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Abstract

This article is a document which explains “An Introduction to the Electrophysical Properties of the Human Heart”.

The electrical activity of the heart is a complex and delicate system that shapes not only biophysical processes but also
Electrocardiography (ECG) applications, one of the basic diagnostic tools of modern medicine. In this study, the formation of
the action potential of the heart muscle, the role of ion channels and the propagation of electrical impulses throughout the heart
are discussed in detail; the organization of the signal starting from the sinoatrial node and spreading to the ventricular muscles is
explained. In addition, the clinical reflections of electrophysiological processes and the interpretation of these processes via ECG
provide an important tool in the early diagnosis of cardiovascular diseases. Knowledge of the electrical dynamics of the heart is
of great importance not only for basic physiology but also for technological and clinical applications. This information improves
diagnostic processes and enables more effective design of personalized medical devices [1-73].
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Introduction
Electrophysical Properties of the Heart

In vertebrates, the circulatory system, which consists of the heart,
blood, and vascular systems, operates on three basic components.
The heart acts as a pump thanks to its contraction feature and
continuously circulates blood through a closed vascular network.
This section covers the electrical properties that enable the heart
to contract, and the mechanical aspects will be discussed in later
sections. For detailed physiological explanations, you can refer to
basic sources in the field of medical physiology and cardiology. The
heart has muscle tissue that works with extraordinary efficiency.
With an average of 6 watts of energy, it can pump approximately 7

liters of blood from each ventricle per minute. This corresponds to
approximately one cubic meter of blood per day. The right and left
ventricles of the heart work synchronously, separating the flow of
oxygenated and deoxygenated blood through four chambers. The
right ventricle sends blood to the lungs, while the left ventricle
pumps blood to the rest of the body. This section will cover the
basic electrophysiological principles that make this complex
functionality of the heart possible [1-73].

Method, Findings And Discussion

Cardiac Action Potential: When cardiac muscle cells receive
a stimulus, they depolarize and respond electrically. However,
myocardial cells differ from skeletal muscle cells in several ways:

. Action potentials last longer and are followed by a long
refractory period.

. There are special pacemaker cells in the heart that can
generate spontaneous impulses.

. Cardiac muscle, unlike skeletal muscle, is not capable of
tetanic contraction.
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The action potential observed in nerve cells may last 2-3
milliseconds, whereas in cardiac muscle cells this process is
extended to approximately 200-400 milliseconds. This allows
myocardial cells to undergo long contraction phases and allows
time for mechanical pumping. The absolute refractory period in the
heart is the interval from depolarization to full repolarization, during
which the cell cannot be re-excited. In the relative refractory phase
that follows this period, re-depolarization can only be achieved with
a higher threshold potential. The resting phase between ventricular
contractions constitutes the diastolic phase, during which the heart
refills. During the plateau phase, the electrical stimulus spreads
throughout the myocardium, and this process directly triggers
contraction. In the first phase of depolarization, fast sodium
channels open and the membrane potential reaches approximately
+40 mV. In the early repolarization phase that follows, sodium
channels close while potassium channels begin to open. However,
the simultaneous entry of calcium ions into the cell delays full
repolarization, allowing the plateau phase to continue. The time-
dependent permeability changes of ion channels determine the
electrical properties of heart muscle cells. Specialized channels
for Na+, Ca2+ and K+ ions are activated sequentially in the cell
membrane and generate different phases of the action potential.
The electrical stimulation of the heart begins in the sinoatrial node
located in the right atrium. Specialized cells in this region can
generate spontaneous action potentials at regular intervals. The
stimulus emanating from the SA node spreads to the heart muscle
cells and initiates contraction. There is no fixed resting potential
in SA nodal cells. A slow and spontaneous depolarization process
occurs starting at approximately -60 mV. This process initiates the
action potential at around -50 mV, and Ca2+ ions play an important
role in this phase. There is no plateau phase in SA nodal cells,
and the action potential ends with rapid repolarization. This cycle
is completed in approximately 100 milliseconds, and the resting
rhythm of the heart is in the range of 70-80 beats per minute.

The resulting action potential is transferred to other parts of the
heart through gap junctions. The depolarization sequence is as
follows:

. The entire atrium is stimulated.

. The impulse passes to the atrioventricular node.

. The signal is divided into left and right branches via the
AV bundle.

. The signal is transmitted to the ventricular muscles via
Purkinje fibers.

The AV node can act as a rhythm generator that can take over
from the SA node when necessary. It also provides regulation by
filtering high-frequency signals from the SA node. Both nodes are
regulated by the autonomic nervous system, particularly through

Ca2+ permeability. This mechanism allows the heart rate to
increase in situations such as excitement.

Electrical Polarization of the Heart

The electrical impulse in the heart starts from the SA node and
spreads to the ventricular muscles. During this process, the
electrical potential changes that occur in the cell membrane
become perceptible from the external environment. Measurements
are usually made by two electrodes, one representing the inside
of the cell and the other the outside of the cell. The extracellular
potential is measured directly from the outer surface of the muscle
or nerve fiber. These measurements allow us to understand how
the electrical changes in the cardiac cycle develop over time.
In a resting cell, when the transmembrane potential is at its
maximum negative value, the extracellular potential is zero. When
depolarization begins, a positive potential rise is observed in the
extracellular space, which causes the formation of an electrical
dipole moment. This moment is directed from the negatively
charged region to the positively charged region. In the full
depolarization phase, although the membrane potential is reversed,
the extracellular potential returns to zero. When the repolarization
process begins, the direction of the dipole moment is reversed as
the potential returns to the resting level. In the final phase, the cell
reaches the resting potential again, and the extracellular potential
is reset to zero. During each phase of the cardiac cycle, millions
of cardiac muscle cells are excited, each producing its own unique
dipole moment. The sum of these local dipoles is transformed into
a vector that varies over time and represents the overall electrical
activity of the heart. This combined vector reflects both the
temporal and spatial distribution of electrical activity in the heart.

This combined dipole motion is directly related to the electrical
events that occur in various parts of the heart. For example:

e P wave reflects electrical stimulation of the atrial muscles.
e The QRS complex represents depolarization of the ventricles.
e T wave shows the repolarization process in the ventricles.

Electric dipole moments resulting from the movement of ions in
heart cells create electric potential differences in the surrounding
areas. These differences are measured by electrodes placed at
various points in the body and provide information about the
electrical status of the heart. By measuring potential differences
from various directions, the direction and intensity of the
electrical dipole can be estimated. This approach forms the
basis of the method developed by Willem Einthoven and called
Electrocardiography (ECG).

Electrocardiography (ECG)

Before examining the electrical dipole movements in the heart, it
is necessary to mention the triangle-based measurement system
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developed by Einthoven, which adapts to body physiology. In
this system, potential differences obtained by electrodes placed
at different extremities of the body are measured in three main
directions:

e Direction I : between the right and left arms,
e Direction II: between the right arm and the left leg,
o  Direction III: between left arm and left leg.

In this measuring system, potential differences are detected by
electrodes connected between both ends. When the electrical
charge movement occurs from negative to positive, a positive
value is read on the measuring device. The same logic applies to II
and III directions. Potential differences are expressed as follows:

.Iﬂ"’j‘ = ¢"1 - ¢R
AV = & — &y

My =P — 9
The symbols ® here represent the electrical potential at the
relevant extremity. The relationship between these three directions
is mathematically interconnected by Kirchhoff’s laws:

AV, — AV, + AV, =0
For example, let’s say the right arm has a potential of -0.2 mV, the
left arm has a potential of +0.3 mV, and the left leg has a potential
of +1.0 mV. In this case:

e Direction I: +0.5 mV

e Direction II: +1.2 mV

e  Direction III: +0.7 mV

These values are compatible with the linear structure of the system.

When the projection of a dipole in a certain direction is positive, the
potential difference in that direction is also positive. The measured
potential is proportional to the projection of the dipole vector in
that direction. For example, a dipole with a 60° orientation gives a
positive projection in all three directions of measurement, but the
highest value is measured in direction II.

