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Abstract

One wrong assumption may be our belief that we live in a unique spacetime continuum.
The Multispace Model advances the hypothesis that the universe is a multispace world,

filled with countless independent and overlapping spaces. The model is based on the author’s
discovery of a 3D Space-Time Diagram (3DSD) of special relativity, which he introduces to the
reader following a series of hypothetical hints left by Minkowski. The author wouldn’t tell if
the famous mathematician really left these hints for posterity. It’s up to you to decide.

The Multispace Model introduces the reader to several hypotheses. Reference frames of
special relativity are independent physical spaces, hypothesis that confirms Minkowski’s 1908
declaration that the world is composed of an infinite number of spaces. The model also leads
us believe that space and time may not be the most basic constituents of reality.

Some spaces, like those holding fundamental particles, are relativistically orthogonal to the
space of the universe and therefore invisible to us. This prediction explains quantum spaces
as real frameworks embedded in the universe, but physically separated from it.

Spaces holding nested spaces (think of an atom) are visible, while gravity appears to be a
force not of attraction but of repulsion, a cosmic pressure.

I. Is Our Present Idea of Space a Wrong Assumption?

We generally take for granted that the space-time continuum of the universe is the funda-
mental framework of reality and that nothing can exist outside or beyond it. However, while
working within this paradigm science has accumulated many foundational questions to which
no one has yet found, and may never find, the answers.

The fact is these open questions are present at any scale of the universe, and not just in
physics and cosmology but in other branches of natural science as well. Chances are, we are
not talking about a lot of basic wrong assumptions but probably just about one, which is huge
and overarching many other foundational questions.

Today, the most important problem in physics is scientists’ failure to formulate a unified
theory of Einstein’s general relativity with quantum field theory.

Based on the theoretical framework provided by the quantum field theory, the Standard
Model successfully explains the fundamental particles and forces of Mother Nature. It just
happens that this model has some conceptual paradoxes that remain unresolved. Light ap-
pears to be both a wave and a particle. So does the electron. In addition, the theory only gives
statistical predictions that are limited by the uncertainty principle.

Most important, fundamental particles are not explained within the physical space we live
in, but in mathematical quantum spaces, which are very well defined mathematically by the
quantum field theory. Their big problem: It is still unknown how these spaces could be related
to the real space of the universe.

In our space, the Standard Model treats these particles as mathematical points, singularities
that become very inconvenient when general relativity wants to calculate gravitational inter-
actions with them. For this reason, the two theories are and will remain incompatibles until we
interconnect these spaces.

The good news for our inquiry is precisely the fact that the Standard Model separates these
two kinds of spaces: “our” space, which is real, and quantum spaces, which are clearly differ-
ent from the physical space of the universe.
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What’s more, this model highlights the importance of the relationship between the observer
and the observed object – let’s say an electron – which determines the result of the measure-
ment. A particle can be anywhere until we measure it.

But this quantum language reminds us of special relativity, even if the fundamental particles,
the observed objects, seem to be dimensionless. Different from general relativity, where a
dimensionless object is an unacceptable singularity, in special relativity this only means that
the object moves with the speed of light1 with respect to the universe.

Yet, it’s more complicated. On one hand, there is no physical object with mass which can
travel through space with the speed of light and, on the other, in the Standard Model particles
are dimensionless even at rest. Nevertheless, the important point here is that special relativity
accepts and explains dimensionless objects as real things.

One hypothesis to investigate is whether the phenomenon, which occurs when an object
travels at luminal speed, could exist in nature when the same object is at rest or moves with
subluminal velocities.

String theory goes one step further, representing particles as vibrating loops curled up by
Mother Nature – compactified in mathematical terms – in spatial dimensions separated from
those of the known universe.

The truth is, the explanation brought by the string theory leaves many open questions.
Could we then come up with a more convincing explanation of quantum spaces?

This might be feasible, but it would be a rather hazardous hypothesis: What if they are real
but independent spaces. I mean truly independent and real, not just mathematical concepts
or hidden in some extra dimensions.

