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Earth Y satellite

P

A. A small, perfectly black, spherical satellite is in orbit
around the Earth at an altitude of 2000 km. What angle
does the Earth subtend when viewed from the satellite?

B. If the Earth radiates as a blackbody at an equivalent
blackbody temperature Te = 255 K, calculate the

radiative equilibrium temperature of the satellite when
it is in the Earth’s shadow.

Michael Wallace book




B
VAR

A. Consider two opaque walls facing one another. One of the
walls is a blackbody and the other wall is “gray”. The walls
are initially at the same temperature T and, apart from the
exchanges of radiation between them, they are thermally
insulated from their surroundings. If A and € are the
absorptivity and emissivity of the gray wall, use
thermodynamic arguments to prove that € = A.

B. Consider a similar situation with two “gray” walls, one with
absorptivity A{ and the other with absorptivity A,. Prove

F, F
that -1=-%2
Ay Ay

where F1 and F> are the flux densities of the radiation
emitted from the two walls.

Modified from Michael Wallace book



Radiative Absorption and Scattering in the Atmosphere

Absorption

v’ Solar radiation: by O,, O3, H,0, CO,, aerosols, NO,, HCHO,
SO,, CHOCHO, other gases

v’ Terrestrial radiation: by H,0, CO,, CH,, O, N,O,
halocarbons, NH,, clouds

Scattering

v" Solar radiation: by gases (0,, N,, etc.), aerosols, clouds

v’ Terrestrial radiation: by aerosols, clouds, rain droplets,
snow, hail
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Radiative Absorption and Scattering in the Atmosphere

Processes following an interaction AB + y — AB™ higher-energy state

1. AB" > AB+y Radiative decay Scattering
2. AB*+ M —> AB+ M + e Thermalization Absorption
3.AB* > A+B Dissociation Absorption
4. AB*+C - A+ BC Reaction Absorption

v’ Process 1 has a natural decay time independent of pressure

v’ Processes 2, 3, and 4 have a thermalization time that depends
on pressure



Internal Energy of a Molecule Related to EMR

E=E,+E.+E,+E, E,E,E,arequantized =F1

E. : translation energy (energy of the molecule due to its motion in a straight
line); its mean energy is equivalent to ~ 313 cm (far-IR) for T =300 K

E, : kinetic energy of rotation (energy of the rotation of a molecule as a unit
body); about 1-500 cm-? (far-IR to microwave region)

E, : kinetic energy of vibration (energy of vibrating atoms about their
equilibrium positions in a molecule); about 500 to 104 cm-? (near- to far-IR)

E. : electronic energy (potential energy of electron arrangement); about 104-10°
cm (UV and visible)

v Rotational energy change will accompany a vibrational transition.
Therefore, vibration-rotation bands are often formed.

v' Kinetic collisions, by changing the translation energy, influence rotational
levels strongly, vibrational levels slightly, and electronic levels scarcely.



Absorption with Change in Quantized Electronic Energy
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Figure 1.8 Illustration of emission and absorption for a hydrogen atom that is composed of one
proton and one electron. The radius of the circular orbit 7 is given by n? x 0.53 A, where n is the quantum
number, and 1 A =108 cm.



Bohr’s Hydrogen Atom Spectrum

e Transition of state (j, k are integers) of :
-10 [~ 11

20 Paschen

Ek - Ej — hUC :4:0_ I?;zlrin;:r

w AUIO')8 =

n

Energy (eV)

e Wavenumber of emission/absorption lines

R 1 1 90 [
U = o -100 |-
H ]2 k2 110

=120 [~

Rydberg constant Ry = 1.097 x 10> cm-? 8 i ‘

Figure 1.9 Energy level diagram for a hydrogen atom showing the quantum number n for each level
and some of the transitions that appear in the spectrum. An infinite number of levels is crowded in between
the levels marked n = 6 and n = occ.
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Absorption with Change in Quantized Vibrational Energy
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» Change in vibrational energy is associated with IR absorption
» Normal modes of vibration: 3N-6 or 3N-5 (for a linear molecule like CO,)
» IR active ? It depends on the change in dipole moment

» Molecular vibration: http://www.chem.purdue.edu/gchelp/vibs/02.html
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Examples of Vibration Modes

Wavelengths of Vibrational Modes of Some
Important Atmospheric Molecules

Vibrational modes

Species 1% 1) V3

CoO 4.67

CO, 15.0 4.26
N,O 7.78 17.0 4.49
H,0 2.73 6.27 2.65
0O; 9.01 14.2 9.59
NO 5.25

NO, 7.66 13.25 6.17
CH, 3.43 6.52 3,31
CH4 5.25

Units are in micrometers (um). [ From Herzberg and
Herzberg (1957), © McGraw Hill, Inc. and from Shi-
manouchi (1967a, 1967b, 1968)).
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Vibration of HCI

E [cm'] T

40000+

» The HCI| molecule as an anharmonic
oscillator vibrating at energy level E3.

