
Chapter 29. How Theoretical Physicists Construct their Theories

When theoretical physicists construct their theories, they always invoke some kind of geometric
mechanisms, just like the void invokes geometric mechanisms when it creates a holographic
world. How is this possible? The true nature of a theoretical physicist is the void.

When a theoretical physicist invokes a geometric mechanism, the consciousness of that person
can see how the geometric mechanism operates. For example, when Einstein developed relativity
theory, he formulated the theory in terms of the principle of equivalence. He could see how the
force of gravity acting on any object was always equivalent to the acceleration of an observer,
which he called an observer in an accelerated frame of reference.

Equivalence Principle

The principle of equivalence is a geometric mechanism that explains the nature of gravity. The
force of gravity is nothing more than an observer in an accelerated frame of reference. When
Einstein formulated his field equations for the space-time metric, which is the nature of the
gravitational field, he only had to use the principle of equivalence along with the principle of
relativity, which basically says that the speed of light is the same for all observers. He could then
understand the force of gravity as the dynamical curvature of space-time geometry.

How are the Concepts of Space and Time Created?

To have the concepts of space and time, we have to have the concept of things existing in space
and the concept of the motion of those things through space. We only have the concept of three
dimensional space because we observe the motion of things through three independent directions
of space: up-down, right-left and forward-backward. We first have to have the concept of a thing
existing at some location in that three dimensional space, and then we have to have the concept
of that thing moving through the three independent directions of that space. These concepts can
only arise from our observations of things appearing to exist in and move through space.



It's worth summarizing this state of affairs about our concepts of space and time. First, we have
the concept of a thing existing at some location in space. Second, we have the concept of that
thing moving through one of the three independent directions of that space. These concepts can
only arise from our observations of things appearing to exist in and move through space.

Where does the concept of time come from? There is no way to separate the concept of time
from the concept of the motion of things through space. The concept of time is totally dependent
on the behavior of periodic oscillators. For example, the concept of a year is dependent on the
orbit of the earth around the sun and the concept of a day is dependent on the rotation of the earth
around its axis. Every clock that gives a measurement of time is some kind of periodic oscillator,
like a pendulum. Without periodic oscillators, it would be impossible to measure time.

The most sophisticated theory we have of time is relativity theory. In relativity theory, we have
the concept that every observer carries with itself its own clock, which measures time, and also
carries with itself its own measuring stick, which measures distance through space. The most
sophisticated concept of a clock in relativity theory is called a light clock. A light clock is simply
two mirrors separated by a distance L and a light ray that bounces back and forth between the
two mirrors. The time interval Δt it takes for the light ray to bounce back and forth between the
two mirrors as observed by an observer on its own light clock in its own rest frame is simply
given in terms of the distance of separation L and the speed of light c as Δt=2L/c.

Light Clock

The key nature of relativity theory is that the speed of light is the same or a constant for all
observers, independent of how those observers appear to move relative to each other. If a second
observer moves with a velocity v in the x-direction relative to the first observer, from the
perspective of the first observer, it seems as though it takes a time Δt'=2D/c for a light ray to
bounce back and forth in the y-direction between the two mirrors of the second observer's light
clock as the second observer's light clock travels a distance Δx=vΔt' in the x-direction. If we use



the Pythagorean theorem, this tells us that (vΔt'/2)2+L2=D2, and so (cΔt/2)2=(cΔt'/2)2−(vΔt'/2)2.
We finally conclude that the result for time dilation is (Δt')2=(Δt)2/(1−v2/c2).

The key point of relativity theory is that the speed of light is a constant for all observers,
independent of how those observers appear to move relative to each other. This allowed Einstein
to understand space and time as a unified 4-dimensional space-time geometry. If there is no
curvature of that space-time geometry, that geometry is called flat Minkowski space. If there is
curvature of that space-time geometry, that dynamical curvature is called gravity, which is
always equivalent to the accelerated motion of an observer in an accelerated frame of reference.

In either case, within that unified 4-dimensional space-time geometry, there is only a single
invariant measurement of distance within the geometry, which is called the proper-time interval.
The proper-time interval is the only measurement of distance in the geometry that all observers
will agree upon, independent of how those observers appear to move relative to each other. The
proper-time interval is nothing more than the ordinary time interval an observer measures on its
own light clock in its own frame of reference, which is called its rest frame. The proper-time
interval is basically just a generalization of the Pythagorean theorem to a unified 4-dimensional
space-time geometry in which the speed of light is a constant for all observers and the curvature
of that space-time geometry arises from the accelerated motion of an observer. This is the
essence of how space, time and gravity are understood in relativity theory.