Ideally, these quantum spaces would also be similar to the space of the universe and obey
the same physical laws and principles. The fact that quantum spaces appear as mathematical
singularities shows that they are physically embedded in the universe, but if they are true
spaces, not just probabilities, they should be external to it.

Surely, the matter of the universe is held in quantum spaces. If one proves that these spaces
are independent from the space of the universe, what stuff remains to fill the universe?

Obviously, this would be energy. Dark or any other color, but just energy! Exactly like the
stuff of quantum spaces! After all, there is no logical reason why a quantum space should be
different from the space of this universe. What we lack is the explanation.

The truth is, while different from both quantum field theory and string theory, our hypothesis
faces the same fundamental difficulty: to explain why these independent spaces are invisible
to us even if not traveling at luminal speeds. One way to search for this answer, would be to
go back to basics, to revisit the fundamentals of the spacetime continuum.

II. Revisiting Minkowski’s Spacetime Diagram

In 1905, Einstein discovered the special relativity of inertial frames of reference, which gener-
alizes Galileo’s principle of relativity (that all uniform motion is relative, and that there is no
absolute and well-defined state of rest). He based his theory on the Lorentz transformation
that describes how measurements of space and time in a moving frame of reference P′(′, t′)
depend on its motion relative to an observer in a stationary frame P(, t).

Since then, the most famous contribution to Einstein’s theory of relativity belongs to Her-
mann Minkowski2 who introduced the concept that space and time are fused in what he called
“the space-time continuum.”3

To illustrate his concept, Minkowski built a two-dimensional space-time diagram (Fig. 1),
in which the space-time planes for two frames P and P′ are superimposed [3]. During the
Lorentz transformation, the coordinate axes ′ and t′ for the moving frame P′ rotate toward
each other with respect to the corresponding axes  and t for the frame P at rest through an

angle ψ =×O′ that depends on the relative speed  between the two frames.

© 2012 Alexandrescu The Multispace Model 2



Figure 1: Minkowski’s space-time diagram

Over the last century, this simple yet
intuitive visual aid helped clarify Ein-
stein’s theory, facilitating its dissemina-
tion to scientists and the general public.

If there is a hint to use as supporting
evidence for the existence of indepen-
dent spaces, Minkowski’s work may be
the first place to search for it.

When Minkowski began thinking about
the form of the Lorentz transformation
in 1907, one of the first things he no-
ticed was that the geometrical relations
between inertial reference frames are
not Euclidean (as in classical kinemat-
ics), but are in fact hyperbolic [1].

The space-time formalism he developed for special relativity, however, did not exploit this
insight. Minkowski preferred to work in a Euclidean space-time, with three real spatial coordi-
nates 1, 2, 3 and an imaginary time coordinate 4 = ct (where c is the speed of light).

According to Scott Walter [2]:

. . . Minkowski retained the geometric interpretation of LT that had accompanied the
now-banished non-Euclidean interpretation of velocity vectors. In doing so, he elab-
orated the notion of velocity as a rotation in four-dimensional space. He introduced
a formula for the frame velocity. . . in terms of the tangent of an imaginary angle.

We reproduce Minkowski’s formula below in modern notation.

β =


c
= − tn ψ =

(eψ − e−ψ)
(eψ + e−ψ)

. (1)

How Walter points out, Minkowski could just as well have expressed this formula as β = tnhψ,
using a hyperbolic function of the real angle ψ, instead of choosing to formulate the special
Lorentz transformation in terms of trigonometric functions of the imaginary angle ψ, as shown
below:

′
1
= 1, ′

2
= 2,

′
3
= 3 cos ψ+ 4 sin ψ , (2)

′
4
= −3 sin ψ+ 4 cos ψ .

Why introduce counterintuitive imaginary quantities when the equivalent hyperbolic functions
sinhψ and coshψ could express the transformation using real numbers alone?

As Scott Walter puts it,

The use of circular functions here underscores the fact that a special Lorentz trans-
formation is equivalent to a rotation in the (34)-plane. Likewise, by expressing
velocity in terms of an imaginary rotation, Minkowski may have betrayed his knowl-
edge of the formal connection between the composition of Lorentz transformations
and relative velocity addition, remarked earlier by Einstein on different grounds (Ein-
stein, 1905, §5) [2].

