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Introduction:  Mars Express (MEX) bistatic ra-
dar (BSR) ground tracks will not move to far north-
ern (e.g., Phoenix) latitudes until June 2006.  But the 
generally uniform appearance of these plains areas 
suggests that certain surface characteristics may be 
inferred from observations already in hand.  Of par-
ticular interest are two MEX experiments conducted 
in the vicinity of the Viking Lander 2 site (Table 1). 
 

Table 1 
Mars Express Bistatic Radar Observations 

in Mars Northern Plains 
Target 
Area 

Utopia VL-2a Alba 
Patera 

VL-2b 

Date 
(2005) 

01 Oct 31 Oct 04 Nov 12 Dec 

Orbit 2202 2308 2325 2458 
Latitude 
(β, °N) 

49.54 47.16 47.54 47.30 

Longitude 
(Λ, °E) 

118.87 135.07 94.82 133.88 

Incidence 
Angle (°) 

61.15 62.29 57.43 67.35 

Slant 
Range 
(km) 

5649 8556 7084 5649 

 
Inference of Surface Properties:  The MEX ex-

periments are designed to be interpreted using quasi-
specular theory; that is, the surface scattering is as-
sumed to be via reflections from properly oriented 
elements of a gently undulating surface.  The echo 
dispersion (Doppler spreading) is proportional to rms 
surface tilts on scales of centimeters to meters.  The 
echo strength is proportional to the Fresnel reflectiv-
ity which is, in turn, a simple function of the regolith 
density in the top few centimeters [1].  Since MEX 
radiates simultaneously at λ=13 and λ=3.6 cm, 
wavelength variations in both roughness and density 
can be inferred. 

BSR Footprint:  The MEX BSR implementation 
fixes the spacecraft high-gain antenna (HGA) point-
ing in inertial space so that the illumination sweeps 
over the surface rather than following the specular 
point ground track, which has been customary in past 
experiments — e.g., [2], [3].  Strict interpretation of 

the results is thus valid only at the instant  t0  when 
the HGA points toward (β,Λ); but limited surface 
resolution can be achieved by monitoring echo prop-
erties as a function of time and frequency. Latitudes, 
longitudes, incidence angles, and slant ranges in 
Table 1 are for the  t0  condition.  The effective BSR 
footprint is an ellipse with dimensions typically 100-
200 km. 

VL-2 Results: Preliminary processing of the 12 
Dec 2005 data yields the results in Table 2.  Dielec-
tric constant values were derived from 21 15-second 
power ratio measurements (right circularly polarized 
echo power to left-circularly polarized echo power 
when RCP is transmitted — vid., e.g., [4]) centered 
on  t0.  The roughness estimates were derived from 
measurement of the width of the RCP echo at  t0. 

 
Table 2 

12 Dec 2005 Mars Express Bistatic Radar 
Wavelength λ RMS Surface 

Roughness ζ 
Dielectric Con-

stant ε 
3.6 cm 4.0° 3.6±0.2 
13 cm 1.3° 2.4±0.5 

 
Discussion:  Surface near the VL-2 site appears to 

be somewhat smoother than average for Mars; more 
striking is the wavelength dependence, which is al-
most inversely proportional to λ.  On the Moon, we 
have seen variations as strong as λ-0.5 in maria [5]; 
but highland areas have almost no wavelength varia-
tion.  Dual-wavelength data for Mars are sparse, but 
strong wavelength dependence is uncommon. 

 The dielectric constant values are also un-
usual.  Data processed from BSR experiments con-
ducted near Mars' south pole and in southern cratered 
terrain shows higher dielectric constant at the longer 
wavelength [6] — consistent with our assumption 
that waves at 13 cm penetrate more deeply and 
"sense" more compacted material.  The results from 
the VL-2b experiment suggest the opposite. 

 The 13 cm echoes are weaker by a factor of 
about 1000 because of lower transmitter power and 
lower antenna gain at both the spacecraft and Earth 
receiving station; so a review of the calibration (at 
both wavelengths) will be conducted before the re-
sults are considered final.  We also have data from 
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the VL-2a experiment which can be processed and 
compared with these results.   

The 04 Nov experiment may have been con-
ducted too close to Alba Patera to be useful in char-
acterizing "plains;" but the Utopia Planitia results 
should be relevant to Phoenix sites.  An experiment 
scheduled for 22 Jan 2006 may provide additional 
data from Utopia, possibly with the first HGA 
specular point tracking.  The MEX specular points 
moves north of 60°N in June 2006, and several tar-
gets within the Phoenix interest areas will be re-
quested. 
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