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! Ovbital debris consists of defunct ohiscts in earth’s arbit created by Bocela b S @) The Moon [233,815 miles from earth]
; the process of spoce exploration, such a3 used » defunct satellites, = ™ -y
explosion and collision fragments, cqplant released by nuclear powered solellites, = oﬁmrrdwm&hilfﬂ.m miles frofgarth)
f and nuts and bolts. These iems burn up when they foll jo earth, but F . .,
. s while some items in low orbit will fall in @ fow weeks, ohers inhigh obitmay o Ji g €D Medium Earth Orbit [1,240 - 21,811 miles frogy sarth] ek
! orbit for centuries, Since the trajecteries of spocecraft pass frough these Bebin, s - .
- collisions with debris of standard orbital speeds of 15,000 - 25,000 mile per £ lﬁmﬁwﬁ%““m,]‘wm}hm?‘,}
o hour are o serious concermn. L ® .
I. . The vast maority of the esfimated fens of millions of pieces of space debris are S ow, (O lowEoth Orbit Collisions [497 - 530 miles homeorh]) , ®
small parficles, like paint Aokes and solid rocket huel slag, the impacts from which = .,
.,LI & eause erosive damage similar o sondblasting. ﬂudmugﬂl‘glﬂimilﬂ = ﬂ-hwﬁurﬁfh-bﬂ:l‘h.ﬂ.—?mh [438 miles from earth]
than cne centimeler con oflen be mitigated by spacecraft shielding. Collisions o =
T . with larger objects are avoided by moving the spgeecraft, which requires = €D Low Earth Orbi: The Hubble Spumwmmihim earth]
* e carahul fracking of the debris. OF the estimated &00,000 objects lorger than = - & the Long Duralion Exposure Focility [314 from earth]
' P one cantimeter only 19,000 ore large enough o be racked, leading lo wide =
- uncartainties in esfimations of quantifies and frojectories. £ - QMHMMIWSMWUP?*ﬁﬁ*Em
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@) ™HE MOON

Maore than 70 missiens jo the moon [manned
and unmanned, arbilal ond landing) have
resulted in 374,786 pounds of objects laft on
the moon's surfoce, Including *Maoon
exploration vehicles, numerncus ship parts
and equipment, ond commemarative ond
personal objects such as photos, golf bolls
and o small sotve memoriclizing osironouts
who have died on missions. They will remain
on thae moon for sons becouse their waight
makas remeval costly and improctical, and
there is no atmasphere or arry other erosional
forces other than astercid collisions to
disintegrate them.



€) GEOSTNCHRONOUS ORBIT

Objects i geasynchronous orbit rovel
oround the sarth of the some rofe os the
earth’s spin, so that the object will return

ko exoctly the same ploce above sarth

of the same time each day. If such an
object is directly above sarth’s equalor,

in ‘geostotionary” orbit, # will constantly
maknkain the some position relotive to the
sarth ond 5o will oppeor 1o hover in the sy,
Since it is relotively ooty to aim signols of
swch fixed obijects, this orbit is typicolly vsed
for tedocemmunications smellies 1o roliobly
ond conSinuoushy relay information.

When they reach the end of their sarvice
lifetima, satallibas ot this dissance=cver
22,000 miles past the orbiting clfitode of
o Intermofional Spoce SMation —cannol
ke easily retrieved, Instood they are
moved lo ‘groveyord orbal’ with the kast

of thair fuel supply, obout 180 miles poasl
Wh‘mw: a’hi!,wh;lm llu-;m leis
Lkeby 1o inserfore with operational satellies
below, Mot of e soverol hundred delunct
sotellites now in graveyard orbét were
progrommed fo discharge baseries, dump
coolant, ond release compressed gosses
ond ony other energy source o pravent
explosions. But some have exploded
nanathaless, which can spray debris
krward the operating satellites ond make
collisions batween tha defunct sosellites
more likely. Any objects in geosynchronous
arbit or higher will likely remain orbiting for
hundreds of yeors.




