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Forewprd

A special study was conducted to determine the ambient trapped particle

fluxes incident on the ATS-F satellite. Several synchronous circular flight
paths were evaluated and the effect of parking longitude on vehicle enéountered
intensities was investigated. Temporal variations in the electron environment
were considered and partially accounted for. Magnetic field calculations were
performed with a current field model extrapolated to a later epoch .with linear
time terms. Orbital flux integrations were performed with the latest pro-

ton and electron environment models using new improved computational methods.
The results are presented in graphical and tabular form; they are analyzed,
explained, and discussed. Finally, estimates of energetic solar proton

fluxes are given for a one year mission at selected integral energies ranging
from 10 to 100 Mev, calculaied for a year of maximum solar activity during the

next solar cycle.
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Introduction

The objective of the present study is to evaluate the charged particle fluxes to
be encountered by a spacecraft in a synchronous orbit, specifically as applied
to the ATS-F mission. Because synchronous orbits have certain characteristics

entirely their own, some general observations are in order,

Circular geosynchronous (geostationary) trajectories are flight paths with a
periedicity of exactly 24 hours; this fixes their altitude to about 3.6 earth radii,
Satellites in such orbits é,re co-rotating with the geoid, as if rigidly attached.,
When the trajectories liel in the equatorial plane, the satellites appear to be
stationary in geocentric space {over the equator) on a meridian which is deter-
mined by their injection conditions. This position is called the parking longitude.
If the plane of the circular orbit is tilted away from the equator, the trace of all
subsatellite points (geocentric projections) on the earth's surface form a figure
"eight" with its node at the parking position and its axis of symmetry aligned
horizontally in the north-south direction (normal to the equator), When inclina-
is increased, ‘the size of the projected frace (figure eight) hecomes larger,

probably reaching its maximum for polar orbits.

In order to determine the effects of parking position on the mission integrated
trapped particle fluxes encountered by synchronous satellites, three special park-
ing longifudes were selected for study because of magnetic geometry considera-

tions, namely: 110°E, 290°E, 310°E. For these condifions, circular trajectories
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were then investigated,

Some comments are necessary at this point in regards to the two new electron
environment models used in the flux calculations:, the AES for the inner zone

(1.1 ¢L €2.8) by Teague and Vette1972, and the AE4 for the outer zone (2.8<€

L<11,) by Singley and Vette 1972,

Both are static models describing the environment as it existed back in October
1967, at about solar maximum conditions. In constructing these models it was
possible to infer a change of the average quiet-time electron flux levels as a
function of the solar cycle. However, for the regions of space covered by the
various orbits in this study there are no appreciable changes in the time average

flux.

Additional static versions of the AE5-AE4 models for the 1964 solar minimum
epoch have just been released and will be incorporated into the "Unified Orbital

Flux Integration and Analysis System' for future applications (Stassinopoulos and

Gregory, 1973).

In the meantime, electron fluxes calculated for the years 1973-76 (next solar min)
with the currently in-use solar max models, are inevitably overestimates. To
partially compensate for this error, the uncertainty factor attached to the electron

results will have to be adjusted in such cases.,

Now the ATS-F launch date of 1974.4 places at least half of the satellite's planned

lifetime (5 years) into this category. Specifically, the first two mission objec-
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tives (one year stationed at 94° west and one year stationed at 35° east) fall entirely
within a period of deereased solax activity. Also,the first year of the last mission
objective (three years stationed at 105° west) may be a solar min year, depending
on the length of the present 20th solar cycle. To correcily evaluate the presented

electron fluxes for these mission years, the reduced uncertainty factor given in

Appendix A should be used,

Another important feature of the synchronous electron environmeﬁt is the strong
local time dependence of the ambient particle fluxes, The local time variations
for high energy electrons (1 - 3 Mev) at synchronous altitudes (L~5.6 e.r.) exceed
one order of magnitude, These variations are due to distortion of the magneto-
sphere caused by the solar wind {compression at local noon, elongation at local

midnight).

