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Van Allen Belt Radiation

on TIROS[TOS[ITOS Spacecrafts

Zoreword

In order to provide the project office, its manager, contractors,
engineers, scientists, end experimenters with updated radiation
data, old predictions of vehicle-encountered trapped-particle
fluxes were re-evaluated and new celculetions were performed.

The final results, presented in tabular and graphical form, are

analysed and discussed,

Additionally and in response to frequentsinquiries about the models
employed in the flux calculetions, their proper use, the inter-
pretation or accuracy of the obtained values and the correct application
of the results, a special section was included in this report,

preceding the introduction, that answers some of thene querries,

mainly in regerds to validity, terminology, end usage,



Environment Models and Orbital Flux Calculations

From the time of its discovery in 1959 - 1960, the trapped radiation
environment has consistently been described and modelled siparately

for electrons and for protons, Initially, this distinction was

probably made out of necessity. At that time, the cheer magnitude

and complexity of the modelling task favored this solution; that is,

1t hecawe necessary to bresk the whole problem up into smaller manegeable

pieces and treat them independently.

Several years and meny satellites later, as magnetospheric physics
grew to a full fledged member of the scientific disciplines

and e deeper understanding developed for the causality of the
observed physicel phenomena, it beceme epparent that the initiasl
distinction was a fortuitous design of great merit, By then it

had also become evident that the real high energy proton environment
could most appropriately be approximsted by static models (four
initially, three now), while the electrons posed seQere problems,
displaying strong temporel varietions throughout their entire
trapping region, partielly due to the vast deposition of artificial
electrons from the STARFISH nuclear explosion in 1962, and pertially

due to solar cycle and megnetic storm effects.

Thus, it has long been customary to construct separate models for
the two types of particles, a distinction which is now well accepted

and established, Vette's "Models of the Trapped Rediation Environment"
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were designed along these lines, Today widely acclaimed, they have
become standards and they are extensively used throughout the entire

western world,

These mudels are periodically updated or revised to reflect changes

or improvemenis in their date base, Up to this time they have always
been static models but Dr. Vette and his group are presently working

on e dynamic electron model which should be published soon, Currently
the following models are in valid use: AE2 of 1964 (subsynchronous
electrons), AE3 of 1967 (synchronous electrons), AP5 of 1967 (low energy
protons), AP6 of 1964, APl of 1963, and AP7 of 1969 (high energy protons).

A.l models are by necessity epproximations, The extent to which they
predict correctly the real environment in intensity and energy distri-
bution is given by an error- or uncertainty-factor, inseparably attached
to each model, It is applied both as & multiplier and as divisor; if, for
example, for a flux-value of 10° (particles per square centimeter per
second) e factor 2 is given, then the upper and lower estimates for the

intensity are 2 x 10° and 5 x 10%.

Obviously, every calculation performed with any one of these models
will inherently contain at least this uncertainty factor, Furthermore,
it is evident that in electron'célculations the finel uncertainty factor

may be significantly greater than the model factor, as long as a static
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model is being used, There can be nc question or doubt as to the
applicability of the uncertainty factor. Results obtained in any way
or form from these models should be bracketed by en error bvar
determined by the uncertainty factor, This implies of course, that
actual measurements are expected (to a high degree of probability)

to fall within the given error bar,

It has been noted thet at times confusion has arisen in the aerospece
commnity as to the correct terminology to be employed when relating to

radjetion~belt date,

It is felt that this bewilderment would be significantly reduced

if the term "model radiation environment" were selectively used

only in connection with descriptions of the Van Allen Belts, such

as Vette's AE2, AP, etc. Such trapped particle models, in conjunction
with dated megnetic field models and the orbit of a spacecraft,

can then be utilized to determine the fluxes encountered by that

satellite at a specified epoch,

Unfortunately it has happened that the term "model radiation environment"

was occasionally used in reference to calculated flux predictions,
Thus, special radistion date obtained exclusively from specific
orbital flux integretions (i.,e, total electron and proton intensities,
cheracteristic of a unique trajectory), have been referred to as "A

