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The objective of this paper is to propose a search methodology for finding other exactly
similar earth like planets (or sister earths). The theory is based on space consisting of
Riemann curves or highways. A mathematical model based on constant curvature, a
moving frame bundle, and gravitational dynamics is introduced.

1 Introduction

The objective of this paper is to propose a search methodol-
ogy that could show the way to finding other exactly similar
earth like planets (or sister earths). The main idea in this pa-
per lies behind the theory that space contains of what is called
highways. The term highway refers to a path with no obstruc-
tions. Examples of obstructions are black holes and stars or
any celestial objects with significant masses and gravitational
forces. Paths are non-linear graphs.

Space is composed of these highways, on which there is
at least one sister earth. Topologically highways are made up
of constant Riemann curvatures, [1]. It is posited that sister
earths are located at the points of constant curvature; more
accurately, these are the points where two oppositely directed
highways (or paths) with identical constant curvatures share
a moving tangent frame where the coordinate frame is the
derivative of their gravitational tensors with respect to the (x)
coordinate.

A sister earth comes with its satellite (or a moon) just
as earth has its satellite, the moon. A satellite is found at
the point of intersection of two oppositely directed highways.
The earth’s moon provides a parallel highway to the earth’s
highway. So far the methods of detecting earth like exo-
planets consist of observation through Hubble space telesco-
pe of extrasolar giant planets and their gravitational influence
on parent stars, [2,3,4]. Transit method, [5], orbital bright-
ness modulations, [6], timing variations, [7], gravitational mi-
crolensing, [8], direct imaging, [9], and polarimetry, [10], are
among methods currently used for the detection of earth like
exoplanets. In all these methods the main element of study
is observation of light and gravitational changes as it distorts
light around planets.

The advantage of the current theory proposed in this paper
is that it provides an analytical approach based on Rieman-
nian curvature, and the dynamics of gravitation mathemati-
cally represented by differential gravity calculations around
the points of constant curvature. The important first step is to
find pathways (or space highways) with constant curvatures.
One Riemann path or space highway with constant curvature
is known, and that is the Riemann path of the earth. The Rie-
mann path of the moon is another known pathway or space
highway that is parallel to the earth’s Riemann path. Other

Riemann paths can be traced out parallel to the earth’s and
the moon’s Riemann paths or space highways. A path to a
sister earth can be traced out assuming that it has the same
curvature with different gravitational tensor described in the
following section.

2 Space highways

Space highways are paths that extend to infinity. The word
infinity is used to imply very long distances. These paths can
be considered as Riemannian curves with constant curvatures.
Riemann paths with constant curvatures contain no obstacles.
Here, obstructions are mainly black holes, and massive stars,
or any significant electrostatic system, moving with a certain
velocity (v) corresponding to an electromagnetic momentum,
(H).

In other words, any significant mass with inertia, momen-
tum, and thus velocity that produces gravitational and electro-
magnetic forces. Vector (H) represents the electromagnetic
direction and magnitude. The electromagnetic momentum
can be expressed as the multiplication of the vector (H) by
the velocity (v), as (H · v). The assumption of Riemann paths
in dark regions of space is fundamental to the structure of the
model to be introduced.

The earth’s Riemann path with constant curvature can be
constructed given the coordinates of the sun and the earth.
Let’s assume that the earth is in a stationary system (K), whe-
re [xτ = (x, y, z, t) ∈ K] denotes the coordinates and the sys-
tem (K) holds a homogeneous gravitational field, and gravi-
tational acceleration equal to [γ = (γx, γy, γz)]. In system (K),
Newtonian laws hold in their most basic form, the same basic
laws equally hold with respect to any other coordinate system
moving in uniform translation with respect to (K).

