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Abstract: Here we mathematically model black holes following dynamics similar to RC electrical
model, focusing on their similarities at the singularity. We use this mathematically modelling to
hypothesize the origin and growth of a black Hole. Or model consists of several steps defined by:
(1) the formation of a black hole following general relativity equations; (2) growth of the black hole
modelled as a resistance-capacitance-like electrical circuit. Based on the mathematical modeling of a
black hole following dynamics similar to an RC circuit, for a circular motion with constant acceleration,
in which the condition is fulfilled, V; = wr, we are going to calculate the amount of dark matter in the
Milky Way galaxies and the Andromeda galaxy and subsequently the rotation curve of both galaxies to
compare them with observed or measured values.

Keywords: RLC electrical model, RC electrical model, Cosmology, Background radiation, Hubble’s
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I Introduction

If considering electric charge and mass as fundamental properties of matter. From the point of view of
electric charge, we know that a capacitor stores electrical energy and we can represent it as an RC
circuit. Analogously, from the mass point of view, we can consider a black hole as a capacitor that
stores gravitational potential energy. Continuing with the analogy, the space-time that surrounds a
black hole can be represented as the inductance L. From this simple conceptual idea was born RLC
electrical modelling of black hole and early universe.

I.a RC Electrical Model for a Black Hole

Here we put forward the hypothesis of a black hole growth in analogy to an RC electrical circuit that
grows according to a constant 7 being defined as:

T=RC (1)

First, we will consider the total mass of a black hole to consist of the sum of Baryonic mass and dark
matter mass (equation 2), considering dark matter as an imaginary number.

M=m-—1id (2)

Where M is the total mass of a black hole, m is the baryonic mass; § corresponds to dark matter and ¢
is the irrational number /—1. This equation is in analogy to impedance of an RC circuit.

Z=R-iX, (3)

Where Z represents impedance; R represents resistance and X, represents reactance. If proper
accelerations for the masses are introduced in equation (2) we obtain the following:
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F=f—ip (4)

Where F' is the total force, f is the force associated to baryonic mass, and iy is the force associated
to dark mass. In analogy to a phasor diagram for an RC circuit, in which the reactance phasor lags
the resistance phasor I by 7, we can represent the two forces associated to barionic matter and dark
matter as two orthogonal vectors (Figure 1).

CIRCULAR MOTION WITH CONSTANT ACCELERATION

Ft — —iw

Fc= f(m)

Figure 1: Vector representation of the forces in a black hole. F, = f, represents the force towards the
interior of the black hole generated by the mass m and F; = —igp, is a tangential force that retards F,
by 90 degrees, generated by the mass §.

Taking into account Newton’s equation of universal gravitation:

_GM1M2

F=-""3

(5)

The sign (—) of the equation means that the force F. is at 180 degrees with respect to the resistance
R and the force F; is also at 180 degrees from the reactance X.. It is important to make clear the
physical interpretation of the imaginary mass, it is simply telling us that the force F; due to the mass
0 lags the force f. by 90 degrees, that lag is represented by the imaginary number i. Later we will
determine that the mass ¢, is the result of v > ¢ inside a black hole. Where v is the speed of a massless
particle and c is the speed of light in a vacuum. Figure 1 is represented for a circular motion with
constant acceleration simply because the tangential velocity of a particle is proportional to the radius
from the centre of the black hole multiplied by the average angular frequency.

Vi=rw (6)

The contribution of (Fy, V;) is what makes the speed of the galaxy remain constant as the radius of the
galaxy grows. Here V; represents the tangential velocity of a galaxy, r is the radius from the galaxy,
and w is the average angular velocity of the rotation of the galaxy. Circular motion with constant
acceleration tells us that the mass input into a black hole is negligible with respect to the black hole’s
own mass. The growth of a black hole according to the tau constant is an intrinsic property of a black
hole and is independent of the amount of matter that enters a black hole. To calculate the total energy
associated to the black hole, we can introduce its total mass (equation 2) into:

E? = ?p? + ' M? (7

Where FE is energy; c represents the speed of light and m represents the mass. This lead to:
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E? = p? + (m? — 6%)c* — 2iméc. (8)

We can assume that during the big bang inflation phase baryonic matter was overrepresented compared
to dark matter together with an infinitesimal momentum, which would give us from equation (6) the
following:

E? = —5%cY E = (4+/-)éc%i 9)

As expected, this result corresponds to the total energy of the universe at the big bang if we consider
it to be made of dark matter represented as a reactance in an RC circuit. The positive value of
E is determined by matter, there is no antimatter inside a black hole. If we consider charge as a
fundamental property of matter, E = (+)dc?i, represents the amount of relativistic dark matter inside
the black hole at the time of disintegration. If we consider mass as a fundamental property of matter,
E = (—)dc?, represents the amount of relativistic dark matter inside a black hole, which exerts a
repulsive gravitational force at the moment of disintegration. This repulsive gravitational force is what
generates the dark energy after the Big Bang. At time Ty, when the black hole disintegrates and the
Big Bang occurs, roughly all matter was dark matter. We could also consider a universe at infinity
proper time in which baryonic matter is dominant over dark matter, which would transform equation
(6) back into equation (5) but with baryonic matter.

E? = p? + m2ct. (10)

I.b RLC Electrical Model of the Universe
We will analyze the Dirac delta function 4(¢).

