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Article

The Planck Computer Is the Quantum Gravity
Computer We Live Inside a Gigantic Computer, the
Hubble Sphere God Computer?

Espen Gaarder Haug

Norwegian University of Life Sciences, Norway; e-mail espenhaug@mac.com

Abstract: Recent developments in the quantization of general relativity theory provide a new perspective on
matter and even the whole universe. Already in 1922, Eddington suggested that a future quantum gravity
theory had to be linked to the Planck length. This is today the main view among many working with quantum
gravity. Recently, it has been demonstrated how the Planck length, the Planck time can be extracted from gravity
observations with no knowledge of G, 1 or even c. Rooted in this, both general relativity theory and multiple
other gravity theories can be quantized and linked to the Planck scale. A revelation from this is that matter seems
to be ticking at the reduced Compton frequency, where each tick can be seen as one bit, and one bit corresponds
to a Planck mass event. This new way of looking at gravity also can tell us considerably about what quantum
gravity computers are and what they potentially can do. We will claim that all quantum gravity and quantum
gravity computers are directly linked to the Planck scale and the Compton frequency in matter, something we
will discuss in this paper. Quantum gravity computers, we will see, in many ways are nature’s own designed
computers with enormous capacity to 3D “print" real time. Basically, we live inside a gigantic quantum gravity
computer known as the Hubble sphere, and we even are quantum gravity computers. The observable universe is

basically a quantum gravity computer that calculates approximately 10'% bits per second (bps).

Keywords: quantum gravity; quantum gravity computers; quantization of gravity

1. Background

There is lots of research published on quantum computers, and many firms are into developing
quantum computers, there are however little written about quantum gravity computers. A quantum
gravity computer (QGC) would be a computer where quantum gravity also plays a role or according
to for example Hardy [1]:

“A quantum gravity computer is one for which the particular effects of quantum gravity are relevant.”.

There exist quantum gravity theories, such as loop quantum gravity theory (LQG) and superstring
theory. However, none of these theories has been able to unify gravity with quantum mechanics in
a way that makes their theory testable or widely accepted. To have hope to develop or understand
quantum gravity computers, we basically need a quantum gravity theory. In this paper, we will rely
on a new type of quantum gravity theory rooted in general relativity theory to look into quantum
gravity computers.

It was Max Planck [2,3] who, in 1899, assumed there were three important universal constants:
the Newtonian gravitational constant G, the Planck constant /1, and the speed of light. Based on these

constants and dimensional analysis, he derived unique units: length [, = %, time t, = %, mass

mp = \/%z, and temperature T), = é %, today known as the Planck units. However, Max Planck
had no clear meaning for what these units represented in the physical world, if anything.

Einstein [4] was already suggesting in 1916 that the next step in gravity theory should be a
quantum gravity theory, or in his own words:

Because of the intra-atomic movement of electrons, the atom must radiate not only electromagnetic
but also gravitational energy, if only in minute amounts. Since, in reality, this cannot be the case in
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nature, then it appears that the quantum theory must modify not only Maxwell’s electrodynamics but
also the new theory of gravitation. —A. Einstein

Einstein worked much of his later years in the hope of coming up with such a unified quantum
gravity theory, but without much success. Eddington [5] in 1918 was likely the first to suggest that the
Planck length would likely play a central role in quantum gravity theory. However, this was far from
obvious. Bridgman [6], who received the Nobel Prize in Physics, thought of the Planck units more as
mathematical artifacts emerging from derivations, rather than something that likely could have some
physical meaning.

Today, most physicists working on trying to unify gravity with quantum mechanics think the
Planck scale will play an important role in the ultimate unified quantum gravity theory (see [7-9]),
but there is no consensus on how. Despite the lack of consensus, we will base our arguments here on
recent progress that has been published along one line of quantum gravity theory.

