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1. I N T R O D [ J C T I O N

(IIGO) is a Discovery class mission under study, which is
placing a small spacecraft in highly elliptical polar orbit

about Mercury. ~’hc ])urpose  of the mission is to conduct observations of tile planet’s
surface, atmosphere and magnetosphere. ‘1’he ]Jrospcctive nlission  calls for the spacecraft
tc) bc in Mercury orbit for one ]Carth year.

‘1’hc payload contains four subsystems: a ]nultispectral  imaging camera, an ultra.-
vio]ct spcctromctcr, a lidar, and a magnetic field and plasma  experiment. ‘1’he first three
subsystems are mount ccl on a single axis scan platform a]ld tllc mag]letic  field ancl pla.’;-
]na experiment is boo]n deployed.

‘1’llis payload is ca])ablc  of making observatio]ls  that acldress a number of fundanlell-
tal clucstiol]s  about Mercury and its role a.s the planet which condensed in the hottest
region of the solar nebula. The llermcs n]issic)]l  seeks to ulldcrstal]cl h4crcury  ’s surface,
its tcmuous atmosphere, and interior structure. The proposed investigation will provicle
im])ortant  insights il]to the probable composition, i?ltcrior  structure and therlnodynam-
ics of the hot illncr  portion of the ])rotopla.rlctary  a.ccrctio]l  disk. ‘1’he results of this
mission, ])articularly  when contrasted with the results of missions to the outer planets,
will lcacl to significant aclvances in undmtanclillg  the process of solar system formation
and pla. nctary  evolution for objects wl]ich  conclcnscd  in clissin]ilar  cnviron]nents.

‘1’hc l]crmcs  launch  strategy employs a NASA provided Delta 11 launch  vehicle. given
this constraint, the energy limitations require a]] interplanetary transfer that involves
multiple flybys of Venus and Mercury prior tc) Mercury Orbit Insertion (MO]) to pump
the llclioccntric  orbit down to the desired hlcmury  orbit. ‘l’he Hermes instruments will
lx taking  data during the Mercury flybys to cmure that a flyby cluality  data set is ob-
tailIecl  zs a minimal goal in the unlikely event of an unsuccessful orbit insertion activi-
ty.

‘1’hc IIGO  is being  plarlncci  for a 1999 la~lllch  op]mrtunity  and it  would require a
ncnv NASA start in 11’Y’96.  The interplal]etary  tral]sfer  is 3.3 ]larth  years. ‘1’hc orbital
missic>n  cluration is c)nc Earth y e a r . ‘1’he ma])])ing orbit at Mercury will be a 200 km
])erihcr~n  by 12 hr orbit periocl (about 15,000 k]n apohcr{ll).

‘1’hc spacecraft options under  consiclcratiol)  utilize a .grcat deal c)f heritage from prior
sl)acccraft  clcwelopmcnts. ‘1’hc k e y  elments  arc the ‘I’ll W Liglltsat being used for
‘1’0N4S-1{3)  as the baseli]le bus, the All  series bus for the pro]) ulsion moclulc subsystm
(1 ‘h4S), the TRW clun] Jnmlc licluicl  apogee e]~~i]]c (1,.41+;) for the 1’MS, ‘1’I?W graphite
flbcr lvrappcd  tanks for the Ph4S,  the Cassini  solid state rccordcr  (SSll),  the J1’1,/”1’l~W
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2. SC III;NT’J’lll’l  C Q7JIIX’J’IONS  UNl)l13t C: ONSII)II;I?A’1’ION”

‘1’l]c p,oal of this II)issioll  i s  to ulldcrstal)d  h4cmlry’s  sigllificallcc  ill ])lalletalhy  forlna-
tlioll  l)y ( 1 )  dctcrlnillillg  h4crcury’s surf ’am tjOlmgIYI])l Iy, coltl]mitiollj  t e x t u r e}  aIId
lnillrralqyy; (2) swwcl)illg  for Coll[lc!llsat(!s  at M(!mlry’s  ]) OICS; aIId (3) collstrailli]lg,
N4c1Yury’s  il]tcrior  structure.

‘J’l]c  h4arillcr  flyl)y lnissioll  ill 1974 cstal)lisllcd tll:it h4CI-CUry lIaS a  surf am IIIOIIJIIO]O
p,y ]v]li cl], to first order , :i])])roxi]l]atjcs tfllatl  of’ t)llc II; artl]’s II 1001 I. 1 IOw(!w, 11])[)11 (’10s(!1’
wall) illatfiol)l N4cIc L1ry is  found  to be quik  distinct  frol II tlIc  lIloolI  a]]d otllcr  tcrrcstrifil
])la II(ls. It ]]as a l, CIIUOUS  atmos])l)cl’c,  aII i]ltrillsic  IIIagIIctic  ficl(l, and it, ]la.< II Ior])l Iolog-
ica] structures  wlIich  II IOSt ])ml)al)ly  arose fIOIII difl’crcl)t  ])mccsscs  froltl tllosc wllic]l
dc)lllillatlcd  tlllc  cwatfioll  o f ’  tllc ltlooll and h4ars.  l{ccu)tj  cvidmlcc  suggcsk tllfit water icc
i s  l)rcscllt, at tl)c  IIcrlncall ])olcs. ‘J’I)Q  IIcr]l)cs  IIlissiol)  \vill il)vcstigatc  iln])orta])t  quw-
tiolls tllatj  IIavc I)ec]]  laiscd  l)y tlllc  sciclltjific  collllllullity  l)asd  oll illforlllatioll  lcarllcd
fro]]] ])rcvious  p;rou]ldl)ascd  aIId s])acchascd c)l)s(]~’:itic)]ls.  ‘I’l Icse i]lclu(]c:
2,1 11///  (! 1 is ill c Coltlposz’tz’o?l  Oj A4cl’cuTy  ‘s sul’~[lcc ?

‘] ’]IcN i s  l’iltjually  ]10 il)f’olll)at,ioll  avail  al)]c al)out  Lllc co]]l]msitiol]  o f ’  h4crcury  ’s

