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Abstract

The �rst attempt to construct a gravitational theory similar to Maxwell,s

electromagnetic theory was done by the English physicist Oliver Heaviside,

then it was improved by the German physicist Hermann Minkowski , and

given the name Lorentz Invariant Theory of Gravity or LITG for short,

so from the name it's Lorentz transformation's invariant in conformity

with the special theory of relativity, again it was further improved and

generalized by the Russian mathematician Sergey Fedosin to be known

as the co-variant theory of gravitation, the co-variant theory will reduce

to LITG at low velocities and week gravitational �elds, therefore for our

work we need only use the LITG theory as a special case of the co-variant

theory, and we will use the similarity between electromagnetism and grav-

itomagnetism to drive laws.

To explain �yby e�ect we argue that the individual photons of the

telemetry signal emitted from the free-falling spacecraft being themselves

a source of gravitomagnetic �eld, interact with the �eld generated by the

relatively moving Earth, because the spacecraft is in free-fall state an

observer on-board it can claim to be at absolute rest according to the

equivalence principle, therefore an observer and in this case the telemetry

photons can assume being emitted from the spacecraft which is at rest

towards the Earth which is now moving towards them with the same

velocity of the spacecraft, the gravitomagnetic force in this case will be

attractive, and due to the highly symmetric trajectory of the spacecraft

an equivalent force of repulsion will be experienced by telemetry photons

during the departure of the spacecraft, because in this case the photons

and the Earth will be moving in the same direction, the force of attraction

will manifest in the form of a blue-shift and that of the repulsion will

manifest as a red-shift, so if we measure the e�ect equally during the

inbound and the outbound, the two e�ects will add to zero, the e�ect

is highly dependent on the way we observe it, that is why the e�ect is

minimum when the trajectory is symmetrical about the equator, because

the DSN antennae are distributed near the equator, hence the blue-shift

and the red-shift cancel out.
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As for the gravity probe-b case, we argue that, one of the most impor-

tant results of the theory of relativity, is that there is no absolute frame of

reference, we have to ask a particular observer about the results of his ob-

servations within his frame, we are not allowed to dictate or force our own

conceptions on him, this condition wasn't ful�lled in the case of gravity

probe-b theoretical framework, the researchers assumed that the space-

craft is revolving around Earth along with the four perfectly manufactured

gyroscopes, from our point of view as observers on Earth this is true but

for an observer on-board the spacecraft the situation is totally di�erent, in

this case the spinning gyroscopes are in free fall state which is according to

the equivalence principle is a privileged inertial frame of reference, where

Newton's �rst law of motion is perfectly operational, therefore anyone of

the four gyroscopes have the full right to claim the state of absolute rest

while the Earth is revolving around them with the same period by which

the spacecraft is revolving around Earth as judged by us on Earth, also

the gyroscopes as observers they claim that the Earth is spinning around

an axis perpendicular to its own axis of rotation, with the same period of

about 97.5 minutes of the spacecraft, using this reasoning and applying

the approximate version of the co-variant theory of gravitation namely

LITG, we obtained a gravitomagnetic e�ect nearly 100 times as large as

that expected by the researchers, as we will show.

1 Introduction

Newton's theory of gravitation was originally designed to describe only the �eld
produced by any mass, no �eld of any kind was assumed by Newton to be gen-
erated by a moving mass, hence according to Newton's theory, the gravitational
�eld produced by a certain mass will have the same value and form if the mass
is at rest or in motion, but a new addition was made by the physicist Oliver
Heaviside where he introduced a new �eld similar to the magnetic �eld in clas-
sical electrodynamics, this �eld is produced when a mass is in motion relative
to another observer, this theory proposed by Heaviside was further generalized
by the mathematician Hermann Minkowski to be invariant under Lorentz trans-
formations, therefore given the name Lorentz Invariant Theory of Gravitation
or LITG for short, now �nally the mathematician Sergey Fedosin generalized
the LITG to be valid even in cases of strong gravitational �eld, this new theory
proposed by Fedosin is known as co-variant theory of gravity, the co-variant
theory will reduce to LITG at low velocities and week gravitational �elds.

