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Abstract 
In the present theoretical work, an attempt has been made to derive an expression for the quan-
tum volume of discrete space and its growth rate using first rank tensorial Einstein-Gauss gravita-
tion law, Einstein’s mass energy equivalence and Heisenberg’s uncertainty principle. It is found 
that the universe may have come into quantum existence with volume thrice the Planck’s volume 
within the framework of physical laws when it already had an age ~10−43 s provided the Planck’s 
time is at the origin otherwise, both have the same origin. The size and gravitational field of 
quantum primordial black hole of quantum mass have been estimated and reported. 
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1. Introduction 
The Minkowski metric equation 2 2 2 2 2 2d d d ds c t x y z= − − −  unifies the space-time geometrically [1]. The 
universal gravitational constant G  is simply the measure of the gravitational field strength in Newtonian grav-
ity, while it takes on a deeper significance in general relativity that it quantifies how much the other fields affect 
the space-time geometry. Other field such as the gravitational field interacts with space-time curvature metric  

through Einstein’s gravitation equation 4

8πΛ GG g T
cµν µν µν+ =  [2] [3]. The Einstein tensor Gµν  depends on  

the metric curvature, gµν  is metric tensor, while the stress-energy tensor Tµν  describes the energy and mo-
mentum flow due to all other fields and inverse of square root of cosmological constant 2Λ 3L−=  estimates the 
universe size 26~ 10 m L  [4] [5]. Einstein, in general relativity, has assumed the universe is constant while it is 
expanding infinitely in accordance with the Hubble’s law. 
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In 1893, Heaviside has made an analogy of Maxwell’s four equations known as gravitoelectromagnetic equa-
tions in the gravitation to study energy propagation in gravitational field [6]. He has proposed the gravitational 
Poynting vector contained the magnetic component of gravitation hidden in tensor equations of Einstein’s gen-
eral relativity theory. Researchers have predicted gravitoelectric and gravitomagnetic fields, in the same way 
around a mass that a moving electric charge is the source of electric and magnetic fields using Heaviside’s equa-
tions [7]-[11]. Although researchers have attempted to establish a unified theory, yet no complete theory is 
available that could add gravity with electromagnetic fields. Einstein’s general relativity estimates 99% of the 
material in the universe is dark matter [12]. Wesson has computed the quantum mass 682 10 kg qm −≅ ×  using 
cosmological constant Λ  [13]. 

From the survey of literatures, it is found that no work however, is available on the quantum volume of dis-
crete space and its growth rate, and the size of quantum primordial black holes and its gravitational field. Of 
course, Pandey has recently derived the similar expression for the quantum volume and its growth rate in a dif-
ferent approach than the present one [14] [15]. In the present theoretical approach, an attempt has been made to 
find the quantum volume of discrete space using first rank tensorial Einstein-Gauss gravitation law, Einstein’s 
mass energy equivalence and Heisenberg’s uncertainty principle. The size of quantum primordial black hole of 
quantum mass and its gravitational field have been calculated and reported. 

2. Einstein-Gauss Gravitation Law 
Every rest mass has its own intrinsic gravitational field. Due to distribution of gravitational field lines with 
which every mass interacts with other mass via exchange of gravitational field particles gravitons and accor-
dingly attracts each other [16] [17]. The first rank tensorial Einstein-Gauss gravitation law is the total gravita-
tional flux ΦG  i.e. the surface integration of gravitational field intensity over a closed surface enclosing the 
mass is 4πG−  times the total mass m  enclosed within the surface i.e. 

d 4πG GmΦ = ⋅ = ⋅ = −∫∫ g A g A                               (1) 

Negative sign indicates the inward nature of gravitational field. Since, radial gravitational field intensity g  
and surface area vector A  are in opposite directions, then 

2 2

2 2

d d 4π
d d

r VA Gm
t t

⋅ = − = − = −g A                              (2) 

Or, 
2

2

d 4π
d

V Gm
t

=                                      (3) 

where V rA=  is the space volume. 

3. Space-Time Relation 
Integration of both sides of Equation (3) with respect to time yields to 

d 4π
d
V Gmt
t
=                                      (4) 

Derived in inertial reference system, which is independent of the gravity, the Einstein’s mass energy equiva-
lent 2E mc=  is valid in all reference frames as the total energy of matter is independent of choices of inertial 
and noninertial reference frames in accordance with the conservation of energy. Therefore, combination of the 
Heisenberg’s uncertainty Et ≥   and 2E mc=  relations gives 

2mt
c

≥
                                        (5) 

Combination of Equations (4) and (5) results to 

61 3 1
2

d 4π 9.81972 10 m s 
d
V G
t c

− −= ≈ ⋅×
                            (6) 
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Integration of Equation (6) with respect to time gives 

