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ABSTARCT

Present paper envisages an efficient methoor fsynchronization of GPS and
geosynchronous satellite signal s with Earth ussotar braking. A transformation in the velocity
of an inertial frame can account for relativistghifts in the timing of events, termed ringtic
velocity’. Here, the synchronization of GPS agebsynchronous satellite signals has been
analyzed by rectifying the intrinsic velocity. Ferve our proposed aim in this paper, the
relativistic Lorentz transformation has been applieln its several sections, the first section
focuses to summarize work done by previous reseexdh a little attempt. Second section of the
paper presents terminology and notations used uradwlysis. The methodology employed to
analyze the synchronization of GPS and geosynou® satellte signals have  been
demonstrated in  third section. Moreoversalgtions of the global positioning and
geosynchronous satellites have been presentedbinssations 3.1 and 3.2 respectively. However,
significant results have been found and discussdtia fourth section. Finally, conclusive analysis
based on observations has been done exhaustively the fifth section
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INTRODUCTION

Rigorous study of Literature reveals that analydisynchronization of GPS and geosynchronous
satellite signals has received considerabkdtention by a number of previous
noteworthy researchers and it has occupied a penhjplace in emerging fields of Electronics and
Communication Engineering, Physical Sciences andhE&ciences. Noticeable textbooks by
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several authors e. g. Born [3], Einstein et al 460 Essen [7] are recognized as main sources to
explore and analyze problems on the subject. Reegperimental tests by Adam et al [1]
confined their attention in this direction and d&strated doubt upon the principal postulate of
relativity, that is, the constancy of the speedigift and the associated maximum speed of physical
bodies, for more details we refer [3, 6 & 14]. lmstcontext, research works done by [10-12] are
also relevant up to some extent. Controversy okervalidity of relativity has been established in
research work of earlier noteworthy researcherg. dingle [5], Essen [7], and Mueller and
Kneckebrodt [15] in the twentieth century. Moreqvitis controversy continues into the twenty-
first century, documented by remarkable researdheeller and Kneckebrodt [15] and references
therein.

Can a model for inertial frame motion be constrdcés an alternative to relativity? A model for
inertial frame motion could utilize Newtonian physiand the mathematical framework of absolute
time and Euclidean space. Absolute time meansthleatiming of events in a moving inertial frame
is identical to that of a stationary frame. Théatreistic Lorentz transformation would also
be employed.

MATERIALSAND 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:

= [ntrinsic velocity, v, is defined as the measured velocity of a body having magnitude and
direction.

»  Intrinsic speed, |‘-‘,:.| , is defined as the magnitude of the intrinsic velocity of a body in motion

=  Cpordinate velocity, v, is defined as the Newtonian velocity having magnitude and direction
in a stationary reference frame.

= Cpardinate speed, |1i.'| , is defined as the magnitude of coordinate welocity of a body in

mwoion.

= [Inorinsic Time, T, is defined as the measured time for an evernt.

=  Coordinate time, T | is defined as the classically anticipated Mewtmnian time for an event for
a stationary reference frame.
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= Lorenmtz factor: T =

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

= Intrinsic Velocity, vq, is transformed with respect to classical expectation for an

inertial frame in constant motion:
vo =Vl

where v is the intrinsic velocity in a moving frame andswdoordinate velocity.
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= Intrinsic time, T , is transformed with respect to classical exp@uotator an inertial framein
constant motion:

_|
I
|-

-

where T is the time for an event in a moving frame and HRr8cipated coordinate time for an
event.

Furthermore, it is also remarkable that theseno relativistic change in time between inértia
frames due to relative motion when a shift in vasjpoccurs. A transformation in the velocity of
an inertial frame has caused an apparent shift e ttiming of an event.

Methodology Used Under Analysis

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

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

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

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

Classical physics calculates the coordinateloorty of bodies in a stationary inertidirame
reference. A Lorentz factor correction yields &ghdl increase in the intrinsic speed as
satellite travel with constant speed. Over a penbdime the shift in the intrinsic speed of the
satellite will lead to synchronisation problems lwihe earth base station and the drift in the
satellite position would therefore need to be atige.

A global positioning satellite orbits at an aitle of approximately 20, 200 kilometres above

the earth and makes two complete siderealitsorper day. The GPS satellite obeys

Newtonian mechanics given by the sum of Kmeetic and potential energy, for further
details we refer, Flandern [8]:

2 GmM,
R

Gm M,
R

1 1

The technical data for GPS:

R = Radius earth + height = 6.4 x 10+ 20.2 x10¢ = 26.6 x10s metres,

Time for sidereal day = 23 hours, 56 minutes and 4 seconds = 86,164 seconds
GPS orbital pericd = 3% sidereal day = 43,082 seconds

Angular speed. |0 = 1.4584247033980749 x 10 rads’

Coordinate speed. |"-‘| = mRk =3879.4097110388793530 nus!?
[ =1.0000000000837217

o b
[ntrinsic time, T, = ]—_ =H6163.9999927862034418 seconds

Intrinsic speed,

Vi

=3879.4097 113636701290 nust
Error intime. A¢ =T — T, = 7213 x 105 seconds per day

GPS resynchronisation rate = 7213 x 10 seconds per day or 83.62 picoseconds per sidereal day

The Geosynchronous Satellite

Science fiction writer, Arthur C. Clarke, first gugsted the concept of using geostationary orbit
for communications satellites. Geosynchronous oobiturs when a satellite’s centripetal force
exactly balances the gravitational force. As alliesa geostationary orbit is fixed in position

and height synchronously orbiting around the Earth.

