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THE INTERNATIONAL SPACE STATION'S
LENGTH AND WIDTH

IS ABOUT THE SIZE OF AN
R , ; INTERNATIONAL SPACE STATION

| mage credit:
I maggeu:rr c e
I WWW. enj oy,space
website ¢

t he
| a ®etl 6 Espace

MODULE LENGTH: 167.3 FEET [51 METERS)

TRUSS LENGTH: 3575 FEET (109 METERS]

SOLAR ARRAY LENGTH: 239.4 FEET [73 METERS)

MASS: 524,739 POUNDS (419,455 KILOGRAMS)

HABITABLE VOLUME: 13,696 CUBIC FEET (388 CUBIC METERS)
PRESSURIZED VOLUME: 32,333 CUBIC FEET (916 CUBIC METERS) TH E F | R ST F I FTEEN YEARS

POWER GENERATION: 8 SOLAR ARRAYS = B4 KILOWATTS
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Figure 1. MotigomenfManmhse @&madtKNEQ(DPI U3 sTYl otted relative to

unt i | May 2017. This heliocentric motion is viewed from a
(A + 0 markdmny) i aterwuwanbl 80and are | abel ed-MM-DIh ftchremadtayate a6l
terval s Dotted | ines emanating from time ticks are proje
2013,3dVWbitds ascending node on the ecliptic closely coinci

By the timea20d3 s tdovlieurteed, thgni+tl®del. kWhem 0,88e dd&/me one of

its Earth distance NE®d iisnchriagltdert ot PaHeOrs (kb omwni oal®® § ODetses
million km. To be bhathj vab2eOf aoch sucsh m ni mum orbit

di stance requires iamt E®Oechtei oneldaitsitvaddleyeo rwei t No vEeambtehrd s 2 Oolr 3b
|l arge, even if its(M@IfDecitsvliegsi shdadQYH3 5mi bt bonh kmd ibte:
rent best esti maGsecsl apsactéed®0a8 adVpoRuwtnurieal pgsihtaizaawr dpruead i
di ameter at about 400t m( PHGd Winthtas MOID of A c8ntmhl d)di om

lReference the NASA/JPL NEO Pr;egdaimt ©f Eacebscattisl enopraé
http://neo.jpl . nasdaatgeodv /1n7e w3sc/tnoebwesr1l 8200.1h3t. ml

Unl ess noted otheelwased dhta2pi@das&ENted i rHotrhiesp hasrmeirdIse carm
tion #Hdervimasshbe abtegskedssatl. j pl.nasa.gov/ ?horizons
*Referhgrnpe / /neo.jpl.nbhoera. IO/ neotgroapéshknmhymous with AP
of known PHOs.
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were obtained, itstib@VobnOhXefsdNughigtde’y Fi gure 286s rightm
2032 contracted. Athdinambet hioghb s@DWwetidb¥inlse t he | ast Sentr
probability of: t Bariushe dc dblyl iSseinotir y t o E@mMPpHt eolt his iasscs¥/e Went-B
crease because INOVMP.prokinll st htehatovdac oor di nate at(cwhiicnhugd on