Let system (K) represent the sun system. It is assumed
that the coordinates of the sun are (0, 0, 0, 0), meaning that
the sun is considered to be the first solar system of its kind.
Let’s assume that earth is located in a second coordinate sys-
tem (K′), where [xσ = (x′, y′, z′, t′) ∈ K′] signifies the coor-
dinates in this system. It is also assumed that for any other
coordinate system outside of the two systems (K) and (K′),
the laws of general relativity hold with respect to the two co-
ordinate systems.

By this it is meant that the velocity of light (c) in vacuum
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Fig. 1: A graphical representation of Riemann Paths.

is constant, [11], and in combination with the principles of
relativity, follows the relativity of simultaneity, the Lorentz
transformation rules, and the related laws indicating the be-
haviour of bodies in motion. The laws of geometry are taken
directly as laws relating to relative positions of mass at rest.
The laws of kinematics are to be taken as laws which describe
the relation of a solid body with respect to another in terms of
their distance from each other in definite length independent
of the location and the orientation of the two bodies in time.
An example of space highways is given in Fig. 1.

Let’s consider the earth as an event point in system (K′)
in a uniform constant rotation in a finite space with respect to
system (K). The curvature from the event point to the station-
ary system (K) is given by (1):

ds2 =
∑

στ

Gστdxσdxτ. (1)

(dxσ) corresponds to differentials in system (K′), (σ) repre-
sents the (x′, y′, z′, t′) coordinate system in (K′), and (dxτ)
corresponds to differentials in system (K), where τ represents
the (x, y, z, t) coordinate system. (Gστ) is the gravitation ten-
sor, signifying the gravitational forces exerted mutually be-
tween systems (K) and (K′) multiplied by the differential of
the electromagnetic force (dH).

The gravitation tensor (Gστ) is a matrix obtained by multi-
plying matrix (gστ), the matrix of the differentials of the grav-
itational force, given as:

gστ =



∂x′
∂x

∂x′
∂y

∂x′
∂z

∂x′
∂t

∂y′

∂x
∂y′

∂y
∂y′

∂z
∂y′

∂t

∂z′
∂x

∂z′
∂y

∂z′
∂z

∂z′
∂t

∂t′
∂x

∂t′
∂y

∂t′
∂z

∂t′
∂t



with matrix (dH), the matrix of the differentials of the elec-
tromagnetic force or the matrix of the curl of (H) given by

(2):
Gστ = gστ × dH. (2)

The matrix of the curl of (H), the electromagnetic force is
given as:

dH =



(
∂Hx′
∂z −

∂Hz′
∂x

)
0 0 0

0
(
∂Hy′
∂x − ∂Hx′

∂y

)
0 0

0 0
(
∂Hz′
∂y
− ∂Hy′

∂z

)
0

0 0 0 1



.

In the presence of significant mass, and the electromag-
netic momentum (H · v), the diagonal entries of the curl of
(H) are given in (3)–(5) as:

(
∂Hx′

∂z
− ∂Hz′

∂x

)
=

1
c
× ρ × vx′ (3)

(
∂Hy′

∂x
− ∂Hx′

∂y

)
=

1
c
× ρ × vy′ (4)

(
∂Hz′

∂y
− ∂Hy′

∂z

)
=

1
c
× ρ × vz′ . (5)

In (3)–(5), (c) is the velocity of light, (ρ) is the volume-densi-
ty charge of a mass, and the vector (v) is the velocity of the
electromagnetic momentum where v = (vx′ , vy′ , vz′).

The curvature of the system (K)-(K′) in a finite region
between an event-point in system (K′), and a stationary point
in system (K) such as the earth and the sun is well-known to
be an ellipsoid in the form expressed by (6) as:

S = Gστ ×
(

(xσ − xτ)2

a2

)
. (6)

(xσ) is the vector of coordinates in the (K′) system, where
xσ = (x′, y′, z′, t′), and (xτ) is the vector of coordinates in
the (K) system, where xσ = (x, y, z, t). Equation (6) can be
rewritten with respect to the coordinates given in (7):

S = A1 ×
(

(x − x′)2

a1
2

)
+ A2 ×

(
(y − y′)2

a2
2

)
+

+ A3 ×
(

(z − z′)2

a3
2

)
+ A4 ×

(
(t − t′)2

a4
2

)
.

