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ABSTRACT

Introduction: We recently achieved a new definition of the electric charges as electrified energy or electromagnetic
waves of electric potential, and a new definition of the nerve impulses as electric charges. Neurologists succeeded
in the measurement of the electrical conductivity and capacitance of neural channels. Accordingly, we explain
the transfer of the nerve impulses through the neural channels by diffusion like the heat. Then we derive in an
innovative Diffusion Equation (D.E) of the flow of the nerve impulses as the D. E. of heat.

Method: We firstly derive a D.E. as an innovative mathematical model the flow of electric charges through
conductors by the principles of conservation of energy. According to the definition of nerve impulses as electric
charges, we find a similar D. E. for the flow of the nerve impulses through the neural channels like D.E. of the
electric charges.

Conclusions: Innovative definition of the diffusivity of the nerve impulse of the units “m’/sec” A new proportionality
relation between the volumetric concentration of the nerve impulses and its electric potential or the action potential.
Innovative mathematical models of the flow of the nerve impulses through the neural channels by D. E. that involve
the defined diffusivity, the potential of the nerve impulses, the Laplacian operator, and the time or the entropy of the
[flowing nerve impulses. Corrections of redundancies in the neurosciences as the definition of the action potential
as moving nerve impulses.

phenomena [3]. As electric conductors have electric conductivity
and capacitance, we firstly introduce an innovative definition of
the diffusivity of electric charges through conductors. By applying
the principles of conservation of energy, we derive an innovative
D. E. of the electric charges like the D. E. of heat. Recent studies
also proved the nature of the nerve impulses as electric charges or
electrified energy measured by “Joule” and the unit of its electric
potential is the “Volt”. Additionally, neurologist succeeded in
measuring electrical conductivity and electrical capacitance of
the neural tissues [4,5]. So, diffusion is the mechanism of transfer
of the nerve impulses, as electric charges, though the conductive
neural channels. So, we introduce an innovative definition of the
diffusivity of the nerve impulses, as the diffusivity of heat, and an
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Nerve Impulses, Electric Charge, Action Potential, Volumetric
concentration, Diffusivity, Diffusion Equations, Entropy.

Introduction

Recent studies recognized the nature of electric charges as
electromagnetic waves which have an electric potential, like the
nature of heat as radiation or electromagnetic waves that have
a thermal potential [1]. However, literature defined the electric
current as flow of electrons while the measured velocity of
electrons through good conductors does not exceed millimeters
per second [2]. As the measured velocity of the electric signals
is near the velocity of light, the proper definition of the nature of

flow of electric charges as energy or electromagnetic waves that
have electric potential is the prevailing definition and succeeded
in finding plausible explanations of different electromagnetic

innovative D. E. of the nerve impulses that simulates the electric
field of the neural networks. Recognizing the nature of electric
charges as energy, we recently found the Ammeter’s reading,
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whose unit is “Watt/Volt” measures the rate of growth of entropy
inside the electric conductors [6]. Such a rate is function of the
irreversibility of the process of transfer of energy through the neural
channels, as electric conductors, and indicates their capacity to pass
certain power by a unit electric potential [7]. As the neurologists
found entropy a neurodiagnostic property of the neural channels,
we derive an innovative D. E. of the nerve impulse that introduces
the entropy, as a function of time, to map the dependence electric
field in the neural networks on growth of channel’s entropy. We
also present the mathematical solutions of the innovative D.E. to
hold a comparison between the predicted results and the machine
records of the flow of nerve impulses during diagnostic processes.
At the end of this study, a survey of the introduced innovations is
summarized in the conclusions.

Diffusion Equation of the electric charges

Ohm’s law states a proportionality relation between the current
density in an ohmic conductor and the electric field [9]. According
to the recently defined nature of the electric charge as energy,
denoted as “Qeec,” the rate of flow of such energy, denoted as

« ‘“'E:A,” across a thin slab of thickness “dX,” by the force of

potenﬁal difference “dV,” as shown in Figure 1, can be determined

in terms of the potential gradient “2”
déx

as follows [9]:

according to the Ohm’s law

d Qﬂ Lect d v

T = k?f?ft ‘.fj E Watt (l)
To define the diffusivity of electric charges as energy like the heat
energy, we may look at the thermal diffusivity which is defined as

follows [10]:
Joule
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According to the previous equation, units of the product ““ P Ctherm

