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A1\S”l”RAC’1’

Mars l’athfindcr,  one of [hc first ])isc.ovcry c]ass missions (quick, ]OW-COS[ pmjccts with

focmcd scicncc  objcc[ivcs),  will land a sin~lc spacccraf( willl  a microrovcr  and several instrunlcnts

on tl~c smfidcc of Mars in 1997. I’at}lfil)dcr  will bc the first mission to usc a rover, carrying a

chemical analysis instrument, to characterize [hc rocks and soils in a landing area over hundreds of

square Illctcrs on Mars, wlIIch will provide a calibration point or “ground truth” for orbital remote

sensing observations. in a(idition  to the rover, which also performs a number of tcchno]ogy

cxpcrimcnts,  Pathfinder carries three scicncc instruments: a stereoscopic imagcr with spectral filters

on an cxtcndib]c  Inast, an alpha proton X-ray spcctromctcr,  and an atmospheric structure

illstrlllllc.Ilt/113  ctcorology package. The mvcr technology cxpcrimcnts,  the instmmcnts  and the

tc]cmetry Systcm will a]]ow investigations ofi the surface morphology and gco]ogy  at sub-meter to

a hundred meters scale, the pctro]ogy  and geochemistry of rocks and soils, the magnetic propcr[ics

of dust,  soil mechanics and properties, a variety of atmospheric investigations and the rotational

and orbital dynamics of Mars. ] .anding  downstream from the mouth  of a giant catastrophic

outflow channc], Arcs Vallis at 19.5°N, 32.8°W, offers the potential of identifying and analyzing a

wide, variety of crustal materials, from the ancic,nt  heavily cratcrc.d terrain, intcrmcdiatc-aged ridged

plains and reworked channel deposits, thus allowing first-order scientific invcs[igations  of the early

differentiation and evolution of the crust, the clcvclopmcnt  of weathering products ancl early

environments and conditions on Mars.

1 N’I’RO1  >lJCTION

l)cspitc  hwnankind’s  great fascination with Mars [Kicffcr ct al., 1992], l’athfindcr  will bc

the first spacecraft to land on the Rcd I’lanct since tt~c VikinS landers more than 20 years ago

[Snyder and Morcw, 1992]. “J’hc landing of Mars ]’athfindcr  on July 4, 1997 will initiate an

exciting cra of Mars cxploraticm  and will bc fol]owcd closely by the arrival of the h4ars Global

Surveyor orbi[cr and the Russian Mars ’96 spacecraft (consisting of an orbi(cr,  two small landers,

and wo pcnctrators) in Scptcmbcr 1997. ‘1’hc scientific objectives of the MaIs (;lobal Survc.yor

2



#

orbilcr arc to sys(cmatically  clutractcrim the at]noslhc,  surFdcc :ind interim over onc mar[ian yc.ar.

‘1’hc Mars ’96 orbi[cr has similar objcctivcs,  but also will characterize (I]c uppc.rnms( atnlos~~hcrc,

and its intcrac(ion  with (hc solar wit]d.  As SUCI],  these missions will provide a rcrnotc sensing

cl]aractcrization  of the entire sllrfacc of Mars. ‘Jllc Russian landers will also proviclc first-order

cll:iractc.ri~,atiO1~  of the atmosphc.rc  and surfidcc  at the fcw point locations where tbcy land. Mars

J’athfindcr, however, will bc the Iirst mission (o cxl)lorc in detail a landing area on Mars with a

mobile platform capab]c  of measuring the. chcnlical  composition of sL]rPdcc  materials, llccausc of

this mobility, it will bc able to explore a landing area (bat is of order hundrccts  of square meters (as

opposed to a fcw sc]uarc  meters acccssib]c  by Iandcr-mounted mechanical arms). Pa(hfin(icr’s

instruments and rover will provictc  a cbaractcri~,a[ion  of martian rocks and surface materials over a

substantial area, tbcrcby  providing “ground truth” for humankind’s view of Mars that is currcnt]y

based Inc)stly on global remote sensing data.

I’hc Mars Patbfindcr Prc)jcct rcccivc(i  a new start in Ociobcr  1993 as the next mission in

NASA’s long term Mars exploration program. ‘1’hc. spacccraf[  is a novel design that combines the

cruise, c.ntry, dcsccnt and landing functions into a single “free-fiye.r”. Tbc project is onc of the

first I)iscovcry-class missions, which arc low cost ($ 150M dcvclopmnt  cost cap - fiscat year 1992

dollars, excluding launch vcbiclc,  rover and ]nission operations), she] I dcvclopmcnt (about 3

years) missions that have a set of significant, but focusccl cnginccring, scicncc,  and technology

objcclivcs.  “1’hc primary objcctivc  of Pathfinder is to dcnmnstratc  a low-cost cruise, entry, dcsccnt,

and lan(iing  systcm  that can safely p]acc a payload on the martian surface. Additional objectives

include tbc deployment and operation of tllc scicncc  instruments and of a microrovcr  (which costs

an additional $22M in fiscal year 1992 dollars). Pathfinder paves the way for a cost cffcclivc

il~~l>lcn]cl~taticJIl  of future Mars lander missions. The Mars Surveyor ’98 lander that is un(icr

(icvclopmcnt  cx(cnsivc]y  uscs l’athfilldcr cmllponcmts and systems, including tbc acroshcll,  lmat

shic](i,  i~arachutc,  flight colnputcr and software, aspc.cts of tile colnmanci  and ciata handiing

systems, an(i the solid-state power amplifier; (hc Mars Surveyor ’98 orbi(cr  also uscs ]nuch of

I’athfin(icr’s conlputcr system. ‘I”hc Jet Propulsion 1.aboratory (J]’].) of the California lnslitutc of
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‘1’cchnolocy,  wllicll  is NASA’s lead ccntcr for tl)c.  robotic C,xplora(iol)  of [hc so]ar sys[cnl, built and

manages the Pathfinder spacecraft an(i mvcr, with most subsyslcm  Componcn[s  contracted out to

industry. 1 ;xisting  flight qua] ificd hardwmc has been used whcrcvcr possible to rc.ducc cost; this

IIas also incrcascd ttlc mass of the spacecraft.

‘1’his paper provides a brief introduction to the Mars l’athfindcr  mission an(i sp:icccraft.

liirst, the ~ !ight system and m)ssion arc briefly (Icscribcd. A gcncla]  description of the instruments

is followed by an ovcrvic.w of the scientific ot~.jcctives  and investigations. Mission operations and

data management arc then briefly dcscribcd  along with mention of the Mars l’athfindcr lanciing  site.

More clctailcd  papers on the specific instruments and rover and their detailed science and

tc.chnology  investigations arc included in this volume [Smith et al., Ricdcr et al., Stiff et al., The

Rover l’cam]. A companion paper [Golombck ct al., this issue] provides a more detailed

description of the capabilities of the landing system, the landing site and the selection process.

MISSION ANIJ SPA~fWRAIV’ OVIIRVIIiW

SI>acccraft  Dcsc@Mi.On

“1’hc Pathfinder flight systcm (Figure 1 and Plates 1 and 2) consists of three major clcmmts:

the cruise stage, the dccclcration  subsystems, and the lander (containing the rover and scicncc

instruments). “1’hc current spacecraft launch mass is approximately 890 kg (100 kg of this is cruise

stage fuc]), including  about 25 kg of payload, consisting of scicncc  instruments, rover and rover

SUppO1t  CqUiJII1lC1lt.

