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Abstract

The distance to a stellar system is too huge, therefore the travel to the fixed star nearest to the Earth using
the present propulsion technology will require tens of thousands years. In order to overcome such a limit of the
space travel between fixed stars, research and development of a new propulsion theory and navigation theory are
indispensable. As a promising approach, space drive propulsion theory and Hyper-Space navigation method given
by a space-time featuring an imaginary time (i.e., Time-Hole) are introduced.

Space drive propulsion system is one of field propulsion system utilizing the action of the medium of strained
or deformed field of space. The curvature of space plays a significant role for the propulsion theory. On the other
hand, a plunging into Hyper-Space characterized by imaginary time would make the interstellar travel possible in a
short time. The Hyper-Space navigation theory would allow a starship to start at any time and from any place for an
interstellar travel to the farthest star systems, the whole mission time being within human lifetime.

Space propulsion physics such as propulsion theory and navigation theory give us a concrete theoretical method
toward galaxy exploration. This paper describes a summary of each theme (Continuum mechanics of Space-Time,

Space drive propulsion, Hyper-Space navigation) published so far by author.
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Introduction

A distant galaxy exploration is the dream of mankind. However as
is well known, galaxy travel and interstellar travel are impossible for the
present propulsion theory by rocket. The reason is due to the low speed
of rocket based on momentum thrust.

At the present stage of space propulsion technology, the only
practical propulsion system is chemical propulsion system and electric
propulsion system, which are based on expulsion of a mass to induce a
momentum thrust. Since the maximum speed is limited by the product
of the gas effective exhaust velocity and the natural logarithm of mass
ratio, its speed is too slow for the spaceship to achieve the interplanetary
travel and interstellar travel. Thus the breakthrough of propulsion
method has been required until now. Instead of conventional chemical
propulsion systems, field propulsion systems, which are based on
General Relativity Theory, Quantum Field Theory and other exotic
theories, have been proposed by many researchers to overcome the
speed limit of the conventional space rocket. Field propulsion system
is the concept of propulsion theory of spaceship not based on usual
momentum thrust but based on pressure thrust derived from an
interaction of the spaceship with external fields. Field propulsion
system is propelled without mass expulsion. The propulsive force is a
pressure thrust which arises from the interaction of space-time around
the spaceship and the spaceship itself; the spaceship is propelled against
space-time structure.

On the other hand, interstellar travel or galaxy travel, i.e., the
method that the human arrives at extrasolar planet like super-Earth
as the second earth becomes feasible by the combination of space
propulsion technology (which accelerates spaceship to the quasi-light
velocity in a short time) and navigation technology used wormhole or
time hole (which circumvents a wall of the velocity of light). They are
space drive propulsion system and Hyper-Space navigation system.
Space drive propulsion system is one of the field propulsion system
utilizing the action.of the medium.of strained.or deformed field of

space. The curvature of space plays a significant role for the propulsion
theory. In the first place, the elucidation of structure of the physical
property of the space as vacuum becomes basic. We also should
know that any propulsion system cannot exceed the light velocity as
characteristic of space, that is to say, there is no propulsion theory
which exceeds the velocity of light.

Based on the supposition that space is an infinite continuum
like elastic body, space drive propulsion principle induced by spatial
curvature and hyper-space navigation theory using imaginary time are
introduced in this paper. By the combined use of these both propulsion
theory and navigation theory, a realistic interstellar exploration can be
possible.

Like the Wright brothers who succeeded in a human first power
flight in 1903; they elucidated a property of the air by the flow of
invisible transparent air using a wind tunnel experiment, mankind
must study the property and fine structure of space in earnest

In the near future, the next target of mankind who completed
solar system exploration will go to stellar system or galaxy exploration.
Moreover, although the SETI project planned in each country until
now is premised on actual existence of extraterrestrial intelligent life,
the contact with them is made impossible by lack of the navigation
theory and propulsion technology which can conquer a huge distance
between stars and Earth. Thatis, even if the speed of light is obtained,
we have to spend the very long hours underway which will be required
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for tens of several years to hundreds years.

Considerable years are required even if it carries out an interstellar
travel or galaxy travel with the speed of light.

In order to conquer this huge distance and time, it is said to be
that superluminal velocity becomes indispensable. Then, although the
superluminal velocity tends to be expected simplistically, it becomes
unreal expectation regrettably from the basic theory on physics and
restrictions of the propulsion theory. It is because there exists the wall
of the velocity of light by Special Relativity, any propulsion principle
cannot exceed the velocity of light, and there is no energy source as
the power source accelerated to that the wall of the velocity of light.
The Special Relativity theory acts correctly in the actual space and any
propulsion theory cannot exceed the wall of the velocity of light.

Not only propulsion theory but also a new navigation theory
becomes indispensable for the stellar system exploration or galaxy
exploration as which the cruising range of a light-year unit is required.

Although the navigation by the Special Relativity is well known
as this kind of a navigation theory, it is the unreal navigation which
does not become useful due to the extreme time gap of global time
and spaceship time (twin or time paradox). Even if we could reach to
the fixed star in several years, what 100 years and what 1000 years had
passed when it returned to the Earth of the hometown. It becomes a
space travel of a one-way ticket literally.

Therefore, the research of the space warp which uses the wormhole
by General Relativity and the Hyper-Space navigation theory with the
character of imaginary time are required to remove the extreme time
gap (between spaceship time and Earth time). Regrettably, since the
size of wormhole (i.e., ~10*m) is smaller than the atom (i.e., ~10°m)
and moreover the size is predicted to fluctuate theoretically due to
instabilities, space flight through the wormhole is difficul technically,
and it is unknown where to go and how to return. Additionally, since
the solution of wormhole includes a singularity, this navigation method
theoretically includes fundamental problems. Furthermore, though it
is often pointed out, we cannot simply capture and enlarge a quantum
size of wormhole. Whatever energy is required to keep the throat open?
That is, wormhole requires exotic energy to enlarge the throat enough
for passage of a starship through the wormhole. It is not feasible as an
idea.

Minami completed the things that had been investigated about
mechanics of space in 1986 [1].

A primary motive was research in the realm of space propulsion
theory. His propulsion principle is based on the substantial physical
structure of space-time. After then, a concept of a space drive
propulsion system as a paper entitled “Space Strain Propulsion System”
was introduced by Minami in 1988 [2]. The term of “space strain” was
changed to “space drive” receiving the recommendation by Forward
[3]. After then, the second paper entitled “Possibility of Space Drive
Propulsion” was presented at the 45th IAF in 1994 [4].

At the same time, Minami proposed the Hyper-Space navigation
theory used imaginary time in 1993 [5]. A plunging into Hyper-
Space characterized by imaginary time would make the interstellar
travel possible in a short time. The Hyper-Space navigation theory
would allow a starship to start at any time and from any place for an
interstellar travel to the farthest star systems, the whole mission time
being within human lifetime [6]. This proposed navigation theory is
based on Special Relativity (not on General Relativity).

As a conclusion, the practical interstellar travel combines
propulsion theory with navigation theory.

The term of “Space Propulsion Physics” indicates both propulsion
theory and navigation theory using the physical property of space-time.

In the subsequent chapters, mechanical structure of space-time in
the first, space drive propulsion in the second, and finally Hyper-Space
navigation using “Imaginary Time-Hole” are introduced.

Continuum Mechanics of Space-time

Given a priori assumption that space as a vacuum has a physical fine
structure like continuum, it enables us to apply a continuum mechanics
to the so-called “vacuum” of space. Minami investigated a hypothesis
for mechanical property of space-time in 1986 [1]. A primary motive
was research in the realm of space propulsion theory. His propulsion
principle using the substantial physical structure of space-time based
on this hypothesis was proposed in 1988 [2].

In this chapter, a fundamental concept of space-time is described
that focuses on theoretically innate properties of space including strain
and curvature.

Assuming that space as vacuum is an infinite continuum, space
can be considered as a kind of transparent elastic field. That is, space
as a vacuum performs the motions of deformation such as expansion,
contraction, elongation, torsion and bending. The latest expanding
universe theories (Friedmann, de Sitter, inflationary cosmological
model) support this assumption. Space can be regarded as an elastic
body like rubber. This conveniently coincides with the precondition of
a mechanical structure of space.

General relativity implies that space is curved by the existence of
energy (mass energy or electromagnetic energy etc.). General relativity
is based on Riemannian geometry. If we admit this space curvature,
space is assumed as an elastic body. According to continuum mechanics,
the elastic body has the property of the motion of deformation such
as expansion, contraction, elongation, torsion and bending. General
relativity uses only the curvature of space. Expansion and contraction
of space are used in cosmology. Further, a theory using torsion studied
by Hayasaka [7] and twistor theory proposed by Roger Penrose [8] are
also applied to the torsion of space.

Acceleration of gravity at the surface of the earth

Let’s think about gravity. When we make a comparison between the
space on the Earth and outer space throughout the universe, although
there seems to be no difference, obviously a different phenomenon
occurs. Simply put, an object moves radially inward, that is, drops
straight down on the Earth, but in the universe, the object floats and
does not move.

The difference between the two phenomena can be explained
as whether space is curved or not, that is, whether 20 independent
components of a Riemann curvature tensor is zero or not. In
essence, the existence of spatial curvature (curved extent region)
determines whether the object drops straight down or not. Although
the spatial curvature at the surface of the Earth is very small value,
i.e,342x10%/m?), it is of enough value to produce 1G(9.8m/s?)
acceleration. Conversely, the spatial curvature in the universe is zero;
therefore any acceleration is not produced. Accordingly, if the spatial
curvature of a localized area including object is controlled to curvature
3.42x10%(1/m’) with an extent, the object moves and receives 1G
acceleration in the universe. Of course, we are required to control both
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the magnitude and extent of curvature. Above-mentioned fact implies
that space has a mechanical property.

Strain induced by structural deformation of space

Space is an infinite continuum and its structure is determined by
Riemannian geometry. Space satisfies the following conditions

a)  When the infinitesimal distance regulating the distance
between the two points changes by a certain physical action, the
change is continuous, and the space maintains a continuum even
after its change. Now, the concept of strain of continuum mechanics
is very important in order to relate a spatial curvature to a practical
force. Because the spatial curvature is a purely geometrical quantity. A
strain field is required for the conversion of geometrical quantity to a
practical force.

b)  The spatial strain is defined as a localized geometrical
structural change of space. It implies a change from flat space involved
in zero curvature components to curved Riemann space involved in
non-zero curvature components.

C)  Space has the only strain-free natural state, and space always
returns to the strain-free natural state, i.e., flat space, when an external
physical action causing spatial strain is removed.

d)  Spatial strain means some kinds of structural deformation
of space, and a body filling up space is affected by the action from its
spatial strain. We must distinguish space from an isolated body. An
isolated body occupies an area of space by its movement. Basically, an
isolated body can move in space and also can change its position.

e)  Inorder to keep the continuity of space, the velocity of body
filling up space cannot exceed the strain rate of space itself

Since the subject of our study is a four-dimensional Riemann space
as a curved space, we ascribe a great deal of importance to the curvature
of space. We a priori accept that the nature of actual physical space
is a four-dimensional Riemann space, that is, three dimensional space
(x=x!, y=x% z=x>) and one dimensional time (w=ct=x’), where c is the
velocity of light. These four coordinate axes are denoted as x' (i=0, 1,
2,3).

The square of the infinitesimal distance “ds” between two infinitely
proximate points x' and x'+dx' is given by equation of the form:

2 _ iy 1
ds® = g,dx'dx (1
where & is a metric tensor.

The metric tensor g_determines all the geometrical properties of
space and it is a function of this space coordinate. In Riemann space,
the metric tensor g determines a Riemannian connection coefficie
[, , and furthermore determines the Riemann curvature tensor
Ry or R thus the geometry of space is determined by a metric
tensor.

Riemannian geometry is a geometry which provides a tool to
describe curved Riemann space, therefore a Riemann curvature tensor
is the principal quantity. All the components of Riemann curvature
tensor are zero for flat space and non-zero for curved space. If a non-
zero component of Riemann curvature tensor exists, the space is not
flat space, but curved space. In curved space, it is well known that the
result of the parallel displacement of vector depends on the choice of
the path. Further, the components of a vector differ from the initial
value, after we displace a vector parallel along a closed curve until it
returns to the starting point.

An external physical action such as the existence of mass energy or
electromagnetic energy vields the structural deformation of space. In
the deformed space region, the infinitesimal distance is given by:

ds'" = gldx'dx’ > @)
where g; the metric tensor of deformed space region, and we use the
convected coordinates ( x" = x').

As shown in Figure 1, if the line element between the arbitrary two
near points (A and B) in space region S (before structural deformation)
is defined as ds = gidxi , the infinitesimal distance between the two near
points is given by Eq.(1): ds’ = g,dx'dx’ .

