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Abstract
This paper presents a comparative analysis of the dissipation mechanisms in Longitudinal Scalar Waves (LSWs) and ultrasound 
waves, focusing on their implications for energy propagation and field interactions. While Ultrasound Waves (UWs), a type 
of mechanical longitudinal wave, exhibit well-established behaviors, including attenuation due to absorption and scattering, 
LSWs are hypothetical energy waves often associated with quantum field theories and scalar fields. We explore the differences 
in their theoretical propagation characteristics, dissipation patterns, and the potential for targeting specific brain regions 
for therapeutic purposes. Drawing on current research in neurostimulation and non-invasive brain treatments, the paper 
discusses how ultrasound is applied in medical imaging, cancer treatment, and Alzheimer’s therapy, with a focus on its 
ability to interact with biological systems. In contrast, the theoretical potential of LSWs in medical applications is considered, 
including speculative interactions with quantum fields. The paper concludes by assessing the challenges of applying LSWs in 
clinical settings compared to the more practically grounded applications of ultrasound waves in neurodegenerative disease 
treatments and brain stimulation. While LSWs hold intriguing theoretical possibilities, ultrasound technology remains the 
most feasible and clinically validated approach for current and future medical treatments.
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1. Introduction
In classical physics, waves are fundamental phenomena that 
describe the transfer of energy through a medium or even through a 
vacuum, without the transport of matter. Waves can be categorized 
based on their nature, how they propagate, and the physical 
principles that govern their behavior. From a classical viewpoint, 
three primary types of waves are typically discussed, each 
governed by its own specific wave equation: mechanical waves, 
electromagnetic waves, and quantum mechanical waves. These 
wave types are central to our understanding of many physical 
processes, from the propagation of sound to the behavior of light, 
and even to the foundational principles of quantum mechanics.

Given augmentation between classical and quantum physics 
combination, three different types of distinctive are classified 
as 1) Mechanical Waves, 2) Electromagnetic Waves, and 3) 
Quantum Mechanics Waves as each of described below, however 
Soliton Wave as a type of non-linear wave has its own unique 
characteristics behavior as described separately:

Mechanical Waves: These waves require a material medium 

(solid, liquid, or gas) for propagation. The energy is transferred 
through the vibration of particles in the medium, and mechanical 
waves can be further divided into transverse and longitudinal 
waves. The most common mechanical wave is sound, which is a 
longitudinal wave, where particle displacement occurs parallel to 
the direction of wave propagation. Mechanical waves are described 
by the wave equation, which takes the form:
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         Eq. (1)

where u(x,t)  represents the displacement of the medium at position   
x and time t , and  c is the wave speed.

Electromagnetic Waves: These waves do not require a medium 
and can propagate through the vacuum of space. They consist 
of oscillating electric and magnetic fields that are perpendicular 
to each other and to the direction of wave propagation. 
Electromagnetic waves include light, radio waves, X-rays, and 
microwaves. They are governed by Maxwell's equations; a set 
of four fundamental equations that describe how electric and 
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magnetic fields interact and propagate through space. The general 
wave equation for electromagnetic waves in a vacuum is derived 
from these equations:
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     Eq. (2)

where E


 represents the electric field, and I is the speed of light 
in vacuum.

Quantum Mechanical Waves: These waves are governed by 
the principles of quantum mechanics and describe the behavior 
of subatomic particles, such as electrons. In quantum mechanics, 
particles exhibit both particle-like and wave-like properties, a 
phenomenon known as wave-particle duality. The most widely 
known wave equation in this context is Schrödinger's equation, 
which governs the evolution of quantum states over time. It is a 
fundamental equation for describing the probability amplitude of a 
particle’s position and other quantum properties:

ˆi H
t
ψ ψ∂

=
∂

     Eq. (3)

Where ψ is the wave function, representing the quantum state, 

Ĥ  is the Ĥ  is the Hamiltonian operator, and   is the reduced 
Planck’s constant.

These three wave types—mechanical waves, electromagnetic 
waves, and quantum mechanical waves—form the backbone of 
classical and modern physics. Each wave type plays a critical role 
in explaining a wide range of phenomena, from everyday sound 
and light to the behavior of fundamental particles. Understanding 
their wave equations is essential for both theoretical and applied 
physics, as they provide insights into how energy is transferred, 
how forces interact, and how nature at large operates and all 
of them obey and the four famous Maxwell’s Equations within 
domain of classical and modern physics as follows
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           Eq. (4)

Where E


 and  B


 are electric and magnetic fields, respectively, 
and  ρ and J


 are the charge density and current density.

Soliton Waves: Another type of waves that we are aware of and 
have a proven concept is known as Soliton waves. They are a 
unique type of nonlinear wave that maintains its shape and speed 

over time, even as it propagates through a medium. Unlike typical 
waves that disperse (spread out) or dissipate energy over time, 
solitons preserve their form and velocity, making them particularly 
interesting in both classical physics and mathematical physics.

The key characteristics of soliton waves are:

•	 Nonlinear: Solitons arise in nonlinear systems, meaning the 
relationship between the wave's amplitude and the medium's 
response is not proportional. This nonlinearity allows solitons 
to maintain their shape even as they interact with each other 
or the medium.

•	 Particle-like Behavior: Solitons often behave like particles. 
They can collide with each other without changing their shape 
or speed, much like how particles might interact, unlike linear 
waves that would typically scatter or dissipate energy upon 
interaction.

