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Foreword

Trapped particle radiation levels on ERTS/NIMBUS spacecraft were calcu-
lated for nominal trajectories using improved computational methods and
new electron environment models, Temporal variations of the electron
fluxes were considered and partially accounted fore Magnetic field cale
culations were performed with a current field model, extrapolated to a
later epoch with linear time terms. Orbital flux integration results

are presented in graphical and atbular form; they are analyzed, explained,

and dicussed,
This report supersedes all past issuances or releases regarding Van Allen

belt radiation on ERTS/NIMBUS satellites, The information contained in

the present report replaces all previously distributed data,
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Introduction

The planning for the ERTS/NIMBUS satellites provides for circular, near

polar fiight/paths at about 926/1111 kilometers altitude with launchings

in 1972, 1973, and 1975 .

The high inclination of the ERTS/NIMBUS trajectories and the proximity
of the launch dates to the period within the solar cycle characterized
by minimum solar activity require special considerations when evaluating

the electron results because of the latest environment representations,

Specifically, tﬁo new electron environment models were used in the flux
calculations : the AE5 for the inner zone (l.1 < L £ 2,8) by Teague and
Vette, 1972, and the AEL for the outer zone (2.8 £ L < 11,) by Singley
and VWette, 1972, Both are static models describing the environment as

it existed 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.
A complete temporal description of this solar cycle dependence is not
available at this time, However, additional versions of the AES/AEL

models for the 1964 solar minimum epoch will be released soone

In the meantime, it is expected that the results presente& in this report
overestimate the expected vehicle encountered electron fluxes because the
launch dates of the ERTS/NIMBUS satellites are closer to the next epoch

- of solar minimum activity (197L-75) than to the solar max epoch of the
current AES5/AEl environment models (1967=68) .

AN
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It should be noted that the innmer zone environment in 1967 still included
remnants of the artificial electrons, injected into the magnetosphere by

the Starfish nuclear explosion of 1962 (Teague and Stassinopoulos, 1972).

Since the residual Starfish components contained in the AES model are sig-
nificant at some L values and for some energies, it was necessary to

update the model to the launch epochs of the ERTS/NIMBUS satellitess

Approximate dates at which the Starfish fluxes had decayed down to natural

background levels (Teague and Stéssinopoulos, 1972) and apparent decay

lifetimes for the artificials (Stassinopoulos and Verzariu, 1971) were

available as functions of energy and L , Using these cutoff times and
lifetimes, the artificial component was removed from the model data by

an exponential decay funetion,

No special considerations are required for the proton results, obtained
from standard models long in use. Although they describe a static envi-
ronment, this is a ﬁalid representation for these particles because ex~-
perimental 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 uncertainty factor attached to the
models. Consequently, the proton data may be applied to any epoch without

the need for an updating processe

Appendix A contains pertinent information on units, field models, tra-

jectory generation and conversion, etc,



Two new sections, Appendixes B and C, have been added to this report,

relating to the enclosed tables and plots, explaining their format and

describing their data,

A further addition to the output data and the reference material usually

included in our reports is:

a)

b)

c)

d)

a projection of the satellite trajectory on a world map grid
drawn in Miller cylindrical coordinates, where the start of
each successive orbit (revolution) is sequentially numbered,

a trace of the flight path in magnetic B-L space after conver-
sion from geocentric geographic (geodetic system) to geocentric
geomagnetic (B-L system) coordinates,

computer produced exposure analysis table,

computer produced time account table,

Novel features in our old tables, besides improved headlines and labels,

are:

a)

b)
c)

d)

new constant L-band intervals on the first output table,ex-
tending now to L=6.2,

L-band tables also generated for protons,

complete description of low energy protons included as a stan-
dard procedure in all studies,

spectral distribution given also in average orbit-integrated

instantaneous fluxes.