Model Radiation Envoromment' for a particuler satellite, For instance,

flux calculations made for the TIROS prodect vere quoted by a cbntraétor

as " . . . a new NASA-1970 model radiation environment for the 7907n.m1,,
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TOS/ITOS orbit . . .," and older calculations were called " . . . the
earlier 1965 model ., ., . ," again, in both instences, referring to results

from orbital-flux integrations,

This 1s an unfortunate choice of nomenclature because it may
convey the wrong impression about the nature of the date and it may
lead to misunderstanding or confusion, In the context of orbital flux
studies, "models of the environment" are only those comstructed and
published by Dr, Vette and his group at the Nationel Space Science Data
Center-GSFC (Formerly of Aerospace), Once issued they are stendard, static
and unchanging with regards not only to time but also with regards to
application, at least until new ones appear, Subsequently, every single
orbital flux calculation performed for any project office or for any
mission requirement uses the same identical models, current at that time.
To attach +the term "model" to the end products of their use would
imply that for the specific flightpath the results could in turn be used
to again predict fluxes, when given different parameters or conditionms,

which of course is not the case,

But sometimes the misleading effect of this misnomer is further
compounded when electrons and protons are summerily lumped together under
the same deceptive heading, This last practice may be particularly confusing
because it may produce several of the so-called 'models" for a given
satellite in a fixed year, if during that year more than twe true environment
models happened to be published, Assuming that whenever improved,real
models do become avallable, the older ones are immediately replaced and
new calculations are inveriaebly performed, and since new proton and electron

models are not published simultaneously, it may happen that revised data are



issued co a project office several times during a particular year,
some reflecting changes in the flux values of one type of particles only.

Furthermore, for & given trajectory, in addition to the elactron and
proton flux variationc due to a routine model r:placement, different
electron fluxes may also be obtained from the same model by altering
elther the decay date or the decay process of the artificials,
increesing even more the abundance of pseudo- "models"; a still
further cause of variability of the computed electron intensities

mey be the inclusion of some modifyinpg factor toeccount for long range

solar cyecle effects.

Finally, another source that may contribute to the proliferatién of
such "model radiation environments" is the periodic sppearance of
new geomegnetic field models or the recalculation of the expansion
coefficients of an existing field model for a later date., In
every instance, this would produce & variation in the vehicle

encountered fluxes.,

Now with regards to past TIROS date, all of the aforementioned
causes did indeed affect, individually or Jointly, the periodically
released orbital-flux results, in a number of combinations. But in
every case, the later results were preferable and superior to the
older ounes, This not only because each time they were obteined with
improved calculational methods, from better field and environment
models, but also because they utilized an expanded knowledge and

understanding of the physical processes involved,
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In view of these facts, it 1s advisable to discontinue the use of
Obsolete date as soon as possible, and caution should be exercised
when compering newer with older date because & superficial comparison
of numbers would not serve a useful or practical purpose, It may

in fact lead to the fallaclous conclusion that the o0ld values were
"better", meaning in essence either "less severe" or "more convenient"”,
while the "best" estimatee in the sense of "closest to the real thing"
(really needed for satellite design end operating criteria) are those
later, updated fluxes,

The following part of this report presents and discusses the outcome
of the latest orbital-flux study for the TIROS/ITOS/TOS spacecraft.
Improved estimates resulted only for the electrons on account of new
information about the decay of the artificials {Stassinopoulos and

Verzariu, J.G.R,, Vol, 75, No, 7, March 1, 1971), while the proton

values remeined unchanged,



PRECEDING PAGE BLANK NOT FILMED
Introduction

High inclination circular and elliptical trajectories (i) 55°) er low
inclination elliptical orbits of large eccentricity traverse the ter=
restrial radiation belts twice during each revolution. The vehicle
thus executes a transverse metion in Le-space, passing successively
through a region of low L-values (1.04L£2,0) and of high L-values
(2,028 L £6,6), commonly referred to as the inner zone and the outer
zone, The specified TIROS-TOS trajectories perform in a very
similar way.

