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CoJlf•cf: Lou flysl:.em 
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1111 ,.~vfdi•nt;'lun hac bcilm >>~c.17.11.H~tr'd of the f;:tui,'.L1;it:Lc1:d. (1atuI·i,:: ,:-,f tllC 

t.,:<l :.wir.)'l,:rn n vcdJ.nblc ·to a r- ~lHU Gn;!~1;?J .i'.Lt:1,1 :Ln ,,,. ~~T3 NM (~ h·c1d.fr:c, h:Lgh 
:: 1,(;]. !rn1 1,·i en n:'ld.l;. '1:be p1·-tmbry ai3tit1mpl,tnm; ::·,:..ir ti1t-• td;nciy 1Jr1-1 that the 
tc.l,1;:, d.-.·_v td.g11nl ori.gl.un tctt 1:i ~ l,'.{1~ Jal·,Itmk) :L, a,;t:Lv,: f'-:•r r.1 ti})ecificid :9<~rio{l 

ti ;nn {'ll'.'.<,! :r•GT' ll:t.'•IIL!!) nnu· l!J :hrL(ll'(~,:~vtt:(l uli(m :U, :i IJ n,;ViVc t.nd Uh()V;; l;iK~ 
... , .-.-i.--- ! 'I) l t Ou I i . ..,. • rr11 ' •. .,,, · ., 'l ' '] i I :f' 1 t •• I • • ' 1 1 -,;,Y-J t;:1 .,c1 ... ;(1 Wt' l'.<")11• ). ill .1/t:10qf1 'i'.L~· • ,y .o. o :i· ,o.:cl'.l'.11(1, mor~i ·t:1),nr o. :;,_· .. vcn 
nuwber cit' ml rn.u;es of etrn li:i,nuouo .;lri Ll~'.t'CBJ~i·, p(;t' w/Vl. vc ::rx.~r:iod. ii.~ plo"c;.,eH..i as 
u :i\al~ t1on of tot.uJ nigrml on t;Uite. GumuluUvc proboh1.l.ity 1:\u·vua i'm:' mo.ny 
&~tiva pcd.i:nln ore ttloo (!,tven, 

i',,!clnWc~ the !r~at:.-U:tlcal 01tudy lil);p1it~fJ tr.1 aoy s:Lr,gle o:lgllul of 
~.ntc:rr~::t (fi):C) rr1i,h,.n· l.liati be1t1g .rcBlrdctcd to telemetry, .the ulgnnl :1 a 

re.i:\:rr,::(l to '.\.n th(J :r:c~p1.1:r~. eiJnpJt ar~. the uej'., 

Tt ::n -" ,· ,n1.rnr: •.l f;i mt L hu fi:\e;n.ql o.[' 1rrl.ot·o g\:; (no:i:) o:r tg:tntll.:o d nt 115°~~ lu·b :i. i:.udn 
1,.,.1,d 'L,; 1.uru)1l on once J>e1· 1nm1th flt. o. r.trn(lOrn t.jrnr.' w1:bh :t·i:iapeci, to tl10 l?--9B9 
o::rbli_1l! 1,c,:;ltlon und ata;y:a on f\Jr t1 f:i.xed. loiu:;..i1 of tiroc:. '!'hi:J SOI on~time 
:i!;l t,l:'l.96fbt:!!d .. au ,!lL p1.\l'Ql!l<:)it!3;i' in,:½·),~·.,~(:~itJ':~~1M4,.f,t§ ~!li,\1d,.Y 

. :1:t ... 1.1il ~u1au1·,,:,:ict • !;ht1'L , {:lu11 l'~•tf~t~· •• s~.;~1;:~)iii.~:::i:;:~f<i'.a :· ~m:. 1i1 .Qj!5 llfi\; .~:;tt•c•,~ia,:.r ··O!rbj, t at , .(bo • 
' ,.:it)c:j,:lJart:,tm:i nm.:'l. , l;}t!!\ I;, ~·b :\il'U,l' CG:):l\l),,~~,l·b •!:,'J~ii: 1 :J;s,•O;( .. 1,f' :Hl ts 'S:(l,t.i':I.Vc:l !ll:li1. e1:)Q'Vl!! ·~lle 

