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LONG-TERM BEHAVIOR OF'ENERGETIC INNER-BELT PROTONS
Harry H. Heckman
a I.awrence Radiation Laboratory, University of- Cahforma
' : Berkeley, Cahfornla
‘ ' B Peter J. L1ndstrom
Space Sciences Laboratory, Un1vers1ty of California
Berkeley, California
‘and,
George H. Nakano
Research Laboratories, Lockheed Missiles and Space Company
Palo Alto, California

October 1969

ABSTRACT
Thi-é repoft sumrﬁariZés .the experill'xie-ntal re_éults on the .tlern-
poral behavior, since late 1962, of lov;/-'altitude trapped protons, E =57
MeV. These data are interpreted in terms of the tirhe-dependent con-
tinuity equation, using a source function that is empirically deduced
from the data. The observed changes in the flui of 63-MeV protons be-
tween 1963 and mid-1969 are in agreement with those expected from
soiar— cycle. changes in the atmosphere. Preliminary calculations that
include semiannual as well as solar- cycle atmospherlc density vari-
ations indicate that, beginning in 1967, semiannual changes in the 60-
ton | MeV profoﬁ flux should be obser_vable at altitudes below about 350 km.

Our flux measurements are consistent with this computational result.
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INTRODUCTION
Since late 1962, we have monitored the low-altitude trapped
protons, E =257 MeV using ernuls1on detectors recovered from ori-
ented, polar orb1t1ng satelhtes The nearly 7 years over .wh1ch our

observatlons have taken place constitute a 51gn1f1cant part of the cur-

irent 11- year solar cycle. As part of this work, propert1es of the

~inner- radlation belt protons from September 1962 through June 1966,

a period concurrent with solar m1n1rnum act1v1ty, have been exarnined

in detall ! Throughout the solar minimum period the characterlstlc

feature of the energetlc trapped protons was its hlgh degree of stabil-

ity.

Coincident with increasing solar activity in mid-1966, we have
had substantial evidence for a diminution in the proton flux at E =163
MeV. 2 As of May 1969, the flux levels betWeen 220 and 450 km alti-
tude have decreased by more than a factor of two, relative to the solar
min'imurnlpe.riod. | It appears that we are now very near the maximum
of the present solar cycle. Consequently, the low-altitude proton flux
is at, or near, its minimum value for this solar cycle. |

In this paper we first report briefly on our latest results on the

solar cycle variations in the proton flux, and review some of the per-

‘tinent features of the trapped protons during solar minimum that per-

tain to the altitude-flux profile and differential energy spectrum. The

second part of this report presents some preliminary computational
results, using the tiine—dependent continuity equation, 3-5_ that are com-

pared with experimental data.
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. PROPERTIES OF TRAPPED PROTONS
220 TO 450 km ALTITUDE
] .

' At low satellite altitudes, the inner radiation belt is detected
only in the South Atlantic zinomaly. This region, ‘cent.ered_ at approx- - o
imately 34°°S by 34° W, is the site‘of‘e.lnomalously .low intensities of
the g.eoma:gnetic field, and hence, high fluxes of trapped radiation.
Figure 1 shows the geometry of the South Atlantic anomaly The
solid- 11ne contours are In_]un 3 1sof1ux contours (in units cm 2 sec” 1)
for protons in the energy 1nterval 40< E < 110 MeV at an altitude of
400 km. 6 The contours of constant L, computed by using the 48-
coefficient Jensen and Cain geomagnetic field model, 7 are shown as
dashed 11nes The northward tra_]ectorles traver51ng the anomaly re-
glon are those of a typlcal 4- day satellite flight at 400 km altitude and
75° orbit inclination. Demonstrated here is the un1form sampling of the
partlcle fluxes in the anomaly, as well as the 11m1ted range of the L
parameter The magnetic field intensity, B, varies from 0.21 to 0 25
gauss over the range of L values shown. |