Although the inclination of the proposed TIROS orbits was fixed a:
101 degrees prograde, which is identical to 79 degrees retrograde,
the trajectories were nevertheless gen:rated for a 79 degree prograde
inclination, This was done in order to bypass difficulties usually
encountered in the conversion of retrograde positions from geodetic
polar to magnetic B-L coordinates (sees Stassinopoulos, DATA USERS!'
NOTE, NSSDC 67-27, Computer Programs for the Cemputation of B and L
(May 1966), part III, p. 24), and only after previous test runs for
both cases had established that the results will be about equal, if
long enough intervals of flight«times are being considered and pro-
vided the orbit-periods are comparatively small (t = 2,5 hrs,) ad

are not an exact divisor of 24 (hours in a day).

Obviously, this happens because the same limited area of space is
being sampled by either prograde or retrograde trajectory and when
the sampling density is sufficiently increased by extending the time



in orbit (the flight duration considered in the calculations), then
the statistical treatment of the data, the averaging process, pro-
duces the almost identical recults.

Launch epoch for the TIROS mission is given as somstims in 177L,

which approximately coincides with the next solar minimum, This

means that conditions prevailing then in thw radiastion bdelts would
most likely resemble those that existed during the last¢ solar minimum,
namely 196L, with the exception of the artificial "Starfish® electrons
that populated the inner zene from July 1962 to about 1968, Since the
¢lectron fluxes are calculated with Vetie's AE2 model , which describes
the environment as it actually existed back in 196}, at which time the
artificials were still vastly predominant in the inner sone, it is
reasonable to assume that the outer zone predictions given in this ree
port will be a8 good approximation for 197L. Of cours:, to obtain a
reasonable approximation for the 197) environment in the imnier sone,
the artificisl component had to be removed; this was done by decaying
the fluxes exponentially with experimentally determined decay life-
times, defined as functions of B, L, and B (energy), up to an epoch,
when it is felt, that natural background levels had been reached,
Orbital flux integrations for high energy protons were performed with
Vette's current models APl, AP6, AP7 while low energy protons were
obtained with King's AP5, All are static models, including the AE2,
which do not consider temporal variations,. For the protons this is a
valid represention because experimental measurements have shown that

no significant changes with time have occurred, With the exception of
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the fringe areas of the protor belt, that is, at very low &ltitudes
md at the outer edges of the trapping region, the possible error
introluced by the static approximation lies well within the uncer-
tainty factor of 2, attached to the médéls, Censequently, the
proton models may be applied to any epoch without the need for an
updating process,

Occasionally discontinuities appear in the proton spectra., These
fbreaks® occur because the complete proton environment is being
described by three (formerly four) independent maps or grids, each
valid only over a limited energy range; for certain critical orbital
configurations the discontinuities are then produced when moving from
one energy range to anocther, They are caused, in part, by the
exponeiltial energy parameter of the model which in many instances had
to be extrapolated to make up for lacking data and, in part, to
izsufficient experimental measuremenBs over some areas of B/L-spacej
furthermore, the discontinuities reflect the fact that the avail-
able data connot be completely matched at their overlap. In order to
- overcome such spectral breaks, a continuous weighted mean curve is
usually drawn, connecting the adjacent segments; it should be regarded
as an approximate spectral distribution. In doing this, the APl
results (30 & E(Mev) & 50) have to be totally ignored sometimes, The
TIROS erbits belong to the affected group.

11



Classification of orbit integrated spectra as hard or soft is relativeg
it is based on an overall evaiuation of near earth space in terms of

circular trajectories bvetwsen equatorial and polar orbits,

Attachment A contains other pertinent background information with regard
to units, field models, trajectory generation and conversion, etc. At
this point, we wish to emphasize again that our calculations are only
approximationss we strongly recommend that all persons to receive parts
of this report be advised about the uncertainty in our data,
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Resultss Analysis and Discussion

Our calculations for the two proposed TIROS orbits are summarised in
Tables 1, 2 for electrons and Tables 3, 4 for protons, The super=
imposed spectral distributionsof the two trajectories are given
graphically for each type of particles in Figures 1 and 2 respectively,
and & selected set of integral energies are plotted versus altitude in

Figures 3 for electrons and i for protons,

As might be expected, Figures 1 and 2 indicate an increase in the
average daily fluxes for higher altitudes, accompanied by a slight
softening of the spectra, which for electrons above E = 1 Msv may be
classified as rhardﬁ for near earth space missions, while the protons
rate a "hard® to "very hard" classification for enerzies E> 5 Mev.
Figures 5 to 8 are computer plots depicting each characteristic
electron and proton spectrum of the two flightpaths separately.