Each measurement direction reflects the potential changes
corresponding to a phase in the heart. The time-dependent potential
graphs obtained in this way are called Electrocardiograms (ECGs).
Dipole moments formed in the same direction as the electrical axis
of the heart create the waveforms in the ECG.

e The P wave represents the phase in which the atrium is
electrically stimulated. It lasts approximately 0.1 seconds and has
an average amplitude of 0.5 mV.

e Q point is the moment when the stimulus passes through the
AV node and reaches the ventricular septum. The dipole formed
here gives negative value in some directions.

e The PQ (or PR) interval is the time between stimulation of the
atrium and the start of ventricular contraction; the average is 0.16
seconds.

e The QRS complex represents the main phase of electrical
stimulation of the ventricles and has the highest amplitude.

e T wave reflects the repolarization process of the ventricles.

e  Atrial repolarization cannot be observed directly on the ECG
because it is masked by the QRS complex at this time. In general,
it can be summarized as follows:

e P wave: Atrial depolarization

e QRS complex: Ventricular depolarization
e T wave: Ventricular repolarization
Goldberger and Wilson’s Electrode System

The measurement method used in Einthoven’s system is based
on a bipolar arrangement that measures the potential difference
between two ends. Alternatively, the method developed by
Emanuel Goldberger uses unipolar measurements. In this system,
the potential of a given electrode is measured with respect to a
neutral reference point. This reference point is located at the
center of the Einthoven triangle and is defined by equal-value
resistances. The electrodes in the system are called aVR, aVL and
aVF because they offer increased voltage measurements. Since the
signals were weak in the measurements made without resistance
at the beginning, the use of high resistance increased the clarity
of the signal and the term “increased voltage” came into use in
this context. Although Goldberger electrodes provide information
similar to Einthoven’s measurement directions, they allow for
more precise evaluations and can capture the characteristic patterns
seen especially in heart diseases more clearly. By combining
these two systems, a vector orientation can be measured every 30
degrees. This circular arrangement is called the “Cabrera circle”.
The Einthoven orientations are placed at 60° intervals, while the
Goldberger orientations are placed in the middle of these intervals.
In this way, the electrical axis of the heart can be determined with
much higher accuracy. For example, if the signal of one electrode
is at maximum amplitude, the signal of the electrode perpendicular
to it should theoretically be zero. With this system, the axis can
be determined with a precision of approximately +10°. When the
electrical axis of the heart is evaluated, for example, the dipole
moment formed in the direction of the R wave usually has an
angle of approximately 60°. In this case, the electrode in direction
II produces a maximum positive signal; the aVL electrode
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perpendicular to this axis shows a potential close to zero. At the
same time, the aVR direction gives a negative projection, which is
in agreement with the measured data.

Figure 1: Cabrera circle Colors indicate the orientation of the
cardiac axis. Yellow: standard indifferent, green: upright; blue:
right; red: left. All other regions are extreme and are usually not
observed.

e The orientation of the heart is categorized by different colors
in the Cabrera circle:

e 30°, 60° (yellow zone): Standard (neutral) axis
e 60°, 90° (green zone): Vertical axis

e 90°,120° (blue area): Right deviated axis

e 30° -30° (red zone): Axis deviated to the left

Values outside these orientations may indicate deviations in
cardiac function or position. For example, a right-deviated axis
may suggest conditions such as right ventricular hypertrophy or
pulmonary embolism.

The Goldberger and Einthoven systems only cover measurements
in the frontal plane. However, the electrical activity of the heart is
three-dimensional. Therefore, the V1-V6 electrodes placed on the
chest with the method developed by Norman Wilson also record
projections in the horizontal plane. Thus, a three-dimensional
analysis is obtained. A total of 12 derivations (3 Einthoven, 3
Goldberger, 6 Wilson) are used as standard in modern clinical
practice. In fact, theoretically three independent derivations are
sufficient to determine all vectorial components, but a larger
number of measurement points allows for more detailed analysis.
With these systems, the rhythmic activity of the heart, its position

and potential pathological deviations can be evaluated with high
accuracy.

Methods, Procedures and New Developments

¢ Electrocardiography (ECG): In the past, ECG measurements
were only made with single-channel strip recorders. Since each
derivation was recorded in order with this method, it was very
difficult to compare signals coming from different directions
simultaneously. Over time, this system gave way to multi-channel
digital systems that could record all derivations simultaneously.
The devices used today amplify the signals, convert them from
analog to digital, and transfer them to computerized systems or
digital screens. In this way, ECG can be monitored, analyzed, and
recorded instantly. For long-term ECG monitoring, electrodes
are attached to patients and the data is collected in a portable
memory or sent wirelessly to the health center over the internet.
This application is a modern approach that falls within the
scope of telemedicine and offers remote monitoring. In classical
measurements, electrodes must be attached to the skin with a
conductive gel. These gels reduce the resistance difference that
may occur between the skin and the electrode, ensuring a healthy
signal. Alternatively, capacitive sensing methods have also been
developed. This method can measure potential changes without
direct electrical contact. Capacitive sensors, which are common
in industry, were initially inadequate for detecting low amplitude
signals such as ECG. However, this problem has been largely
overcome with the development of new materials with high
dielectric constants.

Capacitive sensors do not require contact, thus reducing the risk
of skin irritation, allergies or infection. These sensors are easy to
apply and user-friendly, and have become widely used in wearable
technologies (such as smart watches) for individual health
monitoring purposes. In such devices, one electrode is in constant
contact with the skin. The other electrode is brought into contact
with the finger to complete the circuit and take a measurement.
In this system, the signal is recorded by a special sensor called
EPIC (Electric Potential Integrated Circuit) and transferred to a
digital device. Portable systems that work on the same principle
can record ECGs from the Einthoven I direction based solely on
thumb contact.

. Magnetocardiography (MCG): Electrical activity in the
heart produces not only electric fields but also very weak magnetic
fields. The intensity of these magnetic fields is usually around
100 Picoteslas (pT). In order to detect such low intensity signals,
special sensors with high sensitivity are needed. With the developed
systems, these fields are measured and a Magnetocardiogram
(MCG), which is an ECG-like graph, is obtained.

There are two main types of sensors used in MCG measurement
today:
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o SQUID devices based on high-temperature superconductors —
these sensors are powered by cooling with liquid nitrogen.

o Laser-pumped caesium cells — an alternative that works on the
optical principle and is highly sensitive to magnetic fields.

The main advantage of MCG is that it can measure heart activity
without contact. In addition, detailed magnetic maps can be
created across the chest surface using multiple sensors. This
allows for local analysis beyond the general data provided by
the ECG. However, this method has some limitations. In order to
distinguish weak signals from noise, multiple cardiac cycles must
be overlapped and averaged. While this works well for individuals
with normal heart rhythms, the time resolution may be insufficient
for irregular heartbeats.

A promising area of use for MCG is the assessment of cardiac
activity in unborn babies. Fetal ECG has been used in this area
before, but it has not provided reliable results due to its low
signal-to-noise ratio. MCG, on the other hand, may be effective
in identifying problems such as prenatal arrhythmia by providing
more stable signals.

e Artificial Pacemaker: Artificial pacemakers are electronic
devices used to regulate the heart rhythm in cases where the
heartbeat slows down or the rhythm is disrupted. These systems
consist of three main components:

o Energy source (battery),
o The unit that creates electrical pulses,

One or more conductive wires with electrodes placed on them to
communicate with the heart.

The battery and other electronic circuit elements are usually placed
under the skin with a minor surgical intervention in the chest area,
under the collarbone. The electrode wires that communicate with
the heart muscle are delivered to the right ventricle of the heart
via veins. This system constantly monitors the electrical signals
coming from the heart and compares the current rhythm with the
normal values previously defined in the device. If the heartbeat is
too slow or irregular, the system steps in to produce appropriate
stimuli and encourages the heart to beat regularly again. Most
modern batteries are powered by lithium-ion technology and have
an average lifespan of 8 to 10 years. When the battery life is over,
the device is replaced with a minor surgical procedure. Today,
many pacemakers are equipped with Bluetooth technology, so
the heart rhythm can be monitored remotely and followed by the
doctor via digital systems. Some models also have a defibrillator
feature that delivers powerful electrical pulses when necessary.
Wireless pacemakers represent a new and revolutionary phase
of this technology. This device, which is a small capsule size
containing all the components, can be placed directly into the

heart with a catheter without the need for a surgical incision.
During the procedure, the device is usually delivered to the right
ventricle via the Inferior Vena Cava (Inferior Vena Cava) using
leg veins and fixed to its wall. Once the electrical connections
are established, the catheter is withdrawn and the device begins
active operation. Wireless structures largely eliminate the risks of
vascular damage and infection that may occur due to cables used
in traditional systems. The device can operate without problems
for approximately 12 years and can be removed and replaced
with a new one using the same method when necessary. In both
traditional and wireless systems, it is essential that all components
in contact with the body are made of biocompatible materials. This
prevents undesirable effects such as clotting on surfaces in contact
with blood. [1-73].