Theoretically, the new outer-zone AE4 recognized this dependence and accounted
for it by incorporating an analytic function for its calculation. However, the
version distributed in card deck form for practical application purposes provides
fluxes which are averaged over local time. The reason behind this simplification
is that most users employ the model in orbit- or time-integration processes to
missions which have durations of 6 months or more and the local time effegts
would be averaged out anyway. Hence, in order to save time, core, and effort, a
local time average value, which is nearly equivalent to the fluxes at the dawvn meri-

dian, was inseried into the model in place of the analytic function.



The consequence of this simplification on circular equatorial synchronous orbits
(that is, orbits lying on constant L-shells) is insignificant as long as complete
pericds { = revolutions = 24-hour intervals) are being considered. But when

the circular synchroaous orbits are inclined or when the synchronous orbits are
elliptical (for any inclination, including equatorial), the results conceivably could
bé biased for very short term missious or for the ﬂﬁx encountered in a transfer
orhit because the vehicle briefly passes through varying L-shells at different local
times, without spending more than a fraction of its period at any shell; the averaged
flux values yielded by the model for these transit positions may be off (up or down)
by as much as a facior of 7, depending on the pariicular conditions. Since such
trajectories have an effective L range from about 5.5 e.r. to about 22,0 e.r.

and since the relative shell-related intensities over this L range vary by several
orders of magnitude, a significant intrinsic uncertainty is associated with these

OT SIOIt termn missions, However, ior long term missions where local
times are encountered fairly uniformly, the local time averaged fluxes are appro-
priate. The effect of this possible error for short term missions is reflected in

the uncertainty factor given for the electron data in Appendix A.

In contrast to the electrons, no special considerations are required for the prdton
results obtained from standard models long in use. Although they describe a
static environment, this is a valid representation for these particles because
experimental measurements have shown that no significant changes with time -
have occurred in the proton population. With the exception of the fringe areas of

the proton belt, that is at very low altitudes and at the outer edges of the trapping



region, the possible error introduced by the static approximation lies well
within the uncertainiy factor attached to the models. Consequently, the proton

data may be applied to any epoch without the need for an updating process.

We wish to emphasize that our calculations are only approximations although they
are based on the best available data; asalways, we strongly recommend that all
persons receiving parts of this report be advised about the unceriainty in the data,

as discussed in Appendix A,

Appendix A also conlains pertinent information on units, field models, trajec-

tory generation and couversion, etc.

Finally, an explanation regarding the aitribute "standard" frequently used in the
reformaited OFI (Orbital Flux Integration) Siudy Reports. The term is applied

as a modifier o parameters, constants, or variables in order to indicate or refer
to some specific value of these guantites that had been used without change over
extended periods of time, Although override possibilities do exist in the OFI
system, a routinely submitted production run will, by default option, always use
these "standard" values. The term is also used in reference fo established forms.,
style, processes, or procedures, as for example, "standard tables", "standard
plots", "standard production runs", etc. A list of some quantities, values, or

expressions modified by 'standard" is given in Table 1.



Results: Analysis and Discussion

The outcome of our calculations is summarized in Tables 3 to 17, which are all
computer produced. The tables are arranged in four sets, where every set per-
tains to one specific type of table: the first set contains the "L-band" tables, the
second the "Spectral Distribution and Exposure Index' tables, the third the tables
of "Peaks",* and the fourth the ""Exposure Analysis' summary and the "Time
Account" breakdown. All sets except the last contain two similar members:

‘one for low energy protons, and one for electrons, in that order. The last con-
tains only one member. No high energy protons of the trapped particle variety
exist in the regions of space visited by synchronous satellites, hence no tables.
Further explanations on the tables and a more detailed description of their con-
tents is given in Appendix B. Figure 1l is a guide to table arrangement, as produced
by a standard production run of the Orbital Flux Integration (OFI) program UNIFLITY

for a single trajectory.

