that for other phase transitions.

The material presented in this section and the preceding section allows us to calculate any number of effects
related to temperature and phase change. In each case, it is necessary to identify which temperature and phase
changes are taking place and then to apply the appropriate equation. Keep in mind that heat transfer and work can
cause both temperature and phase changes.

Problem-Solving Strategies for the Effects of Heat Transfer

1. Examine the situation to determine that there is a change in the temperature or phase. Is there heat transfer
into or out of the system? When the presence or absence of a phase change is not obvious, you may wish to first
solve the problem as if there were no phase changes, and examine the temperature change obtained. If it is
sufficient to take you past a boiling or melting point, you should then go back and do the problem in
steps—temperature change, phase change, subsequent temperature change, and so on.

Identify and list all objects that change temperature and phase.

Identify exactly what needs to be determined in the problem (identify the unknowns). A written list is useful.

Make a list of what is given or what can be inferred from the problem as stated (identify the knowns).

Solve the appropriate equation for the quantity to be determined (the unknown). If there is a temperature

change, the transferred heat depends on the specific heat (see Table 14.1) whereas, for a phase change, the

transferred heat depends on the latent heat. See Table 14.2.

6. Substitute the knowns along with their units into the appropriate equation and obtain numerical solutions
complete with units. You will need to do this in steps if there is more than one stage to the process (such as a
temperature change followed by a phase change).

7. Check the answer to see if it is reasonable: Does it make sense? As an example, be certain that the temperature
change does not also cause a phase change that you have not taken into account.

CHECK YOUR UNDERSTANDING

akrwn

Why does snow remain on mountain slopes even when daytime temperatures are higher than the freezing
temperature?

Solution

Snow is formed from ice crystals and thus is the solid phase of water. Because enormous heat is necessary for
phase changes, it takes a certain amount of time for this heat to be accumulated from the air, even if the air is above
0°C. The warmer the air is, the faster this heat exchange occurs and the faster the snow melts.

14.4 Heat Transfer Methods

LEARNING OBJECTIVES
By the end of this section, you will be able to:
= Discuss the different methods of heat transfer.

Equally as interesting as the effects of heat transfer on a system are the methods by which this occurs. Whenever
there is a temperature difference, heat transfer occurs. Heat transfer may occur rapidly, such as through a cooking
pan, or slowly, such as through the walls of a picnic ice chest. We can control rates of heat transfer by choosing
materials (such as thick wool clothing for the winter), controlling air movement (such as the use of weather stripping
around doors), or by choice of color (such as a white roof to reflect summer sunlight). So many processes involve
heat transfer, so that it is hard to imagine a situation where no heat transfer occurs. Yet every process involving heat
transfer takes place by only three methods:

1. Conduction is heat transfer through stationary matter by physical contact. (The matter is stationary on a
macroscopic scale—we know there is thermal motion of the atoms and molecules at any temperature above
absolute zero.) Heat transferred between the electric burner of a stove and the bottom of a pan is transferred by
conduction.

2. Convection is the heat transfer by the macroscopic movement of a fluid. This type of transfer takes place in a
forced-air furnace and in weather systems, for example.

3. Heat transfer by radiation occurs when microwaves, infrared radiation, visible light, or another form of
electromagnetic radiation is emitted or absorbed. An obvious example is the warming of the Earth by the Sun. A
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less obvious example is thermal radiation from the human body.
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FIGURE 14.12 In a fireplace, heat transfer occurs by all three methods: conduction, convection, and radiation. Radiation is responsible for
most of the heat transferred into the room. Heat transfer also occurs through conduction into the room, but at a much slower rate. Heat
transfer by convection also occurs through cold air entering the room around windows and hot air leaving the room by rising up the
chimney.

We examine these methods in some detail in the three following modules. Each method has unique and interesting
characteristics, but all three do have one thing in common: they transfer heat solely because of a temperature

difference Figure 14.12.
@ CHECK YOUR UNDERSTANDING

Name an example from daily life (different from the text) for each mechanism of heat transfer.
Solution
Conduction: Heat transfers into your hands as you hold a hot cup of coffee.

Convection: Heat transfers as the barista “steams” cold milk to make hot cocoa.

Radiation: Reheating a cold cup of coffee in a microwave oven.

14.5 Conduction

LEARNING OBJECTIVES
By the end of this section, you will be able to:
- Calculate thermal conductivity.
= Observe conduction of heat in collisions.
- Study thermal conductivities of common substances.
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