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Abstract. The "Big G" problem remains an unsolved mystery in modern metrology and
physics. Scientists have yet to obtain a precise value for the gravitational constant. Various
laboratories use impeccable equipment that achieves record-breaking measurement accuracy, yet
their results consistently diverge beyond the permissible error margins. It is shown here that the
problem of the gravitational constant G is directly related to the incompleteness of the Newtonian
model of gravity. The gravitational constant G refers to the gravity of the entire universe—this is its
fundamental meaning. However, "Big G" is calculated from Newton's law of gravity, which does not
take into account the gravity of the universe. Using the local law of two-body gravity F = GmM/r"2
without taking into account the gravity of the enormous mass of the universe leads to an error. To
eliminate this error, it is proposed to use the law of gravity FU = GmM/r"2 + (mc™"2)\A, which takes
into account the gravity of the universe. It has been shown that the discrepancy between the values of
G lies in the fact that the second component of the gravitational force, (mc¢"2)NA, is not taken into
account when calculating it. This leads to a shift in the values of G by varying amounts, depending on
the contribution of the second component, (mc"2)NA. The measured value of the constant G depends
not only on technical limitations but also on how adequately the physical law from which it is
calculated describes gravity.
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1. Introduction
The results of a decade-long experiment conducted by the National Institute of Standards and

Technology (NIST), published on April 16, 2026, failed to resolve the mystery of the gravitational
constant G [1]. This time, the obtained value differs from the previous reference measurement by
0.0235%. Such a discrepancy is a catastrophically large amount for fundamental physics. Different
laboratories use impeccable equipment that provides record-breaking measurement precision, but
their results consistently diverge beyond the permissible error margins. These results have definitively
cemented the gravitational constant's status as the most problematic fundamental constant in modern
physics. What is this? A consequence of unaccounted for systematic experimental errors or a sign of
the incompleteness of our fundamental theories of gravity? "We now have 17 measurements of G, and
they still scatter more than they should. Nobody knows why," S. Schlamminger said.

This impasse points to a deeper, systemic issue with our understanding of gravity. Here we
show that the discrepancy between the values of big G and the permissible errors is directly related to
the incompleteness of the Newtonian model of gravity.
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2. Incompleteness of the Newtonian model of gravity.
The theoretical basis for deriving the value of the gravitational constant G is Newton's law F

= GmM/r?. Newton's formula is a mathematical model of two-body gravity. Newton's law "does not
recognize" the actual gravitational force exerted by all N bodies in the Universe. For many practical
applications on Earth, this law was sufficient. However, the predictions of Newtonian gravity do not
hold at the scale of the Universe [2-8]. Newton's formula describes the gravity of a single local source
of attraction and does not take into account that bodies are simultaneously attracted to all other bodies
in the Universe. From such an idealized, simplified, and approximate mathematical model of gravity,
it is impossible to obtain an exact value for large G.

The gravitational constant G applies to the gravity of the entire Universe, so its value must
follow from a physical law that adequately, and not simplistically, describes the gravity of the
Universe. The two-body law of gravitation, F = GmM/r?, provides an idealized and oversimplified
description of the real gravity of the Universe. In nature, there is no isolated gravitational interaction
between two bodies. Gravity always involves all bodies in the Universe. Isolated two-body systems
do not exist in physical reality. Every body in the Universe is in a web of gravitational connections
with every other object. Any two bodies participating in a gravitational interaction are subject to the
gravitational forces of all other bodies in the Universe. Newton's law of gravitation, F = GmM/r?, does
not take into account the collective gravitational interaction of all bodies in the Universe.

The primary reason for the discrepancy between measured values of the fundamental constant
G lies not in a hidden systematic error in the instruments, but in the fact that Newton's formula, as a
mathematical model of gravity, describes a hypothetical gravitational situation and "blinds" the
gravitational forces of all other bodies in the Universe. From an approximate law of gravitation, one
can only obtain an approximate value for the fundamental constant G.

3. When does Newton's law of gravity fail?
Newton solved the two-body gravitational problem. He solved a specific mathematical

problem about how two isolated masses interact. In nature, there are no masses isolated from gravity
[9]. Newton did not use the constant G in his law of gravity. It appeared in physics 200 years later.
Calculating the constant G from Newton's law gave rise to the "big G" problem. The history of science
is replete with cases where calculations based on Newton's law have failed scientists.

Relying on Newton's law of universal gravitation, W. Le Verrier attempted to explain the
anomalous precession of Mercury's perihelion [10]. He proposed the existence of an invisible planet,
Vulcan, located closer to the Sun, which turned out to be a mistake. W. Le Verrier's belief in the
universality of Newton's law of universal gravitation led him to the false conclusion about the
existence of Vulcan.

