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Section 1

INTRODUCTION

Ionosgheric disturbances cause severe disvuptions of radar and communi-
cations systems, and high background rates in optical defense systems. The
most troublesome disturbances affecting high frequency wave propagation are

the scintillations, which can occur at any time, and are expected to be

especially severe after a high-altitude nuclear explosion. An extensive
program is now underway to find out how ionospheric disturbances affect
radiowave propagation through the ionosphere. The program comprises experi-

¥ mental studies, such as WIDEBAND, on naturally occurring disturbances in the
ionosphere, and theoretical studies of the scintillations and of the iocnospheric
conditions which lead to this occurrence. This report addresses several

aspects of the thecretical investigation of ionospheric irregularities. It

[

is mainly concerned with the effects of particles and fields in the upper

£

s

ionosphere =-- a protlem which must be solved if the underlying canses of

irregularities are to be understood. The emphasis in the first sections

it one ko

is on processes in the natural ionosphere. The last section treats an effect

that may be expected to occur after a high-altitude nuclear detonation.

A new method was recently described for calculating the distribution of
electrons leaking out of the permanently trapped radiation belts (Ref. 1, 2).
The results are important for their implications to magnetospheric physics
and the coupling of the ifonosphere to the magnetosphere. An important
by~-product of the calculation is the energy deposited In the upper ionosphere

by electrons precipitating in mid-latitude regions (L < 6). The distribution

PRECEDING PAGE BLAMK-MOT FLiMED
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of energy depouation can be calculated quite accurately because the method
incorporates the AURORA code, which has becn carefully developed and tested
wer a period of many vears (Ref. 3, 4, l). It was th:refore suggested that
results from this program could be of great value to the interpretation of
data from WIDEBAND and other experiments directed at the asscssment of

radio propagation through the ionosphere. The fundamental advantage is that
the precipitation of electrons from the trapped particle belts, and the re-
sultant energy deposition, are more undarstandable and readily predictable
than in the auroral regions. Eventually it might be possible to predict

the particle precipitation contribution to icnospheric heating, even without
well-coordinated satellite observations -=- something that will probably never
be accomplished for the auroral regions. The advantages have been somewhat
offset by the lack of mid-latitude observational data. The sparcity of
particle precipitation data has precluded the calibration of diffusion and
precipitation rates. The mid-latitude WIDEBAND data wer. limited mainly to
one station that only operated for a portion of a four month interval,
though Wwe intend to look into the possibility of using low elevation data
from the WIDEBAND receivers at high latitudes to investigate the northern

edge of the mid-latitude region.

Sections 2 and 3 describe a continuation of previous work (Ref. 1)
and first attempts at interpreting WIDEBAND data using our results. Section 2.1
is a discussion of the basic theory behind the calculations. It has heretofcre

been assumed that the conventional bounce-averaged diffusion equation might be

adequate to treat the electron precipitation problem., We shall show how our

approach is related to the bounce-average method, and why a bcunce-averaged
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treatment can never vield satisfactory results, Section 2.2 describes further
efforts to calibrate the e¢lectron diffusion rates by observations of trapped

and precipitating particles. The results have not been very encouraging,

mainly because of instrumentai difficulties. However, some of vhe difficulties
miyht he overcome by a new method, outlined in Section 2.3, that takes advan-
tage of the variation in electron fluxes due to their Ifongitudinal drift

motion. The following section, 3, is concerned with a vreliminary analyvsis

of WIDEBAND data. Unfortunately, those data, and the supportive data on
magnetic variations, ionospheric densities, and trapped particles did not be-
cone available soon encugh te allow a detailed statistical analysis for possible
correlations. There were, however, a sufficient number of interesting scintilla-
tior events at mid-latitudes to lend support to our suggestion that studies

of ionospheric octivity and particle precipitation could profitably be carried

out in mid-latitades.

