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FOREWORD

This Standard addresses the natural unperturbed space
envi ronnment . It is a conpilation of the space environment data
obtained fromthe nost authoritative contenporary sources
available at the tine of conpilation. This standard establishes
the time-sensitive and orbit-sensitive parameters for the
naturally occuring environnents. The standard is intended to:

a) Ensure that space environnmental interactions are
consi dered and |ncor80rated into the design of
space systems and subsystens.

b) Provide a basis for evaluating the hardness of
space systens and subsystens agai nst the space
environnental interactions.

~Space vehicles operating in the space environment experience
various effects caused by the vacuum radiation, and particulate
environnments, as well as inertial effects. These effects are
not specifically addressed in this standard, but should be
included in the analyses of the effects of the environnent on
the space system to the extent applicable.

_ Thi s standard does not address effects of human operations
I n space such as orbiting space debris, transmtter radiations,
fluid discharges from space vehicl es, out%a53|ng, or surface
contam nation. Neither does it address the interaction between
the environnent and an orbiting space vehicle, such as atomc
oxygen burning of surface materials, surface glow, plasm waves
generated by the presence of the space vehicle, space vehicle
charging, or orbital dynamcs. Nor, finally, does it address
the effects of the environnment on the space vehicle and
subsystens, such as ionizing radiation danage, single event
upsets in electronics, or backgrounds such as |um nescence and
Cerenkov radiation in optical materials. It does, however,
provi de the necessary environmental paranmeter data for

cal cul ations of space system performance as nodified by the
presence of these environnmental elenents.

Al though this standard does not address the effects of human
operations or the induced environnent that is due to the
interaction between the environnment and a body in space, this
shoul d not be interpreted as indicating that these elenents are
not inportant. Their effects on a space system nay be greater
than that due to the natural environnent. These el enents vary
W th human activities, tend to be program peculiar, and,
therefore, are sinply not appropriate for inclusion in this
st andar d. However, these elenments should also be included in
the anal yses of the effects of the total environnent on space
systens, to the extent they are applicable.
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SECTION 1
SCOPE

1.1 PURPOSE

The purpose and scope of this docunent is to state the

araneters of the earth s natural environment, above 100

il ometers, for use in space vehicle and space system design.
The natural environment Includes neutral atnosphere, plasm,
energetic charged particles, neteoroids, geonagnetic field,
el ectromagneti c radiation, gravitational field, cosmc rays, and
sol ar enerﬂetlc particles. ~The geosynchronous environnment and
the ionosphere are treated in detail. The trapped radiation
belts, drag due to the neutral density, atom c oxygen, and
particle inpacts are treated as well.

1.2 APPLI CATI ON

This standard is intended for use in acquisition contracts
for selected space vehicles and upper stage vehicles. The
standard should be cited in the technical requirenEnts_§pro ram
pecul i ar specifications) as nmay be appropriate to specify the
natural space environnent paraneters that are applicable for the
space system acqui sition.
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SECTI ON 2
REFERENCED DOCUMENTS

2.1 GOVERNMENT AND NONGOVERNMVENT DOCUMENTS

None. All references are listed in Subsection 6.2 instead
of this subsection since they are intended only for information
and gui dance.

2*2 ORDER COF PRECEDENCE

In the event of a conflict between the text of this standard
and the references cited herein, the text of this standard shal
take precedence. However, nothing in this standard shall
supersede applicable laws and regulations unless a specific
exenpti on has been obtai ned.
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SECTION 3
DEFI NI TI ONS

~ Not applicable. A list of definitions is not provided by
this standard. The definitions of terns stated in the guidance
documents |isted for reference in Subsection 6.2 should be used
to the extent applicable.
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SECTI ON 4
GENERAL REQUI REMENTS

This standard establishes the time-sensitive and
orbit-sensitive paraneters for the naturally occuring space
environnent above 100 kilometers. Space vehicles shall be
capabl e of operating in this naturally occuring environment
encountered in orbit (See 6.1). Since not all of the
envi ronmental paraneters are of concern in all possible orbits,
Table | is PFOVIded as a guide to identify the usual paraneters
of concern tor generic orbit types.

~Space vehicles operating in the space environnent experience
various effects caused by the vacuum " radiation, and particulate
environnments, as well as inertial effects. These effects are
not specifically addressed in this standard, but shall be
included in the analyses of the effects of the environnment on
t he space system to the extent applicable.

The nunerical data presented in Section 5 are current as of
the date of issue of this standard. As new data on the space
environment are obtained, the nodels recomended or referenced
may be superseded. New nodels which are intended to supercede
the nodel s recomended or referenced in this document may be
used as approved substitutes provided the% are issued by the
sane agency or sanctioned by the same authoritative body as the
nodel s whi ch they supercede.
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SECTION 5
DETAI LED REQUI REMENTS

5.1 PARTI CLES.

~ Energetic charged particles produce effects in naterials
primarily through their ionizing action. Effects include
radi ati on damage in electronics, solar cells, and optical
materials; electrostatic discharge; backgrounds in sensors;
singl e-event upsets in digital electronics; optical noise; and
ot her deleterious effects.

5.1.1 Cosmic Rays Cosmic rays are highly relativistic
charged particles of solar and galactic origin. They are highly
ionizing and highly penetrating. The primary concerns wth
cosm c rays are their background signatures in electronic and
optical devices and the single-event upset phenonenon, in which
the high density of ionization along a track in an electronic
device acts as a signal in that device.

5.1.1.1 @Glactic Cosm c_Rays For the purposes of this
Standard, the cosmic ray environnent is defined by Figures 1, 2,
3, and 4, and Table Il.  Figure 1 presents the differential
energy spectra for hydrogen and helium nuclei, which constitute
respectively 83 percent and 13 percent of the pr|narK cosm ¢
rays. Figure 2 presents the electron conponent whic
constitutes 3 percent of the cosmc rays. Figure 2 is a
conposite figure, including both galactic and solar electrons.
Because of their |nEortance to single-event upset events in
m croel ectronics, the cosmc ray spectrumof iron nuclei is
presented in Figure 4. Table Il provides the cosmc ray
conmposition for helium plus nuclei up to and including the iron
group. The elenents above He in the spectrum constitute about 1
percent of the primary cosmic rays. For specific mssions where
detail ed anal yses of cosmc ray effects are required, the
gui delines, recomendations, and methods of generating _
appro?rlate m ssi on-specific environmental nodels, as descri bed
in Refs. 6.2 a, 6.2 b, 6.2 ¢, and 6.2 d, shall be applicable.
The | east severe environnent under which the space vehicle shal
be capable of operating is that associated with the so-called
“solar mninunf (see Paragraph 5.1.1.1.1 below). The data for
conposite particles presented in Figures 1, 2, 3, and 4 are
given in terms of differential energy flux (number of particles
per unit energy) per nucleon. Protons and electrons (Figures 1
and 3) are not conposite particles.
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TABLE 11. Heavy Cosnic Ray Abhundance
SPECI ES Rel ati ve Abundance
G eater than 450 MeV/ Nuc

He 44700 = 500
Li 192 = 4
Be 94 = 2.5
B 329 = 5
C 1130 = 12
N 278 = 5
o) 1000
F 24 = 1.5
Ne 158 = 3
Na 29 = 1.5
Mg 203 = 3
Al 36 £ 1.5
Si 141 = 3
P 7.5 = 0.6
S 34 =+ 1.5
c1 9.0 = 0.6
A 14.2 =+ 0.9
K 10.1 = 0.7
Ca 26 = 1.3
Sc 6.3 = 0.6
Ti 14.4 = 0.9
v 9.5 = 0.7
Cr 15.1 = 0.9
Mn 11.6 = 1.0
Fe 103 = 2.5
Ni 5.6 = 0.6