‘1’hc cruise stage is used to perform launch  vchiclc separation, spin-stabili~,cd  at(itudc

control, trajectory correction maneuvers, cruise tclccoll)[lllll~icatiorls,  and final Mars entry attitude

placcmcnt.  ‘1’hc cruise stage is jettisoned I)rior to entry into the martian atmosphere. Owisc stage

llardwarc  consists of a gallium arsenide solar array (4.4 m? generating 250-450 W of power) iill(l

adctit  ional dated power cquipmc.nt, a medium gain X-hand  antenna, propulsion val VCS, tanks, i311(i

thrusters, and attitude determination sensors (MagcJlan star scanner); it weighs 205 kg without

fLIC].
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l] CCC] C1a[iC)I)  SUt)Sys(CIllS  al’C ICqUilCd [0 lC(iUCC  l)athfiIldC1’S  CIl(ry VCh3City  al)({  :{]iow a safe

l:incting  on (I)c martian surface. l’hc (tccclcration  subsys[cms consis[ of a Viking-heritage acroshc]l

(or hcatshicl(t)  and backshcll,  cnginccring  iIlstrLIIllcIltatioIl  used to characterize (hc pcrfomancc  of

dlc acroshc]

small solid

rctroroctwts

(ttlrillg  cI~try, aVikil~g-tlcritagc  disk-gal~-bat~cl  l~aracl~~ltc,  aI~ir~crcl~lcI~tal  brid]c, three

rctrorockcts,  a radar al[imc[cr,  and airbags, all of which weighs 310 kg. ‘1’hc

and airbags  provide a robust landing systcm  (e.g., Golombck  ct al., this iss~lc),  with

I ninimd  surface and atmospheric contaminant ion duc to pmpcllant effluents.

‘1’hc 275 kg lander is a tc.tral~e(lrc)I~-sl\al>ccl  structure containing the scic.ncc  instmmcn?s,

rover, anti al] electronic and mcchanica]  (icviccs required to operate on the surface of Mars (Plate

2). ‘1’hc tetrahedron consists of four similarly shaped 1 m triangular panels. All lander ccluipIncnt

cxccpt  the solar arrays, rover, and nmcoro]ogy  mast arc at[ached  to a single center panel. ‘1’hc

other three panels arc attached to the edges of the center panel by actuators that arc used to tight  the

lander aflcr touchdown, which can be accomplished regardless of which panel  the lander comes to

rest on. ‘1’his  active self-righting mcc}~anism  is nccdcd  bccausc of the passive nature of the

Pathfinder dccclcration  subsystems. All thermally sensitive electronics arc contained in an

insulated cnclosurc  on the ccntcr  panel, including: a high-performance ccntra] computcl  that

controls the spacecraft during cmisc, entry, dcsccnt, landing and surface operations (a 32-bit

radiation harclcncd workstatior~-l{Al)  6000 with roughly a gigabit of Incmory, programmable in (;

with a VxWorks operating systcm); a ~assini-heritage transponder; a solid-state J~c)wm amplifier

for tclccolnmunications;  and a high-capacity rcchargcab]c  battery (40 amp-hr).  1 lardwarc outside

the thcrma] cnclosurc includes a stccrab]c high-gain X-band antenna capable of approximately 5.5

kitobits  pcr second into a 70 m J)ccp Space Network antenna and panel mounted solar arrays (3.3

1t)2 gallium arsenide array gcI)crating 1100 W-hr/day) capable of providing enough power to

transmit for 2-4 hours pm sol (a martian day, 24.6 hours) and maintain 128 mcgaby(cs of dynamic

memory through tt lc nip,ht.



.Mjssion  OVCI:VLCLW

l’athfindcr will 1X launchc(i  on a Mcllonncll  IXmglas Iklta  11792.5 cxpcndablc launch

vclliclc  in l)cccmbcr  1996 from Ihc ~apc Gnavcra]  Air Station in l;lorida. l’hc launch Jx3riod

opens Dcccmbcr 2, 1996 and remains open for about 30 days, with onc win(iow  pcr day availab]c

for iaunci~  (2:1 O am IiS-i’ on IImmbcr 2, i 996). ‘i’ilc sJlacccrafi is injcctc(i into a ‘J’yi>c 1 1 iarth-

Mars trmsfer  trajectory on a I’ayload Assist Mo(iuic-1) upper stage within onc liar(h orbi[. Arrival

at Mars is fixed on July 4, i997.

‘1’hc 6-7 mont}l cruise phase is rc]ativc]y quicsccnt, inciuding  periodic at(itudc  colltro]

maneuvers required to remain Earth pointed, and four trajectory correction maneuvers nccde(i  to

ensure accurate arrival at Mars. The spacecraft is spin stabiiiz,cd at about 2 rim; ti~c solar arrays

remain within 40° of pcrpcn(iicu]ar  to the Sun. Spacecraft cnginccring  status data arc transmitted

by a medium gain antenna throughout cruise. No scicncc investigations arc conducted during

cruise (all instruments arc cnc]oscd within fhc folded-up lander), but science instrument and rover

hcaitil  chczks  arc performed twice.

At Mars arrival, the cruise stage is jettisoned and the spacecraft orients itself for

Wnosphcric  entry at an angic  of 14.2° from horizontal,  directly from the hypcrlmlic  approach

trajectory at a velocity of 7.65 km/s (Fi8urc  2). ‘1’ilc  lander enters the atmosi~hcrc  within the

acroshcli  (hcatshicid) and backshcl]  with a ballistic coefficient of about 62 kg/n12,  which helps

slow the vchic]c  (peak dccclcration  of about 20 g’s at 30 km altitude). ‘J’hc acroshc]i  is hcatcct and

jettisoned just prior to parachute dcp]oymcnt  at Mach J.8 at 6-10 km altitucic.  lllring  spacecraft

cicsccmt  on the parachute, which has a tcrminai vcloci[y  of shout 60 nl/s, the krndcr is lowered

beneath tile backsi~c]i  cm a 20 m ]ong bridle. A radar aitimctc.r, mounted in onc of three triangldar

openings at the base of ti~c Iandcr,  triggers firing of ti~rcc small solid tractor rockc(s (--2 s burn)

about 50 m above the surface (Figure 2 and J’lrttc 3). ‘J’iIc rockets eliminate tile vertical velocity of

tl~c Jamicr, but not tile iloriz.ontai  vciocity.  Gi.an[ six-iobcd  air-bags inflate amun{i each face of ti~c.

lander (SCC Figur-c 1 in Golombck  et ai. [this issue]). “1’ilc brici]c is cut prior to finai rocket burn,

ensuring that tile parachute an(i backshcl] arc carI icd away. “J’hc air-bags arc not vented during
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landi[]g  (peak dccclcra(ions  of 40 g’s), so [lla[ (k lander bounces ;i number of times before coming

[0 rcs[, wiih lhc first bounce being up to 80% of lhc originfi]  drop height (-12 m). ‘1’hc random

llaturc of these bounces will carry the lander to a location (Irlcolltalllirlatcd  by solid rocket cxbaust,

which is composed most]y of a]uminum oxide. Accclcromc[c.rs  Si~,lla] that the ]alldCr  has come to

rcs(, at which time interior filtcrccl peal-away patches vc.nt [hc airbafy, with minimal surfiacc

con~amination  (airbag giis gcncra[ors  produce solid carbon SOOL and sal-ammoniac,  N] 1~~1).  ‘1’hc

lander accclcromctcrs  dctcrminc  which pane] the lamtcr is resting on and automatically instruct the

upper air bags to retract (intcmal tcnc]ons pull the ai rbags C]OSC to tbc J>ancls)  and the panels to opm

in the proper scqucncc  [0 assure an upright ccmfiguration. Kcy entry, dcsccnt and landing events

arc signaled by modulating tbc transmitted sJ>acccraft  signal. in addition, all cnginccring and

scicncc  data obtainccl  during tbc entry, dcsccnt, and landing phase arc rccordcd  for playback at tbc

initiation of lander surface operations. Tbc duration of the entry phase is approxin~atcly 5 mirmtcs.

1,anding occurs in ctarkncss, very early in tbc morning tit :ibout  3:14 am local Mars time, just after

IIal (h rise. Opcning  of tbc lander takes a few hcmrs before the spacecraft can bc commanded from

the 1 iarth (about 7 am local Mars time).