Commenting further on this issue, Walter later explains that

Minkowski’s preference for circular functions may be understood in relation to his
project to express the laws of physics in four-dimensional terms.. . . Expressing the
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Lorentz transformation as a hyperbolic rotation would have obscured the connection
for physicists [2].

We have to agree with Walter’s opinion, but at the same time, one could reasonably speculate
that Minkowski had some insight into a deeper physical meaning that he chose not to fully
uncover at the time.

Furthermore, we could equally guess that

This insight could have been related to the special role of the imaginary angle. If this
is the case, then the use of hyperbolic rather than circular trigonometric functions to
explain such rotations would have hidden this connection from future generations.

His motivations, of course, are pure supposition, and it may be too late now to know the truth,
but remember our speculation as Minkowski’s first possible hint. Yet, could this hypothesis
be corroborated with another intriguing statement Minkowski made in his lecture “Space and
Time,” to eventually get a second hint?

III. Minkowski’s Most Intriguing Affirmation

In 1908, Minkowski delivered his famous Cologne lecture “Raum und Zeit” (Space and Time)
[3]. Explaining the natural laws of transformation between reference frames, he pointed out a
subtle yet extremely important concept:

... We would then have in the world no longer “the” space, but an infinite number of
spaces, analogously as there are in three-dimensional space an infinite number of
planes.

As Walter explains [4],

The emphasis on space was no accident, as Minkowski presented the notion of “end-
lessly many spaces” as his personal contribution, in analogy to Einstein’s concept of
relative time. The grandiose announcement of the end of space and time served as
a frame for the enunciation of Minkowski’s principle of relativity.

However, one more time, one could reasonably speculate that Minkowski may have had a
different reason when he declared that “Einstein clarified the physical significance of Lorentz’s
theory, but did not grasp the true meaning and full implication of the principle of relativity”
[4]. Maybe Minkowski was just telling the truth as he saw it.

Again, we will never know his thinking, but if we have to judge by results, researchers in
relativity have spent a century following the path of Einstein’s special and general theories of
relativity alone, explaining reality from the perspective of a single space-time framework en-
compassing the entire observable universe. Should I say without success? So, as improbable
as it may seem, special relativity may conceal a long sought incorrect assumption.

Now, if we were to trust our thinking about Minkowski’s insight, what would we do? Probably
try to find this wrong assumption, right?

One of the important cornerstones in special relativity, which could relate to Minkowski’s
idea of multiple spaces, is the concept of a reference frame, also called a frame of reference,
or simply a frame.1

Generally, in order to allow measurements to be made in a reference frame, it has to have
a coordinate system attached to it.4 Traditionally, the terms frame of reference and coordi-
nate system have often been used interchangeably in special relativity, the reason being that

1Noteworthy, while Einstein’s theories provide a set of tools for describing the relationships between our observa-
tions, they do not address the physical nature of reference frames – nor of space-time itself.
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as long as we restrict ourselves to frames of reference in inertial motion, there is no prac-
tical difference between an inertial frame of reference and the coordinate system attached
to it. However, the notion of a reference frame is quite different from that of a coordinate
system, and we must definitely make a distinction between physical frames of reference and
mathematical sets of coordinates.

Frames of reference are also related to observers and their states of motion – or rest –
and are defined as the physical spaces that move as rigid bodies with – or are carried by –
observers. As a result, another distinction to be made in special relativity is the one between
observers and the frames they are observing. A frame could be defined as an observer plus a
coordinate system, but there is an important nuance to keep in mind: Observers can observe
either their own reference frames or another.

Until now, we haven’t acknowledged the difference between reference frames and coor-
dinate systems as important. However, this appears to have been a mistake. During the
last two decades, some physicists have argued the need for a clear distinction to be made
between mathematical coordinate systems and physical frames of reference. As noted by
Patrick Cornille [5]:

. . . [A] distinction between mathematical sets of coordinates and physical frames of
reference must be made. The ignorance of such distinction is the source of much
confusion . . . the dependent functions such as velocity, for example, are measured
with respect to a physical reference frame, but one is free to choose any mathemat-
ical coordinate system in which the equations are specified.

