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Analytical methods for calculating precipitating
relativistic electron effects in the D region
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ABSTR A<:n' . Equati ons tor calcuillting the penetrat ion and loss or energy by precipitati ng relativ ist ic
elccteon s in the D reglcn of the etmcspbeee, &8 well &II t he amo unt of ionizat ion ca used hy these electrons are
deri ved and discussed beginning with basio physical principles related to high energ )" elooteons.
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1. Introduction

Part of the ioniza tion of the D region between
;0 and 90 kill occurs as a result of the penetmtion
of precipita ti ng high energy . rclnt ivisti c elect rons
to th0 8C altitudes, ioni zing the ail' molecule s
by collision. At higher a lt it udes , relativisti c
electrons arc believed t o be responsib le for excita
tion processes such as airglow and auroral emis-
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sions, [" 55i7 A by 0 ('8) , " 3914 A etc hy
N2 + (B' 2'u+). (Wa lker 1972), as well as for
part of t he ionizat ion in that region. Precipitatin g
energetic electrons arc a lso believed to be an
important source for the maintenance of ionizati on
in the D region at night (Pote mra and Zmuda
1970, Rndicella 1968).

From deta obtained by O'Brien (1964) th e ave r
ag(' flux of precip itating electrons varies fmm 102 to
10"particle em-' ~ec-' sterad-' at mid-latit udes
to approximately 10' particle ell1- 2 see - i ste ra tl-'
around the auroral zone (above the atmosphere).
In th at study it was also found th at the auroral
fluxes varied over a range of a factor of 10' , hence
the figure ~ quoted as aye-rage values.. tend to mask
the variable nature of this pIJtmomenon. Fluxes
and energy spectrum d istribu tions of precipitating
electrons are basically very ti me dependent .

Analyt ical methods for calculat ing the penetra
t ion of precipitating relati" istie electron. to various
altitudes within the D region and their 108s of
energy du e to collisions with air molecules a. well as
methods for calculating the extent of the ioniza tion
to be expected from an assumed precipit ating
electron energy spectrum arc important for
gaining insight into the extent to which these
energetic electrons contribute te the ionizat ion
of the D region . This note is concerned with
the physics as well as the mathematical steps
involved in deriving the equat ions required. for
this insight.
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2. Derivation of the energy loss equation for relaUvlstie elee-
trons Inthe IJ region .

The fundamenta l equat ion for the energy
I().~~, per unit path length, for high energy relati
vistic electrons in passing through matter is
given by Bethe and Ashkin (1953) [equation (52),
p. 25 1)] a.
-dE/dx = 2 -sr- (N·e l . Z/(lIlov2)) '

(In (mo•2 • E)/(2 ' 1" (1- ,8' ))) - (2'(1-,8")1"

- I +fl') ' In(2)-j- I - ,8'
+ (1 - (1 - ,82)1 )2/ 8) (2' 1)

where,

E is t he k inet ic energy of th e incide nt electron .

x is the d istance along th e path through
the material. .

N is the number of atoms of the material
per unit volume.

e is the magn itude of the charge of an electron.

Z is the nuclear charge of nn atom of the
material.

"10 is the m88S or au electron within an atom
(effectively, the rest mass of an electron).

v is t he velocity of the incident electron.

1 is th e average excitation potential over
all electron. of an atom,

,8 =vic an d c is t he velocity of light.

E quat ion (2 ' 1) is geneml lind a lso applies to
100\o~ energy non-relativistic electrons, as well,
A more convenient form of eq. (2 '1 ), u~eful
for working wit hin t he lim ited range of elect ron
energies of precipitating energetic electrons in












