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Introduction:  The first bistatic radar echoes from 

Mars were observed serendipitously during Mariner 6 
and 7 flybys  in 1969 at a wavelength λ=13 cm [1].  
Planned bistatic experiments have since been carried 
out using the Viking Orbiters [2-5], Mars Global Sur-
veyor (MGS) [6], and (most recently) Mars Express 
(MEX) [7].  Interest has been high, as in all radar ex-
periments, because the electromagnetic wave interacts 
most strongly with surface structure on scales of 1-
100λ which, in the case of contemporary radars, is 
exactly the scale of interest to landers and rovers. 

Bistatic theory [8], in conjunction with Earth-based 
monostatic radar experience [9], suggests that echo 
strengths should be proportional to the Fresnel power 
reflection coefficients evaluated at the specular inci-
dence angle [10].  But ground system calibrations 
proved to be unreliable in most of the Viking and MGS 
experiments.  Only about ten percent of the Viking 
experiments yielded estmates of dielectric constant [2, 
3]; the MGS data were processed on the assumption 
that performance was "nominal" [6].  The Viking data, 
in particular, were very useful, however, in providing 
information about rms surface slopes on scales of 1-
100λ; probability density functions for surface slope 
were derived from Viking echo spectral shape at sev-
eral locations [5]. 

Since the bistatic echo typically includes both the 
incident polarization and its orthogonal component, 
each with a unique Fresnel reflection coefficient, one 
should be able to extract the surface dielectric constant 
ε by comparing the echo power in the two polariza-
tions — if both powers are known accurately.  Al-
though the calibration procedure is straightforward, its 
implementation is time consuming and the resources 
needed for its execution have not been available until 
the MEX era. Mars Express transmits right-circularly 
polarized (RCP) signals at λ=3.6 and 13 cm; we are 
receiving both RCP and the orthogonal left-circularly 
polarized (LCP) echoes at 70-m antennas of the NASA 
Deep Space Network (DSN).  During one experiment, 
we also received both polarizations at λ=13 cm using 
the 305-m antenna at Arecibo Observatory.  

Results from the early MEX experiments (DSN an-
tennas only) were, in general, as expected.  Dielectric 

constants were derived from the RCP/LCP power ratio 
and were in the range 2.0 < ε < 4.0, depending on loca-
tion, at wavelength λ=3.6 cm.  Although less certain 
because the echoes were weaker, estimates of ε were 
10-50% higher at λ=13 cm.  The difference with wave-
length is consistent with a model in which the longer 
wavelength penetrates more deeply and responds to 
regolith material that is more densely packed.  The 
results since the early experiments have been more 
complicated. 

Mars South Pole: Several bistatic radar experi-
ments were carried out during southern summer using 
targets near Mars' south pole — with special emphasis 
on the residual south polar ice cap (RSPIC).  The icy 
surface was found to be smoother than elsewhere on 
the planet with rms slopes of approximately 1.5° on 
scales of the radar wavelength.  As in the early ex-
periments, the dielectric constant measured at λ=13 cm 
was larger (ε~2.8) than at λ=3.6 cm (ε~2.1).  The value 
2.8 is close to the value for solid water ice and larger 
than the value expected for solid CO2.  We concluded 
[11] that the exposed surface was mostly (if not all) 
H2O at the time of observation and that the top 1-2 cm 
was less dense than the material at greater depths. 

Northern Plains: In three of the first four experi-
ments analyzed in northern plains we found higher 
dielectric constants at the shorter wavelength; two of 
these were near the VL-2 landing site and the third was 
in central Utopia Plantia.  Measurements in eastern 
Utopia at only the shorter wavelength produced the 
highest values of ε seen to date, suggesting the possi-
bility of "wavelength-inverted" values had there not 
been an equipment failure at λ=13 cm.  These results, 
although unexpected, are consistent with presence of a 
1-2 cm layer of duricrust, rocks, or gravel that overlies 
less dense material [12]; a duricrust layer has been 
postulated based on thermal data [13]. 

Stealth:  Stealth is a region which extends for 2000 
km along the equator west of Tharsis. In Earth-based 
radar studies its signature is indistinguishable from that 
of background measurement noise [14].  The lack of 
echoes has been interpreted as evidence that the sur-
face is covered to at least a few meters  by a low-
density mantle with few included rocks or voids larger 
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than about 1 cm.  Edgett et al. [15] have identified 
possible vents on the flanks of Arsia and Pavonis Mons 
which might have been the sources of this material.   

Our bistatic radar experiments have confirmed that 
the echoes are weak.  We find low values for ε, but not 
consistently across Stealth.  In fact, the more consistent 
result is that the surface has a high rms slope.  And, as 
was the case in the northern plains, there is also evi-
dence that the dielectric constant at λ=3.6 cm is higher 
than at the longer wavelength (the Arecibo data have 
been helpful since the DSN antennas can barely detect 
the echo at λ=13 cm).  A layer of rock(s) or gravel is 
ruled out for Stealth by the Earth-based radar data.   

A model which does fit the data, however, is one in 
which the surface has high rms slope (~10°) at hori-
zontal scales on the order of 10-20 cm.  When ob-
served at 3.6 cm wavelength, the surface reflects 
specularly, but its slopes scatter the signal in many 
directions.  As long as we can detect both RCP and 
LCP echoes, however, we can estimate ε.  At 13 cm, 
the surface is not a good specular reflector; instead, the 
roughness serves to match the wave into the surface in 
a way that gives it an apparently lower dielectric con-
stant.  Duricrust is consistent with this model but is not 
required; Stealth does not have a unique thermal signa-
ture [15].  Sultan-Salem [private communication] has 
explored the behavior of self-affine (fractal) surfaces 
and predicts an underestimation of ε when the scale of 
the surface structure approaches the radar wavelength. 

Future Observations: Most of the Mars Express 
bistatic radar data have been collected using an "iner-
tial" spacecraft antenna pointing strategy that allowed 
mirror-like observations at only one point on the sur-
face.  In the MEX Extended Mission, dynamic antenna 
pointing has been implemented and experiments dur-
ing the 2007 opposition should yield many more esti-
mates of surface properties — along hour-long surface 
tracks rather than at a single point per scheduled ex-
periment.  We look forward to continuous, dual-
wavelength measurements of bistatic echoes across 
geologic and morphologic boundaries. 

In the MEX Extended Mission we also need to con-
firm the results at some of our "weak" target locations, 
such as Stealth, where the experiments conducted to 
date have been at specular incidence angles φ~30-35°, 
rather than the more favorable φ~60° where roughly 
equal RCP and LCP echoes would be expected if ε~3, 
the nominal Mars average.  The surprise for us in 
Stealth has been the weakness of the RCP echo com-
pared with a fairly robust LCP counterpart — a fact 
which drives dielectric constant estimates into the 
range 3 < ε < 4 at λ=3.6 cm when the Arecibo (λ=13 
cm) values are ε~1.4.  Acquiring continuous tracks 

across Stealth under Mars 2007 opposition observing 
conditions will be an advantage in understanding 
Stealth better. 
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