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Employing the mathematical apparatus of chronometric invariants (physical observable
quantities), this study finds a theoretical possibility for the instant displacement of
particles in the space-time of the General Theory of Relativity. This is to date the sole
theoretical explanation of the well-known phenomenon of photon teleportation, given
by the purely geometrical methods of Einstein’s theory.

As it is known, the basic space-time of the General The-
ory of Relativity is a four-dimensional pseudo-Riemannian
space, which is, in general, inhomogeneous, curved, rotating,
and deformed. There the square of the space-time interval
ds2= gαβ dx

αdxβ , being expressed in the terms of physical
observable quantities — chronometric invariants [1, 2], takes
the form

ds2 = c2dτ 2 − dσ2.

Here the quantity

dτ =
(
1−

w

c2

)
dt−

1

c2
vidx

i

is an interval of physical observable time, w=c2(1−
√
g00) is

the gravitational potential, vi=−c
g0i√
g00

is the linear velocity

of the space rotation, dσ2=hik dxidxk is the square of
a spatial observable interval, hik=−gik+ 1

c2
vivk is the

metric observable tensor, gik are spatial components of the
fundamental metric tensor gαβ (space-time indices are Greek
α, β=0, 1, 2, 3, while spatial indices — Roman i, k=1, 2, 3).

Following this form we consider a particle displaced by
ds in the space-time. We write ds2 as follows

ds2 = c2dτ 2
(

1−
v2

c2

)

,

where v2=hikvivk, and vi=dx
i

dτ
is the three-dimensional

observable velocity of the particle. So ds is: (1) a substantial
quantity under v<c; (2) a zero quantity under v= c; (3) an
imaginary quantity under v>c.

Particles of non-zero rest-masses m0 6=0 (substance) can
be moved: (1) along real world-trajectories cdτ >dσ, having
real relativistic masses m= m0√

1− v2/c2
; (2) along imagin-

ary world-trajectories cdτ <dσ, having imaginary relativistic

masses m= im0√
v2/c2 − 1

(tachyons). World-lines of both

kinds are known as non-isotropic trajectories.
Particles of zero rest-masses m0=0 (massless particles),

having non-zero relativistic massesm 6=0, move along world-
trajectories of zero four-dimensional lengths cdτ = dσ at the
velocity of light. They are known as isotropic trajectories.

Massless particles are related to light-like particles — quanta
of electromagnetic fields (photons).

A condition under which a particle may realize an instant
displacement (teleportation) is equality to zero of the observ-
able time interval dτ =0 so that the teleportation condition is

w+ viu
i = c2,

where ui= dxi

dt
is its three-dimensional coordinate velocity.

From this the square of that space-time interval by which
this particle is instantly displaced takes the form

ds2 = −dσ2 = −
(
1−

w

c2

)2
c2dt2 + gik dx

idxk,

where 1− w
c2
= viu

i

c2
in this case, because dτ =0.

Actually, the signature (+−−−) in the space-time area
of a regular observer becomes (−+++) in that space-time
area where particles may be teleported. So the terms “time”
and “three-dimensional space” are interchanged in that area.
“Time” of teleporting particles is “space” of the regular
observer, and vice versa “space” of teleporting particles is
“time” of the regular observer.

Let us first consider substantial particles. As it easy to
see, instant displacements (teleportation) of such particles
manifests along world-trajectories in which ds2=−dσ2 6=0
is true. So the trajectories represented in the terms of observ-
able quantities are purely spatial lines of imaginary three-
dimensional lengths dσ, although being taken in ideal world-
coordinates t and xi the trajectories are four-dimensional. In
a particular case, where the space is free of rotation (vi=0)
or its rotation velocity vi is orthogonal to the particle’s co-
ordinate velocity ui (so that viui= |vi||ui| cos (vi;ui)= 0),
substantial particles may be teleported only if gravitational
collapse occurs (w= c2). In this case world-trajectories of
teleportation taken in ideal world-coordinates become also
purely spatial ds2= gik dxidxk.

Second, massless light-like particles (photons) may be
teleported along world-trajectories located in a space of the
metric

ds2 = −dσ2 = −
(
1−

w

c2

)2
c2dt2 + gik dx

idxk = 0 ,
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because for photons ds2=0 by definition. So the space of
photon teleportation characterizes itself by the conditions
ds2=0 and dσ2= c2dτ 2=0.