Cahill [10,11] in 1984 suggested that the Newtonian gravitational constant could be expressed as

G= % However, already in 1987, Cohen [12] pointed out that this leads to a circular argument if one
Z
does not know how to find the Planck units independent of G. Recently, it has been demonstrated that

one can find the Planck units, such as the Planck length, the Planck time, and the Planck mass, without
any knowledge of G (see [13-15]). The ability to directly find the Planck units without any knowledge

of G means that we indeed can express the gravitational constant in terms of Planck units, for example

12c3

as G = %, and rewrite a series of gravity equations (see [15]). However first one must also understand
that all kilogram masses can be expressed by solving the Compton wavelength formula: A = mi, with

c
respect to mass witch give:
Il

"R

Note that this is not a physical Compton wavelength but an aggregate of all the Compton

wavelengths of the fundamental particles in our universe, including energy when converted into mass
equivalents. The aggregation of individual Compton wavelengths is (see [14]).

)

Ay=—— 2
S @

This formula is fully consistent with, for example, the standard mass aggregation formula:

m:m1+m2+m3+~'—|—mn+%i%i%ﬂ:‘--i%\] 3)

This formula applies to both bound and unbound masses, treating any form of energy as mass
equivalent. For atoms with multiple protons and neutrons, there is a correction for binding energy, as
discussed in [16]. Binding energy can be treated as mass equivalent because of Einstein’s equation
E = mc?. However, even if we ignore binding energy, our calculations have less than 1% error, so it
is not critically important here. We can easily take it accurately into account if we wish under this
method.

Some will protest here and claim it is the de Broglie [17,18] wavelength that is the matter wave-
length and not the Compton wavelength. We believe this is one of the biggest mistakes made in
physics, something that we have discussed in detail in [19]. There is nothing wrong with the de Broglie
wavelength, but from our perspective, it is a pure mathematical derivative of the Compton wavelength,
and the domain validity of the de Broglie wavelength is not as complete as the domain validity of the
Compton wavelength. This means models relying on the de Broglie wavelength will not be able to
properly account for gravity, but this is outside the scope of this paper and is discussed in detail in the
paper we just referred to. So here we ask the reader, at least for a moment, to accept these premises
and focus on how this leads to an understanding of quantum gravity computers.
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By simply replacing the gravity constant G with G = % and kilogram masses with m =
can quantize general relativity theory as we will shortly go through in the next section.

2. Quantized General Relativity Theory Linked to the Planck Scale

Haug [20-22] has recently published a quantized version of general relativity where Einstein’s
field equation is rewritten as
1 87rlrz,
Ryv - Engv = WT]JV- 4)

The Schwarzschild solution now is given by:

20, 1 21, I, \ 7
ds? = —(1-=P 2 )2ar— (1- =22 ) dr ++24Q02, (5)
r Apm r Am
where d0? = (d6? + sin? 8d¢?) and A is the reduced Compton wavelength of the mass M. The term
;—”M simply represents the reduced Compton frequency in the gravitational object per Planck time. The
reduced Compton frequency per second is naturally f = ﬁ, and therefore the reduced Compton
frequency per Planck time is f = ﬁtp = ;f—;[ The metric Eq. (5) yields identical results to the standard

Schwarzschild metric:

-1
i = —(1-2%M c2dr? + - 26M dr? + r2d02.
c2r rc2

However, the new metric (Eq. (5)) is quantized and also linked to the Planck scale. Other solutions
to Einstein’s field equation can also be quantized in a similar manner. For example, the extremal
Reissner-Nordstrom [23,24] metric can be expressed in such a quantized form as follows:

2 2212 2 2272\ 1
ds> = —(1—?4+(;21\;I>c2dt2+(1—c]2w+(;2]\3> dr® + r2dQ?
cer r=c rc r<c
o, 1, 1P 2, 1, B2\
i = —(1-F L+ P a4+ (1-2 2+ PP a4 2002 6
s < ”)‘M+"2/\%v1 c + ”/\M+72/\%\4 r+r (6)

Also, the recent Haug-Spavieri [25] exact solution to Einstein’s field equation, when the charge is
set to zero, is identical to the metric above.