“1’hc l~igbcst  priority activities on tbc landing sol arc to achicvc an upright landed

configuration (l~igurc  3), return tbc rccordcd  entry scicncc  and cnginccring  (iata, cstab]isb  a ]Iigb

1-ate. tclccol~~l~~~ll~icatiol~s  link, acquire and rctum a panoranlic image of part of tbc surrounding

terrain, and drive the rcwcr off its petal safely onto the surface (1’late 4). Surfidcc  operations for the

remainder of the 30 sol prime mission arc focused on cxtcnsivc usc of the rover and scicncc

instruments. ~’hc prime rover mission is 7 SOIS, with operations funded for up to 30 SOIS. 1,andcr

nlissicm operations arc buclgctcd  for up to onc liarth year in ]cng(h,.

Mars l’athfindcr  will land within a 100 km by 200 km ellipse (resulting from navigational

and cphcmcris  uncertainties during cruise and at atlnosphcric  cntly)  in Arcs Vallis, c;hrysc l’lanitia

( 19.5°N, 32.8°W).  ‘J’his  site lies just downstream from the mouth of ttlc Arcs and ‘1’iu Vallcs

catastrophic outflow channc]s,  wbicb drained from the hi@llands to the south. Selection of this

site was made after consideration of cnginccring  corlstraints  derived from the spacecraft and rover
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designs (both of which arc particularly robust) a[l(i [Ilc clltry, de.sc.cnt  and landing scenario; site

safe.ty infcrrui  from a suite of remote sensing observations (including lligll-rcs(]llltioll ilnaging,

ra(tal  reflectivity an(i roughness, thermal incr[ia,  rock abundance, a] bc{io and rcd (o violet ratio);

an(i scicncc potcn[iril  dcscribcd  in the conlJlanicm paper by Golonlbc,k  cl al. [this issue.]. I .anding  al

this site (a so callccl “grab txig” site) offers the prospect of sanlJJliIig a diversity of rock tyJJcs that

make up the wwicnt bcavily  cratclcd  terrain on Mars, the ridgc(i plains and a variety of reworked

chan~)cl materials. l~xamination  of these materials allows the prospect for addressing first-order

scientific qucslions such as the Jwimary differentiation ant] ca]ly cvolu!ion  of the crust, the

dcvc]opmcnt  of weathering JJroducts  and the early cnvironJncnK  and conciitions  on Mars. Ilvcn

though the exact provenance of the samples will not bc known, da[a from subscqlicn[  orbital

remote sensing missions will then bc used to infer the provc,na]icc for the samples studied by

Pathfinder.

R.QVWC

‘1’hc rover on Mars I’athfindcr (Plates 2 and 4) is a small, six-wheel drive “rocker bogic”

design vchiclc,  which is 65 cm long by 48 cm wide by 30 cm nigh. ‘1’otal  mass of the rover is

about  10.5 kg (including payload); Iandcr supj]ort equipment adds another 5.5 kg. ‘J’hc rocker

bogic chassis provides a very stable platform]  for mounting instrmilcnts  and has dcmonstratccl

remarkable mobility, including both the ability to climb obstacles [Ilat arc a full whcc] diamctc.r in

}lcigbt  and tbc capability of turning in place. “1’hc  vchic]c  commilriica(cs  wit]] tbc lander via a U] 11~

antenna link and will operate almost entirc]y within view of the lander cameras, or within a fcw

tens of mete.rs of the Ianc]cr. I ;xtcmdcd mission traverses up to 100 m from the Iandcr arc. possible,

limi[cd  by the LJ1 II: link. It is a solar powered vchiclc  (0.25 mz solar panel generating 16 W peak

power) with a primary battery back-up (-300  W- }11), wlljcll I11OVCS  at -().4 nl/lllin, and c,arric,s 1.5

kg of’ p:iyload. ‘I”llc payload incluc]cs  nlonocllrolnc  s[crco forward can~cras for hazard dctc.clion

and tcrrail] ilnaging  (I Jigurc 3, l)latc 4) and a single rear color c:ili]cra.  ‘1’hc Alpha l)roton X-ray

Spcctronictcr (AI)XS) k mounted on a dcploylncnt  dcvicc  at the rear of tbc. vchic]c  (Iiigurc 3) lhat

will allow placement of the AI’XS sensor ticad up against  both rocks and soil at wide range of
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orientations (from horimntal on tbc ground (0 vcr[ica] rock faces a[ rover height), ‘1’hc mar facing

canlcl”a  wi]] imgc [bc APXS nlcasurclncnt  Si[cs a[ S]lgh(ly  bc[ter that] ] mm pcr pixcl J’cso]ution,

‘]’bc rover con[ro] systcm  inc]udcs  a varicly  of autonomous tm,ard detection systems (such as

forwarcl laser ligl)[s(ril~crs  forclctcctil~g  ot)staclcs  orcrcvasscsalld  l>otcl~tioll~c(  crsfor(lctcctit~g

bogic tills) for safing tbc vchic]c  in polcntial]y  hazardous  si(ua(ions. General scientific guidance

for the rover bas been provided by an aJy)ointcd Rover Scientist, 11, J. Moore of tbc LJ. S.

Gcologica]  Survey, Mcn]o  Park.

‘1’bcrovcrwil]  also perform a ll~lllll)cr  of(ccl]rlologyc  xpcritllcrlts  cicsigncd to provide

informationth  atwi]]impl”ovc  futurcp]anctar  yrovcrs. These.cxpcrinlcntsinc]udc: tcrraingconic[ly

rcconstrlJctionfronl]andcr/rover iJnaging; dcadrcckoning,  Jlatbrcconstructionand  Vision sensor

performance ;vcbiclc  pcrformancc;  rover ttlcrll~al  cllaractcriz,atior~;  UHFlinkcf  fectivcness;  basic

soil mccbanics  by imaging whcc] tracks and sinkagcand monitoringv  c}liclcp crformancedatasuch

as motor torques and bogic positions; material abrasion by sensing abrasion of different

thicknesses of paint on a rover whcc]; and material adhmmcc by measuring dLIs( accumulation on a

rcfcmncc solar ccl] wi(b a removable cover and by directly measuring tbe mass of the accumulated

dust on a quartz crystal nlicrobalancc  [’1’hc Rover Team, this issue].

MARS PATll}”dNIll  ;1< SO EN’I’IliJc lNSrI’RlJM13N”l’S

lJMMI for Mars Pat!lG@rLMf13

3’bc lmagcr  for Mars Patbfindcr  (lMf’) was designed and built by 1’. Smith of the

University of Arizona following selection as a Principal lnvmtigator (P.].) cxpcrimcnt  through a

NASA Announccmcnt  of opportunity. In addition [o tbc camera bardwarc, the investigation

inc]udcs  a variety of calibration, color, and magnetic propcr(ics  targets and wind socks [Smith cl

al., this issue]. The instrument was clcvclopcd  under a cost- and ]nass-capped contract.

‘]’hc StCICOSCOpiC  illlagC1  is dcJ}]oycd on an cx(cnciib]c  lllaS( (}~igurc  ~) to a height of 10USh]y

1.5 m above the sUrf:iCC (().85 m above the laIidcr).  “1’hc imagcr is fu]]y operational in botb the prc-

dcploycd  and post-deployed states, which provides a large vertical stereo baseline. It incluclcs IwO



{IMXX:-CICI]M(  lenses, two fold mirrors scpara(cd  by 15 cl)] for stereo vicwin~,  a 12-clcI1lcnl filter

whcc] in each path,  and a fold prism [0 p]acc Ihc inlagcs  side-by-side on a single (X;l) focal plane.