(7)

The coefficients (A) are the columns of (Gστ), the gravitation
tensor. The denominators in (7), (a1, a2, a3, a4) are constants
less than 1, and the coefficients (A = (A1,A2,A3,A4)) are
given at the top of the next page.

The time (t) in the (K) system is formulated in a relativis-
tic sense as in (8):

t =

(
1 − v

c

)
× t′

√
1 − v2

c2

. (8)
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A =



∂x′
∂x ×

(
∂Hx′
∂z −

∂Hz′
∂x

)
0 0 0

0 ∂y′

∂y
×

(
∂Hy′
∂x − ∂Hx′

∂y

)
0 0

0 0 ∂z′
∂z ×

(
∂Hz′
∂y
− ∂Hy′

∂z

)
0

0 0 0 ∂t′
∂t × 1



The elements of the coefficient matrix (A) are:

A11 =
∂x′

∂x
×

(
∂Hx′

∂z
− ∂Hz′

∂x

)
=

1
c
× ρ × γx′ (9)

A22 =
∂y′

∂y
×

(
∂Hy′

∂x
− ∂Hx′

∂y

)
=

1
c
× ρ × γy′ (10)

A33 =
∂z′

∂z
×

(
∂Hz′

∂y
− ∂Hy′

∂z

)
=

1
c
× ρ × γz′ (11)

and

A44 =
∂t′

∂t
=

(√
1 − vx′ 2

c2

)

(
1 − vx′

c

) × (
t′ − t

)
. (12)

In (9–11), the vector (γ) is the vector of acceleration of the
electromagnetic momentum (H · v), where γ = (γx′ , γy′ , γz′).
The assumption is that the curvatures of Riemann paths or
space highways should be formulated in exactly the same
manner as the curvature formulated for the system (K)-(K′).
This assumption can be justified since any event point (earth
like planet) on a Riemann curve of constant curvature should
exhibit the same characteristics as the event-point earth.

An important element to consider, is how to find the coor-
dinates of an event point (earth like planet) with respect to the
coordinate system (K). These coordinates are arbitrary since
the only point of reference is the system (K). All the same,
let’s assign coordinates to an event point (earth like planet)
as (xν) where [xν = (x′′, y′′, z′′, t′′) ∈ K′′] denotes the coordi-
nate system in (K′′). The coordinates of the event point (earth
like planet) can be determined given that the event point is in
the finite region from the sun. The event point (earth like
planet) in the dark region is chosen assuming that it is on an
ellipsoid parallel to the ellipsoid that contains the coordinate
system (K), with coordinates xτ = (x, y, z, t), in other words
the sun.

The curvature can be formulated in (9) as:

ds′2 =
∑

νσ

gνσ ×Gστ × (dxσdxτ) dxν. (13)

The tensor (gνσ) represents the gravitational force exerted be-
tween the two coordinate systems (K) and (K′′). Given that
the coordinate system (K′′) is in a finite region with respect
to the coordinate system (K), the tensor (gνσ) takes on values

equal to the Lorentz factor as is given in the first matrix at the
top of the next page.

The Lorentz factor gives length contraction and time dila-
tion. As the function of velocity (v), the Lorentz factor starts
at value (1) at (v = 0), and approaches infinity as (v→ c), the
velocity of a particle approaches the speed of light (c). The
solution to differential equation (9) is an ellipsoid similar to
the one given in (6), and its extended form similar to (7) is
given in (10) as:

S ′ = B ×
(

(xν − xτ)2

b2

)
(14)

S = B1 ×
(

(x′′ − x)2

b1
2

)
+ B2 ×

(
(y′′ − y)2

b2
2

)
+

+ B3 ×
(

(z′′ − z)2

b3
2

)
+ B4 ×

(
(t′′ − t)2

b4
2

)
= 1.

