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[A bstract h

In this study, it has been suggested that the acoustic spectral properties of the ney (a type of flute), its smooth
harmonic structure, and its direct relationship with the rhythm of respiration may have a regulatory effect on
the autonomic nervous system and brain networks. EEG, HRV, and clinical observations reported in the lit-
erature have been evaluated in a manner consistent with the developed theoretical model. Consequently, this
study positions music therapy not as a causal treatment method, but as a complementary physical interaction
that slows the rate of entropy increase, supports phase harmony, and increases system stability in neurode-
generative diseases. The presented model aims to establish the music-neurology relationship on a scientific
and mathematical basis by offering an interdisciplinary framework. This study examines neurodegenerative
diseases, primarily Alzheimer's disease, but also Parkinson's and Amyotrophic Lateral Sclerosis (ALS), within
the framework of thermodynamics, physics, and systems theory, going beyond classical biomedical approach-
es. Neurodegenerative processes are interpreted as decreased energy efficiency, increased entropy production,
and disruption of phase coherence between neuronal networks. In this context, Alzheimer's disease is modeled
as an accelerated loss of order process in an out-of-equilibrium open biological system. The study also inves-
tigates music therapy, particularly through acoustic stimuli produced by breath-based instruments such as the
ney (a type of flute). Music is defined as a low-energy but high-information-density external input that provides
a regular time-frequency structure without overloading the system with high energy. This approach is mathe-
matically grounded using dissipative structure theory, the free energy principle, and oscillator synchronization
models. [1-88].
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Introduction

The Music Therapy discussed in this article, when evaluated sci-
entifically on the basis of Neuroengineering and Neuroscience,
is based on the principle that the vibrational frequencies created
by musical sounds are emitted as energy waves, strengthening
signal transmission in neurons to the extent that it can be de-
scribed as the firing of neurons, and thus more effective hormon-
al activity, positively affecting organs, including the brain. This
interaction is also consistent with ELMAS's Theory of Thermo-
dynamics ("ELMAS's Theory of Thermodynamics": A Scientif-
ic Approach for 5th Law of Thermodynamics - A Theoretical
Application Example for Medical Thermodynamics), a scientific
approach to the 5th Law of Thermodynamics, leading to the con-
clusion that energy and mass are vector quantities, and therefore
energy and mass transfers also occur vectorially. Thanks to the
vectorial energy and substance transfers described here, drug-
cell interaction can occur, and ultimately, the effectiveness of
drug therapy can be achieved. Therefore, the highlighted "EL-
MAS's Thermodynamic Theory" forms the basis of Medical
Thermodynamics. [ 1-88] Musical modes have their own internal
arrangement. A connection can also be established between the
cell DNA and RNA sequence structures and the modal sequenc-
es.

It is also possible for the vibrational frequencies created by mu-
sical sounds to match the DNA and RNA sequence frequencies
and for a resonance to occur. The resonance phenomenon de-
scribed here can also support the treatment process of virus-re-
lated diseases. [1-88] The sounds produced by the ney instru-
ment are very beneficial for heart health, lowering high blood
pressure, preventing palpitations, and are beneficial for diabe-
tes. Playing the ney is good for asthma, strengthening the lungs
by providing breathing exercises. A "Ney player" who plays
the "Ney" for the purpose of music therapy for patients can be
called a "Healer". Furthermore, music performed with the sound
of the ney helps in the prevention and treatment process of neu-
rological diseases such as Alzheimer's and Parkinson's. The last
memory to be forgotten is musical memory, a fact that has been
scientifically proven. It is also effective for psychological and
psychiatric disorders, stress, anxiety, and worry.

It increases patience and tolerance levels. [1-88] With the sup-
port of music, the immunity levels of cancer patients can be
increased. Again, increasing the body's immunity level with
music can create resistance to the development of autoimmune
diseases, thus preventing them, and can also support the treat-
ment process of these autoimmune diseases. [1-88] The "Ney"
and "Saz-Baglama" instruments, thanks to the sounds they pro-
duce, also soothe the patient, reduce dental anxiety levels, and
decrease the need for anesthesia in dental surgical operations.
[1-88] Neurodegenerative diseases are among the most com-
plex and multifaceted health problems faced by modern medi-
cine. Alzheimer's disease (AD), Parkinson's disease (PD), and
Amyotrophic Lateral Sclerosis (ALS) are clinically irreversible
diseases characterized by progressive cellular destruction in the
nervous system, but theoretically still not fully understood.