1.0E-03 T

482 Obs, +0.412 o

220 0Obs, +0.711 o

1.0E-04 7 259 Obs, +0.850 0

86 Obs, -0.272 00

207 0bs, +1.21 @ 304 Obs, +1.39 0

180 Obs, +1.28 o
350 Obs, +1.65 ¢

+1.
32 Obs, +1.07 o 425 Obs, +1.64 o

1.0E-05 T 543 0Obs; -2.66 0

512 Obs, -2.75 0
543 Obs,-3.03 0

1.0E-06 7

1.0E-07 7

566 Obs, -4.23 0
626 Obs, -4.31 0

Sentry-Computed 2013 UV135 Earth Collision Probability in 2032

1.0E-08
661 Obs, -4.76 O

Oct-15 Oct-20 Oct-25 Oct-30 Now-04 Nowv-09
2013 Solution Date UT

Figure zZzompamemfidy 20, 180MNMi si on with Earth on 26 August 2032
(UT) corresponding to wieenbitth ed ea sesrortiinaatt etto n2i OglgBh dlaiee d si r©t oJnp
tion service. Data marker annotations arreedeax @l aname&arisn ctolr e
orbit determination and Sentry processing further analyzeodc
“*At a given inst-dnmenshenalOVsilsat omfe al | possible pobeistio
guesso orbit, but other plausible | ocations |ie adjacent
®Sentry anal ysitsg pi:d /chesncripdedc asta. gov/ ri sk/ doc/ sentry. ht ml
®Sentry Risk Tabl e rhamovadl/ sneeor.dg pdhrnoarsiac lgeod/ /ati sk/ removed. ht
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eci fiefhesmallll owi ng two sub
The remainder of bbdseartiuss ) d & voe ldoEMUrRmi annad | yespiosd diir is = of fe
geometric/statistialdabarande seatodlmids ospesnt rAy Ub&StBa cawnat |
of how thet QWIiBarnmVewhijledte to the sam@. JPdaysolaprar sysThaes
with Earth on 26 Asutgaunsdtar2d0 3@y rassmiudmd Insdpronebddtacdnag mas &k r D yi n
knowl edge of this BEHEOBYyOrbit on 21 Oc-

tober and 7 November 2013. Orbit deter-2.1 LEMUR Analysis
mi nation and Sentr@e opcreonctersisci ng o ssiutpipmz 0 A3 dP Mbe It o dDiettye r ant n 4 th
ing this anal ysired &J&SBe ¢ panmd ntad tehpeo cthwoar e t hen coasted to
data markers in Fi &anre h2.i mpact at a hlkee ghEMUR a#42l ki swtdl

the WeavEnckmdpl edigertac?2Q:k3s eV i daha in

Sy
on
ese
ti meHobryi agns g
Bs
Vo

2. Li mi nMalppEad tleel erations from Elmlrea hl Soandefainde Molea
Uncertainty Reg|ong(hEMUR) ATnhael y 543 ki ¢ mpabe bheVghill sb
ckoned wi t hHorrd zbendstl e t D paar a mebtoeladse a p

Both Sentry and sspsn hé@aircaVonetaer t ar h@isesd otfo 6@r7ea t1BGUIBBMBras
analyses randomly ijsampébesitshtee nt OMyi ft vis a @l i6Mg 0t fken OBMA A GihrEay

potenti al Earth cordlgsapinngcasmpact Tphaesametcer giaree denf i Seer
LEMUR analysis descrybedihmpeacitisFabnbhdecegendd (continu@d on
JPLHor i zeopnhse mer i s Cdoi mpj Uotnast ifornom each WeavEncke coast pro-

Table 1. TRegrsbi2t0 1BetTé&/r mi nati on was generated circa 21.1 Oc
n
i

spanning 12 days, as noted in its second I-thasof |l dataof Tlle
eters n bold are defined in Table 2.

JPL/HORIZONS (2013 TV135) 2013 - Oct - 21 07:50:50

Rec #:752349 (+COV) Soln.date: 2013 -Oct-21_03:15:08 # obs: 180 (12 days)

FK5/J2000.0 helio. ecliptic osc. elements (au, days, deg., period=Julian yrs):

EPOCH 2456584.5 | 2013 - Oct-19.00 (CT) Residual RMS=.34054

EC=.5933521715952487 QR-=.9954267524114992 TP=2456555.7240458783

OM 333.4318585954334 We 23.70784723315245 IN = 6.766820228742517

A= 2.447884097442456 MA= 7.405383086758426 ADIST= 3.900341442473412

PER= 3.82996 N=.257346215 ANGMOM=.021664166

DAN=1.02773 DDN= 3.47271 L= 356.9926052

B=2.7154528 MOID=.0118506 TP=2013 - Sep- 20.2240458783
Asteroid physical parameters (km, seconds, rotational period in hours):

GM=n.a. RAD= n.a. ROTPER= n.a.