I:uscct  silica win(iows a( each path cntranec  plcvcnt  dus( intrusion. “I”hc opticai  triplets arc an f/i O

(icsip,nj  stopped (iown to f/22 with 23-mm cffcctivc  focal lcngtbs  an(i a 14.4° ficl(i  of view. ‘1’hc

focai plane consists of d CO) mountcci  at the foci of two opticai  paths. Its iwagc scfction is (iividc(i

into two square frames, one for each baif of (hc stereo pair. llacb of the stereo frames has

248x256 active clcmcnts.  “1’bc pixel inslantallcous  field of view is onc miliira(iian.  Most filters arc

for geologic studies an(i stereo viewing (12 fiitcrs with narrow ban(ipasses  between 0.4 an(i 1.1

microns, which arc p:irticular]y  sc.nsitivc to iron oxide an(i pyroxcnc composition), others for

measuring at nmspbc.rie  water vapor and ac.roso]s and a magnifying C1OSC-U]> icns [Smit  b ct al., [his

issue]. Azimuth  an(i elevation drives provi(ie a ncariy complctc  view of tbc ]andcr, mallian sur~~cc

an(i sky.

A magnetic properties investigation is being provicicd  by an IM1’ ~o-]nve.stigator  (~o-1)  J.

M. Knudsen of tbc Nicls Bohr lnstitutc$ LJniversity of ~opcnbagcn  (this an(i other foreign

contributions arc at no cost to the project). “1’wo sets of 5 magnets of ciiffcring field strcng(hs  arc

mcmntcd on the ]andcr in view of tbc IMP, one set is on top of the tbcrmai cnciosurc  and tbc other

set is on the base p]atc near tbc surface (Ii]gulc 3). A magnet is aiso ]nounted  on a p]atc directly

bcncatb  tbc imagcr,  which will bc viewed through a magnifying lens. Magnets  at tbc cn(is of tbc

rover deployment ramps arc aiso inciudcd  as potential sites for measuring the cicmcntai

composition of the magnetic dust (Plate 4). ‘I”bc IMP investigation also includes tbc observation of

wind direction and spccci, using  3 smaii wind socks provi(icct  by co-l R. Grcc.le.y of Arizona  State.

University, mounted on the meteorology mast at tbrcc different heights (I;igurc 3, P]atcs 2 an[i 4).

calibration and rcfcrcncc  targets inc]u(ic  (I~igurc 3) 2 radiomctric  calibration targets, with

shadow posts, and 4 color targets mountc.d  on tbc spacecraft (with cacb magnetic and calibration

target) and 2 on the rover (along tbc c(igc  of the solar panel). 1 h41’ C; O-I’S not lncntionc~i  above

inclu~ic:  D. IIritt, 1.. I)oosc, R. Singer, an(i M. ‘i’omasko of the University of Arixma;  1..

Sodcrblom of the LJ.S. Geological Survcy$ l;iagstaffi  11. (J. Kcilcr of the Max l’ianck ]nstitiit  fiir
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Acronomie, who is providing the [;~l) :ind associated c]cctronics;  and l;. Glicm of the Tcchnica]

University of l)raunschwcig,  who is J~roviding  the ima,gc  comJ~rcssion  software. “1’hc J]’],

]nvcstigation  Scientist, K. 1 lcrkcnhoff,  provi(ics  (I1c main scicn(ific intcrfacc  bctwccn  the P.]. and

the project.

A ll)ha.~x)t~cmx-  Ray SJ)cctm)l!lc!cI.(AUXS)

“1’his instrument is a fc)rcign-provictcd  derivative of an instrument design flown on the

Soviet Vega and Phobos  missions and is idcntica]  (o those being flown on both small stations of

the Russian Mars ’96 mission [Rie.dcr C[ al., this issue,]. ‘1’hc alpha and proton spcctromctcr

portions arc provided by the Max l’]anck Institiit ftir Ucmic, Mainz, Gcrnlany,  unctcr the direction

of R. Ricdcr, P.]. and 11. Wtinkc,  ~o-I. l’hc X-ray sJ~cctronlctcr porlion  and the integration of the

instrument on the rover is being provided by ‘1’. l~kononlou  of the University of Chicago.  ‘1’hc JPI.

investigation Scientist is J. crisp.

“1’hc APXS dctcrmincs elemental chcmis(ry  of surface materials

cxccpt  hydrogen. The analytical process is basc(i  on three interactions

for all major clcmcnts

of alpha particles with

matter: elastic scattering of alpha particles by nuclei, alpha-proton nuclear reactions with certain

light clcmcnts, and excitation of the atomic structure of atoms by a]pha partic]cs,  ]cading to the

emission of characteristic X-rays. l’hc approach used is to expose material to a radioactive curium

source in the sensor head t}lat  produces alpha partic]cs with a known energy, and to acquire energy

spectra of the alpha particles, protons and X-rays returned from the sample.

‘1’hc basis of the alpha mode of the instrument is the depcndcncc  of the energy spcctrunl  of

alpha partic]cs  scattcrcd  from a surfi~cc on the composition of the material. The method has the

best resolving power for the lighter clcmcnts. ‘1’IIc  proton spectra for alpha particles interacting

with clcmcnts  with atomic numbers from 9 to 14 arc very c.tlaracte,ristic  of these individual

Clcmcnts. The addition of a third detector fol X-rays rcsu]ts in a significant extension of the

accuracy and sensitivity of the instrumc[lt,  particularly for the heavier, ICSS abundant clcmcnts.

q’hc instrument is sensitive to clcmcntal  conccnt I atiolls of a tenth to a hundredth of a pcrccn(.
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‘1’hc AI’XS sensor head is ]nounlcd  cxtcmal  10 the rover chassis on a dcployIncnt

lncchanisln  (liigurc 3) that allows Ihc instrument [0 bc placed in contact  with both rock and soil

surfaces at a wicic variety of cicvations  and angics. Springs in the dcp]oymcnl  dcvicc  allow about

20° of compliance as the sensor head is p]accd against a sample, which is signaled by a series of

contact sensors. ‘1’hc AI’XS clcchwnics  arc mountc{i  within the rover, in a [cmpcraturc-contrc)] icd

c.nvironmcnt.

At 111.n.s~hcric  Strucll]rc  lnstrumc~n[l  MEt.corQlogyj3&igc  (AS.l~!~E!l

I’hc AS1/Ml;’l’  has been impicmcn(cd  as a facility cxpcrimcnt,  {icvclopcd  by JP1,, to provide

c.nginccring suppor[ to the mcasurcmcnt  of tile entry, dcsccnt and ianciing conditions and to acquire

atmospheric structure and mctcoro]ogy  data boti~ before and after landing [Stiff ct al., this issue].

A NASA-appointed Scicncc Advisory ‘1’cam,  under the leadership of A. Sicff  (NASA Ames

Rc.search Center/San Jose State lJnivcrsity) providc(i  scientific guidance to the JPI. instrunlcnt

team. Members of this appointed team inc]uricd J. Ilarncs (C)rcgon  State University), 11. crisp

(J]’].), R. } labcrlc (Ames Research ~cntcr), and J. Tiilman  (lJnivcrsity  of Washington). The JP1.

investigation Scientist is J. T. SchoficlCi,

‘1’hc accclcromctcr  portion of the ASI is provided by the Attitude and Information

Management (AIM) subsystcm of the spacecraft. It consists of x-, y-, and z-axis accc]cromctcrs

with several gain states provided to cover the wide dynamic range from micro-g acccicrations

cxpcricnccd upon entering the atmosphere to peak (iccclcrations  during  landing of up to 40 g’s.

“1’hc Al M also includes three cnginccring  accclcromcters  (one mounted on the x-axis and two in the

y-z plane oriented at 45° to the Z,-axis)  that arc identical to the scicncc accclcromctcrs.  NOIIC of the

accclcromctcrs is exactly on the ccntcr of gravity of tile spacecraft.