The history of the emergence of dark matter in science is similar to the history of the Vulcan
hypothesis. In the 1930s, Fritz Zwicky noticed that galaxies were moving too fast—as if there was
much more mass there than we could see. Newton's law, F = GmM/r?, was traditionally understood,
as its name suggests, as the law of universal gravitation. Therefore, Fritz Zwicky, believing in the
universality of Newton's law, applied it to the galaxy and called the invisible mass dunkle Materie
[11]. Even earlier, in 1904, excessive faith in Newton's law had led Lord Kelvin astray [12]. Trying
to estimate the mass of the Milky Way, he concluded that there were "dark bodies"” that we cannot



see, but which create additional gravity. The existence of these "dark bodies" followed from Newton's
law of universal gravitation to balance the calculations. The French mathematician and physicist An.
Poincaré criticized Kelvin's proposal. His verdict was: "There is no dark matter, or at least not as much
of it as visible matter"” [13].

Vera Rubin's research in the 1970s showed that the outer parts of spiral galaxies rotate too
rapidly, contrary to Newton's laws of mechanics [8]. Rubin concluded that dark matter exists. She
reached this conclusion by attempting to apply the law of gravity F = GmM/r? to a galaxy beyond its
applicability.

It is not surprising that attempts to obtain an exact value of G from the approximate law of
two-body gravity encounter insurmountable difficulties. We see the solution to the problem of "big
G" in using, instead of Newton's law, a new law of gravity that takes into account the gravity of the
entire Universe.

4. To calculate ""Big G," instead of a local law of two-body gravity, a physical law

describing the gravity of the entire Universe is needed.
"Big G" is one of the fundamental constants of nature and applies to the entire universe. The

constant G itself is a parameter of the universe. However, the measurements are carried out without
taking into account the gravity of the Universe under local conditions, using Newton's law. "Big G"
is not a localized constant, but a global one, inextricably linked to the mass and energy of the entire
universe. Therefore, to calculate it, we need a physical law describing the gravity of the universe.

When we shift the focus from "bad instruments” to "incomplete physics,” we cannot help but
touch upon several theoretical models. For example, in the Brans-Dicke model, the fundamental
constant G is determined from the average mass density in the Universe. Mach's principle implies that
Newton's law of universal gravitation is fundamentally incomplete. At the end of the 19th century,
physicist and philosopher Ernst Mach put forward a revolutionary idea: local properties of matter,
such as inertia and mass (and, consequently, gravitational interaction) are determined by the combined
gravitational influence of all masses in the Universe. This means that G must follow from the
gravitational force of all bodies in the Universe, and not from the idealized law of two-body gravity
F = GmM/r2, which is not applicable to the Universe.

Many renowned scientists have pointed out the connection between the constant G and the
parameters of the Universe. Erwin Schrodinger attempted to mathematically formulate Mach's
principle and, as early as 1925, proposed the equation:

MuG=c™2Ru (1)

Where: Mu is the mass of the Universe, G is the gravitational constant, c is the speed of light,
and Ru is the radius of the Universe.

Equation (1) relates G to the mass and radius of the Universe [14]. A similar equation, Mu G
= ¢”2 Ru, was obtained by Bleksley [15]. Milne proposed the following equation in 1936 [16]:

Mu G =c®Tu @)

Where: Mu is the mass of the Universe, G is the gravitational constant, c is the speed of light,
and Tu is the time of the Universe.

Stewart discovered an equation relating the gravitational constant to the Hubble parameter [17,
18]:
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Where: me is the electron mass, G is the gravitational constant, re is the electron radius, o is
the fine-structure constant, h is Planck’s constant, and H is the Hubble parameter.

The relationship between the gravitational constant, the parameters of the Universe, and the
constants of the electron was pointed out by Dirac, Rice, Teller, and Weinberg. Dirac's equation [19,
20] is:
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Where: me is the electron mass, e is the electron charge, c is the speed of light, G is the
gravitational constant, a is the fine-structure constant, h is Planck’s constant, and H is the Hubble
parameter.

