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This paper will provide an overview of the Surveyor mission, spacecraft, and science hWu-

ments.  In addition, the use of innovative operational techniques to reduce mission cost, while
slill  delivering comprehensive science, will be discussed,

Nearly six(y  years  a~o cm a chilly evening in
[)c[obcr  1938,  mi l l ions of A m e r i c a n s  livin~  on t}lc
eastern  seaboard bclicwd  that  the world was abcml to
encl, III sc~nw alms, national ~uard troops rcpottccl  for
duty. Many fleet thcit honws,  while othcls  prayed in
churches for  salva  t ion from their soon to be certain
Clratlls.

What  caused  suclt mass hysteria? l;arlic,l  that
cvcninp,,  aLIclicIIccs listcnill~  to the NcwI  Y o r k  C’l K
radio studio atlcf all of its affiliates around  the countty
IKwld  the apocalyptic announcement. “1 ,adics ailcl
~,cntl(mcl),” the news  broacfcastcv pronounced, “we
in(cm upt  our }Irogram of cfal~cc music to brins  you  a
s}mcia]  radio bulletin f]oln tllc  llltctcc~ll(i[lct~tal  Radio
News.”

l;orlunatcly, the iln}mncfinfi  apocaly}xw  was f ic-
tional. This  so-called “special bulletin” was tlw  clc-
ation  of a  younp, or’son  Wc]]es Cnac[ in:, a r a d i o
cital)]ilti~a{io])  of 1 I. C;.  Wells’  WOr  OJilIC  WOrldS.  At tl~e
bcp,inninx,  Welles announced that the cwcning’s  pm-
gIaIn was ficlion. Llnfmiunately,  many tuld in after
tl~c initial disclaimer and became convincd that Mar-
tians were invadinx the Llniteci States with theil  flash-
itlg  lay g u n s  a n d  ~mison s]noke  to set fire  to t h e
coullt(  ysiclc.

110W7CVC1; Welles  unknowingly dcpictcd  the inva-
sion Imckwad, Wl~ilc  nc) Mar[ian has ever seen ltar~h,
N A S A  has explored MaIs with ei~ht  ml,o(ic spacc-

Ctaft s ince ]uly 1965,  but  nom in the last 20 years.
“J’flis s i t u a t i o n  w i l l  c}~anSe in Novctnber  1996 a s

NASA launches  the Mars C;lobal Sulvcyor  spacccraf(
to conduct the most cc)lllf>rc,llellsii,c scientific study of

h4ars  in the }~istory  of space exploration.

‘J’fIe Surveyor spacecraft will laLltlch from the
(’ape (’anawwl  Air  Stat ion in ]Ooricla  b e t w e e n  6
November and ?5 November 1996 on a I )clta  2 rockel,
‘1’fw 1,060-kilogi  am (?,337-pcmnct)  spacecraft, b~]ilt by
] ,C)ckhccd  hlar[ill Astronautics, wilt t[avc]  ncaIly 750

million kilometers (466 million miles)  over  the COUISC
of a 300-clay  cruise to reach Mars in njicl-Septenlber
1997.

Upon reaching Mars, Surveyor will fire  its maitl
rocket  engine  for tile  25-nlinute  Mars orbit inscr[ioll
(MO]) burn. ‘]’his maneuver wilt S 1OW the sf>acccraft
ancl allow the planet’s F,ravity  to capture it into  orbit
lnilially,  Surveyor wilt wl]irl armlnct tllc reel }>laltrt ill
a IIigllly elliptical  orbit that will take 48 llollrs {0 cOnl-
pl(’tc.

After  o r b i t  itmmtion,  Survcyol  wi l l  perform  a
scI ics of otl)it changes to lower the low })oint  of its
orl)it  into  the u p p e r  fringes  o f  the Mar[ian atmo-
s~~]lcrc at an altitude  of alwut  11 (f k i l o m e t e r s  (68
miles). I hlrillg every  atniosphcric  pass, the spacecraft
will slow  down by a slight amount because of air
resistance.  ‘1’his slowin~ wilt cause the s}mcccraft  to
lose altitltclc  on its IIext  ]>ass through  the orbit’s higjt
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View from Above: Photograph taken  by NASA’s Viking orbiter in 1976
shows tllc Martian southern hcrnisplm  with the polar ice cap at ttw
trottonl.

point.  SuIvcyoI  will usc this i n n o v a t i v e  “aclobl[lk-
illg” tccl]niquc  ovct  a }xviod of four mmltl Is to Iow’ct
tlw  hip)]  jwint o f  iis mbil flolll sfb~[)[) kik)ll~et~~s
(34,800  lniles)  to altiiucics  mar 400 kilomctets (250
Inilcs).

‘1’he map}>it]~  phase  of the mission will brf?,in in
mici. Marcl~ 1998. l)uring ma})})ing  cqwtations,  the
s}xrcccraf[  will circle  Maw once every  118 minutes at

all avcra[;c  alti{ucir  of 378  kilometers  (?35 ]niles).  l;O1
6S7  llal LII clays,  S(II vcyol  will utilim this olt,ital van-
tay,c }x~in( 10 collcc[  scientific clat[a ml a col]~illllc)us
basis.

A(tet  mallpinr,  finishes  in  late  ]allua~y  ?OOO,  tlIc
s}mccctaft  will function as a cc)llllllllilicatic))ls  satellite

to 1(.lay d a t a  b a c k  to I[al  [h from  surface lanclcls
lau IIcl Icd as }mIt of futulc Maw ]nissiolls.

Mysterious Planet

Suwqor  w i l l  c(,ncfuc[ map,,inp,  opcta{ions a t

MaIs mow than 3(I years after America’s fiIs[ Iecon-
Imissamc ]nissiml  ]caclml  ilIc mystcl ious Icct })lanct.
S i n c e  then,  an clltirc ~enetation of scimtists  h a v e
s}>cl It tllcil careers atlem}>tir~g to llnlock t}le  Sccicls  of
Mars by analy~ing  clata ttansmittcd  back to lkrrtll  by
NASA’s ]obotic cxp]orcrs. Tiwsc cffol  1s wsullcd in a

t  I  cmct-tdous  m}xrnsictn  of  kncm’lectsc  cmnparecl  to
wlmt was  known  m that  fateful oclobcr  cveninr,  in
j~~~ ~%,],e[l  fictiti~tls Mal[jaI~  jl~va~]cls CfC’ClalCd Wal

ml AI I-ICI ica. 1 I(JWCVCI,  malIy questions rmmilt ulIan-

swctcd.  I’he data ret urmd fmm the StIi vcym mission

will yield  valuab]c insi~llts  into these mystct  ies.

Unsolved Mysteries. One  of the mmt intli~uinr,,

uilanswerecl  scientific qucstiolis  is why do l;arlh  atld
MaIs ap]mal diffclmt toclay? C)VCI  ortc billion  yWIIs
a:,o, Mars ancl l;kII III shared  similal conditiolw. lk)tll
]~lancts IIarbolccl  I’ast  q u a n t i t i e s  of s(llfacc  wa{cr,
thick at mos}~hcrcs,  and temperate climates.