Other AS1/MIiT hardware consists of tcmpcraturc,  pressure and wind sensors and an

clcc[ronics board for operating the sensors an(i digitizing their output signals. Tcmpc.raturc is

measured by thin wire thermocouples mounted on a 1 m iligb mctcoro]ogical  mast that is cicpioycd

at the far cnd of a petal to minimize thermal contaminant ion from the lander (Figure 3). 1 ‘our

thcrlnocouplcs  arc arrayed on the mast. Onc is mounted at the cnd of the ASI/MET mast, so tilat
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wlmn it is fol(ic(i  against tile  i>clai i( measures [ilc lcmpcra[urc of tile. atnmsphcre  (iuring  cicsccnl.  in a

triangular hole at the base of the ]an(icr. “1’hrcc,  other thermocouples illaccd near ll]c top, midway

an(i onc cplartcr  from the bottom of the mctcolo]ogy  mast wiii mc:isurc tile tcmpcra(urc at 3 heights

above ti~c surface during the ]andc(i  mission. Pressure is mcasurcci by a Tavis magnetic reluctance

(iiaihl-agm  sensor similar (o tilat used by Viking. A tube from tile sensor, within tile ccntrai

c]cctronics  box, [o (}1c same triangular ho]c at tiIc lander base where the (icsccnt tcmpcraturc  sensor

is iocatcd aiiows  mcasurcmcnt  of pressure during cicsccnt  and af[cr lanciing  (IJigurc 3). ‘1’hc wind

sensor employs six hot wire clcmcnts ciistributcd  uniformly around (hc top of the mast, which

ailow mcasurcmcnt  of win(i speed and direction (from the tcmpcraturcs  of the clcmcnts).

MARS PAT] IFJNI>ER S~ll iNCli OBJIXYI’IV1i  S AND INVJ EH’lGA”l’IONS

“1’hc scicncc payload (icscribcd  above, used in conjunction with sclcctcci cnginccring

subsystems aboard both the lander and rover, provide the opportunity for a number of scientific

investigations. The scientific objectives and investigations afforded by Pathfinder include: surface

morphology and geology at sub-meter to a hundred meters scale,  elemental composition and

mineralogy of surface materials, a varict y of at mosphcric scicncc i nvcst igat  ions, and rotational and

orbital dynamics investigations from two-way ranging and Doppler tracking of the lander.

‘1’hc surface imaging systcm wiii reveal mallian geologic proccsscs  and surface-atmospimrc

interactions at a scale currcnt]y  known only at the two Viking landing sites. It wiii observe the

gcncrai  physiography, surface slopes and rock distribution in cmicr to understand the geological

proccsscs that crcatcd and modified the surface. This wiii bc accomp]ishcd  by panoramic stereo

in~aging before and after the imagcr deploys on its cxtcndiblc  mast and at various times of the day.

Observations over tbc life of tllc mission will ailow assessment of any cilangcs in the sccnc over

tilnr  that lnigllt  bc attributab]c to frost, (iust or san(i  (imposition, erosion or otilcr  surfacc-

atnlosplmrc  interactions. ‘1’ilc  rover wiil aiso take c]osc-ui>  ilnagcs  of lhc terrain, soii and rocks

(iul ing its traverses. An un(icrstan(iing  of near-surface stratigrapily and soii mechanics and

properties wiil bc obtained )y rover and lancicr inlaging  of rover W1lCCI  tracks, holes ciug by rover
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whcc]s, and any surface disruptions causcxi  hy airbag  bounces or retraction (in retraction [CS(S,

rocks were draggccl  along,  the surface forming furrows) .

‘1’hc AI’XS and the visible 10 near infrared spectral fi]tcrs on the ilnaging  systcm  will

determine the clcmcntal composition and constrain (hc mineralogy of rocks and other su]facc

materials, rcspcctivc]y,  thereby ddrcssing questions concerning the composition of (hc crust, its

ctiffcIcntiation  and the cicvclopmcnt  of wca(hcring products. “J’hcsc investigations will provi(ic  a

calibration point (“groun(i  truth”) fol orbital remote sensing observations, ‘1’hc imaging systcm

will obtain full multispcctral  panoramas of the surface an(i any Ilcar-surface strata cxposc(i  (iuring

roving and landing. Bccausc the AI’XS is mounfcd on the rover it will charactcriz,c  the

composition of rocks and soil in tile vicinity of [hc lander (samples sclcctcd  over hundreds of

square meters), which will rcprcscn(  a significant improvement in our knowledge over ti~at

obtained by Viking. The rover-mountc~i AI)XS sensor head on Pathfinder will also bc placed in

holes dug by the rover wheels and against rocks that have been abraded by a rover WI ICC1.

Mu]tispcctrai  images arc also planncct  for ti~c magnetic targets distribu[cd  at various points (and

heights) around the spacecraft, which wili bc used to discriminate the magnetic phase of

accumulated airborne dust over time. in wi(iition,  APXS mcasurcmcnt  of magnetic targets or~ the

rover ramps wil] dctcrminc the titaniunl  an(i iron content of tlIc dust, which arc important for

[iistinguisbing  the various magnetic phases. “1’i~c  forward stereo and rear color imagcrs on the

rover will enable close-up images of AI’XS mcasurcmcnt  sites with slightly better than 1 mm pcr

pixel resolution. ljctwccn these irnagcs and auxiliary information from lamicr imaging spectra, it is

likely that the mineralogy and pctro]ogy  of rock samples can bc deduced from the elemental

abundances measured by tile  AI’X S.

‘J’hc atmospheric structure ins(rumcnt wiil dctcrminc  a pressure, tcmpcraturc  and dcnsi(y

profile of the atmospllcrc  frol)~ about 120 knl altit[ldc [o tl]c surface during  entry anti dcsccn[ at a

iocation,  (imc and season that arc Hcw relative to the 2 Viking profiles. kXillIl(i:iIlt  {hrcc-axis

accclcromctcrs  will allow extraction of atmospheric pressure during entry. Mcasurcmcnls  of

pressure and tcmpcraturc wiii bc INaCiC  during dcsccn[. l)iurnal variations in the atmosi>hcric
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bound:iry  layer will bc Charactcrize(i by n]aki[l~ rcgu]ar surfidcc  mc[corology  mcasurcmcn(s

(pressure, tcmpcraturc, atmospheric opac.i(y, an(i win(i). IIo(h i)hascs o f  (hc AS1/MllT

invcstiga[ion  seek to better un(icrs{and  the physical state and dynatnics  of [hc martian atnlosJdlcrc.

‘J’llcIIIICJc(JL]j)lcs,  mountcct  on a mclcr-high mast Ioca(cct  on a petal away from [hc thermal enclosure,

will (ictcrminc  lhc tcmpcralurc profi]c with hcigt)(.  Win(i si>cc(i and ciircction  versus lmigh[  in the

boundary layer will bc dc[crminc.ci  by a wimi sensor on top of tbc mast, along with 3 wind socks

on tbc mast; these data wiii aiso allow calculation of aerodynamic roughness of tllc sutfacc, which

is impor(ant for uncicrs~anciing  the forces acting on smail partic]cs  and their entrainment ill tbc

win(i. Rcgu]ar  sky and solar spectral observations by the IM1’ wili monitor acroso]  particle size

an(i shape, distribution with altitude, anti refractive index, as WC]] as the atmospheric water vapor

abundance.

IIy two-way X-band range and IIopp]cr tracking of tbc Mars }%thfinctcr  lander by the I )ccp

Space Network, a variety of orbital ancl rotational dynamics science objectives will bc addressed.

Ranging involves (ransmit(ing  a ranging code to the lander and measuring the time required for the

Iandcr to echo the code back to the station. I )ividing  this time by the speed of light results in an

accurate mcasurcmcnt  of the distance from the station to the spacecraft. “1’ypical  noise for X-band

ranging results in a range mcasurcmcnt  uncertainty of 1-5 meters. ‘1’o collect range ciata, the lander

is require.d to bc in the cohcrcnt (racking mode, the range channel on the transponder musl bc

t urncd on, and the tracking station must bc upl inking a carrier. in addition, as the lander moves

relative to a tracking station, the velocity between the two causes a shift in tbc observed frequency.