•	 Shape Preservation: The wave's amplitude and shape 
remain constant over time. The wave does not spread out like 
traditional waves or lose energy as it propagates.

•	 Energy Transfer: Solitons carry energy and can propagate 
without the energy being lost, unlike standard mechanical or 
electromagnetic waves, where energy tends to dissipate over 
time.

The types of solitons that can occur in different form of this wave 
system, such as:

1.	 Mechanical Solitons: These arise in systems where 
mechanical properties like elasticity and tension are nonlinear. 
For example, water waves or waves on a string can exhibit 
soliton behavior under certain conditions.

2.	 Optical Solitons: In fiber optics and other optical systems, 
solitons can form due to the balance between dispersion and 
nonlinearity. These optical solitons can maintain their shape 
and energy while traveling through fiber optic cables.

3.	 Acoustic Solitons: Solitons can also appear in nonlinear 
acoustic systems, where sound waves in a medium exhibit 
soliton-like behavior under specific nonlinear conditions.

4.	 Hydrodynamic Solitons: These occur in shallow water waves 
and other fluid systems, like in the famous Korteweg–de Vries 
(KdV) equation, which describes solitons in shallow water.

The mathematical formulation of a soliton wave typically involves 
a nonlinear partial differential equation, such as the Korteweg-de 
Vries (KdV) equation or the Sine-Gordon equation, which allows 
for the stable propagation of solitons:

• Korteweg-de Vries (Kdv) equation for shallow water waves:

3

36 0u u uu
t x x

∂ ∂ ∂
+ + =

∂ ∂ ∂
    Eq. (5)

where ( , )u x t  represents the wave’s displacement.

• Sine-Gordon equation for wave phenomena in fields like 
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superconductivity or in certain physical systems:

2 2

2 2 sin( ) 0
t x
φ φ φ∂ ∂
− + =

∂ ∂
     Eq. (6)

where φ  is the field variable and equation describes the propagation 
of solitons in nonlinear systems.

1.1 Soliton vs. Other Waves
Holistically, here we are presenting some high level comparison 
soliton versus other waves as we have described all in the above 
contents of this paper as:

Linear Waves: Linear waves, like those described by the classical 
wave equation, generally experience dispersion and energy 
dissipation over time, leading to a change in wave shape and 
amplitude as they propagate. In contrast, solitons do not experience 
this dissipation.

Mechanical Waves: Solitons can be seen as a specialized type 
of mechanical wave but with nonlinear characteristics. They can 
also interact with other solitons or obstacles without changing 
their characteristics.

Applications of soliton are identified as:

•	 Fluid Dynamics: Solitons are important in the study of water 
waves, especially in the context of shallow water waves, and 
phenomena like wave breaking or the dynamics of waves on 
long, shallow canals.

•	 Fiber Optic Communication: In fiber optics, solitons are used 
to carry information over long distances without distortion due 
to the balance between dispersion and nonlinearity in the fiber.

•	 Nonlinear Acoustics: Solitons are also studied in nonlinear 
acoustics and shock wave theory for their potential in 
applications involving high-energy sound waves.

In summary and conclusion, Soliton waves are a special class of 
nonlinear mechanical waves that preserve their shape and speed 
as they propagate. They behave differently from typical waves, 
maintaining their energy and structure due to the unique nonlinear 
interactions within the medium. Solitons have applications in 
various fields, including fluid dynamics, fiber optics, and nonlinear 
acoustics, and offer valuable insights into nonlinear systems and 
wave dynamics.

1.2 Longitudinal Scalar Waves Introductory
Longitudinal scalar waves are a theoretical concept that often 
arise in discussions of advanced wave phenomena. In contrast 
to traditional mechanical or electromagnetic waves, which are 
typically classified as transverse or longitudinal in nature, scalar 
waves are hypothesized to propagate in a way that is fundamentally 
different from conventional waves.

Scalar waves, as theorized, do not involve the mechanical 
displacement of particles in the medium (as seen in classical 
longitudinal sound waves) nor do they involve transverse 
oscillations of electric and magnetic fields (as in electromagnetic 
waves). Instead, they are described as oscillations of a scalar 
field-a quantity that has only magnitude and no direction—within 
space-time. They are often associated with hypothetical fields 
in advanced physics theories, such as those relating to quantum 
mechanics or the Aharonov-Bohm effect [1].

1.3 Theoretical Characteristics of Scala Wave
Scalar waves are thought to propagate as a disturbance in a 
scalar field, with the key difference being that these disturbances 
do not require a material medium (like sound waves) for their 
transmission. Instead, scalar waves are often described through 
potential fields that interact with the space they traverse. Some 
characteristics include:

•	 Energy Transmission: Scalar waves are theorized to carry 
energy across space without a medium, which differentiates 
them from mechanical longitudinal waves such as sound, 
which require a medium (like air, water, or solids) for their 
propagation.

•	 Non-mechanical Nature: Unlike sound waves, which 
displace particles of the medium, scalar waves are believed 
to propagate through the variation of a scalar field's potential, 
meaning that the energy is transferred without physical 
displacement of particles in the medium.

•	 Potential Field Oscillations: Scalar waves are thought to be 
related to fluctuations in potential fields that might involve 
forces like gravity, electromagnetism, or even hypothetical 
quantum fields. They are sometimes linked to energy transfer 
mechanisms that could include non-local interactions or 
exotic forms of energy transfer.