The_inner-belt protons exhibited a high de..gree of stability during

the recent solar minimum period, ‘September 1962 through June 1966;1
in Figs. 2 through 5 we illustrate some of those temporally stable fea-
tui'es of the inner-belt protons to which we réfer in the second part of
this report. | 'F.igure 2 presents the altitude dependence of the omnidi-
rectional flux of E = 63 MeV protons. We plot in this figure the aver-
age daily flux, J (in units crn"2 MeV-1 day_1 and normalized to a 90°
orbit inclination), observed for each satellite flight, versus the average

minimum mirror—point altitude, Kmin' This flux refers only to those
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protons detected during‘ northward passes of the satellite in the anom-
aly (see Fig.. 1). To remarkable prec1s1on, the altitude profile of the
omn1d1rect10na1 flux of 63 MeV protons can be f1tted by a simple power—
law functlon of the form J(65 MeV) «x h n The experlme_ntal data are
shown as open c1rc1es and are fltted to a least-squares power law

4.67+0.08
J ‘xch_ . to an accuracy of 7.6 % (SD) The computed daily fluxes

min -

for each fllght derlved from the InJun 3 B-L proton flux .contours and the
satelhte ephemerldes, are shown as dark circles. The least squares
fit to these data yleld an exponent n = 4.05+0.04. Although the differ-
ences between the slopes of the observed and computed altitude flux
proflles are statlstlcally 51gn1f1cant we believe the InJun 3 data (re-
corded between December 24, 1962, and September 28, 1963) repro-
duce well our solar minimum: data--clearly within the stated accuracy
(20%) of the Injun 3 data.’

Five measurements of the differential energyv s.pectrum for pro-
tons, E>57 MeV, between June 1963 and June 1966 are given in Fig.
3. The data are normahzed to an altitude h_ . = 3_75 km, assuming

4.7 IR

the omn1d1rect1onal flux varies as hmln , independent of'energy. The

errors o_f measurement are consistent with the spread in the data points.
We have no ev1dence, therefore, for a change in the spectral shape of
the protons durlng the solar m1n1mum period. In fact, the energy spec-
trum obtained in 1960 by Heckman and.Armstrong8 (shown as a dashed
line, and normalized at E = 63 MeV) also exhibits the same spectral
shape. Thus, within the observational errors, the proton energy spec-

trum has been invariant for almost a complete solar cycle.v

\
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In what folloWs,' we shall need to use the spectral shape of the
spectrum between 50 and 90 MeV. For this energy interval, we take

the spectrum to be J(E) o E -0 72 _2 sec MeV ! This energy

’slpectrum was f1r_st de'r_ived by F.red.en and White, 9 and is in agree-
ment with the obser&ed spectrum for 56 < E < 90 MeV.

F1gure 4 presents the temporal behavior of the omn1d1rect1ona1
proton flux at 63 MeV between September 1962 and May 1969 Plot-
ted as a functlon of time is the quantlty J(t)/J , the ratlo of the 63- |
MeV omn1d1rect10na1 proton flux at time t to the least—squares flux
observed durmg the solar mlmmum per1od (F1g 2) The data.are
greuped into three a‘lt1tude ranges: (a) 220 < hmin < 300 km,v (b)

300 <h_. <400 km, and (c) 400 <'B'I‘nin < 455 km. Within the
expevrimental errors (the_ 5 % statistical errors a.re indicated for the

300—-400-km interval) we conclude that the flux of 63-MeV protons

was, for all practlcal purposes, ina steady state atall altltudes between

220 and 455 km durlng the perlod November 1962 to June. 1966.

Variations in the proton flux before and after the qulescent
period are readily apparent. The high value of the flux observed in
September 1962, our first measurement, can be attributed to the ef- _‘
fects of the Starfish nuclear detonation in July 1962 on the inner-belt
protons. 10 Near mid-1966, the proton flux began to decline, and, as

of May 1969, had decreased to about 0.40 of its solar minimum value.