.:P ... 909 r/) h1::i1:·:l:z1n;i., . , • • •• • •• • • • 

ti!?l'~ot1~ i;i·ta' t:Nl!MAll;l 
CONTAOL 1!1¥n1·i;;:M QNI.;'( 
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·.r·1t'.e·rnn~~1 L1·•1' t)I' ·p1··irnn·,·y :i.nl.tfrtnd wlH t,lJf Jlt',/t,:~ ,'i."Lit,:,.r '\•:ll~h \1:1·~.r:.h :.,.hl~ ]J 

;',;{G .1_,i;1 \•: iJJ 11 11!.:, ill Jiil'rtlll.n,;;;'u.l. ouini!(~[l n!' \",]]-> ;·,ln' i.'td. ·i G liPf.'J·rJl·)d 

:"t,·:1•,, by· Lr,i11L·1.:1i::; 1.11,; l;jw, .. : upon or Lile GOT r;;:ur,p:!r: ,:i,1 n r.:1:-ni,:·,·,Jt..c TX.ll'0J1,•; .... i· 

··!·om 1.:0J: n11-LJ ir,• • '?J..,·1 rct1.tlur cc1n dee .i.ticJ f"rrt ld-rrirw~ J,' wha'c :n,,~on1.-;lf~ to 1:i:~,p:iy 
,,r; 11 '., nLillit Lo r:mnr•:io oJ' (1 ~iJ(t,rnd wl"l:l.ch WWJ •.m fnr an horn· ( f.'ot• r:xi:.rn:ri~J.:~). 

;1 ::,,.'t!,,ncl vn1.'1 • .,rn 1·:i.or nJ' ·JnLornat .i.n tho cu1rn.1l:=t"l;:l:v{: 1n·,.:i'i1nb.lJ Jt;y of obct1-Lnl.ng 1:1 

i·:,in11 'i11g.!'u·i onrnp]n o:C ODI nEJ ll :l'unct:i.on or t'.hu 1rumlmr of thn·J:3 tc -t;urru.j i:in, 

Ol.lh"r· J11il"lll'k~ter11 o-f intcrcul., nrc thf:! rmml:i.t.lv-1Vi.cr.; of t'1e nbovc~ ro,-;ults to 
;;<ij_ 1v.L:i. !.1.1,lo change, orbttol i.ncl i.nution ch:1n1.'..'-', LhrJ use of rnorti t"\11:1.n oni:,: 

(ol),} ( 'I I f l c•or t ,. _;u~ c:n., .,r!rn, rn.. • ;o mo.r'f! re quell'; " • ,,~rn-on:J, /\no\-,iKn- r.ic:ntG:i.T,J.v:l. i::.y wlr.i.ch 
:1.::; 1.1u:·. h 1 ~:r•r-1 :io i:ho rKnu.1:U.,·l.vU;y to P,-9H'.) orh.l.Lul 11lt.:lt1~rli::, Over thi:: 
;':'.'./)-'iOO N:11 r1.l.tU,t100 rang,:'! rc~lld.:lJ.y ava:i.lllb1e to P-9f39, Lhtc1.· ccnir-.d.Ltv:tty ·Ls 

Al 11n ,, LlY! :n~pid :lncrc/J so :1.n anv :!.:ronmen t,A.1 :l. n l;,Jrfc:1r0 ne1!J with P-9n9 nl'i,1.1,ndf 
rn) r::,it.cin tl1rci r.:;1H·11nct:ctcal o.llvantugc of incrcn~ed GOI uorrt!ir;t. t:ime ai; hi.t;,h0X' 
0.cbi"L1.1l til"LlLmico. 