Similarly, Graham Nerlich went on to assert the following [6]:

The idea of a reference frame is really quite different from that of a coordinate
system. Frames differ just when they define different spaces (sets of rest points)
or times (sets of simultaneous events). So the ideas of a space, a time, of rest and
simultaneity, go inextricably together with that of frame.

This leads us to the hypothesis that reference frames may be more than just mere math-
ematical coordinate systems. Perhaps, the reference frames of special relativity should be
considered as independent physical spaces in their own right.

In a way, Vesselin Petkov highlights this idea when he talks about Minkowski’s opinion on
what he called “many spaces” [7]:

“While Einstein, unlike Lorentz, insisted that the times of all inertial observers are
equally good, Minkowski noticed that “neither Einstein nor Lorentz made any attack
on the concept of space” and stressed that the idea of many spaces is unavoidable
in special relativity [3]. ”

Now, our last hypothesis may be a good step forward, but if it were true, we should be able to
see these independent spaces.

Yet, it’s not so simple, because we cannot count too much on our senses to dismiss this
possibility. The fact is, our senses may just not be able to distinguish these spaces from each
other and from the space of the universe.5 So we need some strong supporting evidence to
prove the hypothesis.

Hmm . . . “. . . an infinite number of spaces, analogously as there are in three-dimensional
space an infinite number of planes,” said Minkowski?

IV. The 3D Space-Time Diagram (3DSD)

Interestingly, Minkowski derived the four-dimensional formalism from his own relativity theory,
but it was his heuristic two-dimensional diagram (Fig. 1 on page 3) that worked magic in
convincing the scientific world to adopt the spacetime continuum concept.
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However, when we try to connect the dots, and despite the apparent logic, there seems to
be an incongruity between the two-dimensional diagram, which he built using two coplanar
planes, and his affirmation about a three-dimensional multi space.

Minkowski was a genius so it’s hard to believe he didn’t notice his own hiatus of thought.
Then again, did he do this on purpose, just to leave us the next hint?

Well, as improbable as this may seem, it may be the case, because right now there are two
more hints to follow. (Really, are they his hints?)

The first hint, “... as there are in three-dimensional space,” indicates that we probably should
use a 3D diagram instead of the 2D. And the second, “an infinite number of planes,” hints to
us that we must be able to fit within it an infinite number of planes.

One possible way to accommodate these two requirements is to have a 3D space in which
space-time planes would be rotated around the same axis. In this way, the rotation angle
of each plane would correspond to its relative speed with respect to the reference plane,
so one could index an infinite number of planes by their relative speed. Moreover, since in
Minkowski’s diagram the ′ and t′ axes approach toward the light path, probably the planes
should similarly rotate around a light path.

The three-dimensional space-time diagram (3DSD) created according to these possible hints
left by Minkowski is presented in Fig. 2, side by side with his 1908 diagram.2

Figure 2: The 3D Space-Time Diagram (3DSD)

As requested by the hints, 3DSD displays a 3D view of planes P and P′. Plane P′ rotates
through an angle δ into dimension .

Comparing the two views, we see that Minkowski’s diagram provides just a partial view of
the 3D Space-Time Diagram. Clearly, his diagram represents the projection of the axes of
plane P′ onto plane P. The relationship between angle ψ of Minkowski’s diagram and angle δ
of 3DSD is given by the relationship:6

ψ = tn−1
1− cos δ
1+ cos δ

. (3)

2The example is given for  = 0.333c, but the diagram works for any relative speed between  = 0 and  = c.

© 2012 Alexandrescu The Multispace Model 6



We notice that observers in P cannot “see,” i.e. make direct measurements of events in P′.
Even if they believe they see P′, in reality they don’t. They can only see the projection of P′

on their own frame P.
Of course, in our daily life when  << c, observers don’t perceive any difference between

really seeing things in P′ and seeing just their projection on P. Things get worse only when 
is significantly higher: the higher the relative speed between the two frames, the larger the
angle of this rotation and the smaller the projection of P′ on P.3

Quick quiz: Consider plane P as the space-time of the universe. You’re in P looking at plane
P′. What’s the apparent size of P′ when the planes are orthogonal (δ = 90◦)? Could you relate
this size of P′ to the same apparent size of other physical objects you just can’t explain?

