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Introduction:  In spite of wide Earth-based observations and 

many spacecraft missions much in spin dynamics of terrestrial plan-
ets and related issues remains unknown. Through accurate meas-
urement of spin vectors and their variations with time we may look 
deeply into planetary interiors. It was impossible to do so with 
known Earth-based techniques and the only way was spacecraft 
missions. The upcoming MESSENGER (USA) and BepiColombo 
(Europe, Japan) orbiting and orbiting/landing missions should give 
obliquity and librations of Mercury closely related with its internal 
constitution [1]. In addition we discuss new Earth-based opportuni-
ties on precision measurement of instantaneous spin components of 
planetary mantles offered by the Radar Speckle Displacement Inter-
ferometry (RSDI) technique [2-4].      

RSDI and today’s radar facilities:  RSDI technique was de-
signed to measure as precisely as possible instantaneous spin com-
ponents of distant bodies by laser or radar. As applied to terrestrial 
planets the improvement in accuracy is most impressive and can be 
expected 3 to 4 orders of magnitude with respect to Earth-based 
techniques now in use [3]! The measuring time can be shortened by 
5 to 7 orders of magnitude (from years to ~ 1 minute)! Also RSDI 
can measure regular and stochastic variations in spin axis orientation 
as precisely as in rotation velocity! The limiting accuracy for Mer-
cury, Venus, Mars (for Moon even better) is a few arcseconds or one 
part in 100.000 during observation within a few minutes (the round 
trip time is excluded) with existing radar facilities like the Goldstone 
70m radar and the Goldstone 70m – Green Bank 100m radio inter-
ferometer (USA) [2,4]. This limiting one look accuracy roughly 
approaches the precision expected from spacecraft missions [1]. 
Computer simulation showed that RSDI limits in accuracy can be 
closely attained in reality. Repitition of one-look experiments on 
Mercury during ~ 20 days near a single inferior conjunction and the 
use of additional radio interferometers would improve uncertainty in 
obliquity and libration amplitude to less than 1 arcsec, which can be 
better than expected from missions. Unfortunately, the only in the 
world fully steerable powerful transmitting facility at Goldstone 
most probably can not be used extensively for this goal because it is 
exploited heavily in spacecraft navigation. Taking all above into 
account we conclude that accuracy in spin dynamics of terrestrial 
planets provided by today’s Earth-based radar facilities approaches 
the precision obtainable from spacecraft missions.                    

RSDI looks into future:  The Goldstone transmitting facility 
was constructed several decades ago and is overwhelmed with pro-
posals. A new much more powerful and dedicated radar is needed to 
facilitate substantial progress in radar astronomy in XXI century. E. 
g. increasement in transmitting power by 16 times, to ~ 7 MW in-
stead of today’s 450 KW, will improve accuracy by ~ 4 times and a 
single measurement will then replace 16 today’s measurements. 
Regular RSDI observations may then result in detailed knowing of 
spin dynamics of terrestrial planets to tens of mas (milliarcseconds). 
It is not easy to reach this accuracy through missions. A new radar 
may work during at least several decades while its cost is compara-
ble with a single spacecraft mission. It might be so that Earth-based 
RSDI would really be the best possible way to investigate detailed 
rotation dynamics of Mercury, Venus, and Mars in XXI century.  
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