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VALUE OF THE COSMOLOGICAL CONSTANT A FROM THE
COSMOLOGICAL EQUATIONS OF THE UNIVERSE. CONNECTION OF
THE COSMOLOGICAL CONSTANT A WITH FUNDAMENTAL PHYSICAL
CONSTANTS.

Abstract. 4 mathematical method for obtaining the value of the cosmological constant A from the
cosmological equations of the Universe has been found. The method is based on the revealed connection of the
cosmological constant A with fundamental physical constants. The new large scale numbers 107140, 10"160
and 10180 obtained from the scaling law allowed us to obtain cosmological equations linking the
cosmological constant A with the fine structure constant "alpha", Planck's constant, the speed of light and the
electron constants. The approximate Eddington equation A=[(melah)][(2Gmp/x)"2] is refined to an exact
equation. A large number of new cosmological equations are derived, which include the cosmological constant
A. The value of the constant A is obtained by different methods: from the finalized Eddington equations; from
the coincidence of large numbers; from the cosmological equations of the universe and the speed of light; from
the cosmological equations of the universe and Planck’s constant; from the experimental value of the Pioneer
anomaly; from the Kepler relation for the universe. All methods give the same value of the cosmological
constant A (A = 1.36285...x 10°(-52) m™(-2) ). The theory based on the law of scaling of large numbers predicts
a value of the constant A close to the experimental one. The accuracy of the calculated value of A is close to
the accuracy of the Newtonian constant of gravitation G. The reason for the large number of equivalent
equations that include the cosmological constant A remains a mystery.
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1. Introduction
Elucidating the physics of the cosmological constant A remains one of the most important

challenges of science. The value of the constant A obtained in quantum field theory is 120 orders of
magnitude higher than the experimental value. As Lee Smolin [1] notes: "it must just qualify as the
worst prediction ever made by a scientific theory”. A new approach is needed to elucidate the essence
of the cosmological constant A.

Many coincidences of large numbers of order 10*2°, 1040, 10%°, 108 are associated with the
constant A. Therefore, it is necessary to solve the problem of the cosmological constant within the
framework of the problem of coincidence of large numbers. We consider the problem of the
cosmological constant as a part of the problem of coincidence of large numbers.

The problem of coincidence of large numbers has arisen more than 100 years ago at attempts
to establish a connection between parameters of the universe and fundamental physical constants.
Weyl was the first to draw attention to the appearance of a large number of order 10%° in the
relationship between the radius of the universe and the radius of the electron (Ru/re = 10%°) [2].
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In 1925 James Rice [3] attempted to relate the constant alpha to the radius of the Universe. He
proposed an approximate formula:
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Stewart J. O. in 1931 [4, 5] proposed a cosmological equation that relates the constant “alphax»
to the Newtonian constant of gravitation G and to the Hubble constant:
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Eddington tried to find a relationship between the cosmological constant A and the
fundamental physical constants.He proposed an approximate equation of the form [6, 7, 8]:
A = (me/ah)*(2Gmp/a)?  (3)
Approximate equations and unknown exact values of large numbers did not give the possibility
to obtain mathematically the value of the cosmological constant A and the value of other parameters
of the Universe.The law of scaling of large numbers [9] and new large numbers on scales 1014°, 10160

and 10% allow us to solve the problem of the cosmological constant and obtain its value from the
cosmological equations of the Universe.

2. The law of scaling of large numbers.
The values of large numbers, which follow from the relations of dimensional parameters of

the Universe, allowed us to derive the law of scaling of large numbers [9]. The law of scaling of large
numbers includes two dimensionless constants: fine structure constant "alpha” and Weyl number.
The law of scaling of large numbers has the form (Fig. 1):
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Fig. 1. The scaling law of large numbers. Do is a large Weyl number (Do = 4.16561...x 10%?),
a - fine structure constant.

The scaling law (Fig. 1) provides a new method for calculating the values of large numbers
from dimensionless constants. The scaling law generates large numbers up to scale 10 with high
accuracy. The large numbers obtained from the scaling law are close to the accuracy of the Newtonian
constant of gravitation G. The values of the large numbers and the formulas for their calculation are
given in Fig. 2.
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Fig. 2. Large numbers and formulas for their calculation.
The scaling law gives new large numbers on scales 104, 10 and 10'® and leads to the
solution of the cosmological constant problem.

3. The set of coincidences of large numbers associated with the constant A.
The table in Fig. 3 summarizes the relations of dimensional quantities containing the constant
A. These relations yield large numbers. The many large-number fits involving the cosmological
constant A make it possible to derive exact cosmological equations for various combinations of
cosmological parameters and fundamental physical constants.
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Fig. 3. Relations of dimensional quantities containing the constant A. My is the mass of the
observable Universe, a is the fine structure constant, h is Planck's constant, G is the Newtonian
gravitational constant, A is the cosmological constant, Ry is the radius of the observable Universe,
Tu is the time of the Universe, Ao is the cosmological acceleration, re is the classical radius of the
electron; c - speed of light in vacuum; to = re/c, me - electron mass, Do - large Weyl number, tp -
Planck time, Ip - Planck length, mp - Planck mass.