1.4 Maxwell's Equations and Scalar Waves
Maxwell's equations are the foundation of classical 
electromagnetism, describing how electric and magnetic fields 
interact with each other and with charges and currents. They are 
central to the theory of electromagnetic waves, which include 
light, radio waves, and other forms of radiation. These waves obey 
Maxwell's equations, which are based on the behavior of electric 
and magnetic fields.

However, scalar waves, as hypothesized, are fundamentally 
different in several keyways:

•	 Electric and Magnetic Fields: Maxwell's equations govern 
the behavior of electromagnetic waves, which involve both 
electric and magnetic field components. Scalar waves, on the 
other hand, do not involve electric and magnetic fields in the 
same way. They are described by scalar fields, which only 
have magnitude and no direction. Therefore, scalar waves, 
as described in theoretical physics, do not directly obey 
Maxwell's equations, which are specifically for the evolution 
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of electric and magnetic fields.
•	 Field Interaction: While scalar waves may interact with 

electromagnetic fields, they are typically considered a separate 
class of phenomena. For example, if scalar waves are involved 
in interactions with electromagnetic fields, they would need 
to be described by a modified or extended set of equations, 
potentially incorporating non-electromagnetic phenomena 
(such as gravity or quantum potential fields).

1.5 Scalar Waves and Their Governing Laws
Scalar waves do not obey Maxwell's equations in their conventional 
form because they are not electromagnetic waves. Maxwell's 
equations are designed specifically to describe the behavior of 
electromagnetic fields, which include both electric and magnetic 
components. Scalar waves, by their nature, are not composed of 
electric and magnetic field oscillations but are instead associated 
with disturbances in scalar fields.

However, it is important to note that scalar fields can be related to 
other fields that are governed by different sets of equations. For 
example:

•	 Gravitational Scalar Fields: In certain models of gravity, 
such as scalar-tensor theories, scalar fields are used to describe 
gravitational interactions. These fields obey their own 
equations of motion, which are based on general relativity and 
field theory, not Maxwell's equations.

•	 Quantum Field Theory: Scalar fields, such as those 
describing the Higgs boson in quantum field theory, are 
governed by the equations derived from quantum mechanics 
and special relativity, rather than classical electromagnetism.

1.6 Do Scalar Waves Obey Maxwell’s Laws?
No, scalar waves do not obey Maxwell’s equations in their 
traditional form. Maxwell’s equations describe electromagnetic 
fields, which involve both electric and magnetic components and 
the interactions between them. Scalar waves, on the other hand, 
involve scalar fields, which are not directly related to electric or 
magnetic fields.

Scalar waves, if they exist and are defined in some future framework, 
would likely obey different governing equations related to their 
scalar nature, potentially combining principles from quantum 
mechanics, general relativity, or new theoretical developments 
that go beyond classical electromagnetism. For now, they remain a 
theoretical construct in physics and have not been experimentally 
verified or fully integrated into mainstream physics.

1.7 Implications for Energy Propagation and Field Interactions
While scalar waves, if proven to exist, could offer new insights 
into energy propagation mechanisms—especially in fields such as 
wireless energy transmission, faster-than-light communication, and 
advanced medical applications—they would likely require entirely 
new models of field interactions and dissipation mechanisms. 
Maxwell's equations are insufficient to describe these phenomena, 

and any practical application of scalar waves would necessitate the 
development of new theoretical frameworks to account for their 
unique characteristics.

In conclusion, Longitudinal scalar waves are a theoretical concept 
that differs significantly from classical electromagnetic waves. They 
do not obey Maxwell’s equations, as they are not electromagnetic in 
nature and do not involve the oscillations of electric and magnetic 
fields. Instead, scalar waves are associated with disturbances in 
scalar fields and would likely require new physical models and 
equations to describe their behavior and interactions. If scalar 
waves can be experimentally verified, they could open up entirely 
new avenues for energy transmission, quantum computing, and 
other cutting-edge technologies. However, until this occurs, scalar 
waves remain a speculative and unverified hypothesis in the realm 
of physics.

2. Summary: Longitudinal Scalar Waves and Maxwell's 
Equations
Longitudinal scalar waves are a theoretical concept involving 
disturbances in scalar fields, which are different from conventional 
mechanical or electromagnetic waves. Unlike sound waves or 
electromagnetic waves, scalar waves do not require material 
displacement or involve oscillating electric and magnetic fields. 
Instead, they are thought to propagate through potential fields 
that affect space-time, often associated with advanced theories in 
physics, including quantum mechanics and gravity.

Scalar waves are distinct from electromagnetic waves, which are 
governed by Maxwell's equations. Maxwell’s equations describe 
the behavior of electric and magnetic fields and their interactions 
with charges and currents. These equations are central to the 
theory of electromagnetic waves like light, radio waves, and other 
forms of radiation. Since scalar waves do not involve electric or 
magnetic field components, they do not obey Maxwell's equations. 
Instead, scalar waves are described through different theoretical 
frameworks, potentially incorporating quantum or gravitational 
field theories.

The governing laws of scalar waves, if they exist, would not follow 
the traditional laws of electromagnetism. Scalar fields could be 
governed by different sets of equations, like those found in scalar-
tensor theories for gravitational fields or quantum field theory for 
particles like the Higgs boson. These fields have their own set of 
governing equations distinct from Maxwell's.