5(t) = {go’ ;;g (11)

If we perform the Fourier transform of the function 0(¢) and analyse the amplitude spectrum, we observe
that the frequency content is infinite. If we perform the Fourier transform of the function §(¢) and
analyse the phase spectrum, we observe that the phase spectrum is zero for all frequencies. We say that
it is a non-causal zero phase system. The most important thing to emphasize in this system is that an
infinite impulse has an infinite frequency content. When we work in seismic prospecting looking for gas
or oil, using explosives, the detonations produce an energy peak that generates a frequency spectrum
that propagates in the layers of the earth. The energy produced in the detonation is not instantly
transferred to the ground, a time delay occurs, it is said to be causal system of minimum phase. In
analogy, we are going to suppose that the Big Bang also behaves like a causal system of minimum
phase. Here we put forward the hypothesis that the big bang is the convolution of the energy released
by disintegration of the black hole with the space-time surrounding the black hole, being defined as:

(m—1id) *e (12)
Where m — i is the total mass of a black hole, € is the space-time surrounding the black hole and * is

the convolution symbol. Equation (9) can be simplified and considered analogous to an RLC circuit.
Here RC represents a black hole and L represents the space-time around a black hole.

RC =m—ib (13)
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L=c¢ (14)
The resolution of the quadratic equation of the RLC circuit will determine how space-time will expand

after the Big Bang and the bandwidth of the equation will give us the spectrum of gravitational waves
that originated during the Big Bang.

IT Cosmic Inflation

From the following equation:

ds? = — (1 — (2]]%‘45)) Adt? + (1/ (1 - 22?5)) dR? + R%*d6* + R?sin® 0d¢> (15)
C C

We will analyse the Schwarzschild solution for a punctual object in which mass and gravity are
introduced.

2GM

Ry = —2 is the Schwarzschild’s radius. (16)

Where M is the mass of a black hole, ¢ is the speed of light, and G is the gravitational constant. If we
consider df = 0; and d¢ = 0; that is, we move in the direction of dR.

R = R,,ds = 0, let’s analyse this specific situation. (17)

Replacing the conditions given in (13), (14) and (15) in equation (12), we have:

(fgj) e (1 . (211_;46*)) (18)

R = R,,v = 0;ds? = 0; R, is the Schwarzschild’s radius. (19)
R > Rs,v < ¢;ds < 0, time type trajectory. (20)
R < Rs,v > c;ds > 0, space type trajectory. (21)

Condition (18) is very important because to the extent that R < Rs,v > c¢ is fulfilled, it is precisely
this speed difference that generates the imaginary mass in a black hole given by —id.

II.a Planck length equation:

hG
L=\l (22)

where h is Planck’s constant, G is the gravitational constant, and c is the speed of light. If we consider
condition (18) and equation (19), to the extent that R < Rs and v > ¢, are fulfilled, we deduce that
the Planck length decreases in value. We define the following:
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Lye = L, =1.616199 x 1073% m; electromagnetic Planck length. L,c = gravitational Planck length.
Always holds: Lyg < Lpe Here we put forward the hypothesis that cosmic inflation is the expansion of
space-time that is given by L, that tends to reach its normal value L, after a black hole disintegrates.
If we consider the Planck length L., the minimum length of space-time, like a spring and due to the
action of v > ¢ (300,000 km/s), this length decreases in values of L,¢, that is, L,g < Ly, allowing us
to imagine the immense forces involved in compressing space-time of length L,. into smaller values of
space-time L,z. The immense energy stored and released in the spring of length L,q, to recover its
initial length L., is the cause of the exponential expansion of space-time in the first moments of the
Big Bang. At time Tj, when the black hole disintegrates and the Big Bang occurs, roughly all matter
was dark matter, relativistic dark matter.

IIT Generalization of the Boltzmann’s Constant in Curved
Space-Time

Equation of state of an ideal gas as a function of the Boltzmann constant.
PV =NKgT (23)

Where, P is the absolute pressure, V is the volume, N is the number of particles, Kg is Boltzmann’s
constant, and T is the absolute temperature. Boltzmann’s constant is defined for 1 mole of carbon 12
and corresponds to 6.0221 x 10?3 atoms. Equation (20) applies for atoms, molecules and for normal
conditions of pressure, volume and temperature. We will analyse what happens with equation (20)
when we work in a degenerate state of matter. We will consider an ideal neutron star, only for neutrons.
We will analyse the condition:

P
Tv = NKp = constant (24)

This condition tells us that the number of particles remains constant, under normal conditions of
pressure, volume and temperature. However, in an ideal neutron star, the smallest units of particles
are neutrons and not atoms. This leads us to suppose that number of neutrons would fit in the volume
of a carbon 12 atom, this amount can be represented by the symbol D,,. In an ideal neutron star,

PV

Where D,, represents the number of neutrons in a carbon (C-12) atom. However, equation (22) is not
constant, with respect to equation (21), the number of particles increased by a factor D,,, to make it
constant again, I must divide it by the factor D,,.

PV D,NKpg
- 7 26
PV
- = N'K'; = constant (27)

Where N’ = (D,,N), is the new number of particles if we take neutrons into account and not atoms as
the fundamental unit. Here K = (Kp/D,,), is the new Boltzmann’s constant if we take neutrons into
account and not atoms as the fundamental unit. We can say that equation (21) is equal to equation
(24), equal to a constant. Generalizing, it is the state in which matter is found that will determine
Boltzmann’s constant. A white dwarf star a will have a Boltzmann’s constant K g., a neutron star will
have a Boltzmann’s constant Kp,,, and a black hole will have a Boltzmann’s constant Kp,. There is a
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Boltzmann’s constant K g that we all know for normal conditions of pressure, volume and temperature,
for a flat space-time. There is an effective Boltzmann’s constant, which will depend on the state of
matter, for curved space-time. The theory of general relativity tells us that in the presence of mass or
energy space-time curves but it does not tell us how to quantify the curvature of space-time. Here we
put forward the hypothesis that there is an effective Boltzmann’s constant that depends on the state of
matter and through the value that the Boltzmann’s constant takes we can measure or quantify the
curvature of space-time. Quantifying space-time, considering the variable Boltzmann constant, is also
quantizing gravitational waves and, as with the electromagnetic spectrum, we will determine that there
is a spectrum of gravitational waves. These analogies to represent the gravitational and electromagnetic
wave equations are achieved thanks to the ADS/CFT correspondence. We can determine the equations
of electromagnetic and gravitational waves as shown below.