5.1.1.1.1 Variability of Galactic Cosmc Rays  Figures
1, 2, and 3 indicate the variability of the cosmc-ray flux
intensity as a function of solar cycle. The intensity of the
| ow energy end of the spectrum undergoes a periodic nbdul ation
with the el even-year sunspot cycle, where the intensity is
approxi mately anti-correlated with the sunspot nunber and varies
n intensity by about a factor of five over the el even-year

|
cycle. A second variation is the “anomal ous conmponent” shown in
Figure 3. Enhancenents exceeding a factor of ten relative to

t he carbon flux have been observed in the fluxes of hydrogen,
helium and oxygen ions. The protons in the anonmal ous conponent
are nost intense around 100 MeV. The al pha particle intensity
peaks between 10 and 50 MeV/ nucl eon, and oxygen around 10

14
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MeV/ nucl eon. Because of the relatively |ow energy range, atomc
nunber, and overall intensity of the anomal ous conponent
constituents, the latter usually are of snmall significance in
the overall environnment, but nay be significant in special
applications. The anomal ous conponent shall be included in the
cosm c ray environnment which is used to analyze the performance
of a space vehicle or space system

Several other types of tenporal variability in the galactic
cosm c ray flux have been observed and are described in Ref. 6.2 a.
These fluctuations in particle flux occur at energies bel ow 100
MeV/ nucl eon and are referred to as ‘interplanetary weather.”
Their effect on space vehicles and space sKstenB using current
technology is mnimal in nost cases, but shall be considered in
cases where sensitive conponents are used and extrenely high
reliability of operation is required. The software in Ref. 6.2 d
provides for the effect of this variability on the environnental
nndﬁ by requesting the “interplanetary weather index” value as
i nput .

_ 5.1.1.1.2 Access of Galactic Cosmc Rays. Spatial variation
in the particle fTux intensities within the magne osEhere occur
because of the Earth’s magnetic field and physical shadow at |ow
altitude. Where necessary, the primary environnents specified in
Paragraph 5.1.1.1 can be nodified by incorporating geomagnetic
cutoff rigidities and the effect of Earth’'s shadow in the nodel
Provision for calculating these effects has been made in the CREME
computer software of Ref. 6.2 d.

_ 5.1.1.2 Solar Cosmic FE¥3 Sol ar cosm c rays are present
in space about two percent of the time. The solar cosmc ray.
component of the environment can be ignored in analyses only if
di sruption of space vehicle or space system operation nore thag .
i s

two percent of the time can be tolerated (see Paragraph 5.1.1.
bel ow), and total accunul ated dose bel ow about 100 krads (Si)

of no concern. QOherwi se, the recomendations and nethods
contained in Ref. 6.2 a, 6.2 b, 6.2 ¢, and 6.2 d shall be
followed. Attention should be paid to the question of survival
during at least one large flare, as defined by Ref. 6.2 a. See
al so Paragraph 5.1.3.

5.1.1.2.1 Variability of Solar Cosmic Rays. . Mjor solar
flares are characterized by a random frequency distribution,
modul ated by the el even-year sunspot cycle. Near the peak of
the cycle, major flares occur at the rate of several per year,
while during “solar minimunt the rate drogs_to_less t han one per
year. The particle fluxes associated with individual flares |ast
anywhere fromtwo hours to several days, and vary fromflare to
flare by several orders of magnitude. Large flare-to-flare
variations in particle conposition (especially in the ratio of
protons to heavier ions) are also observed. On the average,

15
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cosmc ray particle environnents enhanced by solar flares are
encountered about two percent of the time. ~ Al considerations
of particle access to regions within the na%netosphere di scussed
in paragraph 5.1.1.1.2 apply here. a mninmum space vehicles
operating iIn golar or geosynchronous and trans-geosynchronous
orbits shall be capable of operating normally in the solar
paat%caegeEV|ronnent enhancenments |rsted in Paragraphs 5.1.3.1
and 5.1.3.2.

5.1.2 Trapped Radiation Belts. The Earth’s magnetic field
contains |arge fluxes of energgtic-particles i ncluding el ectrons
with energies in excess of 5 MeV, protons with energies in excess
of 400 MeV, and energetic higher-Z ions (Z is the atom c nunber).
The source of these particles is in-situ acceleration of |ower
energy particles by mgnetic storns, trapping of decay products
of energetic neutrons produced in the upper atnosphere by
collisions of cosmc rays wi th atnospheric nuclei, and in sone
I nstances by trapping of solar flare particles. The
magnet ospheri c energetic particle population is nornally _
categorized b rs&:on and species. Large magnetic storims, with
a Dst (an index which is a world-w de average of the change in
the | ow|atitude horizontal conponent of the Earth’s nmagnetic
field, in nanoteslas) of -200 nanoteslas or nore, produce naﬂor
perturbations in the magnetospherically trapped fluxes. Smaller
storms, with Dst of approxinately -50 nanoteslas, produce
substantially smaller, though significant, perturbations (see
Paragraph 5.1.4). For the pu&gpse of defining the various
regions of the magnetosphere which contain significant trapped
fl uxes of energetic particles, a two-paraneter description of
the geomagnetic field is used, B and L, where Bis the field
intensity and L is Mllwain' s paraneter (Ref. 6.2 e). Ina
dipole field, the value of L corresponds to the radial distance
inunits of earth radii fromthe center of the Earth to the
equatorial crossing of the field line |labeled "L".

The intensity nunbers given in Paragraph 5.1.2 all refer to
the highest intensity that nay be encountered in the region
defined within a given paragraph. Changes in the design of the
radi ation resistance of satellites should not be made solely on
the basis of the nunbers listed in Paragraph 5.1.2. If the
listed val ues exceed the survival caPabllity of a systemin that
particular orbit, nore precise calcul ations shoul d be nmade using
the referenced NASA particle nodel s before any changes in system
design are made to provide survival margin. ere two nodels
are listed, MAX and M N, the electron nmodel is nore severe
than the M N nodel because magnetic storms during solar maxi mum
add energetic electrons to the magnetosphere. For energetic
protons, the MN nodel is nore severe because during solar

m ni mum t he atnospheric scale height is smaller and fewer
energetic protons are renoved by the residual atnosphere.
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5.1.2.1 Inner zone. For the purpose of defining t he inner
radi ati on zone for this Standard, the region from 100 kilonmeters
altitude to an upper limt of L = 2 shall be used, where L is
Ml lwain's paraneter and corresponds to a dipole magnetic field
l'ine which crosses the equator at a geocentric distance of two

earth radii (Re). For a dipole field, this field |line crosses the
equator at about 6400 kilonmeters altitude and intersects the
surface of the Earth at a latitude of about 45 degrees. Intensity

nunbers in this section may be reduced to 20 percent of the |isted
value for satellites with apogees bel ow 1000 km  For low altitude
polar orbits, also see paragraph 5.2.3.

5.1.2.1.1 Protons. Vehicles traversing the inner radiation
zone shall be capable of operating in a penetrating proton
envi ronment with nmaxi num average omidirectional fluxes of:

a. 4x10" protons per square centineter per second
above 0.1 MeV (p/cm-sec or p cm sec)

b. 1x10" p/ cni-sec above 1 MeV
C. 5x10° p/ cni- sec above 10 MeV
d. 2x10* p/ cni-sec above 100 MeV, and of
e. 8x10° p/ cni- sec above 400 MeV
For the purposes of calculating radiation dose or instantaneous

interference levels in devices due to the inner zone protons, the
AP8M N nmodel shall be used (Ref. 6.2 f).