}\Jr l:hc nlHn.rt: em'ittn:r. n1odel the :prC>b:lh:i.l:lty of fl~e-ti.np; contact (0.:;:mea:rar,ct":;; 
of th,; 1;1.i.~t:LVc! flOT 1:ibovc tho P-909 o0 l,orizop) :i.1;1 )Jlol.t,01d as a f'und,:ion ot' SOI 
nn Vi.me J\:w :101 lo.tltudr~\13 of ~~'./1N) 115°N, 65~N, un<l '{6°N, .As shown, the: 
p1•olintrl:i i L;i1 1\1uc\l.<L changr::8 or:; t,hr1 SOI on-timJ p111:1liu,, l:hrough the 95 m:lrn1te 

urbH,u1 Jlt':•l':tod. For un SOI ]1).t:l:~udci f5!'C.O-t<::!r tbnn '(0°N, conto.et t\':i.11 occul' ,'.m 
t)V('l'Y orld. 1, nrn) the probab'.U.:lt.y 1,!ill be: unity for on-t:i.rncrn wMch 1:.:xc1:,c:d one 
•.>r'b:U:.n'.L 1,cu·tod m'i.rnw the vle1. btlity t:1.nie • For w·1y SOI J;~tj_tude:i, i_.h,1 p:robo.1ji.1ity 
·.d.LL rew.:J) u•1Hy for n!·1 on-t'.l"n'k:; le ~~JL.:l::tJ:t91~re (tho t.im~l f'or in:,,e1·chance 
,_1[' Lhe eccc11c11.11g tind doscendlne; n ongituc1es of tte orbi.t), 

?,,r U:e !1 './\r (30I J Fi.gurr:~ ~? i:;lrnwe the proba bj_ Ll.ty- of' i'lc.e ting C'.On tact and thr;-
:urcl:o l:d. i L:l.ur.: of' conl.m.~t11 f~X'e(>.f~d'lne; 1, 3, 5, 8, 10, and 1.1 minutea, r,.:;GJ}r;:cttvcly, 
'2ii(:t;,?t c,·,id.u('L 1.i.tnr.H:; :I nclud!J the t:J.me requi.r1,Hl to reccgnj_ze· and 1oc:l.c to tte 
;;GI i':t:!!f.iiJ,.!tH\Y (LyplcaJly 10 a,acondo for tbe SAV!IN'r .P-9/J9 telem,?i,l'Y ,:,yrJte:rn). 
r.1ine1~ Lb.~ m:i:dllll.lln l1orizon-to-llorizon vi.o:tM.li ty t:i.me i;o a 2'{5 NM or•bi t is 
1 J. .6 1:; i.r:11 L•:1:, 1 Llir.~ prolm}liJJ.ty nf one contact; exceeding Li..6 minuter, i& Z•c!rO 

:r-1.::gu1·rii.,:!r;:; crJ.' :_;or on-!;:i.nlf'.:!, 'I'hr-:: loeuG of CJ\;.~:ct:i.ng pointti of thc:.;o curvea 1 

:;hnwr: chi:,hud, Jo the: :probub"ilj:by of the i:;OI on-t.ime falling cnti:rcl~; w;lthin 
,.bJ r:u:-,l;u.ct; 1,Jrne, 'J.'hls c:urvo ulno g1.V·::!t:i th<.~ p1•oba."c-ri.1ity o:e ,o'atf.dnLng 
rc1y r;p,:)!.'iflJ:d (ari, oppor1eJ. to u:r•'r)1t:ra:ry) tim~ E:cgrnent of' the GOI, rc~Gardlet;s 
-:,t f;c,:I 0!1 - I, :iJlll.) • 

V:Leur1..u1 l und ~ '£~iv1:: :1.t1l;ex·cc:p't: l?l'Obtl.M.11.:t:l.r.:is: J?m:' C~O.I on~tini~ .. :11'1gu:ic~t!l 3 ~~i.ven th(, 
(n:1:i-,~t1-J1,:i.t-J:v~i p;r.•r.,1ml):1.l:!"t;y ell' :Lnt,1:ir(~(,pt 1u:i i;l t'una t::l.or1 o:t' Lhl:l a:.tngl..(, OJ'l~tJm<:l 

ru:•1~1lm'1Ll.lt,y, cnH.l ()'f' the nmnbor cit c:11•1.,·\;:l.mi:ir:i 1 '.13c.1cr1:u1ii(l ·t11ti rn,~a1id.n1il:'1il piiu:·a-rnuter 
:Ln F:lp;urn 3 l.B nuHi"iJ(H' n:i: Qn,..•~1.nus :i:·at,l1rn: ·l,hur1 ·~tm~1 bcd·/\vtHi:lll. or1--ttlni:rn, th1::i 
n b 1:,i: :i: rnc1a in imrl'l thr,1, H' 'thrJ t10I irJ cm <'.lt ,c1~t ptJ 1• rnoni,h; wir,01-to 1 :Li' thrJ SOI :lLI on 
or1<:i:.i, por \awc:dt, i:~ la~• 
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.·1: ,.~. ·:-~;·!"1.,··~ ,, ! •~· ~-.:~•,' llEi:! oi:· the! clJi•'1l(~u, Jc?C \;.:,; C{;~:,}H".i:,.,_:. t}v·· rr1H1il):·:t· ,:,J_t 