At this point we should emphasize that our calculations are only approxi-
mations due to the large uncertainties in future flux levels; as always,
we strongly recommend that all persons receiving parts of this report

be advised about this uncertainty (see last paragraph of Appendix A),

Finally, an explanation regarding the attribute "standard", frequently
used in the reformatted OFI (Orbital Flux Integration) Study Reports.
The term is applied as a modifier to parameters, constants, or variables
in order to indicate or refer to some specific value of these quantities
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 to 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 2 to 21 (2 to 11 for
ERTS, 12 to 21 for NIMBUS),which are all computer produced, The tables are
arranged (separately for each satellite) 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"
sumary and the "Time Account" breakdown. All sets except the last contain
three similar members ¢ one for low energy pfotons, one for high energy
protons, and one for electrons, in that order, Further explanations on the
tables and a more detailed description of their contents is given in Appendix
B o Figure 1 is a guide to table arrangement, as produced by a standard pro-

duction run of the Orbital Flux Integration (OFI) program UNIFLUX ,

Some of the tabulated data is also computer plotted in Figures 3-11 for the
ERTS and Figures 14-22 for the NIMBUS, with additional Figures 12-13 (ERTS)
and 23-24 (NIMBUS) containing plots of flight path data, As with the tables,
the plots are arranged (separately for the two satellites) 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 three similar members :
one for each type of particle considered, The last set contains two inde-
pendent memberse Appendix C describes and explains the plots. Figure 2 is

a guide plot arrangement, as produced by a standard production run ,



I, Trajectory Data

See Figures 12/23 for World Map Projections and Figures 13/24 for B-L

Space Tracings.

High inclination circular and elliptical trajectories (i > 55°) or low
inclination elliptical orbits of large eccentricity traverse the entire
Stervestrial radiation belt twice during each revolution., The vehicle

thus executes a transverse motion in L-space, passing successively through

a region of low L values (1.0 < L « 2,8) and of high L values (2.8 « L« 11,),
commonly referred to as the inner zone and the outer zone , The specified

ERTS/NIMBUS trajectories fall into that category,

Under unperturbed conditions, the relative orbit period determines the
nodal precession of the trajectory. For circular flight paths the period
is a simple function of the geocentric distance. At the altitudes pro=
posed for the ERTS/NIMBUS missions, the périods are about 1,7/1.8 hours
with a corresponding precession of 25,5/27.0 degrees approximately, This
amounts to about 1L,1/13,3 orbits for a twentyfour hour flight-time du-
ration, Now in the case of circular trajectories with large inclinations,
the possibility exists that, when successive orbits lie more than 20
degrees apart, the simulated flight path may be "skipping" some high
intensity regions of the radiation belts, Normally, this condition can
be remedied by extending the flight time to L8 or 96 hours, whereby a
denser sampling of the environment is insured, A 8-hour flight duration

was considered adequate for the study at hand,



The world map projections of the two trajectories considered are plot-
ted for ten revolutions only. The orbit numbers appear at the starting

points of each revolution,

On the respective B-L graphs, only five orbits are plotted forming the
depicted patterns. Each orbit crosses the magnetic equator twice at the
positions where the curves touch the equatorial line, The rtansverse
motion is stricingly displayed, The spreading (displacement) of the

traces is the effect of the nodal precession,

I1, Spectral Profiles

For tabulated data consult Tables 5-7 (ERTS) and 15-17 (NIMBUS).

For plotted data consult Figures 6-8 (ERTS) and 17-19 (NIMBUS).

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

the specific trajectories that produced them,

Noteworthy are the electron spectra obtained from the new environment
models AE5 and AEL4, especially in regards to the steep fall-off to
zero flux for E 5,0 Mev , The apparent cutoff at about 5. Mev is
probably due to the complete decay of the high energy Starfish arti-
ficials by 1967, assuming no significant numbers of naturals exist

with energies E = 5,0 Mev ,



ITI, Peaks per Orbit

Tabulated data is contained in Tables 8-10 (ERTS) and 18-20 (NIMBUS).

Plotted data is shown in Figures 9-11 (ERTS) and 20-22 (NIMBUS),

The absolute peaks presented in this report have been obtained for
standard OFI (Orbital Elux Integration) energies : E - ,1 Mev for
low energy protons, E - 5, Mev for high energy protons, and E = ,5

Mev for electrons.

Obviously the peak contours follow a periodic pattern based on the
daily cycle of revolutions (See: "I, Trajectory Data" for more detail).
Since the trajectories investigated are circular, no major changes
with time are expected, assuming stable orbits and atmospheric drag

effects,
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APPENDIX A

General Background Information

For the specified ERTS/NIMBUS flight paths, an orbit tape was generated with
the standard integration stepsize of one minute, and for a 48 hour flight-
time, in order to insure sufficient sampling coverage. (For more details see:
Results, I, Trajectory Data.) The following circular trajectories were thus

produced:

Vehicle A1t (km) Incl,

ERTS 869 81°

NIMBUS 1111 80°

The orbits were subsequently converted from geocentric polar into magnetic

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

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

utilizing the IGRF (1965) geomagnetic field model by Cain and Cain {1971),

calculated for the epoch 1970,0 .