€ MEDIUM EARTH ORBIT

lownched into medivm earth orbet in 1958 as
the fowrth arfificiol sorth solollite,

1 is the oldest piece of orbital debris, ond is
predicted ko remain in orbit for 240 years.
About the size of o gropelrill, Vonguard |
besied the eHechs of spoce on solellite syslems
ond assised in earth meosurements, It wos
joined by the Teliar sotellitos in the sarly
19603, which relayed the kst laphons
ealls, fax images, and fiwe fransatlantic
television foad theough spoce. Theso sarky
sofeliles were defunct by 1964 and are ssll
im orbil,

Today, medium earth orbit is typacally

wsed for novigaSonal soellises, 2030
solellites of the Global Potitioning System
orbit ot on altitude of 12,550 miles, and
broodcast signals that GPS receivers use o
provide threo-dimensional location (lafitede,
hﬁlgﬂ'".ldﬂl. and clisude) and precisg timing
omywhere on earth with on uncbsiruched view
ol four or more of the GPS satelltes, The
GPS sakelites orbit ot different direclions and
angles ko maximize coveroge of the eorth’s
surboce.

Obijects orbiting earth con go in any
duection — over the poles, around the equator
and al any angle in betwesn. The orbits con
perhectly circular, of they can be elliptical,
ing lorthar from or dloser 1o the eorth ot

points.
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€) Low EARTH CREIT

orbit, where the most human spoce aclivily
tokes ploce, With the exceplion of the lunar
Rights of the Apallo progrom, ol manned
spoceflights hove bean in low earth orbil,
including all spoce shutile and wpoce wolion

enprgy ko ploce o sabollide info o low
orbit ond the doser proximity ollows the

ws of lews powerhul amplifiers for succeshal
communicalion ransmission io sorth,
Soipllites in low eorth orbil also benafit From
protection of the arth’s mognotic field;
colls, inSegroted circuits ond sensors con
domaged by rodiation and so satelliles

in higher orbits require more rodsation
shiglding. Sotellites in low sorth orbit frovel
of gbout 17,025 miles per hour, moking one
complete revoluion around the earth in about
20 minuies,




© LOW EARTH ORBIT— COLUSIONS

There horve bean several mojor impoct 4
incidences in low earth orbit, creating lorge
sproading clouds of orbisal debris. In Janvary
2007, Ching intenfionally shot o Fengyun-
1C weather sasellite ot on oliitude of 530
miles for Sarged proctice, creating millions of
pisces of debris—over 35,000 pieces cne 23

And in 2009, hvo large communications
satellites, the Iridium 33 Americon satellite
and the nonoperchionol Russion Kosmos
2251, collided 497 miles over Siboria,
destroying both and creafing more than S00
pieces of debris.

. S The greatest conceniration of orbitol debris
is around the alfitudes where these collisions
hook , and debris from thess incidents

ﬁiﬁ ‘%..h‘ will likely porsist for decades.
L]




EARTH ORBIT
=THE KESSLER SYMDROME

A mojor concern about orbital debris is

the scenarie forecast by NASA sclantis!
Donald ). Kesdler in 1978, in which the
voluma of debris in low sarth orbit becomes
large sncugh that objects sirike eoch other
frequently, creating more debris and further
impacts, resulting in o renaway coscode of
collishon.

This sscalating debris coud could eventually
dangercus or impaible, and the vse of
satellites and spoce exploration infeasible
for generations.




) LOW EARTH ORBIT—THE A-TRAIN

There are numercus sabellites. in kow sorth
orbif in donger of domoge by orbitol
debeis. The Alernoon or "ATrain’ solellile
eonstellafion, nomed for it passoge over
the eost coast of the United Ssates of
1:30 pm avery day, is a hght feemalion
of soellites that collact weather and
otmospheric dato. Each sotelline within
e A-Train hos wnique measuremoent
copabilifies that complement gach
obhar’s, viewing large peaths of the
earth of different wovelsngths ko obisrve
temparabure, relotve humidity ond the
amount of sunlight reflected back 1o spoce
From the earth, The sokefites in the A-Train
poss 0 given point with opproximalely 15
minytes betwean the leading ond trailing
spacecralt while raveling ol over 15,659
miles per hour, making it poasible lo view
the somas clovd scene ol neorly the somes
rrecmaanl. This infermation has greatly