In the current literature, these diseases are mostly addressed
from a biochemical, genetic, and molecular biology perspective;
protein aggregation, neurotransmitter deficiencies, and disrup-
tions in cellular signaling pathways are presented as the basic
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explanatory mechanisms. [1-88] However, these approaches are
insufficient to explain why diseases progress at a certain rate,
why they show different courses in different individuals, and
why symptomatic improvements can be observed with certain
environmental or sensory stimuli. At this point, it is necessary to
consider the brain not only as a biochemical structure but also as
a physical system that processes energy, generates waves, carries
information, and is constantly interacting with its environment.
[1-88] The main motivation of this thesis is to reinterpret neu-
rodegenerative diseases in the context of thermodynamics, sta-
tistical physics, and wave mechanics, and in particular to model
Alzheimer's disease as a non-equilibrium, overt system disorder.
This approach suggests that the disease is not only cellular de-
struction but also a process of loss of energy efficiency, increased
entropy production, and disruption of neural resonance. [1-88]

Material, Method, Discussion

Brain Waves, Field Theory And Resonance Mechanisms [1-
88]

Defining the Brain as an Electrophysical System: [1-88]

The nervous system, in addition to being a biological structure,
is a complex physical system exhibiting electrical, magnetic and
wave properties. lon channels in neuron membranes, potential
differences and action potentials produce electromagnetic pro-
cesses consistent with Maxwell's equations. Therefore, the brain
should be considered from a field theory perspective rather than
from the perspective of classical mechanical systems. The elec-
tric field E\mathbf{E}E and magnetic field B\mathbf{B}B gen-
erated in the brain are related by the following basic equations:
V-E =¢€0p, VXB=pg]+ ot %

Here:

p\rhop: Charge density

J\mathbf{J}J: Current density

In neurodegenerative diseases, the temporal and spatial order of
these areas is disrupted.

Mathematical Representation of Brainwaves: [1-88]
Brainwaves observed with EEG measurements are classified
into different frequency bands:

Delta (0.5-4 Hz)

Theta (4-8 Hz)

Alpha (8-12 Hz)

Beta (13-30 Hz)

Gamma (>30 Hz)

Mathimatically, the brain signal can be expressed as follows:
V(t) = Z N A, (©) sin(2nf,t + ¢y (1))

In Alzheimer's disease, within this spectrum:

Alpha and beta bands weaken

Low-frequency oscillations become dominant

Phase coherence decreases

This indicates that the system has lost its ability to synchronize.

Synchronization and Phase Locking: [1-88]

The brain acts like a network of functionally phase-locked os-
cillators. Each neuronal group can be modeled as an oscillator:
% = i +ZKH sin(8j — 6)

This expression is an adaptation of the Kuramoto model to the
nervous system. Here:
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0i: Phase

oi: Natural frequency
Kij: Connection strength
In Alzheimer's disease,
dragged into phase chaos.

Kij tends to —0 and the system is

Resonance Principle and External Field Effect: [1-88]

In physics, resonance is the phenomenon where a system re-
sponds with maximum amplitude when an external stimulus
close to its natural frequency is applied. For the brain, this means
the interaction of external acoustic or electromagnetic fields
with neural oscillators.

Forced oscillator equation:

d’x dx
@V
Resonance occurs when o=w0

The effect increases in the case of low damping (y)

In Alzheimer's, the damping coefficient is increased, but low-en-
ergy, high-continuity frequencies can partially overcome this
damping.

+ wix = Fysin(wt)

Field Overlap and Neural Reorganization: [1-88]

External acoustic fields superposition the brain's internal elec-
tromagnetic fields:

E total=E brain+E acoustic

This overlapping can initiate plastic reorganization in neural
networks, especially under prolonged and rhythmic stimulation.
This effect:

Is more pronounced in slowly progressing diseases such as Alz-
heimer's

Is limited in rapidly deteriorating diseases such as ALS

Noise, Chaos and Stochastic Resonance: [1-88]
In neurodegenerative diseases, the system not only weakens but
also the noise level increases. Interestingly, under certain condi-
tions, low-level external stimuli can turn the noise to an advan-
tage. This phenomenon is known as stochastic resonance:

SNR 1 (uygungu'ru’ltu™+siny al)
Music, and especially the sound of the ney -Nay-1 Serif, In-
strument of Ney (Ney: Turkish Reed Flute, Nay), Ney (Turkish
flute); can be considered in this context as a harmonious input to
biological noise regulation.