Weinberg's equation [21] has the form:
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Where: me is the electron mass, c is the speed of light, G is the gravitational constant, a is the
fine-structure constant, h is Planck's constant, and H is the Hubble parameter.
Teller's equation [22] has the form:
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Where: c is the speed of light, G is the gravitational constant, IPI is the Planck length, tPI is
the Planck time, h is Planck’s constant, and H is the Hubble parameter.
Rice discovered equation [23] linking the gravitational constant to the radius of the universe
and the electron constants:
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Where: me is the electron mass, c is the speed of light, re is the electron radius, G is the
gravitational constant, a is the fine-structure constant, and Ru is the radius of the universe.
Both Mach's principle and the close connection of G with the parameters of the Universe

indicate that the constant G must be calculated from the force of gravitational interaction of all bodies
in the Universe and not from law of gravity of two bodies.

5. The ""big G™ problem is not a metrological dead end, but a consequence of the

incompleteness of the Newtonian model of gravity.
If we assume that physicists have measured everything correctly over dozens of experiments,

but used the classical formula F = GmM/r?, which does not include the force due to the gravity of the
entire Universe, then we may end up with a coefficient close to G, rather than the constant of the



Universe itself. This fundamentally changes the essence of the problem. The hypothesis that the spread
of G values is not a metrological dead end, but a signal of the incompleteness of the Newtonian model
of gravity, allows us to uncover the deep roots of this problem.

Newton's equation F = GmM/r? is formulated as if there were only two bodies in the Universe.
A laboratory experiment measuring "big G" also models the gravity of only two isolated bodies.
Trying to separate two bodies from the rest of the cosmos is an abstraction that departs from reality.
If we calculate a fundamental constant based on an artificially isolated force between two bodies
(which does not exist in its pure form in nature), the mathematical basis for the calculations itself may
contain a systematic flaw, resulting in an inaccurate, "distorted™ number. When attempting to calculate
G using the Newtonian force, physicists use a formula that only approximately describes physical
reality. Using the formula F = GmM/r? in metrology leads to a fundamental methodological impasse.
By attempting to calculate a constant using an equation that is initially only an approximation,
physicists inevitably obtain an inaccurate number.

Since Newton's law is fundamentally incomplete and does not take into account the
cosmological scale, when using it, we obtain not the fundamental constant of the Universe ("big G"),
but a "coefficient" close to its value for isolated bodies in absolutely empty space. This is the profound
conceptual conflict between Newton's local physics and the gravitational interaction of all bodies in
the Universe. The law F = GmM/r? was originally formulated for isolated bodies in absolutely empty
space. Such a gravitational situation does not exist in nature. This is a fundamental limitation of the
Newtonian approach: it is impossible to measure the constant G with absolute precision in a local
experiment, completely disregarding the fact that the experiment itself is conducted within the unified
gravitational field of the Universe.

6. New law of gravity for calculating Big G, taking into account the gravity of the

Universe.
To fully describe gravitational interactions, the law of gravity must include the parameters of

the Universe. Newton's formula does not. What is commonly considered the Newtonian force does
not contain the actual cosmological force of the Universe, which is necessary to calculate the
gravitational constant G. When calculating the gravitational constant G, it is proposed to use the law
of gravity, which takes into account the gravity of the Universe (Fig. 1), instead of Newton's law [24
- 28]:
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Fig. 1. The law of universal gravitation taking into account the gravity of the Universe. Where:
m and M are the masses of the bodies, r is the distance, c is the speed of light in a vacuum, G is the
gravitational constant, and A is the cosmological constant.

The first part of the equation includes two interacting masses, and the second part of the
equation, (mc”2)VA, accounts for the cosmological force acting on any body from the entire Universe




[24 - 28]. From the new law of gravity, FU = GmM/r? + (mc 2)VA. it follows that the gravity of any
two bodies is always complemented by the gravity of the Universe. The new law of gravity takes into
account the additional background gravity of the Universe. A different formula for calculating G
follows from the equation FU = GmM/r? + (mc*2)VA. The equation (Fig. 1) shows that using one
component of GmM/r2 to calculate the fundamental constant G without taking into account the gravity
of the Universe (mc*2)VA yields an erroneous value of G.

The new mathematical model of gravity FU = GmM/r? + (mc"2)VA vyields results close to
Newton's formula only on the scale of planetary systems, but fundamentally diverges from it both on
the scale of the Universe and at small masses and short distances. Experiments to determine the value
of the fundamental constant G model the idealized gravitational interaction of two isolated small
masses at short distances.

The gravity of the Universe generates additional acceleration [24 - 28]:

Ao = (c"2)VA (8)
Without taking this additional acceleration into account, the value of "Big G" turns out to be
higher than the real one in all experiments.