Let us assume that a space region S is structurally deformed by
an external physical action and transformed to space region T. In the
deformed space region T, the line element between the identical two

near point (A" and B’) of the identical space region newly changes,
differs from the length and direction, and becomes ds’= g/dx" .

Therefore, the infinitesimal distance between the two near points
using the convected coordinate (x" =x') is given by:

ds"” :gfjdx"dxj. (3)

Th ¢ ,’ is the transformed base vector from the original vase vector
g and the &; is the transformed metric tensor from the original
metric tensor §; . Since the degree of deformation can be expressed as
the change of distance between the two points, we get:

ds" —ds’ = gldx'dx’ — g, dx'dx’ = (g} — g, )dx'dx’ =r,dx'dx’ . (4)

Hence the degree of geometrical and structural deformation can be
expressed by the quantity denoted change of metric tensor, i.e.

=85 &y ©)

On the other hand, the state of deformation can be also expressed

by the displacement vector “u” (Figure 2).

From the continuum mechanics [9-12], using the following
equations:

du=g'u,dx’, (6)
ds'=ds+du=ds+g'u, dx’ - @)

We use the usual notation “:” for covariant differentiation. From
the usual continuum mechanics, the infinitesimal distance after
deformation becomes [9]:

ds” —ds* =rdx'dx’ = (u,; +u, +u’ u )dx'dx’ - (®)

The terms of higher order than second uk:iuk:j can be neglected if
the displacement is of small enough value. As the actual physical space

Figure 1: Fundamental structure of Space.
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can be dealt with the minute displacement from the trial calculation of
strain, we get:

Ty =Wy + U, ©)

Whereas, according to the continuum mechanics [9], the strain
tensor e; is given by:

eij:%.rflzél(u‘11+”j:x)' (10)
So, we get:
ds" —ds® = (g} — g, )dx'dx’ = 2e,dx'dx’, (11)

r . . . . 2 = 2 .
where §;-8; is a metric tensor, €; is a strain tensor, and ds"” —ds” i the
square of the infinitesimal distance between two infinitely proximate
points x' and x'+dx".

Eq.(11) indicates that a certain geometrical structural deformation
of space is shown by the concept of strain. In essence, the change
of metric tensor ( 8- due to the existence of mass energy or

electromagnetic energy tensor produces the strain fiel €;.

Since space-time is distorted, the infinitesimal distance between
two infinitely proximate points x' and x'+dx’ is important in our
understanding of the geometry of the space-time; the physical strain
is generated by the difference of a geometrical metric of space-time.
Namely, a certain structural deformation is described by strain tensor
€;; . From Eq.(11), the strain of space is described as follows:

e;=1/2-(g,'~g;)- (12)

It is also worth noting that this result yields the principle of
constancy of light velocity in Special Relativity.

Body force and rotation of displacement field in curved space

Expanding the concept of vector parallel displacement in Riemann
space, the following equation has newly been obtained:

_ K 13
w/l\/ - R,uvkldA > ( )
. . Ko oe . . .
where @,, is rotation tensor, dA” is infinitesimal areal element.
According to the nature of Riemann curvature tensor R, , @,,

indicates the rotation of displacement field. Eq.(13) indicates that a
curved space produces the rotation of displacement field in the region
of space. Now, the rotation tensor @,, and strain tensor ¢; satisfy the
following differential equation in continuum mechanics

Oy j = Crjp ~ Cuju (14)

This equation is true on condition that the order of differential
can be exchanged in a flat space. To expand above equation into a
curved Riemann space, the equation shall be transformed to covariant
differentiation and it is possible on condition of I'e,, =I"€,, .

Thus, we obtai

w/w:j = evj:y 76/1]:v ‘ (15)

Here we use the usual notation “:” for covariant differentiation

u,
i

is not tensor

As is well known, the partial derivative u,; :2
" X

equation. The covariant derivative u,;=u,, —u,I’ 5 is tensor equation
and can be carried over into all coordinate systems.

Eq.(15) indicates that the displacement gradient of rotation tensor
corresponds to difference of the displacement gradient of strain tensor.

Here, if we multiply both sides of Eq.(15) by fourth order tensor
denoted the nature of space gii«v formally, we obtain

ijuv _ @iinv K\ _ iy kl 16
E"q, =E" (R, dA") =E"R,, dA" (16)
and
Ee _EMe —(E#™e ) —(E#e ) =" —¢" =Ac" . (17)

Viu uiv — Vil uji’ v u W i

As is well known in the continuum mechanics [9-12], the
relationship between stress tensor o;; and strain tensor e, is given by

o’=E"e, - (18)
Furthermore, the relationship between body force F'and stress
tensor O is given by
F=oc" 5 (19)
from the equilibrium conditions of continuum. That is, the elastic
force F' is given by the gradient of stress tensor o/ .

Therefore, Eq.(17) indicates the difference of body force AFi.
Accordingly, from Eqs(16) and (17), the change of body force AF' (=
Ao’ ) becomes
dak . (20)

i __ pijuv
AF' =E RWH;J
ijuv | . . P
Here, we assume that £ is constant for covariant differentiation,

and A¥ is area element.

The stress tensor o is a surface force and F' is a body force. The
body force is an equivalent gravitational action because of acting all
elements of space uniformly.

Eq.(20) indicates that the gradient of Riemann curvature tensor
implying space curvature produces the body force as a space strain
force. The non-zero component of Eq.(20) is just only one equation
as follows:

F’ =F=E""(R,,,A"),=E*"-0(R,,, A*)/ Or (21)

3030 3030

Generation of surface force induced by spatial curvature

On the supposition that space is an infinite continuum, continuum
mechanics can be applied to the so-called “vacuum” of space. This
means that space can be considered as a kind of transparent field with
elastic properties.

If space curves, then an inward normal stress “—P ” is generated.
This normal stress, i.e. surface force serves as a sort of pressure fiel

~P=N-(2R")”=N-(1/R +1/R,) (22)

where N is the line stress, R , R, are the radius of principal curvature
of curved surface, and R is the major component of spatial curvature.

A large number of curved thin layers form the unidirectional
surface force, i.e. acceleration field. Accordingly, the spatial curvature
R produces the acceleration field a.

The fundamental three-dimensional space structure is determined
by quadratic surface structure. Therefore, a Gaussian curvature K
in two-dimensional Riemann space is significant. The relationship
between K and the major component of spatial curvature R” is given
by:

:%2:1.1{00, (23)
(gugzz —8n ) 2

where R,,,, is non-zero component of Riemann curvature tensor.

J Aeronaut Aerospace Eng
ISSN: 2168-9792 JAAE, an open access journal

Volume 4 + Issue 2 + 1000149

www.manaraa.com



Citation: Minami Y (2015) Space Propulsion Physics toward Galaxy Exploration. J Aeronaut Aerospace Eng 4: 149. doi:10.4172/2168-9792.1000149

Figure 2: (a) Planetary orbits in the Gliese 581 system compared to those of
our Solar System [Wikipedia Gliese 581]; (b) Super-Earth.

R®: curvature of space

a=lim¥, [ g R (A
2D

curved thin layer

Ar= (b-a)/n

Figure 3: Curvature of Space: (a) curvature of space plays a significant
role. If space curves, then inward stress (surface force) “P” is generated =
A sort of pressure field; (b) a large number of curved thin layers form the
unidirectional surface force, i.e. acceleration field a.

Itis now understood that the membrane force on the curved surface
and each principal curvature generates the normal stress“-P” with its
direction normal to the curved surface as a surface force. The normal
stress —P acts towards the inside of the surface as shown in Figure 3a.

A thin-layer of curved surface will take into consideration within a
spherical space having a radius of R and the principal radii of curvature
that are equal to the radius (R,=R,=R).Since the membrane force N
(serving as the line stress) can be assumed to have a constant value,
Eq.(22) indicates that the curvature R” generates the inward normal
stress P of the curved surface. The inwardly directed normal stress
serves as a pressure field

When the curved surfaces are included in a great number, some
type of unidirectional pressure field is formed. A region of curved space
is made of a large number of curved surfaces and they form the field
as a unidirectional surface force (i.e. normal stress). Since the field of
the surface force is the field of a kind of force, the force accelerates
matter in the field, i.e. we can regard the field of the surface force as
the acceleration field. A large number of curved thin layers form the
unidirectional acceleration field (Figure 3b). Accordingly, the spatial
curvature R” produces the acceleration fiel a. Therefore, the curvature
of space plays a significant role to generate pressure fiel

Applying membrane theory, the following equilibrium conditions
are obtained in quadratic surface, given by:
N“b,,+P=0> (24)

where N“is a membrane force, i.e. line stress of curved space, b,
is second fundamental metric of curved surface, and P is the normal
stress on curved surface [9].

The second fundamental metric of curved space b, and principal
curvature K, has the following relationship using the metric tensor

gaﬂ 4
ba/i = K(z)gu/i : (25)

Therefore we get

Page 5 of 20
afp N _ aff — @ —
N“b,, =N“K g, =8,N"K, =N,"K, =N-K - (26)
From Eq.(24) and Eq.(26), we get:
N,K,=-P- (27)

As for the quadratic surface, the indices a and i take two different
values, i.e. 1 and 2, therefore Equation (27) becomes:

N/'K,+N,’K, =-P, (28)

where K,yand K|, are principal curvature of curved surface and are
inverse number of radius of principal curvature (i.e. 1/R, and I/R)).

The Gaussian curvature K is represented as
K:K(l)'K(z):(I/Rl)’(l/Rz)' (29)
Accordingly, suppose N,' =N,” = N, we get:

N-(1/R +1/R))=-P. (30)

It is now understood that the membrane force on the curved
surface and each principal curvature generate the normal stress“—P”
with its direction normal to the curved surface as a surface force. The
normal stress —P is towards the inside of surface as showing in Figure 3.

A thin-layer of curved surface will be taken into consideration
within a spherical space having a radius of R and the principal radii
of curvature which are equal to the radius (R,=R,=R). From Equations
(23) and (29), we then get:

00
kLt 1_1_R° (31)
R R R 2
Considering N-(2/R)=—P of Equation (30), and substituting
Equation (31) into Equation (30), the following equation is obtained:
_P=N-/2R" - (32)
Since the membrane force N (serving as the line stress) can be
assumed to have a constant value, Equation (32) indicates that the
curvature R” generates the inward normal stress P of the curved
surface. The inwardly directed normal stress serves as a kind of
pressure field. When the curved surfaces are included in great number,
some type of unidirectional pressure field is formed. A region of curved
space is made of a large number of curved surfaces and they form the
field of unidirectional surface force (i.e. normal stress). Since the field
of surface force is the field of a kind of force, a body in the field is
accelerated by the force, i.e. we can regard the field of surface force
as the acceleration field. Accordingly, the cumulated curved region of
curvature R” produces the acceleration fiel a.

Here, we give an account of curvature R”in advance. The solution
of metric tensor g is found by gravitational field equation as the
following:

. v
— T

1
Ruv __.g;zsz

Furthermore, we have the following relation for scalar curvatureR:

R=R", =g”R,,, R"=g"“¢g"R 5, R, =R =¢'R, - (34)
Ricci tensor R*Y is represented by:

R, =T, -T% -TeTh +T9T) (=R (35)

ua o ap up va (_ Vy) >
where I is Riemannian connection coefficien
jk

If the curvature of space is very small, the term of higher order than
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the second can be neglected, and Ricci tensor becomes:
R, =T}, ~T5.,- (36)

The major curvature of Ricci tensor (4 =V = 0) is calculated as
follows:

R” = gPg"R, =Ix—IxR, =R, - (37)

As previously mentioned, Riemannian geometry is a geometry that
deals with a curved Riemann space, therefore a Riemann curvature
tensor is the principal quantity. All components of Riemann curvature
tensor are zero for flat space and non-zero for curved space. If an only
non-zero component of Riemann curvature tensor exists, the space is
not flat space but curved space. Therefore, the curvature of space plays
a significant role

Acceleration induced by spatial curvature

A massive body causes the curvature of space-time around it, and
a free particle responds by moving along a geodesic in that space-time.
The path of free particle is a geodesic line in space-time and is given by
the following geodesic equation;

dx oA dt (38)
e * dr dr

where I', is Riemannian connection coefficient 7 is proper time, x'
is four-dimensional Riemann space, that is, three dimensional space
(x=x', y=x? z=x’) and one dimensional time (w=ct=x’), where c is the
velocity of light. These four coordinate axes are denoted as x' (i=0, 1,
2,3).

Proper time is the time to be measured in a clock resting for a
coordinate system. We have the following relation deribed from an
invariant line element ds’* between Special Relativity (flat space) and
General Relativity (curved space):

dr = =g, dx’ = \|—gscdt - (39)
From Eq.(38), the acceleration of free particle is obtained by
P d*x' _r dx! dx* ) (40)

e dr dr

As is well known in General Relativity, in the curved space region,
the massive body “m (kg)” existing in the acceleration field is subjected
to the following force F'(N) :

i i dx’ dx* ik i

F :mrjk‘z'g=m 7g00czl"jku]u =ma'> (41)
where 1/, u* are the four velocity, F"jk is the Riemannian connection
coefficient, an 7 is the proper time.