Conclusion

The electrical activity of the heart is a complex and delicate
system that shapes not only biophysical processes but also
Electrocardiography (ECG) applications, one of the basic
diagnostic tools of modern medicine. In this study, the formation
of the action potential of the heart muscle, the role of ion channels
and the propagation of electrical impulses throughout the heart
are discussed in detail; the organization of the signal starting
from the sinoatrial node and spreading to the ventricular muscles
is explained. By evaluating the electrode systems developed by
Einthoven, Goldberger and Wilson together, the three-dimensional
electrical behavior of the heart can be analyzed with high
accuracy. The vector projections provided by these systems have
made cardiac axis orientation, rhythm disorders and structural
heart diseases recognizable. In addition, the clinical reflections
of electrophysiological processes and the interpretation of these
processes via ECG provide an important tool in the early diagnosis
of cardiovascular diseases. With the developing technology, ECG
monitoring has become more accessible, portable and patient-
friendly thanks to capacitive sensors and wireless systems. In
addition, new techniques such as Magnetocardiography (MCG)
that perform non-contact measurements are promising, especially
in the evaluation of fetal heart health. On the other hand, wireless
systems that have started to replace conventional wired pacemakers
reduce invasiveness and increase long-term patient comfort.
Information on the electrical dynamics of the heart is of great
importance not only in terms of basic physiology but also in terms
of technological and clinical applications. This information both
improves diagnostic processes and enables more effective design
of personalized medical devices. The study was carried out within
the scope of a PhD course given by Dr. Emin Taner ELMAS. The
name of this PhD course is “Medical Engineering and Advanced
Biomechanics” and is given in the Department of Bioengineering
and Sciences, Igdir University. Ismail KUNDURACIOGLU is a
PhD student and one of the students taking this course. This article
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was prepared as a part of one of the assignments prepared using
the summary translation of Reference [1]: Book-Chapter 7 (Ismail
KUNDURACIOGLU) within the scope of this PhD course [1-73].

References

1.

10.

1.

12

13.

Hartmut Zabel (2017) Volume 1: Medical Physics, Physical Aspects
of Organs and Imaging, ISBN: 978-3-11- 037281-6, Walter de Gruyter
GmbH, Berlin/Boston.

Kole MPH, llschner SU, Kampa BM, Williams SR, Ruben PC, et al.
(2008) Action potential generation requires a high sodium channel
density in the axon initial segment. Nature Neuroscience 11: 178—-186.

Goldman DE (1943) Potential, impedance, and rectification in
membranes. Journal of General Physiology 27: 37-60.

Neher E (1992) Sackmann B. The patch clamp technique. Sci Am 3:
44-51.

Hamill OP, Marty A, Neher E, Sackmann B, Sigworth FJ (1981)
Improved patch-clamp techniques for high-resolution current recording
from cells and cell-free membrane patches. Pfligers Arch 391: 85—
100.

Elmas Emin Taner (2020) ELMAS’s Theory of Thermodynamics™ A
Scientific Approach for 5th Law of Thermodynamics -A Theoretical
Application Example for Medical Thermodynamics. Op Acc J Bio Sci
& Res 1

Emin Taner ELMAS (2024) Medical Treatment Method of Alzheimer’s
Disease & Parkinson’s Disease by the Help of the Natural Musical
Sound of Nay-1 Serif, Instrument of Ney (Ney: Turkish Reed Flute,
Nay). IJCMCR 42: 004.

Elmas, Emin Taner (2020) Medical Treatment Method of “Bio-
robotic Resonance and Thermodynamical Interaction” with Analogy
of “Frequency — Resonance Setting Formation” on the Application
of “Algorithm for Smart Drugs Controlled by a Bio-robotic System”
developed for the “Treatment of Covid-19, Coronavirus and Virus
Infections”. Open Access Journal of Biogeneric Science and Research
(BGSR), Op Acc J Bio Sci & Res 1: 1.

Elmas Emin Taner (2020) Scope of Applications for Medical Technique
at Science and Engineering, Open Access Journal of Biogeneric
Science and Research (BGSR), Op Acc J Bio Sci & Res 1: 1.

Emin Taner ELMAS (2024) System Design and Development of a
Novel Unique Neuro-Physical Medical Treatment Method for SMA-
SPINAL MUSCULAR ATROPHIA-Disease and for Similar Neurological
Muscle Diseases. Herculean Res 4: 90-97

Das F, Elmas ET and Bucak IO (2024) Book Chapter: Innovative
Use of Machine Learning-Aided Virtual Reality and Natural Language
Processing Technologies in Dyslexia Diagnosis and Treatment
Phases; From the Edited Volume Digital Frontiers - Healthcare,
Education, and Society in the Metaverse Era;, Written By Fevzi Das,
Emin Taner Elmas and ihsan Omir Bucak, IntechOpen Limited,
UNITED KINGDOM; indexed in the Book Citation Index in Web of
Science™ Core Collection (BKCI)

Emin Taner ELMAS (2024) Design of Bionic Eye and Artificial Vision
System; a Unique Project “Mobile Bio-Eye-Tronic System”. Herculean
Res 4: 97-100

Emin Taner ELMAS (2024) Project for “Amphibious Mobile Snow
Track Ambulance” for Healthcare System. Am J Biomed Sci & Res 22

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

Emin Taner (2024) ELMAS The first “Olive Seedlings” and “Artichoke
Seedlings” Planted in Igdir Province, Turkey. Am J Biomed Sci & Res
22

Elmas ET, Bucak 10 (2023) Modeling and Simulation of Smart-Drug
Algorithms Through Frequency Modulation for the Treatment of
Covid-19 and Similar Viruses. Global Journal of Research in Medical
Sciences 3: 1-6.

Emin ET, & ihsan Omiir B (2024) FM Modulated Smart Drug Algorithm
for the treatment of Cancer Cells. In Global Journal of Research in
Medical Sciences 4: 1-6.

ELMAS ET (2023) Prototype Design, Production and Functioning of a
Portable (Movable), Home-Type (Domestical) Hemodialysis Machine
(Unit). In Global Journal of Research in Medical Sciences 3: 11-12

Elmas, Emin Taner (2019) Thermodynamical Balance Associated
with Energy Transfer Analysis of the Universe Space as a Pressure
Vessel Analogy. Journal of Applied Sciences, Redelve International
Publications 1: RDAPS- 10002.

Elmas, Emin Taner (2017) Productivity and Organizational
Management (The Book) (Chapter 7): Prospective Characteristics of
Contemporary Engineer (By the Approach of Mechanical Engineering)
Contribution and Role of the Mechanical Engineer to the Organization
Management and Productivity. Machado Carolina, Davim J Paulo
(Eds.), DEGRUYTER, Walter de Gruyter GmbH, Berlin / Boston, Spain

Elmas, Emin Taner (2017) Prospective Characteristics of Contemporary
Engineer (By the Approach of MechanicalEngineering) Contribution
and Role of the Mechanical Engineer to the Organization Management
and Productivity). DeGruyter, Germany

ELMAS ET, ALMA MH (2025) Igdir University ISO 50001 Energy
Management System Certification Studies. In Global Journal of
Research in Engineering & Computer Sciences 5: 6-24.

Hartmut Zabel (2017) Medical Physics, Volume2: Radiology, Lasers,
Nanoparticles and Prosthetics, Walter de Gruyter GmbH, Berlin/
Boston.

Steven Vogel (2013) Comparative Biomechanics — Life’s Physical
World, Published by Princeton University Press

Roland Ennos, (2012) Solid Biomechanics, Published by Princeton
University Press

Mark Strikman (2015) Kevork Spartalian, Milton W. Cole, Applications
of Modern Physics in Medicine, Princeton University Press

Emin Taner Elmas (2024) Design of Bio-Artificial Liver Organ. J
Biomed Sci Biotech Res 2: 1-4.

ELMAS ET (2024) Design of Bionic Ear-Cochlear Implant and Artificial
Hearing System; a Unique Project “Mobile Bio-Ear-Tronic System”4.

