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holes based on complex mass—energy conservation
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Abstract

Black holes are commonly described as gravitationally collapsed objects whose classical
interior solutions terminate at a singularity. Here we develop an alternative structural
interpretation in which a black hole is treated as a supercondensed phase object that
conserves its intrinsic mass—energy while redistributing its spatial phase degrees of
freedom. The analysis is restricted to three principles: time-independent phase equilibrium,
conservation of complex mass—energy, and multiplicative-invariant geometry.

The fundamental state is represented by the complex wave

Y(r) = A(r)e'd(r),

and its energy structure by

S=P+iQ,

where P denotes the real, condensed mass—energy component and Q denotes the phase-space
or potential-energy component. A stable configuration is defined by a stationary phase
condition,

od/ot =0,
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together with the conservation of the total complex-energy norm,
OS] =d8(P*+ Q?*) =0.

The Universe is thereby interpreted as conserving intrinsic mass—energy while retaining the
size, gradient, interval and rotational organization of phase space as structural degrees of
freedom.

For each condensation mode n, the phase gradient k, and intrinsic phase radius r, satisfy the
multiplicative invariant

Knrn = Xn

Under the proposed mass functional
M, o |Q,|V®,FdV,

a spherical mode obeys

My o (Kafn)’,

so that preservation of k.r, implies preservation of condensed mass. Gravity is consequently
interpreted not as an independent substance but as an observable measure of reduced spatial
freedom and increased phase-condensation density.

We classify bosonic spatial condensation through the structural hierarchy k'-k*. The k' mode
represents a global commutative gravitational phase gradient; k? represents a complex dual
field; k® represents a complex-quaternionic mass and spin condensate; and k* denotes the
supercondensed black-hole configuration. In this framework, the black-hole core is not a
point of vanishing physical volume. Rather, its internal phase radius, phase interval and
tangential oscillatory freedom approach zero, leaving a finite real-norm condensate. Angular
momentum and distinguishable phase freedom are retained in a multilayered rotating phase
envelope surrounding the non-rotating, isotropic core.

The observable black hole is therefore described as a composite object comprising a finite
supercondensed core, a stratified rotating phase-space envelope, and an external gravitational
phase field. White dwarfs, neutron stars, supernovae and their remnant cycles may then be
interpreted as different eigenstates of a common mass—phase-radius hierarchy. This
construction provides a proposed non-singular and conservation-based general model of
compact astronomical objects. It remains a theoretical hypothesis whose physical validity
requires a complete action principle, boundary conditions and observationally testable
predictions.

Introduction
2
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A black hole is one of the most extreme known forms of gravitational organization. General
relativity accurately describes its external field, horizon geometry and rotational structure. Its
classical interior, however, contains a curvature singularity at which the conventional
geometric description ceases to be physically complete.

A singularity may therefore be understood not necessarily as a physical object, but as a signal
that the variables used to represent the interior have exceeded their applicable domain. This
motivates a description based not on continued collapse along a temporal coordinate, but on
the stationary organization of conserved energy within phase space.

We propose that a black hole is

a time-independent supercondensed configuration in which intrinsic mass—energy is
conserved while spatial phase freedom is redistributed between a compressed core, a rotating
phase envelope and an external gravitational field.

The analysis does not attempt to reconstruct the full dynamical history of collapse. It asks
instead what stationary structure remains after the system has reached phase equilibrium.

The model rests on four related propositions.
First, intrinsic mass—energy is conserved.

Second, phase-space size, phase gradient, phase interval and rotational distribution constitute
structural degrees of freedom.

Third, gravity measures the reduction of spatial phase freedom and the associated increase in
condensation density.

Fourth, the mass—phase-radius relation is normalized by a multiplicative invariant.

Together, these principles lead to a finite core—envelope interpretation of a black hole.

1. Time-independent phase equilibrium

1.1 Stationary complex-wave state

Let the fundamental spatial state be

Y(r) = A(r)e'd(r),

where A(r) is the local amplitude and ®(r) is the spatial phase.

A stable astronomical configuration is defined by
3
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od/ot = 0.

This condition does not require every local component to be motionless. It means that the
total phase architecture is stationary: any local circulation, gradient or internal rearrangement
is incorporated into a self-consistent equilibrium configuration.