Table 5 indicates what percent of its total lifetime the satellite
spends in "flux-free" regions of space, what percent of its total
lifetime in "high intensity" regions, and while in the latter, what
percent of its total daily flux it accumlates,

In the context of this study, the term "flux-free" applies to all

regions of space where trapped-particle fluxes are less than one

electron or proion per square centimeter per second, having energiles
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ED.5 Mev and % )5, Mev respectively; this includes regions outside the
radiation be ts, Similarly, we define as "high intensity" those
regions of space, where the instantanecus, integral, emnidirectional,
trapped-particle flux is greater than 105 electrons with energies B}.S
Mev, and greater than 103 protons with energies E)S, Mev, The values
given in Table S are statistical averages, obtained over extended
intervals of mission tims., However, they may vary significantly from
one orbit to the next, when individual orbits are ccnsidered,

Predictably, the high energy proton population, which occupies a smal-
ler volume of the radiation belt, affords a larger flux-free time than
the electrons, It should be noted that at the indicated heights, a
change in altitude does not alter significantly the flux-i ce time

afforded the satellite, in either the electron or the proton medium,

If the flux-free time ig important in mission planning, it is advis-
able, before decisions are made, to evaluate and compare the radiation
hazards or effects due to the predicted electron and proton fluxes,
either in regard to the entire mission er in regard to specific mission
functions or requirements. Fer, while the proton intensities are on the
average about two orders of magnitude smaller than the electrons, and
while they apparently do afford mere flux-free time, their greater mass
and harder spectra msy preve more damaging te the mission than the more

numerous electrons with their lesser flux-free time,
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In Figure 9 the percentage of total lifetime T spent by the vehicle
in the inner sone (T1) and in the outer sone (T®) is given, with
the percent duration spent eutside the trapped particle radiation
belt (L> 6.6), denoted by T® (T-external),

Por any mission (j) thens

Ty = T}-:-'r;-n-'r; = 100%

Evidently, the high inclinatien TIROS/ITOS spends almost equal amounts
of its entire lifetime in the inner and the outer zones, for beth
selected altitudes, It only briefly visits regions of space outside
the Van Allen belts (about 15% of Tj)' The satellite thus performs

a complete sweep through magnetic L-space, which constitutes the
transverse motion mentioned in the first paragraph, executed twice
during each revolution (orbit). This infermation is used to eval=-
uate the possible contribution of the cuter zone solar cycle depen-
dence to the uncertainty factor attached to the results,

The fellewing related points are submitted for consideration in
connection with the lifetime distribution over distinct regions
of space:

a, Lasting solar cycle effects are more severely experienced
in the nute‘r’ zone {significant changes in the trapped electron
population f;fom solar minimum to solar maximum),

15



b, Energetic artificisl electrons from high altitude nuclear
explosions (Starfish) have displayed a remarkable longevity, but
only in the inner sones there they contaminated the environment for ever
5 years, while they rapidly decayed to background levels in the outer
sone (within weeks to months), A planned or accidental explosion of
another atomic device with the appropriate yield and at the right
latitude and altitude may, very likely, produce conditions amm to
those experienced with "Starfish", transforming the inner sone again
into a radiation hotbed,

c. Transient solar flare effects (high energy solar proton
fluxes) may be especially hazardous and damaging in regions external
te the trapped particle belts,

Figures 1@ to 18 are additional computer plots for the two 1TIROS
trajectories showing the vehicle encountered instantaneous peak

electron (ED.5 Mev) and proton (ED5 Mev) intensities per erbit
for a sequence of about 25 revolutions., On all graphs a periodic

pattern emerges that indicates a daily cycle of about 12 to 13 , e

orbits which may shift slightly in the plotting. This is due to
the relative orbit period, which determines the precession of the

trajectory.