crllst. III ])artlicular, tllc f(!l’rolls  l)allds  o f  ])-yl’ox(!llcs  all(l o]ivinm  l)c:ir  1  lnicroll  and 2
IIlicroll,  lvllicll arc so valual)]c  ill [Illclcl’stlall(lillp,  tlllc l)lilleralogy  o f  Lllc IIlllar  surface,
llill’C not l)ccll l)c)sitively  idel)tificd  011 h4cl’cury, I f  tlIc dc])tll of ilIcsc  l)allds  CaII lw
II ICa SUrdj  aII cstilllatlc  of tllc iroli colltcl]t  of tllc assu  IIId rc~olitl)  call l)c ll-Iad C. l’art o f ’
tl]c ]) N)l)Ic]]I i s  that N4cIcur-y al)l)c:irs  to lIave  a  Iow-11’c  must , so t h a t  tllc’s(’  l)all(ls fil’e
il}tjrillsically  It’(!ali. 111 addition, tllc ])lallct’s  lli~,ll tclll])craturc causm tl)mlllal clllissioll
Lo l)UOJIIC il)l])ortallt  at  lval’dcl)gtlls  as low a s  1 . 5  lllicro]), fillillg ill al.)sor])tioll l.)a]lds
aII(l IIlal<ill:;  it dillicu]tl to illt)cr])rct  illis  rcgiol) o f  tjllc illf’rarc!d s]mtlruln. 1 IOlv Cv(:l’,  f(’l”-
K)LIS irol] ill s i l i ca t e s  a l so  lIas a stjro]lg l)alId at 0,2(; lnicroll.  ‘J’llis  I)alld IIa.s  IIot l)CCII
s(udicd fro]]) II;al”tl]-l)ascd c)l)sc].ir:it,[)]’ics  l)ccallsc  of” t,l]c OXOIIC  c~ltofl  l])  t,l]c  II; artl]l’s  at]l Io-
s]~l~crc,  1101 CaII it l)c olwrvcd  wit]] tl]c  S])acc ‘J’clcsco]w o r wit]] 1 [11’;  I)ccaus(!  o f
N4cIcuIy’s  ])roxilllity  to tl]c  s u n .  IIowcvcr, this l)al]d would l)c easily  ol.)serval)]c l)y tllc
illslrulllclltjs  OII 1 1(10 frol]l h4cIcury  orl)it.

‘J’llc  11(;()  o])tical  illstrulncllts  CaII lncasure tl]c  al)ulldallcc  o f  irol] ill two ways. ‘J’IIc
cal IIcra will illlii:,C  t)llc  surf’:icc  at, scvwa] wal’cl{llg,  tlls ill tllc lvi]lgs and i]]tcrior of {Jllc “ 1
]l]icroll l)alld.  1 lo]vcvm’,  . .si]]cc tll]is l)aIId is a forl)iddcll  ol)c, it ]IIay be too weak  to d e t e c t
if’  oI]ly sIIIall anloullt)s  of’ iron  arc ])rescllt). IIy cc)lltrast, Lllc 0.20  ll)icroll  l)and  i s  all al-
lo\\(Xl  tral)sit,ioll  ii]](l SIIOUI(l  I)c ol)scrval)lc  l)y tl]c lJ\~S c~eII i f  o]lly t,lacc  al)~oullt,s  of”
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il’oll arc! ])m(!llt. ‘1’IIc dc])tlm oftlIc.w l)aIIds will coIIstralII  tlIc  colnpositiol)  and lnillcral.-
op,y of tl]c rc.golitl].
2.2 1s tllcl’c ice at Mcl’c?l?y’s  1)01(LS?

l<c~iol]s I]car tl)c ]mlc.s c)f h4crcury  l)avc  al~oII)alo[lsly Iarg,v }cflectiviticx  a])cl ])olari7,a-
tioll  ratios wl]cl] observed at radar wavclc]lgt]w.  1 kcausc of tl]c sil])ilariti(!s  of L]]csc  ra-
dar ]jro])crtim to tfl]osc of’ tllc  surfaces of icy sate] litcs,  it l]as l)ccl] suggcskd  tliat h4cl’-
cur~~ ]llay  llavc  ]mlar  ca])s o f  ice, ])rcsulnal~ly  i]) ])cr]l]a]lc]ltly  slladowd rcgio]]s  il]sidc
c r a t e r s  n e a r  tl)c ]m]cs. SUCIJ rcgiol)s  would  IN ulidctcctjcd  l)y a ]Ja.wivc  rcflcctallm  cx])cri  -
IIlcl]t l)ccamw tliey  would l)C Illlill[llllillatlc[l. IIolvevcr, tllcy would  l)c rcadi]y  olmrvablc
l)y tlIc  1 1 ( ; ( )  adivc  la.scr ])llc)tc)])c)lalil  tlct,(’1> cx]wrill)cllt, ‘J’llis  cxl)cril]lcllt  Incasures  tllc
illtcl)sity  o f  LIIC s])acmraft’s  l a s e r ]ip,])t rcflcct(d  frol]l N4c1cuty’s darhsidt!.  A  IIigll
rcflcctivit)y  would k collsistcllt  wit]]  cxl Kmd  w a t e r  ice.

1]) additio]),  tllc  lJ\~S CmI a l s o  clctcct t]]c ])]UWIICC o f  011 ,  a  dissociat,ioli  ])roduct  o f
wakr ice. h4ca.surclncllt  of tl]c d i s t r i b u t i o n  o f ’  011 ill tlllc at]llos])l)cre  ca]) I)c usd to
detcrlllillc  crosiolk  lnccllallislns ( e .  g . ,  sul)lilnatioll,  s]~uttjcl’il~p,, etc. ) and tralls]mrt ill
tllc atlllos])hcrc,  wllicl~  afYcct lifctilnc and cvolutiol]  of lmtclltial  icc dc]msits.
2.3 MT//at  is ,tIlc nomtalall)cdo  aIzd Ii(ITticlc size dz’stril)utio?t oJA4cIcqIIy’s  rcgolitl[?

‘J’llc ]Imnes  a c t i v e  ])olarilnctlry  cx]mrilncllt  will ]ncasurc  alwlutc ]]orlt)al  all)cdos  o f
N4cIcury’s  surfau! fcatjurcso ‘1’he Ilorlnal  all)do is all il]l])ortfldllt<  cllaractcris(ic  of a rcgol-
it]) a]Id it, col]tains  illforl]latiol)  almut i t s  tcxtlurc  al)d coltl]msitio]l. ‘J’])(! laser ])llotjo])o
larilllct(!r  illvwdigatioll  will lncasurc  tllc  c i rcu la r  ]) Oli\l’i7,atiOll  ratio of tllc light  lcflcctcd
fro]]] tlIcsuIfacc.  IJalmratoljr  cx])crilncl]ts  llavcsl  Io}v]I t]lat, for low all)do  surfaccssucl)
ashflcrcury’s  rcgolit]],  Lhc cilcllla]’]  )c)lal’i7,atic)]l  ratio iss]llall wl]cn tllc ])art,ic]cs arc  large
K)lli])arcd  to tl]e lva,vclc]]gtjl)  of t)llc i]]cidc]lt ligl)t. ‘J’II  us, tllc r e l a t i v e  IIu]nl)cr  o f
]ir:~~’clc’llgtll-sizccl  ])artic]cs  ill all a r e a call I)(! collstraillcd,  ]na])])cd  and r e l a t e d  t o  tjllc
gcologica]  IIistlory.
2.4 Arc [Iicrc cxp~cssio~is  of vo[ca~tisvn on Mcrcurg’s surjacc  aIid arc IIIC volc([IItc  UTII{S

rcf)rcscntativc  ojll)cllermcan intc7i07?

A  lllajor  UIIWWIVWI issue  ]KX+CI by t11ch4a1; I~c1 10 data is ~jl)ctl~c)h4 clc;tll)’ssll  lc)otll
])lains  were forlncd by flowil)g;  lava, iln])act, cjccta, or a colnl)illatic)ll  of’ Ix)tll]. llig,ll  IWO
lutic)l)  ill)agillg  da ta  can l.)cuscd to  l ook  f[.)lcli21~llc)stJics  lll:ill-sc:ilcf  c:\t,lllcssLlcl]  as]ava
cl Ial II Icls  and flc)w fronts.  (;c)llll)c)sitic)li:ll  ill f’orlnatiol) will I)c dcril’d  froln IIlultifiltlcl
])])ot,oll]ctlric  da ta  acq[lij’cc]  by tlIc il]lag,illg  systlcln.