IIl.a Electromagnetic wave spectrum for flat space-time:

Ee:hxfe
Ceerxfe
Ce
E.=hx—
X)\e
E.=Kpe x T,

Kpc =138 x107% J/K

III.b Gravitational wave spectrum for curved spacetime:

EG:thG
Ca =g X fa

Ca
Eg=hx 2%
G hX/\G

Kpe =138 x 1072 J/K to 1.78 x 107*3 J/K.

Where the subscript € means electromagnetic and the subscript G means gravitational. It can be seen
that there is an electromagnetic and a gravitational frequency as well as an electromagnetic and a
gravitational temperature. The maximum curvature of space-time occurs for an effective Boltzmann’s
constant of Kp = 1.78 x 10743 J/K, given by the ADS/CFT correspondence in which a black hole is
equivalent to the plasma of quarks and gluons to calculate the viscosity of the plasma of quarks and
gluons. Once a black hole is formed and the maximum curvature of space-time is reached, as a black
hole grows following the tau growth law analogous to an RC circuit, as v grows fulfilling the relationship
v > ¢, it happens that the gravitational Planck length becomes less than the electromagnetic Planck
length, it holds that L,g < Ly..

IV Black Hole’s Radiation

Equation (2) defines the mass of a black hole, as shown below:

M=m~—is (28)
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Where M is the total mass of a black hole, m is the baryonic mass; § corresponds to dark matter and
1 is the irrational number v/—1. Also, here we put forward the hypothesis of a black hole growth in
analogy to an RC electrical circuit that grows according to a constant Tau being defined as:

r=RC (29)

If we consider the black hole’s radiation that produces pairs of particles and antiparticles at the event
horizon. Here we put forward the hypothesis:

the HR (matter) particle, with frequency w and energy hw, falls into the black hole and adds to m and
0 increasing the mass of the black hole, that is, it adds mass. This is defined with the assumption that
a black hole grows according to the tau constant just like an RC circuit. The P particle (antimatter),
with frequency w and energy —hw, moves away from the black hole in the form of a gravitational
wave. According to the proposed hypothesis, a black hole always grows, following the curve of the
tau constant in analogy to an RC electrical circuit. For a black hole of 3 solar masses, the stationary
frequency would be approximately 2.6 x 103 Hz.

V  Application of the Model and Results

V.a Additional calculations. Growth of a black hole in analogy to the tau
growth curve of an RC circuit

In the ADS/CFT correspondence to calculate the viscosity of quark-gluon plasma, the following
assumption is used, a black hole is equivalent to quark-gluon plasma. We consider the temperature of a
black hole equal to the temperature of the quark-gluon plasma, equal to 7' = 10'3 K. Another way of
interpreting it is as follows:

When a star collapses, a white dwarf star, a neutron star, or a black hole is formed. A white dwarf star
has a temperature of about 106 K, a neutron star has a temperature of about 10" K. If we consider

that a black hole is a plasma of quarks and gluons, its temperature is expected to be higher than 10!
K.

V.b Hypothesis: the temperature of a black hole is 10"® K.
We will make the following approximation:

T = 0.00000000000017, T = 10~ 37

T=10"K
CG(T) = CGmax(]- — ei(T/T))
Ca(T) = Comax(1l — 6—0.0000000000001(7/7))
Ca(T) = Comax(l — e—o.ooooooooooom)
Ca(T) = Camax(1 — 6*(1/1013))

1
C =C, !
G(T) = CGmax (1 — o(1/1013)

Ca(T) = Comax(1 — 0.9999999999999)
OG(T) = Camax X 10713

Ca(T
Comax = 18"_(13) —3x 10° m/s x 10'°
Comax = 3 x 102 m/s.
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Where T is the absolute temperature, 7 represents the growth constant tau, Cg = v represents the
speed of a massless particle greater than the speed of light and Cgpax represents the maximum speed
that Cg can take. With the following equations we obtain the following graphs, represented by table 1
and figure VI:

V1 Parametric equations:

Ca(T) = Camax(1 — e~ T/7)

3
T (kelvin) = 877[?%’ Hawking’s equation for the temperature of a black hole.
2GM
R, = —2 Schwarzschild’s radius.

|M| = K|m|, where K is a constant.
| M| =[]
Kpq =178 x 107* J/K, Boltzmann’s constant for black hole.

1. In item 1 of the table 1, for the following parameters, T = 10'3 K, Cg = C = 3 x 10® m/s,
calculating we get the following values:
m = 6 x 10%° kg, baryonic mass. § = 0, dark matter mass. M =m = 6 x 103" kg; R, = 8.89 x 10?
m, Schwarzschild radius.

2. In item 9 of the table 1, for the following parameters, T = 5 x 10?¢ K, Cg = 3 x 10! m/s,
C = 3 x 10® m/s, calculating we get the following values:
m = 1.20 x 10°® kg, baryonic mass. § = 1.20 x 1032 kg, dark matter mass. M = ¢ = 1.20 x 1082
kg, R, = 1.77 x 10?° m, Schwarzschild radius.

3. It is important to emphasize, for the time ¢ equal to 57, at the moment the disintegration of the
black hole occurs, the big bang originates, the total baryonic mass of the universe corresponds to
m = 10°¢ kg.