Recent satellite measurements of the angular and energy distributions
of ions and electrons by Shelley et al. (Ref. 5) and Mcllwain {(Ref. &) and
elec: "i¢ fields of Mozer et al. (Ref. 7) provide improved information on
phenomena affecting the coupling of the ioncsphere and magnetosphere and on
the acceleration of ion from the upper ionosphere to energies in the keV range.
The recascn these results are of interest here is that they imply the widespread
and frequent occurrence of plasma instabilities that lead teo anomalous resistivity
and electric "double layers,’ which, in turn, cause large electric fields
aligned along tlie magneric field. These phenomena may lead us to modify our en-
tire understanding of the exchange of particles betweeun the icuosphere and
magnetosphere,and of the motlon of nuclear debris after a high altitude nuclear

explosion.

i S e BN = - - » -
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Section 4 describes an intcrpretation of some ion and electron dis-
tributions observed 'y Shelley et al. (Ref. 5). The events selected were
those wherein high fluxes of keV-type H+ and 0+ ions were observed moving
away from the atmosphere and highly directed along the magnetic field. In
the anélysls, an electric field was assumed extending below and above the
satellite along the magnetic field. 1In the calculations described here the
distrihution of ions and electrons was followed downward from the .bservation
point, through the electric field region, into the atmosphere, and back up
to the observation point., The AURORA code was used to compute the flux of
backscattered electrons. The computational model was much simpler than
that described in Section 2 -- ignoring the pitch-angle diffusion due to
wave-particle interactions at high altitudes. The observations could be
explained quite convincingly by passage through a potential drop of as much
as 4.5 kV. The data also indicated that high fluxes of keV-type electrons
were trapped between the converging magnetic field below and the electric

field above.

One of the prime candidates for a mechanism that produces ionospheric
irregularities is the Farley-Buneman instability (Ref. 8) that is driven
by the kinetic energy in the streaming motion of Lhe plasma. If the stream-
ing velocity is greater than the thermal velocities the instability grcws
rapidly. Obviously, a high-aititude nuclear explosion, with the attendant
plasma motions, is a likely candidate for plasma instebilities. The atmospheric
heave drives plasma across the magnetic field, inducimg a large electric

field. ‘this electric field polarizes the ionospheric, and the polarization

10
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charges propagate to high altitudes along the magnetic field. The resulting
electrostatic field extends to large areas of the jonosphere, far beyond the
region principally disturbed by the burst. The Farley-Buneman instability
can be excited if this electric field in the effective E-region of the iono-
sphere induces a strong drift motion of the electrons with respect to

the ions -- at a rate higher than the ion thermal velocity.

Section 5 describes a test of the Farley-Buneman instability criterion,
using some MRHYDE and MICE computer data on upper atmosphere conditions follow-
ing two H.A.N.E. events. Unfortunately, all of the data required for a complete
analysis were not available. Nevertheless, the analysis indicated that the
electrostatic field arising from the atmospheric heave is indeed very large
and that magnetic field-aligned plasma irregularities due to this instability

may be expected to extend to several thousand kilometers from the burst.
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Section 2

DIFFUSION OF TRAPPED PARTICLES
AND THE DISTRIBUTION OF FRECTIPITATING PARTICLKS

2.1 THE PITCH-ANCLE DIFFUSION EQUATION

Tha motiong of trapped particles in the magnetosphere can be studied by
a statistical treatment that results in a Fokker-Planck diffusion aquation,
By wonsidering times longer than the particles' gyroperiods one of the six
degroes ~f freedom can be eliminated. Another variable can be eliminated by
cither assuming uniformity of the distribution in longitudn, or by acknowledging
that the longitudinal drift motion is predictable, and liunear with time. That
leaves four parameters (plus time) to  describe the particles' distribution —
one advantagrous choice is L-shell, latitude or position on a field line,
cnergy, kB, and pitch angle, o. We may also chouse to ignore the L-parameter
and concentrate on the physical processes that involve only the remaining three
parameters. We do not mean to imply that L-shell — or radial — diffusion has
no significant effect on the distribution of precipitating particles. Radial
diffusion is important and should eventually be included in the treatment of
particle losses (Ref. 9). The remainder of this section is devoted to practical

methods for solving  the Fokker-Planck equation, primarily by Jjudicious

elimination of one or more variableg.
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2.1.1 The Bounce-Averaged Diffusion Equation : - -

Stably Lrupped particlos interacting with low-lovel wavaes, or

with « ther particles obey o ditfusion=type cquation (Ref. 10,11),
o Hy .
3p "V ouos o (§~) congtant ad.inv. (L
)
1 ) ..