Emin Taner EiImas (2024) A Review for Combined Cycle Power Plants.
Bi~omed J Sci & Tech Res 58

ELMAS, Emin Taner (2024) Dimensional Unit Analysis Applications for
Heat Pipe Design. In Global Journal of Research in Engineering &
Computer Sciences 4: 12—-26.

ELMAS, Emin Taner (2024) Calculation of the Filing Amount of
Working Fluid to be Placed in a Heat Pipe. In Global Journal of
Research in Engineering & Computer Sciences 4: 100-108.

ELMAS, Emin Taner (2024) Providing Fully Developed Flow for Waste

6

J Surg, an open access journal
ISSN: 2575-9760

Volume 10; Issue 08


file:///C:/Users/Phane/OneDrive/Desktop/1.%09Zabel H, (2017) Volume 1: Medical Physics, Physical Aspects of Organs and Imaging, ISBN: 978-3-11- 037281-6.
file:///C:/Users/Phane/OneDrive/Desktop/1.%09Zabel H, (2017) Volume 1: Medical Physics, Physical Aspects of Organs and Imaging, ISBN: 978-3-11- 037281-6.
file:///C:/Users/Phane/OneDrive/Desktop/1.%09Zabel H, (2017) Volume 1: Medical Physics, Physical Aspects of Organs and Imaging, ISBN: 978-3-11- 037281-6.
https://pubmed.ncbi.nlm.nih.gov/18204443/
https://pubmed.ncbi.nlm.nih.gov/18204443/
https://pubmed.ncbi.nlm.nih.gov/18204443/
https://www.scirp.org/reference/referencespapers?referenceid=2669358
https://www.scirp.org/reference/referencespapers?referenceid=2669358
file:///C:/Users/Phane/OneDrive/Desktop/4.%09Neher E, Sackmann B (1992) The patch clamp technique. Sci Am 3: 44�51.
file:///C:/Users/Phane/OneDrive/Desktop/4.%09Neher E, Sackmann B (1992) The patch clamp technique. Sci Am 3: 44�51.
https://pubmed.ncbi.nlm.nih.gov/6270629/
https://pubmed.ncbi.nlm.nih.gov/6270629/
https://pubmed.ncbi.nlm.nih.gov/6270629/
https://pubmed.ncbi.nlm.nih.gov/6270629/
https://www.researchgate.net/publication/342419500_ELMAS's_Theory_of_Thermodynamics_A_Scientific_Approach_for_5th_Law_of_Thermodynamics_-A_Theoretical_Application_Example_for_Medical_Thermodynamics
https://www.researchgate.net/publication/342419500_ELMAS's_Theory_of_Thermodynamics_A_Scientific_Approach_for_5th_Law_of_Thermodynamics_-A_Theoretical_Application_Example_for_Medical_Thermodynamics
https://www.researchgate.net/publication/342419500_ELMAS's_Theory_of_Thermodynamics_A_Scientific_Approach_for_5th_Law_of_Thermodynamics_-A_Theoretical_Application_Example_for_Medical_Thermodynamics
https://www.researchgate.net/publication/342419500_ELMAS's_Theory_of_Thermodynamics_A_Scientific_Approach_for_5th_Law_of_Thermodynamics_-A_Theoretical_Application_Example_for_Medical_Thermodynamics
https://www.researchgate.net/publication/341241384_Medical_Treatment_Method_of_Bio-robotic_Resonance_and_Thermodynamical_Interaction_with_Analogy_of_Frequency_-_Resonance_Setting_Formation_on_the_Application_of_Algorithm_for_Smart_Drugs_Controlled_by_
https://www.researchgate.net/publication/341241384_Medical_Treatment_Method_of_Bio-robotic_Resonance_and_Thermodynamical_Interaction_with_Analogy_of_Frequency_-_Resonance_Setting_Formation_on_the_Application_of_Algorithm_for_Smart_Drugs_Controlled_by_
https://www.researchgate.net/publication/341241384_Medical_Treatment_Method_of_Bio-robotic_Resonance_and_Thermodynamical_Interaction_with_Analogy_of_Frequency_-_Resonance_Setting_Formation_on_the_Application_of_Algorithm_for_Smart_Drugs_Controlled_by_
https://www.researchgate.net/publication/341241384_Medical_Treatment_Method_of_Bio-robotic_Resonance_and_Thermodynamical_Interaction_with_Analogy_of_Frequency_-_Resonance_Setting_Formation_on_the_Application_of_Algorithm_for_Smart_Drugs_Controlled_by_
https://www.researchgate.net/publication/341241384_Medical_Treatment_Method_of_Bio-robotic_Resonance_and_Thermodynamical_Interaction_with_Analogy_of_Frequency_-_Resonance_Setting_Formation_on_the_Application_of_Algorithm_for_Smart_Drugs_Controlled_by_
https://www.researchgate.net/publication/341241384_Medical_Treatment_Method_of_Bio-robotic_Resonance_and_Thermodynamical_Interaction_with_Analogy_of_Frequency_-_Resonance_Setting_Formation_on_the_Application_of_Algorithm_for_Smart_Drugs_Controlled_by_
https://www.researchgate.net/publication/341241384_Medical_Treatment_Method_of_Bio-robotic_Resonance_and_Thermodynamical_Interaction_with_Analogy_of_Frequency_-_Resonance_Setting_Formation_on_the_Application_of_Algorithm_for_Smart_Drugs_Controlled_by_
https://www.researchgate.net/publication/342307905_Scope_of_Applications_for_Medical_Technique_at_Science_and_Engineering
https://www.researchgate.net/publication/342307905_Scope_of_Applications_for_Medical_Technique_at_Science_and_Engineering
https://www.researchgate.net/publication/342307905_Scope_of_Applications_for_Medical_Technique_at_Science_and_Engineering
https://www.researchgate.net/publication/384751577_System_Design_and_Development_of_a_Novel_Unique_Neuro_Physical_Medical_Treatment_Method_for_Spinal_Muscular_Atrophy_and_Similar_Neurological_Muscle_Diseases
https://www.researchgate.net/publication/384751577_System_Design_and_Development_of_a_Novel_Unique_Neuro_Physical_Medical_Treatment_Method_for_Spinal_Muscular_Atrophy_and_Similar_Neurological_Muscle_Diseases
https://www.researchgate.net/publication/384751577_System_Design_and_Development_of_a_Novel_Unique_Neuro_Physical_Medical_Treatment_Method_for_Spinal_Muscular_Atrophy_and_Similar_Neurological_Muscle_Diseases
https://www.researchgate.net/publication/384751577_System_Design_and_Development_of_a_Novel_Unique_Neuro_Physical_Medical_Treatment_Method_for_Spinal_Muscular_Atrophy_and_Similar_Neurological_Muscle_Diseases
https://www.intechopen.com/chapters/1190685
https://www.intechopen.com/chapters/1190685
https://www.intechopen.com/chapters/1190685
https://www.intechopen.com/chapters/1190685
https://www.intechopen.com/chapters/1190685
https://www.intechopen.com/chapters/1190685
https://www.intechopen.com/chapters/1190685
https://www.intechopen.com/chapters/1190685
https://biomedres.us/pdfs/BJSTR.MS.ID.009660.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.009660.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.009660.pdf
https://biomedgrid.com/pdf/AJBSR.MS.ID.002990.pdf
https://biomedgrid.com/pdf/AJBSR.MS.ID.002990.pdf
https://biomedgrid.com/pdf/AJBSR.MS.ID.002996.pdf
https://biomedgrid.com/pdf/AJBSR.MS.ID.002996.pdf
https://biomedgrid.com/pdf/AJBSR.MS.ID.002996.pdf
https://www.researchgate.net/publication/375251326_Modeling_and_Simulation_of_Smart-Drug_Algorithms_Through_Frequency_Modulation_for_the_Treatment_of_Covid-19_and_Similar_Viruses
https://www.researchgate.net/publication/375251326_Modeling_and_Simulation_of_Smart-Drug_Algorithms_Through_Frequency_Modulation_for_the_Treatment_of_Covid-19_and_Similar_Viruses
https://www.researchgate.net/publication/375251326_Modeling_and_Simulation_of_Smart-Drug_Algorithms_Through_Frequency_Modulation_for_the_Treatment_of_Covid-19_and_Similar_Viruses
https://www.researchgate.net/publication/375251326_Modeling_and_Simulation_of_Smart-Drug_Algorithms_Through_Frequency_Modulation_for_the_Treatment_of_Covid-19_and_Similar_Viruses
https://gjrpublication.com/wp-content/uploads/2024/01/GJRMS40125478.pdf
