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INTRODUCTION

As is well known in astronomy, sixty-three stellar sys-
tems 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. According to Einstein�s Spe-
cial 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 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

Interstellar travel through the �Imaginary
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whole time period would be 820 years, with paradoxi-
cal 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 interstel-
lar travel, thereby requiring a navigation theory as a
secondary solution.
G. Vulpetti[1] discusses the problems and perspectives
of interstellar exploration and shows how and why cur-
rent physics does not allow real interstellar flight be-
yond the nearby stars, unless giant worldships are built
and the concept of flight through generations is devel-
oped: two really formidable tasks indeed. Therefore,
some reasonable theoretical speculations are necessary
for trying to overcome the limits of the current phys-
ics. This paper 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
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time in brief.
Imaginary time is a difficult concept to grasp, and it is
probably much difficulty that has caused most prob-
lems. 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 imagi-
nary time and singularities to unite relativity and quan-
tum physics[2,3].
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 imagi-
nary 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 Wormholes, Kerr met-
ric, Schwartzschild metric, Morris-Thorne Field-Sup-
ported Wormhole based on the solutions of equations
of General Relativity[4]. 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 gravi-
tational field. Instantons offer the minimum of Eu-
clidean action and Euclidean action implies the opera-
tor of imaginary time (i.e. tit). Therefore, Euclid-
ean wormholes are considered to have a topology with
an �imaginary time� coordinate and a nontrivial spa-
tial topology[5].
However, since the size of wormhole (i.e., ~10-35m) is
smaller than the atom (~10-10m), and moreover the
size is predicted to fluctuate theoretically due to insta-
bilities, space flight through the wormhole is difficult
technically and it is unknown where to go and how to
return. Additionally, since the solution of wormhole
includes a singularity, this navigation method theo-
retically 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 for-
mulated 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 as-
sumed to be unseen because they are compact and small,
presumably with typical dimensions of the order of
the Planck length (~10-35m). The navigation method
of utilizing extra dimensions (even if they are
compactified) has also a theoretical problem as well as
using a wormhole.
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[6]. 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 imagi-
nary 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[7]. This proposed navigation
theory is based on Special Relativity (not on General
Relativity), that allows interstellar travel to the far-
thest star systems to be realized; and removes the present
theoretical limitations to interstellar travel that arises
from the extremely long time needed (the time para-
dox) according to Special Relativity[7-9]. The practical
interstellar travel combines propulsion theory with
navigation theory.

THREE WAYS TO THE INTERSTELLAR
TRAVEL

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

L
star

=V
starship

t

where, L
star

 is the distance to star, V
starship

 is the speed
of starship, t is the time.
The distance to a stellar syatem �L

star
� 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.

1). <Change speed> L
star

=(nc)t

where, �nc� is n-fold increase in speed of light �c�. Here,
n is real number greater than 1.
There is no propulsion theory exceeds the speed of
light, moreover, Special Relativity restricts the maxi-
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mum speed to the speed of light; therefore this method
is impossible.

2). <Change distance> L
star

/n=ct

The so-called �wormhole� is utilized. By using worm-
hole, shorten the distance as L

star
/nH� a few meters, as

shown in Figure 1. For example, one meter in a worm-

hole corresponds to a few light years in actual space.

3). <Change time> L
star

=c(nt)

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

Figure 1 : A wormhole creates a shortcut from Earth to Alpha Centauri.

Figure 2 : An imaginary time hole creates a shortcut from Earth to Alpha Centauri.

Subsequently, interstellar travel through the imaginary
time hole is described as the following.