A general variational expression is

0A D=0,

or equivalently,

A(AD) — 0.

For a set of coupled modes, stationary phase balance may be written as

% Kjj sin(®@; — @;) = 0.

A time-independent equilibrium may therefore contain non-zero local phase differences.
Stability requires not uniformity, but global self-consistency.

1.2 Complex energy

We express the energy state as
S=P+iQ,

where

P = real condensed mass—energy,

Q = phase-space or potential-energy component.
The equilibrium relation is proposed as
P=1Q|,

which gives

arg(S) = n/4

and

ISP =P?+ Q*>=2P2.
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The central conservation condition is

3|SP =0,
or
(P> + Q%) = 0.

The separate components P and Q need not remain unchanged. Condensation may convert
distinguishable phase-space freedom into real condensation norm, boundary pressure,
rotational phase energy or an external field. What remains invariant is the total complex-
energy structure.

Accordingly, supercondensation is not energy destruction. It is a redistribution of the forms in
which conserved energy is geometrically expressed.

2. Multiplicative invariance and mass
conservation

2.1 Phase radius and phase gradient

Let
K=|VO|

denote the magnitude of the phase gradient and let r ® denote the characteristic phase radius
of a self-consistent mode.

A scale transformation is written as

r O=yr O,

It follows directly that
KT ®=xr .
We therefore define the multiplicative invariant

Knl'n = Xna

5
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where n labels the condensation eigenmode.

The quantity y, represents a normalized phase closure or condensation eigenvalue. The radius
I is not necessarily identical to the directly observed material radius. It is the spatial scale on
which the mass—energy mode completes its phase organization.

2.2 Proposed phase mass functional
We adopt the mass functional

M o [Q|VOPdV.

For an approximately isotropic spherical domain,
VO| =«

and

V x 1.

Hence

M « «’r’

and therefore

M o (xr)’.

If

KL =%

then

M o ¥ = constant.

Thus, within the proposed framework,
multiplicative invariance is the geometric expression of mass conservation.

This result depends on the assumed cubic phase-gradient mass functional and must ultimately
be established from a more fundamental action or derived field equation. At present it
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constitutes the internal mathematical basis of the model rather than an experimentally
confirmed mass law.

2.3 Global mass—phase-radius normalization
A global normalization may be written as
M/M_T =r_O/R,

where M_T and R denote the reference mass and reference phase-space radius of the total
system.

Equivalently,

M-R=M Tt O.

The intrinsic phase radius is therefore

r ®(M)=(R/M_T)M.

This relation defines a mass—phase-radius eigenstructure. For a conserved mass, the
normalized phase radius is not arbitrary; it is fixed by the global multiplicative relation.

Different astronomical states may nevertheless display different physical radii because their
phase freedom is distributed differently between the core, envelope and external field.

3. Gravity as an index of spatial freedom

In the present interpretation, gravity is not introduced as a separate substance added to matter.
It is the external manifestation of the way conserved mass—energy reorganizes spatial phase
freedom.

A weakly condensed configuration has

r @ large,

K_G small,

p_® small,

where kG denotes the gravitational phase gradient and p_® the effective phase-condensation
density.

7
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A strongly condensed configuration has
r @ small,
kG large,
p_O large.

Conceptually,

g dx kG

and

kK G < 1/r ®@.
Thus,

g o1

<k G?

Gravity becomes a measurable indicator of spatial compression: the stronger the gravitational
field, the smaller the available phase-space freedom associated with a fixed mass—energy
content.

A black hole represents the limiting case of this relation. Its mass—energy need not become
infinite. Instead, its internal phase freedom approaches a minimum.

4. The k'-k* hierarchy of spatial condensation

The symbols k'-k* denote structural condensation orders, not additional Cartesian
dimensions.

4.1 k': global commutative phase gradient

The k' mode is a radial, globally ordered phase field:

8
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O = O(r),
VO = «u(r)r.

It describes a centre—radius relation with no necessary internal non-commutative phase
organization. The ordinary external gravitational field is assigned to this mode.

Its normalized structure is

Kilh = 1.

4.2 k?*: complex dual field
The k? mode introduces the complex pair
S: =P +iQ.