” in the dominator has the units “%.” Such quotient has the
m? deg

unit of specific volumetric thermal capacity denoted as “Ctrerm,vai
” or the heat capacity per unit volume of a conductor. Accordingly,
the thermal diffusivity can be expressed as follows:

Kehorm m-

3)

Xeherm = —
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Recognizing the nature of electric charges as electrified energy or
electromagnetic waves that have electric potential, like the heat as
energy that has thermal potential, the electric charges also have
an electric diffusivity which can be defined by a similar quotient
of the electric conductivity and the specific volumetric electric
capacity of the electric conductor, as defined for heat by Equation
(3), as follows:

Rplect m-

4)

S
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Literatures define the electric capacitance “Ceect”” as the capability
of a material object or device to store electric energy or charge
per unit voltage according to the following equation.

C _ Qplpge Joule
glect — A Valt

)

According to this definition, the relation between the electric
capacitance and the introduced definition of specific volumetric
electric capacitance, that is defined as the electric capacitance per

unit volume “V*” can be expressed as follows:
Erfﬂ': i
Colect ol = Celect — 'V IWEE. (6)
eLerT.ro v v Folt

According to Equation (6); it is possible to the express the potential
“V” as a function of the stored electric energy “Qeec’” per unit

volume “v” as follows:
Qelect i .
V= — -.1, - - MJ: - { QFIPEI.‘I{{F] Volt (7)

According to Equation (7); the electrical potential “V” is directly
proportional to the volumetric concentration of the electrical
energy in a medium “Qelect / v Where the proportionality constant

is a reciprocal of the specific volumetric electric capacitance’ i.e.,
L
[ — ]
Celectaol °

Multiplying and dividing the R.H.S. of Eqn. (1) by € sizct.vel

Iiq‘ﬂl.ﬂfl. - ;‘-ELEEL A [d( l,' £ olecl, ol :] (8)

dt Celectrol dx
Substituting the voltage “V” from (7) and the ratio “ —=2 from

g g
(6) into (8), we get: felectal
Pelecty |
r L Qelect [

A0 - (v r - d[. v}

le - = Gelect A r.'; = Hglect ":j': dx (9)

, ey . .
The differential “— " is the gradient of the volumetric
dx

concentration of the electric energy or charge inside the conductor.
According to Equation (9), the rate of charge transfer in a
conductor is directly proportional to the gradient of the volumetric
concentration of the electrical energy or charge in such conductor.
The proportionality constant of this relation, according to Equation

ER)

(9), is the electrical diffusivity “o¢ o priz -

According to thermodynamics literature, the following D. E. is
concluded by applying the principles of conservation of energy
[10]:
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Figure 1: Charge transfer rate in a plane conductor due to a
potential gradient “z—;” [9].

Equation (10) determines the thermal field in a conductor that passes
thermal energy, or heat, by the force of the thermal potential “T”
through conductors that have the thermal diffusivity “®zhermar.”
The similarity of the natures of the thermal and electrical energies
as electromagnetic waves of thermal or electric potentials guides
to find, by application the principles of conservation of energy on
the slap of Figure 1, a D. E. of the electric energy like Equation
(10) is as follows:

L o - o L

av av
ax? ay?

Oplpct BT

dz? an
Equation (11) replaces the thermal potential in Equation (10)
by the electric potential “}”’ and the thermal diffusivity by the
electric diffusivity “Qere’”” As an experimental proof of the analogy
of the thermal and electric fields that assures the validity of the
D. E. (11) for electric fields, as the validity of Equation (10) for
determining temperatures in thermal fields, is the experimental
use of electric field to model or to predict the temperatures of
an analogical thermal field [11]. The found measurement results
of the temperatures and electric potentials in both fields proves
the analogy of the D. E. equations that govern both fields, i.e.,
Equations (10) and (11) [12].

In a case of steady state condition, we get the known Laplace
equation for electric field, by substituting & — g in (11), as
follows: ar
a*v
dx®

v
+ —==0 (12)
dz=

v
gy

Substituting the voltage “V” as a function of volumetric
concentration of the electric charge “( ?"?“,fv]” according

to Equation (7) in Equation (11); we get the following D. E. of
concentration of the nerve impulses:

EZIQﬂa:L_.".I a:|Q£i.£:|._."ul 1
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Diffusion Equation of the Nerve Impulses.