It is evident that altitude affects the peaks for both types of
particles, but very little over the given range; The tendency is
towards greater fluxes for higher altitudes, There is a relatively

16



small variation in the paak-levels over a daily cycle (maximum about
a facter of 5), contrary to other orbits, which experience flux-less
intervals of time, eccasionally lasting several revolutions,

Finally, for each of the two flight paths, two more cemputer plots are
included, Migures 14 to 19, one for protons and ene for electrons,
depicting the characteristic averaged instantaneous intensities of
the trajectory in terms of constant L-bands of ,1 earth radius width;
the percent of total lifetime spent in each L-interval is shown on the
same graph by the contour marked with x's,
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ATTACHMENT A

General Background Information

For the specified TIROS-TOS trajectories, orbit tepes were generated
with an integration stepsize of one minute for a sufficiently long
flighttime, so as to insure an adequate sampling of the ambient
environment; on account of their periods, which determine the rate
of orbit-precession, the following circular flight paths of 48-hour

duretion were produced:

Inclination Altitude Period
19° prograde (101° retrograde) 1463 km (790 n.m.) 1.919 hrs,
79° prograde (101° retrograde) 1667 km (900 n.m.,) 1.995 hrs,

The orbits were subsequently converted from geocentric polar into
magnetic B/L coordinates with McIlwain's INVAR program of 1965 and

with the field routine ALLMAG by Stassinopoulos and Mead, utilizing

the POGO (8/69) geomagnetic field model by Cain and Sweency, cal-ulated

for the epoch 1974.0 (B is the field strength at a given point and
L is the geocentric distance to the intersect of the field line, passing

through that point, with the geomagnetic equator).

Orbital flux integrations were performed with Vette's current models of
the environment, the AE2 for electrons and the APl, APS, AP7 for high
energy protons, All are static models which do not consider temporal
variations, See text and preceding it section for further details on

this matter,
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The results, relating to omnidirectional, vehicle encountered,
integral, trapped particle fluxes, are presented in graphical and
tabular form with the following unit convention:

1. Daily averages: total trajectory integrated flux averaged
into particles/cm® day,

2. Totals per orbit: non-averaged, single-orbit integrated flux
in particles/cm® orbit,

3. Peaks per orbit: highest orbit-encountered instantaneous
flux in particles/cm® sec,

where 1 orbit = 1 revolution.

Please note: we wish to emphasize the fact that the date presented
in this report are only approximetions., We 4o not believe the results
to be any better than & factor of 2 for the protons and a factor of
3 for the electrons, It is advisable to inform ¢1l potential users

about this uncertainty in the data,

19



2> 39%1% o0%e
249 3152 sS4 .

L3 3196°9 a5

4% 3346% s2°9

22 3991t 09°9

90 3L69°T S5

80 3evset 05 s

@0 3TISe2 s2%

80 39szec o

92 39c Lo Y - .

82 Iv9s°s oSy

80 39502 sz %y e et i
€7 356116 oaty

62> ex*l SL7% e e e s

6G 3395°1 LS g
6> 3T00%2 SZ°E U
60 321%%2 b A 3
6 3veEE Scve2

0% INEe*S 410°9 = IVAOL $D> 3I2ce% G o2 S TR PN | t1 3689°t = Tvi01
60 ASE0°S g2z . :

3°) %2 NINE-83°3 63 3292° a2 2ne>s 47 39vE°¢ 4°19

60 3L6S°0 €E2*0 Q3°t-23*8 a1 3eea9°t SL*% L T 49 I2ts%L 2=6

ot I9TE%L 80 S 43%°3=33°% 23 3&9E°t 0s°Y -4 LI 8¢ 302 9=
a3 391G} 2N 93°t-53°% 28 3218t (LAY SE®e 9O 32V - -G e

68 3€SZ°1 s2°e S3*°t-93°1 2T 35592 oneg {33 § 53 3869°1 ¥

0 3ice°t 20% *3°L-g3} 3t ISTeeE SL%0 Seep 50 32£1°s - £=Z-

90 310t°9 o9t £3°t-23*1 3T 35t16°¢ 0L €55 3% 3229°% 2=
S0 ;A 90*L £ 23T -23*t 2% 3ea6eL g™ G &St 21 3e9e%e B 2 Rt

