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~ Heat is the transfer of energy
into/out of an object because of
temperature differences between
it and its surroundings.
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~ Conductivity (how well objects
transfer heat) varies significantly:
metals, as well as sea water, are all
excellent conductors.

~ Air, plastic, glass, and wood are
poor conductors, called insulators.

~ Since air is a very poor conductor,
conduction is only important for
the air right next to the surface and
can largely be ignored.



~Most of the heat transport in the
atmosphere occurs via convection
(vertical movement) and advection
(horizontal movement).



~Most of the heat transport in the
atmosphere occurs via convection
(vertical movement) and advection
(horizontal movement).



~Most of the heat transport in the
atmosphere occurs via convection
(vertical movement) and advection
(horizontal movement).



~Most of the heat transport in the
atmosphere occurs via convection
(vertical movement) and advection
(horizontal movement).

~ Convection takes place in substances
that can flow (like air and water) and
involves the movement or circulation
of atoms.



~Most of the heat transport in the
atmosphere occurs via convection
(vertical movement) and advection
(horizontal movement).

~ Convection takes place in substances
that can flow (like air and water) and
involves the movement or circulation
of atoms.



~ The air right above the surface is
heated via conduction. That air is
less dense than the air above and it
moves upward, being replaced by
the cooler air.



~ The air right above the surface is
heated via conduction. That air is
less dense than the air above and it
moves upward, being replaced by
the cooler air.

~ In the horizontal, cold, dense air
pushes warmer air out of the way,
funneling down the Rockies or
Appalachians to the Gulf coast.



~ The air right above the surface is
heated via conduction. That air is
less dense than the air above and it
moves upward, being replaced by
the cooler air.

~ In the horizontal, cold, dense air
pushes warmer air out of the way,
funneling down the Rockies or
Appalachians to the Gulf coast.



~ The air right above the surface is
heated via conduction. That air is
less dense than the air above and it
moves upward, being replaced by
the cooler air.

~ In the horizontal, cold, dense air
pushes warmer air out of the way,
funneling down the Rockies or
Appalachians to the Gulf coast.



~ The air right above the surface is
heated via conduction. That air is
less dense than the air above and it
moves upward, being replaced by
the cooler air.

~ In the horizontal, cold, dense air
pushes warmer air out of the way,
funneling down the Rockies or
Appalachians to the Gulf coast.



~ The air right above the surface is
heated via conduction. That air is
less dense than the air above and it
moves upward, being replaced by
the cooler air.

~ In the horizontal, cold, dense air
pushes warmer air out of the way,
funneling down the Rockies or
Appalachians to the Gulf coast.



~ Last, but not least, there is radiation: energy emitted by one
body traveling through air, water, space, etc. to be absorbed
by another body.



~ Last, but not least, there is radiation: energy emitted by one
body traveling through air, water, space, etc. to be absorbed
by another body.

~ Since the Earth and Sun are separated by some 93 million
miles, radiation is the mechanism by which the Sun sends
energy to the Earth.



~ Last, but not least, there is radiation: energy emitted by one
body traveling through air, water, space, etc. to be absorbed
by another body.

~ Since the Earth and Sun are separated by some 93 million
miles, radiation is the mechanism by which the Sun sends
energy to the Earth.



~ This energy travels through space at
186,000 miles / sec in the form of waves.



~ This energy travels through space at
186,000 miles / sec in the form of waves.



~ This energy travels through space at
186,000 miles / sec in the form of waves.

~We define waves by their wavelength
(distance from one wave crest to the
next) and plot them on a chart known
as the electromagnetic (radiation) spectrum.



~ This energy travels through space at
186,000 miles / sec in the form of waves.

~We define waves by their wavelength
(distance from one wave crest to the
next) and plot them on a chart known
as the electromagnetic (radiation) spectrum.





~When these waves are absorbed
they excite molecules in the
absorber, and the kinetic energy
and temperature increase.



~When these waves are absorbed
they excite molecules in the
absorber, and the kinetic energy
and temperature increase.



~When these waves are absorbed
they excite molecules in the
absorber, and the kinetic energy
and temperature increase.

~ Different wavelengths of
radiation contain different
amounts of energy: shorter
wavelengths are more energetic
and can cause damage to us.



