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 (Lecture 5)
Absorption spectra
1- Emission spectrum of hydrogen:
Investigation of the hydrogen spectrum led Bohr (1913) to postulate that the circular orbits of the electrons were quantize. Bohr assumed that the hydrogen atom exists, like Planck’s oscillators, in certain stationary states in which it does not radiate. 
Radiation energy is absorbed or emitted to change the energy levels of atoms or molecular. The energy levels of atoms and molecular are discrete but not continuous. Therefore, atoms and molecular can absorb or emit certain amounts of energy that correspond to the differences between the differences of their energy levels. See figure below: Absorb or emit at selective frequencies.

[image: ]

2- Vibrational and rotational transitions
The energy of a molecule can be stored in 
(1) Translational (the gross movement of molecules or atoms through space)
(2) Vibrational
(3) Rotational 
(4) Electronic (energy related to the orbit) forms. (See figure below)
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Translational energy corresponds to the gross movement of molecules or atoms through space and is not quantized. 
 for tiny objects such as molecules in the atmosphere, the energy of rotation is quantized and can take on only discrete values. 
 Molecular energy can be stored in the vibrations about the stable bonding of atmos. 
 The most energetic photons (with shortest wavelength) are at the top of the figure, toward the bottom, energy level decreases, and wavelengths increase.
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3-Absorption of Terrestrial Radiation
The key absorption features for terrestrial radiation are (1) a water-vapor vibration–rotation band near 6.3 mm, (2) the 9.6-mm band of ozone, (3) the 15-mm band of carbon dioxide, and (4) the dense rotational bands of water vapor that become increasingly important at wavelengths longer than 12 mm.
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· In the middle of the atmospheric window sits the 9.6- μm band of ozone absorption.
· The bending mode of CO2 produces a very strong vibration–rotation absorption band near 15 μm.
· Water vapor has an important vibration–rotation band near 6.3 μm.
· Water vapor has pure rotational lines strongly absorbs terrestrial emission at wavelengths greater than about 12 μm.
· Visible radiation is too energetic to be absorbed by most of the gases in the atmosphere and not energetic enough to photodissociate them, so that the atmosphere is almost transparent to it.
· Solar radiation with wavelengths between about 0.75 mm and 5 mm, which we will call near-infrared radiation, is absorbed weakly by water, carbon dioxide, ozone, and oxygen.
· Most of the ultraviolet radiation from the Sun with wavelengths shorter than 0.2 mm is absorbed in the upper atmosphere through the photodissociation and ionization of nitrogen and oxygen.
· Radiation at frequencies between 0.2 mm and 0.3 mm is absorbed
by ozone in the stratosphere.













4- Lines Absorption and Broadening
Air molecular absorption take place at the discrete frequencies corresponding to an energy transition of an atmospheric gas.
 Absorption line: Each of these discrete absorption features an absorption line.
 Absorption band: The collection of such absorption lines in a particular frequency interval can be called an absorption band.
 Water vapor has many rotational absorption lines at closely spaced frequencies, which form a rotation band that absorbs much of Earth’s emission at wavelengths between 12 mm and 200 mm.
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Air molecular absorption takes place at the discrete frequencies, but the actual spectra are characterized by absorption “bands”.
 Natural Broadening: associated with the finite time of photon emission or absorption and with the uncertainty principle. This mechanism is usually less important than pressure or Doppler broadening.
 Doppler Broadening: The atoms in a gas which are emitting radiation will have a distribution of velocities.
Each photon emitted will be "red"- or "blue"-shifted by the Doppler effect depending on the velocity of the atom relative to the observer. (Doppler profile; important at high altitudes).
 Pressure/collision Broadening: The collision of other particles with the emitting particle interrupts the emission process, and by shortening the characteristic time for the process, increases the uncertainty in the energy emitted. (Lorentz profile; important in the troposphere)
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[bookmark: _GoBack]3. Spectral Line Broadening
For a given energy transition, Planck’s law describes only monochromatic absorption or emission, with a unique wavelength  given by   this defines the so-called spectral lines. In practice, monochromatic radiations are not observed. As shown by the absorption spectrum for a few species, there is a broadening of the wavelengths, mainly related to two effects:
Doppler Broadening: For moving molecules, the Doppler Effect implies that the Emission and absorption wavelengths are broadened. This is usually described by the so-called Doppler profile, centered at  , given by a Gaussian distribution with respect to the frequency   : 



Where  and  stand for the half width of the line and the line strength, respectively. The half width of the line is related to the velocity of the molecule in the direction of the incident radiation, and is proportional to √T . 
The Doppler effect states that the frequency  appears shifted as seen by a stationary observer to the frequency   .



Pressure Broadening (Lorentz Effect) The collisions between the molecules contribute to broaden the lines. The distribution function is then

where  and  stand for the width and the strength of the line, respectively. The width is related to the collision frequency and is proportional to the product of the molecule density, n, by the velocity (proportional to √T ). With the ideal gas law, n ∝ P/T (P is the pressure), and thus  ∝ P/√T .
The Lorentz effect is a decreasing function of altitude. For a hydrostatic atmosphere, supposed to be adiabatic, the vertical profiles of pressure and of temperature are indeed P(z) =P0 exp(− z/H) and T (z) = T0 −z.
The typical shape of the Doppler and Lorentz profiles is shown in Fig. 2.. Up to 40 kilometers, the Lorentz effect is the dominant effect (due to high densities), then the Doppler effect and, finally, the joint impact of both effects (described by the so-called Voigt profile).
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Figure 2: Normalized distribution functions for the Lorentz and Doppler effects

                                           Dr. Ahmed Fattah Hassoon………………..Atmospheric sciences                                                        
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