5.1.2.1.1.1 Proton Variability. The ener?etic protons in
the inner zone are only slightly and slowy affected by
atmospheric density variations as a function of solar cycle and by
the secular variations of the Earth's magnetic field. For the
purposes of this Standard, other than |ong-term planning, the

| nner - zone proton popul ation may be considered static. “For |ong
term planning, the effect of the secular variation of the Earth™s
magnetic field shall be included in the high-energy proton
environnent (Ref. 6.2 g).

05.1.2.1.2 Electrons. Vehicles traversing the inner
radi ati on zone shall be capable of operating In an electron
environnment W th maxi mnum average omi directional fluxes of:
a. 2.3x10°e/cni-sec above 0.1 MV

b. 1x10" e/ cnf-sec above 0.5 MeV, and of
C. 1x10° e/ cnf—-sec above 2 MeV
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_ For the purposes of calculating radiation dose or instantaneous
interference levels in devices due to the inner zone el ectrons,
the AE-6 (maxi mum) nodel shall be used (Ref. 6.2 h).

5.1.2.1.2.1 Electron Variability At L values below 1.7
the el ectron environment can be considered to be static. _
El ectrons in the inner zone between L = 1.7 and L = 2 are subject
to increases of several orders-of-magnitude at tinmes of magnetic
storns. The increases decay exponentially with time constants of
a few days to a few weeks. = At peak, these increases do not exceed
the limts given above in Paragraph 5.1.2.1.2 and may be ignored
for the purposes of this Standard.

5.1.2.2 slot Region. For the purpose of defining the sl ot
region of the magnetospheric radiation zones in this Standard,

| ower and upper limts of L =2 and L = 2.8, respect|velg, shal

be used, where L is Mllwain's paraneter (see paragraph 5.1.2.1
above) . For a dipole field, the field lines defined by L = 2 and
L = 2.8 cross the equator at altitudes of about 6400 and 11500
kilonmeters, and intersect the surface of the Earth at |atitudes of
about 45 degrees and 53.3 degrees, respectively.

5.1.2.2.1 Protons. Vehicles traversing the slot region of
t he magnet osphere shall be capable of operating in a penetrating
proton environment with maxi nrum average omi directional fluxes of:

a. 3x10° p/ cni-sec above 0.1 MeV

b. 6x10" p/ cnf-sec above 1 MeV
C. 2x10° p/ cni-sec above 10 MeV, and of

d. 7x10° p/ Oni- sec above 100 MeV

_ For the purposes of calculating radiation dose or instantaneous
interference levels in devices due to the slot protons, the APSBM N
nodel shall be used (Ref. 6.2 f).

5.1.2.2.1.1 Proton Variability For the purpose of this
Standard, the proton fluxes in the slot region with energies bel ow
10 MeV shall be assuned to have a short-termincrease of an
order-of -magni tude after major magnetic storns, wth exponentia
decay times of several days. The fluxes of protons with energies
above 10 MeV shall be assunmed to be static.

5.1.2.2.2 Electrons, Vehicles traversing the slot region
of the magnet osphere shall be capable of operatln? in an electron
envi ronment w th maxi num average omi directional fluxes of:

a. 3x10°e/ cnf- sec above 0.1 MeV
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b. 1x10" e/ cni- sec above 0.5 MeV, and of
C. 1x10% e/ cnf- sec above 2 MeV

_ For the purposes of calculating radiation dose or instantaneous
interference |evels in devices due to the slot electrons, the AE-6
(maxi mum) nodel shall be used (Ref. 6.2 h).

5.1.2.2.2.1 Elect ron Variability Lower—energy electrons
in the slot region show great variability in intensity in response
to major magnetic storns, with as great as five orders-of-magnitude
increase at 0.7 MeV in a 4-day period having been observed. ~For
the purposes of this Standard, instantaneous fluxes between 0.1
and 0.5 MeV may be assumed to increase to 3x10°e/cni-sec
above 0.1 MeV and to 1x10°e/cni-sec above 0.5 MeV.

5.1.2.3 Quter Zone. For the purpose of defining the outer
radiation zone in this Standard, |ower and upper limts of L = 2.8
and L = 6.6 shall be used, where L is Mllwain's paraneter (see
Paragraph 5.1.2.1 above). For a dipole field, the field lines
defined by L = 2.8 and L = 6.6 cross the equator at altitudes of
about 11500 and 35700 kiloneters, and intersect the surface of the
Earth at |atitudes of about 53.3 degrees and 67.1 degrees,
respectively.

5.1.2.3.1 Protons. Vehicles traversing the outer zone
region of the magnetosphere shall be capable of operating in a
??netratgng—proton envi ronment w th maxi mum average omni directiona
uxes of:

a. 4x10°p/ cni- sec above 0.1 MeV

b. 4x10" p/ cni-sec above 1 MeV
C. 1x10* p/ cnmi—sec above 10 MeV. and of

d. 1x10° p/ cni- sec above 20 MeV

_ For the purposes of calculating radiation dose or instantaneous
interference levels in devices due to the outer zone protons, the
AP8M N nodel shall be used (Ref. 6.2 f).

5.1.2.3.1.1 Proton Variability. For the purpose of this
Standard, the proton fluxes in the outer zone with energies bel ow
10 MeV shall be assumed to have a short-termincrease of an
order-of —magni tude after major magnetic storns, wth exponentia
decay times of several days. The fluxes of protons with energies
above 10 MeV shall be assumed to be static.
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5.1.2.3.2 Electrons. Vehicles traversing the outer zone
region of the magnetosphere shall be capable of operating in an
el ectron environment with maxi num average omidirectional ‘fluxes of:

a. 4x10" e/ cni- sec above 0.1 MeV
b. 1x10" e/ cni—-sec above 0.5 MeV, and of
C. 1x10° e/ cnR-sec above 2 MeV

_ For the purposes of calculating radiation dose or instantaneous
interference levels in devices due to the outer-zone el ectrons,
the AE-8 nodel (Ref. 6.2 i) shall be used.

5.1.2.3.2.1 Electron Variability H gh-energy electrons in
the outer-zone region of the magnetosphere show great variability
inintensity in response to major magnetic storns, with as great
as 4 orders-of-magnitude increases at 1.5 MeV.in a |-day period
having been observed. For the purposes of this Standard, instant-
aneous omidirectional fluxes may be assunmed to increase to:

a. 6x10° e/ cni- sec above 0.5 MV
b. 1x10° e/ cnf—-sec above 1 MeV, and to

C. 4x10° e/ cni—-sec above 2 MeV

5.1.2.3.3 Higher-Z Particles. H gher-Z particles,
particularly He and O ions, are trapped in the Earth's
nagnetosphere,Fgredon1nantly near the geonagpetlc equator. At a
iven energy, ions can be assunmed to be 3 orders-of-magnitude
ess intense than the protons, and the Oions can be assuned to be
2 orders—of —magni tude | ess intense than the He ions. See
Paragraph 5.1.3.3.

5.1.2.3.3.1 Higher-Z Particle Variability. Little is known
about the variability of higher-Z particles in the outer zone
other than the fact that major magnetic stornms transport many of
themto lower positions on the field |ine, producing tenporary
increases in the |ower-altitude fluxes. For the purposes of this
Standard, the higher-Z fluxes nay be assumed to be static.