The obtained equation is like the “light cone” equation
c2dτ 2− dσ2=0 (dσ 6=0, dτ 6=0), elements of which are
world-trajectories of light-like particles. But, in contrast to
the light cone equation, the obtained equation is built by
ideal world-coordinates t and xi — not this equation in the
terms of observable quantities. So teleporting photons move
along trajectories which are elements of the world-cone (like
the light cone) in that space-time area where substantial
particles may be teleported (the metric inside that area has
been obtained above).

Considering the photon teleportation cone equation from
the viewpoint of a regular observer, we can see that the spatial
observable metric dσ2=hik dx

idxk becomes degenerate,
h= det ||hik||=0, in the space-time area of that cone. Taking
the relationship g=−hg00 [1, 2] into account, we conclude
that the four-dimensional metric ds2= gαβ dxαdxβ degen-
erates there as well g= det ||gαβ ||=0. The last fact implies
that signature conditions defining pseudo-Riemannian spaces
are broken, so that photon teleportation manifests outside the
basic space-time of the General Theory of Relativity. Such
a fully degenerate space was considered in [3, 4], where it
was referred to as a zero-space because, from viewpoint of
a regular observer, all spatial intervals and time intervals are
zero there.

When dτ =0 and dσ=0 observable relativistic mass m
and the frequency ω become zero. Thus, from the viewpoint
of a regular observer, all particles located in zero-space
(in particular, teleporting photons) having zero rest-masses
m0=0 appear as zero relativistic masses m=0 and the fre-
quencies ω=0. Therefore particles of this kind may be as-
sumed to be the ultimate case of massless light-like particles.

We will refer to all particles located in zero-space as
zero-particles.

In the frames of the particle-wave concept each particle

is given by its own wave world-vector Kα=
∂ψ
∂xα

, where ψ

is the wave phase (eikonal). The eikonal equation KαK
α=0

[5], setting forth that the length of the wave vector Kα re-
mains unchanged∗, for regular massless light-like particles
(regular photons), becomes a travelling wave equation

1

c2

( ∗∂ψ

∂t

)2
− hik

∗∂ψ

∂xi

∗∂ψ

∂xk
= 0 ,

that may be obtained after takingKαK
α= gαβ

∂ψ
∂xα

∂ψ
∂xβ

=0

in the terms of physical observable quantities [1, 2], where we
∗According to Levi-Civita’s rule, in a Riemannian space of n dimen-

sions the length of any n-dimensional vector Qα remains unchanged
in parallel transport, so QαQα= const. So it is also true for the four-
dimensional wave vector Kα in a four-dimensional pseudo-Riemannian
space — the basic space-time of the General Theory of Relativity. Since
ds=0 is true along isotropic trajectories (because cdτ = dσ), the length of
any isotropic vector is zero, so that we have KαKα=0.

formulate regular derivatives through chronometrically in-

variant (physical observable) derivatives
∗∂
∂t
= 1√

g00
∂
∂t

and
∗∂
∂xi

= ∂
∂xi

+ 1
c2
vi
∗∂
∂t

and we use g00= 1
g00

(
1− 1

c2
viv

i
)
,

vk=hikv
i, vi=−cg0i

√
g00, gik=−hik.

The eikonal equation in zero-space takes the form

hik
∗∂ψ

∂xi

∗∂ψ

∂xk
= 0

because there ω=
∗∂ψ
∂t

=0, putting the equation’s time term
into zero. It is a standing wave equation. So, from the view-
point of a regular observer, in the frames of the particle-
wave concept, all particles located in zero-space manifest as
standing light-like waves, so that all zero-space appears filled
with a system of light-like standing waves — a light-like
hologram. This implies that an experiment for discovering
non-quantum teleportation of photons should be linked to
stationary light.

There is no problem in photon teleportation being realised
along fully degenerate world-trajectories (g=0) outside the
basic pseudo-Riemannian space (g < 0), while teleportation
trajectories of substantial particles are strictly non-degenerate
(g < 0) so the lines are located in the pseudo-Riemannian
space†. It presents no problem because at any point of the
pseudo-Riemannian space we can place a tangential space
of g6 0 consisting of the regular pseudo-Riemannian space
(g < 0) and the zero-space (g=0) as two different areas of
the same manifold. A space of g6 0 is a natural general-
ization of the basic space-time of the General Theory of
Relativity, permitting non-quantum ways for teleportation of
both photons and substantial particles (previously achieved
only in quantum fashion — quantum teleportation of photons
in 1998 [6] and of atoms in 2004 [7, 8]).