It supports interference, superposition, field transport and the exchange between real
condensation and phase-space energy.

At equilibrium,
P=1Q|

and

arg(Sz2) = /4.

The k? mode therefore provides the complex energetic basis from which higher condensation
structures may emerge.

4.3 k3: complex-quaternionic mass condensate
The k3 state contains three independent local phase components:

Qs = Qui + Q2 + Qsk.

Under isotropic amplitudes,

Q=Q:=Q:=gq

the norm becomes
9
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105 = V3q.
This mode supports finite phase intervals, internal oscillation, spin-like closure and mass
condensation. It corresponds to the complex-quaternionic spherical oscillator structure

proposed for ordinary stable matter.

The factor V3 arises from the equal-norm combination of three mutually orthogonal phase
components.

4.4 k*: the supercondensed state

The k* mode is not interpreted as a simple fourth orthogonal phase axis. It denotes a structural
transition in which the distinguishable tri-axial phase freedom of the k* state is compressed
and redistributed.

The normalized transition is represented by

y BH =13,

so that

1 =r13/\3

and

K = 3K,

The multiplicative invariant is preserved:

Kal4 = K3I3.

This (1/\sqrt3) relation should not be identified directly with the total observed radius of a

black hole. It describes the proposed internal normalization by which a tri-axial phase
condensate projects towards a real-norm supercondensed core.

S. The supercondensed black-hole core

5.1 Zero phase radius without zero physical radius

A central distinction is required between the phase radius and the physical core radius.

10
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For the supercondensed core,
r @,core — 0,

but

r _core > 0.

The first condition means that the internal phase separation between distinguishable modes
vanishes. It does not require the physical volume of the condensate to vanish.

More explicitly,

AD core — 0,
V_T® core — 0,
®_core — 0,

where V_T denotes the tangential phase gradient and @ _core the internal relative rotational
frequency.

The core therefore loses
 internal phase spacing,
o tangential oscillatory freedom,
o distinguishable tri-axial phase separation,
 relative internal rotation.
It retains
o finite mass,
o finite complex-energy norm,
 finite physical volume,
e an isotropic real condensation norm.
Thus,
M core > 0,
IS _core| >0,

V_core > 0.

The black-hole core is consequently defined as a finite supercondensed object with a
closed internal phase radius, rather than as a zero-volume singularity.

11
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5.2 Projection towards a real condensation norm

The complex-energy state remains
S core =P_core +1Q core.

The phase component need not be physically annihilated. Rather, internally distinguishable
phase differences disappear:

AQ internal — 0.

At the same time,

IS _core? =P core? + Q core? = constant.

The externally effective core state may then be represented as a real-norm projection,
IT R(S_core) =||S core|| R.

In quaternionic notation,

Q core — Qo.

The quantity Qo is not an empty point. It is the isotropic reference norm obtained when
directional phase differences no longer remain distinguishable.

The transition is therefore not
complex energy — no energy,
but

resolved phase freedom — unresolved real condensation norm.

5.3 Isotropy of the core
If the tangential phase gradients vanish,
K_0,core =0,

K_o,core = 0,

12
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and the radial condition is identical in every direction,

K_1(r,0,0) = «_1(r),

then no preferred rotational axis remains.

The ideal core is therefore a complete isotropic sphere.

In the limiting phase-closed condition,

@ core = constant.

The absence of internal phase spacing means that the core contains no structural interval over

which relative oscillation could be defined. Its stationarity is thus a property of phase
equilibrium, not the absence of conserved energy.

6. The multilayered rotating phase envelope

6.1 Why an envelope is required

Observed astrophysical black holes generally carry angular momentum. A completely non-
rotating core cannot alone represent the full observable structure.

For an isolated system,
J_total = constant.

If the core satisfies

J core — 0,

then

J total =] shell +J field.

The conserved angular momentum must therefore reside in a rotating envelope and,
potentially, in the surrounding field.

This resolves the apparent tension between an isotropic stationary core and an axisymmetric
rotating black hole.

13
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6.2 Stratified phase shells
Let the phase envelope consist of N shells,
S_shell = @=1N X,

The state of each shell is

Y, = An(r,0)e'®,(1,0,0).

Unlike the core, the shell region obeys
AD, >0,

V_Td, #0,

o, % 0.