5.1.2.4  Geosynchronous Obit. The geosynchronous orbit is
that orbit that has a period which is the same as the rotation
period of the Earth and with a near-zero inclination. For the
purpose of defining the radiation environment of the
geosynchronous orbit region, L = 6.6 shall be used, where L is
Ml wai n’ s paraneter (see Para%raph 5.1.2.1 above). For a dipole
field, the field line defined by L = 6.6 crosses the equator at an
altitude of about 35700 kilonmeters and intersects the surface of
the Earth at a latitude of about 67.1 degrees.
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5.1.2.4.1 Protons. Vehicles in geosynchronous orbit shal
be capable of operating in a penetrating-proton environnent wth
maxi mum average ommi directional fluxes of:

a. 1x10" p/ cnt-sec above 0.1 MeV, and of
b. 1x10°p/ cni- sec above 1 MeV

_ For the purposes of calculating radiation dose or instantaneous
interference levels in devices due to the geosynchronous orbit
protons, the AP8B8M N nodel shall be used (Ref. 6.2 f).

5.1.2.4.1.1 Proton Variability For the purpose of this
Standard, the proton fluxes in the geosynchronous orbit region
shal | be assunmed to have a short-termincrease of an _
order-of -magni tude after major magnetic stornms, wth exponentia
decay times of several days. The fluxes of protons with energies
above 10 MeV shall be assumed to be static wth the exception of
solar flare injection of protons into the geosgnchronous regi on.
For solar flare injections, see Paragraph 5.1.3.

5.1.2.4.2 Electrons. Vehicles in geosynchronous orbit
shal | be capabl e of operating in an electron environment with
average omidirectional fluxes of:

a. 2x10" e/ cni-sec above 0.1 MV
b. 8x10°e/ cni- sec above 0.5 MV
C. 2x10° e/ cni-sec above 1 MeV, and of

d. 2x10* e/ cni- sec above 2 MeV

_ For the purposes of calculating radiation dose or instantaneous
interference levels in devices due to the geosynchronous orbit
el ectrons, the AE-8 nodel shall be used (Ref. 6.2 j).

5.1.2.4.2.1 Electron Variability During and for several
days after a major nagnetic storm electron fluxes in the
geosynchronous region will be assumed to increase by an order-
gfinggzléude above the average flux level given in Paragraph

©5.1.2.5 Trans-geosynchronous Qbits. For the purpose of
defining the trans—geosynchronous radiation zone in this Standard,
| ower and upper limts of L = 6.6 and L = 10 shall be used, where
L is Mllwain's paranmeter (see Paragraph 5.1.2.1 above). For a
dipole field, the field lines defined by L = 6.6 and L = 10 cross
the equator at altitudes of about 35700 and 57300 kiloneters, and
intersect the surface of the Earth at latitudes of about 67.1
degrees and 71.6 degrees, respectively.
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5.1.2 .5.1 Protons. Vehicles traversing the trans-
geosynchronous regi on of the magnetosphere shall be capabl e of
operating in a proton environnent w th nmaxi num average -
omidirectional fluxes of:

a. 1x10" p/ cni-sec above 0.1 MeV, and of
b. 1x10° p/ cni- sec above 1 MeV

For the purposes of this Standard, protons with energies above

10 MeV can be ignored except for injections of solar—flare protons

see Paragraph 5.1.3). For the purposes of calculating radiation
ose or instantaneous interference levels in devices due to the

%rgn?-geosynchronous protons, the APS8M N nodel shall be used (Ref.

5.1.2.5.1.1 Proton Variability For the purpose of this
Standard, the proton fluxes in the trans-geosynchronous region
with energies below 10 MeV shall be assumed to have a short-term
i ncrease of an order-of-magni tude during maj or nmagnetic storns and
substorns, with exponential decay times of several hours. The
fluxes of protons with energies above 10 MeV shall be assuned to
be produced only during solar flare events (see Paragraph 5.1.3).

5.1.2.5.2 Electrons. Vehicles traversing the
trans-geosynchronous region of the magnetosphere shall be capable
of operating in an electron environment w th maxi nrum average
omi directional fluxes of:

a. 2x10" e/ cnmi-sec above 0.1 MeV

b. 8x10°e/ cni-sec above 0.5 MeV

C. 2x10° e/ cnf-sec above 1 MeV, and of
d. 1x10" e/ cni- sec above 2 MeV

_ For the purposes of calculating radiation dose or instantaneous
interference levels in devices due to the trans-geosynchronous
el ectrons, the AE-8 npdel shall be used (Ref. 6.2 i).

5.1.2.5.2.1 Electron Variability. H gh-energy electrons in
t he trans—geosynchronous region of the magnetosphere show great
variability in intensity in response to nagnetic storns and
subst or ms. For the purposes of this Standard, instantaneous
omi directional fluxes may be assuned to increase by one order-
of —magni t ude above the averages given in Paragraph 5.1.2.5.2
during magnetic storns and substorns

5.1.2.5.3 H.gher-Z Particles. For the purposes of this
Standard, higher—-Z particles may be considered to be absent from
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the trans-geosynchronous regi on except for cosmc rays and
solar—flare particles (see Paragraphs 5.1.1 and 5.1.3.).

5.1.3 Solar Particles At tines, solar flares gject _
coronal matter at very high velocities in large quantities. This
matter consists primarily of ionized hydrogen, helium and
el ectrons. The geomagnetic field prevents nost of these particles
fromentering the near-earth region except for the polar region,
the trans-geosynchronous region, and, for energetic protons, the
geosynchronous region. These fluxes persist for a period of a few

ays after a major solar flare. Solar flares which produce
energetic particles are nost prevalent near and just after the
sol ar sunspot nmaxi num

5.1.3.1 Electrons. Electrons appear over the polar caps
after major solar flares, but the fluxes are negligible conpared
to the proton fluxes. These fluxes are isotropic except for the
solid angle represented by the downward-| ooking atnospheric |oss
cone (the portion of the distribution that would mrror wthin the
atmosphere) . Electron spectra are soft, with typical energy
spectra of the form NE = NoE*, where No is typically | ess
than 10°e/cni-sec-steradian, E is in units of MV, and k is
between 2 and 3. The intensities usually persist for a few days.

5.1.3.2 Protons. The typical fluence of energetic solar
flare protons in the near-earth region is 2x107/c per year
above 30 MeV. ~ Over a 10-year period, the average annual fluence
above 30 MeV is 4.8x10°/cm. During a typical solar cycle, 90
percent of the fluence is due to a single |arge event which
persists for a few-day period. Polar-orbiting, geosynchronous,
and trans-geosynchronous orbit satellites may experience, and
shal | be expected to survive, one large event with the follow ng
omi directional integral fluences:

a. 2x10"” greater than 10 MeV

b. 5x10°greater than 30 MeV
C. 2x10°greater than 60 MV, and
d. 5x10°greater than 100 MeV

| These nunbers are representative of the Cctober 1989 sol ar
are.

5.1.3.3 Higher-Z Particles. Solar flare events include
some higher-Z (Z greater than 2) particles. These higher-z
particles, while of concern to lightly shielded electronic
conponents on interplanetarY m ssions, may be neglected in
?Pnparison to the natural flux of galactic cosmc ray high-Z
uxes.
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5.1.4 Sol ar/Magnetic Storm Effects Sol ar flares, high

aﬁeed solar wind streams from coronal holes (regions on the sun

ich | ook dark because they are cooler than the surround|ng
areas), and solar magnetic field polarity reversals enbedded in
the normal solar wind all produce geomagnetic storms. These storns
accel erate energetic particles in the magnetic field. They al so
preci pitate sone energetic particles into the atnosphere. Averaged
over a solar cycle, major magnetic stornms (producing major effects
in the trapped particle populations) occur about onc% per Year and
m nor magnetic storms occur about tw ce per year. _ These storns
peak at, and followi ng, the sunspot maximum~ The flux nunbers
provi ded in Paragraph 5.1.2 include these stormeffects.