Hodgkin found scientific evidence of transmission of the nerve
impulses as electric charges in the neural systems [13]. According
to the neural references, the formed myelin sheath around the
nerves allows the transmission of the nerve impulses, as electric
charges, by conduction along such channels [14,15]. The measured
electric specific resistance of myelin sheath is 9.10° Q.m and the
electric capacitance for the 2 mm-length of such sheath is 1.8 x
102 F [14]. The measured axon’s diameter is 0.5 micron, and the
thickness of the myelin sheath is 0.3 micron in most cases [15].
Defining the nerve impulses as electrified energy, it is possible
to state that the nerve impulses flow through the neural channels
by diffusion. According to the measured values of conductivity
and diffusivity of the neural channels, it is possible to calculate
the specific volumetric electric capacity of the myelin sheath

"Copol according to Equation (6), and the diffusivity of the neural
channels according to Equation (4) as follows:
Qelect .
r jouls
Cimp.rel = o - (14)
;l'im.p .-
Bimp = PO = (15)
mmp el BEL

So, it is possible to write the D. E. that describes the propagating
potential of the nerve impulses, as electrified energy, through the
neural axons by a similar equation like Equation (11) as follows:

Ii':I""l:m.r.! Ii':l"'l:l:ﬂ.r.! a:l'rl:ll"l.p — 1 Ii”"Fl:m.r.! (16)

dz? Bimp 2T

dx? ay2

According to Equation (14), it is also possible to define the
potential of the nerve impulses as a function of its concentration
per unit volume as follows:

Vimp = —— (21,

Cimp,vol

Volt 17)
Where the reciprocal of the volumetric capacitance of the nerve
impulses «l / Cimppo 1S the proportionality constant in  this
relation. '

Substituting “Vin,” from Equation (17) into Equation (16), another
D. E. that maps the concentration of the nerve impulses into the
neural network is as follows:

3% Qimr".".l__- | a7 QI:I:"I.[.! "I.I.-' | a7 Qimp.".w = Qimp.".u |

_ ot Ay (1)

Eimp dr
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Studying the generation of the energy required for generation
the nerve impulses, as electric charges, the production of
the metabolic heat starts inside the brain neurons [16]. This
heat increases the temperature of the core of the cell than the
temperature of the surrounding neural channels [17]. So, heat
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transfers from the neuron cell across its membrane by the action
of its thermal potential forcing it to flow to the surrounding neural
channels. When the flowing heat crosses the neuron’s membrane,
which has Sodium-Potassium junctions, the thermal potential
of the transferred heat changes to electric potential, or an action
potential, by the Seebeck effect [18]. By crossing the membrane,
the transferred energy from neurons gains an electric potential
and becomes electric energy whose potential is proportional to
the thermal potential of the metabolic heat. Such a process of
neurons is analogic to conversion of thermal energy to electric
energy in the thermoelectric generators [19]. So, nerve impulses,
as electric charges of certain electric potential, accumulate outside
the membrane of the neurons. Such accumulation increases the
volumetric concentration of the nerve impulses, as electric charges.
According to Equation (17), the accumulated nerve impulses of
high concentration outside the membrane determine the potential
of the nerve impulses, as electric charges, which is proportional
to its concentration. This potential was traditionally called “action
potential” which was not recognized as an electrical potential
of the nerve impulses but as a moving nerve impulses or ion’s
concentration [20]. So, the introduced explanation of the nerve
impulses ends the found confusions in neurosciences regarding its
nature and how it is generated [21].

According to the thermodynamics of energy, the flow of energy
in any system leads to growth of its irreversibility defined as the
system’s entropy [22]. So, the entropy of the neural channels
increases by the flow of the nerve impulses as energy and its
growth represents a neurodiagnostic property [23]. However,
Ammeters measure the rate of growth of such entropy, denoted
as “s,” and determines the ability of the neural channels to allow
a certain flow rate of energy, as nerve impulses, by a unit electric
potential. According to the importance of entropy of the neural
channels as a diagnostic property, it is possible to introduce a new
diffusion equation that predicts the entropy change during the
flow of nerve impulses by replacing the time “t” in the diffusion
equation (14) by the entropy “s.” Such replacement depends on
the direct relation between the entropy and time according to the

following equation:

_ @z Watt
3 voir zec

(19)

Where “s” is the measured rate of increase or growth of entropy
and represents a property of the neural channels. Multiplying and
dividing the R.H.S. of Equation (11) by the differential “ds”, we get:

Iil:l"rlim.r.! a:l‘rimp a:I"rI:I:"I.p _ 1 Wimp ¥ as
3x2 ay= asgz Eimp 27 a5
_ L @5 35 _ 2 Wimp
B imp ar a5 B Coloct a5 (20)
The D. E. (19) involves the rate of growth of entropy “s” as a

measurable parameter by the Ammeters. Such equation maps the
dependence of the potential of the nerve impulses, known as the
action potential, as a function of the entropy though the neural
networks.