Different shells may possess different gradients and angular frequencies:
KiFKke# - FKN,

O FmF - Fo N.

Each layer may locally satisfy

Knl'n = Y.

The envelope is therefore not merely a material surface. It is a stratified phase-space region
that stores distinguishable phase freedom, angular momentum and density gradients.

6.3 Rotation as phase circulation

In this framework, observed rotation need not be interpreted as the rigid-body rotation of an
ultra-dense material core. It may instead be represented as phase circulation:

v O o VO,

J O o< rxv Q.
The total black-hole angular momentum is then distributed as

J BH=2%,J shell,bn+1J field.
14
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This interpretation permits the central condensate to remain isotropic while the surrounding
phase architecture exhibits axisymmetry, differential rotation and strong angular gradients.

7. The general core—envelope structure

The complete black-hole state is represented as
B BH=C core @ S shell @ F G,

where

C_core = finite isotropic supercondensed core,
S shell = multilayered rotating phase envelope,
F G = external gravitational phase field.

The spatial hierarchy is

real-norm core

— high-density transition layer

— rotating phase shells

— critical closure boundary
— external gravitational field.

The core contains the maximally compressed condensation norm. The envelope contains the
recoverable phase intervals and angular momentum. The external field represents the large-

scale continuation of the mass-induced phase gradient.

The observational signature of the black hole is therefore expected to arise primarily from the
interaction of light and surrounding matter with the envelope and external field, rather than

from direct access to the core.

8. Conservation across the core—envelope

system

8.1 Mass conservation

The total mass is decomposed as

15
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M BH=M core + Z,M _shell,n + M _field.

For an isolated stationary system,

dM_BH =0.

This does not require every component to remain separately fixed. Mass-equivalent energy

may be redistributed among the core, shells and field while the total invariant remains
unchanged.

8.2 Complex-energy conservation
The total complex energy is

S BH=S core +Z.S shell,n+ S field.

The conservation condition is

d/[S_BH|P = 0.

Equivalently,

E BH=E core + Z,E shell,n + E field,

with

O0E BH=0.

During condensation, a reduction in internal oscillatory freedom is compensated by an
increase in one or more of the following:

o real condensation norm,

e compression energy,

e boundary phase pressure,

o rotational envelope energy,

o external gravitational-field energy.

The process is therefore a transformation of energetic representation, not a loss of energy.

8.3 Explicit (1/\sqrt3) compression

Under the proposed isotropic compression,
16
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r'= r/\/3,

K =3k

The spherical volume transforms as
V' =V/(3V3).

The phase mass density term becomes
KV’

= (V3k)® - V/(3\3)

=K’V.

Hence,

M'=M.

The reduction in spatial scale is exactly compensated by the increase in phase-gradient
density. This identity provides the internal geometrical basis for interpreting

supercondensation as a mass-preserving transformation.

9. A non-singular central structure

The classical singular limit is usually written as

r—0,

p— .

The present model instead distinguishes
r ®,core — 0

from

r _core > 0.

Because

V_core >0,

17
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the density remains finite:
p_core =M core/V_core < .
The compression terminates when no further internal phase freedom can be removed:

AD core — 0,
V_T® core — 0,
OE total =0,

OM total = 0.

The central state is therefore not a point at which matter becomes infinitely dense. It is a
finite equilibrium boundary at which the internal phase radius is completely closed.

The singularity is replaced by a phase-closure condition.

The centre of a black hole is a finite real-norm supercondensate whose internal phase radius
has collapsed to zero, not a zero-volume point of infinite mass density.

10. Compact astronomical objects as phase-
radius eigenstates

The same framework can be extended to other compact objects by treating them as different
equilibrium values of r @ and «.

10.1 White dwarfs

A white dwarf retains finite internal phase spacing and substantial structural freedom:
r ®,WD >0,
A® WD > 0.

Its phase gradient is larger than that of an ordinary star but lower than that of more strongly
condensed objects:

K _star <x WD <k BH.

18
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It may therefore be regarded as an intermediate high-density eigenstate rather than a
fundamentally separate class of existence.

10.2 Neutron stars and related remnants

A neutron star occupies a smaller phase radius and a steeper phase gradient:
r NS <r ®,WD,

K NS>k WD.