Some of the tahulated data is also computer plotted in Figures 3 to 14, with
additional Figures 15 to 20 containing plots of flight path data, Finally, Figure 21
shows the unattenuated inferplanetary solar proton spectrum at 1 A,U., applicable
to all trajeciories considered in this study. As with the tables, the plots are
arranged in four sets, where each set pertains to one specific type of plot: the
first set contains "Time and Flux Histograms", the second ''Spectral Profiles",
the third "Peaks per Orbit”,* and the fourth trajectory "World Map Projections"
and "B-L Space Tracings'", Again, all sets except the last contain two similar

*
Ommitied: not applicable



members: one for each type of particle encountered. The last set contains two
independent members, Appendix C describes and explains the plots. Figure 2
is a guide to plot arrangement, as produced by a standard production run for a
single frajectory. The final, single, concluding plot (Figure 21) is explained in

the section on '"Energetic Solar Proton Fluxes."



1. Bpectral Profiles

For tabulated data consult Tables 9 - 14,

For plofted data consult Figures 9 - 14,

The integral spectra presented in this report are orbit integrated, statistically
averaged, trapped particle spectra, characteristic of the specific trajectories

that produced them.

It should be noted that of the trapped particle species, only electrons and low
energy protons exist at synchronous altitudes: that is, the synchronous envir-

onment is completely devoid of trapped high energy protons,

A comparison of the available data reveals that parking longitude has little
effect on mission integrated fluxes; the maximum difference in flux levels

due to any parking longitude variation is not likely to exceed 30%. I regards
to the electrons, the error introduced by neglecting this change is insignificant,

in view of the very large uncertainties associated with the data (about a factor of 5).

This conclusion applies equally to electrons and protons and it includes all

energies,

II. Trajectory Data

See Figures 15 - 17 for World Map Projections.

See Figures 18 - 20 for B-L Space Tracings,



A-

World Maps
World map projections of trajectories are by definition the surface

traces of their subsatellife points.

Projections of circular synchronous equatorial orbits display no salient

features; they appear on the equator as a point (see Figures 15 - 17).
Magnetic Dipole Mapping

At the geocentric distances of synchronous erbits, the quantities B and L
have no physical meaning any more because of the interaction between

solar wind and magnetosphere,

The noon-midnight distortion of the magnetosphere, produced-by that
interaction (compression in the solar and elongation in the antisolar.
direction), causes a breakdown in the symmetry of the dipole magnetic
shell parameter L and introduces significant external currents and fields,
whose contributions substantially alter the apparent field strength B af

a given synchronous position, that is presently obtained from the dipole

terms of the internal field model applied in the calculations.

Therefore, in this study (as well as in every model of charged-particle
radiation utilized), these variables are being employed only as ordering

parameiers.

The magnetic B-1 space tracings of the eircular equatorial synchronous

trajectories appear as small line segments on the plots {(Figures 18 - 20)



running paraliel to the contour of the magnetic dipole equator, but removed
from it by a finite distance corresponding to the magnetic latitude of the

parking position.

This displacement occurs because the magnetic dipole axis is tilted to
the earth's axis of rotation by an angle of about 11.4 degrees. Hence,
positions on the geographic equator may be displaced from the geomag-
netic equator by that angle, at most, If the parking longitude coinc-ides
with the nodes of the two equatorial planes, the trace should be tangent

to the equatorial contour in the B-L plots.

The length of the traces is a measure of the B and L variations encoun-
tered on a particular trajectory. A relatively stationary circular orbit

has the shortest trace.

The selection of a different parking longitude has no effect on the
maznjtude of the L-interval covered by the trace but it changes slightly
the B-interval (maximum variation between smallest and largest interval
appears to be less than 10%) and shifts the position of the trace relative

1o the equatorial contour, both in B and in L,
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Energetic Solar Proton Fluxes

Good measurements of solar cycle 20 interplaretary cosmic ray fluxes at about
1 A,U. are now available, These interplanetary particles are also observed
over the high latitude polar cap regions. However, at other latitudes the geo-
magnetic field effeciively shields the earth from some of these cosmic rays by
deflecting the lower energy particles while only particles with increasingly

higher energy penetrate to lower latitudes,

In order fo consider the effect of geomagnetic shielding from cosmic TAaysS ¢n

an orbiting spacecraft, the fotal time spent by the vehicle in regions of space
accessible to these particles has to be calculated, as a function of particle energy,
for the entire lifetime of the satellite. In other words, the exposure of a space-
craft to these particles is in essence a function of trajectory altitude and inclination,
aad mission duration., Of course, this applies only to the years of inereased solar
activity, and whether a satellite will "see'" energetic solar protons or not, even in
accessible regions of the magnetosphere, depends on the epoch within the solar
cycle, at which the mission is fo be flown. If it coincides with the period of low

_ solar activity (years of solar minimum), if most likely will not encounter any

significant number of energetic solar protons, and vice versa.