While trying to solve the �yby anomaly problem I �rst realized that this
anomalous acceleration can't be accounted for using Newton's theory of grav-
ity, so I thought this anomalous acceleration must be due a gravitomagnetic
interaction between the Earth and the telemetry signal photons if we insist on
the particle nature of photons, therefore photons will generate their respective
gravitomagnetic �elds due to their perpetual movement, so while trying to do
this it became very clear to me that it's possible to account for this anomaly
if we use the LITG or simply the Heaviside equations, and if we fully apply
the equivalence principle to claim that an observer in a free falling frame of
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reference can have the right to claim the state of absolute rest while the rest of
the Universe is moving with his same velocity in the opposite direction, then we
can explain the �yby anomaly and calculate the acceleration.

As for the gravity probe-b designed to calculate two e�ects, the geodetic
e�ect, and the Lense-Thirring e�ect, what concerns us here is the second e�ect,
this e�ect is produced by a mass in motion and it's analogous to the e�ect pro-
duced by a moving charge, while a moving charge generates an electric current,
a moving mass generates what is known as matter current, and as the electric
current generates an additional �eld known as the magnetic �eld, so accord-
ing to Heaviside's theory a matter current generates an additional gravitational
�eld known as the gravitomagnetic �eld, this �eld is similar to the magnetic
�eld, and also as a rotating spherical charge produce a dipole magnetic �eld so
a rotating spherical mass generates a dipole gravitomagnetic �eld.

The gravity probe-b experiment was constructed to measure the two men-
tioned e�ects and one of them is the frame-dragging or the the Lense-Thirring
e�ect which is concerning us here, everything in this experiment was nearly per-
fect, the devices were checked and tested many times, the spherical gyroscopes
were a wonder, no anomaly was observed during all these extensive tests, ev-
erything was in a very good condition, and this is what anyone will expect from
an experienced and highly professional scientists and engineers of the greatest
space agency, no one will expect the expensive spacecraft to be launched unless
every item in it was checked and many times of that, but we believe that one
vital thing was neglected by the researchers, the four gyroscopes were designed
to be una�ected by the spacecraft movement and they were designed to not
touch the housing, the spacecraft was in free fall state and so were the four
gyroscopes, and according to the equivalence principle a free falling observer
can claim the state of absolute rest while the rest of the Universe is performing
his motion in the opposite direction, for the gyroscopes the Earth was revolving
around them completing one revolution in 97.5 minutes, for the gyroscopes this
revolution of Earth around them wasn't apparent as we used to say, it was a real
revolution which is generating a gravitomagnetic �eld according to LITG as we
will show, because according to the theory of relativity every observer has the
right to conduct his own experiments within his frame and we have to accept
the results obtained by him even if they contradicted the results obtained by us,
this gravitomagnetic �eld produced by the relatively moving Earth can interact
only with the spin of the gyroscope, because the gyroscope will claim to be at
rest and the gravitomagnetic �eld acts only on moving matter.

2 Flyby anomaly as a manifestation of LITG grav-

itomagnetism

As de�ned in Wikipedia, the �yby anomaly is an unexpected energy increase
during Earth-�ybys of spacecrafts, this anomalous change of velocity was discov-
ered by J.D. Anderson and other engineers at JPL, here we will use the Lorentz
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invariant theory of gravitation or LITG for short, and the similarity between
the gravitomagnetic �eld and the magnetic �eld, to explain the anomaly, note
that the co-variant theory developed by the Russian physicist Sergey Fedosin
reduces to LITG at low velocities and low �elds and in this case it is valid for
inertial frames of reference.