Nevertheless,

r ®,NS >0,

A® NS > 0.

Its internal non-commutative phase freedom has not completely closed. It therefore remains
distinct from the supercondensed black-hole core.

10.3 Supernovae

A supernova may be interpreted as a rapid loss of the previous equilibrium rather than a
destruction of mass—energy.

Before explosion,
E total =E star.
Afterwards,
E total
=E remnant
e E ejecta
o E radiation
e E field.

Similarly,

M total
19
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=M remnant

e M ejecta
e M radiative-equivalent.

The event represents a redistribution of conserved complex energy from one condensed phase
architecture into a compact remnant, outward matter, radiation and an expanded field
configuration.

10.4 Condensation—expansion cycles
The general astronomical cycle may be expressed as

diffuse phase state

— phase alignment

— mass condensation

— high-density compression

— supercondensation or explosive redistribution
— spatial expansion

— renewed condensation.

Throughout the full cycle,
d||S_universe|* = 0.

Stellar formation and destruction are therefore interpreted as transformations between phase-
space eigenstructures rather than absolute creation and annihilation of existence.

11. Why the black hole is a representative
model of cosmic space ?

A black hole integrates the principal levels of spatial organization within a single object:

extreme conservation-based mass condensation;
minimization of internal phase-space freedom,;
redistribution between core and envelope;

strong radial phase gradient;

multilayered rotational organization;

continuous coupling to an external gravitational field;
preservation of finite total mass—energy.

Nk W=

20
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The k'—k* hierarchy may therefore be recognized within its complete structure:
k' — external commutative gravitational phase gradient;

k? — complex dual-energy field,

k* — complex-quaternionic mass and spin condensation;

k* — real-norm supercondensed core and rotating phase envelope.

These modes are not independent substances. They represent different organizations of the
same conserved complex energy under different degrees of spatial freedom.

The black hole is therefore a representative model of how cosmic space itself may condense.

12. Compact formulation

The entire model may be summarized by the following relations.
Fundamental state:

Y(r) = A(r)e'd(r).

Time independence:

od/ot = 0.

Complex energy:

S=P+iQ.

Complex-energy conservation:
d(P2+Q?*=0.

Multiplicative invariance:

Knln = Yn.

Proposed phase mass:

M, o [Q, [VD,JdV.

Spherical normalization:
21
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M, < (Kuln)?.

Global mass—phase-radius relation:
M/M_T=r ®/R,

or

M-R=M Tt O.

Black-hole core:

r ®,core — 0,

AD core — 0,

V_T® core — 0,

J core — 0,

r_core > 0.

Rotating envelope:

r_O,shell >0,

AD shell >0,

V_T® shell £0,

J shell +J field=J BH.

Complete black-hole structure:

B BH=C core @ S shell @ F G.
Total conservation:

E core + E shell + E field=E BH,
M core + M _shell + M_field=M BH,
J core +J shell +J field=J BH.
For the ideal stationary core,

22
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J core =0.

13. General propositions

Proposition 1: conserved energy with variable phase-space freedom

The Universe conserves intrinsic mass—energy while permitting its phase radius, phase
gradient, phase interval and rotational distribution to vary.

5t @ #0,
ok # 0.
Proposition 2: gravity as a spatial-density index

Gravity measures the reduction of phase-space freedom and the corresponding increase in
condensation density.

g b x kG x 1/r ]

Proposition 3: the mass—phase-radius eigenstructure
Each stable condensation mode is characterized by

Kal'n = Y,

with its globally normalized intrinsic phase radius determined by
M/M T=r ®/R.

Proposition 4: phase closure of the black-hole core

The internal phase radius of the core approaches zero while its physical radius, mass and real-
energy norm remain finite.

r @,core — 0,

r_core >0,
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M core > 0,
IS _core| > 0.
Proposition 5: core—envelope complementarity

Phase freedom and angular momentum absent from the stationary core are preserved in the
rotating envelope and surrounding field.

J core — 0,

J shell +J field =17 total.

Proposition 6: a continuous family of compact-object eigenstates

White dwarfs, neutron stars, supernova remnants and black holes are distinct equilibrium

states of a common conserved complex-energy system, differentiated by their phase radii,
phase gradients and internal degrees of freedom.

