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ABSTRACT: We introduce inertial density (P =1/v) as a fundamental property characterizing the
distribution of inertia across any system. For this study we focus on spherical systems, and from this
property in the spherical context, we derive the Schwarzschild condition as a constant threshold of
mass over radius (m/r), resulting in what we refer to herein as "DeGerlia Compactness" (D) where
D = (m/r), and the static universal constant "the DeGerlia threshold" D, = 6.73295 x 10%°kg/m.
This method provides a simple and direct algebraic determination of black hole formation as a
function of mass distribution about an axis. We demonstrate through mathematical derivation and
calculations for the Earth, a hypothetical neutron star, and a hypothetical galactic cluster, that this
approach yields identical results to standard general relativity calculations while offering conceptual
and computational simplicity.

1 Introduction

Considering the classic figure skater example in rotational dynam-
ics, when the static mass skater pulls their arms in, their moment
of inertia reduces. Since momentum is conserved, the pace of
rotational movement increases. The factor by which the motion
changes is inversely proportional to the change in moment of in-
ertia about the same axis.

To understand the relationship between inertia and density, and
to represent how density influences motion from a rotational per-
spective, we introduce the concept of inertial density P =1/v as
shown in where I is inertia, and v is volume.

2 Inertia and Moment of Inertia

Inertia dictates how a system’s motion changes in response to an
applied force. This applies to both linear and rotational motion.
In rotational dynamics, the "moment of inertia" (I) dictates how
the angular motion of a system about a specific axis changes
when a torque is applied, and is defined as the sum of each mass
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element multiplied by the square of its distance from the axis of
rotation.

Moment of Inertia: I = Zmiriz (D
1

Using Equation (1)), one can determine how motion changes for
any system when energy is applied about an axis (torque). As
it pertains to linear motion, inertia (I) is characterized solely by
the system’s mass.footnote: in many physics equations, what is
mass in simple linear dynamics, is moment of inertia in rotational
dynamics such as [fix this: f=ma vs xxx in the rotation al context]

3 Introducing Inertial Density P

To represent how density influences motion from a rotational
perspective, we introduce the concept of inertial density P as
shown in as a fundamental system property characterizing
the distribution of inertia across any system, whether in the
linear or rotational context, in any direction, or about any
axis. If we were to redefine classical density as I/v (moment
of inertia/volume), because inertia is mass for one-dimensional
motion, this would remain consistent with the classical definition
of density, where p = m/v. Stated in different terms:

Mass and density are to linear motion as moment of
inertia and inertial density are to rotational motion.
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3.1 Mathematics of Inertial Density

To derive the inertial density relationship, we begin with the es-
tablished relationship between mass and density p as shown in
2): "
== 2
p= 2

Where p is density, m is mass, and v is volume. Because mass is
equivalent to linear inertia, and because density is m/v, we define
inertial density P in terms of moment of inertia over volume:

1
Inertial Density : P = — 3)
v

Where inertial density P is equal to inertia I over volume v. Note,
the moment of inertia 7 for a system is distinct about every axis
for systems that are not uniform.

For a uniform sphere'l, we substitute I = %mr2 andv= %n‘r3:
I im? 3
P==-= iﬂ L
v 5 3 107r
Which can be simplified as follows:
pm 3
r 10w
m -2
P = —x9.549296585 x 10 @
r

Therefore, for spherical systems, P can be calculated from the
ratio of mass to radius multiplied by the conversion factor % as
shown in (@).

3.2 DeGerlia Compactness D

For all spherical systems, m/r multiplied by the geometric factor
3/(107) equals inertial density. DeGerlia Compactness is a sim-
plified analog to inertial density I/v that is equal to mass over
radius m/r while omitting the 3/107 geometric conversion factor:

DeGerlia Compactness: D = n 5
r

DeGerlia compactness D = m/r is related to inertial density P
by the geometric factor 3/10x as shown in (6):

3
P=—_—-xD
107 x ©®

3.3 The DeGerlia Threshold D,;

The DeGerlia spherical compactness D is equal to the m/r ratio
for any spherical system:

p="
.

