100 is assigned to the temperature at which water boils (at 
standard atmospheric pressure). In between freezing and boiling temperatures are 100 
equal parts called degrees. 

Temperature because the average kinetic energy per molecule is the same. 
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In the United States, the number 32 is traditionally assigned to the temperature at which 
water freezes, and the number 212 is assigned to the temperature at which water boils. 
Such a scale makes up the Fahrenheit thermometer, named after its inventor, the 
German physicist G. D. Fahrenheit (1686–1736). Although the Fahrenheit scale is the 
one most commonly used in the United States, the Celsius scale is standard in scientific 
applications. 

Using arithmetic formulas to convert from one temperature scale to the other is common 
in classroom exams. Because such arithmetic conversions aren’t really physics, we 
won’t be concerned with them here. Besides, the conversion between Celsius and It is 
interesting that a thermometer actually registers its own temperature. When a 
thermometer is in thermal contact with something whose temperature we wish to know, 
thermal energy flows between the two until their temperatures are equal. At this point, 
thermal equilibrium is established. So, when we look at the temperature of the 
thermometer, we learn about the temperature of the substance with which it reached 
thermal equilibrium. 

6.2 Temperature 

3. What are the temperatures for freezing water on the Celsius and 
Fahrenheit scales? What are the temperatures for boiling water on those 
scales? 

4. Is the temperature of an object a measure of the total translational kinetic 
energy of the molecules in the object or a measure of the average 
translational kinetic energy per molecule in the object? 

5. What is meant by the following statement? “A thermometer measures its 
own temperature.” 

 

 



6.3 Absolute Zero 

Learning Objective 

Describe the meaning of the lowest possible temperature in nature. 

In principle, there is no upper limit to temperature. As thermal motion increases, a solid 
object first melts and then vaporizes. As the temperature is further increased, molecules 
dissociate into atoms, and atoms lose some or all of their electrons, thereby forming a 
cloud of electrically charged particles: a plasma. Plasmas exist in stars, where the 
temperature is many millions of degrees Celsius. Temperature has no upper limit. 

In contrast, there is a definite limit at the opposite end of the temperature scale. We 
speak of a lowest possible temperature, which occurs at 273°C below zero. This merits 
a new temperature scale calibrated not in the freezing and boiling points of water, but in 
terms of energy itself. This is the Kelvin scale, named after the Scottish physicist 
William Thomson, 1st Baron Kelvin (1894-1907), the temperature scale favored by 
scientists. The number 0 is assigned to the lowest possible temperature—absolute 
zero, at which a substance has absolutely no kinetic energy to give up. 

The number 273 arises from nineteenth century experiments with gases. Gases expand 
when heated and contract when cooled. Experimenters found that all gases, regardless 
of their initial pressures or volumes, change by 1/273 

1/273 of their volume at 0°C for each drop in temperature of 1 degree Celsius, provided 
that the pressure is held constant. So, if a gas at 0°C were cooled down by 273°C, it 
would contract  

Clearly, we cannot have a substance with zero volume 

The same is true of pressure. The pressure of a gas of fixed volume decreases by: 
1/273 

 
1/273 for each drop in temperature of 1 degree Celsius. If it were cooled to 273°C below 
zero, it would have no pressure at all. In practice, every gas converts to a liquid before 
becoming this cold. Nevertheless, these decreases by: 1/273 



1/273 increments suggested the idea of lowest temperature: −273°C. That’s the 
lower limit of temperature, absolute zero. At this temperature, molecules have 
lost all available kinetic energy.* No more energy can be removed from a 
substance at absolute zero. It can’t get any colder  

Absolute zero is 0 K (short for “zero kelvin”; note that the word degrees is not 
used with Kelvin temperatures). There are no negative numbers on the Kelvin 
scale. Its temperature divisions are identical to the divisions on the Celsius scale. 
Thus, the melting point of ice is 273 K, and the boiling point of water is 373 K. 

6.3 Absolute Zero 
6. What pressure would you expect in a rigid container of 0°C gas if you 

cooled it by 273 Celsius degrees? 
7. How much energy can be removed from a system at a temperature of 0 

K? 
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