Replacing the potential of the nerve impulse “Vis” in Equation
(20) by the volumetric concentration of nerve impulses “Qoon”
according to Equation (7), we get the following innovative D.
E. that maps volumetric concentration of the nerve impulses as
a function of the growing entropy “S” during the diffusion of the
nerve impulses through the neural channels.

az.qi'“r’-"'uu azl'?imp_,-'w a:IQimp_.-'w _ & Elqimp-".u ] (21)

dz® Eimp 2=
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Mathematical Solution of the One-Dimensional Diffusion
Equation of the Nerve Impulses

The one-dimensional nerve impulse diffusion equation, according
to Equation (16), can be written as follows:

Iall"|Z|."|.r.| _ 'a:"'im.p

ar Fimp dx?

(22)

Such an equation looks a bit like a wave equation. Therefore, one
method to solve it is to look for wave-like solutions of the form [24]:
Vimp (6, 7) 0 gllhr—wrl) (23)
Where “k = 2”,{:{” is the wave vector, “w = 2z f’ is the
angular velocity, “A” is the wavelength, and “f” is the frequency.
Substitution of “Vimy (x,7)” from Equation (22) into Equation (22)
yields:

— = — By k° (24)
According to Equation (24), the general solution of Equation (23)
for x > 0 can be found as follows [30]:

Vimp o7 = Ty Aw) @ Vomn 25
According to previous studies, the generation of the nerve impulses
starts at neuron’s membrane by conversion the cell’s metabolic
heat, as electromagnetic waves of thermal potential, into nerve
impulses in the form of electric charges, or electromagnetic waves
of electric potential or the action potential by Seebeck effect [25].
The found solution of the modified Maxwell’s wave equations that
define the flow of the nerve impulses as electromagnetic waves of
mean electric potential “Vis,” is as follows [26]:

Vigy = Vi + B coswr  Volt (206)
Where “B” is the amplitude of the oscillating wave, and “w” is the
angular velocity of the wave. According to measurements of initial
nerve impulses at the neural centers of a human skull due to light
stimulation, Figure 2, the dependence of their electric potential on
time is like the found solution of the modified Maxwell’s wave
equations as modelled by Equation (26) [27].

Considering the start of flow of the nerve impulses is at the cell’s
membrane, as the first point of diffusion of the nerve impulses
into the neural channels, it is possible to consider Equation (25) as
formulation of the boundary conditions at X = 0 as follows:
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Figure 2: A machine record of stimulated responses, or nerve impulses, at
different neural centers on scull of a man [27].

['?[mpui.m (0.7) = Vinembrane + B coswr @7
This boundary condition is as follows [25]:
['?[mFuiM (0.7} = Viemprane T E[._t T 4 gIuT) (28)

However, substituting “x = 0 in the general solution (25), the
boundary condition is as follows:

Fl'fRFUf-?-H' (0.7) = Em Al Vnembrane w) g~ (29)

Comparison of Equations (28) and (29), leads to state the only
nonzero values of V(w) are as follows:

A(0) = Vipemprane: A(—w) =2, A(w) == (30)
Hence, the solution for x > 0 is as follows:
ﬁmp&JT} = Vinembrane — Eg_x"f.g cos(wt + x_,frﬁ} (31)
Where
—  |Fmmp (32)
- ()

“d” is known as the skin depth [24]. It is possible to note the
exponential fall of potential of the nerve impulses,xo_r the action
potential, along the length of the neural channel “g~ /&

According to Equation (21), it is possible to find the following
one-dimensional impulse diffusion equation in terms of entropy
growth:

azvimp _ £
ax?

‘;V[mp

(32

Tplect o5

Solving the D.E. (32) by the same procedure that was followed to
solve Equation (17), where the measurable time in Equation (17)
is replaced by the measurable entropy in Equation (32) according
to the following relation:
S5=3sx7 (33)
Where “s” is the measured rate of growth of entropy in the neural
channels as measured by the connected Ammeter.