30 IATBL%Y [ 15§ XNV Ou3Z It 35a9°1t ¢ s8e0L 1T 3261°1 $%=0

t{S°¢3) SIVirwva 1SBN) (DIS/2eenIZ/13) * (A¥Q H3d) tA3N) CAVa u3a) - (A3N):

GIAV IMNNIIOVY IUNS00X S S39NVYY XAIS*SIANT  NVHL*HLES (IN3D ¥3d) X013 Wi01 S39NvY

40 SON WA04 0 NOILVMNG ALISNIINI JIOVHIAY ASYINI nNBLD3dS G39VH3AVY  A9YINI

¥IAN]1 JVNSOAX3I nNNNLD3aS 11880 31 ISO0NOD 3G % NI wN¥LD3cS
SOL=SCYIL = 3PINIA * 616°, = QOlu3d @* ©2T@ UL 3dY¥L LIHBO 138 * N £9el =°00dY ® COFY =9Indd % 64 =CLYNIDNI

(MN8LI3dS N1 SY *G312103dS SI ADUINT JUIHMA Ad3DXI) AINGOCI SIIDAINI HO4 3NV ITdvi SIHL ND S3and 1Y
JIS/7TeMI/SIANNLUYG 0 SLINA NI F8V SIXNT3 AIOVHIAV-NON L2 2 AVQ/2*3nI/7SATDIAMYD JO SLINA NI 2dY 318Vl SIHL NO S3XN3 G3IOVUIAV

bl AVQ ¢ *9 HANON * *296% dVY3A = JAVG AVIIO s 3181 3UL3A = KO YOLIVS~AVIIC HIIM TIAVIII ATIVIANINGOGXSI SIXNI2
2OTY AVG *T26T ¥VIA = NOAY S0 31VQ = (23¥ S3113A) ®AINSKENOSIANS NOH1ID3T3 311S0aRUI HIIM AGNLS XN WWIIGN0

e ke e S —



b st e ¢ S PU P NP RUIR P 3 e i

4) 3239 00*e

L2 sweEce s2°9
23 si01°t [ FLE)
-2 as2eet 73
«d 32ws°l t *9
@ Ivice 30 %6
@9 z930°¢ t=°s
€2 330 s7eg
¥ ue02°s caes
20 3193 teve
#) 3tacee tsow
50 526T°1 s2e¢ . —
£3 3ave°t €3¢
50 F215°% seeg .
62 32aee2 t3°s
60 JoEZ't s2e¢ .
0 3I522°¢ 3%
eD 3lee°c se°2 e
T 3525t AT = Wadl 50 2wetL es°2 06°001 3t 3ELL%2 = WIOL
60 IEEV°6 $2°2 .
2°0 0°o NIsnT-a@3°t o1 asszet cosz 20%0 43 39259 L°19
o JH2%i i19°0 e3°t-43°1 1 32591 seet ¢*0 3% assiet 2-9.
It 3:92°% 2t1%e Za*1=-33°1 o8 222%1°2 reey 3 L0 €3 3iSEE 3-8
ol 30ie*t 6*2t 93°1-53°% o1 3Leac2 wze g %0 @) 3949°S . _Sew
80 3Eo0t°1 £0%¢ S3I°L1=¥3°§ a1 3208°¢C €5t €ce0 53 3esL2 v-E
20 3108°¢ o6*e »3°t1-£3°% ol 3LEe s se°0 ocex 69 3T2E°d £-2
20 3803°e 232 £3°1-23°1 ol 3Iveac‘e cs*0 -TTY (S EFTCTRY | 2=t
0°0 o0 23°8=63° 1 T 392201 $2°0 ove et 21 3266°¢ e
3°0 9°31 XN12 9842 11 3Lz o°c €512 1T Ivaset §%~0
1$°<3) $IV1ived (S34)  {D3S5/Esend/13) (AvC B3d) (A, tAVI B3d) CAIND . .
O3LVINRNISY 3uNSIIXI S3oNve XIS SIINT NWHLE S CAN3D B33)  XVI2 IVI0L  S3IONVH
20 °0% Wi0L 2D NI1ived ALISw3LNG 3D VaIAY 323K ANY13335 2345VH3IAZ  ADNMIND
233%1 33S0ex3 ANBEIT0S 118M0 S11S0aM0D 32 & NI WN3153d5
SOL=SI9IL = 3VII43A « 555°1 = G183 & &223 31 Buvi LIGHC 7128 = WX 2991 =°D0dY  * £991 =°DI83d s 6L =*LYNITONI