7. Acceleration (Ao = (¢~2)VA), which Earth-based instruments fundamentally

""don’t see."
Accelerations in torsion balances are close to the critical threshold, where background

acceleration from the masses of the Universe can influence the measurement result. At first glance,
the acceleration Ao = (c*2)VA due to the mass of the Universe may seem negligible due to the vast
distances involved. In fact, this is not the case [24 - 28]. The law of gravity, which takes into account
the gravity of the Universe, yields the value: Ao =10.4922... « 10'° m/s? (Fig. 2).

Ao = c2VA =10.4922... « 10710 pp/c2

Fig. 2. Acceleration due to the mass of the Universe. Where c is the speed of light in a vacuum, and
A is the cosmological constant.

The acceleration imparted by external gravitational masses to the internal test masses in the
NIST/BIPM setup is extremely small, about 1077 m/s2. A torsion balance must measure such a small
acceleration, ~1077 m/s?, with high accuracy in the presence of a cosmological acceleration of ~107°
m/s?. A torsion balance does not "see" the cosmological acceleration directly, but its indirect influence
on the value of the constant G remains. This means that the value Ao = 10.4922... « 107'° m/s? can
influence the resulting acceleration to 4th or 5th places. The acceleration value (Ao = (c?)VA =
10.4922... + 1071° m/s?), obtained from the equation Fy = GmM/r> + (mc?)\A, turned out to be very
close to the MOND prediction [2]. In modern physics, an acceleration of 1.2 x 107° m/s? is known as
the critical acceleration in modified Newtonian dynamics (MOND). It is at this threshold that
Newton's laws cease to apply at the edges of galaxies.



Failure to account for the acceleration caused by the mass of the Universe biases the
measurement results by a fixed amount. If a physicist thinks they are measuring G as a constant of the
Universe, but when calculating it, they fail to account for the acceleration caused by the mass of the
Universe, then the calculated value of G will be biased across the entire series of experiments.

8. The second component of the gravitational force (mc2VA) as an unaccounted

factor in the calculation of "*big G
The equation Fu = GmM/r2 + (mc?)VA shows that the cosmological force vector of the

Universe must be taken into account when calculating G. In experiments measuring G, the measuring
instrument is located in the "falling elevator" called Earth, and therefore does not directly "sense" the
"vector of the Universe". If the instrument is fundamentally blind to some external factor, but this
factor is necessary when calculating G, then scientists will get a distorted result and will not even
understand its origin. From the equation Fu = GmM/r> + (mc?)VA, it follows that this external
unaccounted factor is the additional gravitational force of the Universe. The reason for the discrepancy
in the values of large G is that when calculating it, the second component of the gravitational force is
not taken into account: (mc"2)VA. The acceleration caused by the mass of the Universe acts as a
hidden shift. At NIST, they remove all the noise, obtaining a beautiful, stable number. In China, they
do the same thing, but their "elevator" is tilted differently to the vector of the Universe. The Chinese
also obtain a beautiful, stable line—but at a different point on the graph.

The acceleration caused by the mass of the entire Universe is directed at a different angle in
each laboratory to the Earth's rotation axis and to the local "small g" vector. The torsion balance at
BIPM is oriented differently in space than at NIST. If the Universe's field is not perfectly isotropic,
this difference in orientation angles will create a constant but hidden difference in the final figures. A
gravitational anomaly has been discovered in the Universe. This is the Great Attractor, discovered by
the Seven Samurai group. [29].

Laboratory instruments are not directly sensitive to either the gravitational anomaly or the
cosmological force vector. The torsion balance is insensitive to the cosmological force vector because
the measuring instrument, the laboratory, the Earth, the Solar System, and the entire Galaxy are in a
state of constant free fall in the gravitational field of the Universe. Inside a system in free fall, the
external gravitational field is not felt. However, it is real, and its influence on the results of G
calculations must be taken into account. As a theoretical basis for calculating G, instead of Newton's
law, it is necessary to use the law of gravity Fu = GmM/r? + (mc~2)VA, which takes into account the
gravity of the Universe (Fig. 1).

9. Vector of cosmological force.
The constant G in a local experiment is always destined to be the result of complex

mathematical filtering, where physicists attempt to "subtract™ the influence of noise. The gravity of
the Universe is also unjustifiably considered noise. Mathematical filtering is the stage of calculating
the gravitational constant G that eliminates terrestrial and cosmic interference, but it ignores the
fundamental limitation of the Newtonian approach. Physicists use filters to fit data to Newton's
equation. However, this equation itself is only an approximate description of gravity. It describes an
idealized gravitational interaction between two bodies, ignoring the gravity of other bodies, which is



not observed in nature. Newton's formula does not contain the cosmological force Fcos = (mc"2)VA,
which always complements the Newtonian force [24].