I f ’  lIo Cvidcl)ce  o f ’  ])a,st  active volcallisln  is folllld  fK)III Citjllel  tl)c  ,gIol)al  ilnagillg  sur-
vey o r  fro]]] SU1’faN! Coln])ositiol] lllcz~s[l  t’clltcllts, tll)cll  h4crcu1~T’s gco]ogic  ]Iist)oly  w o u l d
1)(! sigl)ificalltly  dif~crcllt froln  tl]at o f  tllc  ot)ller  tclrcstrial  ])lal]cts.  IIolt’cvcrj  i f  volcanic
ul)it)s  arc foulidj  it wilt l.)c ]mssil)le  to ])Iwl)c LIIC IIatllrc o f  tjl]is  a c t i v i t y  c)vcr tlilllr, alId
tlIc ro]c of volcallislrl  ill tllc coIII])lcx tlcctoliic IIistlory  of N’lcrcury.
2.5 \\~/)al  ‘UKIS li!c ro[c Oj?!?t?l)ocl  c?’a[c?’~?lq  in (lc/(:1/)I?7ziIIqIlfcIcTiIzI’,~.~IiIJ([cc  ?)ToI’j)/io/f)yy?

N4crcu1>y  lla+s l)cc]] s ign i f i can t ly  :iltcrcd  by )I\:ijor  illl])nctl  ljrocmscs. ‘1’11(!  1300 kln-~vidc
(;aloris  l)a.sill  rc])rmcllts  OIIC o f ’  tjllc lllost  cata+stro])]]ic ilt)])acts  II]]olfr]] OII a  tcrr(!strial
])la]Ict.  IIasil]  scale  il)]])actjs  sigl)ificalltly  ])wtfurl) t)llc tl]er]]ial  stak o f  tll]c litl)os])llcrf
a])d l)lay a si$llifical]t  ro]c ill a  plal]ct’s tl]cr~nal  l~istol.y. IIllagil]g  d a t a  s]lowil]g  tjl]c
M’IIOIC of {;aloris,  togctl]cr jvit,]l  dCt,ailC~]  ~o])ogl:l])]]ic data ]}rovidcd  l)y tll(! laser altJilnc-

k!r can  bc usd ill colill)illatiol]  w i t h  II Iodcls  of \iscous rclaxatio])  of tlo]mgra])]ly  to coll-
strail]  fulldalrlcl)tal  ])ro])crtic,s  o f  tll IC il)tcrior, SUC]I :]s t,]lclllla]  gradicllt  al)d C1’ust:il

tllickllcss.
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2.6 \’t~/lCli  iS f/IC ldflii O? Mhi])  /JCt71)CC11  the Wlj(i[:t:  tO]lO{/1’(l])}!~/  011(] i}l C 2?lt C1’iOl’ Stl’llC[lll”C oj

A’fcmll’y?
‘J’lle law altim(!try  (! X])cl’illlclltl  Collll)ill(!(l  wit]] 13(110  S(’i(!ll (’c ill fol’ll”latlioll  frolll  tllc

s]~ac(xraft)s  (] OWll] ill]{ trallsll)it,tcr  call l)C llSC(I (IC)  (1( ’1 ’iV(: sill] ultjal]cous  k)])ogl’~])ll~ RI](I
~,ravity  f i e ld  I] ICXICIS Lo ])roducc  a p,lol)a]  p,dcllic  co]itroi  ~rid  I]]aI) of h4cILcL11y.  ‘1’l]c rcla-
tio])shi])  l~ctllvcc]l  tl]c  tO]K)gra])l  Iy aIId LIIC g r a v i t y  ficl(l  call l)c used  to study tllc ilttcrl)al
st,ruct,  um a]ld dyjlalr]ics  of’ L])c ])la]}(!t  a]ld tl]c IIlccllallisll]  o f  isostatic  rcl)ou~ld.

2 . 7  llVlai is ihc Co?npos?’iio?l, Cvoluiion and (lyno?)lics of Mmul”y ‘s [ltlnospllcre?

h4[WX1’y’S tC!ll[lOllS  :ltIllOS])]l  C’lT! i s  a surfac(,-  l)ol]]]dary  cxosl)l)crc. ‘J’l  Ic atfll)os])llcric
Collll)ositfioll  aIId Iwllavior  arc! Colltrollcd  l)y its il)tcractiol)s  wit]]  tl]c lIlagIIctc)sIJIIC:]C!  a]ld
Sul’1’acc. A  IIu]nl)cr  of II]ccl]aIIisIIIs  for  g,c]]erati]tg  various  atl]los])l)cric  sl)ccics  i])cludil]g
surface  sl)utltcrillg  sc 1’ “,  .  )  cII’ ll’1  11(1  C:l])tlll’C,  :111[1 ])llc)toclissoci:itic)l}”  am ]ikc]y.  N4vt,c01.ic illfall
al]d il)twllal outgn.ssillg  arc a l s o  ]mssil)le l[lccllallislns, lms IIlccllallis]ns  SUCI) a s  l)IKN
tjc)iolli~,:itlioll”  (witlll  SUl WqUC]It  J cscalm al OIIp)  IIlap,l)ctic  f i e l d  liltcs) I):ilal]cc tllc ])roductioll
ltlccllalIislns  to cstal)lisll  Cquilil)riulll. 1  k)tll l)ro(]uctlioll a])d loss rates are ccrtai]lly  vari-
al)le duc to cl)allg,illg  IIcliocclltlric dist, allccj Val’iati  C)I)S  !11 S()]:il’  l.]\~ OUtJ)llt,  flll(] C])allg(!S  ill
IIdim W]il}riC radial vdcxity. S])ect,rosco])ic studies of ];IIO]V]I  s])cciw  al]d t]lc  discovery of
yctl ul]dctjcctlcd sl)ccics at lmtlll  ultraviolctl  and visihlc  l$’alclcllp,t)lls  call l)c u s e d  t,o cst,al)-
lisll  ])riorities  a]no]]g  ijltc valious  co]ll])cti])g ])tccl)a]lis)t)s ,  aIId lead  to a  moI. c cc)lill)lctjr
(I))cl(:l’stj:ill(lillg  of tjl)c  coln]jositjioli of h4crcury  ’s surface.
2,8 ~’~~/lfli  iS []1 C Il(ltfll  C OJ ~!C1’Cllr~y  ‘S 7’?l!C?I’O?”  (111([ U)]IO[ ?!S l’tS ?’C/(7iiO?lShl])  /0 t//C S]l(l[i([[

