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Abstract

The goal of this research is to explore the effects of black hole singularities.
Methodology is to start with large objects like galaxies and continue to small-
er objects within our solar neighbourhood. High-redshift observations from
the James Webb Space Telescope reveal that distant galaxies and their central
black holes formed shortly after the Big Bang. An innovation about the speed
of light explains how supermassive black holes could have formed primor-
dially. Predictions of Hawking radiation include the possibility of black holes
contributing to the energy of stars such as the Sun. Black holes have also been
suggested as a source of radiation and magnetic fields in giant planets. Obser-
vations of Enceladus raise the possibility that this moon and other objects near
Saturn’s Rings contain small singularities. Extrapolations of this methodology
indicate that black holes could exist within solar system bodies including pla-
nets. Extended discussion describes how their presence could explain myste-
ries of internal heat, planetary magnetic fields, and processes of solar system
formation.

Keywords

Black Holes, Galaxies, Magnetic Fields, Planets, Planetary Formation, Speed
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1. Introduction

Black holes, or singularities, are among the most fascinating results of gravity. In
their simplest form, proposed by John Michell in 1783, black holes are concen-
trations of mass, so dense that their escape velocity exceeds the speed of light. As
singularities, they behave as point masses. They are part of the structure of galaxies

and possibly smaller objects.
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A black hole event horizon has the well-known Schwarzschild radius R:

2
R=25N M
C

where G'is the gravitational constant, m is black hole mass, and cis the speed of
light.

Galaxies such as our Milky Way contain at their centres supermassive black
holes. SgrA, the black hole in our galaxy, has an estimated 4 million solar masses.
Images from the James Webb Space Telescope show that distant galaxies and their
central black holes formed primordially, shortly after the Big Bang. The super-
massive black hole in the Phoenix cluster of galaxies is estimated to have a mass
of 100 billion solar masses [1] beyond the theoretical upper limit for accreting
black holes [2].

Hawking concluded that black holes are not truly black, but radiate energy with
high efficiency, and suggested that a singularity inside the Sun could contribute to
its energy output [3]. Over time, small black holes could evaporate due to loss of
mass [4]. Recent computer simulations show that a black hole of proper size
could exist within the Sun without evaporating [5].

Black holes are observed to create magnetic fields. Radiation creates jets shoot-
ing out the north and south poles, following magnetic field lines. Jets from su-
permassive black holes have been observed coming from radio galaxies, qua-
sars and within galaxy clusters [6]. Similar jets have been observed from Her-
big-Haro objects, evidence that these embryonic stars have formed around black
holes.

In addition to the problem of supermassive black holes, many issues remain
about our solar system. Earth, other planetary bodies, and even some moons
produce large amounts of internal heat. Some planets and moons generate in-
ternal magnetic fields. The formation of the solar system, its planets and moons,

may be addressed by considering primordial black hole singularities.

2. Internal Heat

Earth’s internal heat is source of wonder and mystery. Earth’s interior produces
energy estimated at 47 TW [7]. This heat powers volcanic eruptions, earthquakes,
and the slow movement of continents. It also provides energy for subsurface or-
ganisms and the formation of hydrocarbon fuels.

Speculations about the source of Earth’s internal heat have focused on radioac-
tive uranium, thorium, and potassium [8] though these elements do not easily
mix with Earth’s nickel-iron core. Uranium-238 and Thorium-232 have long
half-lives, but are thought to be very rare. Potassium 40, thought to be more com-
mon, has a half-life of 1.3 billion years. If K40 was part of Earth’s formation 4.5
Gyrago, 90% of it would be gone today.

Venus is a hot world where surface temperatures reach degrees 464 degrees C.
The temperature was thought to be caused by carbon dioxide in the Venusian

atmosphere, but CO, is also a product of volcanic action. The Venusian atmos-
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phere contains large amounts of sulphur, another indicator of vulcanism. Recent
spacecraft data proves that Venus is home to active volcanoes, indicating an in-
ternal source of heat.