The spacecraft during the �yby is surely in a free fall state and according
to equivalence principle an observer inside it can claim the state of rest, so in
this case he can insists that while approaching Earth, that the Earth is moving
towards him by the same velocity of his craft, this movement according to special
relativity theory have to be taken seriously, and the Earth due to this movement
generates a gravitomagnetic �eld according to LITG theory given as:

Ω =
Gmev

c2R2
e

(1)

where me is the Earth's mass and Re is it's radius and v is velocity by which
the Earth is approaching the spacecraft as judged by an observer inside it,
now consider an electromagnetic signal sent as a ranging telemetry, in principle
electromagnetic waves composed of photons, and photons are particles of light
with no rest mass, but according to special relativity they possess a mass while

moving with the speed of light which is given as mph =
E

c2
, so in principle the

photon generates a gravitomagnetic �eld while moving with the speed of light,
and therefore the photon can be a�ected by the �eld produced by Earth, the
signal's photon is coming from a free falling spacecraft, or a rest frame as judged
by the photon as an observer, instead the Earth will be viewed by the photon to
be moving with the same velocity towards the spacecraft, because the photon
and Earth are moving in opposite directions the gravitomagnetic force will be
an attractive force, and the acceleration given to the photon can be calculated
using equation (1) one can write

aph = Ωc =
Gmev

cR2
e

(2)

hence substituting the values of constants and the velocity of NEAR space-
craft at perigee during (1998) Earth �y-by or v =12.7 km/sec we get:

aph = 4.149 × 10−4 m/s2 (3)

which is exactly the same as the value obtained by modeling the e�ect.
Now since the speed of light is constant the only way for this acceleration

to manifest is in a blue-shift, thus we will register a blue-shift in the telemetry
signal, note that the e�ect is highly dependent on observation, because during
the departure of the spacecraft the e�ect will be a red-shift of exact magnitude,
so the two e�ects will cancel each other if both are observed, this explains clearly
why the e�ect is minimum if the trajectory of the spacecraft is symmetrical
around the equator simply because the antennae of the NASA Deep Space
Network or DSN are situated near the equator, so both the blue-shift during
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the approach and the red shift during departure will be equally registered, and
they will cancel each other, therefore if a large number of DSN antennae are
distributed evenly all over Earth's surface the �yby e�ect will not be observed.

Note that the above treatment is just to explain the e�ect, but in practice a
component of the velocity of light vector parallel to the relative Earth's velocity
have to be taken, the other component perpendicular to Earth's relative move-
ment will not be a�ected by the gravitomagnetic �eld of the Earth, also note
that this gravitomagnetic �eld produced by the relative movement of the Earth
will not interact with the spacecraft, because the spacecraft is in free fall state
therefore an observer in it can claim the state of rest and the gravitomagnetic
�eld won't act on matter at rest.

3 Gravity probe-b gyroscopes measured the true

torque

One of the basic tenets of the theory of relativity is the equivalence of di�erent
frames of reference, in special theory of relativity this is valid for inertial frames
of reference, and it means simply that an observer in a particular inertial frame
conducting experiments within his frame can have the right to obtain results dif-
fering than those obtained by another observer in a di�erent inertial frame, and
according to special theory of relativity both observers results are correct within
their frames, now for frames in a gravitational �eld we can use the equivalence
principle and consider free fall to be as a most privileged inertial frame of ref-
erence where gravitational �eld is switched o� and Newton's �rst law of motion
is operating fully, a free falling observer can assume the state of rest while the
whole observable Universe is moving with the same velocity of the observer in
free fall in the opposite direction, as far as the free falling observer is concerned
this is not an apparent movement it's real and can produce measurable e�ects.

Using the above reasoning we can reinterpret the results obtained by the
gravity probe-b researchers and show that the �rst results obtained weren't
anomalous and there was no need for thinking about di�erent sources of noise
to correct the obtained results, the experiment was wonderful, the technical
details were ingenious, the four spherical gyroscopes were nearly perfect, in fact
so perfect they calculated exactly the e�ects experienced by them, not the e�ects
expected by the respected researchers as we will show.