4. Refinement of the approximate Eddington equation to the exact equation
The GA-equation of Eddington [6, 7, 8] is an approximate equation. At a scale of 104, the

exact equations that relates the constants G and A are obtained (Fig. 4). From the exact equations the
value of the constant is obtained: A = 1.36285...x 10°? m?,

Approximate Eddington equation Exact equation Value of A
A = (me/uh)*(2Gmy/m)? A=GmAairic? | A=136285.e10% 7

A = Gm2alrict A=136285e10m~

Fig. 4. Eddington's equation refined to exact equivalent equations.
5. The constant A in cosmological equations
Below are new cosmological equations, which contain in one equation the cosmological
constant A and parameters of the Universe in different combinations - 2 parameters, 3 parameters, 4
parameters, 5 parameters, 6 parameters. The table in Fig. 5 shows cosmological equations that include
the cosmological constant A and one parameter of the Universe:

Name Parameters | Formulas Note Value
Universe
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G
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T, =2.85729 10"
AgA-equations | Ag, A Ag? = Act A=136285. 8107
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Fig. 5. Cosmological equations that include the cosmological constant A and one parameter of
the Universe. Where : o - fine-structure constant, h - Planck constant, My - mass of the observable
Universe, G - Newtonian constant of gravitation, A - cosmological constant, Ry - radius of the
observable Universe, Ao - cosmological acceleration, re - classical electron radius; ¢ - speed of light
in vacuum; me - electron mass, Do - large number, re - classical electron radius; ¢ - speed of light in
vacuum; me - electron mass.

The table in Fig. 6 shows cosmological equations, which include the cosmological constant A
and 2 parameters of the Universe:

Name Parameters | Formulas Note | Value
Universe
GMA- G, My, A | MpEG*A=¢? [12] | M, =1.15348 107 kg
equations MyGVA = ¢? A=136285_10"2m™
GAsd- |G A |\ A Gm 4, A=136285..e10 " m™
equations R Vo A, =10.4922 010 m/ s
GRA- G, Ry, A RACY . _Gm R, = 0856594 _e10"m
equations G RACT A=1.36285..010 2
ART- ARy Ty | AcRyTy=1 R, =08356594_«10%m
equations Ru/Tr’A =3 T, =2.85729 .. 10"s
A=136285._.10""m™
MRA- | MgRuA | MyRyAcreVA =k M, =115348 _e10%kg
equations MuRyArlalA = m, R, =0.856594 _e10%m
A=136285 10 “m~"
AAT- A ATy | A/ AT = ¢f 4 =104922..010"m/s
equations A=136285 10 m"
T,.=2.85729..10" s

Fig. 6. Cosmological equations that include the cosmological constant A and 2 parameters of
the Universe.

The table in Fig. 7 shows cosmological equations that include the cosmological constant A
and 3 parameters of the Universe:



Name Parameters Formulas Value

Universe
GARA- | G, ARy A AperRpA=Gm, | B =0.8565%4_ 10" m
equations A=136285_10""m™
A, =104022 «10™"mis
GMRA- G, My, Ry, A | MyRpAG = cl M, =1.13348 _«10Y iz
equatjgﬂs Rujcg.xllﬁz GMU E =0850504 »10%m
AN=136285_10""m™
GMTA- G, My, Ty A MyGTyuA=c¢ M =115348 810 kg
equations T, =285729 10
A=136285_ 107" m™
GMAAg- |G, My A, Ay | MpAG= Ay M, =115348 o107 kg
equations I\fluAnsz"Jfl = b A =136285 _«10"m™

A,=104922 «10m/s

MATAg- | My A, Tu, A | MyATuAra=mec | M =1.15348 010 k¢
equations A=136285 10 "m™
A =104922 _«10"m /s

T, =285729 105
AART- | Ap, A,RuTv | AYAIRyTEVA =¢§ | R =0856504.+10"m
equations T, =2.85729._ 105
AN =136285 10" m™
A =104922 107" m/s

Fig. 7. Cosmological equations that include the cosmological constant A and 3 parameters of
the Universe.

The table in Fig. 8 shows cosmological equations that include the cosmological constant A
and 4 parameters of the Universe:

Name Parameters | Formulas Value

Universe
MGTAR | My, G, Ty A, | MuGTu*A= Ry M, =115348 10" kg
-equations | Ry MyRuAZGT =1 R, =0856594...010" m

T,=2.85729 _«10"s
A=136285_ 10 m™
GMRAA; |G, My, Rv,| GMyRyAgVA = ¢! M, =1.15348 o107 kg
-equations | A, Ag MuRuAZGe? = Ay? R, =0.856594 . 10

A =136285 107 m™?
A, =10.4922 _«10%m /s

Fig. 8. Cosmological equations that include the cosmological constant A and 4 parameters of
the Universe.