3. Mathematical Context
1. Maxwell’s Equations (Classical Electromagnetism)
The four equations governing electromagnetism, which scalar 
waves do not follow are presented in Equation (4) and again 

where,  E


 and B


  are electric and magnetic fields, respectively, 

and ρ  and J


  are the charge density and current density.
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2. Scalar Field Theory (Theoretical Approach)
For scalar fields, the field equation could be of the form as:

0φ =�   Eq.     (7)

Where is the d'Alembert operator, and 
ϕ represents the scalar potential field. This equation does not 
describe the electromagnetic fields but rather a scalar potential 
field that propagates through space-time, with different theoretical 
implications than Maxwell's equations.

In conclusion, longitudinal scalar waves, while interesting and 
potentially transformative for energy transmission and advanced 
technologies, are not governed by Maxwell's equations. They 
would require alternative theoretical frameworks to describe their 
behavior, interactions, and propagation mechanisms, especially 
in fields like quantum mechanics or gravitational theory. These 
waves, if validated, could present a new frontier in energy transfer 
and field interaction, but remain speculative in their existence and 
application until further exploration is conducted.

Note that: the d'Alembert operator is a mathematical operator 
used in the context of wave equations in relativistic and quantum 
field theories. In essence, it is a second-order differential operator 
that combines both time and spatial derivatives in a way that is 
suitable for describing wave propagation in space-time. The 
operator is denoted by   and is a key feature in the formulation of 
wave equations for fields, including scalar fields.

In relativistic theories, the d'Alembert operator considers the 
relativistic nature of space-time, blending the temporal and spatial 
components. It is the cornerstone of wave propagation in space-
time, particularly in the context of the wave equations describing 
fields such as the scalar field.

The d'Alembert operator is defined as:

2
2

2t
∂

= −∇
∂

�            Eq. (8)

Where:

• 
2

2t
∂
∂

  is the second derivative with respect to time ( t ),

•  2∇ is the Laplacian operator, representing the sum of second 
derivative with respect to spatial coordinates (x, y, z).

In special relativity, this operator describes wave propagation in a 
four-dimensional space-time, accounting for the relativistic speed 
of light.

Furthermore, from theory of scalar wave point of view, a scalar 
field is a physical field represented by a scalar function, which 
has a value at every point in space-time but no direction (unlike 

vector fields, such as electromagnetic fields, which have both 
magnitude and direction). Scalar fields are often used to describe 
various phenomena in quantum field theory, gravitational theories, 
and cosmology.

In the simplest case, the scalar field 𝜙(𝑥,𝑡) is governed by the wave 
equation, which is a direct consequence of the d'Alembert operator 
applied to the field.

The general wave equation for a scalar field 𝜙(𝑥,𝑡) is given by 
Equation (7) and using the definition of the d’Alembert operator of 
Equation (8), becomes in form of:

2
2

2 0
t
φ φ∂
−∇ =

∂
       Eq. (9)

Equation (9) is the standard wave equation for a massless scalar 
filed, where:

•  
2

2t
φ∂

∂
 represents the temporal variation of the field,

• 2φ∇  is the spatial variation of the field.

This equation describes how the scalar field propagates through 
space-time, with disturbances in the field traveling at the speed of 
light in the absence of any source or potential.

From perspective of relativistic scalar field propagation, the scalar 
wave equation (ϕ = 0 ) governs the propagation of a free scalar 
field, such as a gravitational field or a Higgs-like field in certain 
theories. This equation tells us that a disturbance in the field 𝜙(𝑥,𝑡) 
propagates outwards from the point of disturbance at the speed of 
light.

Solutions to this equation are plane waves of the form:

( )( , ) i k x tx t Ae ωφ ⋅ −=
      Eq. (10)

Where:

• A is the amplitude of the wave.
• k


 is the wave vector.
• ω is the angular frequency of the wave.
•  x  represents the spatial coordinates.

The plane wave solution shows that scalar waves are characterized 
by their wave vector k


 , which determines the direction and 

wavelength of the wave, and their angular frequency 𝜔, which 
determines the oscillation frequency.

For massive scalar fields (such as those associated with the Higgs 
field or other scalar particles), the wave equation includes a mass 
term:
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2mφ φ=�            Eq. (11)

Where 𝑚 is the mass of the scalar particle associated with the field. 
In this case, the wave equation for a massive scalar field becomes:

2
2 2

2 m
t
φ φ φ∂
−∇ =

∂
    Eq. (12)

The solutions to this equation now correspond to massive waves, 
which propagate slower than the speed of light, due to the presence 
of the mass term.

Note that: The Higgs field is a fundamental field in particle 
physics, proposed as a key component of the Standard Model. It 
is responsible for giving mass to elementary particles through its 
interaction with them. According to the theory, particles acquire 
mass by interacting with the Higgs field, with the strength of 
the interaction determining the mass of the particle. The Higgs 
field permeates all of space, and the Higgs boson is the particle 
associated with this field, discovered in 2012 at CERN. Without 
the Higgs field, particles such as the W and Z bosons, which 
mediate the weak force, would remain massless, and the universe 
as we know it could not exist.

However, Scalar Wave in Electromagnetic Context is also known 
as Scalar Electrodynamics.

While scalar waves are typically associated with fields that do 
not directly involve electromagnetic interactions, scalar fields 
can be introduced in the context of scalar electrodynamics, where 
they interact with electromagnetic fields through a set of coupled 
equations.

