
April, 2008 PROGRESS IN PHYSICS Volume 2

SPECIAL REPORT

PLANCK, the Satellite: a New Experimental Test of General Relativity

Larissa Borissova and Dmitri Rabounski
E-mail: lborissova@yahoo.com; rabounski@yahoo.com

If the origin of a microwave background (EMB) is the Earth, what would be its density
and associated dipole anisotropy measured at different altitudes from the surface of
the Earth? The mathematical methods of the General Theory of Relativity are applied
herein to answer these questions. The density of the EMB is answered by means of
Einstein’s equations for the electromagnetic field of the Earth. The dipole anisotropy,
which is due to the rapid motion of the source (the Earth) in the weak intergalactic field,
is analysed by using the geodesic equations for light-like particles (photons), which
are mediators for electromagnetic radiation. It is shown that the EMB decreases with
altitude so that the density of its energy at the altitude of the COBE orbit (900km) is 0.68
times less than that at the altitude of a U2 aeroplane (25 km). Furthermore, the density
at the 2nd Lagrange point (1.5 million km, the position of the WMAP and PLANCK
satellites) should be only�10�7 of the value detected by a U2 aeroplane or at the COBE
orbit. The dipole anisotropy of the EMB doesn’t depend on altitude from the surface of
the Earth, it should be the same irrespective of the altitude at which measurements are
taken. This result is in support to the experimental and observational analysis conducted
by P.-M. Robitaille, according to which the 2.7 K microwave background, first observed
by Penzias and Wilson, is not of cosmic origin, but of the Earth, and is generated by
the oceans. WMAP indicated the same anisotropy of the microwave background at the
2nd Lagrange point that near the Earth. Therefore when PLANCK, which is planned
on July, 2008, will manifest the 2.7 K monopole microwave signal deceased at the 2nd
Langrange point, it will be a new experimental verification of Einstein’s theory.

1 Introduction

Our recent publication [1] was focused on the mathematical
proof in support to the claim made by P.-M. Robitaille: ac-
cording to the experimental and observational analysis con-
ducted by him [3–10], the 2.7 K monopole microwave back-
ground, first detected by Penzias and Wilson [2], is not of
cosmic origin, but of the Earth, and is generated by oceanic
water�. As shown in the framework of Robitaille’s concept,
the anisotropy of the background, observed on the 3.35 mK
dipole component of ity, is due to the rapid motion of the
whole field in common with its source, the Earth, in a weak
intergalactic field so that the anisotropy of the observed mic-
rowave background has a purely relativistic origin [21].z
�Robitaille reported the result first in 1999 and 2001 in the short com-

munications [3, 4], then detailed explanation of the problem was given by
him in the journal publications [5–8] and also in the reports [9, 10].
yThe 3.35 mK dipole component of the background was first observed in

1969 by Conklin [11] in a ground-based observation. Then it was studied by
Henry [12], Corey [13], and also Smoot, Gorenstein, and Muller (the latest
team organized a stratosphere observation on board of a U2 aeroplane [14]).
The history of the discovery and all the observations is given in detail in
Lineweaver’s paper [15]. The anisotropy of the dipole component was found
later, in the COBE space mission then verified by the WMAP space mission
[16–20].
zThis conclusion is based on that fact that, according to the General

Theory of Relativity, photons exceeded from a source at radial directions
should be carried out with the space wherein this source moves so that the
spherical distribution of the signals should experience an anisotropy in the
direction of the motion of this source in the space [22, 23].

If the microwave background is of the earthy origin, the
density of the field should obviously decrease with altitude
from the surface of the Earth. The ground-bound measure-
ments and those made on board of the COBE satellite, at the
altitude 900 km, were processed very near the oceans which
aren’t point-like sources, so the observations were unable to
manifest the change of the field density with altitude. An-
other case — the 2nd Lagrange point, which is located as far
as 1.5 mln km from the Earth, the position of the WMAP
satellite and the planned PLANCK satellite.

A problem is that WMAP has only differential instru-
ments on board: such an instrument, having a few channels
for incoming photons, registers only the difference between
the number of photons in the channels. WMAP therefore tar-
geted measurements of the anisotropy of the field, but was un-
able to measure the field density. PLANCK, which is planned
on July, 2008, is equipped by absolute instruments (with just
one channel for incoming photons, an absolute instrument
gets the integral density of the monopole and all the multi-
pole components of the field). Hence PLANCK will be able
to measure the field density at the 2nd Lagrange point.

We therefore were looking for a theory which would be
able to represent the density and anisotropy of the Earth’s
microwave background as the functions of altitude from the
Earth’s surface.

In our recent publication [1], we created such a theory
with use of the mathematical methods of the General The-
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ory of Relativity where the physical characteristics of fields
are expressed through the geometrical characteristics of the
space itself. We have split our tasks into two particular prob-
lems: if a microwave background originates from the Earth,
what would be the dependency of its density and relativis-
tic anisotropy with altitude? The first problem was solved via
Einstein’s equations for the electromagnetic field of the Earth.
The second problem was solved using the geodesic equations
for light-like particles (photons) which are mediators for elec-
tromagnetic radiation.