e

-

(MN3L33d5 N1 53¢ Q3121348 S1 AUMGHND JolwM 1d3IXI) AFNSOC3 SITOLIM™ O3 Juv 3wl SIHL NI S3ANTIS IV
23S/TeoNI/53WI118VE 30 SLIND NI FEY SIXKVIF OIOVHIAV-NIN ey AVQs/THakI/SIWV AP 30 SLINT NT Shv 3TVE SIHL ND S3axVYd 339vH3AY

-0 A¥]) * <9 AN ¢ *L95T HYIA = FLVE A¥D30 sxe  IFML AN = IC  SOLIDVI-AVIEC HLIIM GIACSIT ATIVIANINGIXT SIANDS
mﬂmo A¥I *T1251 H¥3A = NV 4D 3193 e €23¥ S3L13A) CANTRNISIANT NJJLIATT ZL1SNdNI) HLIW AQYLS XN1d WL I8N0

——




—— e - 40 LSV .. -89% . .- e

43 ANTCeS 26
D T e e . 49 IMWES o
43 36049 i
e i e - : e L49 393 %9 29
40U 3vTe % o8
——— fo e e . Lé IGTE®Y v
49 369T% b
e oo i e .+ - - _ 49 3199 SE
40 3£QL%6 3
i e i st et <+ am e e e e . 80 318l2°*t 2
’ 90 3I6.2°8 | 4
- e h o e -- 82 ISLELY. ... v I .
o8 290£°1 900°%°0e = “Wi0d 30 I66S*y "4 8 PIFL R ] { 33 Ilcc s = TIvLe04
s i ot 3 e aooemmns - e s e e e e e e e . 80 616" (4 1
[ 2] Q9*e ¥IAD-$3°1 806 3122*°2 E}
—— - 00 -B6882L, . EET%W .. . . . GI'I-93°L 8 I%v9 2 it L9S°E 4L ISLG S I
00 WE9*T  419L°%1 *I3*i-£3%3 Suw IWZeE & 6w iy B5¥9%% 1 L
—ereee el DO AL -l O, — . e LA T2 . .. ... - - 90-3%98% & ~ . 96T . . LS 3LUScZ Ca= gk
£0 3o l°t 4912 c3*l=13*¢ 80 eSS S ¢ g®L L0 H3B6E % wE=S1
- - - S0 ETEE . . PIE*2 . 13%t-43%1 60 36T %) £ E£62*GE o 389t 3l=5
0 3L %X EE9%2 03*°1~03°3 G1IVA LON ¢ SYY®oY g2 ITEL*H S=€
e G BB -G FVDLIUNG. (BN — (IIEITSONISAE) - -4AY3 ¥3d) - -fAIN)- - . - - $AYO B3c) (A3N)
QALY UWNND DV 3a0S0cx3 SIONVY ANV ®OIAINT  NVHLOHLND taN3D 323d) XNTa MIVAGL  SAYNYY
40 *ON Wi0L 40 NOIiVNNG ALISNZAN] Q39 VHIAY ASHIND WOY LD3dS GIAOVAHIAY A8 NI

AIONT FNSOdx 3 BNSLD3dS 41880 31X.dmOD 30 % NI AanMN1D3dS

ASYING HYIM

. S04-50M14%= FVIHIA » 616°1 = QGClu3da = 4228 04 3dvi L16MO 158 * WX ESEL =%00aY 2 E9%I =°9Ind0 ¥ 64 =%LyNiIONI
TTTTT T e - v 086 AVO 1268 UVIA = NNY 30 31V0 = SV *9dV LV SIdY SCIND & ANSHNDSIANZ NUJOcd BLISOAN0D 304 AGAHLS XATE I 1EN0