It should be noted that these quantized forms of writing general relativity theory do not alter
any gravitational predictions, but they provide deeper insights into how gravity and matter likely
operate. The quantization of matter arises because matter oscillates at a reduced Compton frequency.
The reduced Compton time interval is given by t, = )‘?M, and at the end of each Compton time interval,
there is a Planck mass event, which lasts only for the Planck time.

This approach should not be directly compared to standard quantum mechanics; it leads to a
modified quantum mechanical theory. Standard quantum mechanics typically deals with quantum
probabilities at the atomic and subatomic scales. In quantum gravity theory, while probabilities exist,
they are of a different nature compared to those in standard quantum mechanics. Both Einstein and
de Broglie were critical of the interpretation and application of quantum probabilities in standard
quantum mechanics. Their concern was not with probabilities per se, but with the particular nebulous
nature of probabilities in standard quantum mechanics, as articulated by de Broglie himself:

We have to come back to a theory that will be way less profoundly probabilistic. It will introduce
probabilities, a bit like it used to be the case for the kinetic theory of gases if you want, but not to an
extent that forces us to believe that there is no causality. — Louis de Broglie, 1967
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Also, in this new quantum form of general relativity, probabilities exist. The Planck mass has

a reduced Compton wavelength equal to the Planck length: A = mipc = I,. The reduced Compton
frequency for the Planck mass per Planck time is therefore f = ;l = 5—5 = 1. For any mass smaller than
P

the Planck mass, the frequency is less than one. Since events cannot be observed with a frequency less
than one, this can be interpreted as a probability of frequency for masses smaller than the Planck mass.
In other words, there is a probability of being in a special state that we refer to as the Planck mass state
within a given observational time window of a Planck time. We will not delve into how this could
possibly be unified with standard quantum mechanics here, as that is beyond the scope of this article.
What is important to understand here is that general relativity theory can be quantized in this manner.
The quantization is directly linked to the reduced Compton frequency in matter. This quantum gravity
will be deterministic for masses equal to or significantly larger than the Planck mass, while it will
exhibit quantum probabilistic effects for masses considerably smaller than the Planck mass.

3. The Planck Computer Is the One (Planck) Bit Computer
The reduced Compton frequency from a Planck mass is given by
o= 15 = 1.85 x 108 bps 7)
p

If the shortest time interval is the Planck time then the Planck mass frequency per Planck time is

~

¢

C
fr tngjzlbpp 8)

! 14
The Planck mass represents in our model a photon-photon collision lasting the Planck time. Each
such Planck mass event can be considered equivalent to one bit. Additionally, as demonstrated in the
previous section, the Planck scale is intricately related to gravity.

In the shortest time interval, which is the Planck time, the smallest reduced Compton frequency
above zero that can be observed is one. This hypothetical Planck mass particle plays a central role in
gravity and what we define as a quantum gravity computer.

The Planck computer is essentially a single Planck mass computer, capable of calculating one bit
per Planck time. In one second, this amounts to an enormous quantity of bits, specifically approximately
1.85 x 10* bits per second (bps).

In a one kg mass (of any type), we have a reduced Compton frequency per second of:

fikg = f ~ 852 x 109 bps )

kg
This is the number of Planck mass events in one kilogram per second. Each of these photon-
photon collisions can be considered a count or a bit, and the reduced Compton frequency in matter
sets the upper limit on what a one kilogram quantum gravity computer’s capacity, and indeed any
computer. The number of bites (photon-photon collisions) in the Planck time in one kilogram is :

c
fikg = Tkgt,, ~ 45,994,327 bpp (10)

4. We Live Inside a Gigantic Hubble Sphere Quantum Gravity Computer (HSQGC)

Vopson [26] recently estimated that there are 6 x 10% bits of information stored in all the matter
particles of the observable universe, based on the number of particles in the observable universe and
theoretical assumptions about the information capacity of each particle. This estimate closely relates to
what is known as the Eddington number. Lloyd [27] calculated a similar information capacity for the
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universe, estimating it to be about 10% bits. Lloyd also proposed a limit of (%‘j) ’ ~ 10?0 operations
that could be performed throughout the entire lifetime of the universe.