Noteworthy, observers in P′ would see no reduction in the values of measurements of events
in P′, no matter how fast P′ is moving with respect to P.

Until now, this unexpected and unknown dimension into which P′ rotates – let us coin it ,
for “unknown” – has been hidden from our view and therefore missing from our understanding
not just of special relativity, but of reality itself.7

We are accustomed to thinking of rotations in space. But note that the rotation of P′ away
from P, although physical, does not depict a rotation of P′ into some spatial dimension. It is
rather a “relativistic rotation” into , which is related to the value of the relative speed between
the two frames. So, we don’t even know if we could still call  a “dimension” according to the
definition of this word in physics.

Another interpretation of  could be as a new degree of freedom for space-time frames
themselves, rather than for the objects therein. Therefore, we must take extreme care when
trying to grasp the subtle distinction between a rotation of one space-time frame of reference
(relative to another frame) into dimension  and a rotation of an object within a frame of
reference.

Furthermore, the fact that a frame of reference – in fact an independent space – can rotate
“relativistically” within  suggests that space and time may not be the most fundamental
elements of reality. Presently, the nature of dimension  is still a matter under inquiry.

The important hypothesis we can formulate is that: “To be able to rotate freely inside this
extra dimension, the space-time of the moving frame must be different and separate from the
space-time of the frame at rest. In other words, we cannot talk about just one space. There
must be two independent physical spaces for relative motion to occur, and not, as Einstein
thought, merely two abstract mathematical coordinate systems.”

This confirms our hypothesis on page 5 about the nature of reality: Indeed, reference frames
are independent physical spaces in their own right!

Since the subject of this paper is to find out which of our basic physical assumptions are
wrong, we can formulate the hypothesis of the Multispace Model the universe:

Our universe is not just a unique space-time continuum as we believe, but a multi
space holding countless real and independent spaces, which are inextricably tied to
the matter and energy existing within them.

Now, it’s time to test the Multispace Model on some foundational questions.

V. The Multispace Model of the Universe

The first question is whether 3DSD and the Multispace Model are consistent with the Lorentz
transformation and special relativity. To start, we remember that “neither Einstein nor Lorentz
made any attack on the concept of space” (See page 5). Since they didn’t make any difference
between mathematical sets of coordinates and physical frames of reference, and 3DSD just

3Note that this phenomenon is predicted by special relativity, not by 3DSD.

© 2012 Alexandrescu The Multispace Model 7



changed the geometrical representation from 2D to 3D, the theory is supposed to remains
valid.

Now, if the hypothesis of the multispace universe holds true, it will solve the biggest problem
in physics with a surprising but foreseeable explanation. Einstein’s dream to reunite the four
forces has been a complete failure, not just for him, but also for everyone who made such
an attempt, simply because, based on a wrong assumption, they were chasing an impossible
dream.

Indeed, in the Multispace Model, gravity appears to be a force not of attraction but of repul-
sion – a cosmic pressure of the expanding space of the universe on the independent spaces of
matter within, which are pushied toward each other to make more place for the expansion.

This explanation doesn’t come as a surprise for some physicists who, even while unaware of
the multispace hypothesis, have already begun to suspect such a possibility.

Paul Wesson of the University of Waterloo in Ontario, Canada says: We don’t know that
gravity is strictly an attractive force. He points to the “dark energy” that seems to be accel-
erating the expansion of the universe, suggesting that gravity can work both ways [8]. His
guess about dark energy as the origin of gravity is right, and so is his prudent affirmation that
gravity “can work both ways.”

But this idea about the nature of gravity raises another question. If it’s dark energy that
creates this continuous pressure, maybe there are in the universe some sources of energy
that force the ongoing expansion. But if they exist, where are these sources?

Something comes to mind: We know that black holes absorb energy and matter without
discrimination. In the single space model, they are considered as regions of spacetime where
gravity prevents anything, including light, from escaping. In a multispace universe, however,
one could find a different explanation. For example, they would continue to be “holes,” but
would probably leak the absorbed stuff into other spaces, other universes that we just cannot
see.