~When these waves are absorbed
they excite molecules in the
absorber, and the kinetic energy
and temperature increase.

~ Different wavelengths of
radiation contain different
amounts of energy: shorter
wavelengths are more energetic
and can cause damage to us.



~ The Sun emits over all wavelengths,
concentrated in the visible
(radiation our eyes detect), infrared
(slightly longer wavelengths we feel
as heat), and ultraviolet (shorter
wavelengths that cause damage to
cells) bands.



~ The Sun emits over all wavelengths,
concentrated in the visible
(radiation our eyes detect), infrared
(slightly longer wavelengths we feel
as heat), and ultraviolet (shorter
wavelengths that cause damage to
cells) bands.



~ Earth almost exclusively emits
radiation in the infrared part of
spectrum and with much less
intensity.



~ Earth almost exclusively emits
radiation in the infrared part of
spectrum and with much less
intensity.

~We call the radiation emitted by
the Sun shortwave (or short
wavelength), and that emitted by
the Earth as longwave, radiation.



~ Earth almost exclusively emits
radiation in the infrared part of
spectrum and with much less
intensity.

~We call the radiation emitted by
the Sun shortwave (or short
wavelength), and that emitted by
the Earth as longwave, radiation.



~ This difference between the Sun’s and Earth’s radiation
leads us to the first two laws of radiation:



~ This difference between the Sun’s and Earth’s radiation
leads us to the first two laws of radiation:

1) All objects continuously emit energy in the form of radiation
over a range of wavelengths.



~ This difference between the Sun’s and Earth’s radiation
leads us to the first two laws of radiation:

1) All objects continuously emit energy in the form of radiation
over a range of wavelengths.



~ This difference between the Sun’s and Earth’s radiation
leads us to the first two laws of radiation:

1) All objects continuously emit energy in the form of radiation
over a range of wavelengths.

2) The warmer the object, the more total radiation it will emit.



~ This difference between the Sun’s and Earth’s radiation
leads us to the first two laws of radiation:

1) All objects continuously emit energy in the form of radiation
over a range of wavelengths.

2) The warmer the object, the more total radiation it will emit.

~ This is expressed in Stefan–
Boltzman’s Law: the energy
emitted is proportional to
temperature raised to the 4th

power.



~ This difference between the Sun’s and Earth’s radiation
leads us to the first two laws of radiation:

1) All objects continuously emit energy in the form of radiation
over a range of wavelengths.

2) The warmer the object, the more total radiation it will emit.

~ This is expressed in Stefan–
Boltzman’s Law: the energy
emitted is proportional to
temperature raised to the 4th

power.



~ This difference between the Sun’s and Earth’s radiation
leads us to the first two laws of radiation:

1) All objects continuously emit energy in the form of radiation
over a range of wavelengths.

2) The warmer the object, the more total radiation it will emit.

~ This is expressed in Stefan–
Boltzman’s Law: the energy
emitted is proportional to
temperature raised to the 4th

power.



3) Warmer objects emit shorter
wavelengths than cooler ones.



3) Warmer objects emit shorter
wavelengths than cooler ones.



3) Warmer objects emit shorter
wavelengths than cooler ones.

~ This is Wien’s Displacement Law,
which says the wavelength at
which most of the energy is
emitted from an object is inversely
proportional to its temperature.



3) Warmer objects emit shorter
wavelengths than cooler ones.

~ This is Wien’s Displacement Law,
which says the wavelength at
which most of the energy is
emitted from an object is inversely
proportional to its temperature.



3) Warmer objects emit shorter
wavelengths than cooler ones.

~ This is Wien’s Displacement Law,
which says the wavelength at
which most of the energy is
emitted from an object is inversely
proportional to its temperature.

~ This gives us a wavelength of
.483 μm (10-6 m; green) for the
Sun and 9.66 μm (infrared) for
the Earth. 
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~A perfect absorber (and emitter) is called a
black body (although it needn’t be black!), and
absorbs and emits all possible wavelengths
for its temperature.

~ The Earth and Sun are nearly black
bodies, but the gases that make up
our atmosphere are not: They do
not absorb some wavelengths
and readily absorb others.