For space vehicles or space systens which are sensitive to the
flux peaks, mmjor magnetic storns shall be assumed to occur once
per year during the tive year period around the sunspot m nimum
and tw ce per year during the remainder of the sunspot cycle.

M nor magnetic storms shall be assuned to occur with twce that
frequency.

5.2 PLASMA ENVI VENT .

_ The plasma environnent in the nagnet osphere includes the

i onosphere and the plasmasphere. The ionosphere is typically
considered to be the region fromabout 80 kmto about 1000 km
altitude and is a transition region froma relatively un-ionized
at nosphere to a fully ionized plasmasphere. The plasmasphere
typically contains ion densities of the order of 10%cmto
10°/cnB at 1000 km and di mi ni shes to about 10°/ cmiaround

12000 to 15000 kmat the equator. At higher latitudes, this
dropoff in density occurs at |ower altitudes, approximately

f ol omnng the magnetic field line configuration. This region is
bounded by the plasmapause, a boundary where a sharp drop of a
factor of 30 to 100 in ion density occurs. The ion conposition is
al titude dependent, with 0+, 0%, and NO bei ng maj or
constituents below 300 km 0" and Hthe prinmary constituents
between 300 and 1000 km and H and He'the prinary

constituents above 1200 km  The ionospheric reference nodels
contain conposition information. In the auroral zone,

accel eration and ionization processes produce bands of enhanced
ion density aligned alon? contours of magnetic |atitude.
Densities can exceed 107 cniwi th energies of tens of volts.
Wthin an auroral form maxi mum plasma energies of several hundred
volts may be encountered. See Paragraph 5.2.3.

5.2.1 lonosphere. A smooth, undisturbed ionosphere can
degrade | ow frequency (less than 300 MHz) space-to-ground
communi cations links and signals from space-based radars.
| onospheric inmpacts on wave propagation include radio-wave
absorption, signal-tine delay, polarization rotation, Doppler
shift, refraction, “ and radar—pul se distortion.
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The el ectron concentration is essentially equal to the ion
concentration everywhere in the ionosphere. " The onlg exception
occurs during the daytime at altitudes bel ow about 80 km where
el ectrons may conbine with nolecules to form negative ions.
Solar radiation is ﬁr|nC|paIIy responsi ble for the daytine
i onosphere, although particle precipitation at auroral and
mdlatitude regions nmay serve to augnent plasma concentrations.
Because of the solar control, the ionosphere exhibits diurnal
seasonal, and solar cycle variations. epresent ative exanpl es
of ionospheric electron concentration profiles are presented in
Figure 5 for daytime and nighttime conditions at the m ninum and
maxi mum of the solar cycle.

The ionospheric profiles of Figure 5 are averaged over the
seasons. The nighttinme F-layer tends to be at higher heights in
the summer than in the wintef, the tendency being accentuated at

lower latitudes. In general, the nighttine F-region tends to be
t hi cker when higher. During the daytine, the electron _
concentration at the F-region peak is considerably larger in

winter than in sumer; this effect is nore evident at high
latitudes than at low |latitudes. Noontine electron concentration
profiles are shown in Figure 6 for sumrer and winter conditions
at three levels of solar activity.

. 5.2.1.1 lonospheric Mdels.  Several enpirical nodels are
avai l able which furnish a statistically averaged ionosphere at a

given location, local time, and nonth for a specified |evel of
solar activity. The primary nodel to be used is the
| nternational Reference |onosphere (Refs. 6.2 k and 6.2 1).

Representative results from the International Reference
| onosphere nodel are presented in Figures 7, 8, 9, and 10,
calculated for a solar active period (sunspot nunber of 70) for
January at a longitude and |atitude of O degrees. Figure 7
provides a nominal electron nunber density as a function of
altitude for noon and mdnight neridians. Figures 8 and 9
provide a conparison of the ion tenperatures, T, and electron
tenperatures, T, for noon and mi dnight fromthe same source.
Figure 10 provides a simlar conparison of ion conposition.

_ 5.2.1.2 lonospheric Irregularities Irregularities in
i onospheric electron density cause signals transiting the

i onosphere to fluctuate in phase and anplitude. This effect is
referred to as scintillation. The paraneters which serve to
characterize a scintillating signal include the signal
decorrelation time (t), the frequency selective bandw dth

(f), and the so-called S,index.
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The S,index is a neasure of the scintillation depth in

received signal power. It is defined as:
(rR%) - (R?)2
(s4)2 =
(r?)2

where R is the anplitude of the wave and a horizontal
the mean value of the quantity belowit.

In Table 111, estimtes of reasonable worst case val ues of
the S,index, signal decorrelation tinme, and frequency selective
bandwi dth are listed for VHF (approxinmately 150 MH4z) signals _
propagating through the ionosphere. Also 1ncluded are ronospheric
absorption |osses, which are generally very small. At equatorial
latitudes, signal scintillation at VHF can be severe (S,= 1),
8|v!ng rise to intense Rayleigh fading. This situation is worst
uring the maxi num of the solar sunspot cycle. At solar naxinmum
S,= 1 conditions may occur for four hours each night
§non1na||y_betmeen 2100 and 0100 local _tinme), a few days a week
or approxinately six months a year. The particular six nonths
of the year affected is dependent upon geonagnetic |ongitude.
high latitudes and mdlatitudes the scintillations are weaker,
and Rayleigh fading is not typically encountered.

bar denot es

At

TABLE I11. \Wrst-case Signal Propagation Paraneters
(Scintillation Paraneters in the Natural

[ onosphere at VHF)  (Approximately 150 MHz)

S4 fo Absorption

Equatorial 1= 0.5-0.05 sec 80-1 MHz below 0.5 4B

Midlatitudes 0.2 several

seconds

negligible

Auroral 0. 2.0-0.2 sec rEK negligible

* 4 hours per night,

** 4 hours per

*x*x Not limited

night

by scintillation
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ExcePt for the equatorial S,index, the VHF results of
Table 11l can be scaled to higher frequencies using the
relations tapproxi matel egual to f,, f, approximtely

equal to (f)‘(e.g., Ref. 6.2 m, and S apprOX|nateh%

equal to (f)) “for S,less than 0.7 (Re?._6.2 n), ere

f, is radio wave frequency. In the equatorial region, the
condition S, = 1 occurs less frequently at higher frequencies.
At L-band (1.2 GHz), S, = 1 conditions nmay occur half as often
as at VHF, and at Cband (4 MHz) this condition is fairly rare.

5.2.2 Plasnasghere/SBace Plasma. These subparagraphs
pertains to all orbits above 1000 km

5.2.2.1 High-Altitude and Md- to Hgh-Inclination Obits
The hot plasma electron and ion (proton) conponents in the near
geosynchronous orbits and high-altitude (greater than 25000 km
orbits, md- to high-inclination orbits, and in the polar

auroral zones above approximately 150 km altitude can be
represented, as a worst case, by the two-nmaxwellian function:

£(v) = nyjlm /(2kT1)13/2 exp(-mv2/2kT;) +
+ nplm /(2vkT5)13/2 exp(-mv2/2kTy)

wher e: KT is in KeV
m= 9.11 x 10”gns for el ectrons and
m= 1.67 *10*gns for protons

mv’/2 is the particle kinetic energy in KeV

f(v) . is the particle distribution function in units of
Sec3 cm

n, kT, n, and kT,are defined in Table IV
for both efectrons and ions.