Next, if there are holes that leak energy and matter from our universe to others, perhaps
there are also other spaces that leak stuff into our universe as well, through similar openings
(let’s coin them “white holes”), a phenomenon which would explain the expansion. This hy-
pothesis makes sense: In a multispace reality, we are receiving stuff from some universes
through white holes, and outsourcing stuff to other universes through black holes. The issue
is we just don’t see any of these spaces, and have no explanation as to how they’d do that.
We note however that this questioning about an extended reality belongs to another topic and
we will stop it. If you wish, you could continue it elsewhere.8

Then, why have we started the above discussion here? The reason is it actually highlights
a question directly related to 3DSD: How is it possible that fundamental particles, at one end
of the cosmic scale, and hypothetical universes of a bigger reality, at the other end, are all
invisible to us? Should we look at 3DSD for an answer?

VI. Would Orthogonal Spaces Explain Invisible Spaces?

To get an answer to the above question, the first thing to do is learn what orthogonal spaces
are. In fact, if you answered the quick quiz on page 7, you may already know the answer.

We remember that while in Einstein’s relativity observers and observed reside in the same
space-time, in the 3DSD relativity they inhabit independent but overlapping spaces.

Observers actually see projections of observed spaces onto their own. The relative angle
between two reference frames is directly related to their relative speed. In special relativity,
when an observed frame travels with the speed of light,  = c, the two planes are orthogonal,
meaning they appear from an observer’s viewpoint as dimensionless. However, in the Mul-
tispace Model an observed space can be orthogonal to the observer’s space not just at the
speed of light, but in other situations existing in nature as well. Therefore, it is possible for
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an observed space to appear dimensionless to observers regardless of its real size or their
relative speed.

Figure 3: Orthogonal Spaces Are Real Spaces

Different from visible spaces,
which have a physical existence
within the space of the universe,
orthogonal spaces, while physi-
cally embedded in the universe,
are at the same time external to
it. This concept may be puzzling
at first glance, but in fact quantum
spaces holding fundamental parti-
cles are a ubiquitous and ideal ex-
ample of orthogonal spaces. Their
curious nature has been acknowl-
edged for decades by both quan-
tum mechanics and string theory.
Developed within the single-space
paradigm, these theories lack the
tools to adequately explain the physical aspects and properties of these apparently dimen-
sionless pieces of matter. In the Multispace Model, observers looking at a particle “from the
outside” would see the same mathematical point. However, observers inside the particle
would see a physical space with finite (and non-zero) dimensions. The issue: it’s impossible to
guess one particle’s size, or the size of other universes, from the outside. And obviously, it’s
also impossible for a real observer to inhabit the space of a particle . . . but not other universes.

One final remark: From the physical point of view, absolutely everything, with any size or
complexity, could exist – unseen albeit interactive via its field – in a physical space that is
orthogonal to the universe.

The Multispace Model makes several other predictions, but the limited space lets us mention
just one last but not least application of 3DSD.

VII. Nature’s First “Cruise Control” Explains Quasi Orthogonal
Spaces

Maxwell’s equations show “how” electromagnetic fields propagate, but do not explain “why”
they move this way. The wave-particle duality and the constancy of the speed of light have
haunted physicists for decades.

In the Multispace Model, the constancy of the speed of light and wave-particle duality are
twin aspects of nature’s first “Cruise Control,” which explains these dual-state energy fields
called Quasi Orthogonal Spaces, or simply, electromagnetic radiation and light. However, the
explanation is complex and exceeds the scope of this paper.9

�

There are steps in understanding reality. For me, the Multispace Model is the first and the
Convergent Model the second. What would the last be? I just don’t know, and I cannot even
say “sky’s the limit,” because it’s not. Reality exists way beyond it.
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Endnotes
1 Special relativity has many consequences among which “length contraction” (moving objects
shorten), and “time dilation” (moving clocks run slower). The factor γ, by which lengths
contract and times dilate, is known as the Lorentz factor and is given by γ = (1 − 2/c2)−1/2,
where  is the speed of the object. When  = c, γ = 0 and the length of the moving object
becomes zero, too.