From Eqs.(40),(41), we obtain:

. A dx’ dx*
a = > = - ik —_— =
dr Todr dr
Eq.(42) yields a more simple equation from the condition of linear
approximation, that is, weak-field, quasi-static, and slow motion (speed
v << speed of light c: 4° =1 ):

a'= V8w 'Czrgo ’ (43)
On the other hand, the major component of spatial curvature R” in
the weak field is given b

R®~R,=R! =0T —0 'k +T; I -Ty T (44)

040 0" 0u u 00 0u v0 00" v "

(42)

i

| i gk
goocrjku”

In the nearly Cartesian coordinate system, the value of I, are
small, so we can neglect the last two terms in Eq.(44), and using the
quasi-static condition we get

R"~-3 'l =-0T, (45)

w00 T iv 00 °

From Equation (45), we get formally
[y == R(x)dx" . (46)
Substituting Equation (46) into Equation (43), we obtain

a'=\-guw cZJ‘RO0 (x)dx" - (47)

Accordingly, from the following linear approximation scheme for
the gravitational field equation:(1) weak gravitational field, i.e. small
curvature limit, (2) quasi-static, (3) slow-motion approximation (i.e.,
v/ie<<ly and considering range of curved region, we get the following
relation between acceleration of curved space and curvature of space:

o =g [ R (48)

where o' : acceleration (m/s?), g, time component of metric tensor,
a-b: range of curved space region(m), x: components of coordinate
(i=0,1,2,3), c: velocity of light, R®: major component of spatial
curvature(1/m?).

Eq.(48) indicates that the acceleration field «' is produced in
curved space. The intensity of acceleration produced in curved space
is proportional to the product of spatial curvature R® and the length
of curved region.

Eq.(41) yields more simple equation from above-stated linear
approximation (u’ = 1),
F=m _gooczréououo =m _gooczri)o =ma' = My _gt)[)c2_l.bROO(X‘)dxZ . (49)
Setting i=3(i.e., direction of radius of curvature: r), we get Newton’s
second law:
b
F =F=ma=mJ—gOOCZJ’ R®(r)dr=m —gooczrgo . (50)

Theacceleration (a) of curved space and its Riemannian connection
coefficient T ) are given by:

a= _gooczrgo > rgo = _2‘200’3 > (51)

33

where c: velocity of light, g, and g,.: component of metric tensor, g, -
Bgm/ax3:8g0(/ar. We choose the spherical coordinates “ct=x’, r=x°, 6=x/,
¢=x?" in space-time. The acceleration a is represented by the equation
both in the differential form and in the integral form. Practically,
since the metric is usually given by the solution of gravitational field
equation, the differential form has been found to be advantageous.

Basic Concept of Space Drive Propulsion
Introduction

A concept of a space drive propulsion system as a paper entitled
“Space Strain Propulsion System” is introduced by Minami in 1988
[2]. The term of “space strain” is changed to “space drive” receiving
the recommendation by Robert L. Forward [3]. After then, the second
paper entitled “Possibility of Space Drive Propulsion” is presented at
the 45" TAF in 1994 [4].

Assuming that space vacuum is an infinite continuum, the
propulsion principle utilizes the pressure field derived from the
geometrical structure of space, by applying both continuum mechanics
and General Relativity to space. The propulsive force is a pressure thrust

J Aeronaut Aerospace Eng
ISSN: 2168-9792 JAAE, an open access journal

Volume 4 + Issue 2 + 1000149

www.manaraa.com



Citation: Minami Y (2015) Space Propulsion Physics toward Galaxy Exploration. J Aeronaut Aerospace Eng 4: 149. doi:10.4172/2168-9792.1000149

that arises from the interaction of space-time around the spaceship
external environment and the spaceship itself; the spaceship is propelled
against the space-time continuum structure. This means that space can
be considered as a kind of transparent elastic field. That is, space as
a vacuum performs the motions of deformation such as expansion,
contraction, elongation, torsion and bending. The latest expanding
universe theory (Friedmann, de Sitter, inflationary cosmological
model) supports this assumption. Space can be regarded as an elastic
body like rubber. In the latest cosmology, the terms vacuum energy
and cosmological term “ Ag”” are used synonymously. A is known as
the cosmological constant. The term with the cosmological constant
is identical to the stress-energy tensor associated with the vacuum
energy. The properties of vacuum energy, i.e. cosmological term are
crucial to expansion of the Universe, that is, to inflationary cosmology.

Concerning the research process, in the beginning, the acceleration
generated by curvature of space induced by a strong magnetic field
based on external and internal Schwarzschild solution was studied
[2,4]. However, superior acceleration based on the de Sitter solution
is obtained at present [13]. Basically: The acceleration derived from the
de Sitter solution does not require a strong magnetic fiel . At the present
day, space drive propulsion system based on the de Sitter solution needs
the technology to excite space.

Inflationary universe which shows rapid expansion of space is based
on the phase transition of the vacuum exhibited by the Weinberg-Salam
model of the electroweak interaction. The vacuum has the property of
a phase transition, just like water may become ice and vice versa. This
shows that a vacuum possesses a substantial physical structure such
as the material. It coincides with the precondition of a space drive
propulsion principle [2,4,13].

In the subsequent sections, the outline of propulsion principle
in the first, propulsion theory in early phase and final phase for this
space drive in the second, momentum and energy conservation law in
the third, and finally, space drive propulsion principle brought about
by locally-expanded space seen from another angle (cosmology) are
introduced.

Briefing of space drive propulsion

The space drive propulsion system proposed here is one of field
propulsion system utilizing the action of the medium of strained or
deformed field of space, and is based on the propulsion principle of
the kind of pressure thrust. As a matter of fact, several kinds of field
propulsion can be proposed by making a choice of physical concepts,
i.e., General Relativity in the view of macroscopic structure and
Quantum Field Theory in the view of microscopic structure [6].
Minami summarized the definition and the basic concept of field
propulsion in 2003 [14]. The various propulsion systems that one
may choose can be based on different physical/geometric quantities;
for instance, curvature, zero-point fluctuations, statistical entropy,
and so forth. However, they share an underlying principle, namely,
they utilize the same concept of physical structure of Space. Figure 4
shows the basic propulsion principle of common to all kinds of field
propulsion system. As shown in Figure 4, the propulsion principle of
field propulsion system is not momentum thrust but pressure thrust
induced by a pressure gradient (or potential gradient) of the space-time
field (or vacuum field) between bow and stern of a spaceship. Since the
pressure of the vacuum field is high in the rear vicinity of spaceship,
the spaceship is pushed from the vacuum field. Pressure of vacuum
field in the front vicinity of spaceship is low, so the spaceship is pulled
from the vacuum field. In the front vicinity of spaceship, the pressure
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Asymmetrically interaction with the pressure of field
creates propulsive force for the spaceship.

The strength of pressure field ahead of the spaceship is diminished and its
behind increased, this would result in favorable pressure gradients.

Figure 4: Basic propulsion principle of field propulsion system.

of vacuum field is not necessarily low but the ordinary vacuum field,
that is, just as only a high pressure of vacuum field in the rear vicinity
of spaceship. The spaceship is propelled by this distribution of pressure
of the vacuum field. Vice versa, it is the same principle that the pressure
of vacuum field in the front vicinity of spaceship is just only low and the
pressure of vacuum field in the rear vicinity of spaceship is ordinary.
In any case, the pressure gradient from the vacuum field (potential
gradient) is formed over the entire range of the spaceship, so that the
spaceship is propelled by pushing from the pressure gradient resulting
from the vacuum field

Here, we must pay attention to the following. The spaceship cannot
move unless the spaceship is independent of any pressure gradient
in the vacuum field. No interaction is present between the pressure
gradient from the vacuum field and spaceship. This spaceship does not
move as long as the propulsion engine generates the pressure gradient
or potential gradient in the surrounding area of the spaceship, due to
the interaction between the pressure gradient of the vacuum field and
spaceship. Thisis because an action of the propulsion engine on space is
in equilibrium with a reaction from space. It is consequently necessary
to shut off the equilibrium state in order to actually move the spaceship.
As a continuum, the space has a finite strain rate, i.e. speed of light.
When the propulsion engine stops generating the pressure gradient
of the vacuum field, it takes a finite interval of time for the generated
pressure gradient from the vacuum field to return to ordinary vacuum
field conditions. In the meantime, the spaceship is independent of this
pressure gradient from the vacuum field. It is therefore possible for the
spaceship to proceed ahead receiving the action from the vacuum field

In general, a body cannot move carrying or together with a field
that is generated by its body from the standpoint of kinematics. In
other words, the body cannot move unless the body is independent of
the field. This is because an action on the field and a reaction from
the field are in the state of equilibrium. As mentioned above, since
the propulsion engine must necessarily be shut off for propulsion, the
spaceship can get continuous thrust by repeating the alternate ON/
OFF change in the engine operation at a high frequency.

Early phase of space drive propulsion theory

The principle of this space drive propulsion system is derived from
General Relativity and the theory of continuum mechanics. We assume
that the so-called “vacuum” of space acts as an infinite elastic body like
rubber. The curvature of space plays a significant role for propulsion
theory. The acceleration performance of this system is found by the
solution of the gravitational field equation, such as the Schwarzschild
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solution, Reissner- Nordstrom solution, Kerr solution, and de Sitter
solution. The concept and the details of this propulsion system are
described below.

The theory of the space drive propulsion is summarized as follows

1) On the supposition that space is an infinite continuum,
continuum mechanics can be applied to the so-called “vacuum” of
space. This means that space can be considered as a kind of transparent
elastic field. That is, space as a vacuum performs the motion of
deformation such as expansion, contraction, elongation, torsion and
bending. We can regard space as an infinite elastic body like rubber

2) From General Relativity, the major component of curvature
of space (hereinafter referred to as the major component of spatial
curvature) R” can be produced by not only mass density but also the
magnetic field B as follows (see APPENDIX A: Curvature Control by
Magnetic Field):

476 B _gax107 . B (52)
He

Eq.(52) indicates that the major component of spatial curvature
can be controlled by a magnetic field B

00
R” =

<

3) If space curves, then an inward normal stress “—P” is generated
(Figure 3).

This normal stress, i.e. surface force serves as a sort of a pressure
field
—P=N-(2R")"”=N-(1/R +1/R,)" (53)

where N is the line stress of membrane of curved surface, R, R, are the
radii of principal curvature of curved surface.

A large number of curved thin layers form the unidirectional
surface force, i.e. acceleration field. Accordingly, the spatial curvature
R™ produces the acceleration field a.

4) From the following linear approximation scheme for the
gravitational field equation

(i) weak gravitational field, i.e. small curvature limit, (ii) quasi-
static, (iii) slow-motion approximation (i.e. v/c<<1),

we get the following relation between acceleration of curved space and
curvature of space:

o :,/—gOOCZJ‘bROO(xi)dxi . (54)

Eq.(54) indicates that the acceleration field a
curved space.

is produced in

5) In the curved space region, the massive body “m(kg)” existing
in the acceleration field is subjected to the following force Fi(N), from
General Relativity:

j
F o 1_, dx dx

Eq.(55) ylelgs Bnore 51mple equation from the above-stated linear
approximation (u = 1).

—Z00C 21"' Wt =ma’ (55)

. . . b . .
Fr=m-g, Ty u'u’ =m\—g,, Ty, =ma' = mJ—gOOCZL RY(xNdx' . (56)

Setting i=3(i.e. direction of radius of curvature:r), we get Newton’s
second law :

F’ =F =ma = m, /—gUOCZIbROU(r)dr =Myf—gu o, - (57)

6) The acceleration (a) of curved space and its Riemannian
connection coefficient T ) are given by:

~8oo¢ zrgo > 1—‘(3)0 = _zgoo,s : (58)
83

where c=speed of light, g, and g, =component of metric tensor,
8003 = ag 00/6963 = agno/ar '

We choose the spherical coordinates “ct=x’, r=x’, 6=x!, ¢=x*> " in
space-time. The acceleration a is represented by the equation both in
the differential form and in the integral form. Practically, since the
metric is usually given, the differential form has been found to be
advantageous.

7) The acceleration of space drive propulsion system is based on
the solutions of the gravitational field equation, which is derived from
Eq.(58).

Next, we expand on these categories as they relate to other solutions
of gravitational field equation, that is, the concrete acceleration a is
derived from Eq.(58).