0 OV V S t= +                                       (7) 

where 61 3 1
2

4π 9.81972 10 m sO
GS

c
− −= × ⋅≈

  is space expansion constant, which may be the ultimate least rate 

of volume expansion. Evidently, expansion of universe is symmetric with constant rate. No law of Physics is 

applicable in the time less than Planck’s time [18] ( )5 445.39106 32 10  sPt G c −= = ×  therefore, the volume 
of space at Planck’s time is  

3 3
104 3

94π 3 5.03 10 m O O P P
GV S t V

c
−= = = ≈ ×

                         (8) 

Noticeably, the space volume equal to thrice the Planck’s volume 34 π
3P PV =   at Planck’s time quantifies the 

space. This indicates the space is discrete as well as an integral multiple of thrice the Planck’s volume. The 

Planck’s length ( )3 351.616199 97 10  mP G c −= = ×   is the quantum length where ideas about gravity and  
space-time cease to be valid. Any length less than Planck’s length is beyond the applicability of physical laws 
[18]-[20]. 

In a different approach, Pandey has recently estimated the smallest radius of quantum space is 3~ 3 P  and 
has reported that the space is quantized with the volume of sphere of this least radius [14]. It would be worth 
mentioning that Einstein has estimated the size of an extremely small point so called as the world point, which is 
a physical entity in space-time continuum is a metric limit as the notion of distance disappears into world point, 
is 20~ 10 m −  [21] [22]. 

Figure 1 is the space-time plots, which are straight lines. The dotted line is the plot when Planck’s time is the 
origin of space. It intercepts on space axis and extends infinity in absence of other interactions. Reverse extra-
polation of space-time dotted line brings the space zero at time Pt− . Thus, the space creation may have begun 

445.4 10 s −≈ ×  before applicability of physical laws and may have come into quantum existence with volume 
thrice the Planck’s volume within framework of physical laws. 

On the other hand, the indefinite integration of Equation (6) yields the following relation: 

OV S t=                                        (9) 

Obviously, without limiting Planck’s time consideration, the inclined straight space-time plot passes through 
origin, solid line in the Figure 1, indicates the space and time have the same origin. 

4. Size of Quantum Primordial Black Hole 
In Einstein’s general relativity, a distorted space-time region is a black hole from which gravity prevents any-
thing, including light, from escaping. The black hole has a one-way surface, called an event horizon, into which 
objects can fall, but out of which nothing can come. It is black as it absorbs all the radiation that hit it, reflecting 
nothing, just like a perfect blackbody in thermodynamics. The Schwarzschild radius [23] of black hole of mass 
M  in terms of sun mass   is 

2.95  kmMR ≈


                                   (10) 

Equation (10) estimates the size of black hole equivalent to universe mass 225 10M ≈ ×   nearly equal to 
universe size 26~ 10  m  which indicates the only equivalent black hole of universe mass occupies whole space 
of universe, which is not in reality! This shows the space is very large compared to the present estimated size 
and it may have originated long before the Big Bang occurrence. Thus, origin of space seems to be reconsidered 
and the universe needs to be resized. 

In general, the size of black hole of mass m kg  is of radius 27~ 1.482222 10 m m eterr −× . The size of black 
hole equivalent to the quantum mass 682 10 kg qm −≅ ×  calculated by Wesson will be 95~ 2.964 10 met e rbr

−× . 
This may be the ultimate smallest size of the primordial black hole which may have formed early in the history 
of the Universe creation, during the Big Bang if quantum mass estimated by Wesson exists. 
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Figure 1. Space-Time plot. Dotted line represent the Planck’s quantum time 
is as the origin and solid line represents without consideration of Planck’s 
quantum time at origin.                                             

5. The Gravitational Field Intensity of Quantum Primordial Black Hole 
The gravitational field intensity of the quantum primordial black hole of quantum mass is 

111 2
2 1.518 10 m s q

b

Gm
g

r
−= ≈ × ⋅                               (11) 

Thus, the ultimate smallest theoretical black hole has the maximum gravitational field intensity, which is 
nearly 6010  times the gravitational field associated with the limiting energy over Plank’s sphere, to coalesce 
with other black holes [14]. This value may be the maximum limit of gravitational field intensity of a matter in 
the framework of physical laws. 

6. Conclusion 
Present theoretical approach limits to the stationary mass and constancy of limited light speed in the symmetric 
nature of universe. The universe may have come into quantum existence with volume thrice the Planck’s volume 
within the framework of physical laws when it already had an age 43~ 10 s −  otherwise, both have the same ori-
gin. If quantum mass exists, the quantum primordial black holes may also exist theoretically with enormous gra-
vitational field with which they interact and grow. The gravitational field decreases as the black hole grows due 
to coalescence. Due to instrumental limitation, this smallest expansion rate and size are beyond their measure-
ment and comparisons. Further, more studies are desirable to replicate in support of the present findings to arrive 
at a general conclusion. 
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