Having calculated a mission related exposure time for a specific trajectory, one
can use experimentally determined low energy cosmic ray fluxes of solar origin

from which the galactic background has been subtracted, to obtain vehicle-encoun~



tered energetic solar proton intensities. In the present study, the annual mean

of event and cyele integrated proton fluxes of cycle 20, given by Stassinopoulos and

King (1973) for energies ranging from E»10 Mev {o E>100 Mev, were used to

estimate cycle 21 intensities on the ATS~F mission.

However, no thorough statistical freatment has yet been worked out in regards to
the probability of actual cycle 21 fluxes exceeding the predicted intensities, Crude
model confidence levels only are available at this time, The importance of such
statistics must be emphasized; it is best demonstrated by the occurrence of the
August 4-7, 1972, event, which was the largest recorded in solar cycles 19 and 20,
its fluxes exceeding the accumulative total of all other cycle 20 events by about

a factor of 2 for the E>10 Mev protons and by a factor of 4 for the E>30 and E»60
Mev patrticles., Therefore, caufion is advisable when using the data presented in

this report.

The probability that the estimated fluxes for the ATS-F mission will be exceeded

by an actual event, is about 33% for a one year mission duration.

Figure 21 shows annual, omnidirectional, integral spectral profiles of vehicle-
encountered energetic solar proton fluxes for several different missions, including

ATS-F, in units of particles per square centimeter.

The reason only one curve appears on this graph is because zall three investigated
trajectories remain completely outside the magnetic dipole shell of I~=5 e.r, and,
consequently, experience no magnetospheric shielding effects: that is, they all

_encounter the same 100% exposure to energetic solar protons.

12



Note: These fluxes apply only to missions planned for periods of increased solar
activity, It is notl expected that solar-min missions will encounter energetic solar
Protons of any significance; at least, it is very unlikely (bat not im.possible) to have
a major event occurring during the years of minimum solar activity. The 5-year
ATS-F mission, to be launched in mid 1974, will spend approximately half of its
lifetime in a solar min period. Hence, no solar protoﬁs have to be considered
until about 1977, Thereafter, the predicted mean annual intensities should be
applied to the remaining 2.5 years. Caution: In evaluating the energetic solar
proton radiation hazard please bear in mind that the probability of at least one

anomalously large event occurring during the time interval 1977 - 1979 is high.

13
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APPENDIX A

General Background Information

For the selected flight paths, orbit tapes were generated, with a constant integration
stepsize of two minutes, and for a 24 hour flight duration each. Since all the orbits
are geosynchronous, this time interval is adequate for a sufficient sampling of the
ambient environment. (For more details see section: "Results, I, Trajectory
Dafa'l.) For the following inclination and parking positions, circular and ellip-

tical trajectories were thus produced:

Incl. Parking Longitude

0° 110°E, 250°E, 310°E
The orbits were subsequently converted from geocentric polar into magnetic

B-L coordinates with McIlwain's INVAR Program of 1965 {Hassit and McTlwain ,

1967) and with the field routine ALLMAG by Stassinopoulos and Mead 1972),

utilizing the IGRF (1965) geamagnetic field model by Cain and Cain. (1971), calcu-

lated for the epoch 1975,5,

Orbital flux integrations were performed with Vette's current models of the envir-
onment, the new AE5-AE4 for the inner and outer zone electrons, the AP6-APT
for high energy protons, and the AP5 for low energy protons. All are static
models which do not consider temporal variations; this includes the new electron
models, at least as far as the present calculations are concerned, See text for

further details on this matteyr,



The documents that deseribe these models are listed below:

Model

AE4 Singley and Vette, 1972
AE5 Teague and Vette, 1972
APH King, 1967

AP6 Lavine and Vette, 1969
APT Lavine and Vette, 1970

The results, relating to omnidirectional, vehicle-encountered, integral, trapped
particle fluxes, are presented in graphical aad tabular form with the iollowing
unit conventions;

1, Daily averages: ' total trajectory integrated fJux
averaged into particles/cm” day,

2. Average instantaneous: time integrated average, charaz-
ter%stic of the orbit, in particles/
cm” sec,

3. Totals per orbif: non-averaged, single-orbit, inte~

grated flux in particles/cm orbit, and

4, Peaks per orbit: highest orbit~encountered instantaneous
flux in pariicles/ena” sec,

where one orbit=one revolution,

Please note: We wish to emphasize the fact that the data presented in this report
are only approximations, We do not believe the results fo be any better than a
factor of 2 for the protons and a factor of 5 for the electrons., It is advisable

to inform all potential users about this uncertainty in the data, Please also
remember that the electrons have been calculated with a model describing the
environment at solar maximum, The oblained fluxes are, therefore, an o#er—

estimate for those parts of the ATS-F mission which are scheduled to fly around.



solar minimum, (1975 - 1976, possibly part of 1977, depending on the duration
of the present solar cycle). Consequently, it is suggested that for the solar
min period of the mission the electron results be taken as an upper limit and

the uncertainty factor be applied only in its reducing capacity (divisor),



APPENDIX B

Description of Tables

a) The L-band Table:

The table contains 36 L-bands Li of equal size, covering the range from
L=1.,0 to L= 8.2 earth radil in constant increments of .2 earth radil.

Por the L-intervals determined in this way, orbital spectral functions

i-1,36 (l]

NOE,Ey;L.) = EJk(:vE;B) . / E 3, (Ey;B) .
i i Li= Li <L% Li+1

are obtained at nine arbitrary energy levels such that the integral
spectrun is equal to 1 for E = Egr where Ey was taken to be .1, 5.,
and .5 Mev for low energy protons, the high energy protons, and the
eléctrons, respectively. The notation Li is used to indicate the
L-band from Li to Li+1-’ while J(>E;B) is the integral, ommidirectional
flux yielded by the environment model used in the calculation. The

spectral functions N are evaluated for the total flight time simulated

in the study, where the summing index k selects all trajectory points

lying in each Li'

The corresponding orbital distribution functions, representing fluxes

sbove energy Eys 87e given by
P(E;L,) = At[f ka;a)] (2
k L
i
where At is the constant time increment of orbit integration, whose

B-1



standard value is 60 seconds. The distribution functions are fluxes

accunulated in their respective Li bands over the total flight period

considered,

The orbital distribution functions are listed on the table at the bot-
tom of each L«interval snd are labeled "NORMFLUX", The nine integral
energy lavels selected for the low and high energy protons and for

electrons are given below in units of "Mev'" for all particles:

Protons Electrons
Low High

A* 3. Iy ]

.5 5.# .5*

g 10, 1.0
1.1 15, 1.5
1.5 20, 2.0
2.0 5. .5
2.5 30. 3.0
3.0 50. 4.0
3.5 100, 5.0

where the normalization energy is indicated by a star (*).

b) The Spectral Distribution and Exposure Index Table:

This table has three parts:

I, The spectrum %(AE) given in % for energy intervals that core
Tespond to the energy leveis of the previously discussed
table (L-bands), with two special columns showing the total
orbit integrated Flux for these enorgf intervals averaged

into instantaneous I; and daily I? intensities

B-2



12 (AE)

13(AE) = 100 = SEY §=1,9 (3)
where
%
FGE,) = C J, (>E, ;B,L)At (4)
1 kgl k"1
ko
D a - L]
I (E) = C kglm{akpsj,n,m Jk(:-Ejﬂ,B,L)} (s)
I;(M) . 1?@5) /86400 (6}
24
C=a— , T=kybt i=1,36

and where ko is the upper 1limit of k. It is equal to the total

number of time increments considered in the study.