Orbital flux integrations were performed with Vette's current models of
the environment, the new AES-AElL for the inner and outer zone élactrons,
the AP6-AP7 for high energy protons, and the APS5 for low energy protons,

All are static models which do not consider temporal variations; this
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includes the new electron models, at least as far as the present cal-

culations are concerned.

See text for further details on this matter,

The documents that describe these models are listed below:

Model

AE4
AES
APS
AP6
AP7

Reference

Singley and Vette, 1972
Teague and Vette, 1972

King, 1967

Lavine and Vette, 1969

Lavine and Vette, 1970

The results, relating to the omnidirectional, vehicle encountered, in-

tegral, trapped particle fluxes, are presented in graphical and tabular

form with the following unit conventions:

1,

4,

where one orbit = one revolution.

Daily averages

Average instantaneous

Totals per orbit

Peaks per orbit

total trajectory integrated flux
averaged into particles/cm? day,

time integrated average, character-
istic of the orbit, in
particles/cm? sec,

non-averaged, single-orbit integrated
flux in particles/cm? orbit, and

highest orbit-encountered instantane-
ous flux in particles/cm? sec,

Please note: we wish to emphasize the fact that the data presented in

this report are only approximations. We do not believe the results to

be any better than a factor of 2 for the protons and a factor of 3 for

the electrons.

uncertainty in the data.

It is advisable to inform all potential users about this

A2



Please, also note that the electrons have been caiculated with a model
decribing the environment at solar maximum, The obtained fiuxes may,
therefore, be an overestimate for the ERTS/NIMBUS missions, which are
scheduled to fly around solar minimum, Consequently, it is suggested that

the electron results be taken as an upper limit and the uncertainty factor

be applied only in its reducing capacity (divisor).

A-3



a)

APPENDIX B

Description of Tables

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 radii in constant increments of .2 earth radii.
Por the L-intervals determined in this way, orbital spectral functions

NOEE L) = T 5 CEsB) / ] 3, (>Ey:B)
W% Ll |k L, ,
i i Li. L. <Ls L.

are obtained at nine arbitrary energy levels such that the integral
spectrum is equal to 1 for E = Ey, where E, was taken to be .1, 5.,
and .5 Mev for low energy protons, the high energy protons, and the

electrons, respectively. The notation Li is used to indicate the

iL-band from Li-to Li+1' while J(>E;B) is the integral, omnidirectional
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

above energy EN' are given by -

F(E;L)) = &t ZJk(>E;B) . (2)
k .
1

where At is the constant time increment of orbit integration, whose

B-1



standard value is 60 seconds. The distribution functions are fluxes

accumulated 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 and are labeled "NORMFLUX'". The nine integral

encrgy levels 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

o

]

3.
5. .
10, 1
15, 1
20. 2
25. 2
3
4
S

»

NNO VNO VI

30.
S0.
100.

LGN N
CoOoOounnownouwm

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

b} The Spectral Distribution and Exposure Index Table:

This table has three parts:

I. Thé spectrum ‘%(AE) given in % for energy intervals that core
respond to the energy levels of the previously discussed
table (L-bands), with two special columns showing the total
orbit intograted flux for these energy intervals averaged

into instantaneous I; and daily I? intensities



12 AE)

- - 3
‘PJCAE) 100 ?J(;E;T j=1,9 3
where
%o
FOE,) = C kgl J, (>E;;B,L)At (4)
ko
D
. - .38, - . ;B,L S
IJ (AE) = C kzlAt{JkOEJ B,L) Jk(>x=.3+1 )} (s}
1; (AE) = 1?@5) /86400 (6)
c-22 , Taxa i=1,36

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

number of time increments considered in the study.