Vimp (r.5) = Vipemprane — Be™ /s cos(w S,-’rg- + x,n"rﬁ} G4
Where “” is the measured rate of growth of entropy in the neural
channels as read by Ammeters. Equation (33) defines the decay
of the amplitude “Vinpy (x,5)” as function of the dimensionless term

“(m sfs- + ‘:'5].” Figure 3 represents a predicted decay of the

amplitude of the nerve impulse that depends on a computational
property of the neural systems that depends on dimensionless
irreversibility of the neural network which is called “ Diffusion
Anisotropy (D. A)” [28]. The same decay of the Amplitude
of the wave of the nerve impulse is also predicted according to
Equation (33) by its dependence on the dimensionless parameter

“(m 5 e + * / 5).” Such coincidence may indicate a dependence of

the D. A. on the dimensionless term “(m s e + * ‘,r'ﬁ).”

0.2 ¢

AMP.
M) o

Y R

100

ANISOTROPY
Figure 3: “Vinp (x,5)” as a function of Anisotropy (or “c ij s+ * f 5.

+/- mV

S

Figure 4: Representation of the initial wave of nerve impulses (at x=0)
as energy of electric potential “Viembrance” in the E-s coordinates according
to Equation (35).
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Substituting x = 0 in Equation (34); we find the initial nerve
impulse as a wave of the following form:

l’,-m_ﬂ{u.s] = Vpembrane — B cos{w S,r'rg] (35)

The horizontal coordinate in the Figure 4 represents the growth
of entropy “s” during diffusion of the nerve impulse, calculated
as the product of the Ammeter’s readings “s” Watt/Volt times
the measured diffusion time “z” according to Equation (30). The
vertical axis represents the electric potential of the flowing nerve
impulse. Figure 5 represents the machine record of the response of
the neural system to injected impulse that has the same shape of
the calculated nerve impulse in Figure 4 [29]. The main advantage
of representation the nerve impulse in the E-s diagrams is that
enclosed area by the wave, the hatched area, represents the electric
energy of the nerve impulse according to the following equation
[23]:

Qump = I E A5 (36)

Wrist

12ndimV = 5mmid
5 mm/V

Elbow

12 ndimV = 5mminJ
5 mmNV

E1 (-50 mV)

Figure 5: A machine record of response of the neural system to an injected
stimulating electric charge of potential — 50 mV where the ordinate
represents the entropy growth in nJ/mV and the vertical axis represents
the potential of the nerve impulse [29].

Conclusions

According to this article, we achieve the following experimentally
verified innovations:

1. Aninnovative definition of the impulse diffusivity that has the

]

units “:-?.’

2. A proportionality relation between the volumetric
concentration of the nerve impulses and the action potential.
Such relation violates the traditional definition of the action
potential as moving nerve impulses as the nerve impulse is
energy whose unit is “Joule” while the action potential has the
unit “Volt.”

3. An innovative diffusion equation of the nerve impulses that
involves the potential of the nerve impulses, a Laplacian
operator, and the defined electric diffusivity as the nerve

impulses are energy in the form of electrified electromagnetic
waves that have electric potential.

4. An innovative diffusion equation of the nerve impulses that
involves the volumetric concentration of the nerve impulses, a
Laplacian operator, and the defined electric diffusivity.

5. Another new diffusion equation of the nerve impulses that
replaces the time, in the traditional diffusion equations, by
entropy of the neural channels as it represents an important
neurodiagnostic property.

6. A dependence of the Anisotropy as a computational property
of the neural channels on the dimensionless parameter

(fﬂ' le+ ¥/ ,5)” which involves the terms “s”
measurable properties of the neural channels.

and “8” as

Acknowledgment
The authors thank Allah for his guidance in writing this article.

References

1. Abdelhady S, Abdelhady MS. An Entropy Approach to the
Natures of the Electric Charge and Magnetic Flux. Journal of
Electromagnetic Analysis and Applications. 2009; 7: 265-270.

2. Serway RA, Jewett JW. Physics for Scientists and Engineers.
Brooks Cole. 2020.

3. Abdelhady S. An Advanced Review of thermodynamics of
Electromagnet ism. International Journal of Research Studies
in Science Engineering and Technology. 2015; 3: 10-25.