II. The composite orbit spectrum for integral onorgi-es, giving the
total vehicle encountered fluxes averaged into daily sD(mj)'

and per second S’(>Ej) intensities for 15 discrete energy

levels:
0 T
S OEF) = cat I Ja0E;) j=1,18 N
m=0
s*(>E,) = ST(OE,)/86400 : 8

i J

whers the summation is performed for the entire simulated mission

duretion T snd includes all fluxes with energies greater than B’.

B~3



II1. The exposure index, given (for the normalization energy used
in the L-band table) at nine successive intensity ranges Rn
one order of magnitude aspart, in terms of exposure duration
T(RnJ, converted to hours, and total number of particles
¢(?EN;Rn) accumulated while in that intensity range. The
notation Rh is used to indicate the intensity range from

l‘“ to 1‘“41.

n=].9
$CEGR ) = T(R) 8(E ;R ) (9
EH n n N''n an T, <r< Tl

8(E ;R ) = [; J (>EN;r]]R / 1 (10)
1]

-r(nn) = At % (11)

where L is the upper limit of £ in each R,

»
¢} The Table of Peaks:

in this table, the absolute instantaneous peak flux encountered during
each successive orbit (revolution) is listed for the indicated energy
range. There are nine colums on this table. Colwm 1 is an orbit
counting device, based on the period of the orbit when the trajectory
lies in the equatorial plane and is circular, on the physical perigee
in all elliptical cases, and on the equatorial crossing for circular

inclined trajectories. Column 2 gives the peak flux, Coluwms 3, 4, and 5

B~4
*ommitted : Not applicable to synchronous orbits



d)

indicate the spacecraft position in geocentric coordinates at which the
peak was encountered, while columns 6, 7, and 8 determine respectively
the time end the magnotic¢ B-L coordinates for this event. It should
be noted that all simuisted filight paths for the purpose of orbital
radiation studies start at ty - 0 hours. Finally, the last column in-
dicates the total flux encountered during that particular orbit. It

is advisable to disregard the last line on this table because many times

that orbit is incomplete and the fiuxes or positions shown do not cox-

respond to true peaks.

The Exposure Analysis Summary:

The summary is contained in the left half of this last table of each set
as a semi-independent and separate table. It indicates what percent of
its total lifetime T the satellite spends in "flux free" regions of
space, what percent of T in "high intensity" regions, and while in the

latter, what percent of its total daily flux it accumulates.

In the context of this study, the term "flux free" applies to all re-
gions of space where trapped particle fluxes are less than one proton or
electron per square centimeter per second, having énergies E>» .1, E>» 5,
and E > .5 Mev for the low energy protons, the high energy protons,

and the electrons, respectively; by definition, this includes all re-
gions outside the radiation belts., The concept of "trapped particle
fluxes' is wmeant to include stably trapped, pseudo-trapped, and trans=-
fent fluxes, as long as they are part of or ;ontained in the environment

models used and, in the case of transients or pseudos, their sources

B-5



e}

are considered powerful enough to supply them frequently in sub-
stantial rumbers.

Similarly, we define as thigh intenaity" those regions of space where
the instantaneous, integral, ommnidirectional, trapped-particle flux
is greater than 10® protons with energies E > .1 or E > 5. Mev, and

greater than 10% electrons with energies E > .5 Mev,

The values given in this table are statistical averages, obtained over
extended intervals of mission time, However, they may vary signifi-

cantly from one orbit to the next, when individual orbits are considered,

The Time Account Breakdown:

Ths Yreakdown of orbit time is given in the right half of the last table
of every set, in the same semi~independent form as the summary. The
table shows the total lifetime spent by the vehicle in the inner zone
T (1.0 <L 5 2.5) and the outer zone T° (2.5 < L s 7.0) of the trapped
particle radiation belt, and also the percent duration spent outside

that region (L > 7.0), which is denoted by T (T-external), such that
for any mission