II. The composite orbit spectrum for integral energies, giving the
total vehicle encountered fluxes averaged into daily SD(>Ej)

and instantaneous Ss(>Ej) intensities for 15 discrete energy

levels:
§P T . _
(>x-:j) - cAtmgoJmOEj) j=1,15 (7)
s D
S (>Ej) =S (>Ej)/86400 (8)

where the summation is performed for the entire simulated mission

duration T and includes all fluxes with energies greater than Ej'

B~3



III. The exposure index, given (for the normalizatioh energy used
in the L-band table) at nine successive intensity ranges Rn
‘one order of magnitude apart, in terms of exposure duration
T(Rn), converted to hours, anq total numter of particles
¢(?EN;Rn) accumulated while in that intensity range. The

notation Rn is used to indicate the intensity range from

rn to rml.

n=1,9
>E.sR’) = T(R.) 6(>E, ;R ) (9)
$CEGR ) = T(R N'"n REx €TsT,
6(E ;R ) = J(E, ;1) // : (10)
N’ n [E N Rn gl
T(R) = 8t T : 11

where r 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 columns on this table. Column 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. Columns 3, 4, and §

Bed



d)

indicate the spacecraft position in geocentric coordinates at which the

pcak was cncountered, while columns 6, 7, and 8 determine respectively

the time and the magnetic B-L coordinates for this event. It should

be noted that all simulated flight paths for tho 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 tsble because many times

that orbit is incomplete and the fluxes or positions shown do not cor-

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 energies E > .1, E > §,,
and E > .5 Mev for the low energy protons, the high energy protons,

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

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

B~S



are considered powerful enough to supply them in & substantial and

ever prescnt W&Y .«

Similarly, we define as "high intensity'" thoso regions of space where
the instantaneous, integral, omnidirectional, trapped-particle flux

is greater than 103 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:

The breakdown 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 $ 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

TaT + T« T° = 100%.
Tae confinement of the outer zone within the boundary of the L = 7.0
voiume is arbitrary and has no physical meaning. It is intended only
65 a simplification to facilitate our calculations. The region con-
sidered "external" (L = 7,0) in this study is still partially a domain

of tho outor 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 itcm on this table: tho inmer zone time T° may be subdivided

into two parts: tho percentage of time spent outside the region

(1.0 < L £ 1.1) and inside tho region (1.1.< L < 2.5).

Ba?



APPENDIX C

Description of Plots

a) The Time and Flux Histogram:

b)

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, instantaneous, integral particle fluxes abové a
given energy, over constant L-bands of .1 earth radius width, and

(2] by a contour marked Qith symbols the percent of total lifetime (&T)
spent in each L-interval. The logarithmic ordinate relates to the time-
flux variables. The printed numbers are powers of 10 and pertain to the
flﬁxes; the scale values for the time curve are given in the upper part

3

of the ordinate label: from 10™° to 10° percent of T, The type of

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.

The Spectral Profile:

A graphical presentation of the final spectral distribution, obtained
from the orbital integration process. The plot is a8 semi~log graph,

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

C-1



4)

E, in Mev, and the ordinate is a logarithmic scale for the orbit inte-

grated fluxes, given in daily -averages for energies greater than g ;

the printed scale values are powers of 10,

Peaks per Orbit:

Here the sbsolute peak 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 threshold,

while the abscissa 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 clarity. 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-L Trace of Orbits:

This plot shows = 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 is entered on all plots. The

logarithmic ordinate relates to the field strength B in gauss; the

C-2



printed values are exponents of 10, L is given in earth radii on the

linear abscissa,
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3.

4,

S.

6.

TABLE 4

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 described in Appendix C.

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

Standard Integration Stepsize: constant time increment of
orbit integration: 1'(60").

Standard Energies: low energy protons E > .1 Mev, high
energy protons E > 5. Mev, and electrons

E > .5 Mev.

Standard Procedure: established procedure normally followed
vs. procedure followed in special cases.
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** ORBITAL FLUX STUDY WITH COMPOSITE PARTICLE ENVIRONMENTS @ VETYTES AE4s AES, AP1l, APS, AP6s AP7 xx%xx PROCEDURE 3 UNIFLUX OF 1972 %%