TABLE V. Two Maxwellian Fit Paraneters

ny (cm~3) ny (cm~3) kT, (KeV) kT, (KeV)
ELECTRONS 2.67 0.625 3.1 25.1
PROTONS 0.6 1.2 0.2 28.0
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~ A plot of the electron velocity distribution function f (v) is
given in Figure 11. The electrons are enphasized because they
control the potentials of the materials and can penetrate into the
materials cau5|n% a bulk charge build up. For a nore detailed
description see Ref. 6.2 0.

1000 Ll ITTHIFF | ]lll]ll’l i lll”ﬂ] 1 llllll]] R AR
100

10 ELECTRONS

10"6_ 11 nuul L1 nmll 1 Huml 11 nnul SRR

001 01 1 10 100 1000
E. keV

FI GURE 11. Plasma El ectron Distribution Function
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The corresponding plot of the ion distribution fgv) I's given
in Figure 12. The utilization of these environments for analysis of
satellite chargi ng susceptibility and other vehicle-environnent
interactions are discussed in Chapter 7 of Ref. 6.2 0.

PROTONS
10 E T T 117m< LI ll”T! LR l]””] LR ll]"]{ L |rn—§
10" & AN .
1OBE \ 3
E AN B
sk \ 4
T ‘,’E \ é
o F N E
% 10‘E \ ‘%
Thay 1n2[_ \ _l
= \ E
o'k \ =
N= \ 3
10° \
10 ‘E \j
E \ 3
10“2r covoed el g el 0 ol 1 il
07 107 1 10’ 10° 10°

E, keV

FI GURE 12. Plasma Proton D stribution Function
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The satellite orbits above_aPproxinately 1000 km and bel ow
25000 km altitude with equatorial- to high-latitude inclinations
(O degrees to approximately 60 degrees) are exposed to both an
enhanced penetrating radiation (see Paragraph 5.1.2) and
enhanced plasma density. There are no statistical nodels based
on data for this plasna reginme. There are, however, several
theoretical nodels, all of which are too conplicated to

include. The plasnma density can be crudely, but not accurately,
approxi mated as:

N(h,A\) = Nj [a/(a+h)]4 (4 - 3cos2 2)4/9 cos8/3 1

wher e: his the satellite altitude in kiloneters,
ais the earth’s radius in kilometers (6371 km,

Nis the ionospheric densiﬂy specified at
approximately 770 kmaltitude at the satellite's
l ongitude and a latitude a3 in the ionosphere

gi ven by:

Ai = cos~1(H cos2 1),
wher e: A is the satellite latitude, and
H = [(a+770 km)/(a+h)11/2,

Thi s approximation ignores the difference between the
magnetic latitude and |ongitude and the geographic latitude and
| ongi tude of the satellite. That is, it assunes an Earth-
centered magnetic dipole with axis parallel to the Earth's
rotation axis. An upper altitude bound, h, is necessary for
the application of the above equation since the plasnma density
drops sharply at high altitudes. This boundary varies greatly
in longitude and time. For the _purposes of this standard it is
approximated as h,= (32,000 cos2x) km where |is
%reater than 60 degrees. Sone sanple ﬁlasna density val ues,

ased op a ] atitude—i ndependent ionospheric density" of
2 x 10°cm’, are given in Table V. These val ues

approximate upper I'imts for the density. Note that the
reference ionospheric density Ni is not constant with latitude
gng EPSt be obtained from an ionospheric nodel (see Paragraph
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TABLE V. Sanple Pl asnm Density Val ues

ORBI TAL PCSI TI ON
DENSI TY (cni)

Altitude (km Latitude (degrees)
20, 000 0 680
20, 000 30 600
20, 000 50 330

~5.2.3 The Auroral Regions. The aurorae are optical _

em ssions produced by the interaction of precipitating energetic
particles with air nolecules in the upper atnmosphere. The
em ssions include ultraviolet, visible, and infrared lines, with
occasional intensities in excess of several kilo-Rayleighs. The
particles pr|3|nate at very high altitudes and stream al ong
magnetic field lines toward the earth. As the field |ines
converge at low altitude, the particle intensity is also
concentrat ed. Physi cal processes may al so accel-crate the
particles along the field line. The depth in the atnosphere at
which the interaction occurs is dependent on the energy of the

article, with 0.1 KeV electrons interacting prinmarily above 150

m 1 to 10 KeV electrons in the 80 to 150 km region, and hi gher
energy electrons interacting below 80 km  The occurrence
frequency and intensity of aurorae are strongly correlated with
magnetic activity. Two general types of aurora occur: discrete
and diffuse, with the easily observed discrete aurora being
responsi ble for only about 20 percent of the total particle
energy input to the atnosphere in the auroral regions. Discrete
aurora extend only 1 to 10 kmin latitude at the atnosphere, but
may be many kmin extent along a contour of naPnet|g | ongi t ude.
The mpjority of discrete aurorae occur in a belt which is |ocal-
time dependent, typically covering the latitudinal range of

about 60 degrees to 72 degrees (nagnetic) at mdni ght and about
75 degrees to 77 degrees at noon. D ffuse aurora occur in these
areas and also to |lower |atitudes.

For low-altitude polar orbiting satellites, the primary
effects of aurorae are three:

a. direct particle inpingement on a vehicle as the
vehi cl e passes through an auroral structure;
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b. the light emtted by the atnosphere when the
particles inpinge upon it;

C. modi fication of the conductivity of the ionosphere
in the region of the aurora.

The later is of concern for signal propagation purposes.
For space vehicles or sgace systens that are particularly
susceptible to one of these effects, a detailed analysis shall
be done. An extensive discussion (Chapter 12 in Ref. 6.2 0) is
avail able as a Puide. For relatively insensitive vehicles or

systens, the follow ng nodel of a diffuse aurora shall be used:

Latitudinal intensity distribution: Gaussian with a FWHAM
of 3.2 degrees

Energy distribution: Gaussian,

Q
$(E) =
2(Em)3E(-E/Em)
wher e: ¢(E) is in electrons per cm? sec KeV
Eis in KeV

Qis in ergs/cni-sec

(The m ni num typical, nom nal , and maxi num val ues
of Qand E shall be as given in Table VI.)

TABLE VI . Diffuse Auroral Energy and Flux Paraneters
M nimum  Typi cal Nomi nal Maxi mum

8 0.25 1.0 3.0 12.0

m 0. 40 1.5 3.0 9.0

For the purpose of calculating particle inpingement (e.g.,
surface charging), ionosPheric nodi fication, and/or |ight
em ssion effects on satellite performance, the typical val ues
shal | be assumed to occur at each auroral zone crossing, the
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nom nal values shall be assumed to occur daily, and the nmaxi num
val ues shall be assumed to occur at monthly intervals. Discrete
aurorae shall be nodeled as having a Gaussian FWHM -of 0.1
degrees and intensities a factor of ten larger than those in
Table VI. If a “severe case” auroral spectrumis required, the
gogloynng Maxwel I'ian distribution function shall be used (Ref.

