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ABSTARCT 
 
Present  paper  envisages  an  efficient  method  for  synchronization  of  GPS  and  
geosynchronous satellite signal s with Earth using solar braking. A transformation i n the velocity 
of an inertial frame can account  for relativistic  shifts  in  the  timing  of  events,  termed  ‘intrinsic 
 velocity’.  Here,  the synchronization  of GPS and geosynchronous  satellite signals has been 
analyzed by rectifying the intrinsic velocity.  To serve our proposed aim in this paper, the 
relativistic Lorentz transformation has been applied.  In its several sections, the first section 
focuses to summarize work done by previous researchers in a little attempt. Second section of the 
paper presents terminology and notations used under analysis. The methodology employed to 
analyze the synchronization of GPS and   geosynchronous   satellite   signals h a v e    been   
demonstrated   in   third   section.   Moreover, descriptions of the global positioning and 
geosynchronous satellites have been presented in sub- sections 3.1 and 3.2 respectively.  However, 
significant results have been found and discussed in the fourth section.  Finally, conclusive analysis 
based on observations has been done exhaustively in the fifth section.                                                

      
 

Keywords: Synchronization,  GPS and geosynchronous  satellite  signals,  Lorentz  factor,  
relativistic Lorentz  transformation,   intrinsic  velocity,  coordinate  speed,  coordinate  time,  and 
 coordinate velocity, solar braking 

 
                                          

INTRODUCTION 
 

Rigorous study of Literature reveals that analysis of synchronization  of GPS and geosynchronous 
satellite   signal s  has  received   considerable   attention   by   a   number   of   previous   
noteworthy researchers and it has occupied a prominent place in emerging fields of Electronics and 
Communication Engineering, Physical Sciences and Earth Sciences. Noticeable textbooks by 
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several authors e. g. Born [3], Einstein et al [6] and Essen [7] are recognized as main sources to 
explore and analyze problems on the subject.  Recent  experi mental  test s  by  Adam  et  al  [1]  
confined  their attention in this direction and demonstrated doubt upon the principal postulate of 
relativity, that is, the constancy of the speed of light and the associated maximum speed of physical 
bodies, for more details we refer [3, 6 & 14]. In this context, research works done by [10-12] are 
also relevant up to some extent. Controversy over the validity of relativity has been established i n 
research work of earlier noteworthy researchers e. g. Dingle [5], Essen [7], and Mueller and 
Kneckebrodt [15] in the twentieth century. Moreover, this controversy continues into the twenty-
first century, documented by remarkable researcher Mueller and Kneckebrodt [15] and references 
therein.                                                                                                                                                  
Can a model for inertial frame motion be constructed as an alternative to relativity? A model for 
inertial frame motion could utilize Newtonian physics and the mathematical framework of absolute 
time and Euclidean space. Absolute time means that the timing of events in a moving inertial frame 
is identical to that of a stationary frame.  The relativistic Lorentz transformation would also 
be employed.                                                                                                                                         

.      MATERIALS AND METHODS 

Terminology and Notations Used  

The following terms with notations are defined for the purpose of analyse the              
synchronization of GPS and geosynchronous satellite signals:                                                    

                                            

   
  
In this context, formulae for constant one-dimension inertial frame motion provide following facts; 

                                                                               
           

�  Intrinsic  Velocity, v0 , is transformed  with respect  to classical  expectation  for an 

inertial frame in constant motion: 

v0  = vΓ 
 

where v0  is the intrinsic velocity in a moving frame and v is coordinate velocity. 
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�  Intrinsic time,  T0 , is transformed with respect to classical expectation for an inertial  frame in 
constant motion:                                                                                                                               

 
T 

 = T  

0        
 Γ 

 
where T0  is the time for an event in a moving frame and T is anticipated coordinate time for an    

event.                                                                                                                                                    
                

 
Furthermore, it is  also  remarkable  that there  is no relativistic  change  in time between  inertial 
frames due to relative motion when a shift in velocity occurs. A transformation i n the velocity of 
an inertial frame has caused an apparent shift in the timing of an event.                                               