https://gjrpublication.com/wp-content/uploads/2024/01/GJRMS40125478.pdf
https://gjrpublication.com/wp-content/uploads/2024/01/GJRMS40125478.pdf
https://zenodo.org/records/10252972
https://zenodo.org/records/10252972
https://zenodo.org/records/10252972
file:///C:/Users/Phane/OneDrive/Desktop/341241161_Thermodynamical_Balance_Associated_with_Energy_Transfer_Analysis_of_the_Universe_Space_as_a_Pressure_Vessel_Analogy_Journal_of_Applied_Sciences_Redelve_International_Publications_2019_Issue_01_RD
file:///C:/Users/Phane/OneDrive/Desktop/341241161_Thermodynamical_Balance_Associated_with_Energy_Transfer_Analysis_of_the_Universe_Space_as_a_Pressure_Vessel_Analogy_Journal_of_Applied_Sciences_Redelve_International_Publications_2019_Issue_01_RD
file:///C:/Users/Phane/OneDrive/Desktop/341241161_Thermodynamical_Balance_Associated_with_Energy_Transfer_Analysis_of_the_Universe_Space_as_a_Pressure_Vessel_Analogy_Journal_of_Applied_Sciences_Redelve_International_Publications_2019_Issue_01_RD
file:///C:/Users/Phane/OneDrive/Desktop/341241161_Thermodynamical_Balance_Associated_with_Energy_Transfer_Analysis_of_the_Universe_Space_as_a_Pressure_Vessel_Analogy_Journal_of_Applied_Sciences_Redelve_International_Publications_2019_Issue_01_RD
https://press.princeton.edu/books/hardcover/9780691155661/comparative-biomechanics?srsltid=AfmBOorz42uoNIoz8ORTcGBIu89XPfx2elh19QsOLq2tnbKxOT9FqfbThttps://api.pageplace.de/preview/DT0400.9783110355796_A29669425/preview-9783110355796_A29669425.pdf
https://press.princeton.edu/books/hardcover/9780691155661/comparative-biomechanics?srsltid=AfmBOorz42uoNIoz8ORTcGBIu89XPfx2elh19QsOLq2tnbKxOT9FqfbThttps://api.pageplace.de/preview/DT0400.9783110355796_A29669425/preview-9783110355796_A29669425.pdf
https://press.princeton.edu/books/hardcover/9780691155661/comparative-biomechanics?srsltid=AfmBOorz42uoNIoz8ORTcGBIu89XPfx2elh19QsOLq2tnbKxOT9FqfbThttps://api.pageplace.de/preview/DT0400.9783110355796_A29669425/preview-9783110355796_A29669425.pdf
https://press.princeton.edu/books/hardcover/9780691155661/comparative-biomechanics?srsltid=AfmBOorz42uoNIoz8ORTcGBIu89XPfx2elh19QsOLq2tnbKxOT9FqfbThttps://api.pageplace.de/preview/DT0400.9783110355796_A29669425/preview-9783110355796_A29669425.pdf
https://press.princeton.edu/books/hardcover/9780691155661/comparative-biomechanics?srsltid=AfmBOorz42uoNIoz8ORTcGBIu89XPfx2elh19QsOLq2tnbKxOT9FqfbThttps://api.pageplace.de/preview/DT0400.9783110355796_A29669425/preview-9783110355796_A29669425.pdf
https://press.princeton.edu/books/hardcover/9780691155661/comparative-biomechanics?srsltid=AfmBOorz42uoNIoz8ORTcGBIu89XPfx2elh19QsOLq2tnbKxOT9FqfbThttps://api.pageplace.de/preview/DT0400.9783110355796_A29669425/preview-9783110355796_A29669425.pdf
file:///C:/Users/Phane/OneDrive/Desktop/341238787_Prospective_Characteristics_of_Contemporary_Engineer_By_the_Approach_of_Mechanical_Engineering_Contribution_and_Role_of_the_Mechanical_Engineer_to_the_Organization_Management_and_Productivity_DE
file:///C:/Users/Phane/OneDrive/Desktop/341238787_Prospective_Characteristics_of_Contemporary_Engineer_By_the_Approach_of_Mechanical_Engineering_Contribution_and_Role_of_the_Mechanical_Engineer_to_the_Organization_Management_and_Productivity_DE
file:///C:/Users/Phane/OneDrive/Desktop/341238787_Prospective_Characteristics_of_Contemporary_Engineer_By_the_Approach_of_Mechanical_Engineering_Contribution_and_Role_of_the_Mechanical_Engineer_to_the_Organization_Management_and_Productivity_DE
file:///C:/Users/Phane/OneDrive/Desktop/341238787_Prospective_Characteristics_of_Contemporary_Engineer_By_the_Approach_of_Mechanical_Engineering_Contribution_and_Role_of_the_Mechanical_Engineer_to_the_Organization_Management_and_Productivity_DE
https://press.princeton.edu/books/hardcover/9780691155661/comparative-biomechanics?srsltid=AfmBOorz42uoNIoz8ORTcGBIu89XPfx2elh19QsOLq2tnbKxOT9FqfbThttps://press.princeton.edu/books/hardcover/9780691155661/comparative-biomechanics?srsltid=AfmBOorz42uoNIoz8ORTcGBIu89XPfx2elh19QsOLq2tnbKxOT9FqfbThttps://dokumen.pub/medical-physics-volume-2-radiology-lasers-nanoparticles-and-prosthetics-9783110553116.html
https://press.princeton.edu/books/hardcover/9780691155661/comparative-biomechanics?srsltid=AfmBOorz42uoNIoz8ORTcGBIu89XPfx2elh19QsOLq2tnbKxOT9FqfbThttps://press.princeton.edu/books/hardcover/9780691155661/comparative-biomechanics?srsltid=AfmBOorz42uoNIoz8ORTcGBIu89XPfx2elh19QsOLq2tnbKxOT9FqfbThttps://dokumen.pub/medical-physics-volume-2-radiology-lasers-nanoparticles-and-prosthetics-9783110553116.html
https://press.princeton.edu/books/hardcover/9780691155661/comparative-biomechanics?srsltid=AfmBOorz42uoNIoz8ORTcGBIu89XPfx2elh19QsOLq2tnbKxOT9FqfbThttps://press.princeton.edu/books/hardcover/9780691155661/comparative-biomechanics?srsltid=AfmBOorz42uoNIoz8ORTcGBIu89XPfx2elh19QsOLq2tnbKxOT9FqfbThttps://dokumen.pub/medical-physics-volume-2-radiology-lasers-nanoparticles-and-prosthetics-9783110553116.html
https://press.princeton.edu/books/hardcover/9780691155661/comparative-biomechanics?srsltid=AfmBOorz42uoNIoz8ORTcGBIu89XPfx2elh19QsOLq2tnbKxOT9FqfbT
https://press.princeton.edu/books/hardcover/9780691155661/comparative-biomechanics?srsltid=AfmBOorz42uoNIoz8ORTcGBIu89XPfx2elh19QsOLq2tnbKxOT9FqfbT
https://press.princeton.edu/books/hardcover/9780691135502/solid-biomechanics?srsltid=AfmBOop949YlgwfKapPjarey_jPEzQy49PrD7xKsyxZSEoTUb9Av80ni
https://press.princeton.edu/books/hardcover/9780691135502/solid-biomechanics?srsltid=AfmBOop949YlgwfKapPjarey_jPEzQy49PrD7xKsyxZSEoTUb9Av80ni
https://press.princeton.edu/books/hardcover/9780691125862/applications-of-modern-physics-in-medicine?srsltid=AfmBOorUuYPmncvFo24hIMw4Vq9VTLNE00QAC71vNHJfs-nr0mVCVv_e
https://press.princeton.edu/books/hardcover/9780691125862/applications-of-modern-physics-in-medicine?srsltid=AfmBOorUuYPmncvFo24hIMw4Vq9VTLNE00QAC71vNHJfs-nr0mVCVv_e
https://oaskpublishers.com/article/design-of-bio-artificial-liver-organ
https://oaskpublishers.com/article/design-of-bio-artificial-liver-organ
https://gjrpublication.com/wp-content/uploads/2024/07/GJRMS421582.pdf
https://gjrpublication.com/wp-content/uploads/2024/07/GJRMS421582.pdf
https://biomedres.us/fulltexts/BJSTR.MS.ID.009087.php
https://biomedres.us/fulltexts/BJSTR.MS.ID.009087.php
https://gjrpublication.com/wp-content/uploads/2024/09/GJRECS45142.pdf
https://gjrpublication.com/wp-content/uploads/2024/09/GJRECS45142.pdf
https://gjrpublication.com/wp-content/uploads/2024/09/GJRECS45142.pdf
https://gjrpublication.com/wp-content/uploads/2024/09/GJRECS45147.pdf
https://gjrpublication.com/wp-content/uploads/2024/09/GJRECS45147.pdf
https://gjrpublication.com/wp-content/uploads/2024/09/GJRECS45147.pdf
https://gjrpublication.com/wp-content/uploads/2024/10/GJRECS45158.pdf

Citation: ELMAS ET (2025) An Introduction to Electrophysical Properties of the Human Heart. J Surg 10: 11364 DOI: 10.29011/2575-
9760.011364

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Exhaust Gas at the Inlet Region of a Heat Pipe Air Recuperator. In
Global Journal of Research in Engineering & Computer Sciences 4:
118-124.

Emin Taner Elmas (2024) ONLINE BOOKLET - E -Print - A Review for
Combined Cycle Power Plants

Emin Taner ELMAS (2011) Doktora (Ph.D.) Tezi, “Yiksek Sicaklikli,
Isi Borulu, Isi Geri Kazanim Unitelerinin Tasarim Parametrelerinin
Termodinamiksel ve Deneysel Analizi’, Tez Danigmani:Prof. Dr. Ali
Glingér, Ege Universitesi Fen Bilimleri Enstitiisii Makina Miihendisligi
Anabilim Dali, Termodinamik Bilim Dali, izmir,

Elmas, Emin Taner (1999) Yiksek Lisans (M.Sc.) Tezi, “Evaporation
Plant For Recyling of Caustic Soda”, Thesis Advisor: Prof. Dr. Fehmi
Akdogan, Dokuz Eylil Universitesi Fen Bilimleri Enstitiisii Makina
Miihendisligi Anabilim Dali, Enerii Bilim Dali, izmir.

Emin Taner E (2023) Thermodynamical And Experimental Analysis of
Design Parameters of a Heat Pipe Air Recuperator. Global Journal of
Research in Engineering & Computer Sciences 3: 6-33.

Emin TE (2023) Design, Production, Installation, Commissioning,
Energy Management and Project Management of an Energy Park
Plant Consisting of Renewable Energy Systems Established at Igdir
University. In Global Journal of Research in Engineering & Computer
Sciences 3: 67-82.

TAMSOZ H,ELMAS ET (2021) GELIK URETIMINDE ELEKTRIK ARK
OCAKLARINDA ENERJI MALIYETLERININ VE ENERJI VERIMLILIK
FAKTORLERININ ARASTIRILMASI INVESTIGATION ON ENERGY
COSTS AND ENERGY EFFICIENCY FACTORS OF ELECTRIC ARC
FURNACE FOR STEEEL PRODUCTION, Fenerbahge Universitesi
Tasarim, Mimarlik ve Muihendislik Dergisi - Journal of Design,
Architecture &amp; Engineering 1: 163-180

KAYA AELMAS ET (2022) SINTER TESISLERINDE ENERJI
KULLANIM NOKTALARI VE ENERJIYI VERIMLI KULLANACAK
YONTEMLERIN BELIRLENMESI DETERMINATION OF ENERGY
UTILIZATION POINTS AND THE METHODS USING THE EFFICIENT
ENERGY FOR SINTERING PLANTS, Fenerbahge Universitesi
Tasarim, Mimarlik ve Muihendislik Dergisi - Journal of Design,
Architecture & Engineering 2: 170-181

Emin Taner ELMAS (2024) The Electrical Energy Production Possibility
Research Study by using the Geothermal Hot Water Resources, which
is a a kind of Renewable Energy Resource, located at the Region of
Mollakara Village which is a part of Diyadin Town and City of Agri,
Turkey. In Global Journal of Research in Engineering & Computer
Sciences 4: 90-101.

ELMAS, Emin Taner (2024) Energy Analysis, Energy Survey, Energy
Efficiency and Energy Management Research carried out at I§dir
University. In Global Journal of Research in Engineering & Computer
Sciences 4: 12-30.

ELMAS, Emin Taner (2024) A Research Study of Salt Dome (Salt
Cave) Usage Possibility for CAES — Compressed Air Energy Storage
Systems. In Global Journal of Research in Engineering & Computer
Sciences 4: 128—-131.

ELMAS, Emin Taner (2024) Wankel Rotary Piston Engine Design
Project. In Global Journal of Research in Engineering & Computer
Sciences 4: 1-4.

ELMAS ET (2024) An innovative solar dish type collector — concentrator
system having an original — unique geometrical mathematical model

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

called as DODECAGON which has 12 equal segments. In Global
Journal of Research in Engineering & Computer Sciences 4: 31-38.

Emin Taner ELMAS (2024) Waste Heat Recovery Boilers (WHRBs) and
Heat Recovery Steam Generators (HRSGs) used for Co-generation
and Combined Cycle Power Plants. Op Acc J Bio Sci & Res 12

ELMAS, Emin Taner (2024) Presentation and Curriculum of Division
of Motor Vehicles and Transportation Technologies & Department of
Automotive Technology at Vocational School of Higher Education for
Technical Sciences at Igdir University, Turkey. In Global Journal of
Research in Engineering & Computer Sciences 4: 60-67.

ELMAS ET (2023) Design and Production of a Unique Hand-Made
Energy-Efficient 4 x 4 — Four Wheel Drive (4wd — 4 Matic) Traction
System Electric Automobile. In Global Journal of Research in
Engineering & Computer Sciences 3: 48-51.

ELMAS ET (2024). Three — Pass Fire Tube Boilers for production
of Steam, Hot Water and Superheated Water. In Global Journal of
Research in Engineering & Computer Sciences 4: 29-38.

Elmas ET (2017) Evaporation Plant for Recycling of Caustic Soda,
INTERNATIONAL JOURNAL of ENGINEERING TECHNOLOGIES-
IJET 3.

Elmas ET (2014) Cagimizin Muhendisinden Beklenenler, Gece
Kitaphgi

ELMAS ET, Levent OGUL (2025) The Effects of Medicine and Music
Therapy Practices on Human Health. [JICMCR 50: 003,

Emin Taner E, Servet K (2025) Biomechanical Analysis of Transtibial
Prosthesis Designed for Runners. Biomedical and Clinical Research
Journal 1.

ET Elmas, Cinibulak MA (2025) Fundamental Scientific and Technical
Issues related with the “Hip Replacement Design and Biomechanical
Analysis”. Journal of Material Science and Nanotechnology, Matsci
Nano J

Kunduracioglu | (2018) Examining the Interface of Lego Mindstorms
Ev3 Robot Programming. Journal of Educational Technology & Online
Learning 1:28-46.

Kunduracioglu | (2024). CNN Models Approaches for Robust
Classification of Apple Diseases. Computer and Decision Making: An
International Journal 1: 235-251.

Kunduracioglu | (2024) Utilizing ResNet Architectures for Identification
of Tomato Diseases. Journal of Intelligent Decision Making and
Information Science 1: 104-119.

ELMAS ET, KUNDURACIOGLU | (2025) A Model for Second Law
of Thermodynamics, Relationship between Health, Disease, Aging,
Death Processes and Consciousness, Nervous System and Time. In
Global Journal of Research in Medical Sciences 5: 1-6.

ELMAS ET, KUNDURACIOGLU | (2025) Metabolic Heat Production
with Energy Transfer and Laws of Human Thermodynamics: The
Energy Balance of the Human Body. In Global Journal of Research
inMedical Sciences 5: 7-14.

Elmas ET, Kunduracioglu | (2025) Artificial Heart Design and
Biomechanical Analysis. Open Access Journal of Medicine and
Healthcare, Research Atrticle 1: 01-06.

ELMAS ET, KUNDURACIOGLU | (2025) Fundamentals of Human

7

J Surg, an open access journal
ISSN: 2575-9760

Volume 10; Issue 08


https://gjrpublication.com/wp-content/uploads/2024/10/GJRECS45158.pdf
https://gjrpublication.com/wp-content/uploads/2024/10/GJRECS45158.pdf
https://gjrpublication.com/wp-content/uploads/2024/10/GJRECS45158.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.009087.pdfhttps:/biomedres.us/pdfs/BJSTR.MS.ID.009087.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.009087.pdfhttps:/biomedres.us/pdfs/BJSTR.MS.ID.009087.pdf
https://www.researchgate.net/publication/383910459_Dimensional_Unit_Analysis_Applications_for_Heat_Pipe_Design
https://www.researchgate.net/publication/383910459_Dimensional_Unit_Analysis_Applications_for_Heat_Pipe_Design
https://www.researchgate.net/publication/383910459_Dimensional_Unit_Analysis_Applications_for_Heat_Pipe_Design
https://www.researchgate.net/publication/383910459_Dimensional_Unit_Analysis_Applications_for_Heat_Pipe_Design
https://www.researchgate.net/publication/383910459_Dimensional_Unit_Analysis_Applications_for_Heat_Pipe_Design
https://researchportalcentral.com/ArticleHome.html?articleslug=bionic-prosthetic-robotic-artificial-hand-design-and-biomechanics-analysishttps://zenodo.org/records/15078754
https://researchportalcentral.com/ArticleHome.html?articleslug=bionic-prosthetic-robotic-artificial-hand-design-and-biomechanics-analysishttps://zenodo.org/records/15078754
https://researchportalcentral.com/ArticleHome.html?articleslug=bionic-prosthetic-robotic-artificial-hand-design-and-biomechanics-analysishttps://zenodo.org/records/15078754
https://researchportalcentral.com/ArticleHome.html?articleslug=bionic-prosthetic-robotic-artificial-hand-design-and-biomechanics-analysishttps://zenodo.org/records/15078754
https://zenodo.org/records/10116309
https://zenodo.org/records/10116309
https://zenodo.org/records/10116309
https://zenodo.org/records/10406670
https://zenodo.org/records/10406670
https://zenodo.org/records/10406670
https://zenodo.org/records/10406670
https://zenodo.org/records/10406670
https://dergipark.org.tr/tr/download/article-file/2084140
https://dergipark.org.tr/tr/download/article-file/2084140
https://dergipark.org.tr/tr/download/article-file/2084140
https://dergipark.org.tr/tr/download/article-file/2084140
https://dergipark.org.tr/tr/download/article-file/2084140
https://dergipark.org.tr/tr/download/article-file/2084140
https://dergipark.org.tr/tr/download/article-file/2084140
https://dergipark.org.tr/tr/pub/dae/issue/70413/1062962
https://dergipark.org.tr/tr/pub/dae/issue/70413/1062962
https://dergipark.org.tr/tr/pub/dae/issue/70413/1062962
https://dergipark.org.tr/tr/pub/dae/issue/70413/1062962
https://dergipark.org.tr/tr/pub/dae/issue/70413/1062962
https://dergipark.org.tr/tr/pub/dae/issue/70413/1062962
https://dergipark.org.tr/tr/pub/dae/issue/70413/1062962
https://gjrpublication.com/wp-content/uploads/2024/04/GJRECS4024_226.pdf
https://gjrpublication.com/wp-content/uploads/2024/04/GJRECS4024_226.pdf
https://gjrpublication.com/wp-content/uploads/2024/04/GJRECS4024_226.pdf
https://gjrpublication.com/wp-content/uploads/2024/04/GJRECS4024_226.pdf
https://gjrpublication.com/wp-content/uploads/2024/04/GJRECS4024_226.pdf
https://gjrpublication.com/wp-content/uploads/2024/04/GJRECS4024_226.pdf
https://gjrpublication.com/wp-content/uploads/2024/03/GJRECS4249.pdf
https://gjrpublication.com/wp-content/uploads/2024/03/GJRECS4249.pdf
https://gjrpublication.com/wp-content/uploads/2024/03/GJRECS4249.pdf
https://gjrpublication.com/wp-content/uploads/2024/03/GJRECS4249.pdf
https://gjrpublication.com/wp-content/uploads/2024/04/GJRECS42690.pdf
https://gjrpublication.com/wp-content/uploads/2024/04/GJRECS42690.pdf
https://gjrpublication.com/wp-content/uploads/2024/04/GJRECS42690.pdf
https://gjrpublication.com/wp-content/uploads/2024/04/GJRECS42690.pdf
https://gjrpublication.com/wp-content/uploads/2024/05/GJRECS4312157.pdf
https://gjrpublication.com/wp-content/uploads/2024/05/GJRECS4312157.pdf
https://gjrpublication.com/wp-content/uploads/2024/05/GJRECS4312157.pdf
https://gjrpublication.com/wp-content/uploads/2024/05/GJRECS4312163.pdf
https://gjrpublication.com/wp-content/uploads/2024/05/GJRECS4312163.pdf
https://gjrpublication.com/wp-content/uploads/2024/05/GJRECS4312163.pdf
https://gjrpublication.com/wp-content/uploads/2024/05/GJRECS4312163.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.009087.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.009087.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.009087.pdf
https://gjrpublication.com/wp-content/uploads/2023/12/GJRECS3630_308.pdf
https://gjrpublication.com/wp-content/uploads/2023/12/GJRECS3630_308.pdf
https://gjrpublication.com/wp-content/uploads/2023/12/GJRECS3630_308.pdf
https://gjrpublication.com/wp-content/uploads/2023/12/GJRECS3630_308.pdf
https://gjrpublication.com/wp-content/uploads/2024/07/GJRECS4410214.pdf
https://gjrpublication.com/wp-content/uploads/2024/07/GJRECS4410214.pdf
https://gjrpublication.com/wp-content/uploads/2024/07/GJRECS4410214.pdf
https://dergipark.org.tr/tr/download/article-file/359900
https://dergipark.org.tr/tr/download/article-file/359900
https://dergipark.org.tr/tr/download/article-file/359900
https://www.pandora.com.tr/kitap/cagimizin-muhendisinden-beklenenler/439951https:/www.pandora.com.tr/kitap/cagimizin-muhendisinden-beklenenler/439951
https://www.pandora.com.tr/kitap/cagimizin-muhendisinden-beklenenler/439951https:/www.pandora.com.tr/kitap/cagimizin-muhendisinden-beklenenler/439951
https://ijclinmedcasereports.com/pdf/IJCMCR-RA-01233.pdf
https://ijclinmedcasereports.com/pdf/IJCMCR-RA-01233.pdf
https://www.biotory.org/publishArticles.php?manuscript_title=Biomechanical Analysis of Transtibial Prosthesis Designed for Runners
https://www.biotory.org/publishArticles.php?manuscript_title=Biomechanical Analysis of Transtibial Prosthesis Designed for Runners
https://www.biotory.org/publishArticles.php?manuscript_title=Biomechanical Analysis of Transtibial Prosthesis Designed for Runners
https://scholarspublishers.org/assets/articles/jmsn-001.pdf
https://scholarspublishers.org/assets/articles/jmsn-001.pdf
https://scholarspublishers.org/assets/articles/jmsn-001.pdf
https://scholarspublishers.org/assets/articles/jmsn-001.pdf
https://dergipark.org.tr/tr/download/article-file/418943
https://dergipark.org.tr/tr/download/article-file/418943
https://dergipark.org.tr/tr/download/article-file/418943
https://www.researchgate.net/publication/385079667_CNN_Models_Approaches_for_Robust_Classification_of_Apple_Diseases
https://www.researchgate.net/publication/385079667_CNN_Models_Approaches_for_Robust_Classification_of_Apple_Diseases
https://www.researchgate.net/publication/385079667_CNN_Models_Approaches_for_Robust_Classification_of_Apple_Diseases
https://www.researchgate.net/publication/387704161_Utilizing_ResNet_Architectures_for_Identification_of_Tomato_Diseases#:~:text=The results of the study,between healthy and diseased leaves.
https://www.researchgate.net/publication/387704161_Utilizing_ResNet_Architectures_for_Identification_of_Tomato_Diseases#:~:text=The results of the study,between healthy and diseased leaves.
https://www.researchgate.net/publication/387704161_Utilizing_ResNet_Architectures_for_Identification_of_Tomato_Diseases#:~:text=The results of the study,between healthy and diseased leaves.
https://www.researchgate.net/publication/389564417_A_Model_for_Second_Law_of_Thermodynamics_Relationship_between_Health_Disease_Aging_Death_Processes_and_Consciousness_Nervous_System_and_Time
https://www.researchgate.net/publication/389564417_A_Model_for_Second_Law_of_Thermodynamics_Relationship_between_Health_Disease_Aging_Death_Processes_and_Consciousness_Nervous_System_and_Time
https://www.researchgate.net/publication/389564417_A_Model_for_Second_Law_of_Thermodynamics_Relationship_between_Health_Disease_Aging_Death_Processes_and_Consciousness_Nervous_System_and_Time
https://www.researchgate.net/publication/389564417_A_Model_for_Second_Law_of_Thermodynamics_Relationship_between_Health_Disease_Aging_Death_Processes_and_Consciousness_Nervous_System_and_Time
https://www.researchgate.net/publication/389564136_Metabolic_Heat_Production_with_Energy_Transfer_and_Laws_of_Human_Thermodynamics_The_Energy_Balance_of_the_Human_Body
https://www.researchgate.net/publication/389564136_Metabolic_Heat_Production_with_Energy_Transfer_and_Laws_of_Human_Thermodynamics_The_Energy_Balance_of_the_Human_Body
https://www.researchgate.net/publication/389564136_Metabolic_Heat_Production_with_Energy_Transfer_and_Laws_of_Human_Thermodynamics_The_Energy_Balance_of_the_Human_Body
https://www.researchgate.net/publication/389564136_Metabolic_Heat_Production_with_Energy_Transfer_and_Laws_of_Human_Thermodynamics_The_Energy_Balance_of_the_Human_Body
https://researchportalcentral.com/ArticleHome.html?articleslug=bionic-prosthetic-robotic-artificial-hand-design-and-biomechanics-analysishttps://zenodo.org/records/15078754
https://researchportalcentral.com/ArticleHome.html?articleslug=bionic-prosthetic-robotic-artificial-hand-design-and-biomechanics-analysishttps://zenodo.org/records/15078754
https://researchportalcentral.com/ArticleHome.html?articleslug=bionic-prosthetic-robotic-artificial-hand-design-and-biomechanics-analysishttps://zenodo.org/records/15078754
https://zenodo.org/records/15078754

Citation: ELMAS ET (2025) An Introduction to Electrophysical Properties of the Human Heart. J Surg 10: 11364 DOI: 10.29011/2575-
9760.011364

60.

61.

62.

63.

64.

65.

66.

67.

Vision System. In Global Journal of Research in Medical Sciences 5:
103-117.

Bennet-Clark HC, Lucey ECA (1967) The jump of the flea: a study of
the energetics and a model of the mechanism. Journal of Experimental
Biology 47: 59-76.

Bennet-Clark HC (1977) Scale effects in animal locomotion. (No Title),
185.

Currey JD (2002) Bones: structure and mechanics. Princeton
University Press.

Telewski FW (1995) Wind-induced physiological and developmental
responses in trees. Wind and trees.

Schrodinger E (1944) What Is Life? Cambridge University Press,
Cambridge.

Morrison P, Morrison P (1982) Powers of ten: About the relative size of
things in the universe. Scientific American Books.

Carpita, NC (1985) Tensile strength of cell walls of living cells. Plant
Physiology 79: 485-488.

ET Elmas (2025) Kitchen Hood Design & Manufacturing Project 3D
Modeling, Engineering Calculations, and Technical Drawings for Igdir
University Medico Social Building Dining Hall”. Matsci Nano J 1: 102.

68.

69.

70.

7.

72.

73.

ELMAS ET, KUNDURACIOGLU i (2025) Signal Transduction System
in Neurons. International Journal of Research in Medical and Clinical
Sciences 3: 26-35.

ELMAS ET, KUNDURACIOGLU I (2025) An Introduction to Sound and
Sound Perception System for Human Ear. International Journal of
Research in Medical and Clinical Sciences 3: 36-49.

ELMAS ET, KUNDURACIOGLU 1 (2025) Medical Structure of the
Human Respiratory System. International Journal of Research in
Medical and Clinical Sciences 3: 50-63.

ELMAS ET, UNDURACIOGLU | (2025) Medical Structure and
Hemodynamics of the Human Circulatory System. International
Journal of Research in Medical and Clinical Science 3: 64-81.

ELMAS ET, KUNDURACIOGLU | (2025) General Aspects of Advanced
Biomechanics. Biomed J Sci & Tech Res 61.

Elmas ET, KUNDURACIOGLU I (2025) Conservation Laws and the
Main Physical Param-eters for Advanced Biomechanics. Biomed J Sci
& Tech Res 61

8

J Surg, an open access journal
ISSN: 2575-9760

Volume 10; Issue 08


https://zenodo.org/records/15078754
https://zenodo.org/records/15078754
https://journals.biologists.com/jeb/article-abstract/47/1/59/21175/The-Jump-of-the-Flea-A-Study-of-the-Energetics-and?redirectedFrom=fulltext
https://journals.biologists.com/jeb/article-abstract/47/1/59/21175/The-Jump-of-the-Flea-A-Study-of-the-Energetics-and?redirectedFrom=fulltext
https://journals.biologists.com/jeb/article-abstract/47/1/59/21175/The-Jump-of-the-Flea-A-Study-of-the-Energetics-and?redirectedFrom=fulltext
https://pmc.ncbi.nlm.nih.gov/articles/PMC5260522/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5260522/
https://press.princeton.edu/books/paperback/9780691128047/bones?srsltid=AfmBOorR85fjYaa3fyqvl1n6cUT02o7aymNrJpVA6WcTJc3pq0uArIVT
https://press.princeton.edu/books/paperback/9780691128047/bones?srsltid=AfmBOorR85fjYaa3fyqvl1n6cUT02o7aymNrJpVA6WcTJc3pq0uArIVT
https://www.scirp.org/reference/referencespapers?referenceid=2212286
https://www.scirp.org/reference/referencespapers?referenceid=2212286
https://aacrjournals.org/cancerres/article/5/11/670/495005/What-is-Life-The-Physical-Aspect-of-the-Living
https://aacrjournals.org/cancerres/article/5/11/670/495005/What-is-Life-The-Physical-Aspect-of-the-Living
https://ui.adsabs.harvard.edu/abs/1982ptar.book.....M/abstract
https://ui.adsabs.harvard.edu/abs/1982ptar.book.....M/abstract
https://pmc.ncbi.nlm.nih.gov/articles/PMC1074911/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1074911/
https://scholarspublishers.org/journals/journal-of-material-science-and-nanotechnology/current-issue
https://scholarspublishers.org/journals/journal-of-material-science-and-nanotechnology/current-issue
https://scholarspublishers.org/journals/journal-of-material-science-and-nanotechnology/current-issue
https://researchportalcentral.com/ArticleHome.html?articleslug=bionic-prosthetic-robotic-artificial-hand-design-and-biomechanics-analysishttps://zenodo.org/records/15078754
https://researchportalcentral.com/ArticleHome.html?articleslug=bionic-prosthetic-robotic-artificial-hand-design-and-biomechanics-analysishttps://zenodo.org/records/15078754
https://researchportalcentral.com/ArticleHome.html?articleslug=bionic-prosthetic-robotic-artificial-hand-design-and-biomechanics-analysishttps://zenodo.org/records/15078754
https://biomedres.us/pdfs/BJSTR.MS.ID.009660.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.009660.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.009660.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.009658.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.009658.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.009658.pdf
file:///C:/Users/Phane/OneDrive/Desktop/ELMAS ET, UNDURACIO<011E>LU <0130> (2025) Medical Structure and Hemodynamics of the Human Circulatory System. International Journal of Research in Medical and Clinical Science 3: 64-81.
file:///C:/Users/Phane/OneDrive/Desktop/ELMAS ET, UNDURACIO<011E>LU <0130> (2025) Medical Structure and Hemodynamics of the Human Circulatory System. International Journal of Research in Medical and Clinical Science 3: 64-81.
file:///C:/Users/Phane/OneDrive/Desktop/ELMAS ET, UNDURACIO<011E>LU <0130> (2025) Medical Structure and Hemodynamics of the Human Circulatory System. International Journal of Research in Medical and Clinical Science 3: 64-81.
https://biomedres.us/pdfs/BJSTR.MS.ID.009658.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.009658.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.009658.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.009658.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.009658.pdf