In this case, the scalar field 𝜙 can couple to the electromagnetic 
field Aµ  (where  Aµ  is the four-potential of the electromagnetic 
field) via a covariant derivative. The equation governing this 
system would be more complex than the simple wave equation, 
involving interactions between scalar fields and electromagnetic 
potentials [2, 4].

The field equations for such systems are often written as:

0µ
µφ φ= ∂ ∂ =�   Eq. (13)

But with interactions (such as coupling to gauge fields) leading to 
more complicated dynamics.

In conclusion, for the scalar wave propagation, it suffices to say that 
scalar waves, governed by the d'Alembert operator, exhibit unique 
properties compared to more familiar electromagnetic waves. The 
Equation (7) describes the propagation of a free, massless scalar 
field in space-time, with the wave traveling at the speed of light. In 
the case of a massive scalar field, the wave propagation is slowed 
down due to the mass term in the equation.

Scalar waves are of particular interest in advanced theoretical 
physics, such as in quantum field theory, cosmology, and some 
speculative theories of energy transmission. Their propagation 
characteristics, governed by the wave equation and the d'Alembert 
operator, make them distinct from conventional waves like sound 
or electromagnetic waves, opening potential avenues for new 
technologies in energy and communication.

Longitudinal scalar waves, if proven to exist and harnessed 
effectively, could potentially offer an alternative to ultrasound in 
medical applications, particularly in the treatment of neurological 
disorders like Alzheimer's disease. Unlike ultrasound, which 
uses mechanical waves to image or treat tissues, scalar waves, 
being non-invasive and potentially interacting with quantum 
fields, could be used to target specific brain regions with minimal 
disruption to surrounding tissue. If scalar waves can be modulated 
to penetrate the blood-brain barrier, they may provide a novel 
means to stimulate or alter brain activity, potentially aiding in 
the treatment of Alzheimer's by enhancing cellular repair or 
modulating neuroinflammation. While still theoretical, such 
applications could lead to safer and more precise non-invasive 
therapies, complementing or even replacing current ultrasound-
based approaches for brain stimulation. [5-6]

3. Harnessing Scalar Waves for Alzheimer's Treatment: An AI-
Driven Approach
Scalar waves, with their potential for non-invasive, deep tissue 
penetration, offer a promising alternative to ultrasound in the 
treatment of Alzheimer's disease. By utilizing Artificial Intelligence 
(AI) systems, scalar waves could be precisely targeted to specific 
regions of the brain, potentially enhancing neuroplasticity, 
reducing neuroinflammation, or stimulating cellular repair. AI 
algorithms could optimize the parameters of scalar wave exposure, 
such as frequency and intensity, to achieve personalized treatment 
regimens. This technology, if validated, could revolutionize 
brain therapy by providing a safer and more efficient method for 
addressing Alzheimer's, potentially improving cognitive function 
while minimizing side effects associated with current invasive or 
ultrasound-based treatments.

4. Harnessing Scalar Waves for Alzheimer's Treatment: An AI-
Driven Approach
Scalar waves, with their potential for non-invasive, deep tissue 
penetration, offer a promising alternative to ultrasound in the 
treatment of Alzheimer's disease. By utilizing Artificial Intelligence 
(AI) systems, scalar waves could be precisely targeted to specific 
regions of the brain, potentially enhancing neuroplasticity, 
reducing neuroinflammation, or stimulating cellular repair. AI 
algorithms could optimize the parameters of scalar wave exposure, 
such as frequency and intensity, to achieve personalized treatment 
regimens. This technology, if validated, could revolutionize 
brain therapy by providing a safer and more efficient method for 
addressing Alzheimer's, potentially improving cognitive function 
while minimizing side effects associated with current invasive or 
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ultrasound-based treatments [7-11].

5. From Focused Ultrasound to Quantum Field-Driven 
Longitudinal Scalar Waves: A Next-Generation Approach to 
Blood–Brain Barrier Opening in Alzheimer’s Therapy
Focused Ultrasound (FUS) has emerged as a breakthrough non-
invasive method for transiently opening the Blood–Brain Barrier 
(BBB) in Alzheimer’s disease by using microbubble-assisted 
acoustic pressure waves to mechanically loosen endothelial 
tight junctions, enabling targeted drug delivery. While effective, 
this method relies on mechanical cavitation, which carries some 
tissue stress risks. A theoretical alternative lies in quantum 
electrodynamics–driven longitudinal scalar waves (LSWs), which 
could modulate BBB permeability through direct, non-mechanical 
electric field alignment at the molecular level. By tuning LSW 
frequency and phase to resonate with membrane and protein 
structures, it may be possible to achieve reversible BBB opening 
without cavitation, offering a potentially safer and more selective 
pathway for delivering neurotherapeutics to affected brain regions.

As is known in world of medical and today’s statics, Alzheimer’s 
Disease (AD) is a progressive neurodegenerative disorder with 
limited therapeutic options, especially at early stages. Emerging 

non-invasive neuromodulation techniques, such as Focused 
Ultrasound (FUS), have demonstrated promising outcomes in 
restoring blood-brain barrier permeability and promoting neural 
regeneration.