We define r = ry (the Schwarzschild condition):

2| 14

Recall the Schwarzschild radius:

2Gm
re =
S C2

Substitute ry into the expression for D, :

m mc2 (,‘2

Gn ~ 2Gm 26

&

Deyir =

Insert the fundamental constants® ¢ = 2.99792458 x 103m/s and
G=6.67430x 10" " m3kg~1s2:

(2.99792458 x 10%)?
T 2% 6.67430 x 1011

kg/m

_ 8.98755179 x 10'°
 1.334860 x 1010

=6.73295 x 10*0kg/m

DeGerlia Threshold: D, = 6.73295 x 10%° kg/m 7

The DeGerlia Threshold represents the mass over radius threshold
at which gravitational collapse occurs. Just as the Schwarzchild
radius, the DeGerlia threshold is universally applicable to spher-
ical gravitational systems. Examples include black holes or neu-
tron stars, a spherical region of an interstellar cloud, or even a
galactic cluster. As defined in (7)), this universal threshold pro-
vides a simple criterion for determining when a system will un-
dergo gravitational collapse.

4 Calculating Inertial Density

The following techniques allow the characterization of the mo-
ment of inertia for almost any type of system about any axis.
Note, for rotational motion of non-uniform or non-spherical sys-
tems, the moment of inertia is dimensional and distinct about
each axis of rotation.

1. Any system: The P =I/v formula will accurately calculate P
for the system.

2. Any system: Substitute the mass-weighted mean radius
squared for radius squared to calculate inertial density us-
ing P=m/r(3/10m).

3. Any system: Take a spherical "sample" of any system and cal-
culate the average inertial density over that region of space,
about an axis using P = m/r(3/107).

4. Spherical systems: Multiplying m/r by (3/10m) will accu-
rately calculate P.

5. Spherical systems: Multiplying density p by > will produce
an accurate P.

6. Non-spherical uniform systems: You can substitute radius
squared with mean radius squared (MRS) and utilize the
uniform sphere formula P =m/r(3/10x).

5 Example Calculations

Refer to Table [1|for a programmatic property comparison for the
three examples described herein.



5.1 Example 1: Earth

* Properties
m=75.97216787 x 10**kg

r=6.3781370 x 10°m

* Calculate Earth’s DeGerlia Compactness

The DeGerlia compactness D of the Earth is calculated as
m/r:

m _ 5.97216787 x 10**kg

D=_——
r 6.3781370 x 10°m

D =9.36349889 x 10" kg/m

¢ Calculate Critical Radius for Earth

The critical radius r.rit for the Earth is the radius that corre-
sponds to the DeGerlia Threshold:

Recall the DeGerlia Threshold:
Derir = 6.73295 x 10%°kg/m

Lo_m 5.97216787 x 10**kg
T Der 673295 x 10%0kg/m

Ferit = 8.87005515 x 10> m

¢ Calculate the Schwarzschild Radius for Earth

2Gm
re =
S C2

_ 2x6.67430x 10" ' m3kg's72 x 5.97216787 x 10**kg
B (2.99792458 x 108 m/s)?

rs = 8.87005515x 10 > m

¢ Verification
re=8.87005 x 10 3 m = r,,;y = 8.87005 x 10> m

The computed values of the critical radius r.; and the
Schwarzschild radius r; are mathematically identical, con-
firming that the DeGerlia compactness threshold formula-
tion provides the same physical threshold as general relativ-

ity

5.2 Example 2: Hypothetical Galactic Cluster
* Properties

m=3.98000 x 10¥ kg

r=7.10000 x 10°*m

* Calculate Galactic Cluster’s DeGerlia compactness

The DeGerlia compactness D of the Galactic Cluster is calcu-
lated as m/r:

m  3.98000 x 10 kg
D=—=""""-""_"°
r 7.10000 x 1022m

D =5.6056338028 x 10**kg/m

* Calculate Critical Radius for a Hypothetical Galactic
Cluster

The critical radius is the radius that corresponds to the criti-
cal DeGerlia compactness for the Galactic Cluster:

Recall the DeGerlia Threshold:
Derig = 6.73295 x 10%kg/m

L _.m _ 398000 10¥kg
M Deig 673295 x 1026kg/m

Ferit = 5.9112235720 x 10" m

¢ Calculate the Schwarzschild Radius for the Galactic Clus-
ter

_ 2Gm

rs =
c2

_ 2x6.67430 x 107" m* kg ''s72 % 3.98000 x 10" kg
B (2.99792458 x 108m/s)?