Our new quantized theory of general relativity and gravity provides interesting insights here as
well, but it offers predictions that appear quite different from those of Vopson and Lloyd, albeit based
on fundamentally different principles. We base everything on the reduced Compton frequency in the
universe.

Starting with the critical Friedmann equation:

m3 = 870 (11)

3
where Hy is the Hubble parameter, p is the mass density of the Hubble sphere, and G is the Newtonian
gravitational constant. Solving this equation for mass gives us the well-known critical Friedmann

mass of the universe:

3

~ 2GH,
where H is the Hubble constant, with a value of Hy = 66.87 (km/s)/Mpc, as reported by Tatum et

al. [28], but also other Hj studies can naturally be used (for example [29-32]) with relatively little
difference in value for the purpose here. However we have choosen to use the value from the Tatum et.

M, ~9.29 x 10™ kg (12)

al study as it has an increadible low uncertanity in its value due to new and deeper understanding in
relation between CMB and the Hubble constant, see also [21]. This mass equivalent can represent both
energy and mass due to their equivalence E = mc?; thus, we do not distinguish between energy and
mass here. This implies that the reduced Compton wavelength of the critical Friedmann universe is:

h 2hGH,

M,c ct

Ao = ~ 3.7845 x 1077 m (13)
when using a Hubble constant of Hy = 66.87 (km/s)/Mpc.

Even though the reduced Compton wavelength of the universe is not a physical Compton
wavelength, it can still be used to calculate the correct number of Planck bits in the universe, which are
physical.

Therefore, the reduced Compton frequency per second in the critical Friedmann universe is given
by:

c c o

Xe = 2GHh

cC

fe= ~ 7.92 x 10'% frequency per second. (14)

This represents the number of bits the universe needs to compute per second to sustain itself.
Alternatively, it represents the number of these Planck mass events per second in the universe, where
each Planck mass event corresponds to one bit. However, the second is an arbitrary unit of time. In
contrast, the Planck time is, in our view, the shortest possible physical time. If we calculate the reduced
Compton frequency in the critical Friedmann universe per Planck time, we get:

4

fe= /_\ictp = A:C;tp = 2(C§Pl£)h ~ 4.28 x 10 frequency per Planck time. (15)
This is the number of bits that need to be calculated per Planck time in the critical Friedmann universe
to sustain its state. Interestingly, this also represents the information capacity; 4.28 x 10° bits are
stored in the universe over the Planck time. We could also refer to this as the computation speed off
the universe.

In the A-CDM model, where the Friedmann equations serve as foundational principles, the
amount of energy and mass is considerably higher than in the critical Friedmann model.
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In the extremal universe [33], derived from the Reissner-Nordstrom extremal solution to Einstein’s
field equations, the universe’s mass is given by:

3

Muzcil—lo

(16)
This mass is twice the critical mass in the Friedmann model. However, a factor of 2 does not significantly

alter the discussion here. This means the reduced Compton wavelength of the extremal universe is:

n nGH,
M,c 4

Ay = ~198x107%m (17)

The Compton frequency of the extremal universe can also be expressed as

C 62 C5
= —-——= — = 1
fu N n GHyh (18)
“ in

and since Ggoh = Ay then this is simply the speed of light divided by the reduced Compton wavelength

of the equivalent universe mass, that is:

fu= /_\i ~ 1.58 x 10'™ Planck bits per second (19)

u

when using a Hubbe constant of 66.87 (km /s)/Mpc. Further the number of bits per Planck time is:

l
£ ~ 816 x 109 bpp. (20)
Au
The energy per second needed to maintain the universe is therefore in the extremal universe
about :
c 70
h/_\— ~ 1.67 x 10"" Joules. (21)

u

E

and in the critical Friedmann universe about:

B

E = h=— ~ 8.35 x 10% Joules. (22)

. . 70
Converted to mass, this is C% ~ %

universe is alive; it continuously utilizes and reuses all its energy. The universe is a perpetual motion
machine, adhering to the conservation of energy principle.

