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Introduction: Four bistatic radar (BSR) experi-

ments were conducted during 2006 using Venus Ex-
press (VEX) right-circularly polarized transmissions 
at 3.6 and 13 cm wavelengths (λ).  On each day re-
ception on Earth was at the NASA Deep Space Net-
work 70-m antenna near Canberra, Australia, using 
both right- and left-circularly polarized (RCP, LCP) 
receivers at each wavelength.  The first observation 
was a test on 23 May with the ground track extending 
from (21°S, 54°W) to (37°S, 68°W).  The other three 
were longer swaths on alternating days starting 15 
June, with each swath cutting northwest to southeast 
across Maxwell Montes.  The objective of these and 
future VEX BSR experiments is to explore further 
the anomalous radar scattering discovered at high 
altitudes on Venus by Pioneer Venus [1,2] and Ma-
gellan [3,4]. 

Observables: The RCP and LCP echo powers can 
be calculated as <RR*> and <LL*> where  R  and  L  
are the RCP and LCP voltage spectra at the receiver, 
"*" denotes the complex conjugate, and "<>" indi-
cates time averaging over 30 seconds.  A cross spec-
trum <RL*> can also be calculated; it has both a 
magnitude and a phase.  When the dielectric constant 
of the reflecting surface is real, the phase of the cross 
spectrum is zero except for an offset which results 
from slightly different RCP and LCP paths, as in the 
ground electronics.  There is also a phase offset, 
which may vary slowly with time, as a result of pas-
sage through magnetized plasmas (such as Earth's 
ionosphere).  If the surface on Venus causing the 
echo is partially conducting, the reflection process 
itself may introduce a phase offset as large as 45°. 

Measurements: Spatial resolution and signal-to-
noise in the VEX experiments are not as good as dur-
ing the Magellan experiments, and atmospheric 
absorption severely limits the utility of λ=3.6 cm data 
at high incidence angles, which are needed to study 
Maxwell.  But enhanced dielectric constants in the 
range 7<ε<23 have been inferred from λ=13 cm 
<RR*>/<LL*> echo power ratios [5] within Maxwell, 
generally confirming the correlation of elevation with 
dielectric constant reported earlier.  The anomalous 
polarization angle from which a semiconductor sur-
face composition was inferred [4] has not been con-
firmed, but further observations are needed as the 

current results are barely at the level of statistical 
significance. 

Adjustments: The VEX Maxwell measurements 
from the three days are listed chronologically in Ta-
ble 1  with the first and fifth in each day assumed to 
be "normal" surface having an entirely real dielectric 
constant and real Fresnel reflection coefficients.  The 
measured phase is the phase of <RL*> as defined 
above with the constant and slow time variations re-
moved empirically. Since a real reflection coefficient 
has no phase, the end point phases can be set to zero 
and the interior values adjusted using a linear func-
tion of time — approximately -9°/minute, but calcu-
lated separately for each day.  This "detrending" ex-
poses the phase term resulting from reflection by a 
conductor — if present. Note that the measurement 
uncertainties for the end values have been retained in 
the table even though the means have been forced to 
0.00. 

Modeling: Model calculations are shown in the 
last column of Table 1 (column 6).  These assume 
that the dielectric constant derived from the 
RCP/LCP ratio (column 4) is entirely imaginary. 
Typically the mean measured phase values (column 
5) are less than half of the phase shift predicted by 
the semiconductor model; but the uncertainties in the 
measurements are comparable to the model offsets so 
caution is needed in interpretation.  Nonetheless, 
taken as a group, we see no evidence for the phase 
expected from a dielectric constant that is dominated 
by an imaginary (conducting) component. 

Future Experiments: Additional experiments are 
scheduled beginning in March 2007 and will include 
opportunities to study high elevations on Venus at 
smaller Earth-Venus distances and at latitudes closer 
to the equator.  But spacecraft to target slant range 
will be larger than for Maxwell and incidence angles 
may be less favorable for deriving ε from the power 
ratios. 
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Table 1 
Dielectric Constant ε from Measured Power Ratio and Comparison of Measured Cross Spectrum 

Phase with Model Predictions Assuming ε  is Entirely Imaginary  
2006 
Day 

Lat 
(°N) 

Lon 
(°E) 

ε from 
RCP/LCP 

Power 

Relative 
Measured 
Phase (°) 

Phase from 
Semiconductor 

Model (°) 
166 70.2 -3.1 5.1 0.0±9.4 N/A 
166 67.9 -0.4 10.5 +1.8±58.1 +33.6 
166 65.5 1.4 13.1 +6.9±46.9 +34.9 
166 63.0 2.8 11.6 +7.1±28.9 +33.7 
166 60.5 3.6 5.1 0.0±14.5 N/A 
168 70.7 0.1 4.7 0.0±12.5 N/A 
168 68.4 2.8 9.2 -10.1±36.8 +32.4 
168 66.0 4.8 7.9 +18.7±36.4 +30.5 
168 63.6 6.2 7.8 +2.1±44.0 +29.8 
168 61.1 7.1 3.6 0.0±18.8 N/A 
170 71.0 3.4 5.7 0.0±15.8 N/A 
170 68.8 6.1 15.8 -3.6±45.5 +36.2 
170 66.4 8.1 23.1 +9.5±25.4 +37.8 
170 64.0 9.6 5.2 +17.2±86.5 +23.9 
170 61.5 10.5 5.7 0.0±14.5 N/A 
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