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In his development of a metaphysical theory of quantum physics, David Bohm
proposed the theory of implicate and explicate order. He suggested that what we take
for reality is an explicate order which emerges from an implicate order. However, the
derivation and mathematical formulation of such a theory remained unclear. In this
work, we show that from the Law of Creation we can derive the existence of two kinds
of space and time. One is the usual observable spacetime, described by spacetime
coordinates. It corresponds to explicate order. The other is the space and time that is
related to the measurement of non-movement and movement. We call this internal
spacetime. Internal space and time form the two-dimensional world-sheet in string
theory and they correspond to the implicate order. The Observable spacetime is the
projection from Internal spacetime. We show the mathematical formula expressing the
relationship between these two spacetimes. This work leads to a deeper understanding
about spacetime and the discovery of a new property of observed spacetime. We find
that each of the observable spacetime coordinates consists of an infinite number of
vibrations and is a vibrational field. This vibrational field is made of two independent
sets of vibrations, oscillating or spinning in opposite directions. The movement or
change of each coordinate in observable spacetime can interact with gravity and gauge
interactions and result in the creation of information, energy, and matter.
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Introduction
Quantum physics is the most fundamental theory of physics. Quantum physics
studies what everything is made of and how it behaves at the atomic and subatomic
levels [1-4]. Although quantum physics has led to the most accurate predictions to date
about the nature of matter and the universe, a metaphysical foundation of quantum
physics has still not been fully established. To understand the intrinsic non-deterministic
and subjective nature of quantum physics as well as the non-local phenomena such as
quantum entanglement existing in quantum physics, David Bohm proposed the
concepts of implicate and explicate orders [5]. Bohm suggests that what we take for
reality is “surface phenomena, explicate forms that have temporarily unfolded out of an
underlying implicate order”. This means that the implicate order is the ground from
which reality emerges.
To develop a mathematic formulation for explicate and implicate order, David Bohm
and other physicists suggest that the implicate order is represented in the form of an
appropriate algebra or pregeometry [6-10]. Spacetime is part of an explicate order that
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is connected to an implicate order that they call pre-space.
The locality and non locality observed in quantum physics all
arise from an order in pre-space. A. M. Frescura and Hiley
suggested that an implicate order could be carried by an
algebra, with the explicate order being contained in the
various representations of this algebra.

In our previous work, we used the Law of Creation to
derive string theory, M theory, and the wave function of our
universe [11-17]. We show that this new progress in string
theory can lead to derivation and prediction of the expanding
universe, dark matter, dark energy, the large structure of the
universe, the derivation of the observed physics laws about
fundamental interactions, and the existence of the elementary
particles. The Law of Creation states that everything is created
from emptiness through yin yang interaction. Yin and yang
are the two basic elements that make up everything. Yin and
yang are opposite, relative, co-created, inseparable, and codependent.

In this paper, we propose that the Law of Creation
indicates the existence of two types of spacetime, the internal
spacetime and the observed spacetime. They correspond to
the implicate order and explicate order. We derive the
relationship between these two spacetimes. We find that it
reveals some interesting properties about the observable
spacetime. It indicates that each coordinate in observable
spacetime is a vibrational field. It is made of infinite oscillators
spinning in the Minkowski spacetime in two different
directions. Each point in observable spacetime contains the
information of the whole universe. The changes in the
observable spacetime coordinates can interact with gravity
and other gauge interactions and create information, energy,
and matter.
In the following, we will first review the Law of Creation
and our previous work about how the Law of Creation gives
us a new deeper insight about space and time. We suggest
that there exists a deeper internal space and time, which
relates to our consciousness and measurement of nonmovement and movement. The interaction of the internal
space and internal time contributes to the action that creates
the information, energy, and matter of our universe. This
internal spacetime forms the two-dimension world sheet in
string theory. We propose that it corresponds to the implicate
order that determines our observed physical world. The
observable spacetime is a projection from this implicate
order. We show mathematically that the internal spacetime is
a hologram. The observed spacetime, or the physical world, is
a projection from this hologram. It can be of higher
dimensional spacetime.
Review of Law of Creation and Derivation of UWFIST
In our paper [11], we propose the Law of creation, which
states that everything is created from the emptiness through
the yin yang interaction. Yin and yang are two basic elements
that make up everything. They are opposite, relative, cocreated, inseparable, and co-dependent. For instance, change
and unchanged are a yin yang pair.
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In quantum physics, all phenomena are determined by
measurement. Like everything else, measurement is made of
yin yang elements. We suggest [11] at a deeper level, space is
related to the consciousness and measurement of unchangeness
or non-movement and time is related to the consciousness
and measurement of changeness or movement. This space and
time is a yin yang pair. Let’s call it internal spacetime. All human
measurement and consciousness are based on two yin yang
pairs. One is the internal space and time yin yang pair. The
other is the inclusion and exclusion yin yang pair. The interaction
of these two yin yang pairs: space and time yin yang pair and
exclusion and inclusion yin yang pair, creates our universe.
The simplest action created by the interaction of the
space-time yin yang pair is:

A1=α∫∆τ∆σ

(1)

Here we use the symbol σ to represent space and the
symbol τ to represent time. We use ∆σ and ∆τ to represent
the space and time duration to be measured. The symbol ∫
represents the summation over space and time from the
beginning τ=0 and σ=0 till now τ=T and σ=L. Here T is the
age of our universe and L is the horizon of our universe. And
α is a constant. In our work [12], we show that:

α=1/(lptp)

Here tp is the Planck time. It is of the magnitude of 5.4×10second. Here lp is the Planck length. It is of the magnitude
of 1.6×10-35 meter.
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The simplest action created by the space and time yin
yang pair and the exclusion and inclusion yin yang pair is:

A2=α∫∆τ∆σ∆ θτ∆θσ

(2)

Here we use θσand θτ to represent the fermion partner of
space and time coordinates σ and τ. The θσ and θτ can only take
on the value 0 or 1 because they are repulsive and refuse to stay
at the same place with another element. The symbol ∫ represents
the summation over space σand time τ and θτ and θσ.
One can easily see that the actions (1) and (2) are the
actions for string theory and superstring theory or M theory
[18]. In this way, one derives string theory and M-theory or
superstring theory from the Law of Creation.

To calculate what is inside our universe, we propose to
calculate the wave function created by the action (2) by
summing over the range of the horizon of our observation. In
Quantum physics, everything is mathematically represented
by wave function. As we suggested in our previous work [19],
a wave function describes the information, energy, and matter
contained in an object. One can calculate the wave function of
our universe using Feynman’s path integral formulation of
quantum physics [20]. According to this method, the wave
function created by the action A2 is in the form:

Ψ=∑sum over all possible states C exp(iαA2)

(3)

where C is a constant. The symbol ∑ is the summation
over all possible paths and states. Equation (3) is the universal
wave function formulation of string theory. We call this the
universal wave function interpretation of string theory
(UWFIST).
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Notice in UWFIST, the derived string action is due to the
interaction of the internal space-time. This internal space and
time are related to the measurement of changing or
unchanging. It forms the world sheet in string theory.

In our previous work, we show that the interaction of this
space and time yin yang pair and the interaction of inclusive
and exclusive yin yang pair create all the information, energy,
and matter of our universe, including dark matter, dark
energy, inflation, large structure of our universe, fundamental
laws of physics such as gravity, electromagnetic, weak, and
strong forces, and elementary particles [11-17].

Internal spacetime is represented by the world sheet
space-time (σ,τ). In addition to the internal space and time,
there is the observable space-time, normally related to and
expressed by the space-time coordinate Xμ. In string theory,
they are a projection from the internal spacetime and
expressed as Xμ(σ,τ).Xμ(σ,τ) defines a projection from the
internal spacetime. We can see that the world sheet spacetime
(σ,τ) corresponds to the implicate world and the observable
spacetime Xμ(σ,τ)belongs to the explicate order.

