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LARES 
(LAser RElativity Satellite) 

 

 

   LARES was  successfully  launched  and 
very  accurately  injected  in the nominal  
orbit  on the 13 th  of  February  2012 with  
the new  launching  vehicle  of  ESA/ASI 
built  by  AVIO/ELV.  





LARES 
ORBITAL ELEMENTS and 

PARAMETERS 

  

Â Semimajor axis : 7820 km  
Â Eccentricity  nearly  zero: 0.0007  
Â Inclination  69.5 degrees  
Â Weight  387 kg  
Â Radius  18.2 cm  
Â Material Solid  sphere  of  Tungsten  alloy  
Â Covered  with  92 retro - reflectors   



LARES 
(LAser RElativity Satellite) 

Italian Space Agency 
 

Â LARES is the best test -particle  for  
gravitational  studies  ever  made  and 
available  to  researchers , its  cross -
sectional - to -mass - ratio  is almost  3 times  
smaller  than  that  of  LAGEOS 
 

Â Combined  with  the LAGEOS and LAGEOS 2 
   orbital  data LARES would  provide  a 

confirmation  of  Einstein General  Relativity , 
the measurement  of  frame -dragging  with  
accuracy  of  about  1%.  
 



 

  
     USING THE 3  

OBSERVABLES 
PROVIDED BY THE 
3  NODES OF 
LAGEOS , LAGEOS 2  
AND LARES  WE 
ELIMINATE THE 2  
UNCERTAINTIES 
DUE TO J2  AND J4  
AND MEASURE 
FRAME - DRAGGING  

 



Â Since  the main  error  source with  the 
LAGEOS tests  is given  by  the 
uncertainty  in the value  of  J4, that  
can be as large  as 10 % of  frame -
dragging , by  eliminating  the J4 error  
we  can achieve  a measurement  of  
frame -dragging  with  an  error  of  
about  one  percent  only  (error  due to  
higher  degree  harmonics  J6, J8, 
etc.).  



    A BALL OF TUNGSTEN, THAT 
BECAME THE LARES SATELLITE 
AFTER CARVING THE HOUSING 
OF THE CCR.  



 A BALL OF TUNGSTEN, THAT 
BECAME THE LARES SATELLITE 
AFTER CARVING THE HOUSING 
OF THE CCR  



LARES DM before  mounting  the CCR  







   THE LARES SATELLITE AT THE 
OFFICINE OMPM IN SALERNO  













      DRAGGING OF INERTIAL FRAMES  
(FRAME-DRAGGING as Einstein named it in 

1913) 

Â The local inertial frames 
are dragged by mass -
energy currents: Ů uŬ  

   GŬȁ = Ȑ TŬȁ =  

  = Ȑ [(Ů +p) uŬ uȁ + p g Ŭȁ]  

Â It plays a key role in high 
energy astrophysics  

    (Kerr metric)  

 
 

  Thirring  1918  
  Braginsky, Caves and Thorne 1977 
  Thorne 1986   
  I.C. 1994-2001 



GRAVITOMAGNETISM: frame-dragging is also 

called gravitomagnetism for its formal analogy with 

electrodynamics 

 
Â In electrodynamics  a 

magnetic  needle  is 
changing  its  
orientation  because  
of  the magnetic  field  

   and the magnetic  
field  is generated  by  
electric  currents .  

Â In General  Relativity  a 
gyroscope  is changing  
its  orientation  ( frame -
dragging ) because  of  
the gravitomagnetic  
field  and the 
gravitomagnetic  field  is 
generated  by  mass 
currents , such  as the 
Earth  rotation ( Earth  
angular  momentum ).   

 







Â On the basis  of  our  2004 -2010 measurements  of  frame -
dragging , using  the LAGEOS satellites , in 2008, 
Smith,  Erickcek , Caldwell  and  Kamionkowski  (Phys . Rev. D 
77, 024015, 2008 ) have  been  able  to  place  limits  on some 
possible  low -energy  consequences  of  string  theory  that  
may  be related  to  dark energy  and quintessence . 

Â See also : S. Alexander and N. Yunes  ñChern -Simon  
Modified  General  Relativity ò, Physics Reports, Volume 480, 
2009, p. 1-55 .   

Â T. Clifton, P.Ferreira , A. Padilla  and C. Skordis , ñModified  
Gravity  and Cosmology ò  

Â    



SOME EXPERIMENTAL ATTEMPTS AND 

MEASUREMENTS OF FRAME-DRAGGING 

AND GRAVITOMAGNETISM 
Â 1896: Benedict and Immanuel FRIEDLANDER  
                (torsion balance near a heavy flying - wheel)  
Â 1904: August FOPPL (Earth - rotation effect on a gyroscope)  
Â 1916: DE SITTER (shift of perihelion of Mercury due to Sun rotation)  
Â 1918: LENSE AND THIRRING (perturbations of the Moons of solar system planets by the 

planet angular momentum)  
Â 1959: Yilmaz   (satellites in polar orbit)  
Â 1976: Graziani - Breakwell - Van  Patten - Everitt  
    (two non - passive counter - rotating satellites in polar orbit: a very expensive experiment)  
Â 1960: Schiff - Fairbank - Everitt   (Earth orbiting gyroscopes)  
Â 1977 - 78: Cugusi  and Proverbio , on LAGEOS only (however, wrong rate for frame -

dragging)  
Â 1984 - 1996: I.C.: USE THE NODES OF TWO LAGEOS SATELLITES   
    (two supplementary inclination, passive, laser ranged satellites)  
Â 1988 : Nordtvedt  ( Astrophysical  evidence  from  periastron  
                rate of  binary  pulsar)  
Â 1995 - 2007: I.C. et  al. ( obs . & measurements - 2004 - using LAGEOS and LAGEOS - II)  
Â 1998: Some astrophysical  evidence  from  accretion  disks  of  black  holes  and neutron  

stars  
Â Evidence  of  ótranslational ô Gravitomagnetism  from  Lunar  Laser Ranging  
Â 2004 launch  of  Gravity  Probe B 
Â 2011 GP - B results  
Â 2012 LARES  



GRAVITY PROBE B  



 

Problems with the GP -B data analysis have been outlined, see, for example: R. F. O'Connell  
 "Gravito - Magnetism in one - body and two - body systems: Theory and Experiment", in,  
 "Atom Optics and Space Physics", Proc. of Course  CLXVIII of the International School  
of Physics "Enrico Fermi", Varenna, Italy, 2007, ed. E. Arimondo, W. Ertmer and  
 W. Schleich, (2009).  



GRAVITY PROBE B 

was launched in 2004 

Â After  the data collection  ( for  a few  
months  after  the launch ) GP-B had  
systematic  errors  for  over  300 % of  
the frame -dragging  effect . 

  On 4 May 2011, after  over  5 years  of  
data analysis , they  announced  a 
measurement  of  frame -dragging  with  
an error  of  about  19 %.  



I.C.-Phys.Rev.Lett., 1986: 

Use the NODES of two  

LAGEOS satellites; the orbital  plane of these 

satellites is a huge gyroscope affected by  

frame-dragging. This is called the Lense-Thirring   

effect 

 





 

 

 

 

 

 

 



Satellite Laser Ranging 



l=3, m=1 

   But  we  need  to  
eliminate the 
errors  due to  the 
lower  degree  even  
zonal  harmonics . 



IC, PRL 1986:  

Use of the 

nodes of two  

laser-ranged  

satellites to 

measure the 

Lense-Thirring 

effect 


