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 Resonance fluorescence
lidar technique can be used
in MLT region, and also
extended to thermosphere on
molecular species, like N2

+



Boltzmann Temperature Technique
 Boltzmann distribution is the law of particle population

distribution according to energy levels under thermodynamic
equilibrium (Maxwell-Boltzmann distribution law)
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N1 and N2 - particle populations on energy levels E1 and E2
g1 and g2 - degeneracy for energy levels E1 and E2, E = E2 - E1
kB - Boltzmann constant, T - Temperature, N - total population
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Fe Atomic Energy Levels
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Fe Atomic Parameters



Fe Boltzmann Lidar Principle



Fe Boltzmann Lidar Principle



Fe Boltzmann Lidar Calibration



Fe Boltzmann Lidar Instrumentation



Fe Boltzmann Lidar Transmitter

 Based on injection-seeded, frequency-doubled, pulse
Alexandrite laser systems (372 and 374 nm output)



Fe Lidar Seeder Laser System



Fe Boltzmann Lidar @ South Pole



Fe Boltzmann Lidar @ Rothera



Fe Boltzmann Lidar Receiver
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Fe Boltzmann Lidar Receiver



Sensitivity Analysis



The Ionosphere and Thermosphere

Courtesy to Richard Collins of UAF 



The Aurorally-Modified Ionosphere
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The aurora modifies the
composition of the ionosphere.

Courtesy to Richard Collins of UAF 



The Spectroscopy of Molecules vs. Atoms

Molecular spectroscopy has vibrational and rotational states.

Courtesy to Richard Collins of UAF 



N2
+ Boltzmann Temperature Lidar

A dual laser lidar system employing solid-state lasers could be used to profile
two rotational states simultaneously and hence study the energy deposition in the

auroral ionosphere.

Courtesy to Richard Collins of UAF 



Summary
 Boltzmann technique utilizes Maxwell-Boltzmann distribution of

atomic or molecular populations along different energy levels,
which is directly temperature dependent.

 The temperature-dependent population ratio is inferred through
the intensity ratio of two resonance fluorescence lines whose
lower energy levels are the two energy levels that we concern.

 The key is to find the right energy level diagrams that are
suitable to this measurement - energy separation is not too large
or too small, and wavelengths fall in the laser reachable range.

 Boltzmann technique can be applied to not only the Fe
Boltzmann lidar but also potentially to other molecular species
like N2

+.

 Boltzmann technique is also used in rotational Raman lidar and
in airglow temperature mappers, like Bomem.


