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MARS QUASI-SPECULAR ECHOES: PRELIMINARY RESULTS AT 3.5-CM WAVELENGTH; 
T. W. Thompson, T.C. O'Brien, R.F. Jurgens, M.A. Slade, Calif. Inst. Tech., 
Jet Propulsion Laboratory, Pasadena, CA, 91109 and H.J. Moore, U.S. 
Geological Survey, Menlo Park, CA, 94025. 

Radar observations of Mars at Goldstone in 1990 [1,2] and 1988 [3] 
were conducted by transmitting pure sinusoidal signals with 3.5-cm 
wavelengths and receiving the Doppler-spread echoes from Mars at Earth. 
Radar transmissions were circularly polarized and the echoes recorded in 
two senses: depolarized (SC, same sense) and polarized (OC, opposite 
sense). Each polarized echo consists of two parts: (1) a quasi-specular 
echo and (2) a diffuse echo. There are two parameters that can be 
estimated from a quasi-specular echo: (1) root-mean-square (rms) slope and 
(2) normal reflectivity. The rms slope is a statistical measure of surface 
undulations at slope lengths larger than the radar wavelength. 
Reflectivity can be interpreted as a relative dielectric constant. 
Latitudes of the subradar points in 1990 range from 3.5' to 11.1' S and 
those in 1988 from 22.5' to 25.2' S; longitude coverage for both is 
discontinuous. Here, we report preliminary results on rms slopes, and 
dielectric constants for the 3.5-cm echoes. 

Average rms slopes for the 1990 echoes (4.04') and 1988 echoes (4.25') 
are about the same; standard deviations differ by a factor of 2 (Fig. 1). 
This difference is related to the terrain sampled; subradar points in 1990 
include cratered uplands and rough plains of south Tharsis and south of 
Elysium Mons; those in 1988 are confined to cratered uplands. Cratered 
uplands for the 1990 echoes between 260' and 30' W are generally smoother 
than those for 1988; the very large rms slopes observed in 1990, like those 
from 120' to 220' W, are absent in the 1988 observations (Fig. 2). 

The average dielectric constant for the 1990 echoes (2.74) is lower 
and the standard deviation higher (20.73) than those of the 1988 echoes 
(3.88k0.47) (Fig. 3). Again, the difference is related to the terrains 
sampled. Frequency distributions of dielectric constants for the 1990 and 
1988 observations show two separate modes and, if combined, would resemble 
the bimodal distribution of dielectric constants for observations in 1986 
at 12.6-cm 141. Dielectric constants for the 1990 echoes tend to be small 
from 120' to 220' W (Fig. 4). Dielectric constants for the 1988 echoes are 
nearly everywhere larger than those of the 1990 echoes. 

Thermal inertias [5] and dielectric constants for the 3.5-cm 
observations are correlated (Fig. 5). 

These radar observations, along with others, provide important 
information for future exploration of Mars. Of particular importance are: 
(1) the range in dielectric constants which show that bulk densities of the 
surface materials vary significantly with location [6] and (2) the surface 
roughness also varies significantly with location. 
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Figure 1. Frequency distribution of 
rrns slopes for 3.5-cm observations. 
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Figure 3. Frequency distribution of 
dielectric constants for 3.5-cm 
observations. 

Figure 5. Thermal inertias of the 
subradar points and dielectric 
constants for 3.5-cm observations. 
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Figure 2. Rms slope as a function of 
longitude for 3.5-cm observations. 

Figure 4. Dielectric constant as a 
function of longitude for 3.5-cm 
observations. 
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