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lntroductiom  One of the major concerns of antenna design for spamcraft
applications is the effect of surrounding structures which can reflect and
diffract the antenna’s radiated energy  and cause degradation in the antenna
dircctivity, beam shape, ancl side]obc.  1CW4S.  A case in point is the NASA
1 ~arlh Observing Systen] (F.OS) spacecraft, shown in l~igurc  1, which has a
large number of instruments on board. Among these is the Multiple Imaging
Spectra] Racliometer  (MIS]{). The clownlink  antenna systcm (I>AS) for the
spacecraft is a very broad beam antenna and as such irradiates much of the
spacecraft lcacling  to the possibility of clistortion of its pattern,

MIS]{, on the other hand, must be protected from optical glint resulting from
the structures onboard the spacecraft and to this cnd the instrument has been
fittecl  with a baffle. ‘1’he optimal position for this baffle (from the point of
view of the MISR  instrument) p]accs  it in the near-fic]d of the clownlink
antenna. If not carefully designeci, this baffle could  cause  potentially serious
clistortion of the downlink  antenna pattcm by reflecting the energy racliatcd
by lhc antenna back into another part of its far fic.ld; i.e.., by creating a
“multipath  environ merit.” It will also shaduw  or block a portion of the
radiation of the antenna. ‘1’bus, the baffle material must bc chosen  so as 10
minimize the effect on the antenna pattern while aclecluatc]y  protecting the
instrument. ‘1’hat  is, the material must be optically absorbing ancl raclio
frequency (RF) transparent.

“1’o properly assess the pattern distortion which may occur du c to the above
situation, one must first determine the reflectivity of the baffle material. in
an effort to select an optimum material, several optically black materials were
considered, all of whic}l  were RI;  transmissive  in varying dcgre.cs.  ‘1’hc R};
reflection coefficient of samples of these materials was founcl  to be less than
0.03 as mcasurecl  in a wavcguiclc,  “1’hc rc.suits were then used in an analytical
assessment of the antenna pattern perturbation. Dctai]s  of the modeling arc
clcscribcd  lm]ow.

Approac]l:  Whi]c it is within  the current state of the art in computation]
c.lcc.trol~~agl~  etics to model  the clown] ink antenna with high precision, the
analysis wou]cl  rcc]uire considerable time ancl computer resources. ‘1’his was
clccmccl  unwarranted un]css  it could bc clcmonstratecl  that a significant
problem exists whcncc  one could justify a precise asscssmcmt of the nature of
the interaction. lnstcad, a simple model was clcvised which would render a



quick dctcmination  of the order of magnitude of the baff]c  cffcc.t on the
downlink  pattern with minimal effort. “1’his mock] compriscc] an clcmcnta]
point  source. locatccl  at the approximate phase ccntcr of the dcnvnlink  and
having  a far zone pattern approximating that of the proposccl antenna. ‘1’hc
fic]d of  this sou Jcc was then evaluated on the slJl face of the baffle ancl Ihc far
zone reflection coJJlpulcd  via physical optics using  the. rc.flcctivity  dctcrminccl
by sample mcasurcmcni,  ‘1’lJc reflected field was coherently combined with the
dil cct Iadialion  to dctcrminc the pattern ripp]c indumd by the rc.flc.ction.

l’atlcrn  Perturbation calculation: ]iigurc  2  dc.picts t h e  gcomctrica]
arrangement of Ihc antenna, the MISR ins{rumcnt,  and the baffle. ‘1’hc
antenna paltcrn assumed for Ihc calculation is shown in ];igurc  3. 1~ is
designed to approximate the pat(crn  of Ihc actual antenna, I’hc calculation
is based  on the configuration dcpictcd  in lrigurc  2 wherein the patterned point
source radiates  from the point  O symmctrical]y  about the z axis ancl the baffle.
reflects the radiation such that the spccu]ar  angle is approximatc]y  7 degrees
from the x axis in the diagram.

‘1’0 obtain a scalar measure of the level of pattern perturbation, the
tJ npcrt u rbccl pattern is compu Icrl and the perturbing f ic]d “rcf Icct cd from the
baffle is computed. ‘J’hcIJ, tlJe ratio of the magnitudes of these is calculated
ancl plotted versus fhc aspect ang]e with the assumed magnitude of the
reflection coefficient of the baffle material as parameter. ‘1’his scalar ratio is
just half the maximum peak to peak amplituc]c of the ripple to bc cxpcctcd
in the cohcrcnt  sum of the two fields relative 10 the. unperturbed field. “J’hc
results arc plottccl  in IFigurc 4. As expcctccl  the maximum perturbation occurs
at the specular angle of 7 dcgrccs  from the x axis. Recalling that the
mcasurccl  reflection coefficients of the proposed baffle materials were on the
order  of 0.03, it may be inferred that the amplitude of the pattern ripple duc
tO thC PICSCIICC of thC baff]C  Wi]] bC IllOrC thaJJ 50 d]] bC]OW thC  lJJl~)C1’tlJJ”bed

pattern. Moreover, if -26 dI\ ripple is tolerable, then baffle materials with
rcflmtion  coefficients of 0.3 (-10.5 d]) return 10ss) may be used.

~onclusioJ)s:  We conchJdc  from the pre.sentccl  results that the clcsign  of a
suital)]c  baffle for the MIS]{ instrument which will not significantly perturb
the downlink  antenna pattern is cluitc fcasib]c.  ]J~ fact, casi]y obtainab]c  ]{]?
reflection properties rcsu]t  in ncgligib]c perturbation of the antenna pattern
for the geometry trcatccl.
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[ ic]ur-c 1. [0S S p a c e c r a f t  Configuration.
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Fiuurc 3. Al)alyt ical dowl]lillk ante]ll)a l)atter]l.
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