The Unification of Thermodynamics and Field Theory: [1-
88]

The disruption of the wave pattern in the brain is directly related
to the increase in entropy. As the field pattern increases:

S|=F|

This is consistent with the minimization of free energy. External
frequencies can cause the system to orient itself towards a lower
entropy attractor.

Music, Acoustic Physics And Spectral-Thermodynamic
Analysis Of The Ney [1-88]

Physical Definition of Music: Mechanical Waves and Energy
Transfer:

Music is a set of mechanical waves propagating in a physical-
ly elastic medium. These waves, formed by the periodic com-
pression and expansion of air molecules, carry both energy and
information. The basic properties of a sound wave are defined
by frequency (f), amplitude (A), and phase (¢). Acoustic wave
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equation:

1 3%p(r,t)
Vip(r,t) — Z o
Here:

p(r,t)p(\mathbf{r},t)p(r,t): Pressure oscillation

ccc: Speed of sound propagation

These waves are perceived by the human body not only through
the auditory system but also through the somatosensory and au-
tonomic nervous systems.

Acoustic Energy, Low Amplitude and High Information
Concept: [1-88]

The critical point in the context of music therapy is that music is
a low-energy but highly ordered (information-dense) stimulus.
The energy carried by a sound wave is:

ExA2

although the fundamental element determining the therapeutic
effect in music is not amplitude, but frequency organization and
temporal order.

From a thermodynamic point of view, music:

Does not overload the system with energy

However, it provides an external ordering input that slows down
entropy production

This feature is particularly critical for systems with reduced en-
ergy efficiency, such as Alzheimer's.

The Physical Structure and Acoustic Model of the Ney: [1-
88]
The ney is a reed instrument played by blowing into the end,
and physically it behaves like an open-open pipe resonator. The
fundamental frequency is expressed as follows:

v

fl=—
2L

Here:
vvv: Speed of sound in air
LLL: Effective length of the ney (Turkish flute)
Harmonic frequencies:
fn=nfl(n=1,2,3,...)
This natural harmonic structure is remarkably similar to the hu-
man voice and breathing rhythm.

Spectral Characteristics of Ney Sound: [1-88]

Spectral analyses (FFT-based studies) reveal that the sound of
the ney exhibits:

Rich harmonic content

Smooth amplitude transitions

Low frequency dominance.

This creates a modulation effect that indirectly supports the
brain, particularly the alpha (8§—12 Hz) and theta (4—8 Hz) bands.
Amplitude modulation and rhythmic structure, rather than direct
frequency matching, are the main determinants

Respiration, Ney and Autonomic Nervous System: [1-88]

Ney performance is a directly breath-based instrumental prac-

tice. There is a strong link between breath rhythm and sound

production. The breathing frequency is approximately:
fnefes=0.1-0.3Hz

This rhythm, via the vagus nerve, affects:

Heart rate

Blood pressure

Brain waves. The sound of the ney (Turkish flute) acts as an
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external reference that synchronizes these biological rhythms.

The Ney and the Concept of Biological Resonance: [1-88]
Biological systems exhibit resonance regions in response to me-
chanical and acoustic stimuli. The frequency distribution of the
Ney:

Does not contain sharp peaks

It is broadband and smoothly transitional

This feature creates an inviting, rather than challenging, reso-
nance environment for the nervous system. Forced biological

oscillator model:
d’x 5
= +YE + wix = Fpey(t)

Here, ob\omega bwb represents the natural frequencies of the

biological system.

The Effect of Ney Sound from a Thermodynamic Perspec-
tive: [1-88]

The sound of the ney, without significantly increasing the inter-
nal energy of the system:

Reduces the entropy production rate

Increases phase harmony

Slows down the loss of free energy

This situation:
ds ds

dtmu"zil(

dtkontrol

can be expressed by inequality.