» D, Is dissociation energy here, r, bond
length, U potential energy. Energy is
expressed in wavenumbers.

» The hydrogen chloride molecule is
attached to the coordinate system to
show bond length changes on the curve.

: r [nmj y
0.4

https://en.wikipedia.org/wiki/Molecular_vibration
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E A1 (Lorentz 435 )
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JE 7118 FE versus L HHETE
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JE F11&FE versus ZEIETE

FRERSTHZES | ERSTHES |FHHWHM
MBS | B (um) | EBEESFTE(Cm?) [BEFSFER(Cm)| BENBNES
HWHM = 0.83a, HWHM = a; J£ (hPa)
H,0 6.3 0.0022 0.11 20.0
H,0 20 0.0007 0.11 6.4
H,0 40 0.00035 0.11 3.2
co, 4.3 0.0021 0.15 14.0
co, 15 0.0006 0.15 4.0
0, 4.7 0.002 0.16 12.5
0, 9.6 0.00087 0.16 5.4
0, 14.1 0.0006 0.16 3.8
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Voigt Profile K452 BY:
Convolution (5%R) of Lorentz and Doppler Broadening
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http://upload.wikimedia.org/wikipedia/commons/8/8f/Voigt_distributionPDF.png
http://upload.wikimedia.org/wikipedia/commons/8/8f/Voigt_distributionPDF.png

Absorption Line, Band and Continuum

Three types of absorption/emission spectra:

v’ Sharp lines of finite widths

v' Aggregations (series) of lines called bands

v Spectral continuum extending over a broad range of wavelengths

7\/ \74

Y

v

Line

Band

Continuous spectra

wavelength

-_——
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High-res Absorption around 1000 cm-!

There are many vibrational-rotation lines

Absorption coefficient (log k,)

| | | |
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Line and Continuum Contributions to Absorption

Absorption of H,0
1022 ' l T T T

-24]
10 Line contribution

10-26}=> |
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J
Continuun

3 | .
(s o

spectral density function, wavenumber! m?2

The tail of the shape profile may be very important!
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...,
Absorption of Visible and Near-IR Radiation

Absorption of visible and near-IR radiation in the gaseous atmosphere is primarily due to

H20, O;, and COa..
NOTE: Atmospheric gases absorb only a small fraction of visible radiation.

29 :
Energy Curve for Blackbody at 6000 K
> 0k Solar Irradiance Curve Outside Atmosphere
l’ Solar Irradiance Curve at Sea Level
1.5F ,’
|

.
Visible ! near-IR
- ettt A A A

0.4 0.8 1.2 1.6 2.0 2.4 .8 3.2
Wavelength, um

0

Figure 7.4 Solar spectral irradiance (flux) at the top of the atmosphere and at the surface.
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Absorption of UV Radiation (by O, and O;)
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Absorption of Infrared Radiation
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Figure 7.3 Low-resolution IR absorption spectra of the major atmospheric gases.




HITRAN

» HITRAN (High Resolution Transmission) is a compilation of spectroscopic parameters that a
variety of computer codes use to predict and simulate the transmission and emission of
light in the atmosphere.

» The original version was compiled by the Air Force Cambridge Research Laboratories
(1960s). It is maintained and developed at the Harvard-Smithsonian Center for Astrophysics,
Cambridge MA, USA.

» HITRAN is the worldwide standard for calculating or simulating atmospheric molecular
transmission and radiance from the microwave through ultraviolet region of the
spectrum. The current version contains 42 molecular species along with their most
significant isotopologues. These data are archived as a multitude of high-resolution line
transitions. There are in addition many molecular species collected as cross-section data.
These latter include anthropogenic introduced constituents in the atmosphere such as the
chlorofluorocarbons.

Rothman et al.,, "The HITRAN 2008 molecular spectroscopic database," Journal of
Quantitative Spectroscopy & Radiative Transfer110, 533-572 (2009)
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Absorption of Solar and Terrestrial Radiation

Incoming
Solar Radiation

Outgoing
Infrared Radiation

Radiation Intensity
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http://www.ces.fau.edu/nasa/module-2/how-greenhouse-effect-works.php i
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