In relativity theory, gravity is understood to be nothing more than the dynamical curvature of a
unified 4-dimensional space-time geometry. The gravitational field is formulated in terms of
Einstein's field equations for the space-time metric, which gives a measure of the curvature of a
space-time geometry. The space-time metric is the gravitational field, which measures the
dynamical curvature of that space-time geometry. Within that unified 4-dimensional space-time
geometry there is only a single invariant measurement of distance, independent of the motion of
an observer, which is the proper-time interval.

The principle of equivalence tells us that the dynamical curvature of a space-time geometry
always represents the accelerated motion of an observer in its own accelerated frame of
reference. The force of gravity only appears to be at work in that frame of reference due to the
observer's own accelerated motion. Without the observer's accelerated motion, there is no force
of gravity, which is called a freely falling frame of reference. Every observer can only observe
the effects of the force of gravity in its own accelerated frame of reference due to its own
accelerated motion, and the effects of gravity that one observer observes may not be the same
effects of gravity that another observer observes. It all depends on their own frame of reference.

This brings us back to the problem of how the concepts of space and time are created. We first
have to have the concept of a thing that exists in and is located in space and the concept of the
motion of that thing through space before we create the concepts of space and time. From the
point of view of relativity theory, the most fundamental thing that exists within a space-time



geometry is a light ray, which always travels at the speed of light, independent of the motion of
an observer that observes the motion of the light ray. We can define time intervals in terms of the
periodic motion of a light ray in a light clock, and all observers will agree upon this definition,
independent of how those observers appear to move relative to each other. This definition
essentially defines a proper-time interval, which is the only invariant measurement of distance in
the unified 4-dimensional space-time geometry that all observers will agree upon.

How are Concepts of Things Created?

This brings us back to the problem of how the concepts of other things besides light rays are
defined in the space-time geometry. How do the concepts of other things in addition to light rays
arise in a space-time geometry? The approach theoretical physics has taken since the discovery
of quantum theory is to assume the existence of fundamental point particles that exist within, are
located within and that move through a unified 4-dimensional space-time geometry. Even a light
ray is assumed to be a point particle called the photon.

It turns out that the photon can be understood as a field theory just as gravity can be understood
as a field theory. The gravitational field is the space-time metric, while the photon field is called
the electromagnetic field. The force of electromagnetism was well known to Einstein, and in
large part was the motivating factor that motivated him to develop relativity theory. Einstein
wanted to unify gravity with electromagnetism. The electromagnetic field is described by
Maxwell's field equations, which were discovered long before Einstein's field equations.
Maxwell's field equations imply the existence of electromagnetic waves, which we understand as
light waves. In quantum theory we understand electromagnetic waves as the point particle called
the photon when an electromagnetic wave is quantized at a particular frequency. In quantum
theory, the fundamental defining relation between energy and frequency is E=hf.

The problem with Maxwell's equation is that they predict a constant speed of light, independent
of the motion of the observer. This idea did not sit well with the notions of wave motion of the
classical physicists of the nineteenth century who were familiar with the motion of sound waves.
Sound waves always travel through some kind of physical medium or substance, like the earth's
atmosphere, and the velocity of sound waves is always relative to the motion of that medium.

The classical physicists of the nineteenth century assumed there must be a physical substance or
medium that electromagnetic waves travel through, which they called the ether, and they tried to
measure the speed of light relative to the ether. In the Michelson-Morley experiment, the speed
of light was measured at different points on the earth's orbit around the sun, during which time
the direction of the earth's velocity changed. If there was a surrounding ether out there that
electromagnetic waves had to propagate through, then the speed of those waves should change
relative to the changing velocity of the earth in its orbit around the sun.

The problem was, this experiment measured the same speed of light, independent of the motion
of the earth. The conclusion that Einstein drew was that the speed of light is a constant for all



observers, independent of their relative motion. The idea was that an electromagnetic wave had
its own independent existence as it traveled through the vacuum of space, and the speed of that
light wave was a constant of nature, independent of the motion of the observer that observes the
motion of the light wave. In other words, there is no medium or substance that light waves have
to propagate through other than the vacuum of space. This fit in well with the concepts of
quantum theory that understood the electromagnetic wave as a point particle called the photon.

The problem is, this interpretation opens up a can of worms. What exactly is the electromagnetic
field? The answer that quantum theory gives is that the electromagnetic field is a probability
field that gives the quantum probability that the photon can be measured as a point particle at
some location in space at some moment of time. Maxwell's equations are really quantum wave
equations that determine this quantum probability, and the electromagnetic field is really a
quantum wave-function. This is just like the wave-function for an election as it orbits the proton
in the hydrogen atom. The Schrodinger equation is a wave equation for a wave-function that
determines the quantum probability that the quantum particle called the electron can be measured
at some location in space at some moment of time. In the same way, Maxwell's equations are
wave equations for a wave-function called the electromagnetic field that determines the quantum
probability that the quantum particle called the photon can be measured at some location in space
at some moment of time. If we extend this logic, then the gravitational field as represented by
Einstein's field equations for the space-time metric are wave equations for a wave-function called
the space-time metric that determines the quantum probability that the quantum particle called
the graviton can be measured at some location in space at some moment of time.