More accurately, the observable space-time Xμ(σ, τ) and
fermions ψμ(σ, τ) relating to elementary particles are a
projection from the world sheet (σ, τ, θτ, θσ). The twodimensional super world-sheet (σ, τ, θτ, θσ) is projected to the
observable spacetime and particles [Xμ(σ, τ), ψμ(σ, τ)]. The
observable spacetime and particles [Xμ(σ, τ), ψμ(σ, τ)]
correspond to explicate order. In terms of [Xμ(σ, τ), ψμ(σ, τ)]
and integrating over θτ and θσ, the action A2becomes [18]:
A2 = (1/lptp)∫∆τ∆σ∆ θτ∆θσg1/2gab[(Gμv + Bμv) ∂aXμ∂bXv+
Gμν(X)(ψμDψν+ ψ+μDψ+ν) + ½ Rμνρσ(X)ψμψνψ+ρψ+σ]
(4)

Here gαβ is the metric tensor on the world-sheet and g =
- det gab; GμvandBμvare metric tensors on the observed space.
The gravity and gauge interactions can be represented by
GμvandBμv.
The world-sheet has Weyl symmetry, the local rescaling
invariance of the world-sheet metric. The action (4) is invariant
under the local rescaling of the world-sheet metric:
g´ (τ, σ)=exp(2ω(τ, σ))g (τ, σ)
αβ

αβ

X´μ(τ, σ)=Xμ(τ, σ)

G’μν(τ, σ) = Gμν(τ, σ)
B’μν(τ, σ) = Bμν(τ, σ)

ψμ’(τ, σ) = ψμ(τ, σ)
for arbitrary ω(τ, σ).
The Weyl invariance of the world-sheet indicates that if
we expand or contract or rotate internal spacetime, the
implicate order, the action, and therefore all phenomena, will
remain the same. In other words, the internal spacetime is a
hologram. The observable space-time Xμ(τ,σ), elementary
particles, gauge and gravity interactions, and everything such
as dark matter and dark energy in the observable world are
projections from this hologram.
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Derivation of the Relationship between
the Observable Spacetime and Internal
Spacetime and its Implications
To find the relationship between the internal spacetime
(τ,σ), the implicate order, and the observable spacetime Xμ(τ,
σ),the explicate order, one can obtain the solution for the
action (2) [18]. Such a solution is in the form of:
á'

Xi(τ, σ) = xi+ piτ/p + i ( 2 )1/2
i
exp[2σ-cτ)/L]}.
n

exp[-2πinσ + cτ)/L]+

(5)

Here x and p are center of mass coordinates and momentum.
ain and ain are two independent sets of oscillators, corresponding
to left-moving and right-moving waves in internal spacetime.
This equation tells us the relationship between observed
spacetime and the internal spacetime, which is the relationship
between the explicate order and implicate order.
i

i

Equation (5) is expressed in Euclidean spacetime. To
express the relation in Minkowski spacetime (σ, σ0), we
introduce σ0= i cτ (here i is the imaginary number). The
relationship (5) becomes:
á'

Xi(τ, σ) = xi+ piτ /p + i ( 2 )1/2
exp[2σ + iσ0)/L]}.

exp[-2πin(σ - iσ0)/L]+

(6)

We can see in Minkowski spacetime, the observed
spacetime is made of two independent sets of oscillators
spinning in opposite directions in the internal spacetime.

From equation (6), we can see that each coordinate in
observable spacetime is a vibrational field. It is made of
infinite vibrations. The vibrational field associated with each
coordinate is made of two sets of independent “spinors” and
oscillators spinning in two different directions in internal
spacetime. From equation (4), we can see that the changes in
the observable spacetime coordinates can interact with
gravity and other gauge interactions and change the wave
function, and thus create information, energy, and matter.

Conclusion
In this work, from the Law of Creation we derive the
existence of two different kinds of spacetime. One is internal
spacetime related to the measurement of non-movement
and movement. It corresponds to the implicate order. The
other is the observable spacetime expressed by the usual
spacetime coordinates. It corresponds to the explicate order.
We show that observable spacetime is a projection from
internal spacetime. We present the mathematical relationship
between observable spacetime and internal spacetime, which
is part of the relationship between explicate order and
implicate order. From this relationship, we find that each
observable spacetime location consists of an infinite number
of vibrations and is a vibrational field. This vibrational field is
made of two independent sets of vibrations, corresponding
to two opposite oscillating or spinning directions. The
movement or change of each coordinate in observable
spacetime can interact with gravity and gauge interactions
and result in the creation of information, energy, and matter.
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This research confirms David Bohm’s theory about implicate
order and explicate order. It gives a way to derive implicate
order and explicate order and their relationship from fundamental
principles. This work gives a deeper understanding of spacetime
and its properties. It yields some interesting results that deserve
further exploration.