H=19.418 G=.150 B- V=n.a.

ALBEDO= n.a. STYP=n.a.

ASTEROID comments:
1: soln ref.= JPL#7, PHA OCC=7
2: source=ORB

*kkk *kkkkkkkk *kkkkkkkk

"Reference Adamo, D. R., fAA Precision OrbitABteddymami ©pt i
vances in the AstVWoolnaultliéc,alUnScvieelntc,es3&8B86Di ego, CA, 2003, |
8 Thi s |l egend i s dipexlidy ed Swintth y PHG@t a. To access t he I

http://neo. jamld. cdd a&a.kgawn/yrildk/k in the Object Designation
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Table 2. Definitions are provided for Table 1 par ameH®r s &
ri zoampl i ng tHeOV2013 TV

Paramet er Definition

EPOCH Coordinat @exTprmees s(eCdT)as a Julian date at which pgII
EC Eccentricity

QR Perihelion distance in astronomical uni ts (AU)

TP CT of perihelion passage expressed as a Julianl dat
oM Ecliptic longitude of the ascending node on thle ec
w Argument of the perihelion in degrees

I N Ecliptic inclination in degrees

(Continued from page either change i mplainail tylsy s alut ¢t $ z inrogni M a

orbit period and cdaent esgimg miaftii @mantfliyndde pE
Excepting EPOCH (afrsoppmechd6miedalpapamefaiton+ 1g3$2W8eEdmdmR S miomi aiaent
teHdri poposgi dear iNdncceo adsatt at i me from EP@Cbng! 6heonwvap Tmee Nl

for all Table 2 stdagvisatiican |iyntersad umaft eed@Hp@ii &Sofndst 0 M JPQ w7 n a
rameters associate@owwitihon hal onagt etsh eNol @V tLapt7 0B B @CH, T haunsd,
solution. I n princtihpilse,bi abe deas i net g0V &i gainf iLcoan td aympw

TMsyincertainty regitonmecamn otme ERPODGHI. e FELrAtl H Ywo Wley i Bei @an sUSisn

by introducing devOMt i Wnsanfd olnN momiduagleubeundetdhpesanhodEC
values in Table 1 demar tawreesplfauembinepmigipBIB 5203165699248 6353 a
respect to their vfauwncatnicoenrs.ofAdsumei fTQOOMOEB@CHO98 L° OT a5011e9 7
significant perturbations, such as wowlvd des results from
be incurred from aoaBeclhovse plhenelUSBB |aovaswti tHIip@ deEVPRLti on
counter, effects OoOEP@GR sto dearitah i oalsl iosviean spans mul tiple
time fall into thr&@l3ib&ietss, DG iiast li soenlFeadhtineed 3Fosr LLOW - s a my

EC or QR produce seéa@auwmpad ngf fiecttdhilsedddddd agabysi $or Samt rex

Tabl e 3. Earth miss distances f riodnP LEAC7 doervhiatt i dbentse rsmainmmpal tiinogl
order of increasing EC. The EC interval giving rise to all
mar gi nal |l eading and trastohgmgraze E@seésvi alores §f nomhthe
ized Hor ithensance of NO.001070098
EC S Earth Mis|s (kReymar k
0.59197%4-59@28653 679, 354 Senbaged dquess
0.5919837-1737876 6421 Leading draze
0.591984024278/46 6421 Trailing]|]graze
0.593352170D6 105,271,|694 Nomi nal
t o Earth coblviadiueM QORMSDI EST. Assumi ngh&auUEMURNnept Dnat e. I
-1.28653, only 0. 6 %ability dlemsityt doagt theo fOV,t Pce= Béar t wo grazing cases
est grazing case f O6NOKRMBPI .BEEWVIBRMSDII 6d Eart h. The 1l eadin
sis. Table 3 data &1.sd784%6)d t=oAlR., PROC6HABI €T and the trai

esti mMmxuei nf§ Excel 6 Pcsammultaaed MmyrSent rQT.f rSeemtIBOBAE7 padetda ct e
ma | cumul ati ve diisg r-% b&ie1 @ n00Ppunew @F eater than
(Continué&d on