Images from spacecraft show that Mars once had rivers oceans, and large
amounts of liquid water. Evidence from Martian meteorite ALH84001 indicates
that 3.5 Gyr ago, Mars was warm enough to harbor microbial life. Ancient vol-
canoes in Elysium, Olympus Mons, Tharsis Montes, and Alba Patera are proof
of past internal heat. Despite a warmer past, today Mars shows no signs of liquid
water or active vulcanism.

Jupiter has internal heat estimated at 4.8 x 10" MW, about 2.6 times as much
energy as the planet receives from the Sun, powering storms like the Great Red
Spot. Saturn has a “hot spot” centred at its South Pole, paradoxically the warm-
est region of the planet’s surface. Saturn produces 2.8 times as much energy as
the planet receives from the Sun, approximately 8.6 x 10" MW [9] [10]. Since
these gas giants are not thought to contain significant radioactive elements, Ju-

piter and Saturn’s internal heat has been a mystery.

3. Planetary Magnetic Fields

Earth, like the Sun and some planetary bodies, generates a bipolar magnetic field.
On Earth’s surface the field ranges from 25 - 65 uT. North and South magnetic
poles of Earth’s field are not aligned with the geographic poles, and migrate over
time. Geological evidence shows that Earth’s magnetic poles have flipped or
changed direction in the past.

The field at Earth’s outer core is calculated at 25 gauss [11]. Earth’s magnetic
field is thought to require a seed field to begin [12]. Theories of the field’s origin
revolve around a natural dynamo within the core. Why the enormous friction of
Earth’s core does not stop the dynamo is another puzzle.

Mercury was once thought to lack a magnetic field due to the planet’s small
size and slow rotation rate. In 1974 the Mariner 10 spacecraft found that Mer-
cury has a surface magnetic field approximately 1.1% as strong as Earth or 300
nT. Mercury rotates very slowly with a period of 59 days. Dynamo theory does
not explain the field of slowly rotating Mercury, or why larger Venus lacks a mag-
netic field.

Data from the Mars Global Surveyor and Mars Atmosphere and Volatile Evo-
lution (MAVEN) spacecraft show that Mars presently does not have a magnetic
field. Thermal remnant magnetization occurs when minerals cool below the Cu-
rie temperature while exposed to a magnetic field. TRM of carbonates in Mar-
tian meteorite ALH84001 shows that approximately 4 Gyr ago, Mars had a sur-
face magnetic field of ~50 uT, nearly as powerful as Earth’s field today [13]. Some
mechanism caused internal heat and a magnetic field in Mars’ past, but has eva-
porated today.

Giant planets Jupiter and Saturn have enormous magnetic fields spreading far

into space. Jupiter has an immense field stretching 7 million km toward the Sun
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and outward nearly to Saturn’s orbit. Equatorial field strength of Jupiter’s field is
417 pT, nearly 10 times that of Earth. Saturn has a magnetic field with field
strength at the equator 21 pT.

Saturn’s moon Enceladus has a bipolar magnetic field with the positive pole in
the South. The moon’s south pole is home to hot geysers erupting water vapour
into space [14] [15] [16] [17]. The warm waters within Enceladus are thought to
be a possible home to life. Internal heat and a magnetic field in Enceladus could

be signs that the moon formed around a black hole [18].

4. Formation

One mystery of Earth and solar system bodies is how they first formed. Philoso-
pher Immanuel Kant suggested that the solar system’s formation began with a
rotating cloud of dust and gas in space [19]. Mathematician Pierre Laplace theo-
rised that dust and gas condensed to form the Sun and planets [20]. James Clerk
Maxwell calculated that such a spinning cloud would form not planets but a ring
of small particles, like those surrounding Saturn. Observations of gas in space show
that it does not condense, but dissipates.

Despite Maxwell’s criticism, the nebular hypothesis of Kant and Laplace is the
foundation of planetary formation theories. Problems of the nebular hypothesis
have led to new models. Chamberlin and Moulton proposed that planets formed
by combining from smaller planetesimals [21]. Over time the tidal model of Jeans
[22], the protoplanet theory of McCrea [23] and the capture theory of Woolfson
[24] have been proposed but found incomplete.

