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Summary

Heat can be transferred by conduction, by convection,
and by radiation.

22.1 Conduction
In conduction, collisions between particles transfer thermal energy, 
without any overall transfer of matter.

Conduction of heat is the transfer of energy within materials and
between different materials that are in direct contact.
Materials that conduct heat well are known as conductors. Metals—such
as silver, copper, aluminum, and iron—are the best conductors.
Conduction occurs within a heated material when atoms vibrate against
neighboring atoms, which in turn do the same. In metals, free electrons
that can drift through the metal jostle and transfer energy by colliding
with atoms and other free electrons.
An insulator is any material that is a poor conductor of heat and
that delays the transfer of heat. Liquids and gases are generally good
insulators. Porous materials, such as wood, wool, straw, paper, cork, and
polystyrene, are also good insulators.

22.2 Convection
In convection, heat is transferred by movement of the hotter substance 
from one place to another.

Convection is heat transfer by movement of the heated substance itself.
Heat is transferred by movement of the hotter substance from one place
to another.
Convection occurs in all fluids, whether liquid or gas. When the fluid
is heated, it expands, becomes less dense, and rises. Cooler fluid then
moves to the bottom, and the process continues. In this way, convection
currents keep a fluid stirred up as it heats.
Convection currents stirring the atmosphere produce winds. This is
evident at the seashore. Uneven heating of air over land and water
causes a sea breeze that blows toward the land in the daytime and
toward the sea at night.

22.3 Radiation
In radiation, heat is transmitted in the form of radiant energy, or 
electromagnetic waves.

Radiation is energy transmitted by electromagnetic waves.
Radiant energy is any energy that is transmitted by radiation. Radiant
energy includes radio waves, microwaves, infrared radiation, visible
light, ultraviolet radiation, X-rays, and gamma rays.
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22.4 Emission of Radiant Energy
All substances continuously emit radiant energy in a mixture of 
wavelengths.

Objects at low temperatures emit long waves. High-temperature objects
emit waves of shorter wavelengths. The average frequency of radiant
energy is directly proportional to the Kelvin temperature T of the emitter.
The radiant energy emitted by stars is called stellar radiation. A blue-hot
star is hotter than a white-hot star, and a red-hot star is less hot.
Radiant energy emitted by Earth is called terrestrial radiation, which is
in the form of infrared waves—below our threshold of sight.

22.5 Absorption of Radiant Energy
Good emitters of radiant energy are also good absorbers; poor emitters 
are poor absorbers.

If the temperature of an object doesn’t change, the object absorbs and
radiates energy at the same rate. It is in thermal equilibrium with its
environment.
If you warm or cool an object that is in thermal equilibrium, it will
radiate more or less energy, eventually reaching a new thermal
equilibrium.
A good absorber reflects little radiant energy and appears dark. Good
reflectors are poor absorbers. Light-colored objects reflect more light and
heat than dark-colored ones.

22.6 Newton’s Law of Cooling
The colder an object’s surroundings, the faster the object will cool.

An object hotter than its surroundings cools to match the surrounding
temperature.
Newton’s law of cooling states that the rate of cooling of an object is
approximately proportional to the temperature difference between the
object and its surroundings. Newton’s law of cooling also holds for
heating.

22.7 Global Warming and the Greenhouse Effect
The near unanimous view of climate scientists is that human activity is a 
main driver of global warming and climate change.

The greenhouse effect is the warming of a planet’s surface due to the
trapping of radiation by the planet’s atmosphere.
The transparency of things depends on the wavelength of radiation. Air
is transparent to both infrared (long) waves and visible (short) waves,
unless the air contains excess carbon dioxide and water vapor, in which
case it absorbs infrared waves.