HYPER-SPACE NAVIGATION USING IMAGI-
NARY 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 in-
variant 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 invari-
ance 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 (x0=ict; i2=-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 (x0=ct) in Real-Space corresponds to the imagi-
nary time (x0=ict) in Hyper-Space. That is, the fol-
lowing is obtained:

Real-Space: t (real number), x,y,z (real number) ; Hyper-
Space: it (imaginary number; i2=-1), x,y,z (real num-
ber). (See APPENDIX A).
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. (1)

The velocity becomes the imaginary velocity in Hyper-
Space. Substituting �tit, V-iV� into the Lorentz
transformation equations of Minkowski space formally
gives:
< Hyper-Space Lorentz transformation >

x� = (x - Vt)/[1+(V/c)2]1/2, t� = (t + Vx/c2)/[1+(V/c)2]1/2

t� = t[1+(V/c)2]1/2, L� = L[1+(V/c)2]1/2. (2)

This result agrees with the results of detailed calcula-
tion. As a reference, the Lorentz transformation equa-
tions of Minkowski space, i.e. of Special Relativity,
are shown below:
< Real-Space Lorentz transformation: Special Rela-
tivity >
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x� = (x - Vt)/[1-(V/c)2]1/2, t� = (t - Vx/c2)/[1-(V/c)2]1/2

t� = t[1-(V/c)2]1/2, L� = L[1-(V/c)2]1/2. (3)

The main difference is that the Lorentz-Fitz Gerald
contraction factor [1-(V/c)2]1/2 is changed to [1+(V/
c)2]1/2.
Now consider navigation with the help of both Lorentz
transformations, especially the Lorentz contraction of
time.
Figure 3 shows a transition of starship from Real-Space
to Hyper-Space. In Figure 3, region I stands for Real-
Space (Minkowski space). Consider two inertial coor-
dinate systems, S and S�. S� moves relatively to S at the
constant velocity of starship (V

S
) along the x-axis. S�

stands for the coordinate system of the starship and S
stands for the rest coordinate system (V

S
=0) on the

earth. t
ERS

 is the time of an observer on the earth, i.e.
earth time, and t�

RS
 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

S
) 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

S
=0) in Hyper-Space. t

EHS
 is the time of an

observer on the earth in Hyper-Space, i.e. the equiva-
lent earth time, and t�

HS
 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 3 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:RSHS, xi|f(xi) and a 1-1
inverse map f-1:HSRS, f(xi)|xi. 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

S
~c) and plunges

into Hyper-Space by some new technical methods. In
Real-Space, from Eq.(3),

t�
RS

 = t
ERS

[1- (V
S
/c)2]1/2. (4)

Eq.(4) is the so-called Lorentz contraction of time de-
rived from Special Relativity. In Hyper-Space, the
starship keeps the same velocity as the quasi-light ve-
locity (V

S
~c) just before plunging into Hyper-Space,

i.e.V
S(HS)

=V
S(RS)

. Therefore, from Eq.(2),
t�

HS
 = t

EHS
[1+(V

S
/c)2]1/2. (5)

From Figure 3, 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

t�
RS 

= t�
HS

. (6)

Now Eq.(6) gives, from Eqs.(4) and (5),

t
ERS

 = t
EHS

([1+ (V
S
/c) 2]1/2/ [1- (V

S
/c) 2]1/2). (7)

Eq.(7) is the time transformation equation of earth time
between Real-Space and Hyper-Space. From Eq.(7),
when V

S
=0, we get

t
ERS

 = t
EHS

. (8)

Namely, in the reference frame at rest, the elapsed time
on the earth coincides with both Real-Space and
Hyper-Space. However, as the velocity of starship ap-
proaches 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

S
~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 t

ERS

(at V
S
~c) observed from the earth. Therefore, the range

of starship of an observer on the earth is given by

L = V
S
t

ERS
 ~ ct

ERS
. (9)

For instance, in the case of V
S
=0.999999999c, from

Eqs.(7) and (5), we get

t
ERS

 = t
EHS
31622, t�

HS
 = t

EHS
1.4. (10)

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

Figure 3 : Transition from Real-Space to Hyper-Space.
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While the starship takes a flight for 100 hours
(t�

HS
=100hr; V

S
=0.999999999c) shown by a clock in

the starship in Hyper-Space, 70 hours (t
EHS

=70hr;
V

S
=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
([t

EHS
; V

S
=0] = [t

ERS
; V

S
=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 (t

EHS
=70hr; V

S
=0) on the earth in Hyper-

Space becomes the elapsed time of 253 years
(t

ERS
=7031,622=2,213,540hr; V

S
=0.999999999c) on

the earth in Real-Space, because the starship flies at the
velocity of 0.999999999c. These 253 years represents the
flight time of starship observed from the earth in Real-
Space. Therefore, by plunging into Hyper-Space hav-
ing the properties of imaginary time, from Eq.(9), 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.
The above numerical estimation depends on the veloc-
ity of starship. For instance, in the case of V