071(/  ic772110?ol w/ri(Ii  I’oIzs oj ///c llcfvn call 7)lofl)/  clic jic[dy

‘1’llc h4arillc.r  1 ( )  s]~acwraft dct,cctd  aII il)tril]sic  ]])af,]~ctic  f i e l d  at h4crcu1sy  that cx-
tjcll(ls  1,5 h 2 h4ercury  radii  al)ovc  tl]c surf ’acc. h4crculy  is l)clicvcd  to ]Iavc  a large l]]e-
t:illic  c o r e  Sunuul)dd  l)y a datlivcly  {Jllill  liquid  slIcll. ‘I’l Ic di]mlc  ]I]o]l]c]lt of tllc fidd i s
ol]ly l{llowll  lvitl)i]) a factor of  t)lvc) a]ld tlIe  C]llil(ll’U])(-)l  C a])cl IIip,llcr  o r d e r  l]lOIIIClltlS  a r c
K)lll])l(!tl(dy Ullkllow]l. M(’1”(’ury’s  IIl:ig,llctos])  l)cl’c i s  olIly al)outj 0 . 0 5  tll IC s i z e  of (Ilic
l’:al’till’s Ill:\ gllcLc)s]lllc\l”r. ‘1’IIc llcIJIIcs  IIl:igl)ctc)ll)etcr  will lneasurc {llIe ll)agljctir  fidd of
A4c1c111  -y, its IIlfi:,llc:tjc)sl)l)clc,  alId its il)tcractiol) ]til)l)  tjllc IIclios])]lcrc.  l)]](l(~lst,zil]ciil~g  tlllc
]Ilay;l)ctic  f ield wil t  ])mvidc  ill)lmrt,al)t  illfol]llatioll  almut,  the llaturc  of h4crcu11”s  illkri.-
o r .  III addit)iol)j  11(;0 }Yill  IIavc a]ln])lc  ol)lmrtul]ity  to olmrvc a variety  of i]ll]mrtant  ill
tjcrac(lio]ls  l.)ctlwccll  tllc ]I]ag]]ctlc)s])l]c:]c  a]ld tl)c solar  ~Vi]ld, ‘1’l]c s]t)a]l size of h4Ct-CL11~~’S
]IliI\T,]ictc)s]Jl)c]’c  will allow tl~c s])acwwaft to co]l]])lct)cly  tfravcrsc it i]] ICSS tj112i II 30
IJlillutlcs,  ])rovidillg  im]mrtlant s])atial  al]d t) CJII]K)ral  il)for]l}~tio]) ulIdcr co IIsta]It  solar
]f)i]](]  ~ol)(]it,i[)]]~.

30 SI’I’x; ll{’lc OIL]I’;C’J’IVJ’;  S

‘1’IIc ])rillci])a] cx])crilllcntal  oljjwt)ivcs  of’ tllc  1 ICIIIIPS IIlissio]l  arc h:
01.)tai])  a  coIIII)lctc IIIaI) o f  h4c1mr3r’s s~lrfacc at J 1{111
Icso]lltliol] }f’it,]) a  sig,llificalltl  ])c)rt,ioll  (  40(’{J) ()(’ tlic
surface ]IIa])]Jcd a t  0.1 kln rmolutiol].
l)ctmniltc  or comtrail] tlllc IIaturc  of tllc  ]jl’ill  Ci])ill
mil]cralo~,  ical s])(’eics OIJ h4c1>cu1”y ’s surf’acc utjilixi]lg
]rltlltjis])cctl’:ll  ill]agill~,  i n  l)artlicularl  test for tfllc
])NX(!IICC of lvatcr ice OIi tl)c  surface.

l)ctcrlllillc  tjl]c ])llysical  stjak  of tl]c 1 lcr])lca]}  re~,olitllo
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h4:I]J th(! ]J]a]IcL’s  ~1’~\’it:itiC)Il:l]  fi(!]d.

h4a]}  tll)c ])lal)ct’s II]agl]etlic  field,
l) CtCIII-IiI~C tlllc distril)utliol]  a])d tmn]mral  I)cl]xvior o f
h4(!1’cury  ’s kllowll  atlllos])llm’.
Scarcl) for yet U]]dctcctfecl atlnos])licric  colw[)it)uc]lts.
Study  Lllc illtcract,ioll  of’ tlIc  IIl:igl)ctlos])llclic ]JlmsIIIa  wit 1 tll(’

Fit, Jll O,S]~]l U’C and SUI’f:l CC.

4. N41SSION  I) IIXIC;  N AhTl)

‘I’l Ic 1 I(J()  mission  dcsip,ll  focusm  011: (1) (Icsip, ]l of

ANA1,YSIS

l]cliocclltric  trajw.torim  rcquird  k
F,(:L tjlIC Sl)acecrafl{  to h4(:rcIIIy, ( 2 )  dcii~]]  o f  aII cIId-tocII(l lnissio]l scc]lario t$llat
saijisfjcs tll  IC l)asjc  scjcljc(:  lc(]~lil>cll-)clltls  It’llilc collstfrail]il)g  costs, ( 3 )  clcsigll  o f  a h4crc11ry
]) II:ISC orl)ital  SC(]UCIICC,  aIId (4) tjhc assmsIncIlt,  of  l)crfor]]la]lcc.

‘.l’l]is  II)issioll i s  I)cst dcscribcd  ill t]vc)  IJlajor  II)issioll  ])l)asm, tlllc IIclicocoltric  trallsfcr
])llaw!  a n d  t}ll(l  A4CI-CUI”Y  orl.)itillp;  ])]I%W. ‘J’lIc s]~acccr:ift  w i l l  s])clId  almut four h4mcury
years ( 3 5 2  l’klILII  days)  i)] order  to carry out  well coordinated  cxIm.i]ncI]ts  t}lrough  vari-
ous  II]issioll  ])1 Ia.w!s.

‘.I’IIc ]IlissioI]  will bcgi]] with tl)e  lau IIclI of tlIc s p a c e c r a f t  f’ro]n a l)clta 11 u’llich w i l l
])l~icc a  thrw axis  stabilizd  s])iicccraft i]]tm a  IIclioccllt)ric tra]]sfcr  orl.)it. Our desigIl
focusd  011 a  July, 30, 1900” laulld]  dat)c a.~ tlIc ]lrilnary  I:IUIICII  o])]mrtu]lity.

‘J’l Ic l)asic  col]cc])tf  o f  Lllc IIeliocclltlic  {Jr;ljcctory dcsigll  i s  I)asd 011 lnultip]c  gral’it,y
:l.ssistls  of VcIIus  aIId IVlerctlry. ‘1’0 arrive ntl h4crc1]ry witlll a suflicicntly  low ITi]]f for low
l)V Orl}itl  ca))turc,  tlic s])auwaft  w i l l  uIIdcI’go  two VcIIus swillgl~ys and two h4cIcuI’y
~,ravity  resists+  Itl lvil] t ake  t)l IrCC l’; art]l ycaw of transit  t)iln(!. l“or tjllc 1999 lnissiollj  two
V(JI us alI(l two h4cIw11rv  swingbys  nrc IIIad C al](l  N401 i s  IIIad C OII tlIc tl~ird l140scury CII-
C.olllltcr. ‘J’llis  scqucIIc.(:  ta];  cs almutl  3 .3  l’;artflt  y e a r s to cxccutjc  all(l  i s  dcsigllatd  a s
l’;\7?N43.

