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Goals for Chapter 17 

• To understand thermal equilibrium and what thermometers 

actually measure  

• To learn how thermometers function 

• To understand the absolute (Kelvin) temperature scale 

• To learn how a temperature change affects the dimensions of an 

object 

• To understand the meaning of heat and how it differs from 

temperature 

• To do calculations involving heat flow, temperature changes, 

and phase changes 

• To understand conduction, convection, and radiation of heat 
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Introduction 

• Does molten iron at 1500°C 
contain heat? 

• The terms “temperature” 
and “heat” have very 
different meanings, even 
though most people use 
them interchangeably. 

• In this chapter, we’ll focus 
on large-scale, or macro-
scopic, objects, but in the 
next chapter we’ll look at 
the microscopic scale.    
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Temperature and thermal equilibrium 

• We use a thermometer to 

measure temperature. 

Figure 17.1 at the right 

shows two types of 

thermometers. 

• Two systems are in 

thermal equilibrium  if 

and only if they have the 

same temperature. 
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The zeroth law of thermodynamics 

• Zeroth law of thermodynamics: If C is initially in thermal equilibrium 
with both A and B, then A and B are in thermal equilibium with each 
other. (See Figure 17.2 below.) 
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Temperature scales 

• On the Celsius (or centigrade) temperature scale, 0°C is the freezing point of 
pure water and 100°C is its boiling point. 

• On the Fahrenheit temperature scale, 32°F is the freezing point of pure water 
and 212°F is its boiling point. 

• On the Kelvin (or absolute) temperature scale, 0 K is the extrapolated 
temperature at which a gas would exert no pressure. (See Figure 17.5 below.) 
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Temperature conversions 

• The following conversion equations are useful: 

TF = 9/5 TC + 32°     TC = 5/9 (TF – 32°)     TK = TC + 273.15 

• The chart in Figure 17.7 below shows the relationship between 

temperature scales, rounded to the nearest degree. 
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Linear thermal expansion 

• Increasing the temp-

erature of a rod causes 

it to expand (see Figure 

17.8 at the right). 

 

• The change in length is 

given by L = L0 T, 

where  is the coeffic-

ient of linear expansion 

of the material. 
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Molecular basis for thermal expansion 

• We can understand linear expansion if we model the atoms as 

being held together by springs. (See Figure 17.9 below.) 
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Expanding holes and volume expansion 

• If an object has a hole in 

it, the hole also expands 

with the object, as shown 

in Figure 17.10 at the 

right. The hole does not 

shrink. 

• The change in volume 

due to thermal expansion 

is given by V = V0 T, 

where  is the coefficient 

of volume expansion and 

is equal to 3. 
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Coefficients of expansion 

• Tables 17.1 and 17.2 show 

the coefficients of linear 

and volume expansion for 

some materials.  
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Thermal expansion of water 

• Between 0°C and 4°C, water 

decreases in volume with increasing 

temperature. 

• Because of this anomalous behavior, 

lakes freeze from the top down 

instead of from the bottom up. 

• Figure 17.12 at the right illustrates 

this behavior.  
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Thermal stress 

• If we change the temperature of a rod 

but prevent it from expanding or 

contracting, thermal stress develops. 

• The thermal stress is F/A = –YT. 

• Figure 17.13 at the right shows 

expansion joints on a bridge needed 

to prevent thermal stress. 

• Follow Example 17.4 using Figure 

17.14 below.  
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Y Al = 7.0 * 1010 Pa  Al = 2.4 * 10-5 K-

1 
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1 pascal is equal to  

pound/square inch 

0.000145037738007 

1 newton is equal to 0.000101971621298 ton-force 
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Energy transfer that takes place solely 

because of a temperature difference is 

called heat flow or heat transfer, and 

energy transferred in this way is called 

heat. 

In physics the term “heat” always refers to 

energy in transit from one body or system to 

another because of a temperature 

difference, never to the amount of energy 

contained within a particular system. 
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A temperature is a numerical measure of hot 

or cold. Its measurement is by detection of heat 

radiation or particle velocity or kinetic energy, or 

by the bulk behavior of a thermometric material 

A convenient operational definition of 

temperature is that it is a measure of the 

average translational kinetic 

energy associated with the disordered 

microscopic motion of atoms and molecules. 

Definition involving thermodynamics will be 

discussed later. 

http://en.wikipedia.org/wiki/Thermometer
http://hyperphysics.phy-astr.gsu.edu/hbase/kinetic/kintem.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/kinetic/kintem.html#c1
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Quantity of heat 

• Figure 17.15 at the right illustrates 

that we can change the temperature 

of a body by doing work on it or 

by adding heat to it. This means 

that heat is a form of energy. 

• The heat to cause a temperature 

change is Q = mcT, where c is 

the specific heat of the material.  

• Follow Example 17.5. 

• Follow Example 17.6. 
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When heat is added to a system, 

what happens to its temperature? 

The temperature rises. Is there any 

situation when heat is added but 

there is no temperature change? 
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Heat is also involved in phase changes, such 

as the melting of ice or boiling of water when 

there is no change in temperature! What 

happened to the heat?   
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A familiar example of a phase change is the 

melting of ice. When we add heat to ice at and 

normal atmospheric pressure, the temperature 

of the ice does not increase. Instead, some of it 

melts to form liquid water. If we add the heat 

slowly, to maintain the system very close to 

thermal equilibrium, the temperature remains at 

until all the ice is melted. The effect of adding 

heat to this system is not to raise its 

temperature but to change its phase from solid 

to liquid. 
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For any given material at any given 

pressure, the freezing temperature is the 

same as the melting temperature. At this 

unique temperature the liquid and solid 

phases (liquid water and ice, for example) 

can coexist in a condition called phase 

equilibrium. 
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Like melting, boiling is a reversible transition. 