‘l bciay, liarth is a lush world  filled with a coulll-
lcss numbet  of animal and plant s}wcics. III ccmtlast,
data F>ath’l”d  from Mals 01’CI tl~c last so y~als  shc)ws
that  the ~~land lies {I appd in cmlclilions lcminiscent
o f  a  slobal  i c e  aF,c. ‘1’hc dry allcl  Seclllirlgjy  lif~l~sf+
Martian sulfacc  makes  the %hara look  like an ocean
in compal  i s o n ,  and d a i l y  tem]wratu]cs  Plumlnct

lower tlwrn  that found  in Antarctica. C’mn}larirlF,  the
histo]y ancl cvolutirm of the two }llanets  w i l l  yield
clues into l:aith’s ]Jast and }mssibly  its fut[lm.

1 kspite its forbidding climate, scientists considet
hflars as tlm }>lime ]ocatioll  i n  t h e  Solar  Systcm  to
scit Icl I fol cxtitltcricstr’ial  life.  Sensors aboad vaticms
N A S A  s}mccctafl  laul,chccl  to Mals OVCI  tlw last 30
ycaIs  h a v e  s}low]l  that  advanced  life fotms allnost
certainly  clo nol mist  cm the Planet  today.  I lowcvcv,
nlany feel that the }Jlanet  may hiclc bac[ci  ial fol ms of
life  or tl)cil  fossil remains.

()})timism  rcy,adin~  the cliscovct y of life  on Mars
life lcsults  iII }mrt ftoln tlw  fact that sut(acc  tcm}ml(l-
turcs 011 Mar+  Icseml)le  t h e  }~,artl]’s  more tlmn at~y
Otl]cr })lallct. l;m e x a m p l e ,  .some ]ocatiotls  ]-real tlw

equator  may warm up to as hif+ as ?5(’ C’ c/7[’ 1° at
n o o n t i m e  dLII ing all cxtwmely  laIc lmat  wave. ‘]’his
similal ity in tClll]X’lat  Lll M ICsults  f( ml-r the fact that
Mats olbits the SLII-I  oIIly slightly farthet  out  than  tlw
1 krrth. 1 lowcvcr, daytime tem}lcratures  still avcla[;e
w7cll  bclmv  fwmin~,, and ni~,llt kmpcrdturcs  d ip

I’llllch IOWC1”.

The Air Up There. h4ar[ian  cmclitimls  may seem
almost il]vitin$ to tlm smsold outcloms  m}]lor(~r, but
tllc  Composition  of tllc  atmosphere leaves mIIch to be
dcsiiccl from a IIumatl  ]wts}~cc~ivc. Most of tlIc  L4a I-
tialt  air  c o n s i s t s  of cat-bon  dimiclc  (C’ol),  sil~lilal  t~~
concli(icms on VCIIUS. 1 f brcathinx  carbon  d iwxidc
seems u n i n v i t i n g ,  tllc cicnsi(y of the  a i r  w i l l  appeal

\VOISC. Avctaf’,e bat’onwt!’ic pressures  c)l I Mals }~1111~~-
IIICI to a ]cvcl lower than that found at list  th’s sea
lCVC1  by a factol  of more than 1 ?5. II-t otlm words, the
air at th~ Surface of Mars is thirl  Iml’ than  that found  Otl
ILal 111 at an altituclc  19 times lli~,lw] that) I kmvet, [’fo-
01’aclo.

l’he cxtmnely  tl~iil Ma? [ian ail diicctly  impacts
tlw Inyskv  y  o f  potclllial  life  on h4ars, citlm ill tlw
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pasl  or lJICWII1. 1 ‘he wason  is that almost  all 0( the
watct  lies lI[)])])CCI in {he soutlmrn  polar icc ca]~ or fro-
Ycn Iwticath tlw surface.  1 ,iquicl  watct cannot  exist 011
IIIC  s u r f a c e  Iwcausc tlw tllitl atmospl~m  wi l l  came
lllcltitl~,  ice to mapolatc ciitcclly into watm  vapol.  Sci-
cnlists  call tl~is Plc>cess “slll~lilllatioll.’”

Water World? Althou~)I  liquid watct m h4ats will
ins!dntly  cva}mrate,  ]>holo:,ra]~hs transmitted back to
lkII{l I l)y  }>lcvir)us N A S A  m i s s i o n s  {c) tllc  })la IIet
I(,veal  a  c o u n t l e s s  nulnbet  of ~,iant flood  chaIIIIcls,

dly rivet beds,  and flood  Plains  OII the sulfacc ‘I’f Ie
evidcv Icc of ]~ast watcl ml MaIs sugscsts  t h a t  t h e
]llanct’s  clistant  past suppm  ted mm tcm]m atc cOl~-
ditiol]s wilh  a thiclwr  atmos]>hete  and ]mssibly  clm}I
oceans filled wit]l  water.

Scictltists  thmrim  that if Marx OIICC ]xmesscd a
thickw  almos}lhelc  aml  vasl  q u a n t i t i e s  o f  surface
watct billions of years  a~,o, then  the plancl may have
haItmred conditions favoral>le  to the formation of life.
AltlIou~ll Suwcyor will not conduct a direct  search
f(,l life ON  Mars, tlIC s}mcectaft  will :,atlwt  clctailccl

clata tlmt  w’ill hcl]~ in understanding the myslcly of
t}Ic lnissinc watm. This ty}m of study wi l l  }Jrovidc
imfmr’krllt  backF,round  data that will hc]p  Scicvltists in
tlwit  scnrcl I fot Ma~ tian  Iifc  m future missions.

Natural Wonders. (;mlogically, h4ars  is also onc of
tlw  mosl  intmcstin: }>]anets  in the Solar Systmn,  This

small,  reef-cololecl, rocky }Jlanct ranks  ill sin as twice
as lar$c  as the h40m~, but only IIalf as laI~,e as lkir[l~,
I )es}~itc the planet’s  small size, it contains large ]cc
ca}m at CMC41 }mlc,  ,I canyo~l Inuc}l  dcqwr  thaIl  tlw
(; IaIId C’anyon ancl lonfier  than the LJnited  States, cra-
tct  valleys as lai~)c as tctlmtrial colltillcrlls, and four
]mssib]  y ext inct ,  monstmus  vo]callocs  that  make
h40uilt  li.vmest  a},},cal  tiny in cmn}mI  ismi

SOtm Assembly Required

1 ICsifyil,:,  a IobLIst IIlachirlr  to filtllc] data tltat
w i l l  yiclcl CIUCS  itlto  the rnystmy  of h4als is  not  an
easy task. ~’oilsicle] t h e  f a c t  tlmt  fto]n  lautlcll ill
Novcmlm  1996 to the cmmpletim O( ma]q)in~  ill JatI-
IIa Iy ?000, Sur\’cyor mLIsl  operate without  majol  mill -
furlctio~ls. If a com}wllcnt  oIl tlw spaccclafl bIcmks, no
IImrns  mist to scIId a rc~~aiT CICW  to Ma Is.