‘1’llc Iirst V(:]Ius flyl)y lIcl])s  to l o w e r  LIIc ltaroli dc])arturc  C13 re(]uirelncllt  and oricllts
tllc  sl)acccraf’t,  orl)it  ])lal](:  into tlIc  ])lal]c occu])icd  l)y h4cI.cury. Wit]l tlllc  sccoIId flyl)y
of Vcllus, tlIc ])uillclioll  of’ the orbit,  is Iowcrcd  tm almut,  ( ) . 3  Al.], WIICN h4mmIy’s orbit
is locatjcd,

‘J’l Ic h4crcury  gravi ty assis ts , coll]l)illcd  wit]]  dw])  s])acc lnal)cuvcrs  l)ctwwui  t,l Ic
~lyl)ys,  se rve  to lolvcr  tlIc  fl])l)dioll  of t)llc tmllsfcr  orbi t  towards  that  of h4cmury ’s orl)itj,
~illcc tl)cr(: i s  a  lilllitl  ws to 11011’ lIlucl I lo]vcrillg,  OIIc cal I ol)tlaill  l~itll a  sillglc  ]~lallctary
fly I)y, IIIOrC tlIall  OIlc h4c1hcury ~lyl)y i s  clI)I)loycd ill tl]c  trajectory dcsigll.  l’; acll h4cl>-
CIII”y flyl~y succcssivdy  col)tril)ulles  to tllc  dw+iral)]c  goa l  of a low Vi Ilf’ at h4crcu  I-y.

A  scllcl)latic of tl]e illtclj)l:~llct:~ly  tlallsfcl  ((>) tlIc  1999 laul~cl) o])l)oltullity  is SlIO\YII
ill tllc  ii~;urcs  tlllatl  accoln])ally  tllc  l)a])cr l)y }’(111, \4Jallis  aIld llOrIl (tlllis  ]Ilcctil]g).  ‘1’lIcsc
scl)cttlat, irs  SIIOW t)l IC (> IIcOIIIIL(SIS ]]criods.

‘1’11( d(sigl]  o f  tjl]c N4(’tcury  orl)iti]lp, ])1 Ias(! i s st, ructud  to IIlcct LII(I  scic]lcc rcquirc-
It)cl]tls  wit)]] a mi]]illlu]l~  ]mssiblc  cx])cl]diturc  o f  ])ro]wlla]]t. h40st  of tlllc orbit d e s i g n s
\\’(’l’(’ driv(:]]  I)y: ( 1 )  tlIe  (Icsires o f  tlllc  lII:l[!,l  Ictc)s])l  IcI’c i]lvcstigatjors  Lo a c h i e v e
co]]l])]cllc]]sil’c COv(!l’agr  of tlll(!  Illa F;llct)c)s])llcl’c  a t ’  A4(!l’(!lll’y, alId (2) t711c desires of  t(l IC
~)la Ilctology  il]vwtigators  for good  c.overage alId  rcsolutlioll  of tll~e ]~lallct)’s  surface.

‘J’IIc orl)it  cl IOs(!II i s  a ~[)()  ]illl  ~ ] Q ]ll. (a]) C)]l CI.lll of aljc)uL ]5, ()()()  ]{111) lm]ar 01’]) it.

‘1’IIc ])crillcr~ll  i s  IIcar tl]e equator. ‘J’])(! h401 wi l l  bC 011 tll C (l~l”li s ide  of tll C ])la]lCtl  :Illd
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will last a])]) roximatdy  !23 lninutcs.
‘1’l)c cl)c)icc  of  LIIc orbit sim at l14wcu1y  is a l so  dc])cIIdcl  It on tile  ma])pillg  ililagc  rcw-

lutliOIl  ISc(l[lil.clllcllts. ‘ 1 ’ 0  ol.~tail~ ilnagc  resolution  01~ tl)~ older of 100 II], tlIc  IIla])])illg
a l t i t u d e  ~vill  llavc to be abut  1 0 0 0  1{111.  IL is tlICII dcsiral)lc  tl]at tllc  orbit  lJC circular  to
obtai])  a Illliforln  g l o b a l  ma])])il]g  at tll IC 100 III rcsolutlioll  aIId a  IIadir  ])oilltillg  s])ac(-
C1’aft. 1 low(!vc]” ,  a  c i r c u l a r  orbit al)c)ut h4crcu Ij’ ])l:ices  tlIc  s]lacc!craft  ill all UIIIIIa IIag(-

:il)]c  (I]lcrll)a]  cl)vil.olllllcllt,  al]d  t]lcrcforc  all clli])tica]  orl)it}  l]as I)Ccl] sclwtjcd,  ‘J’l]c ])V

difl’crcllcc  l.)ctwccII a stal)lc 200”  kIIl X 12 III orl)it  aIId a 200  1(111 c i r cu la r  orbit is 011 tllc
odcr of 1.() kIII/s.  Also, sillcc it is Ilot I;IIOW]I  ~vllat  ]nasco I]s or gravity allolllalics lnay
l)C’ ])rm’llt  at  N4cl’cury , a low ]mlar orl)it  li]ay  m]uirc sigl)ifica)lt  orl)it  sustcIla  IIcc  I)V a s
ol)]mcd  to a lligll clli])tica]  orl)it  rcquirillg,  II OIIC. ]’10111  t,]lis  ])ros])cdivc,  t]lc  clloicc w a s
a zoo” ]~]11 X 12 llr l)olar orl.)it. ‘J’l)is  would  ]IIOducc ilnagc  rcso]utioll  011 tlIc  order of’
1 ()() 111 O\~(!l’ - 40°~J  of t]lc  ])]a]l(!t  ])Cal’  t]l(! C(]llat’ol”  U’;t]l  I[)WC1’ rcsolutiol]  over tllc  ])olar
rcg,iolls.

1 ]ccausc  it is assu]ncd tl)at t]lc J2 of’ h4crcury is IImIly z(K), tl]e orl)itl  IVill IIOt ]JIW
C(’ss , I)ut  rclnaill  il~crtial.  At the ])crillcrm  a l t i t u d e , tllc s])acccraf’t  w i l l  ]l]OVC f’ro III full

SO];i  I> i]]llli-l;ll:it,;{)ll  to total  dar](llcss  o\~cr  ]lalf  of a  h4crc(lry  y e a r  ( 1  h4crcul.y  yca]h: 8s

l{;a]t)l]  d a y s ) .  lt will alsc) cxpcrimcc tvo sul)liscs aIId suIlsck t w i c e  ill h4crcury  ycal,
‘1’IIc s]~acc!craf’t  will scc lnaximuln  cdi])sc ])criok of almut  120 llli  Itutcs,

5. SI’ACI’;CILAIYI1  I> I{;SIGN  CON Cli;l)’J’

‘J’IIC!  s])acccraft  u s e s  a grcatl d e a l  of’ lleritap,c  fro]]] ])rior ‘1’l/W s])acccraft  dmTclol)-
I I I  CIItS. ‘J’IIc lic~  CICIII(HItS  a r c  L]IC l,igl)tsat  test  I)cd l)cillg used  for ‘1’oh4$+l’J)’, tlIc  All(joo”
I)us, tl)c ‘~’l{W d u a l  ]nodc I,Al’; for t]]c l’h4S, ‘1’liW gral)l]itc  fil)cr W1’:i])])d  t’a Ilks for
t]lc 1’h4S,  t])e ~~]?,  t]]c JJ’1,/Tl{W  ~-l):llld  SSI’A, ‘1’I{W varial)le  col~ductal~cc  l~catl  ])i])(c
(\T(;ll l’) tccl,,,ology  a,)cl gallium arsc,lidc  solar  array tccl,l~ology.