Simultaneously, speculative physics research on Longitudinal 
Scalar Waves (LSWs) hypothetical energy-based waves derived 
from modifications of Maxwell’s equations or Quantum 
Electrodynamics (QED) suggests alternative, potentially non-
dissipative, energy transport mechanisms for targeted therapy. 
This review explores and compares the dissipation mechanisms 
in both LSW and ultrasound waves, emphasizing their relevance 
in biomedical applications, particularly in the treatment of early-
stage Alzheimer’s disease.

Alzheimer’s disease affects millions globally and is characterized 
by cognitive decline, memory impairment, and loss of neural 
connectivity. Among the therapeutic approaches under research, 
ultrasound neuromodulation has emerged as a minimally invasive 
tool for early intervention. Recent clinical trials, such as those led 
by Dr. Ali Rezai, have utilized focused ultrasound to transiently 
open the Blood-Brain Barrier (BBB) and deliver drugs or stimulate 
neural repair processes (Figure 1).
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disorder with limited therapeutic options, especially at early stages. Emerging non-invasive neuromodulation 
techniques, such as Focused Ultrasound (FUS), have demonstrated promising outcomes in restoring blood-brain 
barrier permeability and promoting neural regeneration. 
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waves derived from modifications of Maxwell’s equations or Quantum Electrodynamics (QED) suggests alternative, 
potentially non-dissipative, energy transport mechanisms for targeted therapy. This review explores and compares 
the dissipation mechanisms in both LSW and ultrasound waves, emphasizing their relevance in biomedical 
applications, particularly in the treatment of early-stage Alzheimer’s disease. 
 
Alzheimer’s disease affects millions globally and is characterized by cognitive decline, memory impairment, and 
loss of neural connectivity. Among the therapeutic approaches under research, ultrasound neuromodulation has 
emerged as a minimally invasive tool for early intervention. Recent clinical trials, such as those led by Dr. Ali Rezai, 
have utilized focused ultrasound to transiently open the Blood-Brain Barrier (BBB) and deliver drugs or stimulate 
neural repair processes (Figure 1). 
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At the same time, Longitudinal Scalar Waves (LSWs), which exist outside classical electromagnetic theory but have 
been suggested in extended electrodynamics and quantum field theories, offer a speculative avenue for deep, low-
dissipation energy delivery. 
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Figure 1: Points to PET Scan Results on Alzheimer’s Disease

At the same time, Longitudinal Scalar Waves (LSWs), which exist 
outside classical electromagnetic theory but have been suggested 
in extended electrodynamics and quantum field theories, offer a 
speculative avenue for deep, low-dissipation energy delivery.

Note that: A PET scan or Positron Emission Tomography scan, 
is an imaging test that helps reveal the metabolic or biochemical 
function of the body’s tissues and organs. It uses a radioactive 

tracer injected into the bloodstream to show both typical and 
atypical metabolic activity, allowing doctors to see how organs are 
functioning and detect diseases based on changes in metabolism. 
PET scans can provide multidimensional, color images of the 
inside workings of the human body, often used in combination 
with other imaging tests like Computed Tomography (CT) or 
Magnetic Resonance Imaging (MRI) scans for a comprehensive 
diagnosis (Figure 2).
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Low-intensity Focused Ultrasound (FUS) guided by Magnetic Resonance (MR) has been shown in preclinical 
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for Brain Treatments 
 
The methodology behind Low-Intensity Focused Ultrasound (FUS), when combined with Magnetic Resonance 
(MR) guidance, is a promising approach for non-invasive treatment of brain disorders, particularly Alzheimer's 
Disease (AD). FUS works by emitting focused ultrasound waves at low intensity, which are precisely directed at the 
region of interest within the brain, such as the hippocampus, a key area involved in AD, depression, and epilepsy. 
 
In this approach, FUS is used to temporarily and reversibly open the Blood-Brain Barrier (BBB), allowing targeted 
therapeutic agents (such as drugs, nanoparticles, or gene therapies) to penetrate the brain tissue where they would 
normally be restricted. The MR guidance allows for real-time monitoring of the FUS treatment, ensuring accurate 
targeting and minimizing damage to surrounding brain tissues. 
 

Figure 2: A Typical Positron Emission Tomography (PET) Scan Sample

The Blood–Brain Barrier (BBB) is one of the most significant 
barriers to treating brain disorders. The hippocampus is a prime 
target for novel therapeutics since it is implicated in depression, 
epilepsy, and Alzheimer's Disease (AD). Low-intensity Focused 
Ultrasound (FUS) guided by Magnetic Resonance (MR) has been 
shown in preclinical studies to reversibly open the BBB, facilitating 
the administration of targeted brain treatments. cooperation to 
investigate how AD and other illnesses are treated.

By describing characteristics physics and modeling of both waves 
at the beginning of the article, we have tried to introduce all 
type of wave and then focus on just two of theses wave namely, 
Ultrasounds and Longitudinal Scalar Waves.

Toward the end of this paper, the contrasts between these 
two modalities are discussed, with emphasis on dissipation 
mechanisms, tissue interactions, and their theoretical implications 
for Alzheimer's treatment.

6. Methodology of Low-Intensity Focused Ultrasound (FUS) 
in Blood-Brain Barrier (BBB) Opening for Brain Treatments
The methodology behind Low-Intensity Focused Ultrasound 
(FUS), when combined with Magnetic Resonance (MR) guidance, 
is a promising approach for non-invasive treatment of brain 
disorders, particularly Alzheimer's Disease (AD). FUS works by 
emitting focused ultrasound waves at low intensity, which are 
precisely directed at the region of interest within the brain, such 
as the hippocampus, a key area involved in AD, depression, and 
epilepsy.