The reason this opens up a can of worms is because to quantize the electromagnetic field along
the lines of quantum field theory, which is how we understand the electromagnetic field to give a
wave-function representation for the quantum particle called the photon, we have to assume
some fixed background space-time geometry, like flat Minkowski space, within which the
photon is able to propagate. The location of the photon as a point particle within that space-time
geometry and the motion of the photon through that space-time geometry requires that we first
define the nature of that space-time geometry. We have to fix that space-time geometry, which is
usually assumed to be flat Minkowski space. The problem for gravity is that if we assume the
graviton propagates through some fixed space-time geometry, like flat Minkowski space, this
contradicts the very idea of gravity as the dynamical curvature of a space-time geometry.

There is no possible way to understand gravity as a quantum field theory or to unify gravity with
the standard model of particle physics based on representing point particles in terms of quantum
field theories. Gravity cannot be understood as a quantum field theory because we would then
have to assume that the point particle called the graviton, which can only be represented in the
sense of a wave-function by a quantum field called the space-time metric, has to propagate
through some fixed background space-time geometry, like flat Minkowski space, which would
contradict the very idea of gravity as the dynamical curvature of space-time geometry.



The only known way for how to resolve this logical contradiction is called the holographic
principle of quantum gravity. Instead of assuming a fixed background space-time geometry, we
only assume an observer in an accelerated frame of reference. What exactly is the observer? The
observer is simply a point of view, which can be understood to be a moving point of perceiving
consciousness. It is this moving point of perceiving consciousness, which perceives things from
the central point of view of its own holographic world, that enters into an accelerated frame of
reference. What exactly is the point of view of the observer moving relative to? We have to
assume that there is a motionless background that the point of view of the observer moves
relative to, but his motionless background is not a space-time geometry. This motionless
background is called the void, which is like the vacuum state of quantum field theory, but cannot
be understood in the sense of a space-time geometry. Space-time geometry is what is being
created with the creation of a holographic world from the void. The point of perceiving
consciousness of the observer is moving relative to the motionless background of the void. That
accelerated motion is what defines the observer's accelerated frame of reference.

Once we place an observer in an accelerated frame of reference, it's natural to understand how an
event horizon arises. The observer's event horizon is as far out into space as the observer can see
things in space. Nothing is observable beyond the observer's event horizon because a light ray
that originates on the other side of the event horizon can never cross the horizon as long as the
observer continues to undergo accelerated motion. This limitation of the observer's observations
of things in space is due to the constancy of the speed of light for all observers, which is like the
maximal rate of information transfer in a computer network. The accelerating observer's event
horizon is a two dimensional bounding surface of space that limits the observer's observations of
things in three dimensional space due to the constancy of the speed of light for all observers.

Accelerating Observer's Event Horizon



Once the accelerating observer has an event horizon, it then becomes possible to turn the horizon
into a holographic screen by encoding information on the horizon. The simplest way to
understand how information is encoded on the horizon is with the concept of quantized bits of
information, which are called qubits. A qubit is like a spin ½ variable in quantum theory, which
is mathematically represented by an SU(2) matrix. A matrix is a two dimensional array of
numbers. An SU(2) matrix gives a mathematical representation of rotational symmetry on the
surface of a sphere, but its eigenvalues also define information in a binary code of 1's and 0's,
like a spin ½ variable that can only point up or down. On the two dimensional surface of a
sphere, the eigenvalues of an SU(2) matrix define information in a binary code in a rotationally
invariant way. This rotational invariance is the nature of quantum entanglement.

Qubit as the Quantized Information Encoded on the Surface of a Sphere

In effect, an SU(2) matrix, which is a two dimensional array of numbers, is defining information
on the two dimensional surface of a sphere in a binary code as though the sphere is covered with
pixels and each pixel encodes a quantized bit of information. An nxn SU(2) matrix is able to
encode n quantized bits of information on the surface of a sphere. In general, any two
dimensional surface can encode n quantized bits of information in terms of some nxn matrix.
With the holographic principle, that two dimensional surface is understood to arise as an event
horizon in an observer's accelerated frame of reference. The encoding of n quantized bits of
information on an event horizon, which turns the horizon into a holographic screen, is called the
holographic principle of quantum gravity. With the holographic principle, the pixel size is taken
to be a Planck area, defined in terms of the gravitational constant, Planck's constant and the
speed of light as ℓ2=ħG/c3, and the number of quantized bits of information encoded on the
surface of an event  horizon is given in terms of the surface area A of the horizon as n=A/4ℓ 2.



