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”It hangs!”: Approximation of Cauchy
sequence pinning to attatch vehicles to flat
horizontal surfaces by utilizing Halbach

arrays.
Louniala∗† Koskinen,‡ Uosukainen,§

Abstract. This inquiry delves into the avant-garde exploration of utilizing Halbach arrays for
the antigravitational attachment of vehicles to ceilings, an endeavor that transcends traditional
vehicular suspension paradigms. At the heart of this investigation lies the Halbach engine,
a conceptual magneto-mechanical apparatus designed to harness the unparalleled potential
of magnetic flux pinning, thereby facilitating a robust and stable levitational anchorage. The
mathematical underpinning of this study is twofold: firstly, through the application of Cauchy
sequences, we elucidate the stabilization mechanism of vehicles subjected to dynamic forces
within a metric space, ensuring convergence and hence, stability under the auspices of a
complete metric space. Secondly, we employ the principles of complex analysis, particularly
Cauchy’s integral theorem, to articulate the virtualization’s esoteric foundations, which govern
the behavior of virtual environments within which such antigravitational phenomena are
conceptualized. Furthermore, this discourse adopts a methodological absurdism perspective,
invoking chaotic dynamics to underscore the inherent unpredictability yet deterministic nature
of vehicular levitation. The culmination of this research not only pioneers a new frontier in
vehicular suspension technology but also redefines the spatial constraints of vehicular storage
and transportation, heralding a new epoch in urban infrastructure and advanced manufacturing
environments.
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1. Introduction

In the premises of this academic treatise, we scrutinize the question of vehicles’ antigravitational
suspension beneath the aegis of urban infrastructural upper bounds, particularly directed towards
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the innovative pursuits of kattoauto.fi. This discursive exploration’s point of departure is the
recontextualization of vehicular existence, wherein the conventional limitation of physical space
is transcended through the revolutionary paradigms of Augmented Reality (AR) and digitization.

1.1. Forces Acting on a Ceiling-Attached Vehicle—To elucidate the physical principles
underpinning the attachment of vehicles to ceilings via magnetic levitation and flux pinning, we
present a Newtonian mechanical diagram representing the primary forces at play.

Vehicle

Magnetic Force (Fm)

Gravitational Force (Fg)

Normal Force (Fn)Frictional Force (Ff )

Ceiling

Fig. 1. Diagram representing the forces acting on a vehicle attached to the ceiling
via magnetic levitation.

1.2. Magnetic force of a Halbach engine—In this model, the magnetic force (Fm) generated
by the theoretical Halbach engine counterbalances the gravitational force (Fg) acting on the
vehicle, thereby achieving levitation. The normal force (Fn) and frictional force (Ff ), while
typically present in contact-based systems, are minimized or negated in this non-contact levitation
system, illustrating a key advantage of magnetic levitation in reducing energy losses and wear.

2. Antigravitational Attachment of Vehicles and Synthesis of AR-Reality

Establishing our research approach towards the phenomenology of affixing vehicles to ceilings ne-
cessitates first and foremost the assimilation and articulation of the principles of antigravitational
attachment’s physics. This endeavor, far from trivial, demands a profound comprehension of the
transmutative capacity of quantum mechanics and AR technology. Through this contemplative
analysis, a new perspective on the potential for the expression of vehicles freed from gravity is
unveiled to kattoauto.fi.

Establishing our research approach towards the phenomenology of affixing vehicles to ceilings
necessitates the assimilation and articulation of the principles of antigravitational attachment’s
physics. This endeavor, far from trivial, demands a profound comprehension of the transmutative
capacity of quantum mechanics and AR technology. Utilizing the concept of Halbach arrays, we
consider the magnetic levitation forces that can counteract gravitational pull:

Flev = µ0
B2

2µr
A (1)

where Flev is the levitational force, µ0 is the vacuum permeability, B is the magnetic flux
density, µr is the relative permeability, and A is the cross-sectional area of the magnet.

2
ISSN 2379-5980 (online)

DOI 10.5195/LEDGER.20XX.XXX



KATTOAUTO.FI X (20XX) X-X

2.1. More proof using the Halbach engine—Utilizing the concept of Halbach arrays, we ex-
plore the intricate interplay between magnetic fields to create a stable levitation effect, counteract-
ing gravitational forces. The Halbach array induces a unidirectional magnetic field, intensifying
the levitational effect as described by:

Flev = µ0
B2

2µ
A (2)

Here, Flev denotes the levitational force, µ0 the vacuum permeability, B the magnetic flux
density, µ the magnetic permeability, and A the area of the magnetic field. The efficacy of
this configuration in creating a sustained antigravitational field has profound implications for
vehicular suspension technologies.?