— %% ELECTRON-FLUXES EXPONENFALEL Y -BECAYED -TO -+ 972¢—0-WITH LIFETIMES: Ee¢GeSTASSINOPOULOSEPVERZARIU *% CUTOFF TIMES: - - - - ERAEEat et 1 4
*%x MAGNETIC COORCINATES B AND L COMPUTED BY INVARA OF 1972 WITH ALLMAG, MOCEL 4: CAINESWEENEY 120-TERM POGO 8/69 * TIME= 1965.,0 %%
—_—k ik VEHICLE  ERTS—UNIELUX—5k - INGLINAT ION= 8L EG %% PERIGEE= - -B6OKM- %% -APQGEE= - -869KM *%x—-8/L -ORBIT TAPE: TD8109 *%-PERIOCD= - -1 ¢FO5 %%
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AR RASPECTRUM—EN-PERCENT DELTA-ENERGY —hwsktd—— - - % COMPOSITE CRBIT-SPECTRUM %% - * EXPOSURE INDEX~ENERGY >¢100MEV #* -
e ENERGY¥—— AVERAGED —— AVERAGLD-— —SPECTRUM—————— ~ENERGY- -~ AVERAGED- -~ -AVERAGED  —— —-- ~INTENSITY - EXPOSURE TOTAL #-OF-—
RANGES TOTAL FLUX °~ TOTAL FLUX LEVELS  INTEG.FLUX  INTEG.FLUX RANGES DURATION  ACCUMULATED
e MEV M/ CMERDLSEC HACMER D DAY PERCENT e - PLMEV )~ #ZCMX KR/ SEC - #/CMES2/DAY - -#/CM¥%2/SEC  (HOURS) PARTICLES: - -
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*% ELECTRON FLUXES EXPONENTIALLY DECAYED TO 1972, O WITH LIFETIMES: E.GeSTASSINOPOULOSEP.VERZARIU %% CUTOFF TIMES: %
k& MAGNETIC-COORRINATES -B-AND-L-COMRUTED BY- I NVARA—BFE - 1 973 WI THALLMAG v ~MBBEL —4-+——CA INESHEENE Y- | 20=FERM -POGD -8/69 % -TIMES- 196550kt
*% VEHICLE : ERTS UNIFLUX %% INCLINATION= BIDEG %% PERIGEE= B869KM %% APOGEE= 869KM *% B/L ORBIT TAPE: TD8109 ** PERIOD= 1,705 *%
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*% NRBITAL FLJX STUDY WITH COMPOSITE PAFTICLE ENVIRONMENTS @ VETTES AE4, AES, AP1, APSs AP6s AP7 *%%%x PROCEDURE : UNIFLUX OF 1972 *%

— A ELECTRON-FLUXES—EXPONENTIALLY DECAVYED -TO 1972¢ -0 WITH LIFETIMES: EeGeSTASSINOPCULOSEP VERZARIU %% CUTOFF TIMES: .- i 1
*% MAGNETIC COORDINATES B AND L COMPUTED BY INVARA OF 1972 WITH ALLMAG, MODEL 4% CAINESWEENEY 120-TERM POGD B8/69 * TIME= 1965.0 *%

— &% VEMICLE  ERTS-UNIFLUX-—rk INCLINAT-ION= 81DEG *% -PERIGEE=- 869KM %% APOGEE= B869KM xx. B/l ORBIT TAPE: TD8109 %% PERIOD= 1+705-%%
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o ENERGY—AVERAGED— - ~AVERAGED - -~ SPECTRUM -~ -~ - ENERGY - AVERAGED - - -AVERAGED -~ - © INTENSITY EXPOSURE  TOTAL # OF
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———3+00~4v 06— I EASE- 02— I 14FE— 0T - ~—-0e934 .- - - - 1e50-- --54216€ 03 - 4,507€ 08 - © 1.E5=1.E6 6+683 Se232E 09-
4.00-5.00 8.718E GG 745326 05 0.001 . 1.75 3.594€ 03 3.106E 08 1eE6-1.E7 0.467 2.593E 09
B eB0=OMER 00— 040 - — e 0e0 - 2400 - 3.413E 03 2.086F-08 - - - - - 14E7-0VER 0.0 0.0 )
‘ 2.50 1.022€ ©3 8.831E 07
TOTAL 140626 06— 91736 101004000 e - 3000 B TB2E-02 - 30228807 --— -~ - TOTAL 484000 8+936E -09 -
3450 8e.114E 01 7.011E 06
e e e 28400 -o- - 8e718E 0C 7+532E- 05--
4.50 1.832E-01 1.583E 04