  
Methodology Used Under Analysis 

 
The high precision of the Global Positioning Satellite system for satellite communication, 
accurate to approximately one metre on Earth, has become a scientific fact in the twenty first 
century; we refer Ashby [2]. The accuracy of positioning at the surface of the earth has been 
proclaimed as a proof of Special and General Relativity, as a clock time rate correction is 
employed on-board GPS satellites Flandern [8].                                                                                  

    

It will be shown, however, that a transformation from coordinate to intrinsic velocity can account 
for   the   clock   correction   due   to   special   relativity   on   board   GPS   satellites.      This   
velocity transformation takes place in absolute time and exactly accounts for the relativistic time 
correction.                                                                                                                                             

 

An analysis of the intrinsic velocity transformations will be given in the context of a constant speed 
inertial frame of GPS and GEO satellites in orbit; see figure 1 for illustration.  Furthermore, an 
alternative method of ‘time’ correction for GPS satellites will be suggested.                                       

  
                                    

 
 

 

Figure 1. GPS satellites orbiting the Earth 
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The Global Positioning Satellite (GPS) 
 

Classical   physics calculates   the coordinate   velocity of bodies i n  a  stationary   inertial   frame 
reference.  A Lorentz factor correction yields a slight increase  in the  intrinsic  speed as  
satellite travel with constant speed. Over a period of time the shift in the intrinsic speed of the 
satellite will lead to synchronisation problems with the earth base station and the drift in the 
satellite position would therefore need to be corrected.                                                                      

 

A global positioning  satellite  orbits at an altitude  of approximately  20, 200 kilometres above 
the earth  and  makes  two  complete  sidereal  orbits  per  day.  The  GPS  satellite  obeys  
Newtonian mechanics  given  by  the  sum  of  the  kinetic  and  potential  energy ,  for further  

details  we  refer, Flandern [8]:                                                                                                               
 

 
 

The technical data for GPS: 
 

 

 
 

The Geosynchronous Satellite 
 

Science fiction writer, Arthur C. Clarke, first suggested the concept of using geostationary orbit 
for communications satellites. Geosynchronous orbit occurs when a satellite’s centripetal force 
exactly balances the gravitational  force. As a result, a geostationary  orbit is fixed in position 
and height synchronously orbiting around the Earth.                                                                           

  
A special case of geosynchronous orbit is the geostat ionary orbit. Thi s i s a circular 
geosynchronous orbit at zero  inclination,  directly above the  equator.  A satellite  in a 
geostationary  orbit appears stationary to ground observers. Communications sat ellites are often 
given geostationary orbits, or close to geostationary,  so that the satellite antennas that 
communicate with them do not have to move.                                                                         

  
As it is stationary with respect to the earth, the geosynchronous satellite orbit s at constant speed 
once per day at a fixed height, termed geosynchronous earth orbit (GEO). The orbital height of 
the GEO above the earth is approximately at 35,800 Kilometres. The coordinate speed of the 
geosynchronous   satellite   can   be   calculated   by   bal ancing   the   centripetal    and   
Newtonian gravitational forces:                                                                                                            
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For central force motion assuming a circular orbit, coordinate speed:  v = ωR 

                                           

 
The technical data for GEO: 

 

 
 

 
GEO resynchronization rate = 4.554 x 10-6 seconds per day or 52.8 x10-12  seconds per earth day. 
According to USNO, the time correction rate for constant motion of the GEO satellite orbit 52. 8 
pico- seconds per second, see for more details, Flandern [8]. Simil arly, the intrinsic time 
correction for the GEO satellite is identical to the Relativistic time dilation correction.                      

 
According  to theoretical contributions  from Special  and General  Relativity  synchronization  
with UTC is achieved  by  adjusting  the  satellite  clock.  Satellite  atomic  clock  frequency  is 
reduced  to 10.22999999543  MHz instead of 10.23 MHz compared to stationary ground clocks, 
Ashby[2].                                                                                                                                             

 
In this view, adjustment of the clock rate for the synchronization of the GPS and 
geosynchronous satellite is not sourced in relativistic time dilation or contraction, rather it has 
been suggested that the adjustment of the clock rate of satellites  is sourced in t he dif ference 
between the calculated coordinate and intrinsic speeds.                                                                    