External Schwarzschild Solution

The metrics are given by
0="0-1/1).0y=0y,=10;,=1/(1-1,/T),

(59)
and other g; =0
where r is the gravitational radius ie. r,=2GM/ ¢’. Combining
Eq.(58) w1th Eq.(59) yields:
a:G.r—z,(rg<r)’ (60)

where G is a gravitational constant and M is a total mass.
Reissner-Nordstrom Charged Mass Solution

The metrics outside of charged and spherically symmetric mass are
given by:

w=—(-r,/r+Q%/r?),g, =
and other g, =0

gzz—lg33—1/(1—r/r+Q /%), (61)

Where Q° =Gq*/c’(q =electric charge),r, =2GM /¢*. Eq.(61)

reduces to the Schwarzschild solution if electric charge “q” is zero.
Combining Eq.(58) with Eq.(61) yields:

M Gg’
a=b.= 2q3
r cr

M
G.F,(rg <rQ®<r?) (62)
Eq.(62) indicates that the electric charge weakens the gravitational
acceleration.
Kerr Rotating Mass Solution

The metrics outside of spinning mass are given by

o =—[1- r,r _ r?+h’cos’0 (63)
o r’+h’cos’0 ) "*  r’-rr+h’

where h = J/Mc(] = angular momentum), r,= 2GM/c?

Eq.(63) reduces to the Schwarzschild solution if the angular
momentum “J” is zero.

Combining Eq.(58) with Eq.(63) yields:

M (1-h%cos?@/r?)

——————=<G r.<r,h?<r? (64)
2 (1+h%*cos?@/r?)? ( < )
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Eq.(64) indicates that the rotation weakens the gravitational
acceleration.

Internal Schwarzschild Solution

The space-time metrics inside of a static, constant energy density,
perfect fluid sphere are given by

1 2

3 1 1 1
=—|Z.(1-Kpa?/3)2 -=.(1-Kpa®/3)? | ,gyy=————
O =7 A= Kpa I =5 A=Kpa I 0 =773 (65)

0, =0, =1 and other g; =0

« _»

where K = 8nG/c’, P is the energy density (J/m?®), “a” is the radius of
energy density (i.e. fluid boundary at r=a). Thissolution corresponds to
the so-called Poisson equation. While, External Schwarzschild Solution
corresponds to the so-called Laplace equation.

Combining Eq.(58) with Eq.(65) yields:

M r(r, <a) (66)

3

o=

Eq.(66) reduces to the Eq.(60), if r=a, and the continuity at “r=a”
links the internal solution to external solution.

Final phase of space drive propulsion theory: acceleration
induced by the cosmological constant

In the latest cosmology, the terms vacuum energy and cosmological
term “Ag’” are used synonymously. A is a constant known as the
cosmological constant. The cosmological term is identical to the stress-
energy associated with the vacuum energy. The properties of vacuum
energy, i.e. cosmological term are crucial to expansion of the Universe,
that is, to inflationary cosmology. The vacuum energy in de Sitter
solution yields the result that the expansion accelerates with time and
the total energy with a comoving volume that grows exponentially
[15,16]. These facts are due to the elastic nature of the vacuum and
support the basic concept of space drive propulsion system, that is, the
space is an infinite continuum. According to the gauge theories, the
physical vacuum has various ground states. The potential of vacuum
has minima which correspond to the degenerate lowest energy states,
either of which may be chosen as the vacuum. Whatever is the choice,
however, the symmetry of the theory is spontaneously broken. The
particular interest for cosmology is the theoretical expectation that at
high temperatures, symmetries that are spontaneously broken today
were restored [17].

The most general form of the gravitational field equation which
includes cosmological constant is given by :
1 87G

RI—— g"R=—""T"+Ag". (67)

2 c
where R? is the Ricci tensor, R is the scalar curvature, G is the
gravitational constant, ¢ is the velocity of light, T is the energy

momentum tensor, and A is the cosmological constant.

It is simple to see that a cosmological term AgY is equivalent to an
additional form of energy momentum tensor. The cosmological term is
identical to the energy momentum tensor associated with the vacuum.

Here, if we multiply both sides of Eq.(67) by & , we obtain

837G _R+an. (68)

c
In empty space, all of the components of the energy momentum
tensor are equal to zero, thatis, 79 =0 and T =0, from Eq.(68) and

Eq.(67), we get the following respectively

R=-4A, RP=-Ag". (69)
The scalar curvature R (1/m?) is given by
R=Ri/=g,R' =g, R®+g,R" + g, R” + g, R* ~ g, R =—R" (g,, ~—1: weak field) . (70)

Hence, from Eq.(69), we get

Rﬂ() :4A . (71)

Eq.(71) means that the cosmological constant A generates the
major component of curvature of space R® . Therefore, the curvature
of space is identical as the cosmological constant.

Now, concerning the de Sitter cosmological model with non-zero
vacuum energy (i.e. cosmological constant), the de Sitter line element
is written as

ds’ =—(1 _éArZ)czdtz b P 0 s 0d") | ()
1-=Ar?
3

where the metrics are given by

8o =—(-1/3-Ar’), g, =g,,=1, g, =1/(1-1/3-Ar*), other g;=0" (73)

The acceleration a of de Sitter solution can be obtained by
combining Eq.(58) with Eq.(73)

az%czAr (1>1/3-Ar%). (74)

The acceleration induced by the cosmological constant is
proportional to the distance “r” from the generative source, i.e. engine
system. According to the gauge theories, the physical space as a vacuum
is filled with a spin-zero scalar field, called a Higgs field. The vacuum
energy fluctuates in proportion to the fluctuation of the Higgs field.
The vacuum potential (vacuum energy density) V (¢) is given by the
vacuum expectation value ¢ of Higgs field, and we get the minimum of

the Higgs potential V (¢) as follows [17]:
V=24 73

Here, A is arbitrary Higgs self-coupling in the Higgs potential ( A
is not known and is not determined by a gauge principle, presumably
A21/10).

Since the vacuum potential V (¢) shall be invariant under the
Lorentz transformation, the energy momentum tensor of vacuum T‘jVac
is written in the form

T\ =Vo(9)g" - (76)
The energy momentum tensor of vacuum exerts the same action

as that for the cosmological term. It should be noted that T¥ _is not
energy momentum tensor for matter but the vacuum itself.

From Eq.(67) and above Eq.(76), as its metric source, 8nG/c*+ TV
=8nG/c* V, ($)g’=Ag', then we get

A=¥Cy () =2.1x10V,(9)- 77
Cc

In general, since the potential from its source is inversely
proportional to the distance “r” from the potential source, assuming
that the vacuum potential V, (¢) in Eq.(75) is the energy source, the

potential at distance “r” apart from its energy source is written in the
form

VD)= V(@) r =gt (78)
4r
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Combining Eq.(77) with Eq.(78) yields:
A=27GAg" I c'r- (79)
Substituting Eq.(79) into Eq.(74), finally we get

a= 2’3[?’1 4 =1.6x107 A" - (80)

Eq.(80) indicates that the vacuum expectation value ¢, for the Higgs
field (i.e. vacuum scalar field) produces the constant acceleration field.
As a result, we find out that the acceleration becomes constant, that
is, we can get rid of the tidal force inside of the spaceship. The scalar
field ¢ can be thought of arising from a source in much the same way
as the electromagnetic fields arise from charged particles. We have to
search for the fields with the source. The size L of spaceship (i.e. lengt
or diameter) is limited to the range r,, where r; is the range determined
by the following: V (r) oc V /r; =0 (L=r,). Within the range of L=r,,
the tidal force in the spaceship and in the vicinity of spaceship can be
removed, that is, the acceleration becomes constant within the range of
a given region “r.”. The vacuum expectation value ¢ of Higgs field can
be considered as the strength of the field, i.e. energy of the field

Using Eq.(75), particular attention is paid to the role of ¢,. Here,
only ¢, is described in NATURAL UNIT(c=F =k,=1). In general,
natural units are used for the field of elementary particle physics or
cosmology. Since the fundamental constants i=c=k, =1 are used
in this unit system, there is one fundamental dimension, energy, can
normally be stated in GeV, that is, [Energy]=[Momentum]=[Mass]=[T
emperature]=[Length]'=[Time]": in GeV.

GeV* implies energy density (J/m’) in SI unit. GeV’implies
number density (1/m*).

The following relation: 1GeV?=1.3x10“m™ is used to convert from
the natural unit system to SI unit system. The vacuum expectation
value ¢, of the present universe is said to be ¢, ~10"°GeV and
$,'=1x10""°GeV*, therefore substitution of Eq.(75) and Eq.(80) with
setting A=1 gives: V (¢)=1/4-¢,'=0.5x10°)/m’, a=1.6x107¢ *=3.3x10*
m/s* = 0. Naturally, the acceleration induced by present cosmic space
is zero. In addition, from Eq.(77) and Eq.(71), we get A=2.1x10*
V ($)=1.05x10"’m?, R"=4.2x10"’m>=0. Therefore, the present
cosmic space is flat space.

From Eq.(52), the value of R"=4.2x10*"m? gives the magnetic
field of B=7.2x10"* gauss (7.2x10°® Tesla). This value of magnetic field
agrees quite well with the value of the interstellar magnetic field, i.e.
~107gauss. Let us suppose that the vacuum expectation value ¢, of
present universe is excited and becomes $=6x10°GeV=6MeV (from ¢,
to ¢=¢,+ddp=¢ +6MeV) for example, similarly we get the following:

V, (0) =1/4* (= 6.7x10 7 J/m’, a = 1.6x107 ¢ = 43.13 m/s? = 4.4G.
A=2.1x10"xV,(0)=1.4x10"m>2, R®=5.6x10""m™2. From Eq.(52), the
value of R?=5.6x10"°m gives the magnetic field of B=2.6x10"! Tesla.

The space is a kind of continuum which repeats expansion and
contraction. We assume that space as a continuum has two kinds of
phases, that is, the elastic solid phase (i.e. Crystalline elasticity) like
spring and the visco-elastic liquid phase (i.e., Rubber elasticity=Entropy
elasticity) like rubber. The elastic solid phase corresponds to the
present universe and the visco-elastic liquid phase corresponds to the
early universe. Further, we speculate that the space may get the phase
transition easily by some trigger, i.e. excitation of space, and that the
elastic solid phase of space is rapidly transformed to the visco-elastic
liquid phase of space and vice versa. Thespace as a vacuum preserves the

properties of phase transition even now. In general, the phase transition is
accompanied by a change of symmetry. The phase transition has occurre
from an ordered phase to a disordered phase and vice versa.

Supposing the entropy structure of the space-time continuum,
since the statistical entropy is the logarithm of the number of states (i.e.,
degeneracy of system), it is necessary to consider what kinds of physical
state exist. Figures 5a and 5b show that the open strings cling to the
field of space. Figure 5a shows the state of the present cosmic space
in ultra-low temperature, and Figure 5b shows the state of the early
universe in ultra-high temperature. The excitation of space implies
that the ordered phase of open strings clinging to space in Figure 5a is
transferred to the disordered phase of open strings that clings to space
in Figure 5b by some trigger. It corresponds to that the number of
twined open strings is transferred from ordered phase (small entropy)
to disordered phase (large entropy). This picture indicates that these
states can be interpreted as entropy of fine structure of space

In a cosmological phase transition, the vacuum expectation value
of the scalar field ¢ is transferred from high-temperature, symmetric
minimum ¢=0, to the low-temperature, symmetry-breaking minimum
¢=x¢,. Accordingly, the phase transition is basically related to the
spontaneous symmetry breaking, and it is considered that above-stated
phenomenon is the fundamental property of space [15-17].

Now, referring to Figure 6, the vacuum expectation value of scalar

(@) (b)

Figure 5: Fine Structure of Space: (a) state of the present cosmic space in
ultra-low temperature; (b) state of the early universe in ultra-high temperature.
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Figure 6: Vacuum potential.
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field “+¢, ” indicates the present true vacuum (present universe), and
“p=0 ” indicates the metastable false vacuum in early universe. Even if
¢==¢, had such a small value, we would expect quantum fluctuations
to push ¢ sufficientl far out on the potential from ¢p=+¢, to near the
¢=0 by a trigger. Since the potential V(¢)(J/m’) means the energy
density of the vacuum corresponding to the value of ¢, the value of V()
directly contributes to the cosmological term. The change in ¢ gives the
change in V(¢). As a result, the control of fluctuations of scalar field ¢
(i.e. coherent small oscillations of scalar field) affects the cosmological
constant A. The enormous vacuum energy of the scalar field then exists
in the form of spatially coherent oscillations within the field.

Furthermore Figure 6 shows that a quantum fluctuation to push
¢ sufficientl by a trigger gives rise to a large perturbation of vacuum
energy. Raising the vacuum potential may produce a large vacuum
energy either through quantum or thermal tunneling, that is, pushing
+¢, by some trigger that gives rise to a large perturbation from the
vacuum energy. Therefore, by taking the above mechanism used as an
unknown technology, we may produce a large cosmological constant
in a local space, i.e. curvature. Here, the excitation of space means that
the value of vacuum expectation value ¢ is pushed up slightly from its
present value ¢=+¢, to ¢=+¢ +d¢, and therefore the vacuum potential
V(¢) is slightly raised.