Returning to the interpretation of the universe as a computer: All objects in the universe are
constantly being updated in a 3D computational framework, akin to 3D printing as an analogy, or
we could say 4D as the updating process clearly also involves time. Time emerges from change, as
objects are continuously updated. We are indeed living inside quantum gravity computers, and we
ourselves are quantum gravity computers, just like all other objects. For example, a person weighing
80 kilograms requires the following computations per second:

~ 1.86 x 10 kilograms. This essentially means the

Fiokg = ——— ~ 6.82 x 107 bps 23)
80 kgxc

This represents an enormously powerful computer. We are quantum gravity computers within a
quantum gravity computer — all integral parts of the vast computer known as the observable universe.
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5. Thermodynamics Calculations Give the Same End Results

Haug [21] has recently demonstrated that the reduced Planck frequency per Planck time in the
Hubble sphere simply is given by:

! T2
L = CHB (24)
¢ Haw

where Tcpp is the measured (or predicted) Cosmic Microwave Bacground temperature (CMB) in the
universe and Ty, is the Hawking [34,35] radiation temperature of the Hubble sphere in a black hole
universe. The Hawking radiation temperature is given by:

hic

= ~132x107¥K 2
TR, 32 x 10 (25)

THaw

where R;, = HLO is the Hubble radius. The CMB temperature is measured very accurately by

Dahl et. al [36] to 2.725007 = 0.000024 K, see also [37-39]. This gives a predicted reduced Compton
frequency in the Hubble sphere of:

IT - Tewp ~ 4.28 x 10 bpp (26)
A TI%Iaw ‘

Haug [40] has recently shown that in the critical Friedmann universe, the reduced Compton
frequency per second can also be described as:

! 2 kz16m
= /\pc = TCH#% ~ 4.28 x 10% frequency per Planck time (bpp). (27)
0

2
This matches the result we obtained in the previous section and derived simply as % = T%MB

Haw

6. How Many Calculations in the Time of the Universe

This will depend on the universe model. Here we will only perform such calculations for the
so-called R; = ct black hole cosmological models. The idea that our universe, the Hubble sphere,
could be a black hole dates back at least to a paper by Pathria [41] published in 1972. Even though
much less popular than the A-CDM model, a black hole universe is actively discussed to this day; see,
for example, [42—47]. Furthermore, the R; = cf principle in cosmology appears to be favored in terms
of many observations compared to the A-CDM model, see [48]. All we can say at this stage is that
further investigation into a series of cosmological models should be preferred before making hasty
conclusions.

In such a model the universe start out with a Planck mass black hole and grow into the critical
Friedmann mass or alternative into a extremal black hole and by this twice the mass of the critical
Friedmann mass. This means the number of operations (bits) since the beginning of the universe in the
critical Friedmann Rj, = ct universe is given by the arithmetic sequence of Planck mass events from
the beginning of the universe to now, which must be:

Iy c,
1+n l p 1+ A C4lp 1+ 2GHyh
#ops =n < 5 ) =

T A\ 2 ~ 2GHoh 2

~9.14 x 10'% (28)

This is very close to the 10'?° predicted by Lloyd [27] for a matter-dominated universe at its critical
density. This is better understood if we re-write our equation (28) to:

il ty o ()
pops — Sl (1t cmn ) _ % () ~ B 014w 100
2GHoh 2 2 8z
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In the extremal universe we get the following number of bits operations since the beginning of
the Rj, = ct universe:

4]
1+ 4] 1_|_C7P
#ops:n(1+n> :_C< A“) €y CHol 1~ 3.65 x 10121 (29)

2 A\ 2 )T GHyn 2

which is also not far from what has been predicted by Loyd. Equation (29) can be re-written as:

4
4 cly tn (m)
#ops = ¢y (1% G =2 M ~ e ~ 3.65 x 10121
2GHoh 2 2 25 7

and Loyd in a matter dominated universe based on critical density predicted the number of operations
to be =~ ;72 ~ 10'20. We see our approach based on reduced Compton frequency in a R;, = ct universe
leads to gbout the same numbers of operations since the beginning of the universe, this is no big
surprise since in particular our critical Friedmann R; = ct universe indeed is also rooted in the
Friedemann equation.