4. Figure 2 shows the growth of the tau (7) constant, as a function of speed vs. temperature.

Table 1: Represents values of |m|, baryonic mass; |§|, dark matter mass; | M|, mass of baryonic matter
plus the mass of dark matter; |E,,|, energy of baryonic matter; |Es|, dark matter energy; |E|, Sum
of the energy of baryonic matter plus the energy of dark matter and Ry, Schwarzschild’s radius, as
a function of, ¢, speed of light; Cq, speed greater than the speed of light; T', temperature in Kelvin;

using the parametric equations.

Item T CG C Iml 161 IMI1 1EmI 1ES | 1E1 Rs
[] kelvin m/s m/s kg kg kg Joule Joule Joule m
1 10" 310° 310° 6.00 10*° 0 6.00 10%° 5.40 10*7 0 5.40 1047 8.89 10*
2 10 3 10" 3108 6.00 10%° 6.00 10*° 6.00 10% 5.40 1052 5.40 10%¢ 5.40 105 8.89 10%
3 107 310" 310% 6.00 10*" 6.00 105" 6.00 10 5.40 10% 5.40 10¢% 5.40 10 8.89 10™
4 102 310 310% 6.00 10** 6.00 1057 6.00 10¥ 5.40 10%° 5.40 107* 5.40 107 8.89 10"
5 110% 3 107 310% 6.00 10** 6.00 1052 6.00 10€2 5.40 10%! 5.40 107 5.40 107 8.89 10"
3 210% 3 10" 310° 3.00 10*7 3.00 10°7 3.00 10¢7 2.70 10%* 2.70 10%* 2.70 10%* 4.44 10%°
7 310% 310% 310% 2.00 103 2.00 107 2.00 10”7 1.80 107 1.80 10% 1.80 10% 2.96 10%
8 410% 9 10% 310° 4.05 10 3.64 10" 3.64 107 3.64 107 3.28 10°¢ 3.28 10%¢ 6.00 107
9 510% 3107 310% 1.20 10% 1.20 1082 1.20 1082 1.08 107 1.08 10°° 1.08 109 1.77 10%

VI.a Calculation of the amount of dark matter that exists in the Milky
Way

Mass and Schwarzschild’s radius of the Sagittarius A* black hole:
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SPEED CG (m/s) vs TEMPERATURE (k)

10" 102 210%® 310%

Figure 2: Represents the variation of speed Cg, as a function of temperature 7', inside a black hole.

m = 4.5 x 10° M, = 4.5 x 10° x 1.98 x 10*° kg
Where M is the mass of the sun.
m = 8.1 x 10%¢ kg
R, = 6 million kilometres
Where R; is the Schwarzschild’s radius of the Sagittarius A*.
Ry =6x10° m

If we look at figure VI, for m = 8.1 x 103® kg and R, = 6 x 10° m, extrapolating we have approximately
that T = 3 x 10' K. To calculate the speed Cg we are going to use the Hawking temperature equation:

hed

T=Skaan (30)

Where h is Boltzmann’s constant, c is the speed inside a black hole, K is Boltzmann’s constant, G is
the universal constant of gravity, and M is the mass of the black hole. Substituting the values and
calculating the value of C' we have:

Cg = 10.30 x 10*° m/s (31)

If we look at figure 3, we see that this value corresponds approximately to the calculated value. With

the value of C¢ we calculate 6 and M:
E =mC? (32)

Where FE is energy, m is mass, and C' is the speed of light.

Eg = MCqg (33)
Eg = KmC? (34)
Eg =kE (35)

Where K is a constant.
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VI.b Calculation of the constant K:

C =3 x 10® m/s,
Cg = 10.30 x 10*° m/s,
m = 8.1 x 10%¢ kg
E =81 x10% kg x 9 x 10'6 m?/s?
E=729x10°%]
Eg =8.1x10% x (10.30 x 10'%)? = 8.1 x 10®® x 106 x 10*°

Eg = 858.6 x 10°6 J

106
Eq=— x10* x 8.1 x 10%¢ x 9 x 1016
Ec;=KFE

K =11.77 x 10*

VI.c Calculation of the total mass M:

M= Km (36)
M = (11.77 x 10%) x (8.1 x 10% kg) (37)
M =9.54 x 10*! kg, Total mass of black hole Sagittarius A* (38)
m = 8.1 x 10% kg, total baryonic mass inside the black hole Sagittarius A* (39)
VI.d Calculation of the mass of dark matter o:
M=56 (40)
§ = 9.54 x 10" kg, total dark matter inside the black hole Sagittarius A* (41)

VI.e Calculation of the ratio of the mass of dark matter and the mass of
the Milky Way

My = 1.7 x 104 kg (42)

M,,;, mass of the milky way

5 =9.54 x 10" kg (43)
0, dark matter inside the black hole Sagittarius A*

§  9.54 x10* kg
M, 1.7 x 104 kg

=5.61 (44)

§ = 5.61M,, (45)

The total dark matter § is 5.61 times greater than the measured amount of baryonic mass of the Milky
Way M,;. Let’s consider circular motion with constant acceleration. Circular motion with constant
acceleration tells us that the mass input into a black hole is negligible with respect to the black hole’s
own mass.
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VII Vector diagram of forces in a black hole for circular motion
with constant acceleration:

Figure 1, is represented for a circular motion with constant acceleration simply because the tangential
velocity of a particle is proportional to the radius from the centre of the black hole multiplied by the

average angular frequency.
Vi =wr (46)

Equation (VII) is very important, based on this equation we are going to work. Let’s consider the
figure VII, provided by the Federal University of Rio Grande do Sul UFRS: In figure VII, we observe
that there is a difference between the observed or measured rotation speed of the Milky Way and the
rotation speed considering only visible matter. This difference is attributed to the existence of an
invisible matter that we call dark matter, because we do not know its origin. However, if we look at
Figure 1, as the black hole grows, a tangent force F; appears, as a consequence of v > ¢ inside a black
hole, which generates additional mass. This tangential force F; delays the force F,. by 90 degrees. Both
forces are gravitational forces. Taking as reference (29) and the distance r in Kpc to the centre of the

23l

TTTTTTTTTTITTTTTIT T T ITT T T T T TIT T TITTTTITTITITTTITTITITTT | TTTTTTTTL]
T Ohserved =
- Sun’s velocity is =
200 = shout 220 kmn/sec —
= = Y Differenceis contributed -
@ - T, by the dark mater halo, 3
& o Rt -
= - Sun’s velocity should - 3
2 - be only 160 km/sec T 3
= - TS
.5 100 Visible matter only ==
= c J
“5 — —
o c J
50 —
] ;IIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIIF

1] ] 10 13 20 23 30

Distance from Center (kpc)

Figure 3: It represents the observed rotation speed of the Milky Way versus the rotation speed of
visible matter [9].