No FlyinO Saucers. ‘1’he S{lt vcyor  s}>accctaft, fabri-
cated at the 1,ockhced Marlin Astronautics }>lnnt in
1 kIIvcI, ap}wars  IIothinr, like the S}mcc  Slluttlc or thr
saucm-slla}wcl  Ll}:(k ctcpic[ccl  by 1 lollywoml over the
last half cctitur  y. IIwtcad,  Sul-vcyor  looks  like a rcctan-
[;ulat-sha]ml  box wi th  winfi-lilw }~rojcc[iolls extend-
ing fmln o}~}xmitc  sides.

WIICII  fully  loaded  with })ro}mllatlt  al the time of
launch,  the sl,acccraft  w i l l  wciF)~ oIIly 1,060-kilm
8,1ams (?,337  }IOLIIICIS).  Most of Survcym’s  mass ]ies in

Hiyh Watch  1 argc channels mark the site of a catastrophic flood long ago in Martian Ilistory. 1 he cratrx on the left sicle  of WC picture is ?5 km wide
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tile  box-sllapcd  mdulc  occupyi]Ig  the center por[ion
of ilIC s]mccclaf(,  III r e a l i t y ,  t h i s  cc~ntcr nlodule is

ma(lc 0( lW(I stnallcv ~cclangular modules  s t a c k e d  011

1(1]> of WICII  OthCI. OIIC of the two s m a l l e r  modules,

called  the equi}ment  module,  ]Iolcis all of the s}]ace-
Claf[’s  clecil(mics  and science ins(l  uInc IIts. The  otlm;
callcc] tllc  }J]opulsion mociuk’,  1101ISCS Survey(w’s
mctwt  cnfiincs  and propellant tanks,

Electronic Parts. Not incluciins  itclns  attached m
tllc  ou[sidc,  the cqui}mwnt  module mcasums  a]>]>rOx-
imatcly  80 centimeters (?.6 fed) tail. Most of the clec-
tlollics that I un the spacecraft  lie insicic tllc  module,
wl]ilc tlw scimce  instrume]}ls  arc bolted  mltsidc on
tllc  clICi o},i,osilc the pmpulsim  IiiC)ciLllc.

Inside, two identical cmnputers  will orci~mtralc
allllos( all of the sf>acecraf[’s fiifillt  a c t i v i t i e s .
AitilouSl~  oniy  one of tiw  two units  wiil cent  Ic)l SuI-
vcyot  at ally om’ time, identical sofiwaw  wili IUII con-
cult(’iltly in tile  backu}> unit ill case of an cmctgency.
]{aC]l  C(ml}>utcl cOntrOl until cOllsists o f  a  h4arcorli
1750A  ]Ilic[[,}>rc)ccssc)r,  128 Kbytcs  of RAM fo] storir]~
}> IO:  I, IIIIS to control the spacecraft, and ?() Kbytcs  of
Roh4  tlmt  coll[ain cocic~ to ILIII basic survivai routines
ill the event  timt  tile  com}mtcrs  ex~mricncc a reset,

A d d i t i o n a l  stmage s}wcc fm scietlcc aIId  s~mcc
cr(lft hcwitil  data  wiil be }>mvicicct by  two so]ici-sta!c
l’~w)l dcrs with a combincci  ca]lacit  y of 375 ]ncr,at)ytcs,

Sum’cyor  wili be Ame~ica’s  firs[  spacccraf[  s e n t  to
a n o t h e r  }>latlct  to cxciusivc]y  usc comi>uter  RAM
ilis[eact  of a ta]w  lccorcicr  for  mass ciata storar,c.  “i’his
icchno]ogical  im}>mvcment  wili Ctralilatically  IIduce

operational  cmn]]lcxit~) (Iler’cl)y rcciucilig  m i s s i o n
})iatlnins costs ciuring  fiifJ]t.

I’ile cquii>ment  mociulc  also houses  thrm “lmc-
tio]l  whceis”  mounted in ctircctimls  at l’ir~lt atl~ics  to
cacil olhet,  SutveyoI’s  fii@lt co]nputers  can c o n t r o l
the s}>in of eaci~ OIIe of these disks. Ily s})innin~  ciiffcr-
c]lt sets of disks at fast speeds, the spacecraft will be
able to mtatc its tdy and  point its rocket engine or
scicncc instt UIIWIItS ill atly  ciirvction.  l[li~incers refer
{o tilis  co]lcc})t of spit]nins ciisks to c}mn~e  pc,inting
ciitcctiom as “atiitucie  control, ”

Rocket Science. SLI Iveyor’s  main r ockd CllgillC
1107.zIc sits outsicic ti~c pro}) uision mmiulc  011 ti~c enci
op]wsitc  the [~quiimlent  m o d u l e ,  WlleIl fired  ciurin~
IIla]ol”  ll]al”l(WVCTS,  thi S I?ll~illC Will ~>Kl\~idf?  a thILISt of
659 Ncwtms.  If applied at sea level, tilat amount  of
fwcc wmid b e  s t r o n g  eIIOLIgiI to susi,enci a 14S
]munct ]xmon in ]nicf-air,

“1’hc  maitl cn~ir]e  derives its power  by buttlirlr,  a
combination  of nitwF,crl  tcttoxicic  (N204) ancl hycira  -
~,illc (a cict ivativc of N21 ]4). hgineers  workinr,  m the
l)tojeci  c a l l  tl]is c}wmical  combirlation  “ilypctgolic.”
‘1’his term  ]cfcrs  to the fact tilat  {Ilc two cilcmicals  Wiii
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s]) Ontm’mlsly  Combllst  when they  Colllc ink) C’o]ltact

with (’ml] otl IcI. III other  words, 110 s}mrk is nccclcd to
ifinitc  the cnf,  inc.

in addit ion to tlw main cnSinc,  Sllrveyor  also cat--
rim small “at[itucle cOnttOl” tllr’llstcrs  atlacld  to
coch  ccIrnct O f  tlw l~rcr])ulsi  On mmfulc  I;laClI me of
tllcse !iny wclwl cnSincs  oIIly ]mwiclcs  4.45 Newtons
of tIIIrIst. ‘1’tlcir m a i n  }~urlxrsc  i n v o l v e s  pctfor]ning
sIIlall course  colrec[ion  chan~,cs  and kcc}>inr, tlIc
s])acecraf  I f mm wobbling out  of cent I 01 d urit l?, mail 1

engine hums.

III total, Surveyor will carry  385 kiloCranw  (849
}- rounds)  of }>m]wllant.  Nearly  75% of tlmt  amount
~(~ill lW Cxf>cllded dllrirl~ the MO] burn to allow the
s]mcccraf[  to slow down and enter  orbit  arou]lcl h4aw.