Moreover, the stabilization of such systems can be analyzed through the lens of Cauchy
sequences, where a vehicle’s position, subjected to dynamic forces, can be modeled as a sequence
in a metric space. The convergence of this sequence, akin to the stabilization of the vehicle’s
position, is guaranteed under the conditions of a complete metric space, indicative of the system’s
robustness against perturbations.?

ollowing the foundational exploration of Halbach arrays and their role in facilitating magnetic
levitation, we delve into the conceptualization of the Halbach engine. This innovative mechanism
amplifies the principles of Halbach arrays to produce a significantly enhanced magnetic flux
pinning effect. This effect is not merely an incremental improvement but a transformative leap
that enables the attachment of vehicles to ceilings with unprecedented stability and efficiency.

The Halbach engine operates on the principle of dynamic flux modulation, where an array of
meticulously arranged magnets, coupled with electromagnetic coils, generates a spatially varying
magnetic field. This field exhibits a high degree of temporal coherence, resulting in a pinning
effect that securely anchors the vehicle to any ferromagnetic surface above it.

Fpin = γ

(
dB
dx

)2

V (3)

In this equation, Fpin represents the pinning force, γ is a coefficient related to the material
and geometric properties of the Halbach engine and the surface, dB

dx is the spatial gradient of the
magnetic flux density, and V is the volume encompassed by the magnetic field. This relationship
underscores the engine’s capability to exert a formidable pinning force, a function of the magnetic
field’s spatial gradient and the affected volume.

The Halbach engine’s architectural design incorporates a feedback loop mechanism that
adjusts the electromagnetic coils’ current in real-time. This adjustment is based on the vehicle’s
proximity to the ceiling and its dynamic load conditions, ensuring optimal levitation and stability
across a spectrum of operational scenarios. The engine’s sophisticated control algorithms interpret
data from an array of sensors to modulate the magnetic field intensity and gradient, maintaining
a constant levitation gap and ensuring the vehicle’s secure attachment to the ceiling, irrespective
of external disturbances.

The implications of the Halbach engine extend beyond the realm of vehicular suspension.
Its potential applications span diverse domains, from urban transportation infrastructure, where
it can revolutionize the concept of parking and vehicle storage, to advanced manufacturing
environments, where it can facilitate the precise and flexible positioning of heavy machinery and
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components.
In essence, the Halbach engine embodies the synergy of magnetic levitation principles

and cutting-edge control technologies, heralding a new era in which the spatial constraints of
vehicular storage and transportation are redefined. The exploration of this engine’s capabilities
and its integration into practical applications remains a fertile ground for future research and
development.?

3. Esoteric Foundations of Virtualization

The ontological and epistemological framework of virtualization can be further elucidated
through the mathematical formalism of complex systems and fractal geometry. Consider-
ing a fractal dimension D that characterizes the complexity of virtual spaces, we employ the
Minkowski–Bouligand dimension:

D = lim
ε→0

logN(ε)

log(1/ε)
(4)

4. Esoteric Foundations of Virtualization

Progressing further, it is imperative to immerse in the ontological and epistemological framework
of virtualization, enabling the abstraction of the idea of vehicles integrated into exo-ceilings. This
methodology not only allows us to construct a multi-dimensional cognitive map of the practical
implementation of affixing vehicles to ceilings but also facilitates a deeper dialogue around the
convergence points of virtual and physical realities. In this context, kattoauto.fi’s role is to act as
both a catalyst and an archivist for this transcendental vehicular discourse.

In the realm of virtualization, the mathematical underpinnings extend into the domain of
complex analysis, particularly the utilization of Cauchy’s integral theorem to model the virtual
environments’ behavior. This theorem provides a powerful tool for evaluating line integrals of
complex analytic functions, offering insights into the virtual space’s topological properties:∮

C
f (z)dz = 0 (5)

where C is a positively oriented, simple closed contour, and f (z) is a function holomorphic
within and on C. The application of such principles allows for the creation of virtual spaces with
defined boundaries and behaviors, facilitating more immersive AR experiences.?