We have determined, according to our solutions [1], that a
microwave background that originates at the Earth decreases
with altitude so that the density of the energy of such a back-
ground in the COBE orbit (the altitude 900 km) is 0.68 times
less than that at the altitude of a U2 aeroplane. The density of
the energy of the background at the L2 point is only �10�7

of the value detected by a U2 aeroplane or at the COBE or-
bit. The dipole anisotropy of such an earthy microwave back-
ground, due to the rapid motion of the Earth relative to the
source of a weak intergalactic field which is located in depths
of the cosmos, doesn’t depend on altitute from the surface of
the Earth. Such a dipole will be the same irrespective of the
position at which measurements are taken.

In principle, the first problem — how the density of an
earthy-origin microwave background decreases with altitude
— may be resolved by the methods of classical physics. But
this is possible only in a particular case where the space is
free of rotation. In real, the Earth experiences daily rotation.
We therefore should take into account that fact that the rota-
tion makes the observer’s local space non-holonomic: in such
a space the time lines are non-orthogonal to the spatial sec-
tion, so the Riemannian curvature of the space is non-zero. A
satellite’s motion around the Earth should be also taken into
account for the local space of an observer which is located
on board of the satellite. Therefore in concern of a real ex-
periment, in both cases of ground-based and satellite-based
observations, the first problem can be resolved only in the
framework of the General Theory of Relativity.

The second problem can never been resolved in the frame-
work of classical physics due to the purely relativistic origin
of the field anisotropy we are considering.

WMAP registered the same parameters of the microwave
background anisotropy that the registered by COBE near the
Earth. This is according to our theory.

Therefore when PLANCK will manifest the 2.7 K mono-
pole microwave signal deceased at the 2nd Langrange point,
with the same anisotropy of the background that the measured
near the Earth (according to WMAP which is as well located
at the 2nd Langange point), this will be a new experimental
verification of the General Theory of Relativity.

A drawback of our theory was only that complicate way
in which it was initially constructed. As a result, our re-
cently published calculation [1] is hard to reproduce by the
others who have no mathematical skills in the very specific

areas of General Relativity, which are known to only a close
circle of the specialists who are no many in the world. We
therefore were requested for many additional explanations by
those readers who tried to repeat the calculation.

Due to that discussion, we found another way to give rep-
resentation of our result with much unused stuff removed. We
also gave an additional explanation to those parts of our cal-
culation, which were asked by the readers. As a result a new
representation of our calculation, with the same result, be-
came as simple as easy to peroduce by everyone who is free
in tensor algebra. This representation is given here.

2 The local space metric of a satellite-bound observer

A result of real measurement processed by an observer de-
pends on the properties of his local space. These properties
are completely determined by the metric of this space. We
therefore are looking for the metric of the local space of an
observer, who is located on board of a statellite moved in the
Earth’s gravitational field.

As one regularly does in construction for a metric, we
take a simplest metric which is close to the case we are con-
sidering, then modify the metric by introduction of those ad-
ditional factors which are working in our particular case.

Here is how we do it.
As was proven in the 1940’s by Abraham Zelmanov, on

the basis of the theory of hon-holonomic manifolds [24] con-
structed in the 1930’s by Schouten then applied by Zelmanov
to the four-dimensional pseudo-Riemannian space of General
Relativity, the non-holonomity of such a space (i.e. the non-
orthogonality of the time lines to the spatial section, that is
expressed as g0i , 0 in the fundamental metric tensor g��)
is manifest as the three-dimensional rotation of this space.
Moreover, Zelmanov proven that any non-holonomic space
has nonzero Riemannian curvature (nonzero Riemann-
Christoffel tensor) due to g0i , 0. All these was first reported
in 1944 by him in his dissertation thesis [25], then also in the
latter publications [26–28].

In practice this means that the physical space of the Earth,
the planet, is non-holonomic and curved due to the daily rota-
tion of it. This is in addition to that fact that the Earth’s space
is curved due to the gravitational field of the Earth, described
in an approximation by Schwarzschild metric of a centrally
symmetric gravitational field, created by a spherical mass in
emptiness. The space metric of a satellite-bound observer
should also take into account that fact that the satellite moves
along its orbit in the Earth’s space around the terrestrial globe
(the central mass that produces the field). In addition to it the
Earth, in common with the satellite and the observer located
in it, rapidly moves in the physical space of the Universe as-
sociated to the weak intergalactic microwave field. This fact
should also be taken into account in the metric.

First, we consider a simplest non-holonomic space —
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a space wherein all g0i , 0, and they have the same numerical
values. According to Zelmanov [25–28], such a space ex-
periences rotation around all three axes with the same linear
velocity v= v1 = v2 = v3, where vi =� c g0ipg00

. As obvious,
the metric of such a non-holonomic space is

ds2 = c2dt2+
2v
c
cdt (dx+dy+dz)�dx2�dy2�dz2: (1)

For easy taking the Earth’s field into account, we change
to the cylindrical coordinates r, ', z, where the r-axis is di-
rected from the centre of gravity of the Earth along its ra-
dius. The corresponding transformations of the coordinates
are x= r cos', y= r sin', z= z so that the metric (1) rep-
resented in the new coordinates is

ds2 = c2dt2 +
2v
c

(cos'+ sin') cdtdr +

+
2vr
c

(cos'� sin') cdtd'+
2v
c
cdtdz � (2)

� dr2 � r2d'2 � dz2:

Next we introduce the factor of the Earth’s gravitational
field in the same way as it is made in Schwarzschild metric
(see §100 in The Classical Theory of Fields [29]) — the met-
ric of a spherically symmetric gravitational field, produced
by a sperical mass M in emptiness, which in the cylindrical
coordinates is

ds2 =
�

1� 2GM
c2r

�
c2dt2� dr2

1� 2GM
c2r
� r2d'2� dz2; (3)

where we should take into account that fact that 2GM
c2r is small

value, so we have
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�
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�
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�
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�
dr2�
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Besides, we should take into account the factor of rota-
tional motion of the observer, in common with the satellite,
along its orbit around the Earth. We see how to do it in the
example of a plane metric in the cylindrical coordinates

ds2 = c2dt2 � dr2 � r2d'2 � dz2; (5)

where we change the reference frame to another one, which
rotates relative to the initially reference frame with a constant
angular velocity !. By the applying the transformation of the
coordinates r0= r, '0='+!t, x0= z, we obtain ds2 in the
rotating reference frame�

ds2 =
�

1� !2r2

c2

�
c2dt2 � 2!r2

c
cdtd'� dr2�
� r2d'2 � dz2:

(6)

Following with the aforementioned stepsy, we obtain the
metric of the local physical space of a satellite-bound ob-
server which takes all properties of such a space into account.
This resulting metric is represented in formula (7).

This metric will be used by us in calculation for the den-
sity of the Earth microwave background, measured by an ob-
server on board of a satellite of the Earth.

This metric is definitely curved due to two factors: non-
zero gravitational potential w = c2 (1�pg00), 0 and the
space non-holonomity g0i , 0. Hence we are able to consider
Einstein equations in such a space.

On the other hand this metric doesn’t take into account
that fact that the Earth microwave background, in common
with the Earth, moves in a weak intergalactic field with a ve-
locity of v = 365�18 km/sec (as observational analysis indi-
cates it). To calculate the accociated dipole anisotropy of the
Earth microwave background, which is due to the motion, we
should use such a space metric which takes this motion into
account. To do it we take the metric (7) then apply Lorentz’
transformations to the z-coordinate (we direct the z-axis with
the motion of the Earth in the weak intergalactic field) and
time with an obvious approximation of v� c and high order
terms omitted: z0= z+ vt, t0= t+ vz

c2 . In other word, we
“move” the whole local physical space of an earthy satellite-
bound observer relative to the source of the weak intergalactic
field. As a result the local physical space of such an observer
and all physical fields connected to the Earth should experi-
ence a drift in the z-direction and a corresponding change the
�See §10.3 in [27], or §3.6 in [28] for detail.
yAs known in Riemannian geometry, which is particular to metric ge-

ometries, a common metric can be deduced as a superposition of all the par-
ticular metrics each of whom takes a particular property of the common space
into account.
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local physically observed time that should has a sequel on the
observed charachteristics of the Earth’s microwave field.

The resulting metric we have obtained after the transfor-
mation is (8). We will use this metric in calculation for the
anisotropy of the Earth microwave background measured by
a satellite-bound observer.

3 The density of the Earth’s microwave background at
the 2nd Lagrange point

To calculate the density of a field (distributed matter) depen-
dent from the properties of the space wherein this field is sit-
uated we should operate with Einstein’s equations

R�� � 1
2
g��R = ��T�� + �g�� ; (9)

the left side of which is for the space geometry, while the
right side describes distributed matter (it is with the energy-
momentum tensor of distributed matter and the �-term which
describes the distribution of physical vacuum).

Projection of the energy-momentum tensor T�� onto the
time line and spatial section of an observer’s local physical
space gives the properties of distributed matter observed by
him [25–28]: the density of the energy of distributed mat-
ter �= T00

g00
, the density of the momentum J i = c T i0pg00

, and the

stress-tensor U ik = c2T ik. To express the first of these ob-
servable quantities through the observable properties of the
local physical space is a task in our calculation.

To reach this task we should project the whole Einstein
equations onto the ime line and spatial section of the metric
space (7) with taking into account that fact that the energy-
momentum tensor is of an electromagnetic field. The left side
of the projected equations will be containing the observable
properties of the local space of such an observer, while the
right side will be containing the aforementioned observable
properties of distributed matter (the Earth microwave back-
ground, in our case). Then we can express the density of the
Earth microwave background � as a function of the observ-
able properties of the local space.

Einstein’s equations projected onto the time line and spa-
tial section of a common case were obtained in the 1940’s
by Zelmanov [25–28], and are quite complicate in the left
side (the observable properties of the local space). We there-
fore first should obtain the observable properties of the given
space (7), then decide what propetries can be omitted from
consideration in the framework of our problem.

According to the theory of physical observable quanti-
ties of the General Theory of Relativity [25–28], the observ-
able properties of a space are the three-dimensional quan-
tities which are invariant within the fixed spatial section of
an observer (so-called chronometrically invariant quantities).
Those are the three-dimensional metric tensor hik, the grav-
itational inertial force Fi, the angular velocity of the space
rotationAik (known as the non-holonomity tensor), the space

deformation tensor Dik, the three-dimensional Christoffel
symbols �i

kn, and the three-dimensional curvature Ciklj , ex-
pressed through the gravitational potential w = c2 (1�pg00)
and the linear velocity of the space rotation vi =� c g0ipg00

(whose components are vi =�cg0ipg00 and vi =hikvk):
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is Zelmanov’s tensor constructed by him on the basis of the
non-commutativity of the second chronometrically invariant
derivatives of an arbitrary spatial vector taken in a given three-
dimensional spatial section

�ri�rkQl � �rk�riQl =
2Aik
c2

�@Ql
@t

+H :::j
lki�Qj ; (21)

where �riQl = �@Ql
@xi ��j

jiQl is the chronometrically invari-

ant derivative of the vector (�riQl =
�@Ql
@xi +�j

jiQl respec-
tively). The tensor H :::j

lki� was introduced by Zelmanov sim-
ilarly to Schouten’s tensor of the theory of non-holonomic
manifolds [24] so that the three-dimensional curvature tensor
Clkij possesses all the algebraic properties of the Riemann-
Christoffel curvature tensor in the spatial section.