Ta=Th + 704 7° « 1008.
The confinement of the outer zone within the boundary of the L = 7.0
volume is arbitrary and has no physical meaning, It is intended only
as a simplification to facilitate our calculations. The region con-
sidered "external" (L = 7.0) in this study is still partially a domain

of the outer zone, at least as far out as L = 11,0 earth radii, accord-
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ing to the latest electron models (Singley and Vette, 1972).
A last item on this table: the inner zone time 'l'i may be subdivided

into two parts:  the porcentage of time spent cutside the region

(1.0 < L £ 1.1) and inside the rogion (l.1.< L < 2.5)}.
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APPENDIX C

Description of Plots

a) The Time and Flux Histogram:

This plot shows two curves superimposed on the same graph, namely, one
each for the variables "time" and "flux". Both are given as functions
of the parameter L (earth radii) within the range 1 - L - 7, on a semi-
log scale. The plot depicts: (1) by a plain curve the characteristic
trajectory intensities as obtained from the orbital integration process
in terms of averaged, integral particle fluxes above a
given energy, over constant L-bands of .1 earth radius width, and

(2} hy a . contour marked with symbols the percent of total 1ifetime (%T)
spent in each L-interval. The logarithmic ordinate relates to the time-
flux variables. The printed numbers sre powérs of 10 and pertain to the
flhxes; the scale values for the time curve are given in the upper part

3 to 102 percent of T, The type of

of the ordinate label: from 10~
particles, their integral energy, and the units, are all given in the
lower part of the label. The label on top of the graph lists some useful

information about the trajectory.

b) The Spectral Profile:

A graphical presentation of the final spectral distribution, obtained
from the orbital integration process, The plot is a semi-log graph,

where the abscissa is a linear energy scale for integral particle energies

Cal
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d)

)

E, in Mev, and the ordinate is a logarithmic scale for the orbit inte-
grated fluxes, given in daily averages for energles greater than Ey;

the printed scale values are powers of 10.

%
Peaks per Orbit:

Here the absolute pesk intensities, encountered per period, are plotted
for the duration of the total flight time considered (1 period = 1 revo-
lution = 1 orbit). The logarithmic ordinate relates to instantaneous
particle fluxes of the environment at the indicated energy thresheld,

while the abscisse is a linear orbit enumeration.

World Map Grid Projection of Orbits:

The trajectory is plotted for several revolutions on a global map
produced by a Miller Cylindrical Projection. The contours of the con-

tinents have been omitted for elarity. The positions of either equatorial

crossing, of physical perigee, or of period commencement are indicated
by numbers identifying the orbits shown in this graph. For all tra-
jectories, the distance between successive sequential numbers is a

measure of the orbit precession.

B-1L. Trace of Orbits:

This plot shows a trace of the trajectory in B-L space on a semi-log
scale, Several orbits are usually depicted, each identified by its
sequential number. The magnetic equator 1s entered on all plots, The

Jogaritheic ordinate yelates to the field strength B in gauss; the

c-2

#
Ommitted : Not applicable to synchronous orbits



printed values sre exponents of 10. L is given in earth radii on the

linear abscissa,
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1.

2,

3.

4'

5.

5.

TABLE_ i

Partial Listing of
Parameters, Constants, Variables, or Expressions
designated as "standard" in the text

Standard Tables: set of tables as listed in Figure 2, in the regular format
described in Appendix B.

Standard Plots: set of plots as listed in Figure 2A, in the regular format
degcribed in Appendix C.

Standard Production Run: a production run processed on default options.

Standard Integrafion Stepsize; constant time inerement of orbit integration:
11 (60").

Standard Energies: low energy protons E>.l Mev, high energy protons E>5.Mev,
and electrons E>.5 Mev.

Standard Procedure; established procedure normally followed vs. procedure
followed in special cases,



TABLE 2

B and L Extrema of Synchronous Trajectories

Circular orbits
Inclination 0°
Altitude 35863 km

Parking B-Range
Longitude (samma)
(degr.) min  max
110° 114 114
290° 109 109
310° 108 108

L-Range

( e.xr.)
min max
6.8 6.86
7.02  7.02

6,98 6.98
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Figure 1 & Set of tables produced for every trajectory considered in a
trapped particle radiation study.



PLOT  ARRANGEMENT
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