The cosmological force vector has a unique feature: it is constant in both magnitude and
direction in space. The measuring device physically rotates with the Earth, causing its orientation
relative to outer space to change. The gravity of outer space never disappears, but the measuring
device cannot detect it. This is the component of the invisible force that must be taken into account
when calculating the gravitational constant G according to the formula Fu = GmM/r? + (mc?)VA.
The contribution of the acceleration due to the mass of the Universe varies and depends on the
orientation of the torsion balance relative to the cosmological force vector. One laboratory subtracts
slightly more, another slightly less. The result is the very same "spread” in results that has kept the
fundamental constant G from being definitively determined.

Metrologists have fallen into a logical circle:

1. To calculate the fundamental constant of the Universe, they took as a basis Newton's
formula, which does not take into account the gravity of the Universe.

2. They used this formula to create a torsion balance, which is physically blind to the
cosmological force of the Universe Fcos = (mc 2)VA.

3. Based on the data from this device, they calculate the most important parameter of the
Universe (Big G), despite the fact that the torsion balance does not record the gravity of the Universe.

4. When the results at different points on the planet don't agree, they claim errors in filtering
out local noise, categorically refusing to admit that the device has cut out the global cosmological
variable that modulates local gravitational interactions.

5. The cosmological force vector was not paid attention to and was not included in the gauge
equations for the reason that it is not in Newton’s law.

6. This is an unsuccessful attempt to derive a high-precision value for "big G" from an
approximate law of gravity that describes the isolated gravitational interaction of two bodies that does
not exist in nature.

7. It failed to take into account that the measured value of G depends not only on technical
limitations, but also on how adequately the physical law from which it is calculated describes gravity.

10. Throwing the baby out with the bathwater.
The torsion balance is designed to eliminate external interference. It's possible that along with

the interference, they eliminated the actual gravity of the universe, which is needed to calculate the
gravitational constant G. The acceleration caused by the mass of the universe was ignored because it
isn't included in Newton's law and isn't registered by the instrument. The device for measuring G is
designed to detect only the local gravitational force. Since Newton's law doesn't include the
cosmological force of the Universe, physicists don't include it in the gauge equations.

The desire to isolate and record only the attraction of the masses and compensate for all
external forces led to the cosmological force needed to calculate the gravitational constant G not being
included in the calculations. The acceleration due to the mass of the Universe is either eliminated by
filtering or simply ignored because it is not included in Newton's law.

On the one hand, the acceleration due to the mass of the Universe was ignored in all 17
measurements of G. It was treated as nonexistent. On the other hand, the influence of the acceleration



due to the mass of the Universe could have been eliminated by filtering, along with the elimination of
the influence of the Moon and the Sun. In both cases, a useful factor was lost. Throwing the baby out
with the bathwater. And this "baby" is a component of the force that must be taken into account when
calculating the gravitational constant G. This introduced a systematic error into all 17 measurements
of G.

11. The formula F = GmM/r2 gives an approximate value of “big G”.
To understand the physical mystery surrounding attempts to accurately measure big G and

why the best measurements still contradict each other, we must consider the limitations inherent in
the Newtonian mathematical model of gravity. The gravitational constant G refers to the gravity of
the entire Universe—this is its fundamental meaning. The measured value of G depends not only on
technical limitations, but also on how adequately gravity is described by the physical law from which
it is calculated.

It is problematic to obtain "big G" with high accuracy by relying on an idealized two-body
gravitational law, which does not take into account the real gravity of all bodies in the Universe. It is
also problematic to use setups that simulate the gravitational situation of only two bodies. All bodies
participate in gravitational interactions. Therefore, the constant G must be calculated taking into
account the gravitational interactions of all bodies. Instead of the formula F = GmM/r?, it is proposed
to use the formula FU = GmM/r2 + (mc?)VA.

Physicists are indeed in a paradoxical situation: they are trying to measure the global constant
of the Universe, “big G,” within the framework of Newton’s law, which does not work on the scale
of the Universe.

Since the device does not directly sense the gravitational force from the mass of the entire
universe, and physicists do not factor it into their calibration equations, the formula F = GmM/r? yields
an overestimated or underestimated value of G depending on the device's orientation in space. This
overestimate or underestimate varies from laboratory to laboratory. It depends on the device's
orientation in space, specifically, on the angle between the device's axes and the acceleration vector
Ao. The magnitude of the overestimate or underestimate is determined not by the full vector, but by
its projection onto the device's axes.