‘1’l)c IIlaill lJUS strut.tum would  I.)c tl)c Al 16(K). ‘] ’]lis JI1OC1II]C’  wou]d col)tail)  lnost,  o f
Lltc clcctrc)l]ics  and ])ayload. ‘1’lic ‘J’oh4S-l’;l”  aviollim w i l l  l)c I)a.sclillcd. I t  ]vould  l)csul’-
K)uI~dcd l)y t]]c ])m])u]sio]l  systcln  tal)ks and ])mssul’a]lt, ]mt, t]cs w]lic]l  alc SU]J]JOI’LCCI
l)y a tnss  structure t ied il]to  tllc core 111 Odulc. ‘J’llcsc II IOdulm i]] turn will I)e il)sulatcd
l)y N41,1 l.)lallkcts.

‘I’l Ic d u a l  lnodc ])m])ulsioll  systcn)  w a s  sizd f’or  IIolnillally  a two to tjl]rcc  ycal illtcr-
])lallctjal’y  tl’allsfcl’. ‘J’lIc lllaill  cllgillcs  would k t~vo 560  IIt lnotjors  ( u s e d  ill a bi])rO]Jcl-
1:1111’  II”lodc), ‘J’lIc a t t i t u d e  cOIltIwl cllgillcs  ~vould l)c usd ill  R llC)Il))lC)])CllalltJ  IIIm]C with
tllll’lls~  1(’VCIS  011 tllc  [)r(lcl’ of 2 2 . 5  l]t. ‘1’IIc l)awlil)c  attitude  col)tfrol scIIsOIx f o r  citllcr
s]jacccraft  wOuld  il]cludc  s t a r  sc.al~l~om  slid SUII scIIsOIx.

Wit])  a 40 1<1.)1)s data rate rcquirclncllt  al)d a 12 watt 1{1’ ]mwcr  X-l)a]id  solid statjc
])ol\’[!l” all]])liflcrj  tlIc  s p a c e c r a f t  will  r equ i re  almutl a total of 255 ]vatts o f  e lec t r i ca l
])olv  cl’. ‘~’l)is  would  illciudc  al.mutj  50 watts o f  ]mlver for tlllc  ])ayload  aIId 203 ~VatJts  fo r
lIIC Icl]lailldcr  of tlIc sl)acccraft,  %la Is arrays  l\IOIIld  ])mvidr tl}is clcctrica]  lmwcr. ‘1’IICSC
iirrays  uould  lIave  galliuln arscllidc  solar ce l l s . Also, tllc.sc arrays 011 this tlIrcc axis sta.-
l)iliy,d  sl)acwraftl  would  lw ar(iculatcd  almut a  sillglc  axis  to ol)tjilnize tfllc  tlllcnllal  in]~llt
aIId electrical ]mvw outl]jut  mluircd  t)llmu~;llout  IIJC ]l]issioll. ‘J’llc  battjcrics rcquiwl
would  hc al)c)utt  lb All wit]i  about  :i 55% dc])tl) of diw.l]argc  duri]lg,  tl]c  orl)ital  ]]lissio]~.
‘1’IIP  sl)acmraft  allows for tlhc solar array to ]){’ oric]]t(:cl  o] I dgc WlICII  ill tlIc  sul)solar
]mi]]tl  ill LIIC orbit al]d rcccivillg  I.mtll  tllc solar il]])ut  alId  tllc il)fral’cd ill])ut  fro]]) tllc
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.
])lallct).

‘1’IIc s])am]wft  IIcrlt+ig,c would IXI ofr t)l)c sliclf  sl)acccraft  ])arts. ‘J’l]is  s])acccraft
would I)C Collfigllld  lx) O])(!rat(!  fit N4(!1’CL1l’J’ f o r  a  011(” ycal’ orl)it)al  ])criod  lvit]) a total
l~lissioll  duratliol)  of almut b l~JartlI  y e a r s  il)clusi\’c  of tlIc  3 .3  l’; artjll  ycam ill tlral)sit  t o
h4cIwIy,  A  d e t a i l e d  dcscri])tio]l  o f  tl]c s])acmraf’t  o])tiol]s uIIdcr  cc)]]siclc]’:~tic)]l  duri]lg
tfl]isstu(ly i s  foll~l(l i]] Cruz  a]ld IIcll (tjl)is  lnectlill  f,).

f3. lllI;lUvllIX S(:III;N(;lI; I’A>’l,C)A])

‘J’IIc IIcnncs scimlcc ])ayload  consists  of ilIc visil)le  l i g h t  illlaF,iIl~,  systcll],  tlIc ]ascl
altilllctcr,  tjl IC ult)raviolct  s])cctl’olllctcl’, a n d  lll:lp,l  lctj[)l  ll(’trl’/])l  asllla  S(’lls[ ))’. l’:xu’])t fol”
tlIc l)lagl)ctfc)ll~ctlcl’, a l l  tlIc ilistlrulncllts  arc lnoulltcd  011 a seal] l)latforll] wllicl]  w i l l  1)(
si]lglc or two a x i s  dq)cndi]]g 0 1 1  a IIIOrC dctjaild se t  o f  i]ltlcp,ratcd  olmervatio]l rwluirc-
]Ilc]]ts  \vl Iid I wil l  l)c dctcrlllilld  clol~’llstl$c:]lll. ‘1’IIc! 111:~~,1  ](tloll](t  lcl/])l:lsll]:i  sul)systclll  is
1 )00111 llloullt(:(l  at aboLIt2  k)3 lcll~,tllsoftl]c  IIlaxill]ulll  s])acccraft  dilllcl]siol].