R
T . . T B! [ ~ r - hi
———— B—- [N AT o - (3 SLED 24 i 83 a1 + 3¢ goLERH] - 50
ih @ = _‘JQ’(}‘ i rdJ [ tinvEy Lo Lormy L a3ourcs ] 1oase S

where £{t,s,k,0) is 2 phase spacs number — density distribution furction, and
Daa(t,s,E.a) is a pitch angle diffusion ccefficient. The remaining indepondent
variables are time, t, and distance along a £ield line, s, (usually measured
Trum the equator); V is the veloceity. The onergy loss term is important for
collisions with particles in the atmosphere (Ref.10), but can generally be
ignored for interactions of elezctrons with waves at high attitudes

Ref. 11, 12). Most of the important physical processes are described by

the first term on the right side, so we will concentrate on that term, and

ignore the remaining three terms (usually small) cxcept when the source and

Y ol
. Ty

loss terms arc needed for logical consistency.

Equation (1) is a local diffusion equation. The second term, however,
must be differentiated with the first adiabatic invariant hold constant. A

suitable roplacement for the local pitceh angle is any variable that depends

o S e e

only on the adiabatic invariant. A suitable adiabatic invariant variable is,

t
if energy remains constant,

T

B
(] 2
U= 1= gr;y sin o (2)

where Bo (s =0) is the minimum magnetic field strength — or squatorial field —
and B(s) 1s the local field. For free, non-interacting charged particles,
u would be % tim:s the cosine equared of the pitch angle, a s at the equator;

in the pregent case there is no simple functional relation between u and ao.

13
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The diffusi v equotion can be written

dr TR ey
ST s v /S L= (1-u) TR (:)

[

B e ey
/

7 /- .
I — 12 ()- — { ,/ W - - — -1
ol b -l 1) T osa Do v * (1-u) 5 (1-u) g\—l]
vl [
U ey
/. LB 3 , / B ar]
: L - 1] - 1 - - —_—
v (L) B du [(Duu/ 1 - (1-w) B ) S
(9]
The: wenventional method for treating this cquation has boen to avorase cvor the
ferpth of the bLrgjectorics between the wmirror polnts, Sl aud 5, . The cloment

U distanee alonge a particle trajectory is ds/m)s . A simple integration

pives

W=

/e oy 13 [T W2 ds 3t] 13 ar ] "
3t T (i;_’_rl) T T du [Zf{: js CcOs o Duu u] T T Bu [I(Duu IV (%)
: 1

whure the subseripts 1 and 2 indicste valuws at the conjugate mirror points;

< > denotes an average over dsf/cos @, and T is the "quarter bounce period”

intcgral
I PSR 5
T= 2R Js Cos o (5)
3} 1

The constant RU has the dimenslons of a length; in a dipole field it is just
the radial distance to the cquatorial crossing. In a (nearly) symmetric dipole

field a simple empirical approximation holds for T (Ref. 13).

T(u) & 1.360173 =~ 639693 (1-u)3/tj ’ (6)

14
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, . . , . 2 .
Tr Bquotion (%) She commitativity of the operati-ns ey and <> is
i
"
cpsureed 10 D oand g romaln bounded at the mirror points. The separation of
o 191
~
ol . : . . . - \
o N and 5, in the averaps on the ripht side would further simplily the:
Y ¥ - -
caquaticon, Lhemgeh this requires an ussumption that is not always warrantod.