5. Advanced Flux Pinning in 3D Vector Space

The Ginzburg-Landau free energy functional in the presence of a magnetic field is given by the
following integral over the volume V of the superconductor:

F =
∫

V

(
α|Ψ|2 + β

2
|Ψ|4 + 1

2m∗

∣∣∣(
i
∇− e∗A

)
Ψ

∣∣∣2 + |∇×A|2

2µ0

)
dV, (6)

where α , β are Ginzburg-Landau parameters, m∗ and e∗ are the effective mass and charge of the
Cooper pairs, µ0 is the vacuum permeability, and Ψ is the superconducting order parameter.
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5.0. Tensorial Analysis of Electromagnetic Fields—Considering a discrete 3D lattice for com-
putational modeling, the vector potential A can be expressed as:

A =

Ax(x,y,z)

Ay(x,y,z)

Az(x,y,z)

 , (7)

with the magnetic field B, obtained from the curl of A, represented in matrix form as:

∇×A =

∣∣∣∣∣∣∣
x̂ ŷ ẑ
∂

∂x
∂

∂y
∂

∂ z

Ax Ay Az

∣∣∣∣∣∣∣ . (8)

5.0. Incorporation of Pinning Centers—Spatial variations in the Ginzburg-Landau parameter
α , reflecting material inhomogeneities and pinning centers, modify the system’s stability and
flux pinning efficacy. This necessitates a refined mathematical treatment to adequately capture
the dynamics of vortices and their interaction with pinning centers in a 3D vector space.

6. Methodological Absurdity

Our methodological lens focuses on methodological absurdism, where the normative bounds
of scientific inquiry are intentionally transcended in search of new layers of meaning within
the symbiosis of vehicles and ceilings. This approach, albeit initially counterintuitive, allows
for the deconstruction and reformulation of paradigmatic assumptions, crucial for kattoauto.fi’s
visionary endeavor in the context of affixing vehicles to ceilings.

The embrace of methodological absurdity in the context of antigravitational vehicular attach-
ment leverages the principles of non-linear dynamics and chaos theory. The Lorenz equations,
representative of chaotic systems, illustrate the sensitivity to initial conditions, termed the ’butter-
fly effect’:

dx
dt

= σ(y− x), (9)

dy
dt

= x(ρ − z)− y, (10)

dz
dt

= xy−β z, (11)

where σ , ρ , and β are parameters influencing the system’s behavior. This model, when
applied to the dynamics of vehicular levitation, underscores the intricate balance required to
maintain stability in the face of inherent unpredictability.?

7. Electromagnetic Fields in Curved Spacetime: Implications for Halbach
Engine Levitation

The exploration of the Halbach engine’s levitational capacities in the context of curved spacetime
necessitates a foray into the tensorial representation of electromagnetic fields within the frame-
work of General Relativity. Given a spacetime manifold (M ,gµν) with a Lorentzian metric gµν ,

5
ISSN 2379-5980 (online)

DOI 10.5195/LEDGER.20XX.XXX



KATTOAUTO.FI X (20XX) X-X

the electromagnetic tensor Fµν , a skew-symmetric rank-2 tensor, encapsulates the electric and
magnetic fields’ properties in this curved background.

The dynamics of electromagnetic fields in curved spacetime are governed by the Maxwell
equations, expressed covariantly as:

∇µFµν =
4π

c
Jν , ∇[αFµν ] = 0, (12)

where ∇µ denotes the covariant derivative associated with gµν , and Jν represents the current
4-vector. The first set of equations describe the evolution of the electromagnetic field, influenced
by sources and the spacetime curvature, while the second set, encapsulating the Bianchi identity,
asserts the absence of magnetic monopoles and the conservation of charge in a differential form.

In the context of the Halbach engine, operating within an Earth-like gravitational field, the
curvature effects, though typically minuscule, might induce non-negligible corrections to the
engine’s operational parameters at high precision levels. These corrections can be quantified by
considering the engine’s interaction with the Riemann curvature tensor Rρ

σ µν , which encodes the
gravitational field’s tidal forces:

Fµν

;ν = Rµ

λ
FλνUν , (13)

where Fµν

;ν is the covariant divergence of the electromagnetic tensor, and Uν is the 4-velocity
of the levitated vehicle. This equation intimates that the vehicle’s trajectory, and thus the
engine’s levitational stability, is subtly influenced by the ambient gravitational field through the
curvature-induced terms.

The implications of these interactions extend to the potential for fine-tuning the Halbach
engine’s performance by exploiting the curved spacetime’s geometric properties. Such consider-
ations open up avenues for research into high-precision levitation technologies that could find
applications in sensitive experimental setups, where gravitational and electromagnetic interactions
must be meticulously controlled.

Vehicle with Quantum Halbach Engine

Engine
Flux Pinning Superconductor

Magnetic Flux Lines
(Levitational Force)

Ceiling

Quantum
Effects

Fig. 2. Conceptual representation of a vehicle suspended by a Quantum Halbach
Engine with flux pinning superconductors.

7.1. Tensorial Analysis of Halbach Engine Configurations—To further delve into the nu-
ances of the Halbach engine’s operation in curved spacetime, a detailed tensorial analysis of
specific engine configurations can be conducted. By modeling the engine’s magnetic array as a
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distribution of current loops and employing the Killing vector fields of the spacetime to simplify
the electromagnetic tensor’s components, one can derive exact solutions for Fµν in the vicinity of
the engine. These solutions, in turn, inform the design and optimization of the engine for specific
gravitational environments, heralding a new era in precision levitation technologies.