Y. Y SN (Y | ' . 0.0 - -



Taltl &

T g R R L Y R e L L Rt Lt T R T P T Y P T S il d g
—— %% ORBITAL—FEUX—STFUD YW ITH-COMPOS I FE—PARTIHCLEE —ENVIRONMENT S 1 VETTES-AEAy—AES v— AP I APS APG AP 7 4%+ —PROCEDURE— ¢ UNIFLUX OF 197284
*% ZLECTRON FLUXES EXPONENTIALLY DECAYED TO 1972 0 WITH LIFETIMES?: EsGeSTASSINOPOULOSEPVERZARIU *kx CUTOFF TIMES: L 2]
—_—k s MAOGNETIC—GCOORBINATES —B —ANS-L—COMRYTED -BY-FNVARA—OF- 1-372—WI FH—ALLMAGy- MBBEL—4-4--—CAINSSWEENEY-—1-20«FEQRM- PO GO 8469 —%—TFMER 1965085
*¥% VEHICLE ¢ ERTS UNIFLUX %% INCLINATION= BIDEG %* PERIGEE= 869KM **x APQOGEE= B69KM %% B/L ORBIT TAPE: TD8109 *% PERIOD= 1.705 *%
B L L T L T A L T L T T o T A A A L L L L L LT T T T T P e
A K KK K Aok ROk K LOW ENERGY PROTONS P R Py e T
— *%-TABLE OF —PEAK- AND-TOTAL FLUXES PER PERIOD = ENERGY >3 100~ MEV Mk -—nrmms oo & om0 s i i
ok o o o KR A R R AR R Ok R R kRO R ROk Rk R KRR R R Rk ko ok

PERIOD— — PEAK-FLUX~ -~ -POSTTION AT “WHICH ENCOUNTERED — - ORBIT-TIME —FIELD(B) - —LINE(L)I— —TOTAL FLUX —~ ——— - - —— —
NUMBER ENCOUNTERED LONGITUDE LATITUDE ALTITUDE PER ORBIT
B CMEEDASEC - —  ADEGI— -~ —ADEGY - —— KM — - -~ LHBURSI— - - (GAUSS I —— —(EwRe} — — - #ASCMESR/ORBET — —
1 4+034E—05 P4e 813 = Biy S B4 v Tt — v} HOOO e BEED G By B R oDy GOBE PP e
2 9.043E 05 49.652 54,06 875,61 2.81667 0.+30066 4,23 2,228E 08
3 —1+329E06—— —26¢788— ——=59495— - ————BFF4 62— ~4¢55080—— —Qw2BR5E——— 452G — —FPREIE - OB - o e
4 1.006E 06 S. 330 -65.74 879,43 6428333 0.28758 4.21 3.064E 08
B — - BR2EE-06———-  ~134487- — =FL 29—  -BBOsIT -~ - Be0L66FT—— - —0s3OTAE — A4 46 - - -29ITRE OB o oo s e
6 7.407% 05 ~34.827 ~73.55 881454 9.73333 0432096 4,36 1.778E 08
2 6+234E—B5 54+ 816 —~P5v6F -~ -BOEY H4———F v 45000 —— B+ 339TF—— W yE5 -~ fyTAOE OB e
8 1.094E 06 444672 =55,27 879.75 1336667 029378 4.24 3.293E 08
e D }a R4FE 06— — 1R 056 — =66, 08 - — 882¢11- 1500166F ——0e29RFP— - HgS T G e DMQGE-0B- - - oo
10 9.531E 05 ~-23.651 ~73.13 883,15 16+68330 0.31635 4,53 3.358E 08
e A e ST TE- 05— - 5Py IEI— =Ty 63— - BB bT 183366640 e3EER By BD =Ry BFIE 08  —rn e
12 S.251E 05 -12.003 §9.42 880,59 19.03331 0.35075 4.61 1.509€ 08
——— 3 3 4. B4BE-0E 3O 66— BFv 2 I B IO ¢ 5O 2O s 71666 —— Dy BE2B T ——Se 88— 1w OOOE ~08
14 2.917E 95 ~121,151 -70.08 882.84 23451666 0.38655 4,71 8.082E 07
15- 3+926E- 05— —— 734992 - -1 2 1% L ETRNE-7 W-T-1.¥:V-SH—. 0935183~ - LuBP — —FBFEE 08~ - o e
16 1.976€ 06 50.497 ~55,72 876415 26468330 0430709 4.59 2.060E 08
+7 1+267E06 27+ 951 =61v59 —— — BB 6 2Bx41664 ———OGv2B8980— 4558 - 34085606
18 1.238E 06 " 74065 ~67.32 879.94 30.14999 0.29533 4,55 2.931E 08
19 8+6766--06 BN ¥- TS W SR, 2 T 2 S — 881+43—.— 3188332 —— 031488 — 4y B8 -2 AFHE—OB e
20 7+5625 05 ~31.118 =74.496 881497 33.59999 0.32678 4.79 1.597€ 08
R 5 e OB4E--05 -~ -— 8Dy 9BO =T I6— - BB2e45- - - 35,3166F-— -~ 034286 —- 5607 ———1eBIBE OB~ —— - men
22 1+ 244E 06 aa. 044 ~56499 880448 37421666 0.29778 4,53 3.328E 08
- 23 - e 1v434E -6 ~——— 133630 ~— —64549-— - B8B2e10 - - 38e88332 ~ — Os2BFRF—- - AgBT - - - AgPEEE 0B - - o oemes e e
24 1.106E 96 -20.666 ~71.65 883,23 40,54999 0.30886 4.30 3.49SE o8
26— 6+ 533F-06 Bl Pt - mTB eI b BB3e61- -~ 4ReRBIB— ——Ov3IFBE b B 5 R BHE OB e e
26 5.1688 05 ~104885 61.05 880.93 42.89999 0.35359 5.05 1.473E 08
-27 ~4+573E 06 - —=80+319 - — - 5Iv48 —~ — 879420 -— -44¢5666F— - -—Ov3E980-- - —Gub b =3 ¢OOIE OB o o m
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*k DRBITAL FLUX STUDY WITH COMPOSITE PARTICLE ENVIRINMENTS © VETTES AE4» AES, AP1, APS, AP6s AP7 *x%x%%x PROCEDURE ? UNIFLUX OF 1972 =*=x