The table in Fig. 9 shows cosmological equations that include the cosmological constant A

and 5 parameters of the Universe:

MyRyAGA TpVA = ¢2

Name Parameters | Formulas Value

Universe
MRAGAT- | My, Ry, A, | MyRuAIGA T =¢ M, =115348..+10" kg
equations G, ATy | MyRyAGA Ty = ¢ R =0.856594 10" m

T, =285729 _«10"s

A =136285 10 m™
A, =104922 0107 ¥m /5

Fig. 9. Cosmological equations that include the cosmological constant A and 5 parameters of

the Universe.

6. Value of the constant A from the coincidence of large numbers.

The value of A from the coincidence of large numbers on a scale of 10°

4
A= I%' =1.36285...x 10°2 m™ 4)
A similar equation is given in [13, 14].
The value of A from the coincidence of large numbers on a scale of 10%°
2
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7. Value of the cosmological constant A from the Pioneer anomaly

The magnitude of the Pioneer effect is in the range of (7.41 - 10.07) x 1071° m/s2. The value of the
cosmological acceleration (Ao = 10.4922 x 1071% m/s?) follows from the system of equations (Fig. 10):
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Fig. 10. System of cosmological equations, which includes the parameters G, M, A.

In addition to the Pioneer-10 and Pioneer-11 experiment, there is anomalous acceleration data
from Galileo and Ulysses [15 - 18].

For Galileo:
a0 = (8+3) x 1071 m/s?

For Ulysses:
a0 = (1243) x 1071 m/s?

In [9], the value of Ao = 10.4922... x 10-1° m/s?. From the coincidence of large numbers on a
scale of 10%°, the following equation follows:

¢ 1
A rJA
From equation (14), the value of the cosmological constant follows:

A = A¢®/c* = 1.36285...x 10°* m™

(14)



8. The value of A from the Kepler relation.

In [19], the value of Kepler's relation for the Universe is obtained:
3

pu=GM, = T—‘; = 7.69868...x 102 m3s2 (15)
U

The Kepler ratio Ru®/Tu? can be represented using the cosmological constant by the following
equivalent formulas:

RE A A ¢’ 1 .
u=GMy =y = — = = = = 7.69868..x 102 m3s2 (16
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All equivalent formulas (16) for the Kepler relation give the same value of the cosmological
constant:

A =1.36285...¢10°m™
9. The value of the constant A from the cosmological equations of the universe

Among the new cosmological equations were those that contain the cosmological constant A
and Planck’s constant.
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Fig. 11. Cosmological constant A and Planck constant in cosmological equations. Where : h -
Planck constant, My - mass of the observable Universe, G - Newtonian constant of gravitation, A -
cosmological constant, Ry - radius of the observable Universe, Ao - cosmological acceleration, re -
classical electron radius; c - speed of light in vacuum; me - electron mass, Do - large number.

All equations give the following values of A:

A =1.36285...¢10*m™

Among the new cosmological equations were those that contain the cosmological constant A
and the speed of light constant.
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Fig. 12. The cosmological constant A and the speed of light in cosmological equations.

All equations give the following values of A:

A =1.36285...¢10m™

Fig. 13 shows 10 equivalent formulas for calculating the cosmological constant A.
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Fig. 13. Equivalent formulas for calculating the cosmological constant A.

All equivalent formulas give the same value A = 1.36285...x 10°2 m2, A very close value of
A (A =1.36281(41) x 10°2 m.) was obtained by L. Nottale [13, 20].

Thus the theory based on the law of scaling of large numbers predicts the following value of
the constant A:

e ™

A=1.36285...¢10m™

- J
Fig. 14. Calculated value of the cosmological constant A.

Despite the "abundance" of equations for the cosmological constant A, this is only a part of
possible equivalent formulas for calculating A. There are many more equivalent formulas. The
constant A is included in many other relations of dimensional constants that yield large numbers.



Many formulas for calculating the cosmological constant A lead to many relations that give
coincidences of large numbers.

10. Conclusion
The theory based on the law of scaling of large numbers predicts the value of the constant A

close to the experimental one. The accuracy of the obtained value of A is close to the accuracy of the
Newtonian constant of gravitation G. The new large numbers on scales 10*%°, 10'%° and 10 allowed
us to obtain new cosmological equations linking the constant A with fundamental physical constants.
The number of new cosmological equations turned out to be very large. On the one hand, it became
possible to combine the equations into systems of cosmological equations. This allowed us to obtain
by mathematical method the value of the constant A and other parameters of the Universe. On the
other hand, the "abundance” of equivalent equations indicates the existence of some mystery of the
constant A.

The large number of cosmological equations that contain the constant A remains a mystery.
This problem is related to the problem of coincidence of large numbers. The large number of
equivariant cosmological equations that contain the constant A and the problem of coincidence of
large numbers are closely related. The origins of these problems should be sought in their connection
with fundamental physical constants. Something very important, but not yet known to science, is
stored in the fundamental physical constants.
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