Milky Way; We are going to generate the table VII: Let’s calculate w. To calculate w, we are going to
consider figure 4.

187 km/s 187 _16
= = fr— . ]_ 4
7 Kpe 10 % 21 x 1016~ 5910 (47)
wy = 8.9 x 1071% rad/s (48)

wy, constant angular velocity of the Milky Way. w; is theoretical omega or proposed omega. We are
going to carry out the calculations of the angular rotation speed considering the data provided by the
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University of Sdo Paulo, USP [1]. For the position of the sun, we have:

r = 8.5 Kpc
Vi = 224.4 km/s
Vi=wxr
" Vi 2244 km/s 224.4

r 85Kpc  85x3x1016
we = 8.8 x 107 rad/s

we, calculated value given by USP university. We observe that the angular velocity wy, given by (31), is
approximately equal to the value calculated w,, in (30). If we look at figure VII, starting at 7 Kpc, we
see that the speed begins to decrease gently, therefore, we are going to consider r = 7 Kpc. Taking
all this data into consideration, we are going to make the following table: If we analyse figure 4, we

Table 2: Represents the values of the tangential velocity V;, angular velocity w, as a function of the
radius r.

Vt w r r
km/s rad/s m Kpc

187 8.80107'® 2110M 7

160 8.80107'® 18 10" ]

106 8.80107'® 12 10" 4

53 8.80107'® 610" 2
250 FryrrnrTra B LR BB mrrrrrry FTrererTid FTTTTTrrreld rrrrrrrirgl
T “\‘ | 55— Observed =
Y Sun's velocily is R
200 — Aot 220 krrser -
= - S M-huﬁﬂ__i
& - - by thee dark matter hale. E
E moF L =
= - éu.n' velocity should - ¥ 3
3 5 / be only 160 kmfsec R S R
- : e
_5 100 p Wikihlematteronly > 2
= E ]
"6' - —
o c ]
50 F 3
D Jiarrryy g pnrpprrpappprrrpppprpnppriy Illl]!lllJlIIlIJJl:

1] b 10 15 20 29 30

Distance from Center (kpc)

Figure 4: In red you can see the tangential velocity V; that results from the contribution of dark matter.

observe that the relationship V; = wr, is fulfilled up to 7 Kpc, from 7 Kpc onwards, we observe that
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the tangency speed does not comply with the relationship V; = wr. From 7 Kpc onwards, the tangent
velocity due to the contribution of dark matter decreases parallel to the rotation velocity curve of the
Milky Way, measured or observed. Considering the graph of the rotation speed of only the visible
matter and the graph in red, of the rotation speed of the dark matter, we are going to calculate the
vector sum of both speeds to obtain a total speed and compare it with the graph of the observed or
measured rotation speed.

In the following table we represent the calculations: It is important to remember that the tangential

Table 3: Representation of Vi, tangential rotation speed due to dark matter in red; V,,, tangential
rotation speed due only to visible matter, V., calculated tangential rotation speed that results from the

sum of Vg, + V,,, and V,, is the observed or measured tangential speed.

r Vdm Vm Ve Vo
Kpc km/s km/s km/s km/s
2 50 200 206 220
4 110 175 206 220
& 160 165 229 225
7 187 160 246 225
10 185 150 238 226
15 184 138 230 225
20 183 120 218 220
25 181 110 211 212
30 180 100 206 210
Item T <] 4 Iml 151 M1 1Em | IE&I IEI Rs
1] kelvin mys m/s kg kg kg Joule Joule Joule m
1 10 310® 310° 6.00 105 0 6.00 10° 5.40 10°7 0 5.40 10* 889 10°
2 o 3™ 310° 6.00 10° 6.00 10 6.00 107 5.40 10%* 5.40 10°° 5.40 10° 8.89 10°
3 10 310" 310° 6.00 10%" 6.00 107 6.00 10% 5.40 10°% 5.40 10°% 5.40 10° 8.89 10™
4 10* 310™ 310° 6.00 10%* 6.00 10°7 6.00 107 5.40 10°° 5.40 107 5.40 107 8 85 10™
5 110 3 310° 6.00 10 6.00 10=* 6.00 10~ 5.40 10" 5.40 10°° 5.40 107 8.89 10
[ 2107 310 310° 3.00 1087 3.00 1077 3.00 107 2.70 10°% 2.70 10°% 2.70 10% 4.44 1077
7 3107 3107 310° 2.00 107 2.00 10 2.00 107 18010™ 180 10°* 180 10™ 296 107
8 4107 910> 310° 4.05 10~ 3.64 107 3.64 10°° 3.64 107 3.28 10°° 3.28 10> 6.00 107
9 5107 3 10™ 310° 120 10¢ 120 10= 12010 1.08 10™ 1.08 10°% 108 10™ 177 1072

Figure 5: In red is represented the tangential rotation speed Vy,,, due to the contribution of dark
matter, in orange is represented the sum of the tangential speed due to dark matter plus the tangential
speed due only to visible matter, Vg, + V..