When heat is removed from a gas at the boiling 

temperature, the gas returns to the liquid phase, 

or condenses giving up to its surroundings the 

same quantity of heat (heat of vaporization) that 

was needed to vaporize it. At a given pressure 

the boiling and condensation temperatures are 

always the same; at this temperature the liquid 

and gaseous phases can coexist in phase 

equilibrium. 
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Very pure water can be cooled several degrees 

below the freezing temperature without freezing; 

the resulting unstable state is described as 

supercooled. When a small ice crystal is dropped 

in or the water is agitated, it crystallizes within a 

second or less.  
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Supercooled water vapor condenses quickly 

into fog droplets when a disturbance, such as 

dust particles or ionizing radiation, is 

introduced. This principle is used in “seeding” 

clouds, which often contain supercooled water 

vapor, to cause condensation and rain. 
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Phase changes 

• The phases (or states) of matter are solid, liquid, 

and gas.   

• A phase change is a transition from one phase to 

another. 

• The temperature does not change during a phase 

change (see Figure 17.19 at the right).   

• The heat of fusion, Lf, is the heat per unit mass that 

is transferred in a solid-liquid phase change. The 

heat of vaporization, Lv, is the heat per unit mass 

transferred in a liquid-gas phase change. 

• The heat transferred in a phase change is Q = ±mL. 

• Table 17.4 on the next slide shows some examples 

of heats of fusion and vaporization. 
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Heats of Fusion and Heats of Vaporization 
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With subscripts C for coffee, W for water, and Al for aluminum, 

we have  
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The three mechanisms of heat transfer are 

conduction, convection, and radiation. 

Conduction occurs within a body or between 

two bodies in contact. Convection depends 

on motion of mass from one region of space 

to another. Radiation is heat transfer by 

electromagnetic radiation, such as sunshine, 

with no need for matter to be present in the 

space between bodies. 
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Radiation is the transfer of heat by 

electromagnetic waves such as visible light, 

infrared, and ultraviolet radiation. Everyone has 

felt the warmth of the sun’s radiation and the 

intense heat from a charcoal grill or the glowing 

coals in a fireplace. Most of the heat from these 

very hot bodies reaches you not by conduction 

or convection in the intervening air but by 

radiation. This heat transfer would occur 

even if there were nothing but vacuum between 

you and the source of heat. 
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Every body, even at ordinary temperatures, emits 

energy in the form of electromagnetic radiation. 

Around 200C nearly all the energy is carried by 

infrared waves with wavelengths much longer than 

those of visible light. As the temperature rises, the 

wavelengths shift to shorter values. At 8000C, a body 

emits enough visible radiation to appear “red-hot,” 

although even at this temperature most of the 

energy is carried by infrared waves. At 3000°C, the 

temperature of an incandescent lamp filament, the 

radiation contains enough visible light that the body 

appears “white-hot.” 
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A body that is a good absorber must also be a 

good emitter. An ideal radiator, with an 

emissivity of unity, is also an ideal absorber, 

absorbing all of the radiation that strikes it. 

Such an ideal surface is called an ideal black 

body or simply a blackbody. Conversely, an 

ideal reflector, which absorbs no radiation at 

all, is also a very ineffective radiator 
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This is the reason for the silver coatings on vacuum 

(“Thermos”) bottles, invented by Sir James Dewar 

(1842–1923). A vacuum bottle has double glass walls. 

The air is pumped out of the spaces between the walls; 

this eliminates nearly all heat transfer by conduction 

and convection. The silver coating on the 

walls reflects most of the radiation from the contents 

back into the container, and the wall itself is a very poor 

emitter. Thus a vacuum bottle can keep coffee or soup 

hot for several hours. The Dewar flask, used to store 

very cold liquefied gases, is exactly the same in 

principle. 
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Conduction of heat 

• Conduction occurs 

between bodies in 

contact. 

• Figure 17.23 at the right 

illustrates steady-state 

heat flow. 

• The heat current is H = 

dQ/dt = kA(TH – TC)/L. 

• Table 17.5 lists some 

thermal conductivities, k. 
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Conduction into a picnic cooler 

• Consider Problem-Solving 

Strategy 17.3. 

 

• Follow Example 17.11 

which involves a 

Styrofoam cooler. Use 

Figure 17.24 at right. 
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Conduction through two bars that are end-to-end 

• Follow Example 17.12 in which two bars of different material 

are welded end-to-end. Use Figure 17.25 below. 
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More conduction through two bars 

• Follow Example 17.13. The bars from the previous example are 

arranged differently. 

• Figure 17.26 below illustrates the problem. 
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Convection of heat 

• Convection is the transfer 

of heat by the mass 

motion of fluid. 

• Figure 17.27 at the right 

illustrates the convection 

due to a heating element 

submerged in water. 
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Radiation of heat 

• Radiation is the transfer of 

heat by electromagnetic 

waves, such as visible light 

or infrared. 

• Figure 17.28 at the right is a 

false-color infrared photo in 

which red is the strongest 

emission. 

• Stefan-Boltzmann law: The 

heat current in radiation is 

H = AeT4. 

• Follow Example 17.14. 

• Follow Example 17.15. 
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Radiation and climate change 

• The energy radiated by the earth’s surface is mostly infrared. 

• CO2 molecules in our atmosphere readily absorb some of this 
infrared radiation and reradiate part of it back down toward the 
surface. This increases the temperature of the surface. This effect 
is called the greenhouse effect. 

• Figure 17.29 below shows how the increase in global temperature 
is correlated with the rise in CO2 emission. 