Living Systems and Non-Equilibrium Thermodynamics: [1-
88]

Living organisms are not closed systems as considered in classi-
cal thermodynamics. On the contrary, they are open systems that
constantly exchange matter and energy. Such systems do not ex-
ist in a state of equilibrium, but in non-equilibrium steady states.
Neurodegenerative diseases such as Alzheimer's, Parkinson's,
and ALS can be interpreted as a disruption of this non-equilib-
rium steady state. Although the system is still open, energy ef-
ficiency decreases and the capacity for regular information pro-
cessing diminishes.

Conclusion

Prigogine's Theory of Dissipative Structures: [1-88]
Ilya Prigogine's theory of dissipative structures states that liv-
ing systems maintain their order by consuming energy. Order
is achieved at the expense of entropy production. Total entropy
change:
dS=deS+diS
deS: System-environment entropy exchange
diS: Entropy produced within the system
In a healthy system:
diS is kept to a minimum.
In Alzheimer's:
diS increases = loss of order

Reading Neurodegeneration as a Thermodynamic Disrup-

tion: [1-88]

Neurons are high-energy consuming information processing

units. Mitochondrial dysfunction, oxidative stress, and protein

aggregation disrupt the free energy balance. Free energy:
F=U-TS

In Alzheimer's:

U decreases (ATP production decreases)

S increases (structural disorder)

Result:

dF
I < 0 (accelerated energy collapse)

The Ney and Low Noise Stimulation Principle: [1-88]

The sound of the Ney:

is a low-amplitude

low-spectral noise

high-temporal continuity

stimulus. These characteristics support stochastic resonance
conditions. Stochastic resonance condition:

SNR s > SNRgiis

This increases the detectability of weak signals.

Table 1: Thermodynamic Differences in Parkinson's and ALS: [1-88]

Disease Dominant Impairment Thermodynamic Interpretation
Alzheimers Cognitive networks Entropy increase
Parkinson’s Motor loops Phase locking

ALS Motor neuron loss Energy collapse

Ney and similar musical practices may provide indirect benefits
through:

Phase coordination in Alzheimer's

Rhythmic stabilization in Parkinson's

Sensory feedback in ALS.

Distinguishing Dynamics Between Alzheimer's, Parkinson's
and ALS: [1-88]

Although these three diseases are grouped under the heading of
"neurodegenerative":

Table 2: Applying a single music protocol to all diseases is not scientifically accurate

Disease Dominant Dynamics Music Effect Mechanism
Alzheimer's Cognitive network disintegration Phase harmony
Parkinson's Motor rhythm disruption Rhythm stabilization
ALS Motor neuron loss Sensory feedback
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The Music Therapy mentioned in this article is essentially based
on the principle that, when evaluated scientifically on the basis of
Neuroengineering and Neuroscience, the vibrational frequencies
created by musical sounds spread as energy waves, strengthen-
ing signal transmission in neurons to the extent that it can be de-
scribed as the firing of neurons, and that hormone activity occurs
more effectively, thus positively affecting organs, including the
brain. This interaction, which occurs with the aforementioned
phenomenon, is also consistent with ELMAS's Theory of Ther-
modynamics ("ELMAS's Theory of Thermodynamics": A Scien-
tific Approach for Sth Law of Thermodynamics - A Theoretical
Application Example for Medical Thermodynamics), which is
a scientific approach to the 5th Law of Thermodynamics, and
leads to the conclusion that energy and mass are vector quan-
tities, and therefore energy and mass transfers also occur vec-
torially. Thanks to the vectorial energy and substance transfers
described here, drug-cell interaction can occur, and ultimately,
the effectiveness of drug therapy can be achieved. Therefore, the
highlighted "ELMAS's Thermodynamic Theory" forms the basis
of Medical Thermodynamics. [1-88] Musical modes have their
own internal arrangement. A connection can also be established
between the cell DNA and RNA sequence structures and the
modal sequences. It is also possible for the vibrational frequen-
cies created by musical sounds to match the DNA and RNA se-
quence frequencies and for a resonance to occur. The resonance
phenomenon described here can also support the treatment pro-
cess of virus-related diseases. [1-88].
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