CONTINUITY EQUATION: COMPUTATIONS

Solar Cycle Variations

It is these experimental results that we wish to discuss in terms

il it
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4,9

of the time-dependent continuity equation,
dN _ . d dE | L
it - S <V NE) ) -eovN, o
wheré ~ N = particle density in units c‘rn‘-‘3 MeV’~ 1,
and B S = source strength in em™3 s.ec-v1 Mev™ 1,

The secohd and third terms on the right are, respectively, the rates
of particle loss owing to energy loss by ionization and nuclear inter-

actions in the residual atmo'sphere. For the atmOSpheric density av-

“eraged over the lparti'cle_s’ trajrectory, p, we shall use the results of

Heckman and Brady 1 In our present calculatmns, the results of

Heckman and Brady, Wthh are based on the Harr1s and Priester model

atmosphere, are reformulated in terms of FiO 7 (1n units of 410 -22 w

M_2 ps ). the 10. 7 solar flux. 12,13 Furthermore, we have aug-

"mented the atmospherlc den51ty calculatlon to permlt the evaluation of

the eff_eet1ve atmospheric densities as a function of ‘F{O -, as well as
E, the protoh energy. The latter correctlon enters because the atmo-
sphere traversed by a trapped particle is dependent on its cyclotron
radius, hence energy, for a gi,ven‘minimum mirror—point altitude of
the particle's guiding center. 1 | |

| The experimental data cited above, when incorporated into
solutions of Eq. 1, should give us some insight as to the source
strength, its altitude dependence, and ti’xe temporal behavior of the

trapped protons Exp11c1tly, the data state that, in the energy inter-

val 50 < E < 90 MeV
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(a) dN/dt ~ 0 between 1963.0 and 1966.0,
| | 4.67
min
-0.72

(b) N(h_. )« h*°7, 250 < h_. <450 km, and
('é)'.“ N(E) « E |
G1§en the tlme dependent effective atmospherlc density, p[h min » E,E, 10 7(1:)] ,
where F1O 7(’c) is the monthly averaged 10 7 cm solar flux, our obJect1ve
is to solve for the energy and altitude dependence of the source function,
| S(E, h), from which the particle density N(E) ca;nr be computed as a func-
tion of time and altitude. 'b o ' |
To prepare Eq. (1) for integration,‘ we .fol_lo\%/.Freden and Whit_e9
‘and expres's the velocity, v,,lan'd rate of energ.y loss, dE/dx, in terms of .
power—lav&; 'i'elationships in energy, E, f_or. the interval 50 < E < 90 MeV. |
Given a source strength, S, and a pfoten dens_ity at time t,‘ N(E, t), then,
at time t + At, |

L N(E, t+4t) = N(E, t) +d—Ngf—"£l At. ' 2)

Integration errors in Eq. 2 are less th’an O.'l%' for step‘ sizve At = 1. to~
2 heurs.' - |

The first question we ask is: Is there an _S'(E, h) such that an ai)—
‘proximate ~éteadyf state solution is given byv__Eq.. 1 between 1963.0 and
1966.0, independent of E and h? The answer is Yes. As a particular.
example, Fig. 5 gives S(h)ons‘ for 60-MeV protons that yields flux
values that ere practically constant dur'ing the solar minimum period,u
250 < hrnin/< 450 km.,. The errors assigned to S(h) , . represent tne |
uncertainty in the éource fnnction that arise from the approximately
+ iO% scatter in the flux measurments about their mean value for the

period 1963.0 to 1966.0.

o
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The significant result shown in Fig. 5 is that, ‘between 250 and
450 km altitude, the source function is not constant (as one might ex-

pect were the proton source solely due to albedo neutron decay), but.
-2.4

decreases w1th increasing altitude accordmg to S(h) obs o h_ min Also
g1ven in Fig. 5 are the altitude dependences of N (at 60 MeV) o« h min
‘14