Recent models suggest that dust grains within a gas cloud collide and stick
together, creating “pebbles” with diameter from 1 mm to 1 m [25] [26]. How-
ever, growth of “pebbles” would tend to stop at this mass [27]. Further growth
would require that pebbles somehow accumulate into 1 km and larger planete-
simals [28] [29] [30]. Formation of planets from pebbles is another mystery
[31].

New research involving silicon isotopes suggests that planets formed within
just 3 million years [32] [33] placing a severe constraint on theories. Observations
of other solar systems indicate that protoplanetary disks have lifetimes of only a
few million years [34]. Formation of even 1 km planetesimals is unlikely even in
a longer time period. A process is needed that can form planets in a short time

frame.

5. Black Hole Singularities

As an aside, I shed light on a novel solution to the problem of supermassive
black holes. Size of a black hole is limited by a “horizon distance”, related to the
speed of light. Primordial singularities were once thought to be tiny due to to-
day’s speed of light. If cin the early universe was much greater, black holes could
have formed in a variety of sizes, even to the supermassive.

The horizon distance ris given by:
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r=ct (2)

where cis speed of light, ¢is age of the universe.

The speed of light is also part of a very simple equation [35]:
GM =tc? (3)

where Gis the gravitational constant, A and fare mass and age of the universe.

By this equation, when #was small ¢ was extremely large, enabling formation
of black holes of great size. The speed of light also explains a problem of explod-
ing stars, the appearance of acceleration in the redshifts of Type Ia supernovae.
Variation in ¢ today is shown by comparing data from the Lunar Laser Ranging
Experiment with independent experiments [36]. Billions of supermassive black
holes are each a signal that the speed of light has changed [37].

A black hole can be described as having a surface area:

16nG°m’
=== @
c

A

Here, A is area of a spherical surface 4nR*.

A black hole is calculated to have entropy given by:

kc?
S= 5
4nG ©)
where kis the Stefann-Boltzmann constant, Sis entropy [38].
A black hole would then produce radiation with peak temperature given by:
h
T= K 6
2mke (©)
where T'is peak temperature, x is surface gravity [39].
The black hole’s surface gravity may be given by:
e Gm _ 4nGm @
R® A

where A is surface area, x is gravity at event horizon R.
Radiation temperature 7" would be inversely proportional to black hole mass
n:
T nc®  1.2x10% K-kg
8mkGm m

(8)

As an example, a black hole of mass m=10"kg radiates at temperature
T =12x10"K.

Black hole radiation has power P proportional to the inverse-square of mass:

4.8x10* W
P=f(t)——— 9)
(12220
where Pis radiated power, f (t) is a factor of order 1 [40].
The giant planets could be home to singularities. A black hole within Jupiter
would have mass of approximately 4 x 10" kg producing 4.8 x 10"' MW energy.

Saturn’s central black hole would have mass of 7 x 10" kg and would generate
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approximately 8.6 x 10" MW [41]. They would explain the internal heat of giant
planets without speculative radioactive elements.

Jupiter and Saturn could alternately contain swarms of smaller black holes. A
mass of 10" kg would radiate approximately 5 x 10° MW of energy [42]. A col-
lection of 10°> such black holes orbiting within Jupiter would account for the
planet’s internal heat. About 10* singularities of this mass would account for Sa-

turn’s heat.

6. Discussion

Observations of giant planets like Saturn and moons like Enceladus are clues
that Earth could also have formed around a primordial singularity. This tiny ob-
ject would consume approximately 1.6 x 10* kg/yr of Earth to produce 47 TW of
radiation, keeping the core hot indefinitely. Outward radiation pressure would
prevent more of Earth from being absorbed, creating an equilibrium. In the early
solar system, Earth may have formed around this small singularity as a pearl forms
around a grain of sand.

Detection of neutrinos from Earth’s interior has been seen as an indicator of
radioactive elements, but neutrinos may also be produced by black holes. A black
hole would produce radiation at a variety of frequencies, particularly those typi-
cal of neutrinos. The hypothesis of radioactive decay is disproven by the giant
planets, which produce enormous heat but have no radioactive elements.

