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Abstract

This brief note describes a method by which numerous empirically-deter-
mined quantum constants of nature can be substituted into Einstein’s field
equation (EFE) for general relativity. This method involves treating the ratio
G/h as an empirical constant of nature in its own right. This ratio is repre-
sented by a new symbol, N It turns out that the value of Ny (which is
6.32891937 x 10 m-kg2s™) is within 5% of Avogadro’s number N, al-
though the units are clearly different. Nevertheless, substitutions of N7 or N
into the EFE, as shown, should yield an absolute value similar in magnitude
to that calculated by the conventional EFE. The method described allows for
quantum term EFE substitutions into Einstein’s gravitational constant
These terms include 4, a, m., m,, R, ks, F, e, My, and my. More importantly,
perhaps, one or more of the many new expressions given for x may provide a
more accurate result than x incorporating G. If so, this may have important
implications for additional forward progress towards unification. Whether
any of these new expressions for Einstein’s field equation can move us closer
to quantizing gravity remains to be determined.
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1. Introduction and Background

There are a myriad of difficulties in attempting to unite gravity with the other

fundamental forces of nature. Not the least of these is that our best gravity

theory, general relativity, has classical deterministic features, whereas quantum

theory is anti-deterministic, probabilistic, and built upon the foundation of Hei-
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senberg’s uncertainty principle. To unite gravity with the other forces using these
two theories, without some modifications to one or both theories, is a bit like
mixing oil and water. It simply won’t work. An “emulsifier’ approach, success-
fully combining certain features of both theories, is needed.

One possible approach towards unification is to work towards quantizing
gravity (Ze, “quantum gravity”), as we see with the work of string theorists. The
other possible approach is to work towards gravitizing quantum theory [1], al-
though there seems to be less progress from this direction.

This brief note points to a potentially useful way of bringing elements of both
theories together by harmonizing two of their most fundamental constants (G
and A) in the form of a ratio (G/A). One can then insert this ratio into Einstein’s

most fundamental gravity and quantum equations as shown herein.

2. Results

The analytic process in this brief note primarily involves substituting various
constants of nature into previously-established relativity and quantum equations,
in order to better see their relationships. Only simple algebra is required. No
figures or tables are necessary to elucidate these relationships.

The latest available values of Gand A are [2]:

G =6.67430x10"m® - kg*-s? (1)
71 =1.054571817x10**m? - kg -s™ (2)
Their ratio, which we represent as Ny, is:
G/h=N; =6.32891937x10°m kg -s™ (3)
Interestingly, this ratio approximates (within 5%) Avogadro’s number N
N, = 6.02214076x10*mol™* (4)

We will take advantage of this similarity (“near-equivalence”) below.
Einstein’s field equation (EFE) of general relativity can be expressed as fol-

lows:

T (5)

Hv

872G

wherein G, is the Einstein tensor, g, is the metric tensor, A is the cosmological
constant, G is Newton’s gravitational constant, ¢ is speed of light, and 7}, is the
stress-energy tensor.

Notice that the bracketed coefficient of the stress-energy tensor, sometimes
referred to as « or Einstein’s gravitational constant, contains G. Thus, a rear-

rangement of relation (3) can be given as follows:

G =6.32891937x10% % (6)
And substituted in relation (5) as follows:
87N, %
G;tv + gyvA :|: C4T :|T;tv (7)
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wherein Nrstands for 6.32891937 x 10 m-kg2s™ [see relation (3)].

Thus, Newton’s gravitational constant G has been removed from the x term of
the EFE and substituted by the N7/ factor. This allows Planck’s reduced constant
to become a part of the EFE, without sacrificing any accuracy of the mathemati-
cal expression. Furthermore, it has been shown by Seshavatharam & Lakshmi-

narayana [3] that the magnitude of G can be expressed as:

167*mi*he
G= P ©)
a'm
p
wherein m. is mass of the electron, a is the fine structure constant, and m, is

mass of the proton. Therefore, one can rearrange this relation as follows:

G 167*mic
SN R ©)
a’my

And substitute for Nrin relation (7) as follows:

5,414
1287°m; h:| ; (10)

G QA{W !