(observed) and p e h -7.0 (computed) As noted by Cornwall et al.
the quant1ty S/Np is a constant under equ111br1um condltlons Our re-
sults are in good agreement with this cond1t10n The numerical values
a of S and N in F1g 5 need be relative- only,_because it 1s the ratlo S/N
that is 1mportant here However, to be somewhat reahstlc, we have 7:.
adopted for N (at 60 MeV) at '1963.0 the proton density obtained from
the Injun 3 data. for hmin: 350 km, L = 1.40 earth radii.

| In their examination of the changes in B-L spa.ce. with time,
Lindstrom and Hecklnan15 p01nted out that the minimum mirror- po1‘nt
alt1tudes in the South Atlant1c anomaly are decreas1ng at a rate of h~
km/year owi_ng to the secular change of the earth's magnetic field.
- Such a drift in the minimum mirror-point trajectories in the anomaly
producee .an_apparent source of‘protons of the amount SB=‘I; (dN/dh),
where h is the inward drift velocityvand dN/dh is the altitude gradient
of the proton flux. This apparent source is also ehown.in. Fig. 5. We
note that its magnitude does not significantly contribute as a proton
source at the lower altitudes, comprising only about 2% of sobs at
250 km. However, because of its strong dependence on altitude’-;-e. g.',. '
SB varies as h3"7‘--the SB source becomes quite »significant for higher

altitudes, and can account for nearly one half of Sobs for altitudes
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‘above 450 km. We wish te stress that the apparent source S arisesv
solely from the dynamic behav1or of the geomagnetlc f1e1d and is in-
dependent of any assumptions .as to nonadiabatic behavior in the par- ‘.
ticle rnotvio'nv.; | |
The"-re’suits of our computations“ en the solar-cycle variations
in the flux of 60-MeV pfotons are given in Flgs 6 and 7.> ‘Figure 6
shows the temporal behavmr at 250, 350 _ and 450 km at L = 1.40 be-
tween January 1963 and May 1969 -Plotted versus time are the com-
puted ratios _](t)/_](1963.0)T The exnerimental data_ (Fig. 4) are super-
Iimposed on the eomputed cufves for comp_ariso.n: _
| The good agfeement Between the solutions of the continuity
equation and onr- experimentai data 1s r.n‘ost_ven_coura:ging. Between

1963.0 and 1966.0, the empirical source functie'n S' reproduces well

obs
the observed cvon's;cancy' of the proton flux. As solar activity developed
after 1966 the computations ‘show the‘characterlstlc dlfferences in
the behavior. of 60-MeV protons as the altitude--and, hence, life-
times--increase. Since mid-1967, the calculations indicate that the
proton fluﬁ( at 250 km has sustained a‘n‘early‘ cons“tant.minimurn value,.
coincident with the plateau in activity dnring solar ma_xi'mum'. This is
in contrast to the fluxes at 350 and 450 km, which are still decreasing
as of early 1969. Such an effect accounts for the apparently high val-

ues of J'/JC observed in our last two flights (Frnin A:‘ 224 and 299 km).

Starfish Redistribution

Filz and Holeman10 have. reported that an abrupt inc rease in

the low-altitude proton flux followed the Starfish nuclear detonation

I
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" on July 9, 1962. At 350 £ 50 km, their data indicate the proton flux

was increased by about 7 times over its prebomb level by this event,

' owing to a nonadiabatic redistribution of the low-~altitude protons.

