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Abstract

This paper discusses the hypothesis of time inversion as a fundamental com-
ponent of the universe’s structure. We explore the possibility that time inversion
processes are an integral part of quantum mechanics and general relativity. Mathe-
matical models are presented to describe time inversion mechanisms on both micro
and macro levels, and the influence of these processes on causality and the evolution
of the universe is also discussed.

Introduction
Understanding the nature of time is one of the most profound and complex problems in
modern physics. Traditionally, time is considered a one-way flow from past to future,
as reflected in classical mechanics and thermodynamics. However, some interpretations
of quantum mechanics and solutions to the equations of general relativity allow for the
possibility of time inversion or regions of spacetime with a reversed arrow of time.

The purpose of this paper is to investigate the concept of time inversion as an in-
evitable element of the universe’s structure and to propose a mathematical foundation
for describing such processes.

1 Theoretical Basis

1. Temporal Symmetry in Fundamental Equations

Many fundamental equations of physics, including Maxwell’s equations and the Schrödinger
equation, are invariant under time inversion. This means that if time t is replaced with
−t, the equations retain their form:

Ĥψ(t) = iℏ
∂ψ(t)

∂t
⇒ Ĥψ(−t) = −iℏ∂ψ(−t)

∂t

However, in real physical processes, this symmetry is broken, due to the arrow of
time, defined by the second law of thermodynamics and the increase of entropy.
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2. Quantum Mechanics and Time Inversion

In quantum mechanics, some processes can be described taking into account time in-
version. Consider the time inversion operator T , which acts on the wave function as
follows:

Tψ(r, t) = ψ∗(r,−t)

where ψ∗ is the complex conjugate of the wave function. The position and momentum
operators transform as:

T r̂T−1 = r̂, T p̂T−1 = −p̂

3. Time Inversion in General Relativity

In the framework of general relativity, the spacetime metric may allow for solutions where
the time component changes sign. Wormhole-type metrics suggest the existence of tunnels
in spacetime connecting different points in time.

4. Time Inversion Model in Cosmology

The proposed model is based on an extension of the standard ΛCDM cosmological model
by introducing time-inverted regions of the universe. The general metric of such a universe
can be written as:

ds2 = −c2dt2 + a2(t)
[
dx2 + dy2 + dz2

]
Taking time inversion into account for certain regions of spacetime:

t→ −t, a(t) → a(−t)

2 Mathematical Model

1. Field Equations with Time Inversion

Consider the action for a scalar field ϕ:

S =

∫
d4x

√
−g

(
1

2
gµν∂µϕ∂νϕ− V (ϕ)

)
Under time inversion:

t→ −t, ∂tϕ→ −∂tϕ

The action remains invariant if the potential V (ϕ) does not explicitly depend on time.
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2. Solutions to the Equations of Motion

The Klein–Gordon equation for a scalar field is:

□ϕ+
∂V

∂ϕ
= 0

where the d’Alembertian □, taking the metric into account, has the form:

□ϕ = − 1

c2
∂2ϕ

∂t2
+∇2ϕ

Under time inversion, the second time derivative does not change sign, allowing for
solutions symmetric with respect to the time axis.

3. Energy Conditions and Causality

An important aspect is the fulfillment of energy conditions that ensure causality and the
stability of solutions. The energy-momentum tensor must satisfy the condition:

Tµνξ
µξν ≥ 0

for all timelike vectors ξµ. Under time inversion, this condition remains preserved.

3 Discussion of Results

1. The Effect of Time Inversion on Causality

The introduced model allows for processes where effects can precede their causes in local
regions of spacetime. However, global causality is maintained because these regions are
compactified and do not directly interact with the rest of the universe.

2. Cosmological Consequences

The presence of time-inverted regions may affect the evolution of the universe, leading
to observable anomalies in the distribution of matter and energy. This could explain
some observed phenomena, such as cold spots in the cosmic microwave background or
anomalies in the rotation speeds of galaxies.

Conclusion
In this paper, the hypothesis of time inversion as an inevitable element of the universe’s
structure has been proposed. The presented mathematical models demonstrate the possi-
bility of time-inverted regions existing without violating the fundamental laws of physics.
Further research and observations are needed to confirm or refute this hypothesis.

3



References
1. Hawking, S. W., & Ellis, G. F. R. (1973). The Large Scale Structure of Space-Time.

Cambridge University Press.

2. Penrose, R. (1979). Singularities and time-asymmetry. General Relativity: An
Einstein Centenary Survey, 581-638.

3. Feynman, R. P. (1949). The theory of positrons. Physical Review, 76(6), 749.

A Derivation of Equations under Time Inversion
In this appendix, we will consider in detail how the fundamental equations of physics
transform under time inversion and the consequences for the proposed model.