‘J’otfal  volullIc  oft]lc scicllcc IJayload  is  almut fK)() lit)crs.  ‘1’IIc txlcsm])c  aIId lidarsul.)-
Systlmns  cad) al)])mxilllatc  a ( ) , 2 ( )  II) dialnctcr c~’lilldcr  that, is ().5 I I- I  loIIg. ‘1’llc lJ\~S
a])l)roxilllatlcs  a cylilldcr  tlIatf is  0.2111 ill dinlllctlcr  l)y .38 III lol Ig. ‘J’IIc (Iilllcllsiolls  oftllc
ll)ap,ll(:tc)ll]ct(~l’  smIsor arc 5 . 4  X 6.1 X 1 1 . 4  cln. ‘1’llc  lllii~,ll ~tolll(’t(’1” dcctroliics  a])-
])1’oxilllatm a 15X I(; X 18 ( ’ I l l  I)ox,

c.] l’clesco))c#st/l)sysicl)l

‘1’IIc t e l e s c o p e  is a 3 II]irror  an:i.sti~,lllat  su])])lid  l)y O(;A inc. wllicll  I\as mt(!llsivc
IIcritagc ill IIlilitary  ]]mgraIns  including  I)rilliallt, ])cl)l)lcs  and (~lClllClltillC.  ‘llll(!  tCl~’sCol)(!
a]wrturc is l{) CIII. ‘J’IIc focal ratio is f/2.3 [Jwitll  all cfTcctivc  focal  lcIl~tlI of 35 clII. ‘1’lIc
total f i e l d  o f ’  view i s  2.5 dcgrccs  and 11’’01/  i s  4 3  IIliclc)l:i(li:ills.  ‘J’llis  Jfill  ])roviclc 1
1{11) ]wolutjioll illnagil)g  at 21]) C) I) CTI11  (1 [)000” 1<111). ‘1’IIc CaIIICIa  lvill  l)c a  1 0 2 4  x I(E?4

(;(;I) iIIIagcr.  I t  will  incor])oratc  aII cig]lt  ]msitio]l  filter ~vl]wl co~’cri]lg  t]Ic u’avc]cllg’,t]l
ImIl~c o f  ().35  to 1,1 lnicrol]s.

6.2 []/t?’o?)io/ci,qlJcct?’o?)zcic?,9?l[)sysic?)l

‘1’llis  illstruIncllt  i s  a  silnl)lificd  vcrsioll  of’ tllc  lJ\~~  that i s  currcllt]y  OII lmaId t h e
(Jali]co  s])a.cccraft. lt will lla\’ctj\4’c)  cllallllclsl$itll  a walTclcIIgtlI I>aIIgCOf’().ll  (0 .40 llli-
croIIs wit])  a  15 AI IF,stroIIl  rcsolutiol], ‘J’lIc illstrult]cllt  Ivill  IN coaliglld  lvitll  tllc tclc-

~r)() ~1,,1, f’()~a] l~]]:,t]l 50 111111  apc’rtul’oSCO])C axis. ljigllt  will CIItlCr  tlIc ll\{S tlllroug,]l  a  -.
Ijclmco])c  and  wi l l  lN constrailld  l)y a 0 . 1  dcp,rcc X 0 . 1  dq, rw a])crturc }Vllicll  ]vill I)(:
lmresigl]tlcd  alc)lIg  tllc tclcsco])c  sul)systcl  II ~icl(l o f  lricw. ‘1’llis  illstrul)lcl)t  w i l l  l)crlliit
S])wtl’a to l)C takc]l  for Scl(!(’tjcd  rc!, ions of M(!l’(lll’y  ’s S[llfa(’c  at’ a best  case rcso]utiol)  of’

al)ollt 2’:)0 III. It w i l l  l)c su])l)licd  l)Y tllc  IJalmratory  for Atlllos])llcric aIId s])acc l’llysic~
at, tlIc lJllivcrsiiy  of Colorado.
0.3 l)i(l(ll’  t~lil)syslcl)l

‘J’]Ic ]jdar SyStCII)  i s  (1( ’Ijvc(l f’KJIIl  a  IIlfillial)t  l’cl)l)lcs-  (;lcIIIc]Itfi]Ic  d(wi:,]l a]]cl Ivil] lK
s~l])])licd l)y tllc (XA cc)ll)cJl:\ti(J1l. It lIa< a  iV(l:’J’A(;  laser tl)at i s  coalig]]cd \\itl] tl]c
tclcsco])e. lt ol)cratjcs a t  1 0  117 aJld d e l i v e r s  180 IIIJ ])cr ])ulsc al 1.()(j4 IIlicrol)s.  ‘1’llc
lidar d e t e c t o r  w i l l  l)C cqui])])d wit]) a silicon  ])lloto:l\7ali ill Cll(’” diode wllicll  will ])crlnit
lmt]l  tllctilnillg  aIId tllcstlrcllgtl}  o f  tllc  rcturl}d  sig,llal to l)(:(lctctlllillccl.  ‘1’llislvil] ])cr-
lnit l)otl]l rallgil)g all[l ])hotolnctlric  olmrvat,  ions to I)C llll(l(’I’tj ~lli(!ll.

6.4 I’(17’[Z’CICS (171clh’iclds bs7ills?/sic?)?
‘J’IIc IIl:)!,lletlc)ll’lctcl’  i s  a  triaxial {Illxg:ltc  lllflg,ll{’tolll[’t~l’. ‘] ’11(’ Scllsc)l”s  al’(’ lmolll



-8-

. lIIOUllt(:(lj  alId tlllc clcctjrollics  at-c lIIOul Itcd 011 tlIc s])acccraft)a  I tl s  clcsigll will I)c dcrivcii
fro]]) tlIc  IIl:lp,IIctc)IIIc  tcl.s that wcte OII l)oard  tl]c l’iol]ccr  Vcl)us  and G a l i l e o  sj)accm.aft,
ill addition  to t]]c ]S’J’]’/]’o]ar aIId l“AS’~’ I; X1)1OIIT  l)l’ogra II Is. ‘J’llc  ll’lagIlctoll  Ictel’fi

w i l l  I)c su])l)lid l)y lJC1,A. II I  a(lclitiol]  to tlIC II I:Ip,IICtC)II ICteIt tllcsul)systjclll will il]cludc
a  ltlilliaturc!  ]Jl:islna a]lalyzcr su])])licd  l)y l,OS Alalllm A’atiolla]  l,almratory aIld a  l)las-
IIJa w a v e  dclxxtjor  sup])licd l)y ‘1’ltW. ‘1’llc l)lasIIIn  allalym.  will ])rovidc  infor]llatiol]  oll
tflic dist)ortil)g  illflucllcc  of  tllc solar  wind a]ld w i l l  I11WU5UIW  tl~c al)ulldancc  of tl~c iol~s
aIId C!l CCtlIOIIS.  ‘J’IIc ])lasllla  w a v e dctlcctor  li’ill ])mvidc  diagl]ostics  o f  tllc ])la.wla
]) IWCCSSCS  aIId lnay bc al.)]c to l)rovide al)solutc c]cctro]t  dcllsity IIlcaslllcl!lcl]ts.  ‘J’l]is CII-

tirc cIIscIIIhlc of illstrulllcllts  wi l l  I)c illtcgratjcd  illio OIIc ])ackagc  and  wi l l  illtjcrfacc  wi~li
tllcs])acccraftj tlIrOugI,l~  a mIIIIIIOII I)us.