As shown in Figure 7, the dotted area stands for the excited space.
The excited space produces the visco-elastic liquid field (rubber
elasticity = entropy elasticity) in the surrounding area of the spaceship
and generates constant acceleration. The un-dotted area stands for
the usual space, ie., elastic solid field (crystalline elasticity). Space
may get the phase transition easily by some trigger, i.e., excitation of
space. Although the usual space (i.e. elastic solid field) is very rigid and
therefore an enormous energy is required to bend the usual space, the
rigidity of visco-elastic field is small and therefore a little energy can
bend the space.

In addition, since the relaxation time generated by the curved visco-
elastic field space increases, the pulse width of thrust pulse increases
and hence yields the improvement of acceleration.

In conclusion, a condensed summary of the propulsion principle of
space drive propulsion system is shown as Figure 8.

Momentum and energy conservation law

This propulsion theory compels the following question: if the
spaceship moves forward, then what moves back? As is well known, the

Q : Engine system

r

[Usual Space; elastic solid field]

F=T-05/ar =E333?-3(R3%3°A30) /ar
(T: Temperature density; 5: entropy)

Figure 7: Excited space around the spaceship.
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tidal force inside of the starship).

a= 2;"?"‘ 4 =16x10"" 4g,"
=

@y non—zero vacuum expectation value of field

Figure 8: A condensed summary of space drive propulsion principle.

propulsion mechanism can be classified into two kinds, i.e. momentum
thrust (reaction thrust) and pressure thrust. Momentum thrust based
on momentum conservation law is widely used in present propulsion
systems. On the other hand, a propulsion mechanism of pressure thrust
is explained as follows: the propulsion obtained by pushing or kicking
a huge massive body such as a wall and ground. In this case, the wall
or ground pushes it back conversely as an external force, i.e. reaction.
For example, a man can move forward when there is traction applied in
pushing the sole of his shoe to the ground. At the local system between
man and ground, the ground is fixed and does not move. However, in
a system at the global level between man and the Earth, since the Earth
is kicked by his sole and moves back very slightly, the momentum
conversation law is satisfied. All the same, if we consider that the
velocity of the Earth is nearly zero, then we can say that the Earth is
fixed. Since man cannot throw out the Earth, it is not appropriate to
apply a concept of momentum thrust. It is impossible in principle for
the rocket to throw out a heavier mass than the rocket itself.

Considering the above, let us now think of a four wheel drive
automobile as an example of pressure thrust. In the case of the
accelerating four-wheel drive motor car, the wheel kicks (pushes) the
ground by rotating, and the wheel is subject to a friction force from
the ground. These frictions become a propulsive force of the motor
car, i.e., thrust. Namely, this is the propulsion mechanism on the four
wheels that kick the ground. Since these frictions from the ground are
external forces for the automobile, the momentum conservation law
is not satisfied so long as there exists an external force. In addition,
the exhaust gas from the automobile is disregarded as thrust. However,
at the global system including the Earth, the momentum conservation
law is satisfied but this does not make any sense

If the ground continues to an infinitely-spread cosmic space, the
motor car can always move on the ground. There is no significance
in applying the momentum conservation law to the ground infinitely
spread as a global system. The propulsion mechanism of the automobile
can be explained as not momentum thrust, but pressure thrust.

Now, concerning the space drive propulsion system, the propulsion
mechanism is also a kind of pressure thrust. As mentioned previously,
its propulsion principle is based on the fact that the space is an infinite
continuum. We regard the space of the universe as an elastic body
described by solid mechanics rather than by fluid dynamics. It may
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be easy to understand that the spaceship moves by pushing space
itself, that is, by being pushed from space. The expression of “moves
by pushing space or being pushed from space” indicates that the
spaceship produces a curved space region and moves forward by being
subject to the thrust from the acceleration field of curved space. As the
automobile moves by kicking the ground which is infinitely-spread, the
spaceship moves by pushing against cosmic space which is similarly
infinitely-spread. The cosmic space as an infinite continuum may be
deformed very slightly by being pushed, just like the Earth moves
back very slightly by being kicked due to the automobile. However,
this pushing process is absorbed by the deformation of space itself
infinitely-spread. The whole cosmic space is considered as like the
ground for kicking. Thus, since the space of the entire universe behaves
like an elastic field, the stress between the spaceship and space itself is
the key to propulsion principle. Accordingly, the analogy of a rocket
which obeys the momentum conservation law is not adequate.

If a body (spaceship) in a region of space gets energy and
momentum, the entirety of space outside the body (spaceship),
i.e. space as a field, loses energy and momentum. Such a continuity
equation provides an example of global conservation law. When the
body (spaceship) interacts with the field (space), in order to conserve
the energy and momentum as a whole, it is necessary for the field
(space) itself to acquire that same energy, momentum, and stress. This
is the fundamental concept of the field theory

In general, the energy-momentum conservation law is described
by the continuity equation of the flow of physical quantities between
the internal region V surrounded by an arbitrary closed surface (i.e.
spaceship) and its surrounding field (i.e. space), that is

)
> JudV =[ VSAV+| frdv, (81)

where u=energy density in the region (volume V), S=the energy
flux of the field (the flow of energy per unit time across a unit area
perpendicular to the flow), fv=the rate of doing work inside volume V

Eq.(81) stands for the conservation law in the field

Thetotal energy as well as the total momentum remains unchanged.
They merely stream from one part of the field to another, and become
transformed from field-energy and field momentum into Kkinetic-
energy and kinetic-momentum of matter and vice versa.

According to Relativity, these quantities are related by the
continuity equation as follows:
Oqm, 0oy ,QTi0 + O ig, namely, T =0, (82)
ot ox' ot ox! '
where T"=energy density, T"=energy flux, T°=momentum density,
Ti=momentum flux.

We theorize these properties Eq.(81) and Eq.(82) can be exploited
as a means for space drive propulsion mechanism. The space drive is
one which is relies on a propulsion system that utilizes the properties
of a continuum of space. The interaction between the spaceship and
all that is outside of the spaceship (i.e. the surrounding field) is the
fundamental concept of our approach. The energy flux T% carries the
momentum density T (T%= T¥). There is an important theorem in
mechanics, which states that, whenever there is a flow of energy in
any circumstance at all (field energy or any kind of energy), the energy
flowing through a unit area per unit time, when multiplied by1/c?, is
equal to the momentum per unit volume in the space.

Theenginesystemyof spaceshipioperatesybyaprocess of generating

spatial curvature, energy from power source flows out as a strain energy
flux T®and is stored in the surrounding space as a strain energy density
T. The strain energy flux T% is accompanied by the strain momentum
flux T%, and the momentum flux is stored in the surrounding space as a
strain momentum density T.

Conversely, by shutting off the engine system of the spaceship, the
strain energy density T® and strain momentum density T stored in
the surrounding space would flow into the area of the spaceship and
be transformed into the kinetic-energy and kinetic-momentum of the
spaceship with loss during this process. The kinetic-momentum of the
spaceship would then undergo loss during this process. The above-
mentioned mechanism is an interpretation of a space drive propulsion
from the standpoint of the energy-momentum conservation law.

Another view (Cosmology) of the space drive propulsion

In the previous sections, we ran over the theory behind space drive
propulsion system. However, in this section, we explore the possibility
that the expanding space generates thrust via the cosmology. Thatis, we
study a propulsion principle based on aspects of the latest expanding
universe theories of Friedmann, de Sitter, and the inflationary
cosmological model. Concerning the equations used in this section,
please refer to the textbook of Cosmology [18,19].

The inflationary universe shows rapid expansion of space based on
the phase transition of the vacuum exhibited by the Weinberg-Salam
model of the electroweak interaction. Weinberg-Salam theory is based
on the idea that space as a vacuum gives rise to the phenomenon of
phase transition. Thiscan be thought of in a similar way to that in which
water transitions into ice or steam. This theory is based on Ginzburg-
Landau theory to explain superconductivity. The current cold space
vacuum is in a superconducting state about weak force. Space vacuum
will come back to the normal conducting state from superconducting
state if this temperature to be in the past when the temperature of space
was high (i.e., Early Universe).

The vacuum has the property of a phase transition, just like water
may become ice and vice versa. This shows that a vacuum possesses a
substantial physical structure such as the material. It coincides with the
precondition of a space drive propulsion principle. In general, phase
transitions are associated with a spontaneous loss of symmetry as the
temperature of a system is lowered. For instance, the phase transition
known as “freezing water”, at a temperature T>273K, water is liquid.
Individual water molecules are randomly oriented, and the liquid
water thus has rotational symmetry about any point; in other words,
it is isotropic. However, when the temperature drops below T=273K,
the water undergoes a phase transition, from liquid to solid, and the
rotational symmetry or molecular geometry of the water is lost. The
water molecules are now locked into a ‘solid’ crystalline structure, and
the ice no longer has rotational symmetry about an arbitrary point. In
other words, the ice crystal is anisotropic, with preferred directions
corresponding to the crystal’s axes of symmetry [18].

Supposing that the universe expands, and then what form can
the metric of space-time be assumed if the universe is spatially
homogeneous and isotropic at all time, and what if distance is allowed
to expand as a function of time? The metric they derived is called the
Robertson-Walker metric. It is generally written in the form:

dr?

ds’ =—cdt* +a(t)’ —+12(d0” +sin’ 0dg) | (83)
1-Kr
where a(®) is the scale factor that describes how distance grows or

decreases with time; it is normalized so that a(t,)=1 at the present
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moment. K is the curvature that takes one of three discrete constant

values: K = 1 if the universe has positive spatial curvature, K = 0 if the

universe is spatially flat, and K = -1 if the universe has negative spatial

curvature. The value of scale factor a(t) is obtained by substituting the

Robertson-Walker metric for the following gravitational field equation:

RY 1 . gff R= _ﬁ

2

where RY is the Ricci tensor, R is the scalar curvature, G is the

gravitational constant, ¢ is the velocity of light, T? is the energy
momentum tensor, and A is the cosmological constant.

T +Agij R (84)

That is, from the Robertson-Walker metric of Eq. (83), the
Riemannian connection coefficient the scalar curvature R, the Ricci
tensor RV are obtained, and then substituting their value for Eq. (84),
we get Eq. (85) as the case of i= 0, j = 0. Here ¢ is the energy density of
space, a(t)=da(t)/dt -

i(t)’ 872G K 1, ,. 85
a()2:n28_62+_[\2 (85)
a(t) 3¢ at)” 3
TheEq. (85) is called as the Friedmann equation and dominates the

law of an expanding universe.

In a spatially flat universe (K = 0) and no cosmological constant ( A
=0), the Friedmann equation takes a particularly simple form:

at)? 8iG (86)
a(t)? RS
From @ — 872G &>

a(t) 3c?

a(t) is obtained as the following:

1
a(t) = a, exp (S”Gf]zt =a, exp\/gct. (87)
3c 3
Here, from Eq.(77): A= 8”46 £, (88)
c

4

C
We used the relation of € = 3 from Eq.(88).

A spatially flat universe with the energy density ¢ is exponentially
expanding. Such a universe is called a de Sitter universe. Even if there
is no cosmological constant A from the outset, in the nature of things,
expanding universe is indicated by General Relativity. In initial
assumptions, the energy density ¢ is considered as matter. At the
present day, the energy density ¢ can be considered as the cosmological
constant A.

Although the Friedmann equation is indeed important, it cannot,
all by itself, indicate how the scale factor a(t) evolves with time. We
need another equation involving a and ¢ if we are to solve for a and ¢ as
functions of time (t). They are the fluid equation

.4
é+3=(e+P)=0> (89)
a
and the acceleration equation, using pressure P of the contents of the
universe:
4G

é:—32 (£+3P)- (90)
a C

Theacceleration equation can be derived from both the Friedmann
equation and the fluid equation. The fluid equation Eq.(89) is derived
from VT’ ;=0 Thus, we have a system of two independent equations
in three unknowns - the functions a(t), &(t), and P(¢). To solve for the
scale factor a(t), energy density &(t) , and pressure P(f) as a function of
cosmic time, we need another equation, that is, the equation of state

P=we, (91)

where o is a dimensionless number, and is generally considered to take
w=0; the contribution of matter, w=1/3; the contribution of radiation,
and w=—1; the contribution of cosmological constantA.

The time-varying function H() is generally known as the “Hubble
parameter”, while H, , the value of H(f) at the present day, is known as
the “Hubble constant”. Hubble parameter H(¢) is shown as

Hi=2 (92)
a

So, the Friedmann equation evaluated at the present moment is

872G c’K
=22 %
3c a,

H;

, (93)

using the convention that a subscript “0” indicates the value of a time-
varying quantity evaluated at the present.