.2 p):

€rner B amial ~nr Toaece ham 17 £ Yaug
& A et “C{uaa \V P8 A0 wilCail ! o AT V¥
f£(E) = 4 X 10739 sec3cm™®
for E greater than 17.5 KeV
3/2 -E_Eq,
No(me) () k To
f(E) =
{ Derle'T \3/2
where: N, =2 cm™3
kTo = 4KeV
Eo = 17.5 KeV
m, = rest mass of the electron, 9.11 x 10—28 gms, and

f(E) is in units of sec?’cm_6

5.3 NEUTRAL ATMOSPHERE.

For the purposes of this Standard, only the region of the
neutral atnmosphere from 80 kmto 1000 km geonetric altitude wl|
be considered, effectively defining the thernmosphere. The nean
state of the thernosphere is taken here as equinoctal for 0900
local time at the equator during a tinme of average solar EW
(solar 10.7 cmradio emssion F,7 = 150) and qui et geomagnetic
activity (Ap = 4 in MSIS-86, Ref. 6.2 q). Significant _
perturbations fromthe mean state occur according to local tinmne,
season, latitude, n-year solar cycle and 27-day solar rotation
period, and geomagnetic activity. Perturbations are assunmed to
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be negligibly small (factors of two or less) at 80 km and _
increase with altitude unless otherwise stated. Al figures in
Subsection 5.3 are MSI S-86 thernosphere nodel predictions.

5.3.1 Density Above 200 kmthe density varies _
approxi mately sinusoidally during the day w th maxi mrum density
occurring at 1500 | ocal tine. e anplitude of the diurnal
variation is a factor of two at 300 kmincreasing to a factor of
five at 600 km from 80 kmto 200 kmthe density variation is
nmostly semdiurnal wth small anplitude. Seasonal densit
variations are a factor two or less with a tendency for the
greatest values in the sumrer hem sphere.

The density profile is shown in Figure 13 for solar mninum
( F,, = 50), mean (F,, = 150), and nmaxi mum (F,,= 250).

Magnetic storns (A.= 240) increase density by a factor of
four or less with greatest increase poleward of 75 degrees.
Storminduced density variations exhibit great spatial and
tenporal variability, however. The time constant for
exponential return to prestormvalues is approxi mtely 12 hours.

~5.3.2 Conposition. Mean conposition profiles for the
principal species from80 kmto 600 kmare shown in Figure 14;
above about 600 km He is the main conponent. Bel ow about 105
km the turbopause height, the atnosphere is well mxed at
sea-|l evel proportions. Above the turbopause, conponents are
nearly in diffusive equilibrium

Day-t o—ni ght nunber density ratios are approximately 4, 25,
30, and 80 for O @, Ne, and Ar above 500 km and decrease
to one at the turbopause. The diurnal variation of |ighter
constituents is less than a factor of four. Variations are
smal| at all altitudes and |atitudes near equinox; they are
small at low |atitudes throughout the year. At md and high
| atitudes, the thernosphere in the w nter hem sphere experiences
an order of magnitude Increase in He from sumer values and a
factor of two decrease in O, N, and Ar from summer
values. H and O show only small seasonal variation. Density
profiles during solar maxi mum are shown in Figure 15.

_ During magnetic storms (A = 240), O, Ar, and N2

increase by a factor of five near the equator and by two orders
of magni tude poleward of 75 degrees. Atom c oxygen shows only
smal | variation at all latitudes and H and He decrease by a
factor of five. Disturbances begin at high latitudes and spread
toward the equator on a tinme scale of approximately 12 hours,

whi ch al so characterizes the tinme scale for exponential return
to prestorm conditions.
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5.3.3 Tenperature, Above about 200 km the tenperature varies
apprOX|natelg sinusoidally with [ocal time, the peak tenperature
occurs at 1500 local tine. The diurnal variation of exospheric
tenperature is approximately * 15 percent at the equator. The
lati1tude of the diurnal exospheric tenperature maximum follows the
seasonal variation of solar declination. From80 kmto 200 kmthe
sem diurnal tenperature variation dom nates with approximtely = 10
percent variation.

~The tenperature profile variation with solar F,,is shown in
Figure 16 for solar mninmum nean, and maxi num  The variation at a
particular altitude shall be considered linear wwth F,,
variation. During active geomagnetic periods the exospheric
tenperature near the equator increases by 1.5 degrees K tines the
magnetic index Ap; at high latitudes exospheric tenperature

i ncreases by 3 degrees K tinmes Ap.

5.3.4 Wnds. The neutral thernospheric winds are highly
variable, making a nean state difficult to specify. The seasonal
latitudinal circulation consists of upwelling over the sumer pole
and downwel I'ing over the winter pole. Both the sumrer easterly and
w nter westerly zonal wnds contain a mdlatitude jet at about 120
km Jet core velocities are about 40 m's and 120 mi's for the
easterly and westerly flow, respectively.

Short period wind variations are caused by upward propagating
gravity and tidal waves. Gavity waves occur over a w de range of
periods and wavel engths and are not subject to prediction, except
that gravity wave activity from|ower atnosphere forcing is greatest
in the winter hem sphere. Local variations of the order of 20 to 40
ms are characteristic. Tidal winds are also variable. Above about
200 km the diurnal variation domnates with upwelling over the
subsol ar region and downwel ling over the antisolar region; maximm
zonal winds in the diurnal circulation are 100 nm's; maxi num
meridional winds are 100 mis. Bel ow about 200 km the senmidiurna
tide dom nates; semidiurnal zonal w nds generally increase wth
altitude fromabout 10 m's at 80 kmto about 100 m's above 150 km

Pol ar thernosgheric w nds during magnetic storns, neridional and
zonal , may reach 500-1000 m's; exponential decay time constant is
approxi mately twel ve hours.

5.4 METEQGRODS .

At any given tinme, approximtely 200 kg of neteoroid material is
traveling through the region of space below 2000 km al titude about
the Earth. Mst of these particles are on the order of 0.1 mmin
di aneter and are noving at an average relative velocity of 20 km see.
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Wil e man-made debris is not relevant to this Standard, space
systens should consider it, since recent neasurenments indicate
that the flux of man-nade debris smaller than 1 cmin dianeter is
conparable to or greater than the nmeteoroid flux and that while
the neteoroid flux is stable, the man-nade debris flux is
increasing (Refs. 6.2 r and 6.2 s). In low earth orbit, ejects
fromneteoroid inpacts on satellites and effluents from nmanned
space operations constitute the major source of high velocity

i npact s.

5.4.1 Meteoroid Size, Density, and Distribution Figure
17 presents a curve depicting the neteoroid fTux (broken curve).
The data presented here are used to determ ne the nunber of
expected collisions per year between a space vehicle of a given
cross-sectional area (perpendicular to the neteoroid s velocity)
and nmeteoroids of a given dianeter or larger. The neteoroid flux
curve is roughly approximated by the follow ng equation, assum ng
a meteoroid density of 0.5 g cnB:

Log (F) =-14.14 - 1.22 Log,(m

wher e F is the cunulative flux (particles/ni-sec)
and mis the mass in grams (valid for 10°<nx1).
5.5 GEOVAGNETI C FIELD .

The magnetospheric B field is conveniently regarded as a
superposition of internal, external, and induction fields. The
internal field is regarded as arising from geomagnetic dynano
currents that flowin the Earth’s core and ?ln principle) from
crustal concentrations of magnetic material. The external field
is regarded as arising from magnetospheric currents and (to a
negligible extent) fromthe partial penetration of the
magnet osphere by the solar-interplanetary magnetic field. The
induction field results fromcurrents that flow in the ionosphere
and in the Earth in response to tenporal variations in the
magnet ospheric currents.