Usue Ly the aitfthaaion rabe s been asowaed low erowh that U0 does not

approeiably vary cver o partlcls trajectory. If £ is independont f 5 oa

1]
"boune averaged’ cquation recults
af L [ af
= <p >
3t T du Duu T 5:] (1)

[Note that an average over ds/cos o is the only way to remove the 3i/9s term,
thouph the original justification tor the averaging procedure did not take

this into gezeunt (ReL.10)). Tn the loss oone, o < o, the assumption of
uniformity of £ along the field line cannot be valid. In the limiting case

of 2 totally absorbing atmosphere, where nc pasrticles are scattered backward
into the upward direction, the df/ds term becomes Vfa/T. The resulting equation,

which has been frequently used for the less coune, is

_1 3 o 2f
3 T T ¥y {<Dud> B Eij] N

(v~

where T is the bounce period (hROT/V). Somewhat different derivation have
been used clsewhere to justify Bquation (8). An alternate method is to
assume that the particles are lost within one-fourth bounce pericd, on the

average. The loss turn is then hf/TB (Ref. 14, 15, 16, 17).

It is relatively easy to demunstrule Lhat the bounce averaging procedurc

vl

runs into difficulties when the variability of f with s is tak n into account.

i3
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Wher: 0 depends on spatlal position it is not pencrally possible Lo wribe a
diffusion equation for < £ ™. A case of lnberest is where D, (u,s) is a
tunction of u only, indepadent of s (this is not the same as the assump-
tiun thaot D (a,5) iz a function «f a ~nly). There £ollow from Equatlons

(5) amd (5) th- siwple relsvions (Ref. 18).

) . A(L-u) (¢
) sl eetme——t. D) (.
<“uu> T vy {9)
S f'fr‘“ E_’ . io
TS A TR (10)
(9] Sl
u

= -i- Jr_ T(\,'l) d\:l

{

The buunce aver- ed diffusion equation is now

8 -< [ > . .

—-—-a——-t‘ + :f- (f‘_’-fl> ('Ll)
- ar

T 3 [< Duu> T << du >>]

) 3 < £ o> T T 1
< LR -
3 [ Duu>T(T + 7 f > B f>)J

r3|

where the symbols << 2> denote a new kind of average

s) B S.) B
<<X>>-’-'~§“XT33 cosads / [° Eﬁ Ccos o ds (12)
5y ”sl

Thus an attempt to remove one integration variable, s, has only resulted in the
appearance of a new dependent variable, << f 2 on the right side of the
diffvsion equation. It may be concluded that, except for special cases, the
bounce-averaged diffusion equation 1is not valid for the treatment of distribu-

tions in and near the loss cone. Bounce-averaging is only justified for slow

16
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ditfusion F "permarently” trapped particles with large pitch angles.

A rough eriterion can be formulated fTor the range of validity of
Equatiom (7).If there is a cutoff cquatorlal pitch amgrl., o below which all
the trajped poarticles irteract strongly with the atmusphere within half a
b.ounce periond. the distribution can be symmetric in ¢ only for piteh angles

a greater than ~  + 4o, where
K N -2

N

ba = N/"?;“<"15;;"_J S (13)
) o w
/ B oo
/1 < R
TN TS D F = 7
COs GO

Values of < Da o > are available from several sources (e.g. Ref. 19,20); normally
J

< Daoau > is expected to be less than lO-urad‘?seu-l. Table I shows the
numerical factors that give AJO from < Da o >. Except for the case of strong
diffusion, when < D, > pecomes campara(t;l: with l/"'B, Equation (7) is satis-
factory for most of ;hz trapped particles. But near and within the loss cone,
o, S o s the pitch angle diffusion equation must be solved explicitly for

{8t least) three independent variables.