Incidentally, from VT‘J =0, the following equation, i.e. the fluid
equation, is obtained as time component (j=0):
ds(t) ()

0=VT' === —3%(P(t)+e(t)):

1 d(e(t)a(t)l)+P(t\d(a(t)3). (94)
a@y| dr Tar

The energy momentum tensor T';is defined as the following,
assuming the fluid of space

—&(t) 0 0 0

o 0P®HO 0 | (95)
j 0 0P()O0
0 0 0 P(t)

where energy density £(t) and pressure P(t) are a function of cosmic
time.

Now, regarding the cosmological constant A as a kind of energy
momentum tensor of fluid, the energy density ¢ and the pressure P of
vacuum space give the following from Eq.(89) or Eq.(94) :

£,+P, =0. (%)

If the cosmological constant A remains constant with time, then
so does its associated energy density €, , namely energy density €, is
constant. The fluid equation Eq.(89) or Eq.(94) indicates that to have
&, constant with time, the A term must have an associated pressure

de(t)
d

P, . Since £=0 or =0, Eq.(96) is obtained. Thus, we can think of
the cosmological constant as a component of the universe, which has a

constant density &, and a constant pressure P, =—¢, .

Further, the energy density ¢ of the field of vacuum space is given
by (see Eq.(88) or Eq.(77) ; dimension of vacuum potential V(¢) is J/
m?)

_CA L (97)
877G

én

Accordingly, the pressure P of the field of vacuum space becomes
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from Eq.(96):
c'A
P =—cg =— . (98)
A A 87G

In the case of A > 0, the pressure P, of the vacuum field in Eq.(98)
indicates the negative pressure, i.e. repulsive force.

Applying  the wvalue of A=2.1x10%V (¢)=1.4x10"m?
(corresponding to: a=1.6x107¢*=43.13 m/s* =4.4G) to Eq.(98). the
pressure P of the field of vacuum space becomes 7x10%’Pa (7x10** atm).

c*A (3x10%)*x1.4x10™ 81x1.4x10Y

P, =- = = — =0.68x10®N /m? =~ 7x10% Pa -
’ 872G 8x 7 x6.67x10 167.6x10

Applying the value of present universe of A=2.1x10"*

V,($)=1.05x10m?  to Eq.(98),
C*A (3x10°)* x1.05x10

p: = =
Y 826G Bxrx6.67x107%

81x1.05x107

t676. 10 = OSIxIO N /.
.oX

The pressure P of the field of the vacuum space becomes
5x101°Pa=5x10"*MPa=5x10"" atm~ Q.

Some early implementations of inflation associated the scalar field
¢ with the Higgs field, which mediates interactions between particles at
energies higher than the GUT energy; however, to keep the discussion
general, the field ¢ is now referred to as the inflation field. Generally
speaking, a scalar field can have an associated potential energy V ().

Next we states about an inflationary cosmological model. In a
cosmological context, inflation can most generally be defined as the
hypothesis that there was a period, early in the history of universe,
when the expansion was accelerating outward; that is, an epoch when
a>0-

The acceleration equation (90), ﬁ:_‘;”G
a

(¢+3p), tells us that § >0

£
when P< 3 Thus, inflation would have taken place if the universe
were temporarily dominated by a component with equation of state

parameterw<—* Referring to Eq.(91), the usual implementation

of inflation states that the universe was temporarily dominated by a
positive cosmological constant A(with @ = -1), thatis, P=—

Then Eq.(90) become
d 47[G 87rG

(99)

¢
Substltutmg Eq.(97) into Eq.(99), thus had an acceleration equation
that could be written in the form
. 4 2
a_ 871'? o ASO-
a 3¢ 8zG 3
In an inflationary phase when the energy density was dominated by
a cosmological constant, the Friedmann equation is described in

(100)

a 887G K. (101)
= P 2
a 3c a
Setting flat space (K=0), as well as Eq.(100)

.\2
[Ej _A (102)

a 3
Since a_ Ac , we get

a
(103)

a=a,exp f—Act
%
3

The scale factor grows exponentially with time. This result
corresponds to Eq.(87). The vacuum space causes inflation by the
energy of the vacuum and expands exponentially. The inflation
mechanism brings up mini space to the macro space. Namely, the space
has the property of exponential expanding by thermal energy [15-21].

Since the energy momentum tensor 7% in the gravitational field
equation aims at matter, the gravitation arises between different
matters. However, cosmological term “Ag’” in Eq.(67) or Eq.(84)
implies that the force between the vacuum spaces, that is, repulsive
force between one vacuum space and another vacuum space.

Next, we explain the space propulsion principle brought about
by locally-expanded space in accordance with described above result.
The vacuum space which envelops the spaceship is pushed by other
expanding vacuum space, hence the spaceship is propelled by being
pushed from the expanding vacuum space.

Concerning the propulsion principle for the space drive propulsion
in the strict sense, it may be easy to understand that the spaceship
moves by pushing space itself, that is, by being pushed from space. The
expression of “moves by pushing space or being pushed from space”
indicates that the spaceship produces a curved space region and moves
forward by being subjected to the thrust from the acceleration field of
the curved space.

Contrary to this, although it may be a loose expression, we can get
an easy image of the propulsion principle: since the pressure of vacuum
field in the rear vicinity of the spaceship is high due to an expansion of
space, the spaceship is pushed from the vacuum field just like blowing
up a balloon that can push an object.

Here, we explain the motion of the spaceship using computer
graphics as shown in Figure 9. For the sake of simplicity, the shape
of the spaceship is an omnidirectional disk type. As shown in Figure
9a, spaceship is able to permeate its local space with a huge amount of
controlled energy in a certain direction; this energy should be injected
at zero total momentum (in the spaceship-body frame) in order to
excite local space. Thenthe excited local space expands instantaneously.

The space including the spaceship is pushed from the expanded
space and advances forward (Figures 9b and 9c¢). Thus, this spaceship
is accelerated to the quasi-speed of light by repeating the pulse-like on/
off change of permeating its local space with a huge amount of energy
operation (this energy would be injected at in such a way as to produce
zero total momentum). Changing a place to blow up, the spaceship
can move with flight patterns that include a quick start from stationary
state to all directions, a quick stop, a perpendicular turn, and a zigzag
turn (Figure 9d).

Furthermore, with the depiction of expanding space, referred to
Figure 10, the spaceship is able to permeate its local space with a huge
amount of energy in a certain direction; this energy should be injected
at zero total momentum (in the spaceship-body frame) in order to
excite local space. Then excited local space expands instantaneously.
Space including the spaceship is pushed from the expanded space
and advances forward. Since the pressure of the vacuum field in the
rear vicinity of the spaceship is high due to an expansion of space,
the spaceship is pushed from the vacuum field just like blowing up a
balloon that can push an object (A> B - C) as previously described.

We explored another possibility of a space drive propulsion
principle where the locally rapid expanding space generates the thrust,
using the cosmology, i.e. the latest expanding universe theory of
Friedmann, de Sitter and inflationary cosmological mode .
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Figure 9: Motion of the spaceship using computer graphics: (a)
spaceship is able to permeate its local space with huge amount of
energy in a certain direction; (b) space including the spaceship pushed
from the expanded space; (c) spaceship advances forward; (d) changing
a place to blow up, the spaceship can move to all directions.

Spaceship is pushed from the expanded space andfdvandes forws
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Figure 10: Propulsion principle based on expanding space.

Thus, the space including the spaceship is pushed from the
expanded space and advances forward. Although it may be a loose
expression, we can get an easy image of creating a propulsion principle.
The most important key seems to be the study of the structure of space
that is derived from the expanding universe mechanics. In order to
realize this result, we must discover the technology to excite and blow
up space locally.

Toward Galaxy Exploration
Introduction

As is well known in astronomy, sixty-three stellar systems and
other eight hundred fourteen stellar systems exist respectively within
the range of 18 and 50 light years from our Solar System. For instance,
Alpha Centauri is the nearest star from the Earth, and the star Sirius,
which is the seventh nearest star, is 8.7 light years from the Earth, while
the Pleiades star cluster is 410 light years from us. Figure 11 shows vast
universe. According to Einstein’s Special Relativity, sending a starship
to a stellar system at a distance longer than several hundred light
years would ask for an extremely long time even if the starship would
travel at the speed of light. For instance, assuming that the starship is

Oot Cloud

Astoroid
Belt .

Heliosphere Interstellar Medium

« Hard|= Harder e Really Hard Seemingly Impossi

Figure 11: Solar system and Interstellar system (Under-chart source:
R. Mewaldt & P. Liewer, JPL).

traveling to the Pleiades star cluster at a speed of 0.99999c, it will arrive
at the Pleiades 1.8 years later and, in the case of immediately starting of
the return travel, it would be back to Earth 3.6 years after leaving for the
Pleiades. But this would be just for the clocks of the astronauts onboard
the starship for that mission. For people on the Earth, the whole time
period would be 820 years, with paradoxical consequences as to the
feasibility of a mission such as this. The first solution of the above-
stated problem is to obtain a breakthrough in propulsion science.
However, no propulsion theory currently exceeds the speed of light.
Accordingly, the propulsion theory alone is not enough to establish the
reality of interstellar travel, thereby requiring a navigation theory as a
secondary solution.

Vulpetti [22] discusses the problems and perspectives of interstellar
exploration and shows how and why current physics does not allow real
interstellar flight beyond the nearby stars, unless giant world ships are
built and the concept of flight through generations is developed: two
really formidable tasks indeed. Therefore, some reasonable theoretical
speculations are necessary for trying to overcome the limits of the
current physics. This chapter suggests one among the many potential
ideas that might pave the way to a deeper research.

To such an aim, we would like to discuss the concept of imaginary
time. Let us now consider the imaginary time in brief.

Imaginary time is a difficul concept to grasp, and it is probably
much difficult that has caused most problems. How can imaginary
time have anything to do with the real universe? Stephen Hawking has
been working at developing equations that would tell us just what did
happen when time began. The concept of imaginary time is related
to the origin and fate of the universe. His theories use such concepts
as imaginary time and singularities to unite relativity and quantum
physics [23,24].

As to Feynman’s sum over histories, to avoid some technical
difficulties one must use imaginary time. In real time, the universe has
a beginning and an end at singularities that form a boundary to space-
time at which the laws of science break down. But in imaginary time,
there are no singularities and boundaries. This might suggest that the
so-called imaginary time is really more basic.

Concerning interstellar travel, the method using a wormhole is well
known; relying on space warps, such as for instance Wheeler-Planck
Wormbholes, Kerr metric, Schwartzschild metric, Morris-Thorne Field-
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Supported Wormbhole based on the solutions of equations of General
Relativity [25,26]. In general, wormholes come in a variety of species.
The major phyletic division is the distinction between Lorentzian
and Euclidean wormholes. This means whether or not the manifold
in which the wormhole resides is a Lorentzian (pseudo-Riemannian)
manifold or a true Riemannian manifold with Euclidean signature
metric. Euclidean wormholes are commonly thought of as “instantons”
in the gravitational field. Instantons offer the minimum of Euclidean
action and Euclidean action implies the operator of imaginary time
(i.e. t>it). Therefore, Euclidean wormholes are considered to have a
topology with an “imaginary time” coordinate and a nontrivial spatial

topology.

However, since the size of wormhole (i.e., ~10**m) is smaller than
the atom (~10"°m), and moreover the size is predicted to fluctuate
theoretically due to instabilities, space flight through the wormhole is
difficul technically and it is unknown where to go and how to return.
Additionally, since the solution of wormhole includes a singularity, this
navigation method theoretically includes fundamental problems.

The search for a consistent quantum theory of gravity and the
quest for a unification of gravity with other forces (strong, weak, and
electromagnetic interactions) have both led to a renewed interest
in theories with extra spatial dimensions. Theories that have been
formulated with extra dimensions include Kaluza-Klein theory,
supergravity theory, superstring theory, and M theory, D-brane theory
related superstring. For instance, superstring theory is formulated in 10
or 26 dimensions (6 or 22 extra spatial dimensions). These extra spatial
dimensions must be hidden, and are assumed to be unseen because
they are compact and small, presumably with typical dimensions of
the order of the Planck length (~10**m). The navigation method of
utilizing extra dimensions (even if they are compactified) has also a
theoretical problem as well as using a wormhole. On the contrary, loop
quantum gravity theory also shows promise. More precisely, space
can be viewed as an extremely fine fabric or network “woven” of finite
loops. These networks of loops are called spin networks and they may
form a continuum as space.

There exists another interstellar navigation theory. Froning shows
the rapid starship transit to a distant star (i.e. Instantaneous Travel)
using the method of “jumping” over so-called time and space [27]. In
addition to this invaluable concept, Hyper-Space navigation theory
using a space-time featuring an imaginary time offers great promise to
develop practical interstellar exploration.

