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Summary 

The superposition of a parallel eleotrio field along the direotion of the Earth's 
magnetio field results in a ohange in the precipitation into the ionosphere. The extent 
of the total additional ionization oaused is dependent not only on the number of 
magnetospherio eleotrons displaoed, but also on the details of energy and pitch 
distributions as they enter the denser lower atmosphere. The dependenoe of 
preoipitated pitoh distribution on the original spiralling field line and on the super­
imposed field is found. 

I. INTRODUCTION 

Consideration is given here to further aspects of the effects of the superposition 
of a longitudinal electric field along the direction of the Earth's magnetic field. In 
particular, a determination is made of the modifications to the orientations of those 
electrons which, as a result of such superimposed fields, are precipitated into the 
ionosphere from a spiralling orbit in the magnetosphere. 

The application of a parallel electric field results in a change in the spiralling­
mirroring domains of trapped particles and also in the consequent change in the 
extent of precipitation from the magnetosphere into the ionosphere. These effects 
have been studied previously (Catchpoole 1966a) and results presented indicating 
their dependence on the field line of spiralling 00 and on the equatorial ratio of longi­
tudinal to transverse particle velocities (u/v)o, as well as, of course, on the magnitude 
of the applied electric field itself. 00 is the colatitude of surface intersection of the 
field line while specification of the other parameter is equivalent to that of the particle's 
equatorial pitch angle <xo as used here. 

Besides affecting the extent of the precipitation of magnetospheric particles, 
the superimposed parallel electric field envisaged will also alter the energy spectra 
and the orientations of these particles. The object of the calculations reported in 
this paper has been to determine the relationship between the applied electric field 
and these distributions upon precipitation. As before, an arbitrary dividing altitude 
of 600 km is supposed between a region of spiralling (or magnetosphere) and one of 
precipitation out of trapping (or ionosphere). Other general concepts of the earlier 
work are also retained, such as the existence of a differential dynamo effect to 
produce a conjugate potential difference as a source for the applied field. The present 
considerations relate to the motion of electrons only although corresponding results 
will apply to protons in the conjugate hemisphere or to other charged particles 
(Catchpoole 1966b). 

* Department of Physios, University of Queensland, St. Luoia, Brisbane, Qld. 4067; 
present address: Faoulty of Arts and Soiences,York University, Toronto, Canada. 

Aust. J. PhY8., 1969,22, 733-8 



734 J. R. OATOHPOOLE 

The interest here is, then, in the distribution of electrons as they cross the 
magnetosphere-ionosphere interface under the acceleration of a parallel electric 
field. In particular, pitch angle distributions are considered. These are of importance 
in the subsequent motion and effects of the precipitated component in the ionosphere. 
Of special significance is the further ionization caused by the dumped particles, 
brought about by collisional ionization or otherwise. The pitch distribution of the 
particles on entering the denser lower region determines the effective ionization 
paths. It will also in this way be one of the factors controlling the height distribution 
of the resultant additional ionization. 

II. CHANGE IN PITCH ANGLE 

As a first step, the relation is found between the reference pitch angle oco of a 
spiralling electron as it crosses the equatorial plane and that pitch angle OCp which 
it has acquired by the time it crosses the arbitrary precipitation level of 600 km. 
This relation will involve both the magnetic fields and also the particle's energies 
at these two points of its orbit. The required dependence on any superimposed 
electric field is inherent in that field's effects on particle energy. 

Using the first adiabatic invariant of particle motion (Longmire 1963), the 
magnetic moment /L due to the circular motion of the charged particle in the magnetic 
fields B can be equated at the equatorial plane (subscript 0) and at the precipitation 
level (subscript p) as 

/L = Bplv~ = Bolv~, (1) 

where v is the transverse component of the electron velocity. From the conservation 
of energy, 

.lm(u2 +v2) = .lm(u2 +v2)-.le V 2002 P p2' 

where V is the potential difference between conjugate points producing the parallel 
electric field of interest. As illustrated here, the sign is such that this corresponds 
to a field direction which results in increased precipitation. The energy of an electron 
as it is precipitated is 

E"p = E"o+teV. (2) 

Taking these two conditions together gives thB required relation between the 
particle's pitch angles at precipitation OCp and at the equatorial plane OCo as 

(3) 

This has been evaluated and graphs of ocp against oco are shown in Figure 1. 
These are for various values of the electric field parameter k = VIE"p. (This is to be 
distinguished from the parameter c used in the earlier work referred to above.) For 
clarity, only the graphs for k = 0 and k = 1 are drawn in full for field lines from 
80 = 20° to 80 = 70°. With no superimposed electric field, a particle's pitch angle 
is increased by the time it is precipitated. This reflects the deceleration due to the 
convergence of the magnetic field lines. As the superimposed field is increased, OCp 

approaches the values oco and then finally values of k are reached for which OCp < oco. 
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At this stage the accelerating force of the parallel electric field has overcome the net 
retardation due to the magnetic gradient. The dependence of these effects on the 
particular field line of spiralling 80 is seen from the figure. 