On the bas1s of Fllz and Holeman s Flg 10, we would conclude that

1 the proton flux decayed within 1 year to a constant level which was

some 2. 5 t1rnes the prebomb level It is ev1dent therefore that
the temporal behav1or of the inner belt we have been studying has like-
wise been art1f1c1a11y perturbed. To examine this further, we have

carried out the 1ntegrat10n of Eq. 1 for the flux J(t)60 MeV at

hmin 350 km beg1nn1ng 1953.0, under the assumptlon S obs 1S time

’independent Two 1n1t1a1 arb1trary flux values were assumed

| 2 1 -1

_ (a) J('.l953 0) 9.2 cm sec MeV 7, equal to the 60-MeV flux ob-

served in 1964, one full solar cycle later, and (b) 3(1953 O)

cm -2 sec "1 MeV™ 1.. The results of thls computatlon are presented in
Fig. 7. | .Solutions‘ (a) and (b) converge to a unique solutlon after 1958.5,
yielding a" g (t) that is tndependent ‘of initial condittons. Well illus-
trated is the anticorrelation of the proton flux w,ibth the atmospheric
density, the latter shown by the dashed line. The computed curves of
j(t) from 1958 through 1968 d1sp1ay how flux changes at 60 MeV would
have occurred had there been no Starf1sh detonat1on and, hence, pro-
ton red1str1but1on. Our mterpretatmn of the sequence of events por-
t‘rayed in Fig. 7 is that, on July 9, 1962, the Starfish detonation caused
a rapid increase in the proton flux, and, after an apparently short-liued
transient, settled down to a 3-year, steady-state condition. This "steady-

state'' phenomenon was fortuitously produced when the natural solar-

cycle increase in the proton flux was just compensated by the decay of
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the Starfish perturbation. ‘The difference between the Starfish and
no-Starfish calculations 1s, in fact an exponent1a1 decay curve. The
partlcle data denoted by c1rcles are form Filz and Holeman 10 the
data of th1s experiment are shown as .X' . All the data are re-
~stricted to h in 350:1: 50 km.- The two.sets of data points are in-
dependently normalized to the computed, steady state condition
1963.0 to 1966 0.  We believe it is 51gn1f1cant that the relative changes
in the (57-MeV) proton flux observed by Filz and Holeman at 350 km
altitude, bef-o‘rer and after‘ the Starfish Vdeton:ation, are in agreement
Wlth calculations that were, in turn, based on our 1ndependent1y mea-—»
sured post Starfish data. | Flnally, we note that the. effects of Star-
fish have now v1rtua11y disappeared for altitudes 350 km (and less)
Henceforth the inner- proton belt will be (one hopes) in its "natural"

state at these low altitudes.

Semiannual Variations

Recent 'satellite atmospheric—drag results ha've revealed that
dur1ng the course of our particle measurements, the semiannual and
solar- cycle den51ty variations in the atmosphere have been comparable

16 19 The semi-

in magnitude at altitudes between 191 and 1030 km
, annual variation has yet to be explained, although the effect has been
well documented. Adequate for our purposes here is that, to the ex-
‘tent it has been studied over an 8-year period, thel s.emiannual effect
is a highly stable, global phenomenon. 20 . Irrespective of altitude and
local time, -the atmosphere exhibits in-phase world-wide density vari~

ations, the minima occurring on about 'January 26 and July 25, and the

maxima on April 1 and November 1. Although the periods between



-11- ~ UCRL-19309

minimab a_nd maxima are not equal, the dates on whicil ‘they_occur

have been deterfhinéd to within an acéul;acy of..se.v.era'l days. The
min:mak &‘énsity rétibs affected by.the éemi-variation are typically
1:2. The observed arﬁplitudés of the density varia‘tion‘s appear to be
related tb texﬁperature variations in the thervrnosphe.r‘e,v the latter
being correlated with the intensity of the 10.7-cm solar flux.

| It is quite obvious, then, that when prétén liféfimeé >are less
than about 6 months, obsefvéble semiannual changeé in the flux of
inner-beltbpvr"otonsi should occur. To invevs.t;igate this statemént quan-
titati_v:e'ly; we have 'att.e.mp.ted-to. iﬁclﬁde in oﬁf atmésphe .r>e'rnodel a o
realistic description of the serﬁiahnﬁal density var_iatiéns. To do so,
we have referred to the worI;s of King-Heleb‘et al; and Cook et bal. , who

{
16

have since 1964 examined the semiannual variations at altitudes 191,

17 480, 18 and 1130 km. 19

470 We hav.e collected these data éndv pre-
sented them in Fig. 8. To reveal the semiannual variétioh, diurnal and
éolar-activi’cy effects have been removed from th_é data. The residual
semiannual variatioﬁs vgzere then reduced t(; an F10.7 that was charac-
teristic of the time during which the atmospheric density measurements
were rnad'e.. The dashed lines thréugh the data are the analytical func-
tions we use to represent the semiannual effect.