Power From the Sun. ‘Iwo solar  arI ays, each 3.53
nwtcvs (11.6 feet)  long  by 1.85 meters  (6.1 fed) wide
\\’ill ~,athct  }mvct froln  the SUII  to gcnctatc  clcct I icity.
I121cll  at I ay n!o[ttlts  {0 tlw main body of the spnceci aft
close to tlw attachment point bctwccn IIIC cqui}>lncmt
aIId  }lm}]ulsion moclulcs.  l<cctallgtllar-slla]~ed,  m e t a l
fta],s atlacllcd at the ends  of both alrays actd anothct
81.3 cclltinwtel’s  (3? inches) to the overall sltuc[urc.
‘1’llcse “[ilcl F, fla}w” scwc Ilo  }Jur}wsc otl~cr  t h a n  to

illctcasc  tile  s}mcccraft’s  suscept ibi l i ty  to ait rmis-
tancc whcm it flies throufih  the Maltian atmos])llcw to
I(IWICI its (Irl>it,

liach  arlay consists of two panels,  an inner and

out<’]  }mnel colnpliscd of gallillm awcnicic  and silicon
solar  cells, ~cs}wctivcly.  1 )uring  nla])})in?,  o}mtatiolls
at h4als,  the amout]t of power  }~roduccd by the arrays
will vaty from a ]li@ of 980  Watts when h4a]s is clos-
es! to tllc  %111,  to a low of about  660 Watts  when Mals
i s  fatthest  ftom tile SUII. III order  to unclcrslancf  tlw

dif(iculiy of clesigtlinp, and ofwrating an intcr})lanc-
tcary  s}mcccraft,  consider tlw fat{ that 980  Watts is ICSS
lmwct  tlmn  tlmt IIsccl  by an orditlar’y  hair clrycr.

While in orbit around  Mar+., the solar  arl ays will
~)l(widc  powct  as Sutvcym  flies over  tllc  day  siclc of
tllc  ]~latwt. When tlw spacecraft passes over thr nip,ht
side, cnct~y will flow from  two n i c k e l - l t y c t m S c n
(Nil 12) bat[c]ics to com},cnsate  for  tllc  tem}mral-y  IOSS
of lWWCI  from tllc  solar arrays.  ‘1’hese two tmtlwies
can pmviclc ]mvcr  for over an hol]r befolc requititl~
a r~~clmr~,e ftom the solar  arrays.

Keeping in Touch, ]n oIdeI to cowlmunicatc  wit}]
tl)c liarlh, Surveyor  wi l l  use a 1.5 nwtm (59 i n c h )
ciiamctct  lli~,ll-p,ain  antenna dish that sits at the cnci of
a ?.0 lnetcr (6.6 foot)  10nS Imom at[achcd  to the ]>rO-
Pulsion  mociulc.  ‘iwo rotating joints, callccl  Simlmls,
1101(1 the antenna to the twom, ‘1’he Gimbals  will allow

—

tlw an{cmna  to a[itonlaticaliy  tfack  a n d  }mint  a( the
lial [II whiic  t}m scimlcc insh  unmlts observe Mars.

one of tlm hip,h-~aill  antenna’s two main fuilc-
tions wili illvolvc  receiving command },~o~rams  sent
l)y the fright opcratimls  team  011 lhrill. I’hesc  pm
[;[anw, called  cmamand sequences,  wi l l  contain
ilwtiuc[icms  to tcli Surveyor w h a t  func(ions  to Per-
form for time }wtiocis  II}) to sevctl  weeks  iII dulation
I )utinp,  commanding }-miocls,  cla!a wili flow to Sur’-
vcym at a rate  u]) to 750 cmnlnancis  pet millutc (500
l)its pcr  sccotIct).

‘1’i]e arttrnna’s  crtllcr  main funcliolt invo]vcs  sclIcl-
itl~, dat,a back to IJ,arth,  All transmissions bmadcasl by
f;urvryor  will u[iliy,e  X-bancl  radio sig[lals  lIeal 8,4
[;i~lhcr[z,.  ‘Hint  ftcqucncy  wc)ulcf  bc cc]uivalcnt  to
8,400  on all I;M rcceiier if orditmry r a d i o  d i a l s
lcachccl that }Iip,ll, ‘ICI Com}>licatc matlms, Surveyor’s
ladio t[c~nslnitlc]  will broadcast with a }mvcr of otlly
25 Watts. By the time tlw siSllal  crosses mil]iolw Of
kilmnctcrs  O f  s])acc to rcacll tile l[ar[ll, tlw si~llal
s~i(,rlp,tll will dimillis]l  to Icss t}lan OrIc  IIliilimlth of
one I>illioll(ll of a Watt.  1 low small is that number? If
(JIlc COU]C1 F,atller energy at that rate to chal::c  a bat-
tery, it would take  3(I m i l l i o n  y e a r s  to store cIIr)ugl  I

chaI~,c  to I UII a wrist watcli fol one sccOIId.

in order 10 receive  the faint si~nal  ttalwmissions
sent f rom Mars by Survcyol;  N A S A  wili tltilim tllc
{;i~atltic  t I acking a n t e n n a s  of tl]e 1 >CCJ) Space  Net-
w o r k .  I’hcvm 34-mctcv  (11 ?-foot) cliametcr  antennas
aw located  in tlw  N40ja\’c  cicwri, Spain, ald Austtalia.
The IarSe sim of tl~mc l[ar[l~-l~asccl  ttackin~  alltenilas
will alimv S111 vcyor to ttansmit scientific ctata at rates
II}) to  85,333  bits ]mr sccc)ncl.  It-l contrast,  tl~c average
lImm com]>utcr  modem functic)ns at 14,400  bits }wr
Sc’col]d.

Tools for Surveying

‘l’lar-lsn)issioll  latcs as fast as 85,333  bits per scc-
(JI-ICI wi]i aliow SIIIVCy OI’s six mail]  sc ient i f ic  instl  u-
lmnts to send Ilcarly  83 gi~abytcs  of data back to
1 ‘<arth ovcl  the COU1  w of 6S7 days of nla})})inp,  o]wla-
tiolls.  l’hc cnm mous amount  c)f d a t a ,  cIIouglI  to fili
over  130 C’I )-l<[)h4s,  wili cmtriblltc  to an mtwmcly
c(~ln]~IclwI\sive  study  of the h4al-lian  atlnosplwre,  sur-
face featurm, lninelal clistt ibution, and  nla$nctic
]>ro}wrties.

Mars Orbiter Camera (MOC).  Most of tllc  data vol-
ume ftom SurveyoI  will be generated by a dual-mode
calmra  calicd  tile  h4(K’,  This  cfcvice works like a tcle-
i’ision  calmra,  but wili takes  stili  ima~cs  instead of
lnotim video. III narmw-anr,le  mode,  MOC”s  b l a c k
anct white, his,h-resolution telc}~hoto lens will s~crt
Martian rocks and other  objects as small as 1.4 meters

Mars Global Swwyor  Mission



Survr!yor’s htrt!rrlenh:  Counterclockwise fronl  tOp Iefl: nEigrWiOnleler, laSt?t, relay  antenrla,  thCrlllal  enliSSiOn  SIJeCkOrrleter, rad10  SCiCrlCe,  Carrlcra.