This should also be an accurate expression of the EFE, but now with additional
quantum terms integrated to express the magnitude of x.

Furthermore, the near-equivalence of the magnitude of Nrand N, allows for
the magnitude of Einstein’s gravitational constant to be expressed (approx-
imately) as:

K:[M} (11)

c

Additionally, we know of several equivalent expressions for N, as follows:

Ny=— (12)
AT
wherein Ris the molar gas constant and &z is Boltzmann’s constant.
F
Ny,=— (13)
he

N, =—{ (14)

wherein My is the molar mass constant and my is the atomic mass constant.
Relations (12) thru (14) are well-known [4]. These relations are mentioned
here in order to provide for additional relations (15) thru (17). Thus, Einstein’s

gravitational constant term « can also be expressed as follows:

K{sﬁmﬂ as)

4
kgC

wherein the EFE can now incorporate the molar gas constant, Boltzmann’s con-

stant, and Planck’s reduced constant.

DOI: 10.4236/jmp.2021.126047

741 Journal of Modern Physics


https://doi.org/10.4236/jmp.2021.126047

E.T. Tatum et al.

K:[SﬁFh} (16)

ect

wherein the EFE can now incorporate the Faraday constant, elementary charge e,

and Planck’s reduced constant.

K{W} (17)

m, ¢’

wherein the EFE can now incorporate the molar mass constant, the atomic mass
constant, and Planck’s reduced constant.

Furthermore, if one chooses to insert Newton’s gravitational constant G into
Einstein’s quantum equation for photon energy, £ = Av; one can re-express this
relation with Planck’s reduced constant, by £ = 27/, and then substitute G/Nr
for A as follows:

_ 27Gv
Ny

E

(18)

Thus, Newton’s gravitational constant can be worked into Einstein’s most fam-
ous quantum equation. Of course, it is trivial to continue further substitutions
for Nralong similar lines as given above. Unfortunately, nothing would be gained
by this approach, as this would introduce into Einstein’s (and Planck’s) original
precise quantum formula the roughly 5% absolute magnitude error of using N,
as a substitute for Nz This would be an unacceptably large error in many quan-

tum applications.

3. Discussion

The approach taken above with respect to substituting various empirically-deter-
mined quantum terms into the EFE may have some value, given the relative im-
precision in measuring G to more than 3 or 4 decimal places. It is conceivable
that one or more of the x substitutions introduced herein [i.e, in relations (10),
(11), (15), (16) and (17)], when integrated into the EFE « term of relation (5),
could potentially improve upon the accuracy of the EFE employing G alone. Of

course, this remains to be determined.

4. Summary and Conclusion

This brief note has described a method by which numerous empirically-deter-
mined quantum constants of nature can be substituted into Einstein’s field equa-
tion for general relativity. This method involves treating the ratio G/A as an em-
pirical constant of nature in its own right. This ratio is represented by a new
symbol, Nz It turns out that the value of Ny (6.32891937 x 10 m-kg*s™) is
within 5% of Avogadro’s number N, although the units are clearly different.
Nevertheless, substitutions of N, into the EFE, as shown, should yield an abso-
lute value of a similar magnitude to that calculated by the conventional EFE [ie,
relation (5)]. More importantly, perhaps, one or more of these new expressions

given for Einstein’s gravitational constant term x may provide a more accurate
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result than x incorporating G. If so, this may have important implications for
additional forward progress towards unification. Whether any of these new ex-
pressions for Einstein’s field equations can move us closer to quantizing gravity

remains to be determined.

Data Availability

Due to the purely theoretical nature of this undertaking, no new data were gen-

erated or analyzed in support of this research.
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