For an observer on Earth it is so evident that the spacecraft is revolving
around Earth with a period of about 97.5 minutes in a circular polar orbit,
so we expect the four gyroscopes to measure the two e�ects predicted by gen-
eral relativity, namely the geodetic e�ect and the Lense-Thirring e�ect, what
concerns us here is the second e�ect which is analogous to the magnetic �eld
in electromagnetism, but actually this wasn't the case from the point of view
of the four gyroscopes, the four spinning gyroscopes were in free falling frame
of reference, the gyroscopes as observers in free fall state will claim the state
of absolute rest while the Earth will be revolving relatively around them with
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exactly the same period by which we observe the spacecraft to be taking to
complete one revolution around Earth, the four gyroscopes were designed to
spin una�ected by the orientation of the spacecraft and therefore the �xation
of the spacecraft to a certain star will not make any di�erence to the gyro-
scopes, they were in free fall, due to this relative rotation of the Earth around
the spinning gyroscopes, Earth will become a source of a gravitomagnetic �eld
according to LITG, so the revolving Earth's mass here will be equivalent to an
electric charge moving in a circle of radius d = Re + r where d is the distance
between the center of Earth and the spacecraft, Re is Earth's radius and r is the
distance between Earth's surface and the spacecraft, using the analogy between
magnetism and gravitomagnetism we can use the same laws obtained for moving
electric charges for moving masses, so in this case we can use the law obtained
to calculate the magnetic �eld at the center of a circle of radius d where a charge
Q is revolving, we need only replace Q by me where me is the Earth's mass, and

the magnetic constant
µo

4π
by the gravitomagnetic constant

G

c2
where G is the

universal gravitational constant and c is the speed of light, the magnetic �eld
using Biot-Savart law is given as:

B =
µoI

2d
(4)

where I is the electric current and in our case I =
Q

T
where T is the time period,

for the analogous matter current we can write I =
me

T
where I in this case is

the matter current, equation (4) can be rewritten as:

B =
2πµoQ

4πTd
(5)

in this form we can replace the constants by those of the relatively revolving
Earth and equation (5) can be written as:

Ω =
2πGme

c2Td
(6)

where Ω is the torsion �eld analogous to the magnetic �eld B , the dimension
of it is same as that of the angular velocity as explained in length by Sergey
Fedosin, for the free falling gyroscopes not only the Earth is revolving around
them but it will be claimed by them to be spinning around an axis perpendicular
to its original rotation axis with a period of 97.5 minutes, therefore the Earth
now become a source of a dipole gravitomagnetic �eld and at the equatorial
plane using LITG equations can be given as:

Ωs =
2πGme

5c2Td
(7)

where Ωs is the dipole �eld due spin observed by the gyroscopes, now this
�eld will be added to the previous �eld to give the total �eld acting on the
gyroscopes as:
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Ωt = Ω + Ωs =
12πGme

5c2Td
(8)

substituting the values of constants, we take the radius of Earth to be Re =
6.378 × 106 m and the distance between the spacecraft and Earth's surface
r = 650 km and the values of c , G , and me taken from wikipedia, the value of
Ωt will be:

Ωt = 8.13 × 10−13 s−1 (9)

now if we consider the value obtained for the dipole �eld due to Earth's daily
rotation around its own axis to be:

ΩE = 8.5 × 10−15 s−1 (10)

then by dividing equation (9) by equation (10) we can compare between the
true �eld sensed by the gyroscopes and the �eld expected by the gravity probe-b
team or:

Ωt

ΩE
= 95.649 (11)

this is nearly about 100 times larger than the expected e�ect, and this is
exactly the value measured by the gyroscopes without any intervention or cor-
rection.

Hence we conclude that the value of the torque measured by the gyroscopes
needs no correction, the gyroscopes revealed faithfully the true e�ect experienced
by them, also we conclude that, the true �eld calculated using the equivalence
principle and the LITG is so large than the expected one due to Earth's spin
to the extent that measuring this tiny e�ect is impossible using this type of
experiment.
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