~’wo-way  l>opp]cr  is produced by measuring the rcccivcd frequency of the downlink  carrier an(i

comparing it to the uplink  carrier frequency, which is stable ancl WCII known. The observed

frequency shift in (11c downlink  carrier pmvidcs a means of accurately nlcasuring  the range rate

from (1)c station to the lander. Within a fcw months of such tracking, it is cxpcctc(i (hat tbc location

of (1M I’athfindc.r  iandcr can bc dctcrmincct to ~vithin  a fcw meters [1 ;olkncI ct al., [his issue]. With

(hc location of the lander known, the pole of rotation of the p]anc[ can be dctcrlnincd.  Knowledge

c)f the oricntatiorl  of the pole of rotation allows calculation of the precession rate to a fraction of a
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pcmmt by comparing with similar nmtisurcmc]~ts made wilh the Viking landers about 20 years ag[~.

Mcasurc]ncni  of the prc.cession rate (rc~ular motion of the pole with rcspcc( to [hc ecliptic) allows

dircc.[  calculation of the moment of inertia, which is govcrnc(i by the density ctistritmlion  with depth

of the planc[ [e. g., Yoctcr  and Standish, this issue.]. At present, the moment of incr[ia of Mars is

poorly  known and interior models with and without a metallic. core cannot bc distinguished.

Mcasurcmcnt of the moment of incrlia by I’athfindcr tracking will pr’ovi(ic strong  constraints on

possib]c interior models and will likely distinguish bctwccn  these c.ompcting interior models, ‘1’hc

present day nmmcnt of inertia is also a strong constraint on potential obliquity variations in the past

[1’olkncr  ct al., this issue], which could have been large for Mars. ~;ons(raining  possible oblic]uity

variations is important for understanding long term climatic fluctuations. The seasonal variations

in rotation rate (changes in length of day) arc also indicative of the cycling of volatilcs  bctwc.cn the

atmosphere and poles and can bc addressed if Pathfinder can bc tracked for a significant fraction of

an Ilarth year. ];inally,  the ranging data catl  bc used to a(idrcss scientific questions regarding

asteroid masses, the time variability of the gravitational constant, and can bc used to test general

relativity.

The scientific aspects of the dcvcloprncnt  portion of the Mars l’athfindcr  mission have hem

directed by the Mars Pathfinder Project Scicncc Goup. l’his group is chaired by the Mars

l’athfindcr l’rojcct  Scientist, M. Golombck, with vice-chair J. l]oycc (NASA IIcadquartcrs

Program Scientist). Members of this group include: P. Smith (IMP l).l.), R. Ricdcr (AI’XS

P.I.), ‘1”. liconomou  (U.S. APXS ~o-1),  A. Stiff (ASI/Mf~l’  SA’1’ 1.cadcr),  and 11. Moore (Rover

Scientist). ‘1’his group changes mcrnbcrship somewhat, with the last two positions being

terminated at rclcasc  of a NASA Announccmcnt  of Opporhmity  for selection of Mars I’a[hfin(tcr

l’anticipating Scientists and an AS1/M1i’I’ l;acility  instrument Scicncc  “1’c.am ar~cl  lcactcr. ‘1’hc

rotational and orbital dynamics scicncc  objcctivc  was dcvclol)cd  at (I1c request of the Pro.ic.ct

Scientist after the payload and dcvc.lopmcnt:tl scic.ncc  teams lmi forlllcd by an ad hoc groLIp of

scientists intcrcstcd  in this topic [J]. hills (Goddard Space l:]ight Center), ‘1’. Eubanks (U.S. Naval

Observatory), W. l’olkncr  (JP1 ,), R. l’rcston (J]’] .), and C. Yoctcr  (Jl)l .)].

16



h41SS10N OPI iRA’1’10NS

‘1’hc basic requirements for opcra[ing  the ]ancicr and rover on the surface of Mars for a short

period of time (one week 10 a month), with daily uplinks  that arc ctcpcndcnt OJ) the previous day’s

downlinks,  requires strcanllincd  and cfficicnt  mission operations and groun(i data systems. ‘1’t)is  is

made possib]c by an cx[rcmc]y  capable central computer on the lanctcr,  a simplificct  SC1 of

spacccraf[ commands, some autonomous aspects of the rover and instruments, and (icvclopmcn[  of

integrated software packages that streamline generation of uplink commands. IIuring  operations

the project management structure will bc simplified considcrab]y  to include a group of spacecraft

cnginccrs (mostly (icvclopmcnt  cxpcrls in navigation, propulsion, thcrma] control, power and

pyres, telecommunications, etc.) an(i an 1 ixl)crimcnt  oj>crations  Team that inc]udcs  all scicncc,

instmmcnt  and the rover team members collocated at JP1., directly under a single mission director.

operating the Iandcr immcctiatcly  afwr landing on the first sol is particularly challenging.

l{ntry, dcsccnt and landing data arc sent back via the low-gain antenna after landing and attaining

an open operational configuration (including deployment of the ASI/MIi’l’  mast). After sunrise (7-

8 am local time) and uplink from the liarth, the IM1’ camera is unlatched, searches for the sun, and

provides the cc)ordinatcs  to the central computer, which determine.s the orientation of the Iandcr and

instructs the high-gain antenna to unlatch, point towards the I;arlh, and establish communications.

‘1’hc IMP takes a series of images of a portion of the lander, including the rover and a partial color

panorama before deployment. After rcccipt  of these data on Ruth  the rover ramps arc instructed to

unfurl. ]magcs arc taken to confirm dcploylncnt  of the ramps after which the rover is dctachcd

from the petal, rotates its wheels to reach a full dcp]oycd  configuration (“stancis up”) and is

instructed to drive off the lander on onc of the ramps. If all goes nominally, the rover will obtain

an A1’XS mcasurcmcnt  of the soil during (hc night following the first day. l’hc final downlink of

the day includes IMP images of the rover and the surface. Af@r completing acquisition of an initial

set of panoramas (one of which is ciown]inkcd  on the first day), the IMI’ is deployed on its mast at

(hc cnd of the first day.
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operation of {hc ]andcr and rover during ihc first week involves daily uplink and downlink

sessions and involves obtaining (iala 10 support  vir(ual]y  all scientific and rover technology

cxpcrimcnts and investigations. IM1’ S(CICO  images will provide the three dimensional data base

required (o cirivc the rover an(i multi spectral images of the sccnc will help SCICC[ AJ’XS

Incasurcmcnl sites. IIowcvcr,  bccausc I}IC IM1’ can gcl~cratc data much faster than it cfin bc

downl inked, careful choices must bc made bctwccn  full panoramic imaging desired to characterize

(hc lancling  site and more spatially limited spcc(ra] data to identify interesting targc(s for the APXS

near the lander early in the mission. ‘1’hc significant storage capability of the lander ccntra]

compu[er  allows sophisticated data acquisition and playback strategies for obtaining time critical

cnginccring  and scicncc  data during the mission.

l’athfindcr  has a minimum of 4 hours per day usc of the 34 m and 70 m I)SN antennas for

uplink  and down}ink,  rcspcctivcly,  during the onc month prime mission. IJor cxpcctcd  high-gain

antenna links, Pathfinder can return roughly 20-40  megabits of data per day, with a total data

return over the first month of order 1 gigabit. I)ata return of this magnitude is capable of providing

all the scicncc,  technology cxpcrimcnt  and cnginccr’ing data nccdcd to fully satisfy al] the science

objectives and investigations discussed earlier (although a fcw months of tracking is required to

dctcr!ninc  the precession rate). “J’hc rover, with al I its cnginccring,  technology and science sensors

is likely to produce of order a few megabits of data pcr day. After the first month, Pathfinder will

usc the 34 m antennas (which provide roughly a factor of 4 lower data rates), which should

provide at least 3 uplink  sessions pcr week and significant downlink  capability (a few hours pcr

day), thereby significantly augmenting tllc  prime Inission data return by a fcw megabits pcr day,