Holographic Principle

The holographic principle tells us that everything an observer can observe in its own holographic
world can be reduced to qubits of information encoded on the observer's own holographic screen,
and that holographic screen always arises as an event horizon in the observer's accelerated frame
of reference. Everything the observer observes is a form of information projected like an image
from the observer's holographic screen to its central point of view.

The Observer's Holographic Screen



The holographic principle is telling us that as observers of our own holographic world, the form
of all the things we can perceive can be reduced to qubits of information encoded on our own
holographic screen. The things we perceive only exist in the sense of forms of information
projected like images from our own holographic screen to our own point of view. Our own sense
of being an observer can only be understood in the sense of the perceiving consciousness present
at that point of view. The things we perceive really do not have an existence independent of our
observations of them. Even the space-time geometry we perceive is holographic in nature and is
constructed in terms of the qubits of information encoded on our own holographic screen and the
energy inherent in our own accelerated frame of reference as a moving point of consciousness
that gives rise to an event horizon that acts as a holographic screen.

To put it more bluntly, the concepts we have of all the things we perceive are holographic
illusions. The perception of any distinct thing is a holographic illusion created from the encoding
of qubits of information on our own holographic screen. In reality, the appearance of the things
we perceive are no more real than the images of a movie projected from a computer screen. The
three dimensional space we perceive, within which things appear to exist, to have a location in
space, and to move through space, is also a holographic illusion, created from the encoding of
qubits of information on our own holographic screen. The appearance of three dimensional space
is a holographic projection from a two dimensional holographic screen. The time intervals we
perceive only represent the animation of these projected holographic images, which are animated
in the flow of energy that arises in our own accelerated frame of reference. That flow of energy
arises from our own accelerated motion as a moving point of perceiving consciousness.

In no way is the holographic world we perceive any more real than a computer-generated virtual
reality. In effect, a quantum computer is created when we enter into an accelerated frame of
reference due to our own accelerated motion as a moving point of perceiving consciousness.
That motion is always relative to the motionless void. In that accelerated frame of reference an
event horizon arises that acts as a holographic screen when qubits of information are encoded on
the horizon. The things we perceive are forms of information projected like images from our own
holographic screen to our own point of view, just like the images of a virtual reality projected
from a computer screen. Those images are animated in the flow of energy that arises from our
own motion as a moving point of perceiving consciousness relative to the motionless void.

In some sense, the void is the motionless background of all motion. The void is also like an
empty space of potentiality that has the potential to create a holographic world through the
construction of geometric mechanisms. An example of such a geometric mechanism is the
accelerated expansion of space that always expands relative to the central point of view of an
observer and places the observer in an accelerated frame of reference. In physics, this mechanism
is called a cosmological constant or dark energy. With the accelerated expansion of space, the
observer at the central point of view is surrounded by an event horizon called a cosmic horizon.
This kind of geometric mechanism is a critical aspect of all theories of the creation of the
universe in a big bang event and the accelerated expansion of the universe.



Expansion of the Universe as the Accelerated Expansion of Space

Another geometric mechanism at work in the creation of a holographic world is the encoding of
qubits of information on a holographic screen. This is best understood in terms of a matrix,
which is a two dimensional array of numbers defined on the two dimensional surface of an event
horizon. The event horizon turns into a holographic screen due to this encoding of qubits of
information, but the event horizon can only arise in an observer's accelerated frame of reference.

How does the normal flow of energy through the world arise and what determines the direction
of time's arrow? The holographic principle and the laws of thermodynamics supply a perfectly
good explanation. All energy in the observer's holographic world ultimately arises from the
accelerated motion of the observer as a moving point of perceiving consciousness relative to the
motionless void. An event horizon always arises in that accelerated frame of reference with the
observer at the central point of view. With the accelerated expansion of space, that event horizon
is a cosmic horizon that bounds the observer's own holographic world. That cosmic horizon can
either be understood in terms of dark energy or a cosmological constant or in terms of Hubble's
constant in an expanding universe. As the universe expands in size, the radius of that cosmic
horizon increases. That cosmic horizon appears to have a temperature from the perspective of the
observer at the central point of view, which is called the Unruh temperature. As the radius to the
observer's cosmic horizon increases as the observer's world increases in size, the observer's
acceleration decreases, and the Unruh temperature of the event horizon also decreases.

