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I)ctcrmination  of the Gravity Field and ILotationa]  I)ynam-
ic.s of an Asteroid by Tracking an Orbiting Spat.ccraft

J.._ K...M4lgr,  I\. G. Willialtls  and 1). K. Yeomans  (All at: Jet I’IOIIUL
sion l,aboraiory,  California lnstitutc of “J’cchnology,
4 8 0 0  oak Grove l)r., }’asadcna,  CA 91 109; 818-354-4652;  c mail :

jklrl@Yjcus.jlJl  .Tl:isa.gov)

‘l’lie  Nea r  II;artb  Ast,croid  ILcndczvous  (N1(;AI{.)  m i s s ion  t o  the aster-
oid 433 l;ros provicles  the first o p p o r t u n i t y  to ohscrvc an asteroid at
C 1 O S C  mrlgc.  At spat.cc.ra.ft orbit radii of 35 km, the perturbation of
the spat.ccraft t,rajcctory is dirmtly observable with navigation i nstru -
mentation. ‘J’his i]lstrL]lilcrltatiol] consists of the trackil~p; stations that
comprise NASA’s lkwp Space Network (l)ShT)  and imagi]lg instruments
onboard  the spacecraft .  ‘1’hc  data types arc cohm-cnt  twc)-way  lk~pp]cr
measurc]nents  of the line-of-sight velocity between tracking station an-
tennae and the spat.ec.raft and optical images of l(;ros landmarks.

q’hc data arc procmsccl  by orbit determination software using fil tcring
techniques dmwlopcd for spacecraft navigation. Solutions arc ohI aincd
for the spacecraft trajectory, l;ros rotational motion and the pltysical
paralnetcrs that arc used to  Inodc]  ltros. ‘1’hcsc physics] pararnctcrs
incluclc  a 16th  degree and order gravity flcld, tllc inertia te]lsor, mass
and a data ba.sc of rcfm-cnc.c  ]and]narks that may be used for  shape
moclc]li]]g.  A high dcgrcc of precision in estimating :hesc physi( al pa-
rameters is obtained by solving for all paramctm  including spa(  ecraft
motion in a joint solution involving as many as 500 parameters.

‘J’hc physical pa,ralnetcrs that describe ]’;ros provide valuable insight
into the intcr]lal structure of F;ros. l’hc bulk clcmsity provides a direct
measure of the n]atcrials that comprise l’;ros. ‘J’he gravity h ar:[)onics
proviclc  additional insight into l;ros intcrllal structure when co]llparccl
with a shape nloclc].  ‘J’hc location of the ccntcr of mass obtainm) from
the first dcgrcw gravity harlrronics gives a direct indication of overall
mass  distributio]l,  ‘J’hc inc]tia tensor may be determined by c{~n~hin-
in.g observations of any free  precession of }’;ros with the second (1 cgrcc

gravity harmonics. ‘J’hc inertia t,cnsor  provides a direct measure of the
radial distribution of mass,
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