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After this lecture you should be able to answer the following
questions:

1. What is electromagnetic radiation (light) and how does it interact with
matter’

. What is temperature?
3. What is blackbody radiation?

How does the intensity of blackbody radiation depend on the temperature
of an object (Stefan-Boltzmanns law)?

5. What is the relation between absorptivity (an objects ability to absorb
incoming radiation) and emissivity (it ability to radiate)?
These are the basic concepts you need for understanding the natural
greenhouse effect and how humans affect it...
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I Magnetic field

What you need to know: Electric field

Electromagnetic radiation is characterized by wavelength (A) / frequency (v) -
Alm=c[m/p]/ v]s]

The higher the frequency (shorter wavelength), the more energy the radiation holds -
E=hwv=hc/ A[J], where his Plancks constant (~6.63*10-34 [J 9])
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Can you think of any examples of electromagnetic radiation?
(besides visual light)
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Interaction between radiation and matter

-Scattering (reflection) - irrelevant for earths climate

-Absorption
— Same physical processes, essential for the greenhouse effect!

-Emission
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Wavelength of emitted radiation:

___ Microwave | Infraed | Visible and shorter

Faster rotation Faster vibration Electron de-excitation
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mportant to remember - enerqy is ‘quantitized; cannot come at any level
- implies that most elements will absorb/emit only at given wavelengths!
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The radiation ‘fingerprint’ of hydrogen
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Any more questions on electromagnetic radiation & Its
interaction with matter before we move on...?
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What Is temperature?

Temperature is a measure of the average energy of movement, vibration,
and rotation of the atoms/molecules in an object...

Kelvin-scale - at absolute zero, atoms are (almost) completely still...
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Blackbody radiation

Black Body Emission Curves of the Sun and Earth

-All material above 0 K N
(absolute zero) will radiate -
if it can radiate at all /\
wavelengths we call it a
perfect blackbody
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burner, a furnace, planets
(solids), and stars (dense gas)
are excellent examples of
close-to-blackbodies
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What happens with blackbody radiation as temperature increases’

1. The total intensity of the radiation goes up - Stefan-Boltzmanns law:
| = o T [W/m?),
g=emissivity (=1 -> perfect blackbody)
o (Stefan-Boltzmanns constant) = 5.67 * 108 [Wm2K4]

2. The wavelength of the peak of the blackbody radiation decreases
(frequency increases) - Wien$ displacement law:

Aoea = 2971073 /T [m]
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Blackbody radiation as a function of temperature
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Why is it called ‘blackbody’ if it emits at all wavelenghts -
‘whitebody’ seems more fitting, or?
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Kirchhoffs law - absorptivity equals emissivity

Hipdr ogen A beorption Spectnum

.e., a perfect blachody
both absorbs and emits
in all wavelengths.
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Twoways of showing the same spectra on the left are pictures of the
dispersed light and on the right are plots of the intensity vs, wavelength.
Motice that the pattern of spectral lines in the absorption and emission
line spectra are the same since the gas isthe same.
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Any more questions on temperature and
blackbody radiation before we have a quiz...?
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summary quiz

Question 1:

Which is more energetic (holds the most energy): yellow light (A~580 nm) or
blue light (A~470 nm)?

L Yellow X. Equally energetic 2. Blue

PHYSICAL RESOURCE THEORY, DEPARTMENT OF ENERGY & ENVIRONMENT | MARTIN PERSSON 2014-01-20




CHALMERS

OOOOOOOOOOOOOOOOOOOOOO

summary quiz

Question 2:

Through which physical process does infrared radiation interact
(emission/absorption) with matter?

L Through increases / X. Through increases /2. Through electron
decreases in rotational  decreases in excitation / de-excitation
energy vibrational energy
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summary quiz

Question 3:

Consider two perfect blackbodies, one heated to a temperature of 300 K, the
other to 600 K. How much more energy does the warmer blackbody radiate?

1. Twice as much X. Eight times as much 2. Sixteen times as much
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summary quiz

Question 4:

Consider two planets that are identical—i.e., they have the same size, the same
distance from the sun, receiving the same amount of sunlight, etc—apart from
the fact that the planet A has an emissivity (for all wavelenghts) of 0.9 and
planet B an emissivity of 0.3. Which one will be hotter?

L Planet A X. They will be equally hot 2. Planet B
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summary quiz

Question 1:

Which is more energetic (holds the most energy): yellow light (A~580 nm) or
blue light (A~470 nm)?

L Yellow X. Equally energetic 2. Blue

The higher the frequency (shorter wavelength), the more energy the radiation
holds - E=h v=hc/ A[J], where his Planck§ constant (~6.63*10-34 [J )
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summary quiz

Question 2:

Through which physical process does infrared radiation interact
(emission/absorption) with matter?

L Through increases /| 2. Through increases / | 3. Through electron
decreases in rotational | decreases in excitation / de-excitation
enerqy vibrational energy
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summary quiz

Question 3:

Consider two perfect blackbodies, one heated to a temperature of 300 K, the
other to 600 K. How much more energy does the warmer blackbody radiate?

1. Twice as much X. Eight times as much | 2. Sixteen times as much

If temperature increases total intensity of the radiation goes up - Stefan-
Boltzmanns law: | = eo T [W/m?];
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summary quiz

Question 4:

Consider two planets that are identical—i.e., they have the same size, the same
distance from the sun, receiving the same amount of sunlight, etc—apart from
the fact that the planet A has an emissivity (for all wavelenghts) of 0.9 and
planet B an emissivity of 0.3. Which one will be hotter?

L Planet A X. They will be equally hot | 2. Planet B

Kirchoffs law: emissivity equal absorptivity -> although planet A will absorb a
larger share of the incoming solar radiation, it will also emit more radiation
and hence they will have the same temperature
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Earth without atmosphere
— energy balance
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A simple model of the natural greenhouse effect

Earth without atmosphere Earth with atmosphere Earth with atmosphere
— energy balance — energy imbalance — energy balance
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Home assignment

Do calculation exercises 11 and 12...
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