rotation speeds are vectors, therefore, the sum of speeds is vector and for this we use Pythagoras. If
we look at Figure 6, we see that the observed tangential speed V, is approximately coincident with
the calculated tangential rotation speed V., in orange. V. is the vector sum of the velocity Vg, plus
the velocity . Finally, we have shown that using the theory of RLC electrical modeling of a black hole
and the primitive universe and the theory of the generalization of the Boltzmann constant in curved
space-time, we can determine the tangential rotation curve of the Milky Way, in coincidence with the
observed or calculated values. This is another method that we can use to calculate the tangential
rotation speeds of galaxies.
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VII.a Calculation of the amount of dark matter existing in the Andromeda
galaxy M31

We will consider the mass of the black hole at the centre of the Andromeda galaxy equal to mass
calculated below. Let’s assume m the following value [2]:

m=15x10"M, = 1.5 x 10" x 2 x 10°° kg
Where M, is the mass of the sun.
m=3x10%" kg

m, mass of the black hole at the centre of the Andromeda galaxy. Let’s assume M, the following value

[3]:
M, =3 x 10" kg (49)

Here M, is the luminous mass of the Andromeda galaxy. Next, for our calculations, we will need table
1 and figure VI.

zsu revyrnred Frryprerend IIIIIIIIIlI-IlIIIIII rTrrrreeid rrrrrrrrg
Y — :
FoAN f’,l,_-—-(}— 3 Observed .
Sun's velocily is i
200 Ay abonc 220 kav'sec -
- " —
= s . ETWM__E
3 - T by the dark matter helo. 3
E 1s0f— O -
= F b velocity should ¥ 3
3 - be only 160 kmfsec | e dee 3
2 C B 3
iy Bula wvvomdidoans mos oy =S
5 100 =— —— isible-matter-onl -
= C -
"5 - —
o C 3
S0 —F—+ ]
0 Laeniyndriprrangl IlIlIIlIlI[JIIlI]Il AN IlIIIIlIl:

0 5 15 20 25 3o

10
Distance from Center (kpc) |

Figure 6: Represents values of |m|, baryonic mass; |4, dark matter mass; | M|, mass of baryonic matter
plus the mass of dark matter; |E,,|, energy of baryonic matter; |Es|, dark matter energy; |E|, Sum
of the energy of baryonic matter plus the energy of dark matter and R, Schwarzschild’s radius, as
a function of, ¢, speed of light; Cq, speed greater than the speed of light; T, temperature in Kelvin;
using the parametric equations.

If we look at figure VI, for m = 4 x 1037 kg, extrapolating we have approximately that:

T=4x10"K (50)
Cg =3 x 10" m/s (51)
We are going to verify if these extrapolated values are correct or within the order of error.
he3
Mpy = ——— 52
P 8 KpGT (52)
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Figure 7: Represents the variation of speed Cg, as a function of temperature 7', inside a black hole.

40 Vb = vb( r, 0.1, 0.6el@ )
vd = vd( r, 8.0, fell )

vh = vh( r, 200.8, 250 )

Figure 8: Parameter values used in the Python program to generate the graph in Figure VIL.a

Where h is Boltzmann’s constant, ¢ is the speed inside a black hole, K is Boltzmann’s constant, G is
the universal constant of gravity, and M is the mass of the black hole. Substituting (32) and (33) into
(34), we have:

Mpy = 1.5 x 10°7 kg (53)

We see that m = 3 x 1037 kg, is approximately equal to Mgy = 1.5 x 1037 kg. If we look at figure 1,
we see that this value corresponds approximately to the calculated value. We will take m = 1.5 x 1037
kg, as true. With the value of Cg we calculate 6 and M:[4, 5, 6, 7, 8, 9, 10]

E =m(C? (54)

Where E is energy, M is mass, and C' is the speed of light.
Eg =mC% (55)
Eq = KmC? (56)

Where K is a constant.
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Figure 9: Parameter values used in the Python program to generate the graph in Figure VIL.a

VII.b Calculation of the constant K:

C =3x10°m/s
Co =3 x 10" m/s
m=1.5x 10°" kg
E=15x10 kg x 9 x 10'° m?/s? = 13.5 x 10°®
E=135x10%]
Eg=15x10% x (3 x 10')? = 1.5 x 1037 x 9 x 10%
Eqg=135x10"J

Ec=KE
E 13. 1059
K:—G:&O,:H)ﬁ
E ~ 13.5 x 10%3
K =10

VIl.c Calculation of the total mass of the black hole of the Andromeda

M31 galaxy:
M = Km (57)
M = (10°) x (1.5 x 10%7 kg) (58)
M = 1.5 x 10 kg (59)

Where M is the total mass of the central black hole of the Andromeda Galaxy.

m = 1.5x10%" kg, total baryonic mass inside the black hole of the Andromeda Galaxy.[11, 12, 13, 14]
(60)
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Rotation curve of galaxy M31
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Figure 10: M31 rotation curve, blue, represents the measured or observed values of the rotation speed
of M31; green, represents the values of the rotation speed due to the galactic disk; orange, represents
the values of the rotation speed due to the galactic centre; red, represents the rotation speed due to
dark matter; purple, represents the vector sum of the rotation speed that corresponds to the galactic
centre, galactic disk and dark matter.

38 Vb = vb( r, 0.1, 0.6el0 )
vd = vd( r, 8.8, 4.0ell1 )

Figure 11: Parameter values used in the Python program to generate the graph in figure VIL.a

VII.d Calculation of the mass of dark matter ¢:

To calculate the mass of dark matter lets start with
M= (61)
§ = 1.5 x 10* kg, (62)

Where 4, is total dark matter inside the black hole.