Viriually  all of the scientific investigations and many of the rover technology investigations

dcscribcd  earlier can bc adctrcsscd  by data from more than onc instrument. ‘1’hc nczd for data f[ on]

onc or more instruments to address a particular scicncc topic has driven missic)n operations to be

orf,ani74cd  around scientific investigations. ‘1’hc Ihpcrimcnt  Operations ‘1’cam will be composed of

the traditional instrument and rove.r teams, but will also include, Sc.ic.ncc. @crations  Groups. ‘1’hcse.

groups will intcrfacc  with the scicncc instrulncnt and rover tcanls  in order to obtain ttlc
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cJIJscrvatioIls  Ic(lllilc(l(c  acl]grotl]JIl  layo(~lair~[l  alafroIl]II lorctt]aIloI  lcso Llrcc).  Rovcrtcchnology

cxl)crimcntcrs will also{~al[ici~>a(cit]  ttlcscg rt)ll~Jsa sa131JrC)lJria[c. lixanlplc  so fScicnccopcrations

Groups, [hc data sources tbcy might USC, and (hc appropria[c  participation by rover tccbnology

cxpcrimctcrs  arc described below.

Surj&w Morphology ami GmlogJy  ,%icnm operations Group is i n{crcstcd  in unctcrs[andi  ng

the physiogaphy  and geologic evolution of” tbc landing site, including surface features, slopes and

pbysica]  charac(cristics. ‘1’}] isgrot]l~\vill  llsciI]~agirlg  froI]lb[)tl~ the IMPancl rover and nligbt

incluclc  pallicipation  bytbctcrrain  gcomctly  reconstruction tc.c}mologyc  xpcrimcntcrs.

]’elrology  and ~cochenzis(ry  Science operations (;roup wi 11 Llsc ] M f’ spcct ra] i nlagil lg to

target APXS mcasurcmcnts of rocks, soil and surface materials. Close-up imaging by the rover

(forward stereo and rear color) cameras should help identify the rock type and can bc uscct to help

ctcctucc tl)c mineralogy of rocks.

Mfi,gttctic  Properfics  Science operations Grofip will usc mul(ispcctral  imaging of magnetic

targc.ts,  magnified c]osc-LIp imaging of the tip plate magnet and APXS mcasurcmcnts  of the ramp

magnets to better understand the magnetic phase of the dust, its chemical composition and

ultimately help constrain its mineralogy and c]rig,in.

Soil Mechanics atld Properties Sciemx  operations Group will usc stereo and close-up

Iandcr and rover imaging of rover wheel tracks and rover motor currents and voltages to estimate

tbc mccbanica]  and physical properties of the soil. information relevant to this topic will include

data from the vchic]c pcrformancc,  material abrasion and tllc soil mechanics ancl sinkagc

Icchnology  cxpcrimcnts.

Atmospheric Scimcc  (lpcrations Groq)  may bc broken down into a number of subgroups

accolding to their main focus. Onc group may bc intcrcs(cd  in reconstructing the atmospheric

profile during entry ant] clcsccnt. AnOtlICI  group may characterize the diurnal and seasonal

validations in the boundary layer by regular meteorology Incasurcmcnts including prcssllrc,

[cnl~)crat  urc, wind from tl]c ASI/h41 i“]’ and fronl IMP observations of opacity and of wind socks.

A group focusing on atmospheric aerosols nlay usc (iata from the 1 Ml’ to invcstiga(c  aerosol si?,c
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and shape, vertical distribution, find rcfraclivc index, as well as waler vapor  abundance. in the

:illllosphcrc  and may usc data from the ma(crial aclhcrcmcc  tcchno]ogy  cxpcrimcnt.  I:inaily, an

aerodynamic roughness subgroup may usc clata from the wind socks, wind sensors and IMP and

rover terrain imaging to better undcrs[and  how ma(crial is lif[cct  from (11c surface and carried by (I1c

wind.

Rotatioml  and Otljifal 1>-ymmics  Scimcc  OperatiorlLf  Group will use two-way ranging and

Ilopplcr tracking data from (he I’a[hfinctcr tclccol~ll~ltll~icatior~s  subsystcm and IJccp Space Network

to dctcrminc the location of the Pathfinder lalvdcr  on Mars, the po]c and rotation of the planet and

the precession rate.

l~ATA  MANAGEMENT

All engineering, rover and scicncc  data returned by the Mars Pathfinder nlission  will bc

placed into the Project Data Base. Mars Pathfinder encourages rapid dissemination of data for

education, public outreach, and publication of scientific results from the mission by the

investigators. Although there is no proprietary period for any data returned by Pathflndcr,  science

instruments data is subject to a short 6 month calibration and validation period, after which it will

bc deposited in the Planetary l)ata Systcm for archival and usc by the entire scientific conllnunity.

During the calibration and validation period, the use, dissemination and publication of scicncc  data

is under the discretion of the Principal Jnvcstigator  or Team 1,eactcr.

SYNI;RGY WIT}] O’I’IIER MARS MISSIONS

Mars Pathfinder is the first of three spacecraft planned to arrive at Mars in 1997. With its

landing site at the mouth of two outflow cbanncls,  Pathfinctcr  has the potential for characterizing

the rocks that make up a significant fraction of the ancient highlands and ridged plains of the

Xanthc ‘1’crra region of Mars (on the cas[crn edge of the ‘Illarsis province, souih of the landing

site.). As a result, onc of tbc Inc)st  ilnportant  objectives for tbc subsequent orbital remote sensing

aspects of the Mars ~llobal  Surveyor (M~IS) and Mars ’96 lnissions  is to determine the provenance
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oflhc saInplcs  analyzed by l)a(hfindcr. l’loviIliiIlccsc  all{ Jccsl:tt>lisllcCl  t]ycolll~~arillgtllcroc.k

types obse.rvcd by l’a~hfindcr  with spectra] charac(cristics  of areas within the drainage basin using

thcimagcrs  and spcc[romctcrson  MGS and h4ars ’96. fly doing so, l’athfindcr  may bc able to

provide the geologic “ground truth” for the wide drainage areas of Arcs and ‘1’iu Vallcs.  in

addition, higher resolution inlagcs from MC;S  and Mars ’96 of the ]anciing  area may bc useful for

dclcrjllining  the location of [hc lancicr  (witi~  respect to surface features) and its iocai  gcolo~ical

environment, given that the highest rcsolutic)n Viking images of the landing site arc only 38 nl/px.

It is possib]c that onc or bo[h of the MCiS anti Mars ’96 orbiters will bc making

observations after they arrive in middle Scptcmbcr  1997 while Pathfincier  is still operating on the

surface. If this occurs a variety of scientific observations can bc planned that mostly involve using

Pathfinder surface instruments to look Llp at atmospheric aerosols using the IMP or measure ncar-

su t fNc atmospheric tcmpcraturc and pressure using the AS1/M13T  at the same t imc that orbi tcr

imstrumcnts arc looking down through tile atmosphere of Mars. These coordinated observations

allow better separation of near-surface bounclary  ]aycr cffcc[s or surface effects (such as ground

tclnpcra(um) from those higher in the atmosphere. Comparison can also bc made bctwccn surfacc-

at 1] ]osi)hcre interactions seen from orbit and those observable on the surface. Pathfi ndcr may also

bc. operating on the surface at the same time that the Russian small stations and pcnetrators arc

functioning. T]ILIS, a mini-nclwork  of meteorology stations could bc operating on the surface at the

same time that imagcrs and spcctromctcrs  arc probing the atmosphere and looking at the surface.