Beyond a certain critical equatorial pitch O:Oc, the spiralling electrons are unable 
to reach the precipitation level. As an increasing pitch approaches this value, the 
slope of the curves shown generally inereases as the longitudinal velocity of the 
particle is decreased near the precipitation point by line convergence. The change 
in curvature seen for some of the 80 = 70° curves is due to the predominance of 
the parallel electric field on a field line of small magnetic gradient. This change 
would also, of course, appear on curves for lower 80 and progressively larger k. Such 
curves as those illustrated thus indicate the regions of predominant electric or magnetic 
field effects noted before (Catchpoole 1966b). 
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Fig. I.-Showing the relationship between the precipitated pitch angle "'p and tht. 
corresponding equatorial plane pitch angle "'0. This is a function of the field line of 
spiralling 80 and of the magnitude of the superimposed parallel electric field (indicated 

by the parameter k). 

Supposing some initial equatorial pitch distribution, the relative total precipl­
tl!otion can also be found by.reading the appropriate critical angles from this figure. 
In this way, the increased precipitation due to a certain superimposed electric 
field is determined. However, these particular results are not repeated here, as they 
are the same as those found previously by a similar procedure. 

III. DISTRIBUTION OF PRECIPITATION WITH PITCH ANGLE 

The main results of the present calculation are shown in Figure 2. This illus­
trates the way in which precipitated electrons are distributed in pitch angle at the time 
of entering the ionosphere together with the dependence of such distribution on the 
superimposed electric field. The curves are derived from a magnetospheric distribu­
tion which is isotropic in the equatorial plane. The value which is graphed as a function 
of precipitation angle is the ratio N(o:p}. This is a relative population per uriit of 
pitch angle which is referred to that of 0:0 = 90° in the isotropic equatorial distribution. 



736 J. R. CATCHPOOLE 

For a given precipitated pitch, Figure 1 was used to find the corresponding 
equatorial pitch for like parameters. The change in pitch angle interval which the 
equivalent increment of equatorial population now occupies is taken into account by 
using the slopes of the curves in Figure 1. 

Figures 2(a)-2(e) are for the field lines of indicated colatitude and the set of 
curves in each case indicates the effects of increasing superimposed electric fields. 
It can be seen how the initial near-symmetry of distribution about a median pitch 
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for the set of superimposed fields shown is progressively lost with increasing co­
latitude. This corresponds to the increasing effectiveness in precipitation of a field 
of given magnitude when applied along magnetic field lines of decreasing length. 
As 80 increases, the pattern of a greater number of electrons at the larger pitch angles 
(which is a feature of the assumed initial equatorial distribution) is reflected more 
and more in the precipitation distributions for progressively smaller applied fields. 

IV. INCREASED IONIZATION WITH SUPERIMPOSED ELECTRIC FIELD 

A particular objective of the study of superimposed electric fields in the 
magnetosphere is to estimate the additional ionization which will result in the lower 
or ionospheric regions. The extent of this further ionization will depend both on the 
direct electron contribution of the precipitation itself and on the exact way in which 
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these electrons enter the ionosphere. This latter must account for the energy spectra 
of the electrons (equation (2)) since further collisional ionization will depend on this. 
It must also account for the pitch distributions, as found above, since on these depend 
the available path lengths for further ionizing processes. Calculations of the com­
plete height profile through the atmosphere of the additional ionization caused by 
the displaced magnetospheric electrons must similarly allow for these entry pitch 
distributions. Further, they must also trace the change in the distributions with 
altitude, allowing for the different path lengths and for the various essential atmo­
spheric parameters such as the efficiencies of ionization for the several constituents 
(Seaton 1959; von Engel 1965). 
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Fig. 3.-Relative increase in additional 
ionization at higher altitudes resulting 
both directly from the increased 
precipitation and indirectly from the 
changed pitch distribution of the dis­
placed magnetospheric electrons. This 
ratio I is shown as a function of field 
line surface cola.titude 00 for various 
superimposed electric fields (k). 

Another important particular aspect of the study of superimposed fields is 
that of their effect on the conjugate point precipitation of photoelectrons which are 
produced in the lower denser regions of the atmosphere. Pitch angle distributions 
of photoelectrons entering the magnetosphere from the production hemisphere have 
been determined before (Catchpoole 1967). These will be equivalent to some anisotropic 
equatorial distribution but their re-entry distribution for the precipitation hemisphere 
can be found as above and from Figure 1 in terms again of geometric (00) and electric 
(k) parameters. 

A very simple illustration of these effects is shown in Figure 3 which indicates 
such ionization increases due to precipitation. It relates, however, only to the upper­
most region of the ionosphere or the medium into which the magnetospheric particles 
are displaced. That is, the altitude variation of the pitch distribution, requiring the 
specification of a model atmosphere, is not included. Instead, the relative increase 
in ionization I which is shown is 

1= 1(00, N(rxp), k) = Soh (N(rxp)Secrxp)kdrxPj f17 (N(rxp)secrxp)odrxp. (4) 

This accounts both for the additional precipitation due directly to the superimposed 
field and also for the path length variation with entry pitch angle. However, it is 
supposed simply that the additional ionization is directly proportional to path 
length. Figure 3 thus gives a first indication of the dependence of further ionization 
on the field line of preceding spiralling and on the magnitude of the superimposed 
electric field. 
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