Fµν = ∂µAν −∂νAµ , (14)

where Aµ is the 4-potential of the electromagnetic field, encapsulating both the scalar and
vector potentials. This formulation allows for a unified treatment of the electric and magnetic
fields and facilitates the exploration of their interplay with the spacetime geometry.

In essence, the theoretical underpinnings of electromagnetic fields in curved spacetime
provide a rich tapestry for understanding and enhancing the Halbach engine’s capabilities. The
intersection of General Relativity and electromagnetism, as manifested in the engine’s operation,
underscores the profound relationship between gravity, geometry, and the fundamental forces,
paving the way for innovative applications in technology and fundamental physics.

8. The Future of Vehicular Transportation: Magnetic Levitation and Flux
Pinning

The exigencies of contemporary environmental challenges, particularly anthropogenic climate
change, necessitate a paradigmatic shift in vehicular transportation modalities. The burgeoning
field of magnetic levitation and flux pinning technologies heralds a transformative epoch in this
domain, promising substantial reductions in carbon emissions and a leap towards sustainable
mobility. This section elucidates the theoretical underpinnings and pragmatic implications of
harnessing these technologies to affix vehicles to ceilings, thus redefining spatial utilization and
energy efficiency in urban transportation infrastructures.

8.1. Rationale for Ceiling-Attached Vehicles—The conceptual framework for ceiling-attached
vehicles, predicated on the principles of magnetic levitation and flux pinning, resides at the
confluence of quantum physics and materials science. The utilization of Halbach arrays and
superconductive materials offers a dual-fold advantage: the minimization of frictional losses and
the provision of a high-density, efficient transportation system. Mathematically, the efficiency η

of such a system can be quantified as:

η =
Pout

Pin
= 1−

Pf riction

Pin
, (15)

where Pout and Pin denote the output and input power, respectively, and Pf riction represents the
power loss due to friction. In the idealized scenario of magnetic levitation, Pf riction approaches
zero, thereby maximizing η .

8.2. Environmental Implications—The environmental ramifications of deploying such an
avant-garde transportation system are profound. By circumventing the reliance on fossil fuels
and mitigating frictional losses, this system aligns with the overarching objectives of the Paris
Agreement to combat climate change. Furthermore, the spatial reconfiguration afforded by
ceiling-attached vehicles – a manifestation of higher-dimensional vector space utilization in
urban planning – optimizes land use, thereby preserving natural habitats and reducing urban
sprawl.
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8.3. Mathematical Model of Flux Pinning in Transportation—To comprehend the viabil-
ity of flux pinning in this context, consider the Ginzburg-Landau free energy functional in a
superconducting state, extended to three-dimensional space:

FGL =
∫

V

(
α|Ψ|2 + β

2
|Ψ|4 + 1

2m∗

∣∣∣(
i
∇−2eA

)
Ψ

∣∣∣2 + |∇×A|2

2µ0

)
d3r, (16)

where Ψ denotes the superconducting order parameter and A the magnetic vector potential.
The interaction between Ψ and A elucidates the flux pinning mechanism, essential for the stability
of levitated vehicles.

8.4. Conclusion: Towards a Sustainable Future—In conclusion, the integration of magnetic
levitation and flux pinning technologies in urban transportation not only epitomizes a quantum
leap in vehicular mechanics but also embodies a resolute stride towards environmental sustain-
ability. The interdisciplinary confluence of physics, engineering, and environmental science in
this endeavor underscores the imperative for a holistic approach to addressing the exigencies
of climate change. Future research, underpinned by robust mathematical models and empirical
validation, will be pivotal in transitioning this conceptual framework from the realm of theoretical
physics to the tangible reality of sustainable urban transportation.

8.5. Graphical Representation of Energy Efficiency—The graph below depicts the theoreti-
cal relationship between the levitational gap in magnetic levitation systems and the corresponding
energy efficiency (η), showcasing the potential for significant efficiency gains in ceiling-attached
vehicular transportation systems.
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Fig. 3. Theoretical model of energy efficiency as a function of levitational gap in
magnetic levitation systems.

9. Conclusion and Futuristic Visions

In summation, as this research journey culminates, we unveil kattoauto.fi’s role not merely as an
avant-garde pioneer in vehicle-ceiling attachment but also as a metaphysical curator redefining
the relationship between humans and their created artifacts. Our future vision reflects the
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cumulative essence of this endeavor, where AR technology and vehicular virtualization are not
just technological achievements but also means for crossing cognitive and ontological thresholds.
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