( 4 . 6  f e e t )  across  fmm orb i t .  ‘1’hesc })ic[urcs will  bc
shill 1> cr-lou~,ll to help scientists conduct  ctetailccl  ~co-
lo?)ical  studies  without SCttil\F,  foot on (hC },lanc(

II) co]ltlast  to the detailed  surface ima~cs,  M(X”S
wide-al~~,lc, ~lobal  mm~itming mocle will use a “fish-
cyc”  ICIM to germmte  s}wclaculat  pano~amic  images
in CO1OI spanning from horimn  to horimn. ‘t ‘line })ic-
t(lrcs  will ]cscmble  w e a t h e r  ]~hotos  of list  111 cOnl-
motl]y shown  on late-niSht news  l>]oadcasts. N A S A
WII1 rclmm many of these Ilnar,cs  on a }~ul~lw  access,
“ i n f o r m a t i o n  su}wl-hi~hway”  called  tile  lrltct  Iwt
alnl(mt  as sm)n tlw radio sip, ilals  caltyill~ tlw ]>ict~lrcs
lc’acll tile lklllh.

Llsillp, IIurlctrwts  of t h e s e  p a n o r a m i c  ]>1]0(0
~,raphs, scientists all ovcl the world will be able to
],lay tl]cvn  like a motion “fli})-tmok”  or a film ‘1’his
al>ility  will allow  thcnn to see tl]c l i fe history c)f h4al-

tiali wcat}lcr  }Jlwnomcna such as dus[ storms, cloud

fot rlmtiorls,  and  tllc  ~rowth  and c o n t r a c t i o n  c~f the
}mlat  icc ca]m.  i n  actctitim, these time-lapse aninla-
tions  will allow scientists to keep tlack of surface  fca-
tL1l’CS that @ b]WVll by the’ Wild, SLICII aS CtllSt Stl’CYlkS

awl sand dunes.

Mars Orbiter Laser Altimeter (MOLA).  Lll\like s} Mcc-
claf( }mrtrayeci  in science fiction stories, Surveyot”s
laser  was not  designed  to fcnct off  hostile aliens  wail-
in~, in alnbLIslI.  lnsteacf,  scientists will use the laser
altilnctcr, known  as M(J1 A, to ~atlwt  data {hat wi l l
CI ml JIC tlmm to calculate  the height of sur(acc  fca-
tlllcs.

I’}lis a l t i tude ctetermirlation  F)IOCCSS  w o r k s  b y
lneasulinpj  the time that a pulse  of lip,ht iakcs  to lcmve
tlw  s}mccci  aft, ]cflcct  off  of tlw ~,rounct,  and return to
M()] A’s  collcctinx  mirror. By multiplying the reflcc-
tim time  by the s])cccl of li:ht,  scientists will be al}lc
{0 calculate Sutvcyo]’s  altitude above tile local terrain

to within 30 meters (98 feet) or bcltm.

As the s]mceclaft  flies above  hills, valleys, craters,
arlct  othct surface features, its altitude almvc  the
p,r’ound  will constantly change’. A Colnbinatim  of
h401 A data with ima~cs  f[om the camma  will allow
Scientists to construc[  a detailed topogla}>hical  atlas
of the }>lanct,  Such maps will help in ttw uncferstand-
illF, of t]lc F,ec)loSical forces that shaped  Maw.

Thermal Emission Spectrometer (TES),  Although sci-
mtists will Ctc}mlci heavily on visual imaxcs  fot their
h4ar\ian  studies,  a third  i~lstrumcmt  m Surveyor  wi l l
illlagc, tlIC })]anet  in re~, ions of t h e  cllc’t’gy SpCCtIUlll

that  humans cannot  see. ‘1’his ir’lstrument,  called  1’1 S,
will conduct inft  amt sca~ls of tlw  platwt. 011 a COIOI
cllar[,  ill ftamd  le}>lcseilts  tllc  region  tl}at WOUICI  t a k e
01] an mtmmly Ctcc})  red huc  if tlw human  eye could
see it, Scirrltists  fl’cquen{ly  refer  to infrared  emissions
as IIcat  0) thct mal erlct~)y.

‘1’1  (S works on the cmce}>t  that diffcwnt  t yfws  of
[om}muncls  will take cm ctiffcvwlt  tcm~pmatutes  wtm]
mposecl  to the same amount of sutlligltt,  Pm  mam-
])Ic, watet  in the ocean always remains cooler than the
Imt  sand on tlm bcacll.  “1’hc thermal data radioed t~ack
to Har[h  ffom 1’1% will allow scientists to determine

— —.
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(IIC ~eneral  minelal com]msition  0( patches  of ~mutld
as small  as 9.0 squaw kilcmwkm  (3.5 squatc  miles) in
arm. Scicnlis(s  will ~atller this ty}w  of data over many
d a y s  i n  orcfct to coIIci Llc( a ]>lanct-wide  millcral sur-
vc)y of Mars, II] aclcfiiion,  ‘1’1[S will also scan the Mar-
tial]  attnos}>lwre  to }Irovidc data for tlw study of tlw
clouds and Wcathc’r’.

Many scientists hope  that ‘1’fiS will ultimately
yield clues into the location of clays containing car-
bc)natc mitwr’a]s.  AlthouSh  no liquid water  exists on
h4ars  tcday,  carlm]mtc  Clc})mits mi~ht ittcticatc areas

that coulci have been shorc]incs  lcmx ago in Martian
IIisl(>ry. litltu]c missions to Mars mi~ht Iwgitl their
search for fossil remains of life  in arms identified by
‘1’1 ~!s da t{].

Magnetometer (MAG).  ‘1’his instrummt will attem}>t
{0 ]IwasuIL~ the pooIly u n d e r s t o o d  ~lobal m a g n e t i c

pro] wltics  of Mars. On liarlh, an extwmely  fmwerful
lna~,tlc{ic  field  surrounds the planet. The ma~netism
11’SLII I S  fl’om an cllojnloLIs  al))~~l),t  Of mo]t~,l  jroj)
Cllurninc at the center  of the Harth.

II) comparison, data rcturmd from previous  Mars
lnissions  iilcticatcs  that the Martian ma~netic  field  is

m(Imwly weak and almost ncm-existent. I\y lmkinfi
a t  d a t a  fr(lnl  Surveyor’s  llla~flc(om~t~t, scier~tists
ho}w  to learn  about  the interim com}msiticm  of Mars.
Sucl I a stllcly  will also yield insight into  tllc  llisloly of
the Sm}>hysical  forces that shaped  Mars. Scictltists

Giaot Volcano: Olympos Mons, as shown in a Viking orbiter photograph,
will M! one of nlany sites imaged by Sorveyor’s  instrunmts. 1 his VOI
cano is ?7 km tall and covers a sorface  area larger than Arizona.