• •. ,:t· .•. t ' t.~··-;. )"(::)l.~}1 t-J ·p1:lilutld.1 ttJ ,,1f ohl~(•.tL; ,~t g j :t:i.::i",..:c·;,,-1..: 

,j~~i,.:1:·. r,·, ;:~, .-. ;i 1• :°,i)J y.rh.ic11 ttrrn[; on OJJC(! }"reP lhOl,;~~h f(1}"' rn·; n-;..d.(~.~.. j:i:-,.:,r: 

,,;_~,;, ., i.!1 ·,r-,d,nli"iJU.y pc.:r 1.,\ll'.'IJ-,m of oi1L1:l'in\1,tr. :-_i '.5 ,:Lirntl,:.~ •~ j_r_; ,0'; 
,'_;·· ,,· .. / i • ·, • 'J 1 ',;,• •·,J H'iht• 1' , r 1' 1·,11·r1-<JJIG (11101·1 I l"" ', h·; r)1--1r·-1 -'11· ,·:, id ')t•r··•·•·· ~1 ·, ·1 i .. : .. ,· ··l •· 

I J . ( , ' ,, . 'I, .I.. .., " ) " ..,, ';J '. ~ "'· - " l ,,,... l(J ,! .J' ••.l ................. ,~ - ·-· 

,,. ,·.~•i'/<I !> ll(! vroi,nh: 1.tty JKH' l;u:r-r1-(l1'J. or nl,Lr:t.:i.i'd.nrr, [l i:;:pr,icJ:(:'J(:rl '.:i ,;,:;,nu te 
.1UC1 ut1d \.:hu rnunho:r· of munl;hr:i to :1bl.ui r1 ·LhiF.i ;;pecj:.i:':h:<l l/,trn:p:;,c w-.i.th 

1 .i :i i l}/ JG n,11c;ll:Ly h~;. 

i-:,:. ..__, i r, ;,~r d ; ~a;: u a; I.he~ ucrw l t :l.vi t:y· of' the ,!l. hovi.:! re rrult s to ot:h<.•I pn:rar.:.nt..:i:cr,: . 
';''.·,(.' :=c:·,;;i ,_lv:l.y i:.o f:OI lntiLHc.~o :b j!,ivi,rn Jn ]l'.i.g1n:·r: l. For :1 gi.wm [:¥JI rJ:,-·Urr.r'.,, 
.. lh:: ,_:n:·1,1,L!; I. i n.:' cnntf.\cL lncrcnBOB r:t1rnorJt Li.m~arly with th,~ rnm,b,~:c GJ' rac;';C!~: 

,n.>,.1ve 11,: r,01 b(J:c·.izon, J:1anL1or; pen· d!l.y o:J H funct:i.on of 80:I J.f;.t:i:i,ud0 
• •• • I ,., b. 1 . lj . "j ' ., 60° ·ro0 no0 • ,,.(J If n 1.1,1 /.1:e,ur~: 1 :rnr w· :1.tui:L 1.llf: .. rn.;:v .~m.:_ ol • 1 , u _ .,) et_m_t ~J .. ~ • • 

th,J ;::;c;:c lat :1 'tH1W_ Jr.: TLH):ce tlmn B2 N > lt, c-a.nnot no r.icc=n1 from r; 6(1 or ;nt. JW 

L i.ho b:i i:;iwr :lncl"i•10'-..:ton orbi•tro .stur"t olrl~:.:dntng corithct:; 1~.c:1:oss t.h!! 
to.i.i tili .. • :::or ltd>UurJe :increaGl'.:W; 'fi:r:i .d:l.a,::cmt:i.nuit,y :tn th;) sha}?(i o·r the::: 