12. Observation of modulation (23 hours, 56 minutes, 4 seconds) in the TR&D-96

experiment.
Even if the instrument is perfectly isolated from noise on Earth, its rotation with the Earth will

change its orientation relative to outer space, which can introduce additional noise. A sign that the
additional noise is of cosmic origin is modulation not by solar time (24 hours), but by the sidereal day
(23 hours, 56 minutes, 4 seconds). Stellar modulation of the signal means that the gravitational
potential of the Universe is not the same in different directions. The instrument "scans” the sky as the
Earth rotates, encountering a hidden cosmological vector—for example, the direction of the Great
Attractor.

Such modulation was observed in the TR&D-96 experiment during repeat measurements in
2002 [30]. Peak values and extremes of fluctuations were observed when the axis between the test
masses in the laboratory was aligned with the maximum concentration of outer cosmic mass—that is,



along the center of the Milky Way (the direction of the constellation Sagittarius) and the plane of the
galactic equator. The key astronomical connection is that the Great Attractor, for an observer on Earth,
is located in almost the same direction as the center of the Milky Way.

Instead of using the detected modulation to refine the constant, the researchers concluded that
the stellar cycle influences the spatial anisotropy of the gravitational constant [30]. Their claim was
refuted by metrologists in [31]. However, the fact of observing modulation along the stellar day and
using it to refine the constant requires closer examination.

13. Solving the inverse mathematical problem for extracting an external

unaccounted factor from data arrays.
The main methodological problem can be identified: we are attempting to measure the

fundamental constant of the Universe using Newton's equation, which does not take into account the
Universe's gravity. As a result, we are isolating the laboratory from the Universe itself. If the
Universe's influence were simple and uniform, all laboratories in the world would obtain the same
biased but stable value of G. However, experiments performed in different countries and at different
times yield different values.

Since laboratories in the United States (for example, NIST in Gaithersburg), China (HUST in
Wuhan), and France (BIPM in Sévres) are located at different latitudes and longitudes, their
measurement axes are oriented at completely different angles to the "universe vector" at any given
moment. This may be the cause of the discrepancy in the values of the constant G. The discrepancy
in the measurement results isn't due to "dirty instruments,” but rather a mathematical consequence of
the formula not including the contribution of acceleration caused by the surrounding universe,
mistakenly assuming that free fall has completely eliminated its influence.

When physicists say "the instrument is blind," they use this as an excuse to continue using
Newton's formula as is, attributing the difference in results to poor suspension threads or terrestrial
noise. But if physical reality is broader than the Newtonian model, then this "blindness™ must be
overcome not technically, but mathematically—by changing the calculation formula itself.

An inverse problem can help extract the external, unaccounted factor from data arrays:
calculate under what conditions (depending on the trajectory of the torsion balance's spatial position
relative to the "universe vector") all 17 values (or most of the values) of the constant converge at a
single point. This can be done using raw, unprocessed force (or angular displacement) measurements
from all 17 experiments. Calculate the precise trajectory of a specific laboratory, for example, relative
to the Great Attractor and the cosmic microwave background, taking into account the Earth's rotation,
tilt, and orbital velocity. Calculate corrections for the modified equation. Find the parameters of the
cosmic vector at which the data from most laboratories converge at a single point.

14. Metrological Dead End or Metrological Triumph?
When ultra-precise instruments in different laboratories around the world consistently produce

inconsistent yet perfectly reproducible results, this proves that metrology has accomplished its mission
to the fullest. She ran into the limitations of the existing physical paradigm, not the imperfections of
the instruments.



The stable discrepancy in Big G values, confirmed in 17 measurements, is a valuable
experimental result for rethinking gravity. Over the years of gravity research, many "anomalies" have
been discovered. Theoretical physics has been bogged down by conflicting hypotheses and has failed
to provide a convincing explanation. Perhaps practical metrology can provide this. All gravitational
anomalies share a common characteristic: they are all "anomalous™ from the perspective of Newton's
law. The Big G anomaly was also identified within the framework of Newton's law. Metrologists have
uncovered a deep, systemic problem in our understanding of gravity. Metrology's contribution to
gravity theory has been clearly demonstrated: it has been experimentally confirmed that the physical
reality of gravity is broader than the Newtonian model of gravity.

Metrologists have honestly and accurately documented reality. And the fact that the
measurement results diverge means the following: the instruments pointed to the reality that Newton's
formula "does not see.” This same Newtonian formula prompted metrologists to ignore the gravity of
the Universe when measuring Big G, or to consider it extraneous noise.