Radio Science (USO). All of the data collcctccl  by
tl}c four instt umcnts  arrives at ]iarth by way of radio
si:, nals tlallsmit[cct  ftom the spacectaf[,  A  s p e c i a l
~roup  of scioltists  will use sophisticated computers
10 analyw  these si~wrls.  They ate illtcrestd not in tile
d a t a  contaitd  ill the si~nals,  but iri tlw e l e c t r i c a l
St IC’ll:, th and “tone” of the transmissions. ‘1 hc Ieaso]l
fol this immense intcwst  is that Surveyor carries a
t i n y  device  called  the ultrastab]c  c)scillatol  (11  S( ) ) ,
This  unit acts as an clcc{tmic  clock that w’ill allow the

spacecraft’s radio  to broadcast si:, nals at arl e~tl~m[.ly
])]ccisc  flcquellcy,

WhcI) in c)rl)it,tilly~latiatiolls illtllestlcilg,(l~of
the MaTtian  p,ravity  causecl  b y  slnall  “i>]cn~is]lcs”  in
tlwplanel’s  shape will bump thespacccraft  sli~hfly
flom its anticipated path, l)urin~ these bumps, the
“tone”  of %lrvcyor’s  radio signal  will vary by a sli~ht
almrunl,  I\y analyz,  inr, these tiIiy cl)arrr,cs, scientists
Jvil] h’ abl(’ to delct’rnilw  M a r s ’  shape  more  aCCLl-

Iatcly tl]an c\rer b e f o r e ,  ‘Wis  data \vill  also be COIn-

l,ined  wilh tl~e ]aser altin~eter  (h401, A) d a t a  t~>
im])rovcon  tlleaccul”acyof  tllctc)}>c)gra})llical  Inaps.

in aclclitio~i,  this team of “radio scientists” will
also COn  CjIICl occul tat ion experinletlts.  ,4s sllrv~y[)r

~)ass~s c)l’clt l)cc]aysideof  Mars ancl a])proac}lc,stllc
lli~,ht side,  tllc  }>lailct will block ~-adic) signals  f r o m
Icacliill$  lialtll. l[ngitlccm  refer  to this blockage  as aII
OCCLlltatiOI1. l)llt’ill~ th’ f(%v  IIlillllt($  jLISt hfor(’ tllc
s])acccraft  flicsbellind  Mars, and clurin~  the few  min-
utes after  it rca~)}wars, Surveyor’s radio sigyal  will

})ass thrm@~  the thin Martian atmospher e c)ll its ~fi~y
to l;attl~. An ar~alysis  of the distortion of the signal’s
strm~th  a n d  tone  a s  it fades and rca]>}wars w i l l
Crlablc scientists to delcrmirle  the atmosf)heric  plCS-

sure at a specific location m) Mars,

l)urinS687daysOf  Illaf)}>itlSo}>etatic)lls,  tlw ori-
cvltation  c)f liarth relative to the spaccclaft’s  orbit will
:,tacfually  change and allow the radio science team to
:,ather  data about the Martian atmosphere all over the
]Ilalwt, WlwIl combimcl with data fmm the thermal
clrrission  s}xctrmmter  (’I’f R), scierltists will beable to
:,airl a greatel t[tlcferstar~ciii~g  of the Martian atn)()-
sl)hcrc  tlmn  cwerldmc.

Mars Relay (MR). Oftl]c~six  ]~]air,i l]strlll]~cI]tst l~at
will fly to h4ars  on $iurveyor,  the Mars Rc]ay  is the
only  ot~e not designed to take scientific measure-
ments,  lrlstead,  this cylindrical-shaped antenna will
foctls its efforts  on collectin~  data transmitkd to Sur-
VCYOt  frolll ]alld[~rs  on the Maltian surface. Aftcv  COl-

lcctirl~tlle cfata, Survcyc)r  will transmit tlwcfata  back
to 1 [alth.

Mars Global Surveyor Mission



Reliable Power: 1 he three slage Della 2 is one of the most dependable
rockcts in AnK!rica’sa  rsenal.At  Ihetirrleof  launch, Sarvcyorwill  sit in
the white colored nose cone at the top of the Delta.

Maltian landers that  Surveyor’s wlay lnay  su},-
]ml include a R u s s i a n  sf>accctaft scheduled  fm
launch i[~l~~id-Nc)vctl~  l>cr1996,  and Amcrican}~rolws
schcdl]lcd  follallllc}lil  llate1998atld  ?001.

Lighting the Fuse

lk(Ow  Surveyor’s sophisticated group of scic])-
tific  instruments can begin  to collect data about  Mars,
the s p a c e c r a f t  mLwt  first survive the long  joulrlcy
ft(m~  the ltarlll. ‘1’hc first step in this trip will begin
solllc~(imein  November 1996 with  a launch  on a Ilclta
? locket flom t}w Atlantic seacoast in l~loricla.

An Econonly Fare. ‘1’hc lklta ? ,  manufac tu red  b y
Mcl)onncll IXmglas  Acros]mce,  c o n s i s t s  of tllwc
sta F,($s. ]n Otllcr  words, the IIclta roctm[ is a cOl@Oln-

mationof  tllrcc’ slllaller rockets  stacked  onto pofeach
othcl  with tlte Surveyor spacecraft at the to}>. ll~cluct -
illfi SllrVCYOI, the ])CIM  will wei+ ?31,325  kilo~lams

(51 O,OOO }mut]ds)  at tllc  time of launch  and will stand
nearly 37 meters  (121 feet)  tall. Most  O( the r o c k e t ’ s
m a s s  resides  in the mormms  amount of pm}wllant
needed  to boost  Survcycw  into  space.

In the past,  lklta rockets  have  }>rimal’ily  bum
used by NASA, the Airl:orcc,,  aml cmnmercial  orF,ani-
mtions  to launch small to nwctium-siyml  satellites

into lialth orbi[.  I’hc Surveyor missim will represent
tllc  first use of the low-cost I )clla  to send a s}mcccraf[
t[)at~c)tl~cr}~lal-let. I\y usingtllc l)clta, NASA will save
l~carly !+300 m i n i m  a s  ccmparccl  10 tlw ‘1’iLITl  launch
vcl~icles  IISMI  by]?rcvious Mars missions.