The laws of thermodynamics simply say that heat tends to flow from hotter to colder objects
because hotter objects radiate away more heat. As the observer's holographic world increases in
size and its cosmic horizon decreases in temperature, heat tends to flow in this thermal gradient.
That's basically what drives the normal flow of energy through the world and directs the arrow of
time. Heat is simply flowing from hotter to colder objects as the observer's holographic world
increases in size and cools, which is driven by the expansion of its cosmic horizon. This also
explains why entropy or disorder tends to increase over the course of time. As the observer's
cosmic horizon increases in size, its surface area also increases and it encodes more qubits of
information. At thermal equilibrium, things become more disordered and entropy takes on its
maximal value, which means that information becomes more disordered. As the observer's



cosmic horizon increases in size toward infinity, its temperature approaches absolute zero and its
holographic entropy approaches infinity, which is called the heat death of the universe.

Normal Flow of Energy through the Observer's Holographic World

The creation of a holographic world only requires invoking geometric mechanisms, like the
accelerated expansion of space that places an observer in an accelerated frame of reference and
the encoding of qubits of information on an event horizon that arises from accelerated motion.
The void is the potentiality to create these geometric mechanisms that give rise to the creation of
a holographic world. In reality, that holographic world is no more real than a computer-generated
virtual reality. These geometric mechanisms are creating the quantum computer that gives rise to
that virtual reality. The void is the motionless background of all motion, but is also like an empty
space of potentiality that gives rise to the geometric mechanisms that create a holographic world.

How do we understand a consensual reality shared by many observers, each present at their own
individual point of view? The answer is information sharing. When holographic screens overlap
like a Venn diagram, they can share information.

Information Sharing among Overlapping Holographic Screens



How do the laws of physics arise within a holographic world? It turns out the laws of physics can
all be understood in the sense of thermodynamic equations of state, which are a thermal average
description of what appears to happen inside a holographic world. The laws of physics are not
really anything fundamental, but rather are only a thermal average description of what appears to
happen inside a holographic world. The more fundamental description is given in terms of how
qubits of information are encoded on a holographic screen that bounds that holographic world
and the energy inherent in the observer's accelerated frame of reference that gives rise to an event
horizon that acts as a holographic screen when it encodes qubits of information. The event
horizon is the bounding surface of space that bounds the bounded region of space that defines
that holographic world. The laws of physics understood as thermodynamic equations of state
only give a thermal average description of what appears to happen within that bounded space.

This is easily shown from the laws of thermodynamics. It's fairly easy to show how Einstein's
field equations for the space-time metric arise from the holographic principle as thermodynamic
equations of state. Near thermal equilibrium, the laws of thermodynamics specify how a change
in energy is related to a change in entropy and temperature as ΔE=TΔS. Using the Unruh
temperature of the Rindler event horizon observed by an accelerating observer, kT=ħa/2πc, given
in terms of an observer's acceleration, a, and the holographic entropy of the region of space
bounded by that event horizon, S=kn=kA/4ℓ2, given in terms of the surface area, A, of the event
horizon and the Planck area, ℓ2=ħG/c3, it's easily shown how Einstein's field equations arise from
this relation as thermodynamic equations of state.

Once we have Einstein's field equations for the space-time metric, it then becomes possible to
show how all the quantum fields that give a representation for particle physics arise as extra
components of the space-time metric. Einstein's field equations give rise to all quantum fields
with he usual unification mechanisms of super-symmetry and extra compactified dimensions of
space, which M-theory explicitly demonstrates with its low energy limit of 11-dimensional
super-gravity. The space-time metric is the quantum wave-function that is the mother of all
quantum fields, but even the space-time metric is not fundamental. The holographic principle
demonstrates how the space-time metric arises from qubits of information encoded on a
holographic screen as a thermodynamic equation of state. At the level of particle physics, all
quantum fields only have the validity of thermodynamic equations of state. A holographic screen
in turn must arise as an event horizon in an observer's accelerated frame of reference. It all has to
begin with the observer. The observer must play a central role in the construction of its own
holographic world and its own observable physical reality.

Gravity as a Quantum Theory

Quantum theory in the conventional sense of particle physics really only applies in some
bounded region of space. With the holographic principle, this conventional particle physics
formulation of quantum theory can always be reduced to qubits of information encoded on a
holographic screen that bounds that bounded region of space. The holographic screen is a



bounding surface of space that in the sense of relativity theory can always be understood to arise
as an event horizon in an observer's accelerated frame of reference. The holographic screen
encodes qubits of information through some sort of geometric mechanism, like non-commutative
geometry. The AdS/CFT correspondence gives an explicit example of how a holographic world
is constructed. Quantum theory is inherently about measurement since the observer is observing
events in its own holographic world as displayed on its own holographic screen that arises as an
event horizon in its accelerated frame of reference. The holographic principle is inherently an
observer-centric and observer-dependent description of observable reality. Physicists are ignoring
the central role the observer must play in constructing that observable physical reality.