A uniform time scale void of | eap secondHsor i GTohiss aupe@dca s
NO. 002 s, CT is related to international atomic time (TA
' The sampled EC value for Earth collision is less than th
ment along the LOV with respect to nominal position. Rec
nal in the direction of heliocentric motiono. To QRpart
(the only other Table 2 parameter capable of affecodeimg o

orbit period.
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Figure 3. Grazing impact trajectories are p3lbkdtVt sk grmelndt icwa
ing all possible collision cases from this LEMUR -mainnaliynstiesr
vals and are annotated with 26 August 2032 UT in DOY/ hh: mn
pl ane. Earth is annotated wi®$hl attist edj@atDhe asiladdet praeali
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(Continue@ from page ble 4 to define the nomi nal orbit al on
which the LOV wildl be sampl ed. Seven
2.2 LEMUR Anal ysaibd e 1 par amebtoeladse appearing in
With 20353 TV used to creatBoiSsS@d8nsorbits i n

Orbit DeterminatsamplJiPL¢g¢ 31 hhee OX013Trh&ve
parameters are defined in Table 2.
The LEMUR analysis documented here
for 203 &M i daha in Ta-

Tabl e 4. The rsb i2t0 1Be tT&/r mi nati on was generated circa 7.2 Nov
spanning 26 days, as noted in its second | itntea sotf Idiane .o fT h
rameters in bold are defined in Table 2.
JPL/HORIZONS (2013 TV135) 2013 - Nov- 07 07:39:13
Rec #:750134 (+COV) Soln.date: 2013 - Nov- 07_03:46:00 # obs: 661 (26 days)
FK5/J2000.0 helio. ecliptic osc. elements (au, days, deg., period=Julian yrs):

EPOCH 2456592.5 ! 2013 - Oct - 27.00 (CT) Residual RMS=.19007

EC=.5908580294949625 QR:=.9954524306344258 TP= 2456555.7325275815

OM 333.460546709033 WE 23.68872923572981 IN = 6.746628135329265

A= 2.433024481467049 MA= 9.548785351056903 ADIST= 3.870596532299673

PER= 3.79514 N=.259707411 ANGMOM=.021647483

DAN=1.02761 DDN= 3.45071 L= 357.0031418

B=2.7053226 MOID=.0117562 TP=2013 - Sep- 20.2325275815
Asteroid physical parameters (km, seconds, rotational period in hours):

GM=n.a. RAD= n.a. ROTPER= n.a.

H=19.4 G=.150 B- V=n.a.

ALBEDO= n.a. STYP=n.a.

ASTEROID comments:
1: soln ref.= JPL#31, PHA OCC=6
2: source=ORB

Because the USSB coadt omi meé nfdrsomart h US&GIBI ihaivi mgc daadd eatl v
EPOCH to Earth col |4 .s7isegh4 mane mima & I i pdbesviitaitoino naltoongd. 5908538
2013,5dWVbits, EC i s tshel ecovesd afhcera i@V i + BCc 768&®% * 0.0002308
sampling in this LEMURgteamalyii#sil1as sexXN0500F55F8#8e 5 provi
plained in SectionThulk., Qemgloio analysing mysagnpl athgan heov PL
utilizing Table 4" samBl#3ko0nbidi ngetwet Mi Earth Woaliduld oa |