1. Time Inversion Operator in Quantum Mechanics

The time inversion operator T̂ is an anti-linear and unitary operator acting on the state
of a quantum system. Its action on the wave function is defined as:

T̂ψ(r, t) = ψ∗(r,−t)

where ψ∗(r,−t) is the complex conjugate of the wave function at time −t.
Transformation of Operators:
The position operator remains unchanged:

T̂ r̂T̂−1 = r̂

The momentum operator changes sign:

T̂ p̂T̂−1 = −p̂

The angular momentum operator:

T̂ L̂T̂−1 = −L̂

The spin operator for fermions:

T̂ ŜT̂−1 = −Ŝ

2. Schrödinger Equation and Its Invariance

Consider the time-independent Schrödinger equation:

iℏ
∂ψ(r, t)

∂t
= Ĥψ(r, t)

The Hamiltonian Ĥ usually contains the kinetic and potential energy terms:

Ĥ =
p̂2

2m
+ V (r)

Application of the Time Inversion Operator:
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Applying T̂ to the Schrödinger equation:

T̂

(
iℏ
∂ψ(r, t)

∂t

)
= T̂

(
Ĥψ(r, t)

)
The left-hand side:

T̂

(
iℏ
∂ψ(r, t)

∂t

)
= −iℏ∂ψ

∗(r,−t)
∂(−t)

= iℏ
∂ψ∗(r,−t)

∂t

The right-hand side:

T̂
(
Ĥψ(r, t)

)
= Ĥψ∗(r,−t)

Thus, we obtain:

iℏ
∂ψ∗(r,−t)

∂t
= Ĥψ∗(r,−t)

This equation corresponds to the complex conjugate of the Schrödinger equation for
time −t. Since physical observables depend on the modulus of the wave function, invari-
ance is preserved.

3. Scalar Field and the Klein-Gordon Equation

The Klein-Gordon equation for a scalar field ϕ(r, t):(
1

c2
∂2

∂t2
−∇2 +

m2c2

ℏ2

)
ϕ(r, t) = 0

Under time inversion t→ −t and ϕ(r, t) → ϕ∗(r,−t), the equation retains its form:(
1

c2
∂2

∂t2
−∇2 +

m2c2

ℏ2

)
ϕ∗(r,−t) = 0

This demonstrates that the Klein-Gordon equation is invariant under time inversion.

4. General Relativity and the Metric under Time Inversion

Consider the Friedmann-Lemaître-Robertson-Walker (FLRW) metric:

ds2 = −c2dt2 + a2(t)

(
dr2

1− kr2
+ r2dθ2 + r2 sin2 θ dϕ2

)
where a(t) is the scale factor dependent on time.
Time Inversion of the Metric:
Under t→ −t, the scale factor transforms as a(t) → a(−t). The metric becomes:

ds2 = −c2dt2 + a2(−t)
(

dr2

1− kr2
+ r2dθ2 + r2 sin2 θ dϕ2

)
Solutions to Einstein’s Equations:
The Einstein equations:

Gµν =
8πG

c4
Tµν
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Under time inversion, the energy-momentum tensor Tµν and the curvature tensor Gµν

remain unchanged, assuming that energy and pressure are invariant with respect to time.
Friedmann Equations:
The first Friedmann equation:(

ȧ(t)

a(t)

)2

+
kc2

a2(t)
=

8πG

3
ρ(t)

Under time inversion t→ −t:(
ȧ(−t)
a(−t)

)2

+
kc2

a2(−t)
=

8πG

3
ρ(−t)

If we assume that the energy density ρ(t) is an even function of time (ρ(−t) = ρ(t)),
the equation retains its form.

5. Field Theory and Action under Time Inversion

Consider the action for the field ϕ:

S =

∫
d4xL(ϕ, ∂µϕ)

The Lagrangian:

L =
1

2
∂µϕ∂µϕ− V (ϕ)

Under time inversion:

t→ −t, ∂tϕ→ −∂tϕ
Spatial derivatives remain unchanged. The Lagrangian transforms as:

L′ =
1

2

(
−∂0ϕ∂0ϕ+ ∂iϕ∂iϕ

)
− V (ϕ) = L

Thus, the action S is invariant under time inversion.

6. Energy-Momentum Tensor and Causality

The energy-momentum tensor for the scalar field:

Tµν = ∂µϕ∂νϕ− gµν

(
1

2
∂αϕ∂αϕ− V (ϕ)

)
Under time inversion:

∂tϕ→ −∂tϕ
while ∂iϕ remains unchanged. The components of Tµν transform accordingly, but the

tensor remains symmetric and satisfies the conservation laws:

∇µTµν = 0

This ensures the preservation of causality and the energy conditions under time in-
version.

6



7. Quantum Field Theory and Causality

In quantum field theory, Green’s functions play a key role in describing particle propa-
gation:

G(x− x′) = ⟨0|T{ϕ(x)ϕ(x′)}|0⟩

where T is the time-ordering operator.
Under time inversion, the arguments of the Green’s functions change, but the physical

observables remain unchanged, ensuring the preservation of causal relationships.

8. Consequences for the Proposed Model

The presented transformations show that the fundamental equations of physics retain
their form under time inversion. This allows us to propose a model where time-inverted
regions can exist without violating the fundamental laws of physics.

Model of Time-Inverted Regions:

• Time inversions occur in compactified regions of spacetime.

• The boundaries between regions with normal and inverted time can be described
through the corresponding conditions on the metric and fields.

• Such regions may affect the global structure of the universe and lead to observable
anomalies.

Conclusion: A detailed analysis of the transformations of fundamental equations
under time inversion confirms the possibility of time-inverted regions existing within the
framework of modern physics. This supports the proposed hypothesis and opens new
directions for research in cosmology and quantum gravity.
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