In this approach, FUS is used to temporarily and reversibly open 
the Blood-Brain Barrier (BBB), allowing targeted therapeutic 
agents (such as drugs, nanoparticles, or gene therapies) to penetrate 

the brain tissue where they would normally be restricted. The MR 
guidance allows for real-time monitoring of the FUS treatment, 
ensuring accurate targeting and minimizing damage to surrounding 
brain tissues.

This technique is especially useful for diseases like Alzheimer's, 
where direct drug delivery to the brain is often hindered by the 
protective BBB. The non-invasive nature of FUS, combined 
with MR guidance, provides a precise and controlled method for 
delivering treatments, improving the effectiveness of therapeutic 
interventions for brain-related illnesses while reducing systemic 
side effects. Preclinical studies have shown the potential of FUS to 
open the BBB without causing lasting harm, thus providing a safe 
pathway for novel brain therapeutics.

7. Technological Achievements in Low-Intensity Focused 
Ultrasound (FUS) for Blood-Brain Barrier (BBB) Opening
The achievement of Low-Intensity Focused Ultrasound (FUS) in 
opening the Blood-Brain Barrier (BBB) involves a sophisticated 
integration of ultrasound technology, real-time imaging, and 
precise targeting mechanisms. Here's how this technology is 
typically implemented:

7.1. FUS System Design:
•	 Ultrasound Transducer: A high-frequency ultrasound 

transducer is used to generate focused sound waves. These 
waves are directed at a specific location in the brain, typically 
the hippocampus or other regions of interest. The transducer 
uses a phased-array system, as demonstrated in Figure 
3, where multiple transducers work together to focus the 
ultrasound waves precisely on the targeted area. The energy 
intensity is kept low (typically between 0.1 and 0.5 MPa) to 
avoid damage to surrounding tissue.
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•	 • Focusing Mechanism: The ultrasound waves are focused 
on a precise depth within the brain using focusing lenses or 
phased arrays. These arrays control the direction and intensity 
of the ultrasound waves by adjusting the phase of each element 
in the array, creating a converging wavefront that intensifies 
at the focal point as artistically illustrated in Figuer 4 as well 
The focus is typically deep within the brain, in regions like the 
hippocampus, where therapeutic delivery is intended.

7.2. Magnetic Resonance (MR) Guidance:
•	 MRI Imaging for Localization: Magnetic Resonance 

Imaging (MRI) is used to guide and monitor the FUS 
process in real time. Before FUS is applied, MRI scans are 
used to locate the exact target area in the brain, such as the 
hippocampus. MRI provides high-resolution images, ensuring 
the accurate targeting of the FUS waves.
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Figure 3: Artistic Way of Focusing Ultrasound Waves 
 

 Thermal Monitoring: MRI also helps monitor the temperature changes during the procedure, which is 
crucial for ensuring that the low-intensity ultrasound is not causing unintended thermal damage to the brain 
tissue. FUS, when applied correctly, does not heat the brain significantly but can temporarily increase the 
permeability of the BBB. 

Figure 3: Artistic Way of Focusing Ultrasound Waves

•	 Thermal Monitoring: MRI also helps monitor the 
temperature changes during the procedure, which is crucial 
for ensuring that the low-intensity ultrasound is not causing 
unintended thermal damage to the brain tissue. FUS, when 
applied correctly, does not heat the brain significantly but can 
temporarily increase the permeability of the BBB.

•	 Real-time Monitoring of BBB Opening: MR can be further 
utilized to track the dynamic changes in the BBB. This can be 
achieved by using contrast agents that can be tracked through 
MRI. As the ultrasound opens the BBB, the contrast agents 
can enter the brain tissue, providing real-time feedback to 
ensure the procedure’s safety and effectiveness.
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Figure 4: 2D Diagram of an Ultrasound Transducer 
 
7.3. Low-Intensity Ultrasound and BBB Opening: 

 Mechanism of BBB Disruption: Low-intensity ultrasound induces mechanical effects such as 
microbubbles or cavitation. These microbubbles are injected intravenously prior to FUS and help enhance 
the process. When the focused ultrasound waves pass through the brain tissue, they interact with the 
microbubbles, causing them to oscillate or expand and contract. 

 Cavitation and Permeability: The oscillation of these microbubbles generates localized pressure changes 
and shear forces that open the tight junctions of endothelial cells in the BBB. This temporary opening 
allows therapeutic agents, such as drugs or nanoparticles, to pass through the BBB and reach the target 
tissues in the brain. 

 Reversible Opening: Importantly, the opening of the BBB via FUS is typically reversible. After the 
procedure, the BBB generally returns to its normal state, restoring its protective function. 

7.4. Safety and Precision: 
 Intensity Control: The key to achieving effective and safe FUS treatment is the precise control of 

ultrasound intensity. The intensity is carefully regulated to prevent thermal or mechanical damage to 
surrounding healthy tissues. The technology allows for selective treatment of small, well-defined areas of 
the brain. 

 Controlled Duration: The duration of the FUS application is also critical. The ultrasound is typically 
applied in short pulses to avoid excessive heating, and the BBB opening is brief enough to allow 
therapeutic agents to cross but not long enough to cause permanent damage. 

 Feedback Mechanisms: Feedback loops from MR imaging and microbubble monitoring during the 
procedure help clinicians adjust the intensity, location, and duration of the ultrasound, ensuring precise and 
safe BBB opening. 