VIl.e Calculation of the ratio of the mass of dark matter and the mass of
the andromeda galaxy.

My =3 x10* kg (63)

Where My, is the luminous mass of the Andromeda M31 galaxy.

§=1.5x 10* kg (64)

) 1.5 x 10%3 k
0 _1ox VK _ o (65)
M, ~ 3x 102 kg

5 =5My (66)
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Figure 12: Parameter values used in the Python program to generate the graph in figure VIL.a

The total dark matter § is 5 times greater than the measured amount of baryonic mass of the
andromeda galaxy. Let’s consider circular motion with constant acceleration. Circular motion with
constant acceleration tells us that the mass input into a black hole is negligible with respect to the
black hole’s own mass.

VIII Vector diagram of forces in a black hole for circular
motion with constant acceleration:

Figure 1, is represented for a circular motion with constant acceleration simply because the tangential
velocity of a particle is proportional to the radius from the centre of the black hole multiplied by the
average angular frequency.

Vi = wr (67)

Equation (37) is very important, based on this equation we are going to work. From now on, we
consider that the data and graphs with which we are going to work were provided in the Cosmology
1 course, taught by Dr Alexander Sabot, from the federal university of Santa Catarina, UFSC. The
graphs were made in Python with real astronomical data. We are going to carry out the calculations of
the angular rotation speed considering the data provided by [15].

1. 7 = 33,000 Ly; V; = 250 km km/s. 1 Ly = 9.46 x 10'® m

Vi 250 x 102
_ 0t 68
Y T 308 x 108 x 1018 (68)
We = 8.11 x 1071 rad/s (69)

2. r = 80,000 Ly; V; = 200 km/s
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Figure 13: M31 rotation curve, blue, represents the measured or observed values of the rotation speed
of M31; red, represents the values of the rotation speed due to the galactic disk; orange, represents the
values of the rotation speed due to the galactic centre.

174 200 x 103
Y T T2 X 10° x 1015 (70)
wp = 2.6 x 1071 rad/s (71)

We observe that the angular velocity w,, given by (38), is approximately equal to the value calculated
wp, in (39).

Theoretical analysis - calculation of dark matter in the cosmology 1 course, UFSC:

The Python program, developed by Dr Alexander Zabot [13], from the Cosmology I course, is used to
calculate the rotation curves of the Andromeda galaxy due to dark matter, the galactic nucleus and
the galactic disk.

VIIl.a Value of parameters used in Python.

We observe in Figure VIl.a, how the calculated rotation curve values, in purple, are close to the
measured or observed values, in blue.

Theoretical analysis - we consider that the black hole is composed of the mass M = m — id,
that is, that there is a tangential force F;. We assume that the relationship, V; = wr, is
fulfilled.

The Python program, developed by Dr Alexander Zabot, from the Cosmology I course, is used to
calculate the rotation curves of the Andromeda galaxy due to dark matter, the galactic nucleus and
the galactic disk.

Taking into account figure VIl.a, we are going to perform the following calculations:

Vi = wr (72)
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Figure 14: The rotation speed due to dark matter is represented in purple.

Y= 5100 x 1016

Vi 250 km/s

250 x 10% m/s

r 700 Kpc 700 x 103 x 3 x 1016

250

w=1.19 x 1077 rad/s

=0.119 x 10716 = 1.19 x 1077 rad/s

With the value of w, we do the following and fill out the following table:

Table 4: Represents the values of the tangential velocity V;, angular velocity w, as a function of the

radius 7.
Vit w r r
km/s rad/s m Kpc
249 1.19 1077 2100102 700
178 1191077 1500 10" 500
143 1191077 1200 10" 400
107 1191077 20010 300
72 1191077 800 10" 200
36 1191077 30010 100

If we analyse figure 11, we observe that the relationship V; = wr, is fulfilled up to 700 Kpc, from 700
Kpc onwards, we observe that the tangency speed does not comply with the relationship V; = wr; from
700 Kpc onwards, the tangent velocity due to the contribution of dark matter decreases parallel to
the rotation velocity curve of the Galaxy M31, measured or observed. Considering the graph of the
rotation speed of only the visible matter and the graph in red, of the rotation speed of the dark matter,
we are going to calculate the vector sum of both speeds to obtain a total speed and compare it with
the graph of the observed or measured rotation speed.
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Figure 15: M31 rotation curve, blue, represents the measured or observed values of the rotation speed
of M31; red, represents the values of the rotation speed due to the galactic disk; orange, represents the
values of the rotation speed due to the galactic centre; purple, represents the rotation speed due to
dark matter; yellow, represents the vector sum of the rotation speed that corresponds to the galactic
centre, galactic disk and dark matter.

VIIL.b In the following table we represent the calculations:

As seen in figure VIl.a, from 400 Kpc onwards, the influence of dark matter is predominant. It is
important to remember that the tangential rotation speeds are vectors, therefore, the sum of speeds is
vector and for this we use Pythagoras. If we look at Figure VIIL.a, we see that the observed tangential
speed V,, is approximately coincident with the calculated tangential rotation speed V., in yellow. V. is
the vector sum of the velocity Vy,, plus the velocity V,,, Vim + Vin. Now let’s compare the following
figures:

If we look at figure VIl.a, it corresponds to the theoretical model that we used in the cosmology
course 1 and compare with figure VIl.a, it corresponds to the RC model of a black hole that has mass
M = m — i and that satisfies the equation V; = wr; We conclude that the rotation curve calculated
in Figure 14 fits the observed or measured data of the Andromeda galaxy. To improve, you could
combine both methods, below 400 Kpc, we use the theoretical analysis applied in Cosmology 1, above
400 Kpc, we apply the RC model of a black hole, in which the mass is M = m — id and it holds that
Vi, = wr. Finally, we have shown that using the theory of RLC electrical modelling of a black hole
and the primitive universe and the theory of the generalization of the Boltzmann constant in curved
space-time, we can determine the tangential rotation curve of the galaxy M31, in coincidence with
the observed or calculated values. This is another method that we can use to calculate the tangential
rotation speeds of galaxies.