We take the components of the fundamental metric tensor
g�� from the metric of the local physical space of a satellite-
bound observer (7), then calculate the aforementioned ob-
servable quantities. In this calculation we take into account
that fact that 2GM

c2r and !2r2

c2 are in order of 10�9 near the sur-
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face of the Earth, and the values decrease with altitude. We
therefore operate these terms according to the rules of small
values. We also neglect all high order terms. We however
cannot neglect 2GM

c2r and !2r2

c2 in g00 =1� 2GM
c2r � !2r2

c2 when
calculating the gravitational potential w = c2 (1�pg00) ac-
cording to the rule of small values
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�
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�
=

= c2
�

1�
�

1 +
GM
c2r

+
!2r2

2c2

�� (22)

because these terms are multiplied by c2. We also assume
the linear velocity of the space rotation v to be small to the
velocity of light c. We assume that v doesn’t depend from
the z-coordinate. This assumption is due to the fact that the
Earth, in common with its space, moves relative to a weak in-
tergalactic microwave background that causes the anisotropy
of the Earth’s microwave field.

As a result we obtain the substantially non-zero compo-
nents of the characteristics of the space
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2
; (23)

v1 = �v (cos'+ sin')

v2 = �r [v (cos'� sin')� !r ]

v3 = �v

9>=>; ; (24)

F1 = (cos'+ sin') vt + !2r � GM
r2

F2 = r (cos'� sin') vt ; F3 = vt

9=; ; (25)

A12 = !r +
1
2
�
(cos'+ sin') v'�

� r (cos'� sin') vr
�

A23 = �v'
2
; A13 = �vr

2

9>>>>=>>>>; ; (26)

h11 = h33 = 1 ; h22 = r2; h11 = h33 = 1

h22 =
1
r2 ; h = r2;

@ ln
p
h

@r
=

1
r

9>=>; ; (27)

�1
22 = �r ; �2

12 =
1
r

(28)

while all components of the tensor of the space deformation
Dik and the three-dimensional curvature Ciklj are negligible
in the framework of the first order approximation (the four-
dimensional Riemannian curvature isn’t negligible).

The quantities vr, v', and vt denote the partial derivatives
of the linear velocity of the space rotation v by the respective
coordinate and time. (Here vz = 0 according to the initially
assumptions in the framework of our problem.)

We consider the projected Einstein equations in complete
form, published in [25–28]
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We withdraw the �-term, the space deformation Dik, and
the three-dmensional curvature Ciklj from consideration. We
also use the aforemonetioned assumptions on small values
and high order terms that reduce the chronometrically invari-
ant differential operators to the regular differential operators:�@
@t = @

@t ,
�@
@xi = @

@xi . As a result of all these, the projected
Einstein equations take the simplified form
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: (30)

We substitute hereto the obtained observable characheris-
tics of the local physical space of a satellite-bound observer.
Because the value v is assumed to be small, we neglect not
only the square of it, but also the square of its derivative and
the products of the derivatives.

The Einstein equations (30) have been written for a space
filled with an arbitrary matter, which is described by the
energy-momentum tensor written in the common form T�� .
In other word, the distributed matter can be the superposi-
tion of an electromagnetic field, dust, liquid or other mat-
ter. Concerning our problem, we consider only an electro-
magnetic field. As known [29], the energy-momentum tensor
T�� of any electromagnetic field should satisfy the condition
T = �c2�U . We therefore assume that the right side of the
Einstein equations contains the energy-momentum tensor of
only an electromagnetic field (no dust, liquid, or other matter
distributed near the Earth). In other word we should mean, in
the right side,

�c2 = U : (32)

Besides, because all measurement in the framework of
our problem are processed by an observer on board of a satel-
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(31)

lite, we should also take into account the weightlessness con-
dition GM

r2 = !2r : (33)

As a result, we obtain the system of the projected Einstein
equations (30) in the form (31) which is specific to the real
physical space of a satellite-bound observer.

In other word, that fact that we used the conditions (32)
and (33) means that our theoretical calculation targets mea-
surement of an electromagnetic field in the weightlessness
state in an orbit of the Earth.

We are looking for the quantity � as a function of the prop-
erties of the space from the first (scalar) equation of the Ein-
stein equantions (31). This isn’t a trivial task, because the
aforementioned scalar Einstein equation

��c2 = 2!2 + 2! (cos'+ sin')
v'
r
�

� 2! (cos'� sin') vr � (cos'+ sin') vtr �
� (cos'� sin')

vt'
r

(34)

contains the distribution functions of the linear velocity of
the space rotation (the functions vr, v', and vt), which are
unknown. We therefore should first find the functions.