,:1L'\1't: F ,:,cen:,r. ;rl·. that J.al;:ll~ttd0 where th,1 m·bit. plune con no lr)ngm:· :pass corn
Hl'•.,: '..1 nf t.bf: GOI hor:tzon. 'J'hc orbtt i.n<:1 hiation vhich 1::1nxi~nizes 

.• ,·,··1· 1.:··t· .. ,, •. •·:•. 'r',{l'J" ,,,,,·.,y '•".t' I '11 . 11" PQI ,· .,. J n-0. ·1; ., ... ,,~,. -,I. ·J ,. ,I +,-:v-;o fo1· ·1·\1,, 02° e"r·••'l-1 .,,,. •J·'t, .... ,., •: ........... ti.,., .. J ... 1: .,.. , ~ ., • , t. l o .:i., ... ..-..,{,. •. \..l£ ,J.,,.. y; .t.;;J y; <.,.,c., . J,1, it,.. -. t~ l,.J.. (,,..,L_ • .., .. .._u • .L. 

to :: '1u k,ri. .~on J\•om n 27'.:i NM orb:i.l; unt. :il ¢ re ache F.J 6 8°. For r/, ;,~ 68° a 
( p,)}nr) urlJH ):rrovJdu o the ho r,b dqvoi"a~:,a. 

·.':·:•~ r.,•·,·J:;I·1;'J.v:t Ly 01' the I>''.'Oliuh:tl:l:l,:icHi to. mor1:: :f'1•dq11E"n-t SCll tm·n-one whi; 
11:i·,.~vilr;11,;::y r!i1o1:n1;1;ocl :ln cxplo.irrLng t~ir.1,1n·c 3. •rho .. Gtunulet,:lve proba.b:ll:ity cf 

L l:~ :.1 d .l..t·ec: L .l.'utH.:t:ion Of' tbr;! numhdroi' t,urn-ons :ra.t.h~?::r than the ttl'lli::l 
,.1,=:t 1-1,.~rm l;,i ru -011n • Hern.;e, UIO 0.1:1 nun¥;iq. J.":i:•,:::q1.t.oc!'i:1cy pt :turn-pn -rin.tst he used to 
c,ir,'>"':tr-L tlm tt1we:l.!iGr:t r)f Ylguro 3 to :C~.nt~~: J;t,y:- cont:roaat, :tn6rensing the r,umber 
,.) J' i'- ~;;;,) 13yri i.1:1rn; w .i J.1 j_ncreµr.ic Gbe ;QJ;'q'bo'b:i.Jtt:l.t!n of c_on\ii_c I; per flOJ: tnnc -on 
( 1.:: },'; f~•.I ;'(.> il :I f:lll(l ~~. '.I:i' Uv:: p-9139 o:fb:i,t E(~t.;j; propi:irly l,')hasc d ,, ·thm:i. fl. .. JJ.nea.1· 
::1;c',, ~·~ \J U.l (lCC~Ul'. WHh two ]:'::-'989/ciy :. m$ ~ dP!~h- pro'be:biltty w:i.ll IX1 

,ic:,i::L>.,, •l; ;-,i.t.11 !,h:re<.l, ea.ch w:D:l(bc 'b'~~:tp (t6:r r.o:t on-t:l.nY::a up, to ·.:::ho.:t, wi:i.ich 
UlJJ.,:y rrnhabi;LHy). :r:f. thli P.~9B.9-(sy1,I~1:::mr,; a.re riot phos,)d, then_ 

1;y1;d:rn11c w:ill })r<r.riclt'!' B. :Less tl:ui.i;i.:·p:i·oportlonal incrl~ase :in contact 
·i .ity, but only a1:i.ght;ly• :iceo {or a.1:;11ia).t. nu;m1.Je:r of' add:i.tlonai systemi;. 

Hou,:.;bly '.:If) p1rn fF'il uyateltu; E1r1.:r,icgp;i;red t'o;i(,,fontimi.mis coverage~ 
" '. " , 

.L tmri:u:·~;! \;~Jr 
LhL! few mi r1u t,l: 1 • J;i~l t . 
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