O p e n  W i n d o w s .  NASA’s  decision to ]a~lnch s(lr-

vcyor in Novcrnbcr  1996 vvas  not an atl~ittary choice,
l]or  was it based on when management thou#lt  the

s}~accctaft Would  be r e a d y  f o r  fli@t. ]nstcacf, t h e
N[~\el~~l>crc l~c)iccde}~c]~dcd  onthc  exact positionsof
the l;arth and Mam relative to the SUN,

‘l’he reason fo~ this geometrical dcpcncfellce  is
t}lat irl spaccf]ight,  straight-line pnths  do not exist, All
])]alldS l“IIO\?(’  iIl ]C)ll~, CllrVCd  }>at}lS aIolllld thC SLlll

tlmt take the shape of circular and elliptical orbits. II)
ordct to reach Mars, Surveyor must Cfc}xirt l;attll and
then coast  in all clli]~tical  ohit around  thct Sun that
)vill eventually intersect theorbit of Maw,

‘1’Iw tricky p a r t  involves  timin~  t h e  launch  to
allow Sllrvcyor  and hiars  to arrive at the same }Joillt
in s})ace  at tllc  same time. linsinccrs ml the flight
tcaln  refer to the d a t e s  w h e n  M a r s  ancf }J,arth are
alif., rlccl  itl the Iir,llt Imsit  ion for launcl  I as tllc  “launch

w i n d o w ”  or “ l a u n c h  period,”  Suwcyor’s  lau I]ch
],criod  O})CIE+  011 6Nm~cmllcr 1996 and  C1 O S C S  on 25
November 1996,

Goktcn Opportunit ies.  OJI Surveyor’s launch clay,

the Ik]ta must lift-c)ff  at a })rccisc Ilic,ll-rcllt during  tllc
day  called  the “launch opportunity.” ‘1’his time will
Occ{lr at  the exact  nlomcnt W]ICIj tllc ]tar~ll rotates jrrto

a  }mition  Where  t h e  launch  pad i s  Cfircct]y ali~,~{,~

~rith  an ima~i!lary  line alon~, the fli@t Imth  to Maw.
( ’ h a n g i n g  the flisht  }>ath to Mars wi l l  charlgc  tl~c
lou]lch  time.  Ill other words, Calculating, tllc  lift-off
time works like jum}~inc  off of a carousel and  timit)g
tllc  jump so that you land  exactly where you want.

(hlc additional cmn})lication  is that the exact
flight })atl~  frmm Iiarth to Ma~s  w i l l  cfcpcncl cm the
specific flir,ht  patl  I that the 1 )elta  rocket  takes  from
tllc ]auncll  pad i n t o  space. c’olwcqucntly,  chan~it[g

tllc  I )clta’s  flight path into space will result in a
slir,lltly Ctif(crcllt launch time. l;or  launch attempts
fj mn Nm~emL,cr  (ith throu~h Nmemlwr  15th,  tl IC
1 lclta  will utilim me of two slightly cliffctcnt  fli~ht
paths  with launch  times about  one hour a~)art.

}icn cxam}>le,  the f i rs t  l i f t -of f  c)p}wrluni  ty cm
Nowvnbcr  6tl\  will occur at l?:ll :17 P.in. IS’: If tlm
la L]ncl  I does nol occu[ at that time due  to bad weather

or lninor  mechanical difficulties, tllc  launch  team  can
attcm})t  a lift-off on the second o]prturlity  at 1:15:44
]>,m. l~,ST.  As the days move forward in the launch
pcriocf, the lift-off times  will move backward until

Mars Global Surveyor Mission
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Achieving this accuracy af{cr  a 750-r~~illiol~-ll~ile jolll-
ncy is equivalent to throwing  a baseball from  San
l;rallcisco  to Ncw YoIk and hit[ing  the torch m the
Statue  of 1 ,ibcr[y,

Arr iva l  Day .  Surveyor will ccm~}>lcte  its cruise 10
Ma~s and arrive at the point of closest app]oach  to tl~c
Plarrct  sometime in nlicl-Scpten~lxx  1997.  At that time,
the  ground  team w i l l  c o m m a n d  tllc main ctl~inc  to
fire for 25 ]ninu{es  to slow the s}~acecraft  by about 980
n]ctcr  pm second  (?,192  nliles pcr holir).  “1’hc slmv
down,  called the  Mars  orbit i n s e r t i o n  (fvfo]) burn,
will allow Surveyor to bc captured  into orl>it  by Mars’
~ml’ity, Without the burn,  the spacecraft  will fly }Jast
Maw and never rctum.

M()]  w i l l  occur  bc[wccn  301 and 309ciays af[cr
launch. A lift-off at the o}~ct~  of the launch })cliod  c)n (i
N o v e m b e r  1996  will result in a 11 %ptcmbcr  1997
iilscr[iml,  whilca  lift-off at thcclosc cm 2.5 November
1996 will lesult in an insertion on 2? Sc])tcmbct  1997.

InwardSp i ra l .  After tllc MOl butrvSurveyor  will
whirl arould Mars cmcc every 4S houw  in a hi#~ly
elli})tical  orbit  with hifih  point of 56,000  k i l o m e t e r s
(34,800  miles) and a low point of 300 kilo,llctc]s  (186

m i l e s ) .  l~cfmc  ma}y)itl~  opcraticrm  can bc~in,  t h e
flip)lt  team must find a way to Iowcr the orbit’s hi~)l
]Joitlt to an altitude rrcar 400 kilcmctcrs (?50 miles).

‘1’hc tlacfitional  mcthoct of lowcrins  a  hi~hly

clli]>tical orl)it in\Jolvcs usinp, t h e  mckrt cnr,im to
slmv t h e  s}mcccraft  a t  the orbit’s low }mitlt. III t h e

I>usilless of  o r b i t a l  nwclwrllics, if a spaccctaft  s l o w s
d(nvIl at t h e  low point i n  t h e  o]bit, tllc n e x t  ]mss
thlou~h  t h e  h i g h  point will  bc at a Iowcr  altitucle.

LJllfOr[lHlatC]y/ t h e  s m a l l  l)clta 2 mckct that  wi l l
lallrlcll  Sllt\~cyor  ftollll!ar[ll  lacks thcpunchncccfed
to lif[ both tllcs}>accctaf[  and the pm})cllant  needed
to slow down in L4ars  olbit.

]krrlunatcly,  the mission design  engilmrs at the
Jcl l’m],ulsion  1 .aboratory  have dcvclol,cd an innma-
tivc  tcchniquc  to lcmmr the olbit  wi thout  tlsing  Sur-
vcym’s r o c k e t  enF, inc. ‘1’hcy c a l l  t h i s  nmv iclca
“a[,rc~l>rakil~F,.”  lkse~ltialiy,  the solution works in the
salllc  way tl~at Cl)ilctre])  slow CIOWIl allcl  ]owet lIOW

IIigh tllcy swing  on a playground Swirlgset  by drag-
~,ing tllcir  feel tl]rou:h tlm  sand as they swing ]mss
the bottom.

in oIclcr  to b e g i n  t h e  acrol~rakitl~  ~Jroccss,  tllc
fli@t team will command the spacccraf[  to low7cr t}tc
low  point of its orbit into the upper  fringes of the
Martian atmm}~hcrc.  1 )ur’ing every subsequent pass
tlllou~h the orbit’s low }wint,  Surveyor  will cllCmlll-
tct air resistance and will slow slightly. (’cmscquently,
the spacecraft will not climb as high on its next ]mss
tllrou~h the orbit’s high }mirlt,

Safety Margins. initial calculations show that the
low }mini of Survcyol’s  orbit  must lic in a corridor
l)ctwccn  105 kilometers (65 miles) and 110 kilometers
(68 miles) above the Mar(ian surface. If the spacecraft
flies lowc];  it will cllcountcr too much air resistance
and butn u}> like a shoot  in~, star. ~’onvcrscly,  if the
s})acccraft  fiics  higher, it will not  cncountcr  enough
air rmistallcc  to slow clow]t  ap}>lcciab]y.