According to our asumption, �c2 =U . Therefore ��c2
and �U are the same in the framework of our problem. We
calculate the quantity

�U = �hikUik = �
�
U11 +

U22

r2 + U33

�
(35)

as the sum of the 5th and the 8th equations of the system of
the Einstein equations (31) with taking into account that fact
that, in our case, U33 = 0 (as seen from the 10th equation,
with �c2 =U ). We obtain

�U = 4!2 + 4! (cos'+ sin')
v'
r
�

� 4! (cos'� sin') vr + (cos'+ sin') vtr +

+ (cos'� sin')
vt'
r
:

(36)

Subtracting ��c2 (34) from �U (36) then equalizing the
result to zero, according to the electromagnetic field condi-
tion �c2 =U , we obtain the geometrization condition for the
electromagnetic field

!2 + ! (cos'+ sin')
v'
r
� ! (cos'� sin') vr +

+ (cos'+ sin') vtr + (cos'� sin')
vt'
r

= 0 :
(37)

With this condition, all the components of the energy-
momentum tensor of the field T�� (the right side of the Ein-
stein equations) are expressed in only the properties of the
space (the left side of the Einstein equations). Hence we have
geometrized the electromagnetic field. This is an important
result: earlier only isotropic electromagnetic fields (they are
satisfying Rainich’s condition and Nordtvedt-Pagels condi-
tion) were geometrized.

To find the distribution functions of v, we consider the
conservation lawr� T�� = 0, expressed in terms of the phys-
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(cos'� sin')
�vtr'

r
� vt'
r2

�
+ ! (cos'+ sin')

�vr'
r
� v'
r2

��
�! (cos'� sin') vrr + (cos'+ sin') vtrr = 0

(cos'+ sin')
�vtr'
r2 � vt'

r3

�
+ (cos'� sin')

�vt''
r3 +

vtr
r2

�
+

+! (cos'+ sin')
�v''
r3 +

vr
r2

�
+ ! (cos'� sin')

�v'
r3 � vr'

r2

�
= 0

9>>>>>>>>>>=>>>>>>>>>>;
(41)

ical observed quantities [25–28]

�@�
@t

+D�+
1
c2
DijU ij +

+
�
�ri � 1

c2
Fi
�
J i � 1

c2
FiJ i = 0

�@Jk
@t

+ 2
�
Dk
i + A�ki�

�
J i +

+
�
�ri � 1

c2
Fi
�
U ik � �F k = 0

9>>>>>>>>>>>=>>>>>>>>>>>;
(38)

which, under the assumptions specific in our problem, is

@J i

@xi
+
@ ln
p
h

@xi
J i = 0

@Jk

@t
+ 2A�ki� J i +

@U ik

@xi
+ �k

imU
im +

+
@ ln
p
h

@xi
U ik � �F k = 0

9>>>>>>>>=>>>>>>>>;
: (39)

The first (scalar) equation of the system of the conserva-
tion equations (39) means actually that the chronometrically
invariant derivative of the vector J i is zero

�riJ i =
@J i

@xi
+
@ ln
p
h

@xi
J i = 0 ; (40)

i.e. the flow of the vector J i (the flow of the density of the
field momentum) is constant. So, the first equation of (39)
satisfies identically as �riJ i = 0.

The rest three (vectorial) equations of the system (39),
with the properties of the local space of a satellite-bound ob-
server and the components of the energy-momentum tensor
substituted (the latest should be taken from the Einstein equa-
tions), take the form (41). As seen, only first two equations
still remaining meaningful, while the third of the vectorial
equations of conservation vanishes becoming the identity
zero equals zero.

In other word, we have obtained the equations of the con-
servation law specific to the real physical space of a satellite-
bound observer.

Let’s suppose that the function v has the form

v = T (t) rei'; (42)

hence the partial derivatives of this function are

vr = T ei' v' = i T rei'

vtr = _T ei' vt' = i _T rei'

vrr = 0 vtrr = 0

vtr' = i _T ei' vt'' = � _T rei'

v'' = �T rei' vr' = iT ei'

9>>>>>>=>>>>>>;
: (43)

After the functions substituted into the equations of the
conservation law (41), we see that the equations satisfy iden-
tically. Hence v=T (t) rei' is exact solution of the conser-
vation equations with respect to v.

Now we need to find only the unknown function T (t).
This function can be found from the electromagnetic field
condition �c2 =U expressed by us through the properties of
the space itself as the formula (37).

We assume that the satellite, on board of which the ob-
server is located, displaces at small angle along its orbit dur-
ing the process of his observation. This is obvious assump-
tion, because the very fast registration process for a single
photon. Therefore ' is small value in the framework of our
problem. Hence in concern of the formula (37), we should
mean cos'' 1 +' and sin'''. We also take into account
only real parts of the function v and its derivatives. (This is
due to that fact that a real instrument processes measurement
with only real quantities.) Concerning those functions which
are contained in the formula (37), all these means that

v = T r (1 + ')

vr = T (1 + ')
v'
r

= �T '
vtr = _T (1 + ')

vt'
r

= � _T '

9>>>>=>>>>; : (44)

Substituting these into (37), we obtain

(1 + 2') _T � (1 + 2')!T + !2 = 0 ; (45)

or, because '=!t and ! is small value (we also neglect the
terms which order is higher than !2),

_T � !T = � !2

1 + 2!t
= �!2 (1� 2!t) = �!2: (46)