S
 =

0.99999c, we get

t
ERS

 = t
EHS
316, t�

HS
 = t

EHS
1.4. (11)

On the contrary, in the case of V
S
=0.999��999c, a

gap between t
ERS

 and t
EHS

 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 (see Figure 4) :
A starship can travel to stars 410 light years distant
from us in 1.8 years. However, there exists a large prob-
lem 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 be-
tween starship time and earth time is so large, the crew
coming back to the earth will find the earth in a differ-
ent period. This phenomenon is true in our Real-Space.
Interstellar travel by this method is non-realistic, i.e.,
it would just be a one-way trip to the stars.
Hyper-Space Navigation allows the following (see Fig-
ure 5) :

Figure 4 : Interstellar travel by special relativity.

Figure 5 : Interstellar travel by Hyper-Space navigation.

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. There-
fore, 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.
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Figure 6 shows such a realistic method for the interstel-
lar 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 (with Figure 5). After that, the starship is accel-
erated 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 di-
rection 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.(5),(7) and
(9), the crew can calculate the range by the measure-
ment of starship time. After the calculated time has just
elapsed, the starship returns back to Real-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 desti-
nation 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 iso-
lates 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 3).
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 dimen-
sional space-time (3space axes and 2 time axes).
Concerning a concept on technical method of plung-
ing into Hyper-Space and returning back to Real-Space,
the following study is necessary[7]: 1) Many-Particle
Systems for Starship, 2) Wave function of Starship by
Path Integrals, 3) Quantum Tunneling Effect, 4) Re-
duction 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 �Inter-
stellar Travel�. Indeed, the problem of interstellar travel
consists much more in a navigation theory than in pro-
pulsion, as there is no propulsion means, capable of
causing a starship to travel at a velocity faster than the
speed of light.

Figure 6 : Interstellar travel to the star.

APPENDIX A: PROPERTIES OF HYPER-SPACE

Let us put x1, x2, x3 for x, y, z and x0
 for ct. In

Minkowski space, the distance(s) are given by
232221202 )()()()( xxxxxxS ji

ijRS 

2222)( zyxct  , (A1)

where 
ij 

is Minkowski metric, and c is the speed of
light.
Eq.(A1) indicates the properties of the actual physical
space limited by Special Relativity. From Eq.(A1),
Minkowski metric, i.e. real-space metric is shown as
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follows:
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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 dis-
tance for the time component of Minkowski metric
reversal, i.e., 0000,   ijij .
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.
Namely, regarding the following equation;

 222020 )()()()( ctctxx  , i.e., 11 0000   ,

we require the following equation.
22

RSHS SS  , (A3)

where suf.�HS� denotes Hyper-Space and suf.�RS�
denotes Real-Space.
From the above hypothesis, the metric of Hyper-Space
becomes as follows:
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Therefore, in Hyper-Space, the distance is given by
232221202 )()()()( xxxxxxS ji

ijHS 

2222)( zyxct  . (A5)

Accordingly, Hyper-Space shows the properties of
Euclidean space. Therefore, the imaginary time
( ictx 

0 ; 12
i ) as the component of time coordinate

is required as a necessary result in Hyper-Space. Be-
cause, by substituting the imaginary time �it� into
Eq.(A5), we get Eq.(A1), so that the invariance of dis-
tance is satisfied. The time �t� in Real-Space is changed
to �it� in Hyper-Space. Here, �i� denotes the imagi-
nary unit. However, the components of space coordi-
nates (x,y,z) are the same real numbers as Real-Space.

CONCLUSIONS

As described above, a plunging into Hyper-Space char-
acterized by imaginary time would make the interstel-
lar 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 navi-
gation theory discussed above would allow a starship
to start at any time and from any place for an inter-
stellar travel to the farthest star systems, the whole
mission time being within human lifetime.
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