4. Fujimtu M. Physics of Classical Electromagnetism. Springer.
2007.

5. Buttiker M. Capacitance admittance and rectification
properties of small conductors. J Phys Condens Matter. 1993;
5:9361-9378.

6. Abdelhady S. Proper Understanding of the Natures of
Electric Charges and Magnetic Flux. In Electromagnetic Field in
Advancing Science and Technology IntechOpen London. 2022.

7. Frank L. Lambert. Entropy is Simple Qualitatively. J] Chem
Educ. 2002; 79; 1241-1246,

8. Abdelhady S. Proper understanding of the Nerve Impulse and
the Action Potential. World Journal of Neuroscience. 2023;
13:103-117.

9. Moon P, Spencer DE. Field Theory for Engineers Chap. Van
Nostrand Princeton. 1961.

10. Dutt RP, Brewer RC. On the theoretical determination of the
temperature field in orthogonal machining. ASME J of Engin
Ind. 1965; 4: 91-114.

11. Lienhard JA. Heat Transfer Textbook. Phlogiston Press.
Cambridge. 2020.

12. Digele G. Fully coupled dynamic electro-thermal simulation.
IEEE Transactions on Very Large-scale Integration (VERSI)
Systems. 1997; 5: 1-15.

13. Hodgin AL, Huxley AF. A Quantitative Description of

Membrane Current and its Application and Excitation in
Nerves. Physio J. 1952; 117: 500-544.

Neurol Res Surg, 2024

Volume 7 | Issue 2 | 6 of 7



14.

15.

16.

17.

18.

19.

20.

21.

Beyazyuz MF. Electrical Properties of the Neuron and
Electrical Modelling of Passive Neuron Cell Membrane. The
Journal of Cognitive Systems. 2019; 4: 62-70.

Keyserlingk D, Schramm U. Diameter of axons and thickness
of myelin sheaths of the pyramidal tract fibers in the adult
human medullary pyramid. Anat Anz. 1984; 157: 97-111

Arihants Experts. Handbook Series of Electrical Engineering.
Arihant Publications India Limited. 2020.

Zhang J. Basic Neural Units of the Brain Neurons Synapses
and Action Potential. 2019; 23: 1-38.

Abdelhady S. Proper Understanding of the Natures of Electrons
Protons and Modifying Redundancies in Electro Magnetism.
Journal of Electromagnetic Analysis and Applications 2023;
15: 59-72.

Abdelhady S. Advanced Physics of Thermoelectric Generators
and Photo voltaic Cells. American Journal of Physics. 2018;
33:391-398.

Albright TD, Jessell TM, Kandel ER, et al. Neural Science A
Century of Progress and the Mysteries That Remain. Neuron
Raghavan. 2000; 1: 1-54.

Raghavan M, Fee D, Barkhaus PE. Generation and propagation
of the action potential. Handb Clin Neurol. 2019; 160: 3-22.

22.

23.

24,

25.

26.

27.

28.

29.

Abdelhady S. Review of Thermodynamics of Systems That
Embrace Transfer of Electric and Magnetic Energies. Journal
of Physical Science and Application. 2018; 8: 1-12.

Keshmiri S. Entropy and the Brain An Overview. Entropy.
2020; 22: 1-24.

Bryant R, Griffiths P, Grossman D. Exterior Differential
Systems and Euler-Lagrange Partial Differential Equations.
The University of Chicago Press. 2003.

Heikes RR, Roland W, Ure GW. Thermoelectricity: Science
and Engineering. New York Interscience Publishers Inc. 1961.

Abdelhady S. Fundamental Equation of Thermodynamics
that Embraces Electrical and Magnetic Potentials. Journal of
Electromagnetic Analysis Applications. 2010; 2: 162-168.

Abdelhady A. Machine Records of the Neurology Clinic.
Records of Aswan University Hospital. 2022; 5: 1217-1218.

Lawrenz M, Brassen S, Finsterbusch J. Microscopic
Diffusion Anisotropy in the Human Brain Reproducibility
Normal Values and Comparison with Fractional Anisotropy.
Neuroimage. 2015; 109: 283-297.

Abdelhady A. Machine Records of the Neurology Clinic.
Records of Aswan University Hospital. 2022; 5: 1217-1218.

© 2024 Abdelhady S, et.al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License

Neurol Res Surg, 2024

Volume 7 | Issue 2 | 7 of 7