This is a linear differential equation of the first order

_y + f(t) y = g(t) (47)
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whose exact solution is (see Part I, Chapter I, §4.3 in Erich
Kamke’s reference book [30])

y = e�F
�
y0 +

tZ
t0=0

g(t) eF dt
�
; (48)

where
F (t) =

Z
f(t)dt : (49)

We substitute f =�! and g=�!2. So we obtain, for
small values of !,

eF = e
R�!dt = e�!t; e�F = e!t; (50)

hence the function y is

y = e!t
�
y0 � !2

tZ
t0=0

e�!tdt
�

=

= e!t
�
y0 + ! (e�!t � 1)

�
: (51)

We assume the numerical value of the function y=T (t)
to be zero at the initial moment of observation: y0 =T0 = 0.
As a result we obtain the solution for the function T (t):

T = ! (1� e!t) : (52)

Applying this solution, we can find a final formula for the
density of the energy of the Earth’s microwave background
W = �c2 observed by a satellite-bound observer.

First, we substitute the distribution functions of v (44)
into the initially formula for �c2 (34) which is originated
from the scalar Einstein equation. Assuming cos'' 1 +'
and sin''', we obtain

��c2 = �2!2 � 2!T (1 + 2')� (1 + 2') _T : (53)

Then we do the same substitution into the geometrization
condition (37) which is originated from the Einstein equa-
tions, and is necessary to be applied to our case due to that fact
that we have only an electromagnetic field distributed in the
space (�c2 =U in the right side of the Einstein equations, as
for any electromagnetic field). After algebra the geometriza-
tion condition (37) takes the form

!2 � !T (1 + 2') + (1 + 2') _T = 0 : (54)

We express (1 + 2') _T =!T (1 + 2')� 4!2 from this
formula, then substitute it into the previous expression (53)
with taking into accout that fact that the angle ' is a small
value. As a result, we obtain

�c2 =
3!
�

(! � T ) =
3!2

�
�
1� �1� e!t�� : (55)

Expanding the exponent into the series e!t = 1 +!t+
+ 1

2 !
2t2 + : : : ' 1 +!t and taking into account that fact

that ! is small value�, we arrive to the final formula for cal-
culation the density of the energy of the Earth’s microwave
background observed on board of a satellite

�c2 =
3!2

�
; (56)

which is obviously dependent on altitude from the surface of
the Earth due to that fact that !=

p
GM�=R3.

With this final formula (55), we calculate the ratio be-
tween the density of the Earth’s microwave background ex-
pected to be measured at different altitudes from the surface
of the Earth. According to this formula, the ratio between the
density at the altitude of the COBE orbit (RCOBE = 6,370 +
+ 900 = 7,270 km) and that at the altitude of a U2 aeroplane
(RU2 = 6,370 + 25 = 6,395 km) should be

�COBE

�U2

=
R3

U2

R3
COBE

' 0.68 ; (57)

the ratio between the density at the 2nd Lagrange point
(R L2 = 1.5 million km) and that at the COBE orbit should be

� L2

�COBE

=
R3

COBE

R3
L2

' 1.1�10�7; (58)

and the ratio between the density at the 2nd Lagrange point
and that at the altitude of a U2 aeroplane should be

� L2

�U2

=
R3

U2

R3
L2

' 7.8�10�8: (59)

As a result of our calculation, processed on the basis of
the General Theory of Relativity, we see that a microwave
background field which originates in the Earth (the Earth mi-
crowave background) should have almost the same density
at the position of a U2 aeroplane and the COBE satellite.
However, at the 2nd Lagrange point (1.5 million km from
the Earth, the point of location of the WMAP satellite and the
planned PLANCK satellite), the density of the background
should be only�10�7 of that registered either by the U2 aero-
plane or by the COBE satellite.

4 The anisotropy of the Earth’s microwave background
at the 2nd Lagrange point

We consider the anisotropy of the Earth’s microwave back-
ground which is due to the rapid motion of the source of
this field (the Earth) in a weak intergalactic microwave fieldy.
From views of physics this means that photons, the mediators
for electromagnetic radiation, being radiated by the source of
the field (the Earth) should experience a carrying in the direc-

�The quantity !=
p
GM�=R3, the frequency of the rotation of

the Earth space for an observer existing in the weightless state, takes its
maximum numerical value at the equator of the Earth’s surface, where
!= 1.24�10�3 sec�1, and decreases with altitude above the surface.
yAs observatonal analysis indicates it, the Earth moves in the weak in-

tergalactic field with a velocity of v = 365�18 km/sec in the direction of the
anisotropy.
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tion whereto the Earth flies in the weak intergalactic field.
From mathematical viewpoint this problem can be formulated
as a shift of the trajectories experienced by photons of the
Earth’s microwave field in the direction of this motion.

A light-like free particle, e.g. a free photon, moves along
isotropic geodesic trajectories whose four-dimensional (gen-
eral covariant) equations are [25–28]

dK�

d�
+ ����K

� dx�

d�
= 0 ; (60)

whereK� = 

c
dx�
d� is the four-dimensional wave vector of the

photon (the vector satisfies the condition K�K� = 0 which
is specific to any isotropic vector), 
 is the proper cyclic
frequency of the photon, while d� is the three-dimensional
chronometrically invariant (observable) spatial interval deter-
mined as d�2 =

��gik+ g0i g0k
g00

�
dxidxk =hik dxidxk. The

quantity d� is chosen as a parameter of differentiation along
isotropic geodesics, because along them the four-dimensional
interval is zero ds2 = c2d� 2� d�2 = 0 while d�= cd� , 0
(where d� is the interval of the physical observable time de-
termined as d� =pg00 dt+ g0i

cpg00
dxi).