Hﬂprﬂmdhabﬂrbm-d}rn-' quality and




o LOW EARTH ORBIT
—THE HUBBLE SEACE TELESCOPE
& THE LOMG DURATION EXPOSLIRE
FACIUTY

The Hubble Spoce Telescope's orbit outside
the distortion of earth's atmosphere allows
it to bk axtremaly shorp imogaes with
almast no background light. Mary Hubble
ohservations howe lad fo I:rruﬂkﬁlrdugh!

in astropkysics, such os delermining the
rate of expansion of the universe. Orbifing
approximately 360 mile: above the

eorth’s surfoce, Hubble complebes an arbit
arcund earth every 9 minutes, fraveling
al 29,000 miles par hour. The lelescope
hos been druck numeroul ke |.'|:|-' cehibal
dabris. & malmrwida radialor plate which
has been insiolled on the Hubble since its
launch in 1990 haa been used for debris-hit
onohsis: over S80 small impoct marks were
idenfified ond documenied on the this plohe
8o far.

The Long Duration Exposure Facility

[LDEF] wos a oplindrcal, bus-sized SpOca
axperimant rock thot exposed varicus
meateriol samples and experiments bo the
ouber space environment for almaast &
yaars, Lounched in 1984 |:r|.' the Shuttle
Challengaer, it completed 32,422 sorth
orbits of an olilude of 316 miles ond wes
retrieved by the Shutle Columbia in 1990,
The experiments confributed greally fo the
undarshanding of orbital debris impocts on
different kinds of motedials.




) LOW EARTH ORBIT
—THE INTERMATIONAL SPACE STATION

The largest artificial sakellile orbiling the
earth jas of 2010), the Inlernational Spoce
Station is a research facility conducting
experiments in biclogy, human physiclegy,
physics, odronomy and medecrology, The
unigque copabiliies of the stafion allow for the
development of spocecraft sysems for further
spoca explorafion, It has hod confinusus
human sccupalion since 2000,

While the main spacecraft body is protecied
from microdebris by a thin keyer of melol foil,
solar panels and ebiarvalion inslruments
remain exposed and so ore continually worn
by debris and micrometeorites. Larger spoce
debris objects likely to impoct the station

ave avoided by aliering the shafion's orbital
olilude, in o ‘Debris Avoidonce Maneuwver®
|DAM], which is not uncommon. I a collision
threat is idenfified too lole fo move the
spocecralt, the crew performs o parfial
stofion evacuation by refreating inle an
ascaps module unhil the threat posses.

The International Spoce Staion gets rid of
washe materials by filling o Progress vehicle
and sending it down to be burned on
atmaspheric reenbry (and/or to crash into tha
ocean). The stafion occasionally contribubes
io the growth in the amount of orbital debris:
during o space walk in 2008 to repair a
sobor panel, on ostronout occidentally lost

a ool bog, which orbited earth for more
than eight months before burning up in the
abmaosphere,
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atmasphere are maneuvered to crash of the
"Spocecrall Cemetery,” o remote area in the
southern Pocific Ocean northeast of Mew
Zealond, Pieces of the defunct Mir space
staticn fell here in 2001, and are routinely
joimed by wastefilled Progress corgo ships
from the International Spoce Station.

Some pleces of debris foll without such
planning, and during the past 40 years on
averoge of one cotologed plece of debris
fall bock 1o earth aoch dey. They include:
titanium tanks used for drinking waber from
the Gemini ¥ spacecraft [Australia, 1945), o
sacrat Soviet noval spy satellite with compact
nuchsar reactors in ik rodor ontennas
[Canada, 1978), the motor cosing and
propellant tonks from o Dello 2 third-sloge
rockat (Texos ond Soudia Arabla, 2001],
and miscallansous debris from a U.S, Nowy
spy satellite [northwestern United Stotes ond
Caonada, 2008,

Ona famous exomple is the 7740n spoce
station Skylab crashing to sarth in 1979,
spreading pieces over the Indian Ocean
and oround the town of Esperance, Western
Australia.
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