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1.Abstract

The Dirac Delta function, denoted as 6(x), is a mathematical assemble added by
way of British physicist Paul Dirac, to start with to cope with demanding
situations in quantum mechanics. It has because discovered packages in various
fields, together with sign processing, electric engineering, and computer
technological know-how. This assessment paper objectives to discover the
historic evolution, mathematical intricacies, and interdisciplinary applications of
the Dirac Delta characteristic. The have a look at starts by tracing the historic
development of the feature, highlighting its preliminary conceptualization by
Dirac and next formalization by Laurent Schwartz via distribution principle.
This offers a consistent mathematical basis allowing the feature to be applied
with some luck in complex computations. The study looks into the function's
mathematical foundations and focuses on the Dirac Delta function's role as a
"identification element™ for convolution and its use in selecting continuous
indicators. A study that compares it to similar mathematics functions, such as
the Heaviside step function, Kronecker delta, Gaussian characteristic, and sinc
feature, shows how unique it is. The Dirac Delta trait is important in signal
processing for tasks like filtering and sampling; it acts as a link between
continuous and discrete domain names. Case studies, such as those that process
digital signs and rebuild MRI images, show that it can be useful. The fact that
it has an effect on quantum physics, electrical engineering, and computer
science shows how adaptable it is. While the Dirac Delta functionality sees
heavy use, it isn't always user-friendly. Because it needs to be close to a number
and could be abused or misunderstood, it raises both practical and moral
concerns. At the end of the paper, difficult circumstances are discussed and
additional research is suggested. Create more precise numerical methodologies
and moral norms for their usage. The Dirac Delta characteristic is essential to
all theoretical and applied mathematics, and this evaluation provides a complete
understanding of its genesis, qualities, and usage.
Keywords:Dirac Delta Function ,Signal Processing ,Quantum Mechanics,
Mathematical Formalism Convolution, Numerical Approximations.
A sl Ly Aadlaa Ao La il g Lgt) pmadi 9 Lgd gl i ol o Lila A)a et g ) ghas
daa) o
dabe Guallae (o3 a0
by ) ansd / Ay i) 4 / Aguadlil) sl
nada.ativah@qu.edu.iq

274


mailto:nada.atiyah@qu.edu.iq
mailto:nada.atiyah@qu.edu.iq
mailto:nada.atiyah@qu.edu.iq

2025 o1 18An—al  dsedally dslazr Vg L) S e ) A3 a0t A 2N
No.1S A August 2025  Iraqi Journal of Humanitarian. Social and Scientific Research ' &\
‘ Print ISSN 2710-0952 Electronic ISSN 2790-1254

&b Jar Ayl Sl Leaca g daalyy 4l a ¢ §(x)m L) LSRN el s Al
& L die sie ¥laa 8 clinlad cpall @lld die ¢S 8 S IS0 cilaas dgal sal Al
SV Al B e g osalal) Ll 55y el oSl daniglly el JLEY) Aallae ol
s @l 0 Ul Ala) Clanadill sareie coligbatll o cialy Hl) colaggedll s o Al shill CaLaSiul
itla &5 dgd I g seai o s guall Tl ga Allall iy il ghail) ity Ayl
21230 i Lea cUisie Galyy Wlad 138 sy a0 55l Taae OMA (g 5351 58 0y 5l ol g Lians
S el s ANl Al 5l Gailiadl) 348l Ganii abaall cililuall b lady A1)
CnS 5, 5 painnall iy all (o e 31 gl CLED "y x5 jeaie® S a0 e
gns 53 Apnalall 5 ¢ K15 58 Wl 5 e a0 i Ay D 3 Ly cAlilas dpualy y JIsal ) Jlie
Jie alen 8 A psna ol Ul Lpald 3 i LEY) dalae 8 5 i) Lilew (i dpald
Al il (a8 Aaiiall g Alatal) B claul G juaS das duas il 340 i il
Ll gl LAY Hnlan s pmatbliiall (s lly gl B gl ol ) Jai 3
asle 5 il oSl duriglly (oSU Sl L) loaradil) aatie dpalall oda il ey dleal
O &l A3 Y @l 0 s dpals o V) el o) Lkt e a8 1) e e 55 35 Las gl
ddl y o glaa Jﬁi Lyl j lgeladinl selu) Adldial g 4naed)l by @l ) Ldalad cbaadl)
sy gl lld 8 Lay edliione Ay alald ) agail g cobaail) o2a Ad8liag 48 ) ) aviad 8Dl
Gosrall Heall oo gl ayill 13 Ll cale JS& Lealadin 48N milai g 48y S dpae
ekt e Alald leglae WA84 cdapkaill g 4, ploill cbualy I (ge dSu_qd\J.m uly dalal
Bkt lpailias
(el Nl SN G oSl S ol LEY) dallae ol Uy Al daliball el
LCbanadil) aaete Lanlatll Gl Hliie V) GAENAY) naell iy aill
2.Introduction
Dirac Delta function § (x)) is a mathematical idea that fascinates students,
professors, and professionals across several fields. British physicist Paul Dirac
invented this function for quantum physics. It is now essential to computer
science, electrical engineering, and signal processing.  The function's capacity
to "sample" continuous data and serve as a convolution "identity element"
makes it crucial to mathematical theory and practice. The Dirac Delta function
has many practical uses, although its mathematical formulation and
interpretation are disputed. (1).
This article has certain objectives. Let's see the Dirac Delta function's history
before studying its current usage. By looking at it's history, you can know how
its growth and the obstacles and conflicts that arose. Our second step is to assess
the function's mathematical complexity. This consists its definition, features,
and various uses. By Comparing it to similar mathematical functions to learn
more about its unique characteristics. Another focus of this study is that signal
processing with it's the function. Recent data analysis, picture, and messaging
systems use signal processing. The Dirac Delta function connect continuous and
discontinuous areas. Filtering and sampling explain its importance. We give
case studies and real-life instances to show the function's use in tackling difficult
domain difficulties.
Our research also includes the Dirac Delta function's effects on various majors.
Its applications in computer science, electrical engineering, and quantum
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physics made new research and technology ways. Exploring the moral and
practical implications of this mathematical tool, the subject becomes more
complicated. At the end, this paper will show many research routes that might
enhance or challenge the Dirac Delta function. The function's usefulness must be
evaluated as technology and mathematical systems advance.

2.1.Background and Theoretical Foundations

In the early 1900s, Paul Dirac pioneered this function, symbolized as (x ). The
function was influenced by quantum physics problems, specifically the
transition from continuous to discrete states. It has been used in many scientific
specialization. In its most basic form, the function is defined as:

o(x)
forallx # 0x

06(x