In terms of the physical observables, the isotropic geo-
desic equations are represented by their projections on the
time line and spatial section of an observer [25–28]

d

d�
� 

c2
Fi ci +



c2
Dik cick = 0

d
d�
�

ci
�

+ 2

�
Di
k + A�ik�

�
ck�

�
F i + 
�i
knc

kcn = 0

9>>>>=>>>>; (61)

where ci = dxi
d� is the three-dimensional vector of the observ-

able velocity of light (the square of the vector satisfies ckck =
=hik cick = c2 in the spatial section of the observer). The
first of the equations (the scalar equation) represents the law
of energy for the particle, while the vectorial equation is the
three-dimensional equation of its motion.

The terms Fi
c2

and Dik
c2

are negligible in the framework of
our assumption. We obtain, from the scalar equation of (61),
that the proper frequency of the photons, registered by the
observer, is constant. In such a case the vectorial equations of
isotropic geodesics (61), written in component notation, are

dc1

d�
+ 2

�
D1
k + A�1k�

�
ck � F 1 + �1

22 c
2c2 +

+ 2�1
23 c

2c3 + �1
33 c

3c3 = 0

dc2

d�
+ 2

�
D2
k + A�2k�

�
ck � F 2 + 2�2

12 c
1c2 +

+ 2�2
13 c

1c3 + �2
33 c

3c3 = 0

dc3

d�
+ 2

�
D3
k + A�3k�

�
ck � F 3 + �3

11 c
1c1+

+ 2�3
12 c

1c2 + 2�3
13 c

1c3+

+ �3
22 c

2c2 + 2�3
23 c

2c3 = 0

9>>>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>>>;

; (62)

where c1 = dr
d� , c2 = d'

d� , and c3 = dz
d� , while d

d� =
�@
@t + vi

�@
@xi .

We direct the z-axis of our cylindrical coordinates along
the motion of the Earth in the weak intergalactic field. In such
a case the local physical space of a satellite-bound observer
is described by the metric (8). We therefore will solve the
isotropic geodesic equations in the metric (8).

The metric (7) we used in the first part of the problem is
a particular to the metric (8) in a case, where v = 0. There-
fore the solution v=T (t) rei' (42) we have obtained for the
metric (7) is also lawful for the generatized metric (8). We
therefore calculate the observable characteristics of the space
with taking this function into account. As earlier, we take into
account only real part of the function ei'= cos'+ i sin''
' (1+')+i'. We also take into account the derivatives of
this function (43) and the function T =! (1� e!t) we have
found earlier (52).

As well as in the first part of the problem, we assume ' to
be small value so that cos'' 1 +' and sin'''. Because
! is small value too, we neglect !2' terms. Aside for these,
we take the weightlessness condition GM

r2 =!2r into account
in calculation for the gravitational inertial force. It should
be noted that the weightlessness condition is derived from
the derivative of the gravitational potential w = c2 (1�pg00).
We therefore cannot mere substitute the weightlessness con-
dition into g00 = 1� 2GM

c2r � !2r2

c2 + 2vv
c2 taken from the met-

ric (8). We should first calculate w = c2 (1�pg00), then take
derivative of it by the respective coordinate that is required in
the formula for the gravitational inertial force Fi (12). Only
then the weightlessness condition GM

r2 =!2r is lawful to be
substituted.

Besides these, we should take into account that fact that
the anisotropy of a field is a second order effect. We there-
fore cannot neglect the terms divided by c2. This is in con-
trast to the first part of the problem, where we concerned only
a first order effect. As a result the space deformation and
the three-dimensional curvature, neglected in the first part,
now cannot be neglected. We however take into account only
the space deformation Dik. The three-dimensional curvature
Ciklj isn’t considered here due to the fact that this quantity
isn’t contained in the equations of motion.

In the same time, in the framework of our assumption for
a weak gravitational field and a low speed of the space rota-
tion,

�@
@t = 1pg00

@
@t ' @

@t and
�@
@xi = @

@xi + 1
c2 vi

�@
@t ' @

@xi .
Applying all these conditions to the definitions of vi, hik,

Fi, Aik, Dik, and �i
km, given in Page 7, we obtain substan-

tially non-zero components of the characteristics of the space
whose metric is (8):

w =
GM
r

+
!2r2

2
� vv ; (63)

v1 = !2tr

v2 = !r2 (!t+ 1)

v3 = !2tr

9>=>; ; (64)
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�r � !2
�
t� rv

c2
�

_z + !2 (r � vt) +
!2v t
c2

_z2 = 0

�'+ 2!
�

1 +
!t
2

�
_r
r

+
!2v
c2

_z + !2 +
2!v

�
1 + ! t

2

�
c2r

_r _z = 0

�z + !2
�
t+

rv
c2
�

_r +
2!2vr
c2

_z + !2r +
!2v t
c2

_r2 +
2!2v t
c2

_r _z = 0

9>>>>>>>>=>>>>>>>>;
(70)

_r2 +
2!2rv t
c2

_r _z +
�

1� 2!2rv t
c2

�
_z2 = c2 (71)

F1 = �!2 (r � vt)

F2 = �!2r2

F3 = �!2r

9>>=>>; ; (65)