For nost space vehicles or space systens, only an internal
field conponent may be required. For orbits with altitudes above
about 25000 km space vehicles may require the addition of an
external field conponent to get nore accurate nodeling of the
actual magnetic field. External field nodels are available in

various configurations. Individual nmobdels may consider the tilt
of the dipole axis with respect to the solar wind direction
magneti c di sturbance conditions, or both. | f external field

nodel s are to be used, they shall be specified by the user.
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5.5.1 Internal Field The internal magnetic field is
represented outside the core as the gradient of a scalar
potential expanded in spherical harmonics of degree n and order m
(mis equal to or less than n and n is equal to or |ess than 10).
The corresponding Schm dt-normalized expansion coefficients

9m h,) constitute a nopdel_ known currently as the | CGRF

At erfational Geomagnetic Reference Field, "Ref. 6.2 t) and

retrospectively as the DGRF (Definitive CGeomagnetic Reference
Field) for the epoch of interest. Tables of coefficients are
published at five-year intervals, the nost recent being | GRF85.
Time derivatives (dg,/dt, dh,/dt) are included in the |GRF
and DGRF for interpolation and extrapolation. Table VI
provides the coefficients for |GRF85.

The spherical expansion of the scalar internal field
potential is given by:

10 ’ n
v = (a) I {a/r¥™* )} (gMcos(mp) + h"Sin(m$)}p T {Cos 6)
n=1 m=0

where:

a is the earth radius in km
Pg {Cos 6} are the Schmidt functions

2..m/2 n+m
P™ {Cos 6} = (K (n=m! 172 (1 - Cos’@) "7 4
n

(Cos?%e - 1"

(n+m)! 20! d(Cos @)n+m
where: k=1 form=20
and k = 2 for m greater than 0.
Since B = -AV, the Cartesian components X, Y, and Z are:
1 av
X = — (—) (northward)
r 96
1 av
Y = - (—) (eastward)
rSine dé
av
2 = (5—) (downward)
T
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5.6 ELECTROVAGNETI C

Thi s subsection covers only natural electronmnagnetic
radi ation. It does not cover radiation from man- nade sources,
ei ther spaceborne or radiated fromthe ground; nor does it cover
waves generated by vehicle-plasnma interactions.

5.6.1 Magnet ospheric Plasma waves  The term “pl asnma
wave” is used to identify all waves that are generated in the
magnet ospheric plasma or whose propagation is stron%Iy af fect ed
br t he magnet ospheric pl asna. | asma waves can be Dboth
el ectromagneti c waves 1 n which energﬁ I s exchanged between the
el ectric and magnetic conponent of the wave or electrostatic
waves in which energy is exchanged between the electric field of
the wave and charged particles in the plasma. Plasm waves
exi st in the magnetosphere at all frequencies from ULF to HF.
The term al so applies to waves generated by Ilghtnln?. These
waves are known as whistlers and propagate extensive g W t hin
the plasmasphere. Figure 18 (from Tables 20.1 to 20.3 in Ref.
6.2 u) summarizes the expected upper Iimt for the nagnetic and
electric energy density in plasma waves w thin the nagnetosphere
as a function of frequency.

5.6.2 Terrestrial Radio noise Two principal types of
el ectromagnetic radio em ssions come fromthe terresiria
magnet osphere, auroral kilonetric radiation and continuum
radiation. Auroral kilometric radiation has an intense peak
the frequency spectrum at about 100 to 300 kHz. This radiati
is generated at altitudes of several thousand kiloneters in t
auroral regions. The upper limt is shown in Figure 19. _
Continuum radiation is a relatively weak radiation generally in
the frequency range from30 to 110 kHz. It is generated in the
out er magnet osphere near the plasnapause. Figure 19, from Ref.
6.2 v, shows the spectrum of both the continuum radiation and
the auroral kilonmetric radiation.

in
on
he

5.6.3 Galactic Radio Noise The sum of all external
radio sources in the MIky Way Gal axy produces a relatively
uni form source of radio noise known as Gal actic Radi o Noi se.
This noise is present in all orbits above the plasma frequency

cutoff in the ionosphere. The spectrumof this Galactic Radio
Noi se is shown in Figure 19.

5.7 SOLAR RADI ATI ONS

The sol ar el ectromagnetic spectrum shown in Figure 20 shal
be used for all space vehicles operating in the magnetospheric
environment. These data can be used to calculate the
photocurrents fromsatellite materials. In Figure 20, the
continuous conponent of the spectrumis represented by the
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histogram  The synbols represent the intensity of the inportant
discrete lines in the spectrum which should be added to the
conti nuum by assum ng they are forned b% a Dirac pul se whose
area is represented % t he product of the height Indicated by
the synbol and a width of 1 eV. #e.g., the Lyman-a has a height
of 2.7 X 10" photons sec'n’(Ref. 6.2 w).

5.8 GRAVI TATI ONAL FI ELD.

The accepted gravitational field nodel for use with
Earth-orbiting satellites is defined by the Wrld Ceodetic
stem 1984 (WGS 84), which summarizes physical constants,
gl obal geonetry, and coefficients of the gravitational potential.
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SECTION 6
NOTES

The contents of this Notes section are not conpliant.
The notes are intended for guidance and infornmation only.

6.1 IRTENDED USE

This standard is intended for use in acquisition contracts
for selected space vehicles, upper stage vehicles, payloads, and
space experinments. The standard would be cited in the system
specifications or other technical requirement documents to
specify the natural space environment paranmeters as applicable
to the acquisition.

Note that this standard does not address effects of human
operations in space such as orbiting space debris, transmtter
radiations, fluid discharges from space vehicles, outgassing, or
surface contamination. Neither does it address the interaction
between the environnment and an orbiting space vehicle, such as
atom c oxygen burning of surface materrals, surface glow plasma
waves generated by the presence of the space vehicle, space
vehicle charging, or orbital dynamcs. Nor, finally, does it
address the effects of the environment on the space vehicle and
subsystens, such as ionizing radiation damage, single event
upsets in electronics, or backgrounds such as |um nescence and
Cerenkov radiation in optical materials. It does, however,
provi de the necessary environnental paraneter data for
cal cul ations of space system performance as nodified by the
presence of these environnental elenents.

Al though this standard does not address the effects of human
operations or the induced environnent that is due to the
interaction between the environnment and a body in space, this
shoul d not be interpreted as indicating that these areas are not
inmportant. Their effects on a space system may be greater than
that due to the natural environnent. hese areas vary wth
human activities, tend to be program peculiar, and, therefore,
are sinply not appropriate for inclusion in this standard.
However, these areas should also be included in the anal yses of
the effects of the total environment on space systems, to the
extent they are applicable.

Note that this standard would not normally be used in the

acqui sition of other types of equipnment, such as ground
equi pnent .
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6.3 TAI LORED APPL| CATI ON

~ The technical requirements in each contract should be
tailored to the needs of that particular acquisition. Mlitary
speci fications and standards need not be applied in their
entirety. Only the mninmumrequirenments needed to provide the
basis for achieving the ﬁrogran1reqU|renent$ shoul d be i nposed.
The cost of |nﬁ05|ng each requirenment of this standard should be
eval uated by the program office against the benefits that should
be realized. However, the risks and potential costs of not
i nposi ng requi rements nust al so be consi dered.

~Contractors are encouraged to report to the contracting
of ficer, for program office review and consi deration, those
specific requirenments that seem inappropriate, are believed
excessive, or are conflicting with other contract requirenents.
However, contractors are remnded that any departure from
contractual ly inposed requirenents can be granted only by the
contracting officer.

6.4 SUBJECT TERM (KEY WORD) LISTING

At nospher e

Cosm ¢ Rays

El ectrons
Environnment
Ceomagnetic Field
Gavitational Field
| onosphere

Met eor oi ds
Particles

Pr ot ons

Radi ation Belts
Radi o Noi se
Scintillation
Solar Storm
Space

Ther mospher e

Cust odi ans Preparing Activity
Air Force - 19 Air Force - 19

(Project No. 1810 FO45)
Docunent 1977b/ Arch 1495b
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