l’athfindcr  measurements will also significantly improve our know]cdgc  of the martian atmosphere

to (I1c benefit of MGS during its acrobraking  into its mapping orbit. The ASI/MET instrument wili

have measured an atmosphc.ric profiic a few months before MGS arrives, thereby improving

knowledge of the uppermost atmosphere. in addition, MGS is susceptible to short-term variations

in uppermost a(mosphcrc density during acrobraking;  these variations appear 10 occur at ttlc

beginning and during dust storms, l’athfindc.r wili provide ilourly mcasurcmcnts of iwcssurc,

lcn]pcra(urc and atmospheric opacity, which slloulci quick]y  an(i readily alert MGS to the

beginnings of a dust .StOrlU fOr planning during {his period.
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SLJMMARY

hl:irs l’athfindcr,  onc of the firs( I)iscovcry  class missions, will l)lacc  a Iandcr, rover and

several scientific instruments on [Ilc surface of the Rcd l’lanct  in July 1997. “1’hc spacecraft is a

single integrated vchiclc  consisting of a simple back-pack-s(y]c CI uisc stage, a backshdl  and

acroshc]l  of Viking heritage and a novel tc.trahcdra] lander. ‘1’hc spacecraft cn[crs the Inar{ian

atnmsphcrc  ctircctly  bchincl the acroshc]l  an(l slows itself using a pamchutc,  small solid rockets and

a nulnhcr  of airbags. “1’hc lan(icr  pc(a]s ol~cn,  righting the vchiclc  and exposing solar panels for

power. ‘1’hrcc scicncc  instruments, the rover and associa(ccl support equipment and technology

cxpcrimcnts  arc inc]udccl  in the payload. ‘1’hc scicncc instruments arc: a stereo imaging systcm  on

an cxtcndib]c  mast with a variety of spectral flltcrs; an alpha proton X-ray spcctromctcr (mountc(t

on t hc rover); and an at mosphcric  struct urc inst ILll~lclltl]~~ctcorology  package. ‘I%c surface in~a{~i  ng

systcl n will bc used to undcrstanct  the gcolc)gic  proccsscs  and surface-atmosphere interact ions at a

scale currently known only at the, two Viking latlding  sites. ‘1’ogcthcr, the alpha proton X-ray

spcct  romctcr will measure the clcmcntal  composition of surface materials, and the spcct ral fi ltcrs on

the imaging systcm and rover C1OSC up imaging will bc used to infer the petrology and the

mineralogy of rocks and surface materials, which can bc used to address questions concerning the

composition of the crust, its differentiation, [hc dcvclopmcnt of weathering products and ciwly

environmental conditions on h4ars. I)cposition of airborne dust over tilnc on a series of small

magnets on the. lander is designed to distinguish the magnetic component of the martian dust. ‘1’hc

atmospheric structure instrument will dctcrmi[lc  a pressure, tcmpcraturc  and density profile of the

atmosphere (with respect to altitude) during entry and dcsccnt. ]Iiurnat variations of the

atmospheric boundary layer will t~c ctlaractcriz,cd by regular sutfacc meteorology mcasurcmcnts.

in addition, the imagcr will dctcrminc the characteristics and distribution of aerosols ;Ind

atmospheric water vapor abundance from sky and solar spectral observations. ‘1’racking  of the.

lander over time will dctcrminc the location of tllc lander, the orientation of” the po]c of rotation, the

prcccssim rate and [hc moment of inertia o f fvlMs, wl]ich will hc]p coI]strain the sjy,c and density of

any central metallic core.
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l(lGIJRIi  AN]) PI>ArI’}~ ~AIyI$IONS

Iiigurc 1. lixplodc(i  view of Mars Pathfinder flight systcm, showing back-pack-sty]c  cruise s(agc,

backshell  with three solid rockets, tctrahcdra]  ]andcr, an(i acroshcl]  (hcatshic]d).  l)iamc[cr

of spacecraft is 2.65 m,

liigurc  2. Diagram illustrating Mars Pathfinder cntly  dcsccnt  and landing scenario, Cluisc stage

separation occurs about 30 mi n before cnt ry. At mosphcr ic entry occurs at about 125 km

altitude, 4 min before landing with the vchic]c travc]ing  7.6 kmls. Parachute deploys at

about 8 km altitudc,  3 min before landing, with the vchic]c traveling at -400 m/s. I’hc

lander is lowered on the bridle about 80 s before landing, dropping at about 80 nl/s.

Airbags inflate 8 s prior to landing, with the lander at tcrrninal  parachute velocity of -60

m/s. landing occurs aflcr the solid rockets fire and the. brid]c is cut. Af(cr bouncing and

coming to rest, the airbags  arc automatically rctractcci  and the petals (panc]s) open, righting

the vchiclc.  The lander is in an operational configuration about 3 hours after ]andi ng.

I;igurc  3. Perspective view of Iandcr  opened on the surface showing the location of the

instruments and rover. l>csccnt  tcmpcraturc  sensor is located on the cnd of the ASUJVIET

mast, which when folded against the petal is adjacent to tl~c ASUMI;  I’ pressure tube located

in indicated triangular space bctwccn the lander panc]s.  ~alibration or photometric tat-gets

arc located at two heights on top of the electronics cnclosurc  and on the lancicr  base plate.

~olor  targets arc ]ocatcci  at each of the IMI’ photometric targets, each of tl)c magnetic

targets, and along each side of the rover solar panel.
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l’late 1. l’icturc of the Mars Pathfinder fligh[  spacecraft in the cruise cxmfiguration as it appeared in

the Spacccraf(  Assembly f:acilily  (SAI;) at the Jet Propulsion Laboratory in March 1996.

Solar panels on top of cruise s[agc arc bcnca[h  red protective cover shown; (}]c white

backshc]l  and the rim of the [an acroshcll  arc also in view. Note gold covcrcd pmpcllant

tanks and silver thruster c]us[cr.  Spacecraft attacbcs  to the launch vehicle at the launch

vchic]c adapter (the top-most white cylinder).

l’late 2. J’icturc of [hc flight lander, with onc petal open (with rover), as it appeared in SAI; in Ia[c

l;cbruary 1996. Rover is in its stowed configuration (accomplishcct  by flattening (}]c rear

bogic)  mounted on its petal witil  rcdlcd  up rover ramps shown. Note white electronics box,

with IMP in its stowed configuration (white horizontal cyliruder).  Silver rod extending to

top of lander triangular opening is the low-gain antenna. AS1/MET  mast is shown on edge

of folded petal to the right. Note three wind socks dangling from mast (compare actual

ftight  socks with other renditions in I;igurc 3 and Plate 4), Person to right is Tomrnaso

Rivellini,  Air IIag (;ogniz,ant I@,incc.r; person to left is 1.inda Robcck,  AT1,O (Assembly,

‘1’cst, ].aunch and Operations) cnginccr  in charge of lander- integration. Solar CCIIS on petals

arc covcrcd  by a protect i vc fi 1 m,

l’late 3. Artists rendition of Patbfindcr  landing on Mars in darkness early in the morning on July

4, 1997 (courtesy of Pat Rawlings, SAl~).  Picture shows pcrspcctivc  view above

backshcl]  and disk-gap-band parachute after solid rockets on the insictc  of the backshcll

have fired (notice slack in the parachute lines), illuminating the surface. The tether to the

lander has been cut, the airbags  are. inflated and the lander is rebounding from its initial

impact (notice dust on bags and in atmosphere). Solid rocket burn after rclcasc of the

lander coupled with the bouncing of the lander ensure tlmt the parachute and backshcll  will

fall to the surface away from the, lander and that (I1c landing site will bc free fronl solid

rocket exhaust.
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Plate 4. Artists rendition of lander and mvcr exploring the surface of Mars (courtesy of Mike

Carroll). Rover ramps arc shown unfurled allowing rover egress from tllc Iandcr pc(al

(note magnetic [argcts at the cn(i of lhc ramps). I\ar on front of rover houses two

monochrome cameras (providing stereo views in front of the rover) and laser light stripers

for autonomous haz,ard avoidance,.
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