We now have a descriptidn of a (bounce and drift averaged)
Harris and Priester atmospheric model that includes both solar-cycle
andbempirical semiannual time variations. The flux .changes .fovr 60 -
MeV protons predicted b); the continuity equation with this model af—

mosphere are shown in Fig. 9. Upon comparing this figure with Fig.

6, we see that the semiannual density changes are clearly present at
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250 km, but not so at 350 and 450 km Some salient features of these
computations that are in accord w1th the exper1mental data are:

(a) Between 1963.0 and 1966.0, the semiannual changes in the pro-
ton fluxes are small typically equal to, or less than, ‘the experimen- ,
'tal errors. The computed results continue to exhibit a very stable |
flux level dur1ng solar m1n1rnurn |

(b) As solar act1v1ty 1ncreases, the. average dens1ty of the atmo-.
sphere increases and the proton lifetimes decrease Consequently,
the res‘pon.se of the trapped protons to changes in the atmospherevbe-—-
coines more'pronounced.b This is exernplified by the increasing s.erni-
annualoscillations' in the proton flux. since 1967.‘ The observed arnpli—
tudes of the fluctuations in the proton fluicineasui‘ernents since 1967
are consistent yvith this.interpretation. a
Because of the preliniinary and »sensitiv‘e nature of th.e calculations to :
our atrnosphe.ric and magnetic field m.o.dels, we do not attrihute any
_significance to the fac.t that the variations in the 350 +50-km data ap-
pear to ber-characteristic'of an altitude slightly less than 350 km.

Thus far, we have discussed a number oi.f_.instances in which
the experimental data are accounted for b.y theory. Contrary to this
an interesting, and perhaps quite important, obs ervation can be made

by closely examining Fig. 9. It is that the observed flux changes are

not in phase With the computed -s.emiannual flux variations. Tgaken

at face value, the flux changes appear to be out of phase with the solu-
tions of the continuity equation by about 5 weeks. Surprisingly, this
phase difference is such that the proton flux variations are nearly in

phase with the semiannual density changes in the atmosphere. The
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significance of this observation is certainly not clear at this time.

' We wish, however, to make the-following observation: The principal

unknown in the theory of the energetic, 1nner belt protons is the source.
We 'have _treated the_ source S(E,h), therefore, as an empirical quantity
to be determined by experiment. Using this approach we find that thls
emplrlcal 'source, S obs’ decreases with increasing altltude The only

other phys1eal entity that decreases with altitude is the density of the

atmosphere. The implication, then, is that there 1s an effectlve souree
of trapped protons related somehow to the atmosphere——1nd1cat1ve of

p1tch7 angleb.s_c_atte ring.

SUMMARY
On the basis of our experlmental studles on the temporal be-
havior of low altltude, inner-belt protons, and the1r interpretation in

terms of solut1ons of the time- dependent cont1nu1ty equatlon, using an

‘emp1r1ca11y determined source functlon, we make the follow1ng conclu—.

sions:

(a) The observed tempo.ral changes in the flux of 63-MeV protons
since 1963, 220 <-}—1min < 450 km, are in ag_reernent with those ex-
pected from the solar-cycle changes in the atrnospher‘e.‘

(b) The computed time history of the proton flux at 60 MeV before
and after the Starfish detonation is in excellent agreement with the ob- -
servations of Filz and Holeman, as well as with our post-Starfish data.