A special case of geosynchronous orbit is the gedshary orbit. Thi s i s a circular

geosynchronous orbit at zero inclination, dinecibove the equator. A satellite in a
geostationary orbit appears stationary to groubsleovers. Communications sat ellites are often
given geostationary orbits, or close to geostatigna so that the satellite antennas that
communicate with them do not have to move.

As it is stationary with respect to the earth, gs®msynchronous satellite orbits at constant speed
once per day at a fixed height, termed geosyncluorearth orbit (GEO). The orbital height of
the GEO above the earth is approximately at 35R00metres. The coordinate speed of the
geosynchronous satellite can be calculatdyy bal ancing the centripetal and
Newtonian gravitational forces:
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For central force motion assuming a circular orbiordinatespeed:v = wR
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The technical data for GEO:
G =667 x10", M =599 x10* kg sidereal day, T = B6164 seconds,
Angular speed, |o =7.2921235169903747 x 105 rad.s!
Radius of GEO orbit, R = 4227329 x 10" m
Coordinate speed of GEQ, |‘-‘| =3082.6650034489940103 mu.s

Intrinsic speed.

V| = =3082.66500361195578419 s
Error in speed, |,-}.1.-|= 1.6206177389404182 ms!

Advance in satellite position per revelution, As = 14.0414382858062194 mm
Intrinsic time, T, =86163.9999954450349206 seconds

Error intime, Af =T —T, = 4554 x 10-% per day

GEO resynchronization rate = 4.554 x@@econds per day or 52.8 x18 seconds per earth day.
According to USNO, the time correction rate for stamt motion of the GEO satellite orbit 52. 8
pico- seconds per second, see for more detailsyd&ila [8]. Simil arly, the intrinsic time
correction for the GEO satellite is identical te fRelativistic time dilation correction.

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

In this view, adjustment of the clock rate for tleynchronization of the GPS and
geosynchronous satellite is not sourced in rekttovitime dilation or contraction, rather it has
been suggested that the adjustment of the clo&k afisatellites is sourced in the dif ference
between the calculated coordinate and intrinsiecgpe

RESULT AND DISCUSSION

As the velocity of a satellite is increased inviala resynchronisation of a GPS signal with earth
can be achieved by reducing the intrinsieesp of travel to the Newtonian speed. In
orbit an atmospheric vacuum with a solar wind eiglts above 20,000 kilometres will be
assumed. By the use of adjustable flaps or solés eaterior to the satellite, velocity braking
could be achieved against the solar wind envelothegorbit. This is shown in Figure 2 below.
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Figure :2 GPS Satellite with Sails or Brakes attached toSblar Panels

The adjustable satellite sail, or flap, could bee@during a solar head-wind for half the orbit to
slow travel speed. For the other half of the onvihen a solar tail wind is in place, t he satellit
sails would be lowered and gas jets employed tw dlwe speed of travel. Precision computer
control systems would be needed to achieve this end
As the satellite orbit height tends to wane overet the sail could also be used to reposition the
orbit in a solar tail-wind. The reduction of theiedbte speed to the calculated Newtonian orbital
speed, being closer to true orbital speed,nigipated to cause increased orbital stabilitye
added bonus of ‘solar braking’ is t hat the time ady on the satellte can be exactly
synchronized with Earth time.
It can be observed that adjustable sails, gasajai computer-controlled speed on board a satellit
involves precision and complex engineeringn Afficient method of re-synchronization
would merely adjust the rate of the on board seetllock. Synchronization of satellite to earth
signals is thereby achieved by making intrinsieltt¢ time equivalent to the coordinate time.
The method employed of synchronization for the GiyShe U.S. Naval Observatory (USNO) is
that the time rate on the satellite is adjustedJtov ersal Coordinated Time (UTC) [8]. GPS
satellites

—\/2 —
orbit the earth twice per day with Lorentz factorrection oiAf ff=vi2¢ 83.7x10-2 producing

adelay of 7.2us per day, refer Ashby [2]. The time correctitor the GPS satellite is
therefore identical to the relativistic time ditati correction.

CONCLUSION

In this paper, we have shown that a transformatiothe intrinsic velocity of an inertial frame can
exactly account for relativistic timing effects. ®to this point of view, relativistic time dilaticor
contraction of moving inertial frames would be nigrapparent. Here, we succeeded to explore
that by adjusting the speed of travel of a GP SIgatagainst the solar wind, uniform braking t@th
Newtonian coordinate velocity could be achievedadition to this, we propose that this method
has the advantages of improved orbital stability adjusted clock rates on satellites would not be
necessary.

It is noted that the most efficacious method famcéyonisation of signals is simply to adjust the
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satellite atomic clock frequency according to relatic formula. This is the methodf
synchronisation of signals presently employed by NOS

Intrinsic velocity shifts can exactly account foglativistic time corrections required for the
resynchronisation of GPS satellite signal 8. this view there is no relativistic time
difference between moving inertial frames and tjreckronisation of the time of day between the
Earth and the satellite requires that there beadjastment of the satellite clock rate. Finally
we conclude following facts based on significant  serations;

- Synchronization timing rectifications for sattd and the earth station are calculated
from the special and general relativity corrections

-These relativistic corrections for GPS provideaanuracy at the earth of +/- 1 meter.

-This result is cited as a proof of relativistimé and relativity.

-It was shown that the timing can be attributabl@ shift in known velocity of the satellite.

-A method of solar braking is suggested as anmed resynchronization of satellite and
ground signals.

-This result is cited as evidence for absolute iimiaertial frames.

-The relativistic time shifts between inertial frasnremains controversial and this 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, scientists, statisticians and mathematicians for their future
research and development in this direction.
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