— %% ELECTRON-—FLUXES - EXPONENT ALY DECAYEDT0O 1972+ 0-—WI FH-LIFET IMES 3 - Eo G STASSINOPOULOSEP e VER ZAR U %% CUTOFF TIMES? : Rt L o0
*% MAGNETIC COORDINATES B AND L COMPUTED BY INVARA OF 1972 WITH ALLMAG. MODEL 43 CAINESWEENEY 120~TERM POGO 8/69 * TIME= 1965,0 %%
—_—_k VEHICLE - CRTS - AUNIELUX -k INCLINATION=_BIDEG- %% PERIGEES—B60KM X%  APQGEE=——860KM- 2% . 8/L-ORBIT -FAPE ;- TO8109 - 5% .PERIOD =1 + 205 K&~

*#ti#*tt#t***tt***t#*tttt#*t*#tt*tt##t*t**t***#**#****t#t*t*#***t*t*##**#**#**#*t***tt***#t****tt*t#*t##t**#ttt#tt*ttt**##t*ttttt*#*
e R AR KRR LT R ER R HIGH- ENERGY - PROT-ONS —— ks ke kR bR KRR R KKK~ e oo o o oo omee .- e
*% TABLE OF PEAK AND TOTAL FLUXES PER PERIOC = ENERGY >5,00 MEV *x

