
Chapter 16

Temperature and Heat



Questions

1. Metal cylinder and Styrofoam cup in the classroom, 

which is colder? (they should have same temperature, 

right?)

2. Why canôt you cool your hot glass cup with cold faucet 

water? (the cup might crack)

3. How many units does temperature have? (3)

4. Why is Californiaôs temperature nice? (of course 

latitude matters. Anything else?)

5. How does the sunôs energy reach the Earth? (electro-

magnetic wave radiation and propagation)

ÅTodayôs task is to find them out.



16-1 Temperature and the Zeroth Law of 

Thermodynamics

Objects are in thermal contact if heat can flow between them.

When the transfer of heat between objects in thermal contact ceases, they 

are in thermal equilibrium.

Heat is the energy transferred between objects because of a temperature 

difference.

The zeroth law of thermodynamics:

If object A is in thermal equilibrium with object B, and object C is also in 

thermal equilibrium with object B, then objects A and C will be in thermal 

equilibrium if brought into thermal contact.



16-2 Temperature Scales

The Celsius scale:

Water freezes at 0 Celsius. Water boils at 100 Celsius.

The Fahrenheit scale:

Water freezes at 32 Fahrenheit. Water boils at 212 Fahrenheit .



16-2 Temperature Scales

All gases reach zero pressure at the same temperature, which we call 

absolute zero.

P2/T2=P1/T1=é



16-3 Thermal Expansion

Most substances expand when heated.

The proportionality constant is called the coefficient of linear expansion.

The expansion of an area of a flat substance is:

The change in volume of a solid is:

For liquids and gases, only the coefficient of volume expansion is defined:



16-4 Heat and Mechanical Work

One kilocalorie (kcal) is defined as the amount 

of heat needed to raise the temperature of 1 kg 

of water from 14.5 C to 15.5 C.

Through experiments such as Jouleôs, it was 

possible to find the mechanical equivalent:



16-5 Specific Heats

The heat capacity:

Q is positive if ȹT is positive; that is, if heat is added to a system.

Q is negative if ȹT is negative; that is, if heat is removed from a system.

Specific heat:



16-6 Conduction, Convection, and Radiation

Conduction, convection, and radiation are three ways that heat can be 

exchanged.

Conduction is the flow of heat directly through a physical material. 

The constant k is called the thermal conductivity of the rod.



16-6 Conduction, Convection, and Radiation

Convection is the flow of 

fluid due to a difference 

in temperatures, such as 

warm air rising. The fluid 

ñcarriesò the heat with it 

as it moves. In the 

daytime, we get breeze 

from the sea and from 

land in the night.



16-6 Conduction, Convection, and Radiation

Radiation behavior is contained in the Stefan-

Boltzmann law:

Here, e is the emissivity, and ůis the Stefan-

Boltzmann constant:



16-3 Thermal Expansion



16-5 Specific Heats



16-6 Conduction, Convection, and Radiation



16-3 Thermal Expansion

Some typical coefficients of volume expansion:


