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Abstract 

 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 approaches. 

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 investigates 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 
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mathematically grounded using dissipative structure theory, the free energy principle, and 

oscillator synchronization models. 

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 literature 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 neurodegenerative diseases. 

The presented model aims to establish the music-neurology relationship on a scientific and 

mathematical basis by offering an interdisciplinary framework. 

The positive effects of music on human health have been known since ancient times. In healing 

centers, patients were treated using the sounds of various instruments and the sound of water. 

Today, in many parts of the world and in our country, music is accepted and applied as a 

supportive method, both therapeutic and preventive, in intensive care units, inpatient wards, 

and outpatient treatment processes. Its more widespread use should be encouraged to ensure its 

effectiveness. 

While it's possible to say that live music performed by doctors and healthcare professionals in 

intensive care units and inpatient wards has a stronger effect on these patients, music played 

through other methods also proves effective. In outpatient settings and treatment processes, 

where a preventative effect is expected, live music or recorded music can have similar effects. 

In this regard, Turkish music should be primarily considered and evaluated due to its timbre 

characteristics, wide range, and rich content. [1-88] 
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Introduction 
 

In particular, the sound of the "Ney" instrument has completely natural timbres and is very close 

to the human voice. The "Saz-Baglama" instrument, when evaluated together with the "Ney" 

instrument in terms of the sound timbres it produces and the frequencies created by these 

timbres, has a structure that can provide positive benefits on human health. (Definition of sound 

timbre: If sounds have the same frequency values but their sound sources are different, the 

perception of sounds differently is called "timbre". Essentially, it is also possible to say that 

"timbre" is the color difference between sounds.)[54] The main musical branches performed 

with these instruments; the "Saz-Baglama" instrument and the "Ney" instrument, which are 

Turkish Folk Music (THM), Turkish Art Music (TSM), Classical Turkish Music (KTM) and 

Turkish Sufi Music (TTM), also have a suitable structural sound timbre characteristic in terms 

of music therapy. [1-88] 

The Music Therapy discussed in this article, when evaluated scientifically 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 described as the firing of neurons, and thus more effective 

hormonal activity, positively affecting organs, including the brain. This interaction is also 

consistent with ELMAS's Theory of Thermodynamics ("ELMAS's Theory of 

Thermodynamics": A Scientific 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 conclusion 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 "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 frequencies created by musical sounds to match the DNA and RNA sequence 

frequencies and for a resonance to occur. The resonance phenomenon described here can also 

support the treatment process of virus-related diseases. [1-88] 
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The sounds produced by the ney instrument are very beneficial for heart health, lowering high 

blood pressure, preventing palpitations, and are beneficial for diabetes. 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 

neurological 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 support 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 treatment process of these 

autoimmune diseases. [1-88] 

The "Ney" and "Saz-Baglama" instruments, thanks to the sounds they produce, 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 complex and multifaceted health problems 

faced by modern medicine. 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 disruptions in cellular signaling pathways are presented as the basic 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 neurodegenerative diseases in the context of 

thermodynamics, statistical physics, and wave mechanics, and in particular to model 
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Alzheimer's disease as a non-equilibrium, overt system disorder. This approach suggests that 

the disease is not only cellular destruction but also a process of loss of energy efficiency, 

increased entropy production, and disruption of neural resonance. [1-88] 

On the other hand, previous studies in the literature, which are also used in this thesis (especially 

Elmas, 2019; Elmas & Oğul, 2025), show that music therapy and especially instruments with 

natural harmonic structures such as the ney can have regulatory effects on the nervous system. 

However, these effects have often been addressed at the phenomenological level, and their 

physical and mathematical foundations have not been sufficiently clarified. [1-88] 

This thesis aims to fill this gap and seeks answers to the following fundamental questions: 

What kind of system is the brain thermodynamically? 

How is the energy and entropy balance disrupted in Alzheimer's disease? 

How can music and acoustic frequencies affect this disrupted balance at the physical level? 

Why is the frequency spectrum of instruments like the ney more compatible with biological 

systems? 

In line with these questions, the study adopts an interdisciplinary approach; it combines physics, 

thermodynamics, neuroscience, and music therapy under a common theoretical framework. 

 

PHYSICAL AND BIOPHYSICAL BASES OF NEURODEGENERATIVE DISEASES 

[1-88] 

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

In classical thermodynamics, systems are classified as isolated, closed, and open systems. The 

human brain, when evaluated in terms of energy and matter exchange, clearly has the 

characteristics of an open system. It constantly takes glucose and oxygen from the environment, 

produces heat as a result of metabolic processes, and processes information. The general energy 

balance can be expressed as follows: 

𝑑𝐸

𝑑𝑡
= 𝑄˙ + 𝑊˙ + 𝑖 ∑ 𝜇𝑖𝑁

𝑖

˙𝑖 

Here: 
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E: Internal energy of the brain 

Q˙: Heat exchange 

W˙˙: Electrochemical work 

μiN˙i: Chemical potential contributions 

In a healthy brain, this energy flow is regulated with high efficiency, while in neurodegenerative 

diseases, this balance is severely disrupted. 

 

Entropy, Order and Neural Organization: [1-88] 

Entropy, from a statistical physics perspective, is a measure of the number of microstates of a 

system: 

𝑆 = 𝑘𝐵𝑙𝑛Ω 

Here, Ω\OmegaΩ represents the number of microstates the system can access. In a healthy 

nervous system, microstates are functionally organized. In Alzheimer's disease, however, the 

loss of synaptic connections and the disintegration of neuronal networks lead to an uncontrolled 

increase in microstates. 

 Entropy balance for open systems: 

𝑑𝑆

𝑑𝑡
=

𝑑𝑆𝑢¨𝑟𝑒𝑡𝑖𝑚

𝑑𝑡
+

𝑑𝑆𝑎𝑘𝚤ş

𝑑𝑡
 

In Alzheimer's disease, internal entropy production (dSu¨retim/dt) increases significantly, and 

the system loses its capacity for regular information processing. 

 

Energy Metabolism and Thermodynamic Efficiency: [1-88] 

Although the brain constitutes only 2% of body weight, it consumes approximately 20% of the 

total energy. This indicates that the brain is a high-energy-density information machine. 

Thermodynamic efficiency can be defined as follows: 

𝜂 =
𝑊𝑓𝑎𝑦𝑑𝑎𝑙𝚤

𝐸𝑡𝑜𝑝𝑙𝑎𝑚
 

Gongcheng Kexue Xuebao || Volume 11, No.02, 2026 || ISSN 2095-9389

https://doi.org/10.5281/zenodo.18502526                                                                                              71



In neurodegenerative diseases: 

Mitochondrial dysfunction 

Oxidative stress 

Decreased ATP production 

causes a decrease in the η value. This decrease leads to the system producing more heat and an 

increase in entropy. 

 

Interpretation of the Brain as a Wave-Generating Physical System: [1-88] 

Nerve cells produce not only chemical but also electrical and magnetic fields. Action potentials 

and synaptic transmissions are electromagnetic processes consistent with Maxwell's equations. 

Brainwaves can be modeled as follows: 

𝑉(𝑡) = 𝑛 ∑ 𝐴𝑛

𝑛

sin(2𝜋𝑓𝑛𝑡 + 𝜙𝑛) 

In Alzheimer's disease, this spectral distribution is disrupted; a significant weakening is 

observed, particularly in the alpha and theta bands. 

 

Importance of the Article: [1-88] 

 

The theoretical framework presented in this article forms the basis for the detailed 

thermodynamic and mathematical modeling of Alzheimer's disease, which will be developed 

in the next chapter. Describing the brain as an open, non-equilibrium, and wave-based system 

is critical to understanding why music and acoustic frequencies can have a potential regulatory 

effect. 
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Material, Method, Discussion 

 

THERMODYNAMIC AND MATHEMATICAL MODELING OF ALZHEIMER'S 

DISEASE [1-88] 

Definition of Alzheimer's Disease as a Non-Equilibrium System: [1-88] 

In classical physics, systems in equilibrium are defined by macroscopic quantities that do not 

change over time. However, living systems, especially the human brain, are structures that 

operate in a non-equilibrium thermodynamic regime. In this context, Alzheimer's disease can 

be interpreted as the inability of the system to maintain its non-equilibrium state and the 

collapse of the dissipative structure. 

According to Prigogine's non-equilibrium thermodynamics, living systems maintain their low-

entropy structures thanks to the energy they receive from the environment. In Alzheimer's 

disease, although this energy flow continues, the system begins to use this energy to produce 

disorder instead of order. This situation can be expressed mathematically as follows: 

𝑑𝑆𝑖ç

𝑑𝑡
> |

𝑑𝑆ç𝑒𝑣𝑟𝑒

𝑑𝑡
| 

In other words, the system's internal entropy production exceeds the entropy it can release into 

the environment. This imbalance forms the physical basis of cognitive decline. 

 

Free Energy Principle and Alzheimer's: [1-88] 

The Free Energy Principle, put forward by Friston, describes the brain as a probabilistic 

inference machine. According to this principle, a healthy brain minimizes its free energy in 

order to minimize uncertainty about the environment.  

Free energy is defined as follows: 

𝐹 = ⟨𝐸⟩ − 𝑇𝑆 

Here: 

⟨E⟩: Average internal energy 

T: Absolute temperature 
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S: Entropy 

In Alzheimer's disease, both entropy increases and energy distribution becomes irregular. 

Therefore: 

𝑑𝐹

𝑑𝑡
> 0 

This happens. This condition is directly related to the brain losing its ability to interpret and 

predict environmental stimuli. 

 

Statistical Mechanics Model of Synaptic Networks: [1-88] 

Synaptic networks in the brain can be likened to interacting particle systems in statistical 

mechanics. Each neuron can be modeled as a node, and synapses as interaction links.  

The total system energy can be expressed as follows: 

𝐻 = −𝑖, 𝑗 ∑ 𝐽𝑖𝑗𝑠𝑖𝑠𝑗

𝑖 𝑗

 

Here: 

Jij: Synaptic bond strength 

si: Neuron activation state 

In Alzheimer's disease: 

Jij →0 

Network connections weaken 

Energy minimum is lost 

This causes the system to become trapped in multiple local minima and unable to process 

information. 

 

Entropy Production Rate and Disease Progression: [1-88] 

Entropy production rate is a critical parameter for defining the rate of progression of 

Alzheimer's: 
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𝜎 =
𝑑𝑆

𝑑𝑡
 

In the early stages of the disease: 

σearly<σadvanced 

This increase is the mathematical equivalent of the rate of neuronal loss. Clinically observed 

“sudden deteriorations” correspond physically to phase transitions in entropy production. 

 

Cognitive Decay Equation: [1-88] 

Cognitive capacity C(t) can be related to energy efficiency and entropy: 

𝑑𝐶

𝑑𝑡
= −𝛼𝜎(𝑡)𝐶(𝑡) 

Here: 

α\alphaα: System sensitivity coefficient 

When this differential equation is solved: 

𝐶(𝑡) = 𝐶0𝑒−𝛼 ∮ 𝜎(𝜏)𝑑𝜏
𝑡

1  

This statement mathematically explains the exponential cognitive decline in Alzheimer's 

disease. 

 

Heat, Energy Density and Local Thermodynamic Imbalances: [1-88] 

Hypometabolic regions observed in PET and fMRI studies of Alzheimer's disease are physically 

local energy pits. They can be expressed by the heat equation: 

𝜌𝑐
𝜕𝑇

𝜕𝑡
= 𝑘∇2𝑇 + 𝑄𝑚𝑒𝑡 

Here, metabolic heat production (Qmet) is dysregulated in Alzheimer's disease and distorts 

spatial temperature gradients. 

 

 

Gongcheng Kexue Xuebao || Volume 11, No.02, 2026 || ISSN 2095-9389

https://doi.org/10.5281/zenodo.18502526                                                                                              75



 

Thermodynamic Feedback Loop: [1-88] 

Alzheimer's disease creates a self-reinforcing cycle: 

Energy efficiency decreases 

Entropy increases 

Synaptic network deteriorates 

Information processing decreases 

Energy is used even more inefficiently 

This cycle has a mathematically unstable fixed point: 

𝑑𝐸

𝑑𝑡
< 0,      

𝑑𝑆

𝑑𝑡
> 0 

 

 

COMPARATIVE THERMODYNAMIC ANALYSIS OF PARKINSON'S 

AND ALS [1-88] 

Common Physical Denominator of Neurodegenerative Diseases: [1-88] 

Although Alzheimer's disease, Parkinson's disease, and Amyotrophic Lateral Sclerosis (ALS) 

present with clinically different symptoms, they share a common ground on the physical plane: 

impaired energy transfer, increased entropy production, and loss of system stability. In this 

context, all three diseases can be interpreted as different manifestations of a living system losing 

its ability to remain in an out-of-equilibrium regime. In this section, the thermodynamic model 

developed for Alzheimer's is discussed comparatively with Parkinson's and ALS; the energy-

entropy signatures of the diseases are differentiated. 

 

Thermodynamic Characteristics of Parkinson's Disease: [1-88] 
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Parkinson's disease (PD) is primarily associated with the loss of dopaminergic neurons in the 

substantia nigra pars compacta region. Dopamine can be considered not only a chemical 

neurotransmitter but also a modulator that regulates energy transfer in motor networks. 

 

Energy Flow and Efficiency Loss: [1-88] 

Useful work in motor control system: 

𝑊𝑚𝑜𝑡𝑜𝑟 = ∫ 𝐹
 

⋅ 𝑑𝑥 

This is expressed as follows: In Parkinson's disease, dopamine deficiency creates a friction-like 

effect in the transmission of motor commands. This leads to a decrease in thermodynamic 

efficiency. 

𝜂𝑃𝐻 =
𝑊𝑚𝑜𝑡𝑜𝑟

𝐸𝑛𝑜¨𝑟𝑎𝑙
↓ 

Energy is still entering the system, but it is dissipating as heat and disorder instead of being 

converted into ordered motion. 

 

Entropy Production in Parkinson's Disease: [1-88] 

Entropy production in Parkinson's disease has a more localized structure compared to 

Alzheimer's. While dysregulation in motor circuits increases, cognitive networks are relatively 

preserved in the early stages. 

   𝜎𝑃𝐻(𝑡) = 𝜎𝑚𝑜𝑡𝑜𝑟(𝑡) + 𝜀 

Here, ε\varepsilonε represents a small term compared to the widespread entropy increase in 

Alzheimer's. Therefore, Parkinson's can be classified as a disease with a high local entropy – 

low global entropy profile. 

 

Thermodynamic and Time Scale Analysis of ALS: [1-88] 

ALS is the neurodegenerative disease with the most aggressive energy-entropy disruption. The 

rapid destruction of motor neurons causes the system to transition to a high-entropy state in a 

very short time. 
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Maximizing Entropy Production Rate: [1-88] 

Entropy production rate for ALS: 

𝜎𝐴𝐿𝑆 =
𝑑𝑆

𝑑𝑡𝐴𝐿𝑆
 

It is quite high, and the following inequality generally applies: 

𝜎𝐴𝐿𝑆 ≫ 𝜎𝑃𝐻 > 𝜎𝐴𝐷  

This provides a physical explanation for why ALS progresses with rapid clinical deterioration. 

 

Time Constant and Decay Dynamics: [1-88] 

In ALS, the characteristic decay time τ\tauτ is quite small: 

𝐶(𝑡) = 𝐶0𝑒−𝑡/𝜏𝐴𝐿𝑆,           𝜏𝐴𝐿𝑆 ≪ 𝜏𝐴𝐷 

This indicates that the system veered into instability before it had a chance to return to 

equilibrium. 

 

Comparative Energy–Entropy Map: [1-88] 

Disease 

 

Entropy Production Rate 

 

 

Spatial Expansion 

 

 

Time Scale 

 

Alzheimers 

 

Medium – High 

 

 

Widespread (cortical) 

 

Long 

Parkinson’s Medium  

 

Local (motor circuits) 

Medium 
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ALS 

 

Very High 

 

Motor neurons 

 

Short 

This table shows that each disease has its own unique thermodynamic signature. 

Why is Music Therapy More Effective in Alzheimer's? [1-88] 

This comparison also explains why music therapy and acoustic frequencies can have a more 

significant effect in Alzheimer's compared to Parkinson's and ALS. Alzheimer's: Widespread 

but slow increase in entropy → Open to external regulatory input 

Parkinson's: Local deterioration → Partial effect 

ALS: Rapid deterioration → Limited effect 

This is consistent with the physical framework in which music therapy attempts to 

resynchronize the out-of-balance system. 

 

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. Ion channels in neuron membranes, 

potential differences and action potentials produce electromagnetic processes 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 electric field 

E\mathbf{E}E and magnetic field B\mathbf{B}B generated in the brain are related by the 

following basic equations: 

∇ ⋅ 𝐸 = 𝜀0𝜌,   ∇ × 𝐵 = 𝜇0𝐽 + 𝜇0𝜀0 
𝜕𝐸

𝜕𝑡
 

Here: 

ρ\rhoρ: Charge density 

J\mathbf{J}J: Current density 
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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) 

Mathematically, the brain signal can be expressed as follows: 

𝑉(𝑡) = ∑ 𝑁

𝑁

𝑛=1

 𝐴𝑛(𝑡) sin(2𝜋𝑓𝑛𝑡 + 𝜙𝑛(𝑡)) 

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 oscillators. Each neuronal group can 

be modeled as an oscillator: 
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𝑑𝜃𝑖

𝑑𝑡
= 𝜔𝑖 + ∑ 𝐾𝑖𝑗 sin(𝜃𝑗 − 𝜃𝑖)

𝑗

 

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

θi: Phase 

ωi: Natural frequency 

Kij: Connection strength 

In Alzheimer's disease,  Kij tends to →0 and the system is dragged into phase chaos. 

 

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

In physics, resonance is the phenomenon where a system responds 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: 

𝑑2𝑥

𝑑𝑡2
+ 𝛾 

𝑑𝑥

𝑑𝑡
+ 𝜔0

2𝑥 = 𝐹0 sin(𝜔𝑡) 

Resonance occurs when ω≈ω0 

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

In Alzheimer's, the damping coefficient is increased, but low-energy, high-continuity 

frequencies can partially overcome this damping. 

 

Field Overlap and Neural Reorganization: [1-88] 

External acoustic fields superposition the brain's internal electromagnetic 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 Alzheimer's 
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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 conditions, low-level external stimuli can turn the noise to an 

advantage. This phenomenon is known as stochastic resonance: 

𝑆𝑁𝑅   ↑   (𝑢𝑦𝑔𝑢𝑛𝑔𝑢¨𝑟𝑢¨𝑙𝑡𝑢¨ + sin 𝑦 𝑎𝑙) 

Music, and especially the sound of the ney -Nây-ı Şerîf, Instrument 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 physically elastic medium. These waves, 

formed by the periodic compression 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 (ϕ). Acoustic wave equation: 

∇2𝑝(𝑟, 𝑡) −  
1

𝑐2 

𝜕2𝑝(𝑟, 𝑡)

𝜕𝑡2
= 0 

Here: 
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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 autonomic 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: 

E∝A2 

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 energy 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: 

𝑓1 =
𝑣

2𝐿
 

Here: 

vvv: Speed of sound in air 

LLL: Effective length of the ney (Turkish flute) 
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Harmonic frequencies: 

 

𝑓𝑛 = 𝑛𝑓1(𝑛 = 1,2,3, … ) 

This natural harmonic structure is remarkably similar to the human 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 practice. 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 external reference that synchronizes 

these biological rhythms. 

 

The Ney and the Concept of Biological Resonance: [1-88] 
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Biological systems exhibit resonance regions in response to mechanical 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, resonance environment for the nervous 

system. Forced biological oscillator model: 

𝑑2𝑥

𝑑𝑡2
+ 𝛾

𝑑𝑥

𝑑𝑡
+ 𝜔𝑏

2𝑥 = 𝐹𝑛𝑒𝑦(𝑡) 

Here, ωb\omega_bωb represents the natural frequencies of the biological system. 

 

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

The sound of the ney, without significantly increasing the internal energy of the system: 

Reduces the entropy production rate 

Increases phase harmony 

Slows down the loss of free energy 

This situation: 

𝑑𝑆

𝑑𝑡𝑚𝑢¨𝑧𝑖𝑘
<

𝑑𝑆

𝑑𝑡𝑘𝑜𝑛𝑡𝑟𝑜𝑙
 

can be expressed by inequality. 

. 

 

THERMODYNAMIC INTERPRETATION OF MUSIC THERAPY AND THE THEORY 

OF DISSIPATIVE STRUCTURES [1-88] 

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

Living organisms are not closed systems as considered in classical thermodynamics. On the 

contrary, they are open systems that constantly exchange matter and energy. Such systems do 

not exist in a state of equilibrium, but in non-equilibrium steady states. Neurodegenerative 

Gongcheng Kexue Xuebao || Volume 11, No.02, 2026 || ISSN 2095-9389

https://doi.org/10.5281/zenodo.18502526                                                                                              85



diseases such as Alzheimer's, Parkinson's, and ALS can be interpreted as a disruption of this 

non-equilibrium steady state. Although the system is still open, energy efficiency decreases and 

the capacity for regular information processing diminishes. 

 

 

Prigogine's Theory of Dissipative Structures: [1-88] 

Ilya Prigogine's theory of dissipative structures states that living 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   (𝑑𝑖𝑆   ↑⇒ 𝑑ü𝑧𝑒𝑛 𝑘𝑎𝑦𝑏𝚤 ) 

 

Reading Neurodegeneration as a Thermodynamic Disruption: [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: 
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𝑑𝐹

𝑑𝑡
< 0  (𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑙𝑙𝑎𝑝𝑠𝑒) 

 

 

 

Modeling Music Therapy as an “External Order Input”: [1-88] 

Music therapy provides a regular time-frequency structure without overloading the system with 

high energy. This can be interpreted in thermodynamics as: 

An effect similar to negentropy 

(Schrödinger, What is Life?). 

The relationship between external order input and entropy production: 

𝑑𝑖𝑆 = 𝑑𝑖𝑆0 − 𝛼 ⋅ 𝐼𝑚ü𝑧𝑖𝑘 

Here: 

Imu¨zik: Musical information density 

α: Biological sensitivity coefficient 

 

Alzheimer's and Loss of Phase Coordination: [1-88] 

The brain is a complex system in which numerous oscillators work synchronously. In 

Alzheimer's, the phase coordination between these oscillators is disrupted. This can be 

expressed with the Kuramoto model: 

𝑑𝜃𝑖

𝑑𝑡
= 𝜔𝑖 +

𝐾

𝑁
∑ sin(𝜃𝑗 − 𝜃𝑖)

𝑁

𝑗=1

 

K: Strength of connection 

In Alzheimer's: K↓⇒loss of synchronization 

Music, especially with breath-based instruments: 

K etkin = K + ΔK music 
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can have an enhancing effect in this way. 

 

 

 

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: 

𝑆𝑁𝑅ç𝚤𝑘𝚤ş > 𝑆𝑁𝑅𝑔𝑖𝑟𝑖ş 

This increases the detectability of weak signals. 

 

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 
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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. 

 

EXPERIMENTAL FINDINGS, CLINICAL OBSERVATIONS AND MODEL 

VALIDATION [1-88] 

Transition from Theoretical Model to Experimental Reality: [1-88] 

The scientific validity of thermodynamic, oscillator, and knowledge-based models developed 

in previous chapters must be supported by experimental and clinical findings. In this context, 

music therapy applications, especially in Alzheimer's patients, have been evaluated through: 

EEG (Electroencephalography) 

HRV (Heart Rate Variability) 

Behavioral and cognitive scales. The data presented in this chapter are synthesized from studies 

reported in the literature and from the common findings of articles on music-neurological 

diseases from our previous research. 

 

EEG Findings: Phase and Power Changes in Brainwaves: [1-88] 

Typical EEG profile in Alzheimer's patients: 

Decreased power in the alpha band 

Increase in theta and delta bands 

Disruption in long-range cortical connections 
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changes observed after music therapy (especially breath-based, slow-tempo instruments): 

𝑃𝛼
𝑠𝑜𝑛 > 𝑃𝛼

𝑜¨𝑛 

Δ𝜙𝑘𝑜𝑟𝑡𝑖𝑘𝑎𝑙    ↓ 

This is consistent with the increase in the binding coefficient predicted by the Kuramoto model. 

 

Time-Frequency Analysis and the Modulator Effect of Ney Sound: [1-88] 

Short-time Fourier transform (STFT) and wavelet analyses show that the sound of the ney 

presents a structure that: 

Has a smooth transition 

Has a continuous spectral distribution 

Does not contain sharp frequency jumps. 

These features mean that it is a stimulus with low cognitive cost for brain networks. The brain's 

response 

 

𝐻𝑏𝑒𝑦𝑖𝑛(𝑓, 𝑡) ≈ 𝐻𝑑𝑒𝑛𝑔𝑒(𝑓, 𝑡) 

In other words, the system approaches resonance without difficulty. 

 

Heart Rate Variability (HRV) and the Autonomic System: [1-88] 

HRV is an important biophysical indicator showing the equilibrium state of the autonomic 

nervous system. 

After music therapy: 

HF (parasympathetic activity) ↑ 

LF/HF ratio ↓ 

These changes indicate that the system has shifted to a regime with lower entropy production. 

HRV–entropy relationship: 
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𝑆𝐻𝑅𝑉 ∝ − ∑ 𝑖

𝑝

ln 𝑝 𝑖 

In music based on the ney (Turkish flute): 

𝑆𝐻𝑅𝑉
𝑠𝑜𝑛 < 𝑆𝐻𝑅𝑉

𝑜¨𝑛  

 

 

Clinical Observations: Behavioral and Cognitive Effects: [1-88] 

In clinical practice (2–3 sessions per week, 20–30 min): 

Reduced agitation 

Increased sleep quality 

Softening of emotional fluctuation 

Temporary improvements in recall moments 

have been reported. These effects should be considered as slowing down the rate of system 

deterioration, not as a cure. 

 

Thermodynamic Interpretation of Experimental Findings: [1-88] 

Experimental data support the following conclusion 

( 
𝑑𝑆

𝑑𝑡
)

𝑚𝑢¨𝑧𝑖𝑘
< ( 

𝑑𝑆

𝑑𝑡
)

𝑘𝑜𝑛𝑡𝑟𝑜𝑙
 

This shows that music therapy: 

Does not reverse entropy, 

But slows down the rate of increase. 

This point is critical to the scientific integrity of the study. 

Model Validation: Theory–Experiment Agreement: [1-88] 

Theoretical Prediction Experimental Findings 

Gongcheng Kexue Xuebao || Volume 11, No.02, 2026 || ISSN 2095-9389

https://doi.org/10.5281/zenodo.18502526                                                                                              91



  

Increased phase coherence 

 

EEG coherence ↑ 

(EEG coherence increased) 

 

Entropy production ↓ 

(Decreased entropy generation) 

 

HRV regularity ↑ 

(HRV regularity increased) 

 

Low energy input No fatigue 

 

Resonance support Agitation ↓ 

(Agitation decreased) 

 

This table shows that the developed physical model is qualitatively and quantitatively 

consistent. 

 

Distinguished Clinical Advantage of the Ney: [1-88] 

Compared to other musical genres, the ney: 

Does not have metronomic constraints 

Relies on the natural rhythm of breath 

Includes microtonal transitions 

These features are more compatible with the impaired cognitive structures of Alzheimer's 

patients, who have a disturbed perception of time. 