To see what «an be accumplished with Equations (7)and (B), consider the

idealized case where

= q
Dsin a sin o, Do (sin ao) (14)

]




TABLE T
rRange of ILufluence of Atmosphere on

permanently Trapped Particle Distribution

E ev Aao (electrons) b (protons)
| - 10° 1.684JL < D > 11.1JT < D >
i 10* 953 " 6.26 "
10° 568 " 3,52 "
10° 434" 1.98 "
‘; 107 420 ¢ 1.12 "
i
;

- sk

~ .
SR sy o
TR o PR TR oo i

-

g " 18




7

ERENT: - LR

TR

ar.d the s oarcee thet maintains thne trapysed particies is

5 -8 (sina )t (1%)

where D and & are constants.  The diffusion equatisn for a stati nary distri-

buti 1 {ar/oy - ) i35, atr'ter replacing sin oru by X,
trapped: O = 112 DT qul af] =3 pold X > (16a)
- o TB X a—x o B™ Tx (:X b - \C
1 1 3 r g+L 9 f 2f | .
loss cone: 0O =2 = = = = :
5SS cone TB x O LDOTBX ox] TB { X=X, (16b)

To simplify the sclutions let TB be a constant, equal to the bournte periecd
at X, The solutions of Equation (lba)are straightforward, and give for

trapped particles

<
"o 1 pHe-q -q ) ,

£f= -~ = T —— + - 0 (17a
DO ip+2)(p+d.—q)x Cl* +Cd‘,q)é |17 )
S .

F= a2 LY xp+d+c Inx +C.lq=0 (17b)
D 2 1 2

o (p+2) J

where the C's are constants. The loss cone equation, (16b), 1s Bessel's equation,

and gives solutions in terms of Bessel functions, In,of imaginary argument

. 2-q\1/2
. .-qf2 2 [2y |
t-o e, 25 (35 itz (18)
f = c3/x 1 g=2 (18b)

It is necessary to match the functions amd their first derivatives at L

the remaining constant can be eliminated by letting £ = 1 at ¥ = O, The

solutions for q # 2 are
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Thes: resuits are fairly insensitive to the strenptn of the s urce. A grest

simplific

cation, therefore, occurs in the limdit as SO beeomes zerw; Lhe loss

cone salutions are:

¢ s a M7 (2a)
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o B
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i q# 0.

These are similar to the solutions for the same casc found by Theodoridis and

and Paclini (Ref. 14) except that they normalized their sclutions sumewhat

S T e T

(AT

differently.

Several solutlons for the weak source, q = Q case are shown in Figure 1.

The figure was drawn for 50 kev protons, which are not reflected by the

atmosphere, on I, = 4, The reason for considering protons, is that the
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Figure 1 Solutions of the averaged diffusion equation for 50 keV protons
on L=4. The individual curves are labeled with the value of
the assumed (constant) diffusion coefficient <D >
in rad2 sec-l. Yoo
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2.1.2 Solution of the Three-Dimensional Diffusion Equation

The intepration of Equation(3) poses some novel difficulties, mainiy
because of the dlistortion of the domain of integration. The num=rical
techiiques were deseribed previously (Ref. 1), so the following discussion is

doveted mainly Lo tundamontal questions,

The time integration of the pitch angle diffusion mquation is nnt
always intoresting, and zan be avoided by assuming either a steady state, or

g l-owest cligenmode decay with

f g (uy) o (21)

The oharacteristic decay period is 7. The differential equation for g is

_, K dg "
where v 1is the dimensionless distance from the equatorial plane, S/Ro. The
domain of lotegration (for d  dipele field) is shown in Figure 2. The extreme
limits of v are * T(0) = % 1.280173. The domain of integration is bounded
o Lhe right by the curve v = vh(u), where the subscript m denctes that a
parameter is evaluated at the mirror point. The figure shows only half of the
domain; the earth's {ficld i1s sufficiently symmctric that the lower half can be
congidered a reflection of the upper half. The partilcles generally enter the
atmosphere at different values of vV, say =V, and +ch y in he tw s opposite

hemispheres, so the Integration is not really symmetric. Several horizontal

dashed lines have beun drawn to lndicate for different 1L shells the vC values
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Figure 2. The domain of integration of the pitch angle