14. Discussion

The principal conceptual result is the separation of internal phase-radius closure from
physical geometric collapse.

The relation

r O,core=0
does not imply
r core =0.

The first denotes the disappearance of distinguishable internal phase separation. The second
would denote the disappearance of physical volume. The proposed model requires only the
former.

This distinction permits a finite, non-singular central condensate while retaining extreme
compression. It also clarifies the meaning of a stationary core. Stationarity is not energetic
emptiness; it is the absence of internal relative phase motion after the complex mass—energy
has reached a self-consistent minimum-freedom state.

The rotating envelope is equally essential. Without it, a stationary isotropic core would be
incompatible with the angular momentum of observed black holes. The core—envelope
division allows these features to coexist:
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o the core stores the maximally compressed real condensation norm;
o the envelope stores phase differentiation and angular momentum;
o the external field expresses the remaining large-scale phase gradient.

The model therefore offers a unified qualitative architecture, but it is not yet a complete
gravitational theory. Several quantities must be derived rather than postulated:

 the finite physical core radius r_core;

o the radial phase-radius function r_®(r);

o the envelope gradient kq(r,0);

e the angular-momentum distribution J,;

e the critical boundary corresponding to observational horizon behaviour;
e photon trajectories and lensing;

o the correspondence with established external black-hole solutions;

e equations of state for white dwarfs and neutron stars;

e quantitative supernova and remnant predictions.

Most importantly, the assumed mass functional and the (1/\sqrt3) normalization require
derivation from a well-defined stationary action.

Conclusion

We have proposed a general structure for a supercondensed astronomical object based
exclusively on time-independent phase equilibrium, conservation of complex mass—energy
and multiplicative-invariant geometry.

The Universe is interpreted as conserving intrinsic mass—energy while allowing the scale and
organization of phase space to vary. A reduction in phase radius is accompanied by an
increase in phase gradient such that

Knrn = Xn

remains invariant. Under the proposed phase mass functional,

M o [[VOPdV,

this relation implies mass conservation for a spherical condensate.

The black-hole core represents the limiting state in which internal phase radius, phase interval
and tangential oscillatory freedom approach zero. Its physical radius and real condensation

norm nevertheless remain finite. The core is therefore a stationary, non-rotating and isotropic
supercondensate rather than a singular point.
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The angular momentum and distinguishable phase degrees of freedom of the full object
reside in a multilayered rotating phase envelope. The observable black hole is consequently
described by

**a finite real-norm supercondensed core

o a stratified rotating phase-space envelope
e an external gravitational phase field.**

Within this construction, gravity is an index of reduced spatial freedom and increased phase-
condensation density. The black hole becomes the representative cosmic model integrating
the k'-k* hierarchy of bosonic spatial condensation.

White dwarfs, neutron stars, supernovae and black holes may then be interpreted as a
continuous family of phase-radius eigenstates of conserved complex mass—energy.

The central proposition is therefore:

A black hole is a finite supercondensed object whose internal phase radius has closed to
zero while its intrinsic mass—energy remains conserved. Its stationary isotropic core
retains the real condensation norm, whereas its multilayered rotating envelope retains
phase differentiation and angular momentum. The complete core—envelope—field
structure satisfies time-independent phase equilibrium, complex-energy conservation
and multiplicative invariance without requiring a zero-volume singularity.

This framework should presently be regarded as a theoretical structural hypothesis. Its
scientific value will depend on whether a consistent stationary action, finite core solution and
distinct observational predictions can be derived.

Thus, We propose that the Universe is a multiplicative-invariant geometric space composed
of complex quaternionic spherical oscillators. Within this finite spherical cosmic space (R),
complex dual energy conserves the intrinsic mass—energy (M_T), while expressing its
structural richness through continuously varying phase degrees of freedom.

KT O=1y

From an epistemological perspective, the proposed framework may be interpreted as a
physical representation of the relationship between essence and phenomena. Here, intrinsic
mass—energy corresponds to essence, whereas continuously varying phase-space structures
correspond to phenomena. Consequently, the same ontological principles naturally extend
beyond physics, providing a unified foundation for the social sciences and humanities.
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