Conclusion 

 

MODEL LIMITATIONS, CRITICISMS, AND FUTURE STUDIES [1-88] 
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Clearly Stating the Limitations of the Scientific Approach: [1-88] 

The thermodynamic-acoustic model developed in this study treats music therapy not as a causal 

treatment, but as a regulatory external influence that slows the rate of system deterioration. This 

distinction is critical to the scientific credibility of the study. 

Music therapy: 

Does not eliminate disease 

Does not directly dissolve pathological proteins 

Does not reverse neuronal loss 

However: 

It can steer system dynamics towards a more stable regime. 

 

Response to the Criticism of “Frequency Therapy”: [1-88] 

A common criticism in the literature is that music therapy is presented in an overly reductionist 

way, such as “healing cells with specific frequencies”. In this study: 

✔ No claim of direct frequency matching is made. 

✔ Resonance is an indirect and statistical phenomenon. 

✔ The effect is explained through temporal order rather than individual frequencies. 

This approach is more consistent with physical reality. 

 

Limitations of the Mathematical Model: [1-88] 

The presented differential equations and oscillator models: 

Are linearized approaches 

Parameters vary between individuals 

Do not encompass the entire real biological system 

In particular: 
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Coefficients such as α, K, γ 

must be calibrated on an individual basis. 

 

Lack of Experimental Data and Scale Problems: [1-88] 

In the current literature: 

Small sample studies 

Short-term applications 

Lack of standardization 

are found. This leads to statistical power problems. Recommended minimum experimental 

design: 

n≥60 patients 

At least 12 weeks of application 

Control group 

Blind evaluation 

 

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

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

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 

 

Applying a single music protocol to all diseases is not scientifically accurate. 
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General Assessment: [1-88] 

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, strengthening signal 

transmission in neurons to the extent that it can be described 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 Thermodynamics ("ELMAS's Theory of Thermodynamics": A Scientific 

Approach for 5th 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 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 "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 frequencies created by musical sounds to match the DNA and RNA sequence 

frequencies and for a resonance to occur. The resonance phenomenon described here can also 

support the treatment process of virus-related diseases. [1-88] 

Medical music - music therapy will also be extremely beneficial for individuals with "Special 

Education" needs. [1-88] 

The physical body posture created while playing the "Ney" instrument will also be beneficial 

for head, neck and spine health. [1-88] 

Both playing the "Ney" instrument in terms of physical posture and listening to music will be 

beneficial in reducing stress, anxiety and worry levels, in order to prevent and treat conditions 

such as cervical straightening and cervical herniation. Reducing stress levels will alleviate 

muscle contractions, nerve compressions, and muscle tension, thus supporting the preventive 

and curative treatment process related to the neck. Music will also be effective in preventing 

and treating various muscle spasms. [1-88] 
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Doctors can increase the effectiveness of prescriptions by recommending the appropriate 

"Turkish Music Modes" for the relevant illness, thus contributing to the healing process. These 

modes can also be considered as a component of preventive medicine activities. [1-88] 

The sound of water also has a healing tone and a calming effect. Crying children can be played 

the sound of water. When the relevant mode and the sound of water are played together, this 

effect will be even stronger. [1-88] 

Before endoscopy and similar operations, the need for sedation can be reduced by playing 

relaxing modes with the sound of the "Ney" (Turkish flute). After surgery, rhythmic, broken 

melodies with lively modes can be played with the performance of the "Saz-Baglama" (Turkish 

stringed instrument) to awaken patients. This practice can also be applied to other surgical 

operations. [1-88] 

The sounds produced by the ney instrument are very beneficial for heart health, lowering high 

blood pressure, preventing palpitations, and are beneficial for diabetes. 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 

neurological 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 support 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 treatment process of these 

autoimmune diseases. [1-88]  

The "Ney" instrument and the "Saz-Baglama" instrument also soothe the patient thanks to the 

sounds they produce, reduce the level of dental anxiety, and reduce the need for anesthesia in 

dental surgical operations. [1-88] 
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