A12 = !r
�

1 +
!t
2

�
A23 = 0

A13 =
!2 t
2

9>>>>=>>>>; ; (66)

h11 = 1 ; h13 =
!2v tr
c2

h22 = r2; h23 =
!r2v (1 + !t)

c2

h33 = 1� 2!2v tr
c2

h11 = 1 ; h13 = �!2v tr
c2

h22 =
1
r2 ; h23 = �!v (1 + !t)

c2

h33 = 1 +
2!2v tr
c2

h = r2
�

1 +
2!2v tr
c2

�

9>>>>>>>>>>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>>>>>>>>>>;

; (67)

D13 =
!2rv
2c2

; D23 =
!2r2v

2c2

D33 =
!2rv
c2

; D =
!2rv
c2

9>>=>>; ; (68)

�1
22 = �r ; �1

23 = �!rv
c2

�
1 +

!t
2

�
�1

33 =
!2v t
c2

; �2
12 =

1
r

�2
13 =

!v
c2r

�
1 +

!t
2

�
; �3

11 =
!2v t
c2

�3
12 =

!2rv t
2c2

; �3
13 = �!2v t

c2

9>>>>>>>>>>>=>>>>>>>>>>>;
; (69)

where we present only those components of Christoffel’s
symbols which will be used in the geodesic equations (equa-
tions of of motion).

After substitution of the components, the vectorial equa-
tions of isotropic geodesic (62) take the form (70). The condi-
tion hik cick = c2 — a chronometrically invariant expression
of the condition ds2 = c2d� 2� d�2 = 0, which is specific to
isotropic trajectories — takes the form (71).

We consider a light beam (a couple of photons) travel-
ling from the Earth along the radial direction r. Therefore,
looking for anisotropy in the distribution of the photons’ tra-
jectories in the field, we are interested to solve only the third
isotropic geodesic equation of (70), which is the equation of
motion of a photon along the z-axis orthogonal to the light
beam’s direction r.

Before to solve the equation, a few notes on our assump-
tions should be made.

First, because the Earth moves relative to the weak mi-
crowave background with a velocity vi along the z-direction,
only v3 = _z of the components vi is non-zero. Besides that, as
easy to see from our previous considerations, we should mean�@
@t = 1pg00

@
@t ' @

@t and
�@
@z= @

@xi + 1
c2 v3

�@
@t ' @

@z = 0. Hence,

we apply d
d� =

�@
@t + v3 �@

@z = d
@t to our calculation.

Second, the orbital velocity of a satellite of the Earth,
�8 km/sec, is much lesser than the velocity of light. We
therefore assume that a light beam doesn’t sense the orbital
motion of such a satellite. The coordinate ' in the equations
of isotropic geodesics is related to the light beam (a couple
of single photons), not the rotation of the reference space of a
satellite bound observer. Hence, we assume '= const in our
calculation, i.e. c2 = d'

dt = _'= 0.
Third, we are talking about the counting for signle pho-

tons in a detector which is located on board of a satellite. The
process of the measurement is actually instant. In other word,
the measurement is processed very close the moment t0 = 0.
Hence we assume _z= 0 in our calculation, while the acceler-
ation �z can be non-zero in the z-direction orthogonally to the
initially r-direction of such a photon.

Fourth, we apply the relations _r= c and r= ct which are
obvious for such a photon. If such a photon, travelling ini-
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tially in the r-direction, experiences a shift to the z-direction
(the direction of the motion of the Earth relative to the weak
intergalactic field), the distribution of photons of the Earth’s
microwave field has an anisotropy to the z-direction.

After taking all the factors into account, the third equation
of the system (70), which is the equation of motion of a single
photon in the z-direction, takes the simple form

�z + !2
�
ct+

rv
c

�
+ !2 (r + vt) = 0 (72)

which, due to the weightlessness condition GM
r2 =!2r and

the condition r= ct, is

�z +
2GM�
c2t2

�
1 +

v
c

�
= 0 : (73)

Integration of this equation gives

_z =
2GM�
cr

�
1 +

v
c

�
= _z0 + �z0: (74)

The first term of the solution (74) manifests that fact that
such a photon, initially launched in the r-direction (radial di-
rection) in the gravitational field of the Earth, is carried into
the z-direction by the rotation of the space of the Earth. The
second term, �z0, manifests the carriage of the photon into
the z-direction due to the motion of the Earth in this direction
through the weak intergalactic field.

As a result we obtain the carriage of the three-dimensional
vector of the observable velocity of light from the initially
r-direction to the z-direction, due to the common motion of
the space of the Earth in the point of observation:

� _z0
_z0 =

v
c
: (75)

Such a carriage of a photon radiated from the Earth’s sur-
face, being applied to a microwave background generated by
oceanic water, reveals the anisotropy associated with the di-
pole component of the microwave background.

As seen from the obtained formula (75), such a carriage of
a photon into the z-direction, doesn’t depend on the path trav-
elled by such a photon in the radial direction r from the Earth.
In other word, the anisotropy associated with the dipole com-
ponent of the Earth microwave background shouldn’t be de-
pendent on altitude from the surface of the Earth: the aniso-
tropy of the Earth microwave background should be the same
if measured on board a U2 aeroplane (25 km), at the orbit of
the COBE satellite (900 km), and at the 2nd Langrange point
(the WMAP satellite and PLANCK satellite, 1.5 million km
from the Earth).
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