Tabl e 5. Earth miss distances fr;dmMLEBldevbati dasesmmpht nhgr
order of increasing EC. The EC interval giving rise to all
mar gi nal l eading and trasdolngmmrarze EQsesvi &tailures fi momhtehe
ized Hor thensance of NO0O.000230863.
EC S Earth Mis|s (kRemar k
0.59085802®d5 88,647,114 Nominal
0.5919525H541.674000 6420 Leading draze
0.5919527+346.1740180 6421 Trailing]]graze
0.591956¢484.075B04 330, 086 Senbaged duess
'*'The sampled EC value for Earth collision is greaterethan
ment along the LOV with respect to nominal position. Ne
the direction pposite heliocentric motiono. To impart
h only oth Table 4 parameter capable of affecntdithg o

o = o

(the e
en orbit perio
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n
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Figure 4. Grazing impact trajectories are pidbdtVt esce grmelnat icwe
ing all possible collision cases from this LEMUR -mhal yater
vals and are annotated with 26 August 2032 UT in DOY/ hh: mn
pl ane. Earth is annotated wi$hl atist edjea.atdDhhe assladdaed prealil
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. pedigree, each LEMURt ¢éomusatciomrss st Wherfe
(Continued}lfrom page . . . . .
al | possi bl e Earthmampa(mtpapnchlrwtlﬁha,salscgcema
CT and the traiIiantéfré‘zépeol?'fO.QC 0%’ t;&aﬁt hd eatinegr | reeit rdasdtp i 8oAns' sJ R L
Sentry's redicted _i mpa t O¢us impacts can on
y P i TRe EtSOq_EMqJ8R31@£-Q5ﬂ99A3@(Pd.|#J the ce

ct
21

3. LEMUR Loci For J@L”#d7 ﬁd-#Je‘P]L#?l”to ataegmanisoef atkad thi sh

surface. hese locgeddddehi cPaliimareddsyt for

The EC interval beEW@eﬁfb?‘étz§ngF'c%1%Te$h@$|J'PSL#eB\&' dieonctu sf r Pume
Tables 3 and 5 canPa&fel g9 viideWr §snt drsRIAElpade.t st hey 2RABJIANV#T
increments to produ@%e hasysrifédeid 8 firmper t4i6a Imisnpua Cess aeSaro b
2013,;HPVYbit deter mVirdti iodfs Wegpegpccumul ated andicediitneds @dur,
and JPL#31, respec'tnlgvetl@le ]T?Hgédﬁ PRI ween the two orbit
Trailing Graze 6 ‘
Leading

Graze

i A

Figure 5. Two LEMUR | oci of al lyzgpno sx6 bAwg LEsatr t h0 X ldrieiwplnest
bit deter migna&tinroomd dBRl# 1 or bi tr dle t elr e en alt E MUWR dladedia ( @o Mmrae «
ers in Figure 2. Agsvailnudkisc aatnendo tbayt edt eoenp eesatc h | ocus, the JPL
does the JPL#7 LOV.

'2Marginal grazigrgOcases i mpact at
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August 2032 LOV's mEMPRumOgleoRkeatted in
0.90 .
512 0bs, -2.750
0.85
543 0bs,-3.03 0
020 7 425 0bs, +1.64 0 566 Obs, 423 0 6260bs, 4.310

0.75

0.70

0.65

0.60

Sentry-Computed 2013 UV135 LOV Geocentric Distance in 2032 (Earth radii)