re=5.9112235742 x 10" m

¢ Verification
re=5.91122x 108 m=r,; =5.91122 x 10'¥m

The computed values of the critical radius r.; and the
Schwarzschild radius r; are mathematically identical, con-
firming that the DeGerlia compactness threshold formula-
tion provides the same physical threshold as general relativ-

ity.
5.3 Example 3: Hypothetical Neutron Star
* Properties

m = 1.00000 x 103°kg

r=1.98000 x 10°m

* Calculate Neutron Star’s DeGerlia compactness

The DeGerlia compactness D of the Neutron Star is calcu-
lated as m/r:

m _ 1.00000 x 10°kg

D=_——_ """ 75
r 1.98000 x 103 m

D =5.05051 x 10*°kg/m

Because the DeGerlia compactness D of the Neutron Star is
close to the D, it is near gravitational collapse.
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Table 1 Comparison of Three Example Systems with Properties Calculated via Python Script

Property

Earth

Galactic Cluster

Neutron Star

Radius

Mass

Volume

Density

Moment of Inertia

DeGerlia Compactness D=m/r
Inertial Density P =1/v
Inertial Density P = (m/r)(3/107)
Schwarzschild Radius r
DeGerlia Threshold D

Dyorm = D/Deyiy

GTD from /1 — Do

GTD per GR formula

Surface Gravity

Escape Velocity

6.37814 x 10°m
5.97217 x 10* kg
1.08685 x 10*! m?
5.49493 x 10° kg/m>
9.71806 x 10°7 kgm?
9.36350 x 10'7 kg/m
8.94148 x 10'° kg/m
8.94148 x 10'° kg/m
8.87006 x 1073 m
6.73295 x 10% kg/m
1.39070 x 10~°
9.999999993 0465 x 107!
9.9999999930465 x 107!
9.79829 m/s?
1.11799 x 10* m/s

7.100000 x 102 m
3.980000 x 10% kg
1.49921 x 10%° m?
2.65472 x 1072 kg /m?
8.02527 x 10% kgm?
5.60563 x 102 kg/m
5.35299 x 10*' kg/m
5.35299 x 10*' kg/m
5.91122x 10" m
6.73295 x 10% kg/m
8.32567 x 1073
9.9995837076999 x 10~
9.9995837079848 x 10~
5.26953 x 107" m/s2
2.73546 x 10°m/s

1.980000 x 10° m
1.000000 x 10 kg
3.25150 x 101 m3
3.07550 x 10" kg/m?
1.56816 x 10°® kgm?
5.05051 x 10% kg/m
4.82288 x 10% kg/m
4.82288 x 102 kg/m
1.48523 x 10 m
6.73295 x 10% kg/m
7.50118 x 107!
4.9988227391858 x 10~
4.9988227873603 x 10~
1.70245 x 103 m/s?
2.59648 x 103 m/s

* Calculate Critical Radius for Neutron Star The critical ra-
dius is the radius that corresponds to the critical DeGerlia
compactness for a Neutron Star: Recall the DeGerlia Thresh-
old:

Derig = 6.73295 x 10%kg/m

m  1.00000 x 10°9kg
Derig 6.73295 x 1026kg/m

Yerit =
Ferit = 1.48523 x 10°m

¢ Calculate the Schwarzschild Radius for Neutron Star

2Gm
rs=—>5

c

 2x6.67430 x 10~ m*kg''s72 x 1.00000 x 10 kg
- (2.99792458 x 108 m/s)?

re=1.48523x10°m

¢ Verification
e =1.48523 x 10°m = ropiy = 1.48523 x 10°m

The computed values of the critical radius r.; and the
Schwarzschild radius ry are mathematically identical, con-
firming that the DeGerlia compactness threshold formula-
tion provides the same physical threshold as general relativ-

ity
6 Conclusion

Several key conclusions can be drawn from the results of this
study:

1. DeGerlia compactness D provides a simple and effective tool
for evaluating gravitational collapse in any system. When
D exceeds the DeGerlia threshold, the object necessarily
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forms an event horizon. Using the DeGerlia compactness
of the system and the critical inertia density represented by

the DeGerlia threshold, the point of gravitational collapse
is a direct algebraic comparison. Inertial density abstracts

the density gradient/profile (moment of inertia) within a
system.

2. Inertial density can be calculated in two distinct ways: as a
function of the system’s moment of inertia P = I /v, which is
suitable for any system geometry, or as a function of mass
and radius P = m/r x (3/10x) for spherical systems.

3. This investigation reveals the staggering moments of inertia
for relatively large distributed systems like galactic clusters,
highlighting their extreme rotational dynamics.

7 Future Research

The results of this study suggest the following further research:

* The relationship between moment of inertia and spacetime
curvature should be investigated.

* Inertial density and associated mathematics/behavior
should be researched further across physical domains.
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