1 )cspite  all of the }lre-}~lanninx,  tllc  flight team
w i l l  IIccd  to lnacle ra}>icl,  minm actjust[ncnts  to t h e

spacecraft ’s orbit  to SllcCCSSfLllly  carry ()~lt acro~>rak-

Mission to Mars: 1 his diagram illustrates the nlajor phases of Sorveyor’s mission from launch to the start of mapping operations (rmf to scak?)
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in~,, ‘1’hc ]Ilail] problem is iha( Sciclltists  only have  a

lilllitcct  ammnt Of kllowlccl~c  ]Cgarding tile Illickrless
of tile air in tl]e u]>pcr  Mar[ian  atmospl~cfc.  Because
[Ilc a i r  lllickmss wi l l  clc[crmi]w tllecxact al(ituclc of
(IW safely  cor}ict  Or, tile fli,gl~l team will  Imect to a l t e r
tl~c orbit’s  10W7 point  if Mi+~[i~l)  weather c o n d i t i o n s
allcr illccmditions  in tlwatmosphew.

Acwbtakinswill  take  until mid-]anuary  ]W3to
cm])~)letc. At tl]at time, the mbitw ill lie at tl~c correct
allituctc  for  mapping  operations, but  not  in thr cortccl
p,comctrical  o r i e n t a t i o n . over t i l e  n e x t  two m o n t h s ,

sma l l  irr(~~ularitics in thesha}~e of Mats and its ~ravi-
Llticlnol  }Jlill w i l l  autmnaiically  II LIctge SIIrvcyor’s

o] bit into thrcorlecl  geometrical orientation.

ArI Orbit Made for Mapping, I’hc it]tcmsivc ]>criocl  of
scicniific  data  collccti[)n  wi}l  Iwgitl  in mitt-Malch 1998
and wi]]  ]mt for  one  Martian y e a r  (687 days). ] )Llr’irlg
this Mats ma}q>inc  phase  of the mission, the s] Mce-
Claf( will circle  the Planet once every 117 minutes and
39 seconds at an avctafic altilucfe of 378  kilo] nc[ers
(235 nlilcs). II) a d d i t i o n ,  the nlapping  o]bit w i l l  l i e
tilted at nearly a righ[ angle to the M a r t i a n  e q u a t o r .
(’onscqucntly, Surveyor will 1)0ss over  both the nor[h
and SOUIII  }x)lat. rcp,io~ls  of Mars on every  revolution
ar(It IIld tllc planet.

‘ I b i s  ]m]al  olicntatim w i l l  a l l o w  tlw  scimltific
instruments to imap,c the entire h4artian  surface  once
cvm y 7.? lhrtl~ days as Mars rotates under tlm olbit.
Su rVeyOI  will repeat this c yclc of global  Asetvat ion

mal~y tilnes  over  to allow scientists the chance to
observe chan~,cs due to s h o r t - t e r m  0] seasonal
Wcathct.

‘hl’oLl~ll[)Llf  lll~~~}~ill~, %rveyor  w i l l  a l w a y s
tra\cl southward over  thr clay side of Mars and
nollhwad over the ni~ht side. ‘1’he orbit is desi Sllccl
so tlmt  cvcry time {he s}~acccraft  flies over  the equator
011 the day side,  the ]oca]  Mars tilnc’ 011 the  gKJLIId

will always be 2:00 P.m.  l!llgincets  refer to this orbit
clml acler istic as “Sun Sync})fonous. ”

‘1’he “ a f t e r n o o n  oricmtaticm”  of tile  orbi t  wi l l
msur~~  that the shadows,  l ight ing cmjctiticms,  and
heat pm]mrtics  of tl~e ~ImIIICt  aml air will remain con-
stant tl~r(]up,l~out  lIw course  c)f the mission. SLIcll  a
chat actcristic  will provictc  a common  frame of rcfCr-
mco for scient ists  to ccmparc ctata fmm d i f f e r e n t
}WIIS of tlw planet.

Looking Ahead

After Su,veyor  comp]ctcs i t s  m a p p i n g  opera-
tions  in late  ]anuary  2000,  i t  w i l l  remain in m b i t
nwuncl  h4ars and  will cc)ntinuc  to Sathet  data as lonr,
as tlw s])aceclaf  [’s c o m p o n e n t s  rwmin functicmal.

Most of tl~e data collection activities w~ill involve lis-

tmins to broadcast signals from lanclcl’s on the Mar-
tian surface, and then relaying that data back to I[ar[h.
in addition, NASA scimtists  may c)ccasionally  call m
Sllr\,cyOr’s irwtf  umcnts  to cOIIctl Ict fuT IIlcr mcasurc-
mmts to cmr(~lmrate data collected hy otlm lnissicms
to h4ars,

“1’hmc missions are all par[  of N A S A ’ s  M a r s
1 :,x}>lolat iml 1 ‘ro~ram,  Hvcvy ?5 months  WIICII  Mars
and l;larth move into tl~c pro~wr  alignment to conduct
a launch, NASA is }>lannins  to smcl two s}>acecraft  to
tlw red planet.  l;or  example, t h e  M a r s  ]’athfincter

s}~aCCCl  aft will launch  in 1 )Ccembcr  ]9~~ t~, j~)il~ S~,l-
vcyor at Mars in 1997. l’athfillctcr is an i n n o v a t i v e
lnission  that will land a six-whcclccl  micro-rover mI
tile sulfacc. ‘J’his rover will land on ltldcpcncfencc
1 )ay in 1997 atlcf will roam tlm surface  of Maw to col-
lect data on the soil and rocks.

At the end of 1998,  NASA will launch anotl}cr
orbitel  and lander.  ‘] ’he orbiter  will carry  a  camera
a n d  anotllcr  instt ummlt  ctccticatcct  to e x a m i n i n g  the
])ro}wrtics  allcl dynamics of the Maltian atmosphere.
M e a n w h i l e ,  tlw lander wi l l  touch down near  the
%utll  I’oIc to conduct a detailed study  of the role of

atmos}~hcric  gI,asscs and water in the climate of h4ars.

other  scientific missions will follow  in ‘2001,

2003,  ald 2005.  (Jnc of those missions, launched in
2003 or 2005,  may land cm the sulfacc,  ~otlwr  rocks,
and then  letum the sam}>lc to liar  th fo~ detailed allill -

ysis. Some of those rocks may yield clLIes  into the

lnystcl  y of life  m) Maw.

As important as the search for life, the data col-
lected by Sutveyor  and the future lnissiolls  will allow
scientists to gain  illsigllt i~lto tllc  gec)logy,  ]listory, anct
climate of Mars. over CHIC billion years  ap)o, Mars and
l;arth shared  similar conditions c]cspitc the fact that
tlwy a})}war  d i f f e r e n t  toclay. A cmr~l]arisoIl  of h4~rs
and IIalth will hell)  Sciclltists  to better  u n d e r s t a n d
l(ar[h’s  history and possibly its futuw.
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