 
RESULT AND DISCUSSION 

 
As the velocity of a satellite is increased in t ravel, resynchronisation of a GPS signal with earth 
can be  achieved  by  reducing  the  intri nsic  speed  of  travel  to  the  Newtonian  speed.  In  
orbit  an atmospheric vacuum with a solar wind at heights above 20,000 kilometres will be 
assumed. By the use of adjustable flaps or solar sails exterior  to the satellite,  velocity braking   

could be achieved against the solar wind enveloping the orbit. This is shown in Figure 2 below.     
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  GPS Satellite with Sails or Brakes attached to the Solar Panels 2 :Figure 

  
The adjustable satellite sail, or flap, could be raised duri ng a solar head-wind for half the orbit to 
slow travel speed. For the other half of the orbit, when a solar tail wind i s in place, t he satellite 
sails would be lowered and gas jets employed to slow the speed of travel. Precision computer   

control systems would be needed to achieve this end.                                                                         
As the sat ellite orbit height tends to wane over ti me, the sail could also be used to reposition the 
orbit in a solar tail-wind. The reduction of the satellite speed to the calculated Newtonian orbital 
speed,  being closer  to true orbital  speed,  is anticipated  to cause increased  orbital  stability.  The 
added bonus of ‘solar braking’ is t hat the time of day on the satellite can be exactly 
synchronized with Earth time.                                                                                                               
It can be observed that adj ustable sail s, gas jets and computer-controlled speed on board a satellite 
involves  precision  and  complex  engi neering.  An  efficient  method  of  re-synchronization  
would merely adjust the rate of the on board satellite clock. Synchronization of satellite to earth 
signals is thereby achieved by making intrinsic satellite time equivalent to the coordinate time.         

The method employed of synchronization for the GPS by the U.S. Naval Observatory (USNO) is 
that the time rate on the satellite is adjusted to Univ ersal Coordinated  Time (UTC) [8]. GPS 
satellites                                                                                                                                                 

orbit the earth twice per day with Lorentz factor correction of ∆f /f =v2/2c2 =
83.7x10-12    producing  

  
a delay  of  7.2 µs per  day, refer Ashby  [2]. The  time correction  for the GPS satellite  is 
therefore identical to the relativistic time dilation correction. 

 
CONCLUSION 

 
In this paper, we have shown that a transformation of the intrinsic velocity of an inertial frame can 
exactly account for relativistic timing effects. Due to this point of view, relativistic time dilation or 
contraction of moving inertial frames would be merely apparent. Here, we succeeded to explore 
that by adjusting the speed of travel of a GPS satellite against the solar wind, uniform braking to the 
Newtonian coordinate velocity could be achieved. In addition to this, we propose that thi s method 
has the advantages of improved orbital stability and adjusted clock rates on satellites would not be 
necessary.                                                                                                                                              

 

It is noted that the most efficacious method for synchronisation  of signals is simply to adjust the 
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satellite atomic clock frequency according to relativistic formula. This is the method of 
synchronisation of signals presently employed by USNO.                                                           

  
Intrinsic velocity shifts can exactly account for relativistic time corrections required for the 
resynchronisation  of  GPS  satellite  signal s.  In  this  view  there  is  no  relativistic  time  
difference between moving inertial frames and the synchronisation of the time of day between the 
Earth and the satellite  requires that t here be no adjustment  of the satellite  clock rate.  Finally 
we conclude following facts based on significant observations;                                          

  
 - Synchronization timing rectifications for satellites and the earth station are calculated 

from the special and general relativity corrections. 
 -These relativistic corrections for GPS provide an accuracy at the earth of  +/- 1 meter. 
 -This result is cited as a proof of relativistic time and relativity. 
 -It was shown that the timing can be attributable to a shift in known velocity of the satellite. 
-A method  of solar braking  is suggest ed as a means of  resynchronization  of satellite  and 
ground signals. 

-This result is cited as evidence for absolute time in inertial frames. 
-The relativistic time shifts between inertial frames remains controversial and thi s research 
shows that the debate is ongoing. 

 
 Finally with passing above remarks and conclusions, we highly expect that our present 

contribution for analysis  the synchronization  of  GPS and  geosynchronous  satellite  signals 

 will be  useful  for researchers, scientist s, statisticians and mathematicians for their future 

research and development in this direction.                                                                                     
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