VIII.c We will describe the contribution of all the forces involved in deter-
mining the rotation speed of a galaxy using the RC electrical model
of a black hole.

Let us remember that all forces and velocity are vector magnitudes. We are also going to remember
that in the RC electrical model of a black hole it is true that M = m — 6 and V; = wr.
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Figure 16: M31 rotation curve, blue, represents the measured or observed values of the rotation speed
of M31; green, represents the values of the rotation speed due to the galactic disk; orange, represents
the values of the rotation speed due to the galactic centre; red, represents the rotation speed due to
dark matter; purple, represents the vector sum of the rotation speed that corresponds to the galactic
centre, galactic disk and dark matter.

. m 4
Fp+ Fp + Fam = — x (Vi + VB) + Vi, (76)
FodtF 5oo_m 2 gy, 0 2
B+ D+de—TX(VB+VD)+T><(W7") (77)
Fp+ Fp + Fy, = % x (V5 + VD) + dw’r (78)

Equation (40), (41) y (42); represents the contribution of all the forces that intervene in the rotation
curve of a galaxy.

Where m, is baryonic matter; §, it’s dark matter.

Where ﬁB, force of the bojo or galactic nucleus; fD, force of the galactic disk; ﬁdm, force of the
imaginary mass or dark matter inside a black hole and r, radius of the galaxy.

Where Vg, is the rotation speed due to the bojo or galactic nucleus; Vp, is the rotation speed due to
the galactic disk; Vg, is the rotation speed due to dark matter.

a) m > 4, r near the black hole, we have:

V', the rotation speed of the galaxy will be the vector sum of the speed of the disk Vp plus the rotation
speed of the galactic nucleus Vg, that is:

V=Vs+Vp (79)

V', is vector sum of velocity.

— — = m
Fp + Fp + Fam ~ — % (Vi +V3) (80)
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Figure 17: M31 rotation curve, blue, represents the measured or observed values of the rotation speed
of M31; red, represents the values of the rotation speed due to the galactic disk; orange, represents the
values of the rotation speed due to the galactic centre; purple, represents the rotation speed due to
dark matter; yellow, represents the vector sum of the rotation speed that corresponds to the galactic
centre, galactic disk and dark matter.

b) § > m, r far from the galactic centre, we have:

The speed of the rotation curve of the galaxy will be approximately Vy,,, due to the contribution of
dark matter.

V =Vam (81)

S o o §
Fp+ Fp + Fy = ;ij (82)

c) m = ¢, baryon mass of the order of the mass of dark matter.

V=Ve+Vp+Vin (83)
V', is vector sum of velocity.
- - - 1)
Fg+ Fp+ Fym = % X (V§+V5)+;Vd2m (84)
ﬁB+ﬁD+ﬁdmx%x(V§+V,%+%%n) (85)

The speed of the rotation curve of the galaxy will be the vector sum of the rotation speed of the galactic
nucleus plus the rotation speed of the galactic disk and plus the rotation speed due to dark matter.

Vi =V +Vp (86)
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Table 5: We represent Vy,,,, tangential rotation speed due to dark matter; V,,, tangential rotation
speed due only to visible matter; V., calculated tangential rotation speed that results from the sum of
Vim + Vi and V,,, is the observed or measured tangential speed.

r Vdm Vm Ve Vo
Kpc km/s km/s km/s km/s
100 36 140 144 218
200 72 90 115 163
300 107 75 130 150
400 143 68 158 125
500 178 60 188 165
700 249 50 253 240
800 246 46 250 250

1000 240 40 243 245
1200 234 35 237 239
1400 228 30 230 233

Where V,, represents the rotation curve of visible matter and is the vector sum of the velocity due
to the galactic nucleus plus the velocity due to the galactic disk. Using the criteria enumerated the
mentioned approaches, we perform calculations to determine the speed of the rotation curve of a galaxy,
V., calculated speed represented in the tables, which we compare with V,, which is the observed or
measured speed.

IX Conclusions:

Using the theory of RC electrical modelling of a black hole, we have demonstrated how to calculate the
amount of dark matter contained in a galaxy and its rotation speed curve. We have shown that if the
matter entering a black hole is negligible in relation to the mass of the black hole, the tangential force
F; is constant, therefore, the tangential velocity due to the dark matter is also constant, the angular
velocity It is also constant, that is, F; produces a circular movement with constant acceleration, for
this condition is fulfilled that V; = wr, very important for our calculations. In the first instance, we
have calculated the dark matter existing in the Milky Way and by applying RC electrical modelling of
a black hole, we calculated the theoretical rotation curve of the Milky Way and saw how it approaches
the values of the rotation curve measured or observed of the Milky Way. Figure VII. In a second
instance, we have calculated the dark matter existing in the Andromeda galaxy M31, using Python
and through this theoretical procedure we calculated the rotation curve of the Andromeda galaxy
M31 and compared it with the rotation curve of the measured or observed values. Figure 13. In a
second procedure, we calculate the amount of dark matter in the Andromeda galaxy M31, applying RC
electrical modelling of a black hole, we calculate the rotation curve of Andromeda M31 and show how
it approximates the rotation curve from the measured values and observed, Figure 14. Finally, we have
shown that using the theory of RLC electrical modelling of a black hole and the primitive universe and
the theory of the generalization of the Boltzmann constant in curved space-time, we can determine
the tangential rotation curve of the galaxies. This is another method that we can use to calculate the
tangential rotation speeds of galaxies.
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