2 Hermann Minkowski was Einstein’s former mathematics teacher at the Federal Institute of
Technology in Zürich.

3 In physics, spacetime (space-time, space time or space-time continuum) is any mathematical
model that combines space and time into a single continuum. Spacetime is usually interpreted
with space as being three-dimensional and time playing the role of a fourth dimension that is
of a different sort than the spatial dimensions. Here, we use space-time in relation to the two
space-time diagrams, which use just one dimension of space and time, the other two spatial
dimensions not being affected by the Lorentz transformation.

4 A coordinate system is a mathematical concept used to quantify the observations made, and
the reference frame to which it is attached must carry some observational apparatus.

5 If you think it’s impossible for us not to differentiate one such space from another, you should
remember that our senses are far from being capable of acquiring all the information available
in the surrounding world. For example, our bodies cannot directly experience “speed.” To
validate this assertion, just recall that the average orbital speed of the Earth around the Sun
is about 30 km/s (108,000 km/h).

6 To calculate the relationship between the angle ψ between the ′-axis and the -axis in
Minkowski’s 2DSD, and the angle δ between planes P′ and P in 3DSD, we use Fig. 4, which is
is the geometrical version of Fig. 2 on page 6.

Figure 4: The 3D Space-Time Diagram explained

In Fig. 4, we see the horizon-
tal plane P with its -axis along
the segment OA, its t-axis along
the segment OB, and the bi-
sector along the segment OO′.
The plane P′ has been rotated
through the angle δ about the bi-
sector, and we see its ′′-axis
along OA′′ and its t′′-axis along
OB′′. The ′ and t′ axes, which
are located in plane P, are projec-
tions of the ′′ and t′′ axes, and
are represented by the segments
OA′ and OB′, respectively.
Within plane P, the ′ and t′ axes

appear to be rotated toward each
other, but that is because of P′

having rotated away from P and
into a third dimension, which is denoted . The ′ and t′ axes observed in Fig. 4 are really
projections onto plane P of the true axes ′′ and t′′ belonging to the rotated plane P′.
We can see that, although the rotation of plane P′ is perceived as imaginary by an observer
O inhabiting plane P, that perception is actually the result of a rotation of P′ through the real
angle δ into the dimension . Plane P′ has physically left the space of plane P and moved into
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this additional dimension , which is hidden from the view of the observer in P. We observe
in Fig. 4 that this new representation of the Lorentz transformation allows us to replace an
imaginary rotation in plane P with a real rotation in three-dimensional space.
To calculate the relationship between angles ψ and δ without loss of generality, we can define

segments in P and P′ so that

AO′ = O′B = A′′O′ = O′B′′ = OO′ = 1. (4)

By using the right triangle O′B′B′′, we can write

O′B′ = O′B′′ cos δ = cos δ. (5)

The value of α is given by the relation

tnα =
O′B′

OO′
= O′B′ = cos δ ⇒ α = tn−1(cos δ). (6)

Angles α and δ can be related to ψ, since

ψ =
π

4
− α = tn−1 1− tn−1(cos δ). (7)

By using the trigonometric relation

tn−1 − tn−1 y = tn−1
− y
1+ y

, (8)

we find the relationship between angle ψ and angle δ:

ψ = tn−1
1− cos δ
1+ cos δ

. (9)

7 In fact, there are three -dimensions, one for each spatial dimension.

8 The upcoming book The Leaky Perky Universes, ISBN 978-0-9813557-1-9, introduces the
Theory of Decaying Universes, which discusses the hypothesis that reality is not limited to our
universe alone. Rather, it is a multispace that holds within it a myriad of other multispace
universes, like a gigantic set of Matryoshka dolls.
Our universe is just one of them, and its genesis is an ongoing proces. The book also sup-

ports the hypothesis that even Earth is expanding, which could explain several foundational
questions in Earth sciences.

9 More details on the subjects discussed in this paper are given in the upcoming book The
Multispace Universe, ISBN 978-0-9813557-0-2.
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