References
1.

Bohr N. Atomic Physics and Human Knowledge. Wiley. New York, 1958.
doi: 10.2307/2104340

2.

Schrödinger E. An Undulatory Theory of the Mechanics of Atoms and
Molecules. Phys. Rev. 28(6): 1049-1070. doi: 10.1103/PhysRev.28.1049

3.

Born M. Physical aspects of quantum mechanics. Nature. 1927; 119: 354357. doi: 10.1038/119354a0

4.

Bohr N. The Quantum postulate and the recent development of atomic
theory. Nature. 1928; 121: 580-590. doi: 10.1038/121580a0

5.

Bohm D. Wholeness and the Implicate Order. London, Routledge, 1st
edition. ISBN 0-7100-0971-2; 1983 Ark paperback, ISBN 0-7448-0000-5;
2002 paperback, ISBN 0-415-28979-3.

6.

Pylkkanen P, Hiley BJ, Pattiniemi I. Bohm’s approach and individuality.
quant ph. 2014.

7.

Peat DF. Non-locality in nature and cognition. 297–311. In: M.E. Carvallo.
Nature, Cognition and System II: Current Systems-Scientific Research on
Natural and Cognitive Systems: On Complementarity and Beyond,
Springer Science & Business Media,ISBN 978-94-011-2779-0, 2013; 2: 304.

8.

Frescura FAM, Hiley BJ. Algebras, quantum theory and pre-space. Bra. J.
Phy. 1984; 70: 49-86.

9.

Whitehead AN, Griffin D, Sherburne D. Process and Reality: An essay in
cosmology. New York: Macmillan, 1978.

Int J Cosmol Astron Astrophys.
ISSN: 0000-0000

10. Bohm D, Griffin DR. Time, the implicate order, and pre-space. Physics and
the Ultimate Significance of Time. State University of New York Press.
1986; 172-208.
11. Sha ZG, Rulin Xiu. Law of Creation and Grand Unification Theory. Sci Fed.
2018.
12. Xiu R. Dark Energy and Estimate of Cosmological Constant from String
Theory. J Astrophys Aerospace Technol. 2017; 5(1): 141. doi: 10.4172/23296542.1000141
13. Sha ZG, Xiu R. Inflation Scheme Derived from Universal Wave Function
Interpretation of String Theory. J Phy. Scie. App. 2017; 7(4): 33-37. doi:
10.17265/2159-5348/2017.04.004
14. Sha ZG, Xiu R. String Theory Explanation of Large-Scale Anisotropy and
Anomalous Alignment. Reports in Advances of Physical Sciences. 2017;
1(3): 1750012. doi: 10.1142/S2424942417500128
15. Sha ZG, Xiu R. Derivation of Galaxy Rotation Curve from the Universal
Wave Function Interpretation of String Theory. American Based Research
Journal. 2018; 7(1): 1-5. doi: 10.1051/epjconf/201612604055
16. Sha ZG, Xiu R. Derivation of Multiverse from Universal Wave Function
Interpretation of String Theory. J Phy. Scie. App. 2017; 7(6): 1-5. doi:
10.17265/2159-5348/2017.06.001
17. Sha ZG, Xiu R. Derivation of the Existence of Elementary Particles from the
Law of Creation.
18. Polchinski J. String theory. An Introduction to the Bosonic String.
Cambridge University press. 1998; 2: 402.
19. Sha ZG, Xiu R. Composition of existence and the definition of spirit, heart,
and mind according to quantum physics. International Journal of
Information Research and Review. 2018; 5(1): 5072-5075.
20. Feynman RP, Albert H. Quantum Mechanics and Path Integrals. 1st edition:
McGraw Hill. ISBN 0-07-020650-3. 1965.

Volume 1 • Issue 1 • 1000107

21