Until now teleportation has had an explanation given only
by Quantum Mechanics [9]. Now the situation changes: with
our theory we can find physical conditions for the realisation
of teleportation of both photons and substantial particles in
a non-quantum way.

The only difference is that from the viewpoint of a regular
observer the square of any parallely transported vector rem-
ains unchanged. It is also an “observable truth” for vectors
in zero-space, because the observer reasons standards of his
pseudo-Riemannian space anyway. The eikonal equation in
zero-space, expressed in his observable world-coordinates, is
KαK

α=0. But in ideal world-coordinates t and xi the metric

inside zero-space, ds2=−
(
1− w

c2

)
2
c2dt2 + gik dx

idxk=0,

degenerates into a three-dimensional dμ2 which, depending

†Any space of Riemannian geometry has the strictly non-degenerate
metric feature g < 0 by definition. Pseudo-Riemannian spaces are a
particular case of Riemannian spaces, where the metric is sign-alternating.
So the four-dimensional pseudo-Riemannian space of the signature (+−−−)
or (−+++) on which Einstein based the General Theory of Relativity is also
a strictly non-degenerated metric (g < 0).
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on gravitational potential w uncompensated by something

else, is not invariant, dμ2= gik dxidxk =
(
1− w

c2

)
2
c2dt2 6=

6= inv. As a result, within zero-space, the square of a trans-
ported vector, a four-dimensional coordinate velocity vector
Uα for instance, being degenerated into a spatial U i, does
not remain unchanged

UiU
i = gikU

iUk =
(
1−

w

c2

)2
c2 6= const,

so that although the geometry is Riemannian for a regular
observer, the real geometry of zero-space within the space
itself is non-Riemannian.

We conclude from this brief study that instant displace-
ments of particles are naturally permitted in the space-time
of the General Theory of Relativity. As it was shown, tele-
portation of substantial particles and photons realizes itself in
different space-time areas. But it would be a mistake to think
that teleportation requires the acceleration of a substantial
particle to super-light speeds (the tachyons area), while a
photon needs to be accelerated to infinite speed. No — as it
is easy to see from the teleportation condition w+ viui= c2,
if gravitational potential is essential and the space rotates at
a speed close to the velocity of light, substantial particles
may be teleported at regular sub-light speeds. Photons can
reach the teleportation condition easier, because they move
at the velocity of light. From the viewpoint of a regular
observer, as soon as the teleportation condition is realised
in the neighbourhood of a moving particle, such particle
“disappears” although it continues its motion at a sub-light
coordinate velocity ui (or at the velocity of light) in another
space-time area invisible to us. Then, having its velocity
reduced, or by the breaking of the teleportation condition by
something else (lowering gravitational potential or the space
rotation speed), it “appears” at the same observable moment
at another point of our observable space at that distance and
in the direction which it obtained by ui there.

In connection with the results, it is important to re-
member the “Infinity Relativity Principle”, introduced by
Abraham Zelmanov (1913–1987), a prominent cosmologist.
Proceeding from his cosmological studies [1], he concluded
that “. . . in homogeneous isotropic cosmological models spa-
tial infinity of the Universe depends on our choice of that
reference frame from which we observe the Universe (the
observer’s reference frame). If the three-dimensional space
of the Universe, being observed in one reference frame, is
infinite, it may be finite in another reference frame. The
same is as well true for the time during which the Universe
evolves.”

We have come to the “Finite Relativity Principle” here.
As it was shown, because of a difference between phys-
ical observable world-coordinates and ideal ones, the same
space-time areas may be very different, being defined in each
of the frames. Thus, in observable world-coordinates, zero-

space is a point (dτ =0, dσ=0), while dτ =0 and dσ=0

taken in ideal world-coordinates become −
(
1− w

c2

)
2
c2dt2+

+ gik dx
idxk=0, which is a four-dimensional cone equation

like the light cone. Actually here is the “Finite Relativity
Principle” for observed objects — an observed point is the
whole space taken in ideal coordinates.

Conclusions

This research currently is the sole explanation of virtual par-
ticles and virtual interaction given by the purely geometrical
methods of Einstein’s theory. It is possible that this method
will establish a link between Quantum Electrodynamics and
the General Theory of Relativity.

Moreover, this research is currently the sole theoretical
explanation of the observed phenomenon of teleportation
[6, 7, 8] given by the General Theory of Relativity.

This paper was read at the conference “Today’s Take on
Einstein’s Relativity” (Tucson, Arizona), February 18, 2005.
The authors are grateful to Prof. Florentin Smarandache for
his assistance and Stephen J. Crothers for some editing.
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