0.55 -

86 Obs, -0.272 g

180 Obs, +1.29 0

32 Obs, +1.07 o

Oct-20

482 Obs, +0.412 o

661 Obs, -4.76 ¢
459 Obs
+143 0

350 Obs, +1.65 0

304 Obs, +1.3% o

259 Obs, +0.850 0

207 Obs, +1.21 0

220 0bs, +0.711 o

Oct-25 Oct-30 Now-04 Nov-09

2013 Solution Date UT

Figure &.omPparnterdy mi ni mum geocentssi d Odi otha e Aaufguzs@ 1 2 0B2 i s
UT corresponding to whegearbhe desecmianedHA®® 1i2ph®Eatead si rt ol
service Data marker annotations @aedateax prhari knerds pa d rorr e st poo nF
plotted in Figure 5.
4 . Conclusionsol lision has beenedbtmméenptsedoxzudnesh @ewn
to agree with NASA'maldwtromaha&mnd 6Bbatrcyor
I'n the weeks folilzowomntgwadPrHO r2éslBl tTsV. \Adlt lhewsi.gh S8aeht yy coourtppL
di scovery, predictied pobliitcloy ancessTalWibday tde amdtiriisd oinssii g
could not exclude farcommbERUROaRabysidfy anbc erott aignetnyert dhé gayoa
Earth collision ona26i Aabuet ag2032. tWihiise vimadgratihn gL. O VCH viaff uSaesnc
enough observajtsivenehefe 2i01s8i giivt s i s aelLEBMUR Icooclusi soifonposa:
accumul ated over ablsafifmpaeintp yi retxst edhsdrelosabed| wiuhlkceat apa
heliocentric arc, ihowewvds3orTpitob aleit leirenxypn aafiino ndh y& nt hieo nla | L
this collision decLEMYKRdI| bgxumorcenthansbblhbi Eartrescecollcteido
orders of magnitud@oimta welekng sedeFiarerietOVdeper Piisadtmag més
2) . Consequently, Ld¥ WiOLBKR c«roiltliiccdlonEdret-h grazing cases
t ween 20dmBd TBarth it®henbotosgeer mi ni As 2013 bB¥rvations ac
considered a credible event. 't is gthwedileadv (as defined t
here purely for academipa omdwrcpo sfersom LnEavkUiRmuam ad eyvsii ast iiosn af r o
Pcestimate within tthe sameemad dgro@if esnaigv
Systematic LEMUR annatydés asf Stemer30382 val ue. Baedmti b EaMU Rn |
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(Continued3from page this had not happehed matoare Sbdrsttryacol
sions wsohi mofbnal ovadronmostheof a small

tric arcs on 26 Aulgo¥twed082noAdownmglrartdeéet ecotrabiner ea.f t en Th
ing observations aN6we mtalrs edo 1t3h.e 26 2AMU-3;34dsV di scovery, s |
gust 2032 LOV to shift in inertial dpmayceorbit determinat.i
on a scale compar arbhleer et & p p 8Patt Br' ssohradlednnbse 6 o vAUgust 2032 an
(see Figure 6). Thyehischhr ian ki B U R OIVo cudlstEiMUaRn nlo@ € upse Vvdaertieart-i o n
mately causesd @RrodBamliMeid,y wrfovi ded t h®uhlasstsaorctiiaadle dp @rotvi o ms-
Earth collision ont@fsAdtgs SEar2t0OB.2 H 06 aISeEr Mo rCeenttelee dnoah @
sume infinitesi mBl fiviaddd esEMUWR Slioniil afft ®ene ofieg uorreb i5t) .det er -
falloff could alsomhaweil@éen ot riitpedenedt bymuat be qualified
LOV shift complete$Syctofifnwvairei amaret hs,hplathtd] only be expect ed
[ Our cover story by Daniel R.|] Adamo ends at the top off thi
we add a few related notes hefre.]

Initial error ellipse T
November 19, 2013 \9/ )

Later, more accurate y /
After the Febastaaryoi2d lid3mpEaacrtt hi n C'{f{ed"f"yabm Pus—
si a, did scientists review oId51g|motee:crcmamen/{/sUr/ve/ 'l anceg fi
weapons treaty verificati-@aanteftoi dpeedtion f o r /undocumented Eart
i mpacts? More than 1,000 peop|]l e were |nj/u //d /Jn Chel ydbi n:
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Once every thirty years? Public Brog[dcasti/hg Service | PBS
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able on that PBS website. Thie related PBS video segmeéent

available for viewing on thatA‘ﬁ%Q/%i:teT'his i mage shows

hy
goes up, thesnoudrcc\wmklpmdga (r
mai n) . Il mage credit: Lou Sche

Above:somagWwi ki pedi a. |l mage credit: NASA (2001). A collisi
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