To demonstrate that the metrological scatter of 17 values [32 - 49] is not chaos, it is hecessary
to solve the inverse problem and demonstrate that the convergence of all 17 results to a single point
depends on the angles between the instrument's axis and the "vector of the Universe". This will prove
that the experimenters of yesteryear were geniuses in precision measurements. They weren't wrong!
The difference in their figures is a direct indication of the presence of an unaccounted physical factor.
The experimenters obtained different figures because they conducted their experiments at different
times and with different orientations of their institutes' buildings relative to space, and did not take
into account either the gravity of the Universe or the orientation of the instruments in their
calculations.

15. Gravitational Method for Measuring the Cosmological Constant A.

The new equation for the gravitational force Fu = GmM/r? + (mc”2)VA (Fig. 1) contains two
constants: "big G™ and the cosmological constant A. This opens the possibility of not only solving the
"big G" problem, but also, along the way, obtaining the value of the cosmological constant A. This
consequence of the equation Fy = GmM/r?+ (mc"2)VA is especially valuable for modern experimental
cosmology. Today, the cosmological constant A is one of the most imprecise quantities in fundamental
physics. It is measured from fluctuations in the cosmic microwave background (the Planck mission)
or from supernova explosions. The uncertainty in these astronomical measurements is enormous,
amounting at best to a few percent (i.e., only two correct digits). The additional term Fcos = (mc 2)VA
in the equation for calculating "big G" makes it possible to measure A using the gravitational method.
Since the accuracy of force measurements in experiments with torsion balances and atomic
interferometers exceeds 4-5 significant digits, we automatically extend the accuracy of the
cosmological constant to the same level.

The discrepancies in the values of "big G" contain valuable information both for refining the
value of G and for calculating the value of A. The real strength of gravitational interaction follows
from the formula (Fig. 1) and falls in the range from (GmM/r? - (mc"2)VA) to (GmM/r? + (mc 2)VA).
This corresponds to the range of obtained values of "big G" from 6.672... « 10 m® kgt s?t0 6.675...
« 10 m3kgts2



If we collect data on the value of G from all 17 experiments, taking into account the precise
three-dimensional orientation of the instruments in space, geographic latitude, and time of year, then
a system of equations can be derived from this data. By solving this system of equations, we can
calculate the true, refined value of G and simultaneously the value of A with an accuracy astronomers
never dreamed of.

The contribution of A to the gravitational force will vary in different laboratories depending
on the projection of the cosmic vector onto the axis of a particular instrument. The main task will be
to convert from projections to the full Ao vector. The cosmological correction for "big G" (mc"2)VA)
will be the initial equation for calculating A. This will resolve the main catastrophe of theoretical
physics of the 21st century, known as the "cosmological constant problem."” The fact is that quantum
field theory calculations predict a value of A 120 orders of magnitude (!) greater than the measured
value. This is the worst agreement between theory and practice in the history of science. The
possibility of laboratory measurements of A with an accuracy of 4-5 decimal places is opening up.
This is the path to transforming cosmology from an observational science to a rigorous laboratory
science. We must begin with raw, unprocessed, existing archival data from various laboratories that
have measured the gravitational constant.

The scatter of G values, once considered the shame of experimental physics, is being
transformed into a valuable data set. Each "erroneous™ result becomes a unique vector indicating the
true value of two constants: "big G™" and the cosmological constant A. To implement this idea in
practice, it is necessary to correctly formulate a system of equations that takes into account that the
Earth rotates in three-dimensional space and constantly changes its projection angle relative to the
cosmic background.

16. Conclusion.
When a fundamental constant stubbornly “resists" refinement, this indicates that an

unaccounted physical factor is interfering with the experiments. The discrepancy between the Big G
measurement results obtained by different scientific groups is not a metrological dead end, but
valuable experimental data for rethinking gravity. This is the true value of the discovered discrepancy
between the Big G measurements. The discrepancy in the results is a consequence of the calculation
of Big G from Newton's law, which does not take into account the gravity of the enormous mass of
the Universe.

This forces us to look at the problem of the "Big G crisis" from a completely new perspective.
The "blind spot™ of the instruments to the gravity of the Universe and the hidden systematic error due
to the unaccounted real acceleration (c*2)VA are the unaccounted factors that could have turned the
measurement of "Big G" into the biggest dead end in the history of metrology.

The cosmological force of the Universe is not a fifth force; it is still gravity. It always exists,
but Newton's law of two-body gravity does not detect the gravity of the entire Universe. A setup
designed to measure the gravitational force of two bodies also does not detect the gravity of the entire
Universe. The measured value of G directly depends on how well the physical law used to calculate
it describes gravity.