The holographic principle is automatically in effect for any possible space-time geometry,
including de Sitter space, when that space is bounded by a holographic screen that encodes
qubits of information. The holographic screen can always be understood as an event horizon that
arises in an observer's accelerated frame of reference, like a Rindler horizon or a de Sitter
horizon. The simplest case is for a spherically symmetric horizon, like that of a black hole. An
SU(2) matrix gives a representation of rotational symmetry on the surface of a sphere, but its
eigenvalues also encode information in a binary code, like a spin ½ variable that can only point
up or down. On the surface of a sphere, the n eigenvalues of an nxn SU(2) matrix encode n
qubits of information in a rotationally invariant way. The qubits of information are inherently
entangled in the sense of quantum entanglement since they arise as the eigenvalues of a matrix.

Gravity is not really a classical theory. Like electromagnetism, gravity is a quantum theory in
disguise, but that quantum theory can only be understood at the level of first quantization, and
not at the level of second quantization. Recently, this point has been stressed that classical
gravity is really a quantum theory with the argument that ER=EPR. Wormholes in classical
gravity in the sense of an Einstein-Rosen bridge between two black holes gives an example of
quantum entanglement in the sense of an entangled EPR pair.

Gravity is a quantum theory, but only at the level of first quantization, not at the level of second
quantization. The space-time metric is the quantum wavefunction, and Einstein's field equations
are the quantum wave equation. This is just like electromagnetism, where the electromagnetic
field is the quantum wavefunction and Maxwell's equations are the quantum wave equation.
Quantum entanglement is operative at even the level of first quantization since the quantum
wavefunction gives the quantum probability that some property of the quantum particle, like its
location in space and time or its spin state, can be measured. Entanglement is an inherent
property of the quantum state formulated as a superposition of all possible measurable states of
the quantum particle, with each possible measurable state weighted with a probability factor that
is the essence of the quantum wavefunction. For example, for a spin ½ particle, the quantum
state of the particle is a sum over the spin up and spin down states, with each spin state weighted
with a probability factor that specifies the likelihood of measuring that particular spin state.
Quantum entanglement is inherent in this superposition of measurable states, and the quantum
wavefunction specifies the probabilities of measuring these properties of the quantum particle.



All measurable states arise as eigenstate solutions of the quantum wave equation, and the most
general wavefunction solution is a superposition of eigenstate solutions. The very idea of
quantization, as in quantized energy levels, requires some sort of periodic boundary conditions
that constrain these eigenstate solutions. For example, the quantized energy levels of the electron
in the hydrogen atom require the periodic boundary conditions of periodic orbits, where in effect
an integral number of wavelengths of the electron wavefunction must fit into an electron orbital.
At the level of first quantization, the Schrodinger equation or the Dirac equation gives a perfectly
good description of the electron as a quantum particle, and Maxwell's equations gives a perfectly
good description of the photon as a quantum particle, but to fully characterize the quantized
interactions of the electron with the photon requires a second quantization procedure.

The problem is, to fully treat the electromagnetic field as a quantum particle called the photon,
and to fully characterize its quantized interactions with other quantum particles like the electron,
we have to perform a second quantization procedure. This is only possible if the photon and
electron propagate through some fixed background space-time geometry, like flat Minkowski
space. Even this second quantization procedure has a limited range of validity since Maxwell's
equations for the photon and the Dirac equation for the electron only have the validity of a
thermodynamic equation of state. It's only valid to consider small quantum fluctuations around
thermal equilibrium or the vacuum state. Even this second quantization procedure is not valid for
gravity. The graviton cannot be understood as a quantum particle that propagates through some
fixed background space-time geometry since gravity must inherently give a representation of the
dynamical curvature of space-time geometry. It only makes sense to understand gravity at the
level of first quantization, which essentially is a thermodynamic equation of state.

It's an interesting exercise to review how quantization occurs in conventional particle physics
and how the holographic principle totally reverses this conventional quantization procedure. In
conventional particle physics, we start with the idea of a point particle located at some position x
at some time t in some fixed background space-time geometry and characterize the motion of
that particle in terms of a particle trajectory through that space-time geometry as x=x(t). In the
sense of classical Newtonian physics, this particle motion is characterized by an action principle,
where action is given in terms of kinetic and potential energy as S=∫dt(KE−PE). The quantum
state of the particle is then a sum over all possible paths through the space-time geometry, where
each path or trajectory is weighted with the probability factor P=exp(iS/ħ). This quantum state is
equivalent to a quantum wave-function that obeys a quantum wave equation. For classical
Newtonian physics, this wave equation is the Schrodinger equation. The classical laws of motion
are recovered in terms of the path of least action, which is like the path that measures the shortest
possible distance between two points in a curved space-time geometry. This shortest possible
distance between two points in a curved space-time geometry is the path of least action, which in
relativity theory is understood in the sense of maximizing the proper-time interval. Relativity
theory tells us the only invariant measure of distance in a curved space-time geometry is the
proper-time interval, which measures distance along some path through the space-time geometry.



