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I apologize with the audience and the organizers of 
SPACEPART06 but my Lufthansa flight LH 3861, from 

Rome, had a serious technical problem and so the carrier had 
to come back to the terminal (but I am still alive!).  

I thank very much Eng. Alberto Franceschi for presenting 
this simplified version of my talk. The details of this 

talk will be submitted to the proceedings of SPACEPART06. 
 

                               Ignazio Ciufolini (19-4-2006) 



    

  

σε  See: I.C. and J.A. Wheeler,  
Gravitation and Inertia, 1995 



  

 



    
GRAVITY PROBE B 

  

Will be measured by:  



I.C.-Phys.Rev.Lett., 1986: 
Use the NODES of two  
LAGEOS satellites to  
measure the Lense-

Thirring effect. 



    

Satellite Laser Satellite Laser RangingRanging  

The technique to accurately measure the very tiny  
 Lense-Thirring effect on the orbit of a satellite is: 



    



    

In order to improve the accurate measurements of the Earth  
   gravity field, the GRACE mission was launched in 2002 



    

EIGEN-GRACE-S (GFZ) 
This is a picture of the gravity field model EIGEN-GRACE-S produced  
by GFZ (Potsdam-Germany) using the data of the GRACE satellites only. 

It shows the   
very small  

variations of  
the Earth  

gravity field 
from that of 

a perfect 
ellipsoid 



    

LAGEOS IILAGEOS II  

    Launched  
in 1992 by ASI 
Italian Space  
Agency and 

NASA 



  
Ι∆Ε 

IDEA: USE OF THE NODES OF LAGEOS AND 
LAGEOS 2 TO ELIMINATE THE J2 EFFECT 

I.C., Nuovo Cimento A 109, 1709, 1996, see also: I.C., Int. Journ. Mod. 
Phys. A 4, 3083, 1989, I.C., J.A. Wheeler, Gravitation and Inertia, 1995 
and I.C., Proceedings of I SIGRAV School on GRG, Frascati, 2002. 



    

Result published  
in Nature in 2004 

using the very 
accurate Earth  

gravity field model 
EIGEN-GRACE-02S 

(produced in 2004 
by GFZ of Potsdam,  

Germany) and 
the data of the 
LAGEOS and 
LAGEOS II 

satellites 
 
 



    

Observed value of  
Lense-Thirring effect = 99% 
of the general relativistic 
prediction. Fit of linear trend 
plus 6 known frequencies 

General relativistic  
Prediction = 48.2 mas/yr 
 

Observed value of  
Lense-Thirring effect using 
a combination of the  
LAGEOS nodes. Fit of linear  
trend only 

I.C. & E.Pavlis,  
Letters to NATURE, 
431, 958, 2004. 



    

ErrorError budget budget  
Static gravitational fieldStatic gravitational field ( (usingusing the EIGEN the EIGEN--GRACEGRACE0202S S 
uncertaintiesuncertainties): ):   

        3 3 % % toto 4  4 %% ( (the EIGENthe EIGEN--GRACEGRACE0202S S uncertainties uncertainties include include 
systematicsystematic  errorserrors)          )            

    Time     Time dependent gravitational field errordependent gravitational field error::  
        @@  22 % %                              

NonNon--Gravitational perturbationsGravitational perturbations::  
        2 2 %%  toto  3%3%    

Other errorsOther errors: : aboutabout  22 %  %   
                      
                  TOTALTOTAL:  :  lessless  thanthan 10  10 % % error   error   ((RootRoot  SumSum  SquareSquare))  

 A very detailed error analysis and error budget published  
 in: Ι.C., E. Pavlis and R. Peron, New Astronomy 11,  

 527-550, 2006. 



    

Present and future work includes the analysis of the LAGEOS and  
LAGEOS II data using more accurate perturbation models, more accurate  
gravity field models and different software; for example using the model  
JEM03, produced in 2005 by JPL-Caltech using a longer GRACE data 
set, we obtained the preliminary result and fit: 

0 2 4 6 8 10 12
-100

0

100

200

300

400

500

600

YEARS

M
IL

LI
A

R
C

S
E

C

the Lense-Thirring 
effect measured with 
JEM03 is ~ 100 % 
of the general relativity 
prediction, confirming 
our 2004 result using  
EIGEN-GRACE02S 
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Measurement of the Lense-Thirring effect with  
accuracy of the order of 1 % and other gravitational tests 



    

 

I.C. & E.Pavlis,  
Letters to NATURE, 
21 October, 2004 
and I.C., E. Pavlis  
and R. Peron, New  
Astronomy, 2006. 
 

Theory in  

Latest measurements  
in  

Previous proposals 
in  
I.C., PRL 1986,  
I.C. NC A 1996 and  
I.C. IJMP A 1989. 



        • In addition, it was recently  pointed 
out by Ciufolini (Ciufolini et al. 2004) 
the possibility of testing with WEBER-
SAT some recently proposed 
theories, based on a BRANE-WORLD 
model, which can explain the DARK 
ENERGY problem and the 
observations of accelerating 
supernovae (Dvali 2004). 
 
• However, this possibility will imply 
the need of a much higher altitude 
orbit for the LASER satellite and 
therefore a MUCH more expensive 
mission. 

 

 GOALS OF LARES POSSIBLE PERSPECTIVES 