Metrologists sought a technical cause: they checked the density of the spheres, looked for
microcracks in the suspension threads, and shielded the magnetic fields. But if the physical model of
gravity is incomplete, even a perfect instrument cannot produce an accurate result.

17. Final Remarks.
1. "Big G" is a constant of the Universe and a parameter of the Universe. It reflects the gravity

of the entire Universe, not just the local interaction of two objects, so its exact value cannot be derived
from Newton's law. The crux of the problem lies in a methodological error: scientists persistently
attempt to calculate the fundamental constant of the Universe from a formula that initially ignores the
Universe's gravity.

2. The accuracy of G stopped at 4-5 significant digits precisely because this is the limit to
which the real world can still be somehow described by Newton's idealized formula. Attempts to
squeeze a sixth or seventh digit out of this formula are mathematically meaningless, since Newton's
mathematical model increasingly diverges from reality as we move to the sixth, seventh, eighth, and
so on digits. A different formula for calculations is needed instead of Newton's formula.

3. To obtain the exact value of G, it must be calculated taking into account the acceleration Ao
= (c"2)VA, generated by the mass of the Universe. The key to the 6th, 7th, and subsequent decimal
places of accuracy of G lies in taking into account the fundamental cosmological acceleration Ao =
(c"2)VA.

4. Adapting to Newton's formula resulted in "throwing the baby out with the bathwater.” They
eliminated something essential from the calculations: the influence of the projection of the
cosmological acceleration of the Universe Ao = (¢"2)VA, mistaking it for random instrumental noise,
and, along with this, lost the accuracy of the constant G itself.

5. The spread of G values is caused by a key methodological error in modern physics: the use
of Newton's idealized formula forces metrologists to ignore the most valuable data, mistaking the
fundamental influence of the cosmological acceleration of the Universe Ao for random instrumental
or terrestrial noise. Therefore, the scatter of values is not an experimental error, but real physical
experimental evidence that local gravity is inextricably linked with the gravity of the entire Universe,
which Newton in the 17th century simply could not take into account.

6. Neglecting the gravitational influence of the Universe's enormous mass leads to systematic
errors in all local experiments. Along with the noise, scientists filter out the actual gravitational
background of the Universe, which is necessary for the correct calculation of the constant.

7. The impossibility of obtaining an exact value for "Big G" from Newton's law does not mean
that Newton's law F = GmM/r? is incorrect. This physical law was originally formulated for a
simplified model of two-body gravity, so it is approximate. The formula for Newton's law of universal
gravitation itself is incomplete. Newton's law only captures a portion of the gravitational force acting
on an object. It "doesn't see" the additional background gravitational force of the universe. From the
approximate local law of gravity, only an approximate value for the constant G can be calculated.

8. The new law of gravity FU = GmM/r? + (mc2)VA shows that when measuring "Big G," it
IS necessary to take into account not only the Newtonian gravitational force, but also the additional
background gravitational force of the Universe. Earthly instruments do not directly detect the



background gravitational force of the Universe, and its indirect influence was eliminated by filtering
out interference and adjusting the experimental conditions to Newton's law.

9. The consistent discrepancies in the values of the gravitational constant (“Big G”) found in
17 experiments arise because standard local calculations ignore the background gravitational
influence of the entire Universe.

10. The new equation FU = GmM/r? + (mc"2)VA (Fig. 1) opens the possibility of not only
solving the "big G" problem, but also of obtaining the value of the cosmological constant A with an
accuracy close to that of the gravitational constant. This will allow us to solve the main catastrophe
of theoretical physics of the 21st century, known as the "cosmological constant problem.”

11. The discrepancies in the values of "big G" contain valuable information both for refining
the value of G and for calculating the value of the cosmological constant A. The real strength of
gravitational interaction follows from the formula (Fig. 1) and ranges from (GmM/r? - (mc"2)VA) to
(GmM/r? + (mc"2)VA). This corresponds to the range of obtained values of "big G" from 6.672 « 10!
m* kg s2t06.675 10" m* kg™ s

12. The discrepancies in the values of the constant G obtained by different scientific groups
are not a metrological dead end, but a reason to rethink gravity. All scientific groups confirmed with
the highest accuracy the stable discrepancies in the measured values of the constant G. This is an
extremely important scientific result. It is experimental confirmation of a systemic problem in our
understanding of gravity. For science, this fact is even more significant than one or two additional
digits in the value of the constant G. Reaching the sixth or seventh digit in G using Newton's formula
would only give metrologists the illusion of control over the constant G. It would simply be a beautiful
number in an incomplete model of gravity.
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