7.5. Integration with Therapeutics: 
 Targeted Delivery: Once the BBB is temporarily opened, targeted therapeutic agents such as drugs, 

antibodies, or gene therapies can be administered. These agents can be injected intravenously or directly 
into the cerebrospinal fluid, where they will be able to pass through the opened barrier and reach the brain 
tissue. 

Figure 4: 2D Diagram of an Ultrasound Transducer
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7.3. Low-Intensity Ultrasound and BBB Opening:
•	 Mechanism of BBB Disruption: Low-intensity ultrasound 

induces mechanical effects such as microbubbles or 
cavitation. These microbubbles are injected intravenously 
prior to FUS and help enhance the process. When the focused 
ultrasound waves pass through the brain tissue, they interact 
with the microbubbles, causing them to oscillate or expand 
and contract.

•	 Cavitation and Permeability: The oscillation of these 
microbubbles generates localized pressure changes and shear 
forces that open the tight junctions of endothelial cells in the 
BBB. This temporary opening allows therapeutic agents, such 
as drugs or nanoparticles, to pass through the BBB and reach 
the target tissues in the brain.

•	 Reversible Opening: Importantly, the opening of the BBB 
via FUS is typically reversible. After the procedure, the BBB 
generally returns to its normal state, restoring its protective 
function.

7.4. Safety and Precision:
•	 Intensity Control: The key to achieving effective and safe 

FUS treatment is the precise control of ultrasound intensity. 
The intensity is carefully regulated to prevent thermal or 
mechanical damage to surrounding healthy tissues. The 
technology allows for selective treatment of small, well-
defined areas of the brain.

•	 Controlled Duration: The duration of the FUS application 
is also critical. The ultrasound is typically applied in short 

pulses to avoid excessive heating, and the BBB opening is 
brief enough to allow therapeutic agents to cross but not long 
enough to cause permanent damage.

•	 Feedback Mechanisms: Feedback loops from MR imaging 
and microbubble monitoring during the procedure help 
clinicians adjust the intensity, location, and duration of the 
ultrasound, ensuring precise and safe BBB opening.

7.5. Integration with Therapeutics:
•	 Targeted Delivery: Once the BBB is temporarily opened, 

targeted therapeutic agents such as drugs, antibodies, or gene 
therapies can be administered. These agents can be injected 
intravenously or directly into the cerebrospinal fluid, where 
they will be able to pass through the opened barrier and reach 
the brain tissue.

•	 Personalized Treatment: AI-driven systems can further 
optimize the FUS application, adjusting parameters for each 
patient based on their specific brain anatomy, the location 
of the target, and real-time MRI feedback, ensuring a 
personalized treatment approach.

7.6 Comparative Focusing Techniques of Ultrasound and 
Scalar Waves for Brain Treatment
The title "Comparative Focusing Techniques of Ultrasound and 
Scalar Waves for Brain Treatment" highlights the distinct methods 
of wave focusing used in medical applications, particularly for 
brain treatments as illustrated in Figure 5.
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Figure 5: Difference in Focusing Between Ultrasound Waves and Scalar Waves 
 
Ultrasound waves rely on physical transducers to focus energy through tissue, while scalar waves, being theoretical, 
are believed to focus energy through scalar field manipulation, potentially offering more precise and non-invasive 
targeting of specific brain regions. 
 
8. Conclusion 
 
In this discussion, we explored advanced wave technologies, specifically Longitudinal Scalar Waves and Low-
Intensity Focused Ultrasound (FUS), and their potential applications in treating neurological disorders, particularly 
Alzheimer's Disease. Scalar waves, still theoretical, are hypothesized to provide non-invasive, highly precise 
targeting of brain regions, potentially offering a new approach to crossing the blood-brain barrier (BBB). In contrast, 
FUS, a proven technology, utilizes ultrasound waves to temporarily open the BBB with the help of MRI guidance 
and microbubbles, facilitating targeted drug delivery. We examined the technological mechanisms behind both 
methods, their differences in focusing, and how Artificial Intelligence can optimize these approaches for better 
treatment outcomes. Additionally, we highlighted how FUS has already shown promise in preclinical studies, paving 
the way for future treatments for brain diseases. 
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Ultrasound waves rely on physical transducers to focus energy 
through tissue, while scalar waves, being theoretical, are believed 
to focus energy through scalar field manipulation, potentially 
offering more precise and non-invasive targeting of specific brain 
regions.

8. Conclusion
In this discussion, we explored advanced wave technologies, 
specifically Longitudinal Scalar Waves and Low-Intensity Focused 
Ultrasound (FUS), and their potential applications in treating 
neurological disorders, particularly Alzheimer's Disease. Scalar 
waves, still theoretical, are hypothesized to provide non-invasive, 
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highly precise targeting of brain regions, potentially offering a new 
approach to crossing the blood-brain barrier (BBB). In contrast, 
FUS, a proven technology, utilizes ultrasound waves to temporarily 
open the BBB with the help of MRI guidance and microbubbles, 
facilitating targeted drug delivery. We examined the technological 
mechanisms behind both methods, their differences in focusing, 
and how Artificial Intelligence can optimize these approaches for 
better treatment outcomes. Additionally, we highlighted how FUS 
has already shown promise in preclinical studies, paving the way 
for future treatments for brain diseases.
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