diffusion equation.
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witere atmospheris seattering and enerey loss mash ba broupght inse the diffusion

equation,

The: transtormation r'rom local plteh angle, o, to adiabatic invariant
variable u, hus altered the domain of integration in another way that is not
immediately apparent in Figure 2. BEverywhere except at the equator (v - 0) the

distribution in u hos been split into two separate parts: a group of particles

< B \ R
going in one direction with a ~ arc sin V/E (1-u) and another group going in
¢ o :
. . . X B . . [
the: opposite direction with o & T - arc sin 5 (1-u). The choice of u ™ cos o
o]
rather than ~ cos @, has caused the separate regions to lie on top of one

another, though they are actually joined only at the point v =0, u= 1. A simple
way around the difficulty is to lahel the two distributions wich superscripts

UP and DOWN, and perform the v integration in each direction.

_ If (o) is to be continuous at & = % , it follows that, on the line
i
v = v (u)
UP DOWN
g (wv) =g (uv) (23)

If the domain were symmetric about v = O, only one g would need to be considered

with
glu,vy) = g(u, - v ) (24)

This condition leads immediately to the conclusion that g cannot be separated
into a function of v multiplied by a function of u (as f was separated to
give g and a function of t). If g were separable the v eigenfunctions

would have the form exp(-Cv); which is incompatible with Equation (24)except

in the trivial case ¢ = O (or f dindependent of 8).
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It also appears that, if 3;7/3v is to remain bounded at v - Vi the deriva-
tive dp/du must vanish st the mirror points. For most of the interesting pitch

angle diffusion mechanisms, the diffusion coefficient appruaches zero sou fast

H W

. . . . UP DO .
at o = 7/_ that the tws distributions, g and , can be considered fully
independent.  Even ir Du& aves not approach zero at least as fast as cus o, the

derivative conaition follows from the differential equation, 22.

; The boundary condition at u = 1 is

o
[

= 0 (25)

e 81(‘.
H
2

o

This do=s not imply that 3g/du is zero, though this type of boundary condition

: B, on iz{u) is feirly easy to incorporate in a numerical finite difference integration.

The most interesting boundary is at v = Vs here the integration switches
wver from generally slow pitch angle diffusion at nearly constant energy to rapid
diffusion and encergy loss due to collisions with atmospheric atums and molecules.

The time scales in the two v reglons are so vastly different that it 1s imprac-

T eyiny ety e Bl SRR R T I T n 1

tical to solve the combined diffusion equations in & routine fashion, integrating

3 over both regions simultanecusly until convergence is attained. The character-
istic times for diffusion in the magnetosphere are hours to deys; the character-
igtic times for diffusion in the atmosphere are less than the particles' bounce

periods — of the order seconds or less. It is just this disparity that renders

S ESRC T 2 2

liable to suspicion any attempt to treat the distinct physical processes on an

P S R

equal footing. For exsmple Spjeldvik and Thorne (Ref. 2l ) attempted to treat
the atmospheric interactions by introducing s diffusion coefficient in the bounce-

averaged diffusion equation that was very large in the loss cone region. Apart

1 )
1 |
|

from the difficulties of constructing a numerical solution across the boundary
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where some parameters change by orders of maignitude, their results do not
appear entirely reasnnable. At the transition between the two modes of diffu-~
gion they show & sudden, steep drop, followed by & nearly isotrupic distribu-
tion within the loss ¢ ne, Yet one would expect the downgoing Flux at the top
of the atmcsphere to show a nearly exponential fall-off at the transition, with
a characteristic scale given by Equation Q3)., In Figure 3 [similar to Figure 3
of Ref. 1 except that the no-backscatter rase shows the new results of Equa-
tion (19) Jare compared to the Spjeldvik and Thorne resu.ts and our new results,
For a wave field of 30 my the predicted diffusion coefficient for 50 kev

electrons is approximately

-4 -1 p
< E= (] o
Daoaq > Lo77 sec (20)

This gives a 4@, of about .5° at the equator. The distribution at 300 kev
altitude should therefore be spread out over nearly 18° near the "cutoff" at
750. The results of Spjeldvik and Thorne fall off much faster than the expected
exp (0/180) rate; our results are consistent with the expected fall-off rate,
and are nearly indistinguishable from the bounce-averaged results where those

results are expected to be applicable (& 2 60°).