Proper-time Measured Along some Path Through a Curved Space-time Geometry

The proper-time interval, τ=∫ds, is defined in terms of the space-time metric, which measures the
curvature of a space-time geometry. In the language of relativity theory, ds2=gμνdxμdxν. The
integral is along a path through the space-time geometry. For the Schwarzschild metric, which is
the metric for a space-time geometry with a mass M at the center of that space-time geometry,
the metric is defined in terms of the Schwarzschild radius.

Proper-time for the Schwarzschild Metric

Schwarzschild Radius

The Schwarzschild metric is the solution of Einstein's field equations for the space-time metric
when a single mass M is located at the center of that space-time geometry.



Einstein's Field Equations for the Space-time Metric

Schwarzschild Metric

The proper-time for a point particle of mass m located at position (x,y,z,t) that moves along some
path is given in terms of the space-time metric as τ=∫ds, where ds2=gμνdxμdxν. If we turn off the
force of gravity, this takes the form ds2=(dt)2−[(dx)2+(dy)2+(dz)2]/c2. Since the particle's velocity
can be written as v2=(dx/dt)2+(dy/dt)2+(dz/dt)2, this can be rewritten as ds2=(dt)2(1−v2/c2), which
demonstrates the connection of proper time to time dilation.

The classical action, S=∫dt(KE−PE), for a point particle of mass m that moves in the gravitational
field generated by the central mass M can always be formulated in terms of a proper-time
interval as S=∫dt(KE−PE)=−mc2τ=−mc2∫ds. In the non-relativistic limit, this particle action takes
the form of S=∫dt(½mv2−(mc2−GmM/r)) written in terms of the radial distance, r, of the point



particle from the central mass M and the velocity, v, of the point particle. This allows us to
identify the kinetic energy of the point particle in the non-relativistic limit as KE=½mv2, and the
potential energy as PE=mc2−GmM/r, which includes the mass energy of the particle. The
classical equations of motion of the particle are determined in terms of the path of least action,
which is the result of maximizing the proper-time, and results in Newton's laws of motion as
F=ma, where a is the acceleration of the particle and the gravitational force exerted on the
particle is F=GmM/r2. This example demonstrates how Einstein understood classical physics in
terms of relativity theory. The classical action of a point particle is the proper-time measured
along some path through a curved space-time geometry, and the path of least action determines
the classical equations of motion of the particle as a result of maximizing the proper-time, which
is the only invariant measure of distance in a curved space-time geometry.

When quantum theory is invoked, we're instructed to sum over all possible paths through the
space-time geometry, and to weight each path with a probability factor P=exp(iS/ħ) that depends
on the classical action. At the level of particle physics, quantum theory is the natural extension of
relativity theory if we allow point particles to follow any possible path through the space-time
geometry and assign a quantum probability to that possible motion.

Quantum State of Potentiality as the Sum over all Possible Paths

This sum over all paths is the first quantization procedure. The quantum state generated by the
sum over all paths is equivalent to the quantum wave-function, ψ(x,t). The probability factor,
P=exp(iS/ħ), plays the role of the wave-function in this sum in the sense of a superposition over
eigenstate solutions, since Euler's formula, exp(iθ)=cosθ+isinθ, tells us that the probability factor
is representing wave motion. For classical Newtonian motion, this quantum wave-function obeys
the Schrodinger equation. The second quantization procedure is to sum over all possible
configurations of the quantum wave-function, ψ(x,t), where each possible configuration of the
wave-function is weighted with the same kind of probability factor P=exp(iS/ħ), but instead we
use the action that corresponds to the wave-function. The quantum wave equation arises from an



action principle in the same way classical equations of motion arise from an action principle, by
minimizing the action written in terms of the wave-function. This sum over all possible
configurations of the wave-function is the second quantization procedure. Feynman diagrams
arise from this sum in the sense of perturbation theory by expanding this sum in terms of some
coupling constant, like the charge of the electron.

In quantum electrodynamics, the Schrodinger equation is replaced by the Dirac equation, which
is the wave equation for the electron, and Maxwell's equations are used as the wave equation for
the photon. The action for quantum electrodynamics is written in terms of the Dirac and Maxwell
wavefunctions, and the second quantization procedure is to sum over all configurations of these
wavefunctions. This sum generates the idea of the photon and electron as point particles that
propagate through space-time and interact with each other through the electromagnetic force.
The problem is, the gravitational force cannot be understood in the same way, since it makes no
sense to think of the graviton as a point particle that propagates through some fixed background
space-time geometry when gravity must give a representation of the dynamical curvature of
space-time geometry. The holographic principle is the only known way to solve this problem.

