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The Earth’s atmosphere 
  

Temperature stratified layers 
 
Troposphere:  ~0-10 km  
Stratosphere:  ~10-45 km 
Mesosphere:  ~40-95 km 
Thermosphere:  ~95-400 km  
 
Moving stratified layers 
 
Heterosphere:  ~0-100 km   turbulent 
moving, the atmospheric species are 
mixed. 
Homosphere:  ~100-400 km  
molecular diffusion, diffusion separation of 
the various species 
Exosphere:  >400 km  the 
neutral particles follows balistic 
trajectories. 



Earth’s thermosphere and ionosphere 



Distribution function and Boltzmann equation 

0=∇+∇+
∂
∂

svsss
s ff
t
f av

t
fff

t
f s

svsss
s

δ
δ

=∇+∇+
∂
∂ av

( )tstsststtst
s ffffvvvdvd
t
f

−′′−Ω= ∫∫ ),(3 θσ
δ
δ

Distribution function  fs(r,vs,t) corresponds to the 
number of particles of species s that, at time t, are 
located in a volume element d3r about r have velocities 
in a velocity-space volume element d3vs about vs. 
Alternatively, fs can be viewed as a probability density 
in the (r, vs) phase space. 
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Vlasov equation 

Boltzmann equation 

Boltzmann collision integral 
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e Gravitational and Lorentz accelerations  



Moments of the distribution function  
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Number density Zero moment 

First moment Drift velocity 

Second moment 
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Temperature 

Third moment Heat flow 



General transport equations  
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Continuity equation 



13-moment transport equations  
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Continuity equation  

Momentum equation  

Energy equation 

Pressure tensor equation 

Heat flow equation 









Excitation and ionization by auroral electrons 
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Kinetic (classical) approach 

Qi
j– excitation rate at altitude h(cm-3 s-1) 

[Ni] – concentration of the atmosperic gase (cm-

3) 

σi
j(E) – exitation cross section of stae j (cm2) 

f(E,h) – differential electron particle flux at 
altitude h (eV-1 cm-2 s-1) 



Auroral electron transport equation 

field electric parallel externally 
line field magnetic  thealong distanse - s angle,pitch  - ,cos
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Auroral electron transport equation 

Steady state, no electric field, constant magnetic field 
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Losses of electron with energy E and pitch angle µ due to elastic and 
inelastic collisions  

Energy losses due to collisions with thermal electrons 

Production of electrons with pitch angle µ due to 
elastic scattering of electrons with pitch angle µ’ 

Production of electrons 
with energy E and 
pitch angle µ due to 
inelastic collisions 

Production of secondary 
electrons with energy E and 
pitch angle µ in ionization 



Electron collision cross sections 



Excitation and ionization by auroral electrons 

Energy approch 
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[Ni(h)] – gas concentration, (cm-3) 
i=N2,O2,O  

∫=
E

dEEf
ER

ER
lE

hhW )(
)(

))(,(
)()( 0

λ
ρ

εi
j - energy cost of 

excited state j, (eV) 

- electron energy deposition rate at altitude h (eV cm-3 s-1) 

ρ(h) – atmosphere mass density at altitude 
h (gm sm-3) 

λ(E,l/R(E)) – normalized energy dissipation 
function 

R(E) – particle range (gm cm-2) 
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hdhl ρ - distance from the top of 
ionosphere (h0) til altitude h in 
mass units (gm cm-2) 

f0(E) – initial differential electron particle flux at the top of 
ionosphere (h0) (eV-1 cm-2 s-1)  



Excitation and ionization by auroral electrons 

 
Energy dissipation rate 
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Excitation and ionization by auroral electrons 

Excitation energy cost  
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Electron energy lost on excitation of gas i  

Ik  - excitation threshold of kth state of gas i 
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Chemical reactions 



Earth ionosphere layers 



Quadratic and linear lows of electron loss 



Ambipolar diffusion 



Ionospheric maximum formation 
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Auroral spectrum 



Volume emission rate and intensity 

Atomic line: 

 
Vkk’=Akk’ Nk     (cm-3 s-1)  

Akk’ – Einstein coefficient for transition 
between states k and k’ (s-1) 

Nk – concentration of atoms excited at   
state k  (cm-3) 
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Volume emission rate and intensity 

Molecular band: 
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vibrational level v and rotational 
level J and electronic states k’ 
with vibrational level v’ and 
rotational level J’   (s-1) 

)(JN v
k - concentration of molecular excited 

at electronic states k with vibrational 
level v and rotational level J (cm-3) 



Volume emission rate and intensity 

Total emission from a column of unit cross section along the line of sight 
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Volume emission rate and intensity 
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Continuity equation: 

Productions, Q Losses, L 
Electron impact 

−− +→+ eNeN *

Energy transfer 

MNMN +→+ **

Radiative cascading 

νhNN +→ ***

Radiative transfer 

νhNN +→ ***

Quenching 

MNMN +→+*



Excitation of atmospheric gases by auroral 
electrons 
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Kinetic (classical) approch 

Qi
j– excitation rate at altitude h(cm-3 s-1) 

[Ni] – concentration of the atmosperic gase (cm-

3) 

σi
j(E) – exitation cross section of stae j (cm2) 

f(E,h) – differential electron particle flux at 
altitude h (eV-1 cm-2 s-1) 



Auroral emissions 
Fist negative bands of molecular nitrogen ion 
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Auroral emissions 
Auroral green line 

Productions 
Losses 
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Auroral emissions 
Auroral green line 



Auroral emissions 
Auroral red line 
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Auroral emissions 
Auroral red line 



Auroral emissions 
N2 triple band system 
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Electron impact 

Radiative transfer 

Quenching 

Radiative transfer 

Collisional transfer 
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Auroral emissions 



Auroral emissions 



Diagnostic of the auroral particle parameters  



Reconstructed volume emission rate of the 427.8 nm emission 

Scanning photometer records at 23.24:00 UT 

Scanning photometer records at 23.24:00 UT 
after background subtraction.  

Black lines show the photometer records calculated 
from the reconstructed emissions  

Reconstruction of electron spectra from 
auroral emission altitude profile 



Reconstruction of electron spectra from 
auroral emission altitude profile 
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Auroral electron spectra 

Maxwellian 

F(E)=Q*E*exp(-E/E0) 

Gaussian 

F(E)=Q*exp(-(E-E0)2/E02)+Q*A/Eb 



Maxwellian vs. Gaussian 
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Deducing atomic oxygen concentration from 
Vegard-Kaplan and 1NG emissions  
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