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Introduction:  Precise measurement of rotational 

dynamics of terrestrial planets may give a bulk of in-
formation about their interiors, histories of formation 
and evolution. E. g. an arcsecond or better accuracy is 
desirable in obliquity and especially in physical libra-
tions of Mercury to place significant constraints on 
size and state of its core [1]. Earth-based techniques 
now in use have low accuracy and can not measure 
variations in rotational components. In this work a new 
for astronomy radiophysical effect is considered allow-
ing precise measurement by Earth-based radar of in-
stantaneous transverse spin vectors of terrestrial plan-
ets and their variations with time [2-7]. I show that the 
effect is classical because it follows immediately from 
the Huygens-Fresnel principle [2-4].        

The effect of far coherence:  We may not know 
exact hights and positions of roughnesses over a plane-
tary surface and a reasonable approach here is to con-
sider it to be randomly rough. As a consequence scat-
tered radar fields can be treated as randomly speckled. 
Space-time properties of such fields are characterized 
by the correlation function (matrix in general) [4]       

 
            K(ρ1,ρ2;τ) = exp{jkP(ρ1,ρ2;τ)}  
 
             ∫∫ I(r) exp{jkrt·(ρ–vτ)/R}drt   
     
               exp{jkrr(ρ2

2–ρ1
2)/4R2}drr                     (1)  

 
where   P(ρ1,ρ2;τ) = |R+Vτ| + |R+Vτ–ρ2| – R –|R–ρ1| 
does not depend on planetary rotation, I(r) is the power 
distribution over the scattering surface, rt и rr are the 
Descartes coordinates of r (rr along with and rt or-
thogonal to R),  ρ1,0 and ρ2,τ are space-time observa-
tion points, ρ = ρ2 –ρ1,  · denotes dot-product, k = 2π/λ, 
λ is the transmitted wavelength, v is the velosity of 
speckle pattern displacement [2]  
 
                         v ~ 2R×Ω + 2Vt                         (2) 
 
Vt is the transversal component of V with respect to R. 
The first (fast) exponent inside the integral (1) presents 
the effect of speckle displacement and the last (slow) 
one causes speckle decorrelation [2-4]. Due to the fast 
exponent the reflected speckle pattern “runs” in a 
transversal plane near the surface of Earth in a “fro-
zen” state at the velocity v (2). For Mercury v ~ 200-
300 km s-1. The slow exponent destroys the “frozen” 
state of a speckle pattern. The length over which a 

speckle pattern remains “frozen” is much larger than 
the diameter of Earth and we can say about far coher-
ence of radar fields scattered from inner planets. In-
deed the correlation radius of a radar field scattered 
from Mercury is only l ~ 3 km (near coherence) [3,4] 
but due to the effect of far coherence (speckle dis-
placement) radar echoes are highly correlated over 
thousands kms if the receiving baseline is colinear 
with v. We may use this fact to measure presisely in-
stantaneous transversal spin-vectors of terrestrial plan-
ets [3-7]. Far coherence has a global character and 
possible baselines are transAtlantic (Europe-USA), 
transPacific (Japan-USA), and transcontinental 
(Europe-Japan).  
From (1) the degree of far coherence can be estimated 
for a number of interferometers [4]. E. g. for the Gold-
stone – Green Bank radar interferometer (baselength b 
~ 3000 km) the degree of far mutual coherence of the 
radar echoes from Mercury near its inferior conjunc-
tion with Earth is ~ 0.999987 (1.0 maximum), for 
Goldstone – Arecibo, b ~ 4000 km (Goldstone trans-
mits at 13 cm) it is ~ 0.999985, for Arecibo – Gold-
stone (Arecibo transmits) ~ 0.999976, and for Gold-
stone – Utsuda (Japan), b ~ 8000 km it is ~ 0.99984. In 
any case the loss in correlation (decorrelation) is less 
or compared to 10-4 and radar techniques based on the 
effect of far coherence should work very perfectly and 
reliably.          
      Limiting accuracy:  It was shown in [5] that one 
should use the effect of far coherence and the corre-
sponding RSDI-technique (radar speckle displacement 
interferometry) [3-7] to reach in instantaneous spin 
components the limiting accuracy (monochromatic 
illumination) 
                              l     v    
                   σ  =   — · — ~  4.5 ·10-6                         (3)   

                    qb   vΩ   
 
where the numerical value corresponds to the Gold-
stone – Green Bank interferometer for Mercury [3],  
vΩ is a part of v caused by rotation, q = Q0.5, Q is the 
signal-to-noise ratio. The limiting RSDI-accuracy for 
Mars and Venus is comparable with an arcsecond level 
too. 
It was a pleasure to discuss here another wonderful 
consequence from the Huygens-Fresnel principle.      
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