A few words of caution are in order here. While scattering within the
atmosphere may be treated in the numerical integration as a boundary condition
at v = Vs it is not generally possible to construct a simple boundary condi-

tion there. Consider the simple case where no particles are assumed to be

reflected, or

g7 (u,v,) =0 (27)
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This «oreiition s Ineompatible with Equation(22)unlens

&g

5

DOWN .
" 13 aluo gero at

VoS vL,which i turn denies thoe possibility of particle loss in the atmosphere.
The diffisulty is rewmeved 1T the particles which would mirror 2 small, but
finite, distanc. boeyond v oarn returned after nveing glightly attenuated.

A simple prescription based on this observation can be used in most situations
where bhe physical processes are understood., Often the "ponetration depth”

is small enough that the mathematical difficulties only affect one point

Vm(ui) =V, i an array ot discrete points.

Ideally, the integration would be joined across the boundary at Vs to a
detailed solution of the Fokker Planck equation describing scattering in the
ntmosphere. The AURORA code gemerally suffices for that purpose except that the
chiunge in the pitch angle due tc magnetic reflection was incorporated in the code
only {n an approximate fashion. To the best of our knowledge, none of the atmospheric
scattering and energy deposition codes have explicitly taken into account the
precautions discussed above. As a result it has taken some experimentation to
establish the optimum altitude for the traﬁsition to atmospheric scattering,

In our previous calculations an altitude of 150 to 180 km was chosen. At higher
altitudes (above 200 km), erroxrs quickly build up, even in the parts of the distri-
bution that are not strongly affected by the atmosphere. This means that it might

not always be feasible to obtain reliable results for electron energies below 1 keV.

The cage of zero reflection is very much like what actually happens to
trapped protons, Protons entering the atmosphere are rapidiy degraded to thermal
energies before suffering appreciable deflection (Ref.1Q), The steady state differ-
ential equation (22) has been solved for a range of values of Doa up to the limit of

strong diffusion. The most readily accessible published values of the diffusion
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coefficient (e.g. Ref. 19) are for the average <:Daoaoi>. The simplest assumption
about the form of Dy is that it is a function only of ﬂo. It is curious that
this assumption leads to values of < xhoao:> that are just slightly less than
one-half DOO over most of the range of ao' The conversion formula is, from

Equations 6 and 9

o o
00 T cos o

o )
L3380 + 169 tan“au (Sinj/ﬂyn - 1)
——— D

A3

: ) I
1+ 46s sint e

(V]

The Adif'fusicn coefficient < Da o > was also assumed independent of GO .
€ U
Some sample results of caleulations for S0 keV protons on L = 4 are
_. shiown: in Figures b through 7. These results should be compared with Figure 1,
which treats the same case by the bounce averaging method. However, it is

riuw possible to calculate the distribution at any point along the field line.

e et

Even if the bounce-averaged diffusion equation were fully applicable it would
only give a sort of "average" distribution. In the cases shown we have plotted

the distributicn at the equator and the distribution at the top uf the atmos-

o g o e, e e

St
P

phere (in terms of an adiabatic invariant parameter Bm/BO = 1/1-u).

At small values of Bm/B0 there is a discrepancy that is simply a con-
sequence of stopping the calculation before the solutions for particles with
large pitch angles had fully converged. In this region the bounce-averaged
equation gives better results with less demands on computer time. The new

results beyond Bm/BO‘” 50 are satisfactory, and should be accepted as the

correct sovlutions against which others should be judged. It is peculiar that

i
i for moderate diffusion rates the averaged diffusion equation results would agree
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