T ET L TEE T S T T R Ty Py 2 T T T T PR e - T

PERIOD PEAK FLUX POSITION AT WHICH ENCOUNTERED ORBIT TIME FIELD(B) LINE(L) TOTAL FLUX
——— e NUMBER —— ENCOUNTERED — LONGITURE AT FUBE— AL T FYDE e s e e oo PER: QRBET o oo e oo s
#/CMX%2/SEC (DEG) (DEG) (KM} (HOURS ) (GAUSS) (EeRW) #/CMEX2 /ORBI T
1 1.657¢ 01 -100.499 0.0 868.58 040 0.22273 1416 4,823E 03
2 24833803 b le 533G 3Bl BEB B2 e -Ba OO O e PATO b e By BT T eRBRE 05 corir o emen —
3 9.127€ 03 18,701 -32,58 868+03 4.41667 022041 T 1491 2.692E 06
—_— 4 1., 468E 04— 54978 =38e62 - BIEr 06— 6215000 Oy BOBES - 9B G — 6o 61 TE- 06 - B
s 1.6226 04 ~33,862 -23.,90 865444 7.78333 0.17673 1.31 1.013€ 07
6 1173604 —— 58,789 20457 867 ¢t6 - - De51E6T - —Bel809B - LyRQ-mr - 69013E 06 - - e moms e
7 1.211E 03 854470 -22.16 864,96 11.18333 0.19989 1.20 . S.194E 0S5
8 1466603 56-+081 34 v P t————BF v 1 B 46T 0 ¢ BB IS T e Py ph s . B BTGE Q5+ ¢ oo
9 7.649E 03 24,782 ~32.12 873.51 15.18333 022390 1493 2.199€ 06
10 1376604 il e B I BB e bl BTl w6 G - -y 6664 Oy BOBBB e ~19BT - -~ S¢TIIE 06- e
11 1.570E 04 ~25,910 =26493 872.29 18.61664 0.1829a 1440 1.008E 07
. 12 1+ 525684 =519 725 a2 e BO — = BFL g G2 200 31667 - BelTETT -~ 1429 - - TeTSEE 06 - - —comwow e
2 13 2.991E 03 ~76.698 ~21.74 871.21 22.04999 0.18975 1.20 1,217 06
- 14 1e151E-02 163+110 19v-14 870-+74 23975666 Oy RL-BEO - Ful B - - BeBOOE 08 e
15 1.368F 01 -126,895 ~9.60 ‘869,42 25.51666 0422067 1e1a 3.548E 03
16 2, 757603 444821 ——=31 s 68— BET BT~ 26656667-—— 0224557~ 1495 - -~ 6s829E 05 R
17 8e1226 03 18,591 ~30,81 867.28 28425666 0.21972 1.84 2.696€E 06
18 1.4226 94 =69 150236486~ -B6FeRY B3O 00600-— 0020666 - LeB83- .- . 6.550E 06 - e
. 19 1.533C 04 ~33.059 ~20,07 866471 31.66664 0.18067 1.39 1.011E 07
20 1133604 584305 B bl e BE T e B2 BBe BEIB2 -G b B2 14 B2 ms 60 OBOE 06 - e e o ime
21 1.145E 03 84,225 -30,.80 867.22 35.08331 0+210324 1429 Se.263E 0S5
22 1+ 486503 509 499-————=33402~ —-—-BF4s 08 - - ~- 37433334 G425809 - 2404 - - 3,360E 05 R
23 7.236E 03 244660 ~33.88 874,33 39.03331 0.22470 2.00 2.218€ 06
24 14344604 — =141 83 -aBG e FE i BTG4 5F -~ 809 T B3B3 o~ ROTTE — - 1aB2 - Se624E 06 -
25 1. 546€ 04 ~264482 -32.16 873.94 42.45000 0.18712 1449 1.003E 07
26 1+590E 04 514813 .29+ 57 873 eBl- 48016668 —— et TTAG v - L@ - . 7e74TE 06 e
27 2.821F 03 =764+ 750 23,51 871,94 45.89999 0419071 1.21 1.191E 06
28
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%% ORBITAL FLUX—STUDY WITH COMPOSITE PARTICLE ENVIRONMENTS 1 VEFFES-AE4y—AESy—APIy—APSy~APGy AP7 %%&% PROCEDURE : UNIFLUX OF 1972 »#

*®*% ELECTRON FLUXES EXPONENTIALLY CECAYED TO 1972+ O WITH LIFETIMES: E+GeSTASS INOPOULOSEP.VERZARIU #% CUTOFF TIMES? *%

——&& MAGNETIC COORDINATES 3-AND L--COMPUTED - BY INVARA—OE 1072 WITH -ALLMAGy —MODEL 83— CAINSSWEENEY  120-TERM POGO 8/60 * TIME= 1965.0 ##

®% VEHICLE : ERTS UNIFLUX %% INCLINATION= BIDEG ** PERIGEE= B86OKM %% APOGEE= B6OKM *% B/L ORBIT TAPE: TDB8109 *+ PERIOD= 1705 #%
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TABLE ARRANGEMENT

Computer Produced Output Tables for Orbital Flux Integrations.
Standard Production Runs with UNIFLUX Program.

#1q Expos. ' Time
Index Account

#9
#8[

#7

#4 b Section 3 s Electrons
#5] a

#l

#3] Table of Peaks b 7Section 2 : High Energy Protons
#2 |Spec.Dist,& Exp.Ts a
L-Band Table '

Table #1

b7 Section 1 t Low Energy Protons

Figure 1 s Set of tables produced for every trajectory congidered in a
trapped particle radiation study.



PLOT ARRANGEMENT

Computer Produced Plots for Orbital Flux Integrations,

- Standard Productlion Runs with UNIFLUX Program,

#1‘ B-L Space Trace

HOTGor1d Vap Grid
Projection
#9l
4 Section 41Flight Path
# Dats
[ ]
b
_#5#16 Section 3 s Electrons
# a
[ Peaks/Orbi f
eaks/Orbit
#2 ]igpectral Profils a b)/Section 2 1 High Energy Protons
Plot # 1

Time & Flux Histgr}

[
chtion 1 : Low Energy Protons

_F}gure"z t Set of plots produced for every trajectory considered in a
- trapped particle radiation study.
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