I8Nold3eS KI SY *AF141D305 SI ASEINS I8JvM 1a2InI) A3n S<3 S31963IN3 MO3 S8V FTAVL SIhL NO Saxnd TV
JS/Peend/SI VLNV IC SAINN NI 38V SInN1L G39VUIAY-NON *5d AVG/23xO/53101 A8V 40 SLING NI 3dV 3GVl SIHL NG S3ANT3 O3V EIAY

f




- g -

69 3ev2°2  egecev = Wi
0 2089°y  o0t°t YIAD-53°8
————— O 2009 . EOBL - —GOT=0ROT
0 2952°T  £es*et vsact-gaet
90-303520—— 90323 £303-32°8 -
$0 32C1°Y  cce’e za*t-t1at
—— 8- 2BEF- - 233°C - - - - $2VB=G3°L
€0 3869°  c0e°s:

03°1-03°9

—— 8B SFVLINNG —— W LD L2EPNDI L) — - — -

GRAVWNND OV

INGOax3

ry - 2

e e o el PN VLR - -I-NOIZVENG - - -ALISNAAN]

-

r———— — - - re s an emme—

$0L-S0¥14%= ATVVINIA = S66°L

-3 J S JOOWIVE T VI LUV 0 SAINN -HI Y SIUNS TAIVUIAV-NON

EZ 'Y

————— —— Do+ e s e ek

20 30029
20 3589°s
L0 FBSSL
40 39028
40 3560°6
£0 3696°6
L0 3E€3T%
10 36006
00 sistel
80 3890l
#0 co°3
00 3896
e W32
80 Ivseee
89 36c0°C
80 368S°€
0 W63
80 3c2ves
- - 80 FWEEL
60 it
60 W02*2
QIWA 108
-~ CAVG WIe} .
AAVL*03 LN}
aIdDVBAY

ASHINI HOIN

= O0ludd » 0229 OL Jdvi LIQE:
4030 -AVO 2 346UV -NAW- 20 TAVG ¢ -GAV SOV LAV Bu

v
A

oG ELTE T T ETT TT:

% W 2993
© w ANDWNOUIAND NOLOHo 3LISOcHOD 03 AGARLS XNN4 IVL IGH0

4a3an)d
NYHL®HLYD
ASUINI

NARILDIGS LI0HM0 I11S0aw0D

03°231 60 3982°2 = Wi0L
ooz 20 3092°9 00
12901 40 360L°C  001-0S
ecuo2 L0 Jeence 05-%€
S99 90 3s25°1 IE~-S8
8v8°SE €0 3£02°%8 Si-s
£28°0s 60 3vol°l S-£

tAvD 83d) (A3N)
(IN3D ¥3d)  XAT2 IVIOL  SIONVE
KN 1D3dS 035VH3AV  ASYIN3
30 X NI WNYL1D3dS
£%00av 4 2998 =°91¥3d & 6L =°1VNITNI

MRILIBGE NI SV 031410345 $1 ADNINI IUIHA AdIDNI) AIR S<3 S2ISVYINI 804 IJdv 3V8vL SINL NO SIXNNH TV
AVQ/Z2e8nd/7S3TDILNVYG 20 SLINA NI 3bv IIBYL SIHL NO $3x01d QIOVUIAY

e



TIROS/TOS

Circular
Inclination 79°
Trajectory #1 ¢ 1463 km Alt,
Trajectory #2 s 1667 km A1t.
Decay Dates 1967,6

Electrens (E>.5 Mev) Protons (E>5, Mev)

Traj. #1 Traj. £2

1. Fraction of tetal life
time spent in flux-free  23,75% 24,17%

regions* of space:
2. raction of total life-  36,07% US19%
time spent in high-intensity

regions™ of Van Allen Belts:

3¢ Fraction of total daily 98,61% 99 ¢22%
flux accumulated during (2)s

¥See text for definition

40.90%

39.56%

99.L43%

Table S

39.17%

50014%

99.78%

L g
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