(c) For altitudes about 250 km, semiannual density changes in‘the
atmosphere should be observable in flux changes of protobns E < 60 MeV.

That a phase difference may exist between the observed and computed
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serniann.ualA changes in the proto:n flux is unexéected and n’e‘eds to be‘
explained. ‘7 - o f | o - |
Pitch.a’ngl_é.l .cvliffusion,' V;zhich may be aﬁ eff,ecti:ve source strongly cor-
related with the' atmospheric density, must now be included in the théox;y
in order to é:ee whether or not it can account for the altitude dependence

of the source function implicated by our experimental observations.
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'FIGURE CAPTIONS

1. The South Atlantic aﬁornaly The heav;r- 11ne contours are
InJun 3 isoflux contours for protons 40 < E < 110 MeV at 400 km
altltude. Dash_ed lines are contours of LL u51ng ‘the Jensen and
Cain 48-coefficient field model. The northwa.brdk travers-als of a
satelhte, 75°orb1t 1nc11nat10n, dorlng a 4- day fhght are shown
as arrows

2. Om'nidi_rec'tional flux of 63-MeV protoris \}ersus:average
miﬁimum-mirrorépoint 'alt.itude. dﬁring solar rhipi'mum, November
1962;June 1’966, vExperirnentval ciata are shownss open circles;

the'least-sq-uare fit to these data is denoted by J R Computed‘

Injun 3 daily fluxes and least- squares f1t are shown by the solid

p01nts and dashed line.

. 3. Differential. energy s_pectr_urn_for proto'ns,v E>57 MeV, 1963-

1966. Dashed curve is a smoothed fit to the vspectrum measured

Fig.

Fig.

in 1960 by Heckman and Armstrong (Ref. 8).

4. Teroporal behavior of the 63-MeVZ omnidirectional proton ‘flux,‘
September 1962 to May 1969. Plotted are‘the ratios J(t)/JC versus
time, where Jcbi’s the least- squares‘Afit to the o‘ata for the peﬁod
November 1962 to June 1966.

5. Altitude dependence of source function of 60-MeV protons,
Sobs’ required to account for a constant >flux level observed be-
tween 1963.0 and 1966.0. The altitode dependence of the rrlea- |
sured proton density, N(h), and c.omppted effective atmospheric

density, p(h), for 1963.0 are also shown. The source SB is the
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_ apparent source of 60-MeV protons arising from the lowering

.of the mirror-point trajectories owing to the secular variation

- of the geomagnetic field.

Fig.

6. Computed ratios of j(t)/j(1963.(-))vat,60 MeV at minimum-
mirror p01nt a1t1tudes 250 350, and 450 km, L = 1.40, between

January 1963 and May 1969, given source S obs" Flux data from

: F1g 4 are also shown.

Computed proton flux _](t)60 MeV hmin = 350 km, begin-

-"n1ng 1953 o, assum1ng source S obs is constant, and initial flux

-2

' .values j(1963) = 9.2 and 3.2em © sec-1:MeV- 1 Unique solution

is obtained at this altitude after '1958.5; The Starfish redistribu-

‘tion on July 9, 1962, the 3-year "'steady- state, " 1963-1966, and

' vthe abrupt ‘solar-cycle decrease in the proton flux after mid-1966

Fig.

are reproduced in these calculations. ' The data denoted by open '

circles are from Ref. 10; the x's, 'this éxpériment The data'

~points are limited to h in = 35050 km. Solar-cycle behavior

of atmosphere at 350 km altitude is g1ven by the dashed curve.

. 8. Semiannual density variations in the atmosphere, reproduced

fz_;om_.Refs. 16-19. Dashed curves are analytio functions used to
represent the semiannual density changes in the computations.

9. | Calculated j(t)/j(1%3.0)-at 60'Mev at 'hmin = 250, 350, and
450 km when both solar-cycllo and semiannual density changes are
in.oorporated into the continuity equation. . Again, the expel;i'mental

data are shown for comparison with the theory.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: :

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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