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Derivation of ionization equations for the
simulation of auroral effects ~
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ABSTUAl."l.'. Equations are derived for calculating ionizat ion ra tes CUf threebasic types of electron energy
spcct rn m distributions. These can be combined to model observed auroral electron energy distributions, in order
to eimuls to auroral effeeta and effects due to electron precipitation. Calculated auroral 5577 A/3914 J. intensity
ratlos, using the ionization rates obta ined by 1UC4l1ij of the derived equations, at the altitudes or 120. 160 and
200 km, show good agreement with observations.

- ,

•

1. Introduction

Tho main spect ral emissions and general appoa
ranee of an aurora, 3 8 well as the height of maxi 
mum volume emission rate for a given rad iation
wavelength, depend principally upon the elec
tron energy spect rum distr ibut ion of the electron
flux penet rating the atmosphere. Electron impact
excita t ion of the various states of tho atmospheric
species and ind irect processes such as those caused
by the ionization created by the elect ron flux arc
responsible for these emissions.

Some auroral electron spect rum distri butions
have been investigated hy rocket and satellite
studies and the resnlts of a few of these studies arc
shown by Hones eJ al. (19il ). Most of these
reported distributions may be represented by
combinations of the basic types of electron
energy spect rum distribu tions such as

(a) J(E) - K, 'E 'exp (-EIB. )

(b) J(B) - K.. exp (-BIE. )

(c) J (E) = KoBI'

By means of analytical equations derived for the
ionization erented by the above basic ty pes of
elect rou energy distribut ions, it becomes possible
to simulate the ionization caused by combinations
of these basic types of dist ributions for electron
fluxos penetrat ing the atmosphere, with the usc
of an assumed model atmosphere.

When the electron impact cross sections for the
excited states of the atmospheric components are
known, it is possible to simulate the major spectral
emission and ionization features of auroras by
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determining the emissions due to impact excitat ion
and those due to the indirect processes such II.S, for
example, the dissociative recombination of 0,+.
To illustrat e the use of the derived equations, the
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5577 A13914A intensity rati o is calculated at a
few alt itudes using tho model atmosphere employ
ed by Walker and Rees (1968). The results show
good agreement with previously reported observa
tions of thi s ratio.

2. ApprOXimations for number density, seale helCht and
ecnmn densitY

Reasonable approximations for the number
de".oity and the column density of the atmosphere
upto at least about :lOO km are required for tho
calculations related to typical auroras. Some of
th i< data can be obtained from model atmospheres
such as the Cira 1965 model. The number density
of an individual atmospheric component, as cal
culated by the Cira 1965 model atmosphere, is

II, = " Ii"{ T,/T )-exp] - (milk) .rg·JzlT] (2'1)
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where ..., " " is the number density of the . com
ponent at altitude z, z,(cm-1l).

T, T, is the temperature at altitude e, %, ("K).

ut i is the molecular or atomic mass of the i coma
ponent (gm),

k is Boltzmann'. constan t .

a is the acceleration due to gravity (C1n/' oc").

The tota l number density of all atmospheric com
ponents may he approximated by the following
expression (valid over a limited range of altitude};
