The holographic principle totally reverses this idea of quantization. Instead, we start with the
idea of qubits of information encoded on a holographic screen, which can always be understood
as an event horizon that arises in an observer's accelerated frame of reference. The holographic
principle demonstrates how Einstein's field equations for the space-time metric arise from the
way qubits of information are encoded on that holographic screen as thermodynamic equations
of state. The space-time metric is the wavefunction for gravity in the sense of first quantization
and Einstein's field equations are the quantum wave equation, but it makes no sense to perform a
second quantization procedure on the gravitational field. It does make sense to perform a second
quantization procedure on the electromagnetic field that arises from the gravitational field with
the usual unification mechanisms of super-symmetry and extra compactified dimensions of
space, but only with a limited range of validity that is constrained in terms of how all quantum
fields arise as thermodynamic equations of state. Second quantization is only valid for small
quantum fluctuations around thermal equilibrium or the vacuum state.

This radical transformation in our understanding of quantum theory that most physicists have not
fully appreciated reflects that the laws of physics as represented by Einstein's field equations for
the space-time metric and all quantum field theories that give a representation of particle physics
are not really fundamental. At best, field theories can only give a thermal average description of
what appears to happen in some bounded region of space. The more fundamental description of
what appears to happen in that bounded region of space is given in terms of how qubits of
information are encoded on the bounding surface of that space and the energy inherent in the
observer's accelerated frame of reference that gives rise to that bounding surface as an event
horizon. In some sense, what appears to happen in that bounded region of space over the course
of time is like the animated images of a computer-generated virtual reality projected from a



computer screen to the point of view of an observer, and the laws of physics that govern what
appears to happen in that bounded region of space are like the operating system of the computer.

In some sense, the observable physical reality the observer observes is unreal, like the projected
and animated images of a computer-generated virtual reality. The existence of the observer is
more real than whatever appears to exist in the physical reality the observer observes. One of the
reasons physicists have not fully appreciated what the holographic principle is telling us is due to
their resistance to consider this interpretation of the holographic principle, but this interpretation
is a perfectly sound and logically consistent interpretation. It may be the only logically consistent
interpretation. This interpretation tells us that only the consciousness of the observer is really
real, which may be why there is so much resistance to considering this interpretation of the
holographic principle. Physicists seem to be unwilling to contemplate the possibility that the
reality of their consciousness may be more real than the physical reality that they observe.

How Theoretical Physicists Construct their Theories Redux

When theoretical physicists construct their theories about the world, they invoke the same kind
of geometric mechanisms that the void has to invoke when it creates a holographic world. The
consciousness present for a theoretical physicist, which is the consciousness of the void, can see
how these geometric mechanisms lead to the creation of the world. In effect, the void is creating
that holographic world so that it can mimic that process of creation at the level of a virtual
reality. The void is creating a virtual reality so that within that virtual reality it can mimic the
process of creation that it had to invoke in the first place to create that virtual reality. In other
words, when theoretical physicists construct their theories about the world, the void is playing a
virtual game that mimics how it created that virtual reality in the first place.

Maybe that's what Einstein meant when he expressed his desire to know the mind of God, except
in a derivative sort of way, it seems as though at the ultimate ground state level of the void,
which can also be called the ground of being, the void wants to know its own mind when it
creates a holographic world within which it can recapitulate the process of creation. Weird.

When the word invoke is used, as in the void invokes geometric mechanisms when it creates a
holographic world, invoke is used in the sense of to conjure, as in to conjure something in a
magic trick. The whole thing, in the sense of the creation of everything in physical reality from
the void, is a magic trick. Not only are all things created when a holographic world is created,
but even the space-time geometry of that world is created. As every good magician knows, the
whole magic trick is based on nothing more than illusion. The void is the ultimate magician.

The connection between the observer and its observable physical reality is the connection
between consciousness and modern theoretical physics. All the confusion in modern physics at
the level of both relativity theory and quantum theory is about the nature of consciousness or the
observer, which physicists mostly want to ignore or sweep under the rug, as they only focus their
attention on their theories of what's being observed, which is the nature of physical reality, and



not on the true nature of the observing consciousness. This connection between the observer and
its observable physical reality is only possible to understand in a theory of quantum gravity when
the relativistic observer is unified with the quantum observer, but that unification tells us that the
physical reality of the world we observe is a holographic world defined on a holographic screen,
like a movie we're watching or a virtual reality game we're playing. That observable physical
reality is only a holographic illusion, and really is no reality at all. If you really want to discover
the true nature of reality, you have to look into the source of consciousness, which is the void.
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