(15)

The denominators in (11), (b1, b2, b3, b4) are constants less
than 1, and the coefficients B = (B1,B2,B3, B4) are given in
the second matrix at the top of the next page.

The elements of the coefficient matrix (B) are:

B11 = −


∂x′′

∂x
× 1√

1 − v2
x′′
c2



= −


1√

1 − v2
x′′
c2

 × | x
′′ − x |

(16)

B22 = −


∂x′′

∂x
× 1√

1 − v2
x′′
c2



= −


1√

1 − v2
x′′
c2

 × | y
′′ − y |

(17)

B33 = −


∂x′′

∂x
× 1√

1 − v2
x′′
c2



= −


1√

1 − v2
x′′
c2

 × | z
′′ − z |

(18)
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gνσ =



− 1√
1 − v2

x′′
c2

0 0 0

0 − 1√
1 − v2

y′′
c2

0 0

0 0 − 1√
1 − v2

z′′
c2

0

0 0 0
∂t′′

∂t
× 1√

1 − v2
x′′
c2



B =



− ∂x′′
∂x × 1√

1− v2
x′′
c2

0 0 0

0 − ∂y′′
∂y
× 1√

1−
v2
y′′
c2

0 0

0 0 − ∂z′′
∂z × 1√

1−
v2
z′′
c2

0

0 0 0 − ∂t′′
∂t × 1√

1− v2
x′′
c2



and

B44 =
∂t′′

∂t
×


1√

1 − v2
x′′
c2



=

(
1

1 − vx′′
c

)
× (t′′ − t)

(19)

where (| x′′ − x |) is the absolute distance.
Any event point in the dark regions of space that does not

violate the Lorentz factor impact of the gravitational force be-
tween the two coordinate systems (K) and (K′′) can be con-
sidered to be on the constant curvature. The event point earth
like planet should be found on such a constant curvature. Any
other significant mass such as a black hole or a star would cre-
ate discontinuity and thus disrupts the Riemann path.

Fig. 2 provides a graphical representation of an ellipsoidal
curve with an event point (earth). Fig. 2 depicts the rotation of
the earth around the sun scaled down to (100−3) of the actual
size. Fig. 3 demonstrates a Riemann path with respect to the
sun system. Fig. 4 demonstrates Riemann paths with respect
to the sun system.

3 Other earths

An event point (earth), is located at the point of constant cur-
vature of two opposing Riemann paths or space highways,
where the two curves share common points. Let (S ′) be the
Riemann path of constant curvature of an ellipsoidal form
given in (13). Let (S c2 ) be a Riemann path with a singular
event point earth. The event point on (S c2 ) has a mass (M),
and a density (ρ), and a velocity (v), equal to that of the earth.

1.00.80.60.20.0-0.2-0.4-0.6-0.8-1.0
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Rotation of the Earth around the sun scaled down for graphical presentation 

The Earth system in 2D representation without relativistic effects 

Fig. 2: A graphical representation of the rotation of the earth around
the sun (the earth system).

The values of mass, density, and velocity of the event point
earth of the space highway (S c2 ) is independent of it’s coordi-
nates. Assuming that this condition holds, then the Riemann
path (S c2 ) is in such a region of space where (S c2 ) is of con-
stant curvature, and thus assumes an ellipsoidal form of type
given in (13). The event point earth conserves its momentum
and energy. The curvature (sc2 ) can be written as in (12).

The coordinates of this solar system are the same as the
earth’s solar system with the exception that the new sun’s co-
ordinates are that of our sun added the distance between the
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Fig. 3: A graphical representation of a Riemann path with respect to
the sun system.
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Fig. 4: A graphical representation of Riemann paths with respect to
the sun system.

two stars. The coordinates of the new sun are

xτ′ = [(xτ′ + Ξ), yτ′ , zτ′ , tτ′]

where (Ξ) is the distance between the two stars. The coordi-
nates of the event point earth are

(xc2η) = [(xc2 + Γ), yc2 , zc2 , tc2 ]

where (Γ) is the distance from the sun to the point of constant
curvature where the two Riemann paths meet.

The ellipsoidal form of the Riemann path (S c2 ) is given in
(13) as:

ds2
c2

=
∑

τ′η

Gτ′η
c2 dxτ′dxηc2 (20)

S c2 = −Gτ′η
c2 ×

(
xτ′ − xηc2

)2

b2
c2

. (21)

The denominators in (13),
(
bc2 = bc2

1 ,b
c2
2 ,b

c2
3 ,b

c2
4

)

are constants less than 1, and the coefficients

−Gτ′η
c2 = (−Ac2

1 ,−Ac2
2 ,−Ac2

3 , A
c2
4 )

are given at the top of the next page.
The elements of the coefficient matrix (−Gτ′η

c2 ) are:

−Ac2
11 = −∂xηc2

∂xτ′
×


∂Hxηc2

∂zτ′
−
∂Hzηc2

∂xτ′

 =
1
c
× ρ × −γxηc2

(22)

−Ac2
22 = −∂y

η
c2

∂yτ′
×


∂Hy

η
c2

∂xτ′
−
∂Hxηc2

∂yτ′

 =
1
c
× ρ × −γyηc2

(23)

−Ac2
33 = −∂zηc2

∂zτ′
×


∂Hzηc2

∂yτ′
−
∂Hy

η
c2

∂zτ′

 =
1
c
× ρ × −γzηc2

(24)

and

A44 =
∂t′′

∂t
=

√
1 −

(
vxηc2

)2

c2(
1 −

vxηc2
c

) × (t′′ − t). (25)

(−γxηc2
) states that the acceleration on the Riemann path (S c2 )

should be opposite of the acceleration on the (S ′) curve. In
the above matrix the (xc2 ) coordinate should be taken equal to
(xc2 + Γ).

The event point earth is located where

−∂Gνη
c2

∂xηc2

=
∂Bxν

∂xν

the derivative of the gravitational tensor (−Gτ′η
c2 ) belonging to

the (c2) Riemann path with respect to the coordinates of the
(c2) solar system, is equal to the derivative of the gravitational
tensor of the (S ′) Riemann path with respect to its coordinate
system. In Fig. 5, the event point earth can be found where
the green ellipse Riemann path (S ′) and the Riemann path
(c2) (the red ellipse) meet. Fig. 6 depicts the tangent vector at
the event point earth.

It should be stated that the magnitude of the electromag-
netic force of the event point earth (Hxηc2

) is equal to the mag-
nitude of the electromagnetic force of the solar system’s earth,
(H),

| Hxηc2
|=| H | .

Consequently, the curl of (Hxηc2
), and the curl of (H) should

be equal. Thus the density, the volume-density charge of the
mass, and the velocity of the event point earth are equal to
that of the solar system’s earth.

Let (T ) be the set of all frames at all points of Riemann
path (c2). Let [(Uα, Xα)α∈c2 ], represent all pairs where (Uα)
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Fig. 5: A graphical representation of the event point earth.

−Gτ′η
c2 =



− ∂xηc2
∂xτ′
×

(
∂Hxηc2
∂zτ′
−

∂Hzηc2
∂xτ′

)
0 0 0

0 − ∂y
η
c2

∂yτ′
×

(
∂H

y
η
c2

∂xτ′
−

∂Hxηc2
∂yτ′

)
0 0

0 0 − ∂zηc2
∂zτ′
×

(
∂Hzηc2
∂yτ′
−

∂H
y
η
c2

∂zτ′

)
0

0 0 0 ∂tηc2
∂tτ′
× 1



is an open subset of (T ), and (Xα = (Xα
1 , ..., X

α
n )) is a moving

frame on (Uα), then

(
U,
−∂Gνη

c2

∂Xα
=
∂Bxν

∂Xβ

)
∈ (Uα, Xα)α∈c2 ,

where (Xβ = (Xβ
1 , ..., X

β
n)) is a moving frame on (S ′). This

gives the following set of differential equations for each (α ∈
c2), and (β ∈ S ′):

∂

∂Xα

(
∂Xα

∂xτ′
×

(
∂HXα

∂z′τ
− ∂HXα

∂x′τ

))

= − ∂

∂Xβ


∂Xβ

∂x′′
× 1√

1 − v2
x′′
c2



(26)

and

∂

∂Xα

(
∂tηc2

∂tν
× 1

)
= − ∂

∂Xβ


∂t′

∂t
× 1√

1 − v2
x′′
c2

 . (27)

The equalities in (26) and (27) mean that the moving fra-
me contains an open set of points (Xα = Xβ) where accel-
erations on the two Riemann paths (c2) and (S ′) are equal.
For (26) and (27) to hold a condition is imposed. The con-
dition is that (26) and (27) must respect the linear translation
(Ln×n,<), where (n) is the dimension of a matrix. If (M) was
a (2 × 2) matrix , then the Jacobian of (M) would be equal to
1, ([M] = 1). This implies that the tangent bundle forms an
isomorphic group to (<1). Matrix (M) is given at the top of
the next page. [M] is given by (28) below:

[M] =
∂

∂Xα

(
∂Xα

∂xτ′
×

(
∂HXα

∂z′τ
− ∂HXα

∂x′τ

))
×

×

−
∂

∂Xβ


∂t′

∂t
× 1√

1 − v2
x′′
c2





− ∂

∂Xα

(
∂tηc2

∂tν
× 1

)
×

−
∂

∂Xβ


∂Xβ

∂x′′
× 1√

1 − v2
x′′
c2




= 1.

(28)
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Fig. 6: Tangent vector at the event point earth.

M =



∂

∂Xα

(
∂Xα

∂xτ′
×

(
∂HXα

∂z′τ
− ∂HXα

∂x′τ

))
∂

∂Xα

(
∂tηc2

∂tν
× 1

)

− ∂

∂Xβ


∂Xβ

∂x′′
× 1√

1 − v2
x′′
c2

 − ∂

∂Xβ


∂t′

∂t
× 1√

1 − v2
x′′
c2





(M) is the representation of (<1) in the (2 × 2) matrix form,
thus is an invertible linear transformation of the tangent bun-
dle. Given that the Riemann path is of constant curvature,
then the implication is that the tangent bundle is invariant with
respect to space-time. This condition would give the point on
the (S c2 ) path that touches the (S ′) Riemann path. Therefore,
it traces out the movement of the event point earth.

4 Conclusion

In this paper a new methodology is introduced that gives a
mathematical approach to finding other exactly similar earth
like planets. The mathematical model is based on finding
what is called “space highways” or “Riemann paths”. The
characteristic of these highways is that they are found in the
dark regions or non-deformed by gravitational forces regions
of space, where there are no stars, or black holes, or planets.
Riemann paths are considered as paths of constant curvature.
Space highways are modelled as ellipsoidal forms with coef-
ficients as columns of a gravitational tensor.

It is assumed that the coordinates of the sun are (0, 0, 0, 0),
meaning that the sun is considered to be the first solar system
of its kind. This assumption is justified, since there is no
evidence to the contrary to this day.

Space highways or Riemann paths are parallel to each
other if they are in the same direction. The location of the
event point earth (or exactly similar earth type planet) is whe-
re a Riemann path or space highway intersects at points of
constant curvature with another space highway coming from
an opposite direction. The movement of the event point earth
is traced out where the two Riemann paths share the same
tangent bundle. It is hoped that the search methodology in-
troduced in this paper opens up a new possibility of finding
planets that harbor life as we know it.
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