7.0 01’lI;}tA’J’loNS

h4issi01]  o])cratiol}s  lvill 1.w dcsig]lcd  using  .I1’1, Inultilnissioll  ca])al)ilitics  ill order  to
I]laxill)izc  il)lluhit}allcc  and dccrcasc dcvd O]) IIIeIIt  costs. ‘1’l~c  cxistjillg a n d  ])laIIIId Lrack-
illg; tclclllctl.~~  aI)d co~nlnalld  systmIIs  su])lmrtd  I)y tlIe I)cc]) S])acc PJctwork  will 1)(:
USC(1. ‘I’l Ic l)ril[lary ])lalI  i s  (0 sllarc o]wrat,iolls  with tlIc  VOyagcI’  o]wat)iolls  tcalI]. IIy
doing  tl)is,  wc wil l  millilniz[!  tlIc  cost,  of skilld ])crsoIIIIcl  rqllird  for routil)c  o])erat,  ic)lls
aIId  IIlilliltlizc  tlIc  cmt o f  dcvdo])il]g  a IICW ]I)issio]l  o])cratio]]s  systc III.  “J’llis al)])  roach i s

lvcI1 suikd for llwIIcs aIId Voyag;er l)ccausc IIcitllcr  IIjissiol]  l)a.< a  ulliquc  o])cratiolls
systml], tl)c lnissions  do llotj slIarc ])cak activit)’  ]wriods,  aIId tlIc lalmr rquirclnclltls  o f
cacl] IIlissioll  arc silllilar. ‘~’l]c II[:ll])es-lloytlgcl  IIlissioli  o]xratiolls coIIccpt i s  (Imxril)d

i)) f’urtllcr  d e t a i l  Ly S]~radlil),  IJil]ick  allcl llOrII ( t h i s  lnccti]lg).

AI I ilnlmrtallt  wqllircl]lcltt  f o r  a  low cmt, ]l~issioll is  to r(:duce  tlIc lcn~el of orgalliza--
tjiollal  coln]~lcxit)y  and tl)crcl)y  crcatjc a str~lcture }i]licll  lvill l)crlnit  (Il}c tlcalll to lnake
dwisiolls  ra])id]y aIId wit]]  great, Cflicicllcy.  AI I illl])ort,allt,  st.cl) ill t]lis  ]) J’OCCSS  is to dcfi IIc
a IIcw ]~al’tl)crsllip  I)ciwccll  tl)c  IIatiollal lal)oratorim  altd i n d u s t r y .  III order  to do tlli S
f o r  llcrlIIcs, tllc l’rillci])a]  i n v e s t i g a t o r  lIas liill cIItcr il)to a tri])artitlo  agmlnm)tf  Ivitlll
.11’1,  aIld ‘J’l{W wit)l)  additio)]al  Col)tracts  l)cillg  lvt to Ullivcmitim  aIId illdustjry  for ])ay-
lc)ad il)stlrulncllk.

‘1’lIc llcIIIIcs II)issiol)  }vil]  l)c ,lIIa IIa:,d l~y a  tllrcc ])ariy colisortiul]l Coltsistli]]g of
liol~crtj  h4. ~Tclsoll  t(llc IIcrl]]es l)rillci])al  IIlvcstigatorj ‘~’llc Jet, l)ro])ulsio]l  l,almratory,
a]ld ‘1’li\!~ mr]mratioll. ‘1’l)c l’ril]ci])al  IIlvcsti:,alor \vill IN rcs]mllsil)lc for tll]c m’cra]l
IIlissiol]  l)llsillcss,  fill:illci:il, tcclll)ical  alItl scicll[i(ic  Illallii~,Clll  Vllt o f ’  LIIc ])Iojrct all(l  w i l l
l)ale a])])ro])riate  (Ie(.  isiol] aut]lority.

‘1’]Ic ]’ri])ci])a]  ]I)vcstigator  \\’il]  c])air a  t]Ir(Y II I(III)])CI’  ())’(!rsi:,])t  I)oad collsisLillg  o f
IIillls(lf ’, :111(1 olIc l-c])lcscllt;ltil’e  cacl I frolll  ,11’J, alId ‘1’J{W.  ‘1’l)ey \\ill  r e g u l a r l y  rcwiov
tjllc  ])rogrcss  of tllc ])Ic)jcct aIId lvill a s s i s t  ill tllic :l])])oil]tll]cllt  of I{(!J]  Ill:i Ila~Clll  Cllt ])el’.-
Solllld.
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, 9. COIN(;I,  USIC)INS

‘1’IIc  II CIIIICS study lIm fOuIId tl]at scIldi  IIg a mall  ]jla IIctary  orbiter  to h4cIu1ry  i s
]mssll)]c using R ])dta ]1 ]aUIIClI l’dtic]c COIIIbiIICd  wit])  a S])acm’artj  aIl[l illstl’ulllc!l)t)s

lvitl) ]IIOVe II s])acc IIcritage. III additiol] , sucl  I a lnissioll  requires  tllatj  tll)c! tcalI] s i z e  bc
l;c])t sIIIall with tcaIn IncInlmx  assulnillg ]Ilultfi])]c  l.cs])c)l)sil  )ilitjics lfrllicl) moss disci-
])lillal’y lill(’s.

‘1’l)c l)iscovwj l))issioll  coIIcq)i  lIa.s cl IallcIIgcd IIS to rccxall)il)c  f’u]]da]ncntla]  ideas

lr~,:lr(lil]g  tlIc IIldl IOd OlOg;y  of sol fir systmn Cx])lomtio]l. \4Tc lIavc Ics])oIIdcd  to tlllis  cl Ial..
l(III~,c l)y dcvclo])illg  a  lilnited,  yet ml)ust , set of sciultlific  go:i]s. ‘1’his lIas I)CCII (1OIIC  I)y
lIavi IIg sci(lltists work cc)ll:~l)ol.:]tlil’cl~~  wit]]  m)~,illcmi  aIId ]Ila]Iag(rs wlIo lIavc Ime]) il)-
(’Iu(ld  fl’o]ll tfllc start o f  tl)(: II(!rlllcs Stlu(ly ])1’0(![:ss. ‘j’c) ovcrs(:c tjl]is IIlissioll  wc lIavc
dm’clc)])cd  a lnanagclnent  st, ructurc  wllid)  ])cr]llitjs  grcatc:r visil)ility  il]tc)  cacll ])rojwl,
sul)dil’isiol)  wit]lout  sacl”iflcil)g  l))al)ag(!l))cl}t  cfljciel)cy.

10. ACl<NOWI, I’;l)(;I’;h41{;N~rl’S

‘J’llc auL1lors grcatll~~  a])]) rwiatm tlIc suggmtiol)s, ,_su])])ortl advice, al)d mlnll~m)tary  o f
lllilll~  lll:ill~p,(!l’S, Cl).gillcwls, alId  ,scim)tists  at .11 ‘1,, ‘J’l{\V, ])artici])atil)p,  ulliversitlics  2i IId

illdllstrial  conccrIIs.  WC also  l)cllditd  gre,atly  froln  tlllc  fccdl)ac.  k ])rovidecl I.)y l)iscovcr~
]jIwp,I’aIII  IIIaIIagCIyj  at,  lNASA IIca,dquart,c]s  and aIId f’10111 tllcir  Colltractc)r  SA1(; .

‘1’llis  lVO1’li r(!l)rCsclltm ollc ])llasc  of rescarcl) c a r r i e d  out at . 11 ’1 ,  ulIdcr col)tfract  wit]l
~A L+A .
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