Earth’s Antarctic regions contain subsurface lakes of liquid water, indicating
an internal heat source. Antarctica is known to be home to many volcanoes, possi-
ble signs of a “hot spot”. The singularity would rotate independently of Earth,
generating a magnetic field where the poles are not aligned with Earth’s rotation
axis. These magnetic poles would migrate over time, as observed.

Mercury, which has a magnetic field, may also be home to a black hole. Venus
could also contain a black hole, as source of the planet’s internal and atmospheric
heat. The planet’s slow rotation may explain why some planets generate heat but
not a magnetic field. Venus could lack a magnetic field because her black hole does
not rotate.

Mars has ancient volcanoes, but shows no sign of current volcanic activity. Mars’
magnetic field is today very weak, but evidence shows it was once much greater.
The southern hemisphere of Mars shows signs of remnant magnetization of ~22
n7, while the northern hemisphere does not. If Mars once contained a black
hole, it may have evaporated over time.

Giant planets are prime locations of black holes, which could cause their in-
ternal heat and powerful magnetic fields. As Jupiter’s magnetic poles are not
aligned with the planet’s rotation axis, the black hole would also rotate indepen-
dently. Radiation from the black hole would be manifested in storms like the Great
Red Spot.

Saturn’s magnetic poles are closely aligned to the planet’s rotation axis, indi-

cating that the black hole’s rotation axis is also closely aligned. As with the moon
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Enceladus, the black hole rotates anticlockwise when viewed from the North. This
rotation powers a magnetic field with the “positive” pole in the South. On Saturn’s
north pole, cloud layers are crowded together in a hexagon pattern.

Charged particles within Saturn’s core spiral out magnetic field lines toward
the poles. Negatively charged electrons follow the north magnetic pole and are
absorbed by Saturn’s interior. Positively charged protons, heavier, penetrate the
atmosphere and cause Saturn’s south pole to be warmer.

From Saturn’s south pole, positively charged ions follow the magnetic field lines
in a donut-shaped path before reaching Saturn’s surface again at the north pole.
There they crowd against the negative field lines, creating a temperature gradient.
Crowding of magnetic field lines could create the hexagon pattern of Saturn’s
north pole.

Saturn’s Rings show other clues to singularities. Moons within the Rings exist
inside a “Roche Limit” where liquid bodies were once thought to be impossible
due to tidal forces. The A Ring sports propellor-shaped features indicating masses
of 100 m objects where no objects have been seen [43] [44]. Massive unseen bo-
dies, behaving as point masses, have also been deduced to exist in the B Ring
[45].

Emission of X-rays within the Rings may be another sign of radiating black
holes [46]. Cassini observed the Rings emitting both radio and plasma waves [47].
Moons Tethys and Dione, which orbit within the Rings, produce outwardly radiat-
ing plasma [48]. Prometheus, a moon of mass 1.6 x 10'7 kg, has been observed
exchanging materiel and creating structure in the F Ring [49].

Earth’s moon shows no sign of a magnetic field or current vulcanism. The most
popular theory is that the Moon was formed when a Mars-sized object struck
Earth. The resulting debris particles were large enough to quickly condense into
the Moon. Enceladus and the Saturn system show that black holes could exist
within smaller moons.

Existence of black holes within Earth and other planetary bodies was proposed
by Trofimenko [50], then independently by this author [51] and Zhilyaev. A black
hole seems surprising, but solves multiple mysteries of the planet. It would explain
Earth’s internal heat, magnetic field, and even its formation from dust in space.
Data from spacecraft like Cassini, along with observatories like JWST, shine light
upon these mysteries.

As a practical application, black holes could someday be an enormous resource
of energy, dwarfing even nuclear power. Though nuclear fusion converts about
0.7% of fuel to energy, efficiency of a black hole can be 2 orders of magnitude
greater. Black holes within Earth’s solar system could someday be harvested, pro-

viding energy to fulfill all humanity’s needs and reach toward the stars.
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