The Bekenstein-Hawking [49,50] entropy of a black hole Hubble sphere is given by:

A 4m?  nr?

SBH = 77 = 2 25 (30)
415 413 15
This can be re-written as’
472
SpH = 5
413
47‘[4/%
S = 2
14
12
Sgy = n4}_T”2 (31)
c
- 2
We can further take advantage of that Hy = % and that ty = HLO = %, see [51]. This means we
p (
have: , s -
t 122 p 120
#ops = -H = 2 — T~ 914 %10 (32)
ST R
C

This means we can also approximate the numbers of operations in the critical universe since its
beginning of the universe as:

SpH 120
#ops ~ B2 ~ 914 x 10 33
ops 87 X (33)
So we have have: ; A \ l% , lf, ) t%{ 21
= = = g -

7. Summary on the Hubble Quantum Computer

It appears that the Hubble sphere can be modeled as a quantum computer, where one bit cor-
responds to a Planck mass event lasting the Planck time. This implies that we inhabit an immense

1 Some times the black hole entropy is written with the Boltzman constant in the front otherwise not, to add the Boltzman
constant is trivial.
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quantum gravity computer. If this computer were created by an entity beyond our current understand-
ing, it could even be termed the God Computer. Alternatively, from a pantheistic perspective, where
the universe and God are seen as one, we reside within the God quantum computer. Regardless of the
philosophical interpretation, it is remarkable to consider the enormous computational power required
to operate the Hubble sphere, updating approximately 10! bits per second. Unlike conventional
computers, no additional energy is consumed for these computations, as energy conservation remains
a fundamental principle in physics and the universe.

Table 1 summarizes our primary findings regarding the Hubble sphere quantum computer.
Depending on whether we base our calculations on the critical Friedmann mass or the extremal
solution of the Reissner-Nordstrom solution, we arrive at a computational capacity of 7.92 x 10'% bps
or 1.58 x 10'% bps. Other cosmological models, when quantized based on reduced Compton frequency,
are expected to yield results close to these figures. To our knowledge, this framework represents the
first consistent approach to a quantized version of general relativity theory incorporating the Planck
scale, and it can be unified with slightly modified quantum mechanics.

Table 1. The table shows the quantum computer asspects of the Hubble sphere in the Critical Friedmann
universe as well as in the extremal universe. The calculated values are based on a Hubble constant of
Hy = 66.87 (km/s)/Mpc.

Property at present Critical Friedmann universe Extremal universe:
Bits per second (bps) fe= LC 2GH 5 A2 7.92 % 10103 fu= % G
Bits per Planck time (bpp) b= e~ 428 % 100 £=5 H’ -~ 8.58 x 1000
Bits per Planck time (bpp) ij - T;ZM "b}‘f” ~ 4.28 x 1090 i*" - THﬂgB kii ~ 856 x 109
Bits per Planck time (bpp) 2= % ~ 4.28 x 1090 2= 2% ~ 8.56 x 109
Operations since beginning of R, = ct universe  #ops = { <1+2i> ~9.14 % 10" #ops = <1+2i> ~ 3.66 x 10121
Operations since beginning of R;, = cf universe #ops ~ % ~9.14 x 10120 #ops ~ % 3.66 x 10121
Operations since beginning of R;, = ct universe #ops ~ 58%? 9.14 x 1020 #ops ~ Sz”i 3.66 x 1011

8. Conclusion

The universe is a colossal quantum gravity computer. The Hubble sphere requires approximately
Joules per second to update itself and performs 10'%* bits of calculations per second. Further the
numbers of operations since the beginning of the universe is about 10'2° which correspond closely to
what other researchers have found based on reasoning from a somewhat different angle. This support
that the reduced Compton frequency in matter is the quantization of gravity. In essence, we are living
inside an immense computer — we are quantum gravity computers. Our ultimate goal should be
to master this computer comprehensively. This could not only provide us with extremely powerful
computers but potentially provide us with virtually unlimited clean energy for practical purposes.

070
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