Assuming hyper-space as being characterized by imaginary time, it
is shown that the limitations due to the extremely long time required
for interstellar travel as is set forth by Special Relativity are removed.
Minami proposed the hyper-space navigation theory used imaginary
time in 1993 [5]. This proposed navigation theory is based on Special
Relativity (not on General Relativity [26]), that allows interstellar
travel to the farthest star systems to be realized; and removes the
present theoretical limitations to interstellar travel that arises from
the extremely long time needed (the time paradox) according to
Special Relativity [5,6,28,29]. The practical interstellar travel combines
propulsion theory with navigation theory. For reference, although the
so-called Wick rotation described in Euclidean relativity is available
mathematical technique, an underlying physical concept is considered
essential to its applications.

Three ways to the interstellar travel

Three methods are considered to reach the star rapidly. The basic
principle is the following equation which is known to every one:

star_Vstarship xt

where L is the distance to star, V is the speed of starship, t

is the time.

starship

>

The distance to a stellar syatem “L_” is enormous. An extremely
long time is required, even if the starship would travel at the speed of
light “c”. To reach the star rapidly, three parameters, such as “speed”,
“distance” and “time”, shall be controlled.

L. =(nc)xt

star

1). <Change speed>

« »

where, “nc” is n-fold increase in speed of light “c”. Here, n is real

number greater than 1.

Thereis no propulsion theory exceeds the speed of light, moreover,
Special Relativity restricts the maximum speed to the speed of light;
therefore this method is impossible.

2). <Change distance> L___“n=cxt

The so-called “wormbhole” is utilized. By using wormhole, shorten
the distance as L,_'n = a few meters, as shown in Figure 12. For
example, one meter in a wormhole corresponds to a few light years in
actual space.

3). <Change time> L =cx(nt)

st

The time “t” in an imaginary time hole is equivalent time of n-fold
time in actual space, as shown in Figure 13. For example, one second in an
imaginary time hole corresponds to one million seconds in actual space.

Imaginary Time Hole

Subsequently, interstellar travel through the imaginary time hole is

/- WORMHOLE

Figure 12: A wormhole creates a shortcut from Earth to Alpha
Centauri.

Imaginary Time Hole

Figure 13: An Imaginary Time Hole creates a shortcut from Earth to
Alpha Centauri.
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described as the following.
Hyper-Space navigation using imaginary time

Properties of Flat Space: In general, the property of space is
characterized by a metric tensor that defines the distance between
two points. Here space is divided into two types. Actual physical
space that we live in is a Minkowski space, and the world is limited by
Special Relativity. It is defined as “Real-Space”. Here as a hypothesis,
an invariant distance for the time component of Minkowski metric
reversal is demanded. This is not a mere time reversal. It is defined
as “Hyper-Space”. The invariance is identical with the symmetries.
Symmetries in nature play many important roles in physics. From
this hypothesis, the following arises: the properties of the imaginary
time (x’=ict; i’>=-1) are required as a necessary result in Hyper-Space.
Here, “i” denotes the imaginary unit and “c” denotes the speed of light.
The time “t” in Real-Space is changed to imaginary time “it” in Hyper-
Space. However, the components of space coordinates (x,y,z) are the
same real numbers as the Real-Space. From the above, it is seen that
the real time (x°=ct) in Real-Space corresponds to the imaginary time
(x°=ict) in Hyper-Space. That is, the following is obtained

Real-Space: t (real number), X,y,z (real number) ;

Hyper-Space: it (imaginary number; i’=-1), x,y,z (real number).
(See APPENDIX B).

The imaginary time direction is at right angles to real time.
This arises from the symmetry principle on the time component of
Minkowski metric reversal.

Lorentz Transformation of Hyper-Space: Next, the Lorentz
transformation of Hyper-Space corresponding to that of Real-Space is
found.

Since the components of space coordinates (x,y,z) do not change
between Real-Space and Hyper-Space, the velocity in Hyper-Space can
be obtained by changing t - it:

V = dx/dt > dx/d(it) = dx/idt = V/i = -iV. (104)

The velocity becomes the imaginary velocity in Hyper-Space.
Substituting “t>it, V>-iV” into the Lorentz transformation equations
of Minkowski space formally gives:

< Hyper-Space Lorentz transformation >
X = (x- VO)/[1+(V/c)’]"2, ' = (t + Vx/)/[1+(V/c)*]?
At = At[1+(V/c)’ "2, AL’ = AL[1+(V/c)*]*2. (105)

This result agrees with the results of detailed calculation. As a
reference, the Lorentz transformation equations of Minkowski space,
i.e. of Special Relativity, are shown below:

< Real-Space Lorentz transformation: Special Relativity >
X = (x- VO)/[1-(V/c))]"2, £ = (t- Vx/cD)/[1-(V/c)*]"?
At = At[1-(V/c)]"2, AL = AL[1-(V/c)*]". (106)

The main difference is that the Lorentz-Fitz Gerald contraction
factor [1-(V/c)*]"?is changed to [1+(V/c)*]"2.

Now consider the navigation with the help of both Lorentz
transformations, especially the Lorentz contraction of time.

Figure 14 shows a transition of starship from Real-Space to
Hyper-Space. In Figure 14, region I stands for Real-Space (Minkowski
space)..Consider. two. inertial coordinate systems, S and S’. S* moves

Atrs=AtHs
->

pI?MS' Barrier ‘\

g

starship
%

starship

At'ns

Hyper—Space(fuclidean space)
time axis= it (imaginary time)

1 :Real-Space (Minkowski space)
time axis=t
<« :starship
Figure 14: Transition from Real-Space to Hyper-Space.

relatively to S at the constant velocity of starship (V) along the x-axis.
S’ stands for the coordinate system of the starship and S stands for
the rest coordinate system (V =0) on the earth. At is the time of an
observer on the earth, i.e. earth time, and A’ is the time shown by
a clock in the starship, i.e. starship time. Region II stands for Hyper-
Space (Euclidean space). S’ moves relatively to S at the constant velocity
of starship (V) along the x-axis. S’ stands for the coordinate system
of the starship in Hyper-Space and S stands for the rest coordinate
system (V.=0) in Hyper-Space. At is the time of an observer on the
earth in Hyper-Space, i.e. the equivalent earth time, and At is the
time shown by a clock in the starship in Hyper-Space, i.e. the starship
time. Now, the suffix.“HS denotes Hyper-Space and the suffix.“RS

denotes Real-Space. Figure 14 also shows a linear mapping f:RS(Real-
Space)->HS(Hyper-Space), that is, from a flat Minkowski space-time
manifold to a flat imaginary space-time manifold. It is assumed that
space is an infinite continuum.

There exists a 1-1 map f:RS>HS, x/|>f(x)) and a 1-1 inverse map
f1:HS->RS, f(x')|>x'. The mapping is a bijection. These transformations
will be local and smooth.

Now suppose that a starship accelerates in Real-Space and achieves
a quasi-light velocity (V ~c) and plunges into Hyper-Space by some
new technical methods. In Real-Space, from Eq.(106),

AT = Aty [1- (Vo) (107)

Eq.(107) is the so-called Lorentz contraction of time derived from
Special Relativity. In Hyper-Space, the starship keeps the same velocity
as the quasi-light velocity (V ~c) just before plunging into Hyper-
Space, i.e.VS(HS)=V Therefore, from Eq.(105),

At

S(RS)"

[1+(V /c)?] (108)

us = Algyg

From Figure 14, after plunging into Hyper-Space, the starship
keeps the quasi-light velocity and takes the S’ coordinates. The elapsed
time in the starship will be continuous. Considering the continuity of
starship time between Real-Space and Hyper-Space, we get

AU = AT, (109)
Now Eq.(109) gives, from Egs.(107) and (108),
At = Aty ([1+ (V)17 [1- (Vfc)*]). (110)

Eq.(110) is the time transformation equation of earth time between

Real-Space and Hyper-Space. From Eq.(110), when V =0, we get
Aty = Aty (111)

Namely, in the reference frame at rest, the elapsed time on the
earth coincides with both Real-Space and Hyper-Space. However, as
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the velocity of starship approaches the velocity of light, the earth time
between Real-Space and Hyper-Space becomes dissociated on a large
scale.

Since an observer on the earth looks at the starship going at V ~c
and loses sight of it as it plunges into Hyper-Space, it is observed that
the starship keeps the same velocity and moves during the elapsed time
At (at V ~c) observed from the earth. Therefore, the range of starship
of an observer on the earth is given by

L= VAt~ cAt,. (112)

For instance, in the case of V=0.999999999c, from Eqgs.(110) and
(108), we get

Aty = At 31622, A, = At x1.4. (113)

One second in Hyper-Space corresponds to 31,622 seconds in
Real-Space. Similarly, one hour in Hyper-Space corresponds to 31,622
hours (3.6 years) in Real-Space.

While the starship takes a flight for 100 hours (At =100hr;
V,=0.999999999¢) shown by a clock in the starship in Hyper-Space,
70 hours (At =70hr;V =0) have elapsed on the earth in Hyper-Space.
Since this elapsed time on the earth in Hyper-Space is in the reference
frame at rest, the time elapsed in it is the same as the time elapsed on
the earth in Real-Space ( [At,, 3V =0] = [At,,;V =0] = 70hr). Therefore,
there is not much difference between the elapsed time (70 hours) of an
observer on the earth in Real-Space and the elapsed time (100 hours) of
starship during Hyper-Space navigation. However, this elapsed time of
70 hours (At,,,=70hr;V =0) on the earth in Hyper-Space becomes the
elapsed time of 253 years (AtERS=7O><3 1,622=2,21 3,54Ohr;VS=O.9999999
99c¢) on the earth in Real-Space, because the starship flies at the velocity
0f 0.999999999¢. These 253 years represents the flight time of starship
observed from the earth in Real-Space. Therefore, by plunging into
Hyper-Space having the properties of imaginary time, from Eq.(112),
the starship at a quasi-light velocity can substantially move a distance
of approximately 253 light years. In this way, the starship at a quasi-
light velocity can travel to the stars 253 light years away from us in just
100 hours.

Theabove numerical estimation depends on the velocity of starship.
For instance, in the case of V = 0.99999¢, we get

Aty = Aty X316, At = At x1.4. (114)

On the contrary, in the case of V.=0.999...... 999c¢, a gap between
At,  and At rapidly increases. That depends on how the starship can
be accelerated to nearly the velocity of light.

Star flight for stellar system: Next, a comparison is made between
interstellar travel by Special Relativity and Hyper-Space Navigation.
The condition is the same for both cases of navigation, that is, the
distance between the earth and the star is 410 light years (i.e. Pleiades
star cluster) and the velocity of starship is 0.99999c.

Special Relativity allows the following (Figure 15):

A starship can travel to stars 410 light years distant from us in 1.8
years. However, there exists a large problem as is well known, i.e., the
twin or time paradox. If the starship travels at a velocity of 0.99999c, it
will arrive at the Pleiades star cluster 1.8 years later. It will seem to the
crews in the starship that only 1.8 years have elapsed. But to the people
on the earth it will have been 410 years. Namely, since the time gap
between starship time and earth time is so large, the crew coming back
to the earth will find the earth in a different period. This phenomenon
isstruesinsoursReal=Spacesinterstellarstravelsbysthis method is non-

> > Vs 0.99999c (1.8 years)

starship
410 light years *
EARTH( 410 years ) < REAL-SPACE > STAR

EARTH time : t =410/0.99999 = 410 years
Starship time : t'(At’gs) = [1-(0.99999¢/c)2]2x410 = 1.8 years (see Eq.107)

Figure 15: Interstellar Travel by Special Relativity.

—  Ve=0.99999c (1.8 years) )

starship 2T%8 Syears)
V=0.99999c  |tplunge <HYPER-SPACE > plunge] ;,\:0 99999¢

410 light vears
<REAL-SPACE> STAR

Starship time: t*(A t°ms)=1.8 years (see Eq.109)

E 1.3 vears )

EARTH time: (A trs)=(1/[1+(0.99999¢/c)] 3 <1.8=(1\2)X1.8~1 3years (see Eq.108)

Range: L=0.99999¢x1.3X([1+(0.99999¢/c)!] /¥/[1-(0.99999¢/c)]2) (see Eqs.110,112)=0.99999¢x1.3x316~410 light years.

Figure 16: Interstellar Travel by Hyper-Space Navigation.

Real-Space Plane
Target Star
> : starship in Real-Space

@@P ° Many-particle systems of starship in Hyper-Space

Figure 17: Interstellar travel to the star.

realistic, i.e., it would just be a one-way trip to the stars.
Next, Hyper-Space Navigation allows the following (see Figure 16):

A starship can travel to the stars 410 light years distant in 1.8 years.
During Hyper-Space navigation of 1.8 years, just 1.3 years have passed
on the earth. Therefore, the time gap between starship time and earth
time is suppressed. After all, the range and travel time of starship is the
same for both kinds of navigation, and travel to the stars 410 light years
away can occur in just 1.8 years in both cases. However, by plunging
into Hyper-Space featuring an imaginary time, i.e. a Euclidean space
property, just 1.3 years, not 410 years, have passed on the earth. There
is no time gap and no twin or time paradox such as in Special Relativity.
Additionally, a starship can travel to the star Sirius 8.7 light years
distant us in 0.039 years (14 days). During Hyper-Space navigation of
14 days, just 0.028 years (9 days) have passed on the earth.

Figure 17 shows such a realistic method for the interstellar travel.
In order to reach the target star, the starship which left the earth at a
velocity of approximately 0.1c to 0.2c moves and escapes completely
from the Solar System (Figure 16). After that, the starship is accelerated
to nearly the speed of light in Real-Space and plunges into Hyper-
Space at point A. In Hyper-Space, the time direction is changed to the
imaginary time direction and the imaginary time direction is at right
angles to real time. The course of starship is in the same direction,
i.e. x-axis. With the help of Eqs.(108), (110) and (112), the crew can
calculate the range by the measurement of starship time. After the
calculated time has just elapsed, the starship returns back to Real-
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Space from Hyper-Space at a point B nearby the stars. Afterward,
the starship is decelerated in Real-Space and reaches the target stars.
It is immediately seen that the causality principle holds. Indeed, the
starship arrives at the destination ahead of ordinary navigation by
passing through the tunnel of Hyper-Space. The ratio of tunnel passing
time to earth time is 1.4:1 and both times elapse.

A plunging into Hyper-Space from Real-Space can be performed
everywhere in Real-Space, whenever the technical condition of starship
is ready. Namely, Hyper-Space navigation can be used at all times and
everywhere in Real-Space without any restrictions to the navigation
course. This implies that Real-Space always coexists with Hyper-Space
as a parallel space. The factor that isolates Real-Space from Hyper-
Space consists in the usual-experience “real time” of the former as
opposed to the “imaginary time” characterizing the latter. And each
space is isolated by the potential barrier (Figure 14). That is, starship
can perform the interstellar travel through the Imaginary Time Hole,
as is the case with the Worm Hole.

In general, in case that a diverse two kinds of phase space coexist or
adjoin, a potential barrier shall exist to isolate these two kinds of phase
space. Starship shall overcome the potential barrier by some methods.
One and only difference is either real time or imaginary time. The Real-
Space (3 space axes and 1 time axis) and Hyper-Space (3 space axes and
1 imaginary time axis) coexist; the parallel space-time exists as a five
dimensional space-time (3space axes and 2 time axes).

Concerning a concept on technical method of plunging into
Hyper-Space and returning back to Real-Space, the following study is
necessary: 1) Many-Particle Systems for Starship, 2) Wave function of
Starship by Path Integrals, 3) Quantum Tunneling Effect, 4) Reduction
of Wave function, 5) Starship Information Content Restoring.

While the conceptual framework discussed above is highly
speculative, it is in the wake of most of the current international
trends on the subject of “Interstellar Travel”. Indeed, the problem
of interstellar travel consists much more in a navigation theory than
in propulsion, as there is no propulsion means, capable of causing a
starship to travel at a velocity faster than the speed of light.

As described above, a plunging into Hyper-Space characterized by
imaginary time would make the interstellar travel possible in a short
time. We may say that the present theoretical limitation of interstellar
travel by Special Relativity is removed. The Hyper-Space navigation
theory discussed above would allow a starship to start at any time and
from any place for an interstellar travel to the farthest star systems, the
whole mission time being within human lifetime (Figure 18).

Conclusions

The distance to the galaxy is too huge, therefore the travel to the
fixed star nearest to the Earth using the present propulsion technology

Figure 18: Interstellar travel using Hyper-Space Navigation (Time-Hole).

will require tens of thousands years. In order to overcome such a limit
of the space travel between fixed stars, research and development
of a new propulsion theory and the navigation theory, that is, space
propulsion physics are indispensable.

As one solution, the space drive propulsion theory, and a promising
approach of concepts regarding Hyper-Space navigation method given
by a space-time featuring an imaginary time (i.e., Time-Hole) are
introduced in this paper.

Space drive propulsion system is one of field propulsion system
utilizing the action of the medium of strained or deformed field of
space. The curvature of space plays a significant role for the propulsion
theory. The acceleration performance of this system is found by the
solution of the gravitational field equation, such as the Schwarzschild
solution and de Sitter solution.

Space drive propulsion system is propelled without mass expulsion.
The propulsive force as a pressure thrust arises from the interaction of
space-time around the spaceship and the spaceship itself; the spaceship
is propelled against space-time structure.

Since the final maximum speed of space drive propulsion system is
quasi-light speed, solar system exploration is possible.

On the other hand, although the interstellar exploration by the
special relativity is well known as this kind of a navigation theory, it is
the unreal navigation. There exists the extreme time gap of global time
and spaceship time as is well known as an Urashima effect (twin or time
paradox). Even if we could reach to the fixed star in several years, what
100 years and what 1000 years had passed when it returned to the Earth
of the hometown. It becomes a space travel of a one-way ticket literally.

Furthermore, the space warp which uses the wormhole by the
general relativity is also well known. Regrettably, since the size of
wormhole (~103°m) is smaller than the atom, and moreover the size
is predicted to fluctuate theoretically due to instabilities, space flight
through the wormhole is difficul technically and it is unknown where
to go and how to return. Moreover, since the solution of wormhole
includes a singularity, this navigation method theoretically includes
fundamental problems.

Accordingly, the space propulsion physics, not propulsion
theory but a new navigation theory becomes indispensable for galaxy
exploration as which the cruising range of a light-year unit is required.
Thepractical interstellar exploration combines a space drive propulsion
theory with a hyper-space navigation theory (i.e. time-hole navigation).

As described above, a plunging into Hyper-Space characterized by
imaginary time would make the interstellar travel possible in a short
time. We may say that the present theoretical limitation of interstellar
travel by Special Relativity is removed. The Hyper-Space navigation
theory discussed above would allow a starship to start at any time and
from any place for an interstellar travel to the farthest star systems, the
whole mission time being within human lifetime.

The goal of a human beings’ space travel in the 21* century needs
to attain to beyond even the stellar system not only a solar system. By
developing physics further, it is required to make the new propulsion
technology of get ahead of the limit of the existing propulsion system.
The domain where the present physics is not yet completed is left
[30,31], and it is expected that practical development of an epoch-
making new space propulsion theory and the navigation theory will be
made with fast development of these physics.
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APPENDIX A: Curvature Control by Magnetic Field

Let us consider the electromagnetic energy tensor M Y In this case, the solution of metric tensor gi,- is found by

Rij_%_gin:_Sﬂ?_Mij
C

Eq.(A.1) determines the structure of space due to the electromagnetic energy.

Here, if we multiply both sides of Eq.(A.1) by gij , We obtain

i 1 g 1 j 1
gij(RJ_E'ijj=ginJ_E'gingR=R—E'4R=—R ;

-81G 872G i —8nG
gij( o 'M]j:_ i 'gijMJ: o ’

The following equation is derived from Egs.(A.2) and (A.3)
812G
C4
Substituting Eq.(A.4) into Eq.(A.1), we obtain

R M .

R :—%M” +%-g”R:—8ﬂ46 .(M” —%.giij
C

c

(A1)

(A2)

(A3)

(A4)

(A5)

Using antisymmetric tensor fij which denotes the magnitude of electromagnetic field, the electromagnetic energy

tensor M " is represented as follows;

1

Mij:__.(fipfpj_%_gijfaﬂfaﬂj, fip:giagpﬁfaﬂ

Ho

Therefore, for M, we have

i i 1 pei 1 ij £ a
M =M :gijM : :__'(gijf pfpj _Z'gijglf ﬁfaﬂj

Ho

1 (. 1 ,ca 1 (s i

Ho Ho

Accordingly, substitutingM = O into Eq.(A.5), we get
872G

C4

RY = MY

(A.6)

(A7)

(A8)

Although Ricci tensor RY has 10 independent components, the major component is the case of i = j =0, i.e,, R,

Therefore, Eq.(A.8) becomes
872G

'MOO
C4

ROO —

(A.9)
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On the other hand, 6 components of antisymmetric tensor fij == fji are given by electric field E and magnetic

field B from the relation to Maxwell’s field equations

1 1 1
fio :_f01:E'Ex’ foo =—fo, :E'Ey’ fao == :EE

z

flp=—fn =B, fpy=-1y =B,y =-T = By - (A.10)
foo = fiu="Tp =15 =0

Substituting Eq.(A.10) into Eq.(A.6), we have

Mooz_(z_goEz+i.szz_i.Bz | (A1)
2 2, 2,
Finally, from Egs.(A.9) and (A.11), we have
47G :
R® =—-B*=82x10"*.B* (BinTesla), (A12)
HoC

where we let 11, = 47 x107 (H/m), &, =1/(367)x10~°(F/m), ¢ =3x10°(m/s)
G =6.672x10™(N -m?/kg?), B is amagnetic field in Teslaand R is a major component of spatial curvature

1/m?).

The relationship between curvature and magnetic field was derived by Minami and introduced it in 16™ International
Symposium on Space Technology and Science (1988) [2].

Eq.(A12) is derived from general method.

On the other hand, Levi-Civita also investigated the gravitational field produced by a homogeneous electric or
magnetic field, which was expressed by Pauli [31]. If x®is taken in the direction of a magnetic field of intensity F
(Gauss unit), the square of the line element is of the form;

(x'dx* + x*dx?)?

a’ _r2

ds® = (dx")? + (dx*)? + (dx*)* +

, (A.13)
—[c, exp(x® 1a) + ¢, exp(—x* /@) [ (dx*)?

2

_ 132 2y2 _C . . I
where r=4/(X")“ +(X“)“ , ¢, and c, are constants, & = \/EF , k is Newtonian gravitational constant(G), and

x'...x* are Cartesian coordinates (x"...x*>=space, x*=ct) with orthographic projection.
The space is cylindrically symmetric about the direction of the field, and on each plane perpendicular to the field
direction the same geometry holds as in Euclidean space on a sphere of radius a, that is, the radius of curvature a is

given by
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2

c
a= (A.14)
JKF
Since the relation of between magnetic field B in SI units and magnetic field F in CGS Gauss units are described as
follows: B /4—7T < F, then the radius of curvature “a” in Eq.(A14) is expressed in Sl units as the following
Ho
(changing symbol, k > G,F — B):
2 2
c c 1
a= Tor = 7 z(3.484><1018E meters ). (A15)
JG-B /l
Ho
While, scalar curvature is represented by
4
CB 472G
RY~»R=—= 4’u° =—B* |, (A16)
a C HC
which coincides with (A.12).
APPENDIX B: Properties of Hyper-Space
Let us put X*, x?, x>for x, y, zand x°for ct. In Minkowski space, the distance(s) are given by
2 iy 0y2 2 2\2 3y2 2 2 2 2
Sps = X' X! =—(x")? + (x")? +(x*)* + (x*)? =—(ct)® + x* + y* + 2%, (B1)
where e is Minkowski metric, and c is the speed of light.
Eq.(B1) indicates the properties of the actual physical space limited by Special Relativity. From Eq.(B1),
Minkowski metric, i.e. real-space metric is shown as follows:
-10 00
0+1 00
i(RS) = , Moo = —1, =1, =1, =+1, and other . =0 . (B2)
Mij(rs) 0 041 0 Moo Thy = M =T33 U
00 0+1

The properties of space are determined by the metric tensor, which defines the distance between two points.

Here, as a hypothesis, we demand an invariant distance for the time component of Minkowski metric reversal, i.e.,

M = s Moo = oo -
This hypothesis gives the minimum distance between two kinds of space-time, that is, the properties of Hyper-Space

are close to that of Minkowski space.
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Namely, regarding the following equation;
(X°)? > —(x°)2 [= (ct)? = —(ct)?]. e 70 = —1—> 709 = +1,
we require the following equation.
2 2
Sps” = Sgs . (B3)

wheresuf.“HS” denotes Hyper-Space and suf.“RS” denotes Real-Space.

From the above hypothesis, the metric of Hyper-Space becomes as follows:

+10 00
0+1 00
Tis) 1 0 041 0
00 0+1

s Moo = +1, 1y =11, =15, =+1, and other 7, = 0. (B4)

Therefore, in Hyper-Space, the distance is given by
Sus” =mX'x) = (X°) 2+ (x")? +(x*)* +(x*)’ = (ct)’ + x> +y* + 2% . (B5)
Accordingly, Hyper-Space shows the properties of Euclidean space. Therefore, the imaginary time (x° = ict;

iZ = —1) as the component of time coordinate is required as a necessary result in Hyper-Space. Because, by
substituting the imaginary time “it ” into Eq.(B5), we get Eq.(B1), so that the invariance of distance is satisfied. The
time “t” in Real-Space is changed to “it ” in Hyper-Space. Here, “i” denotes the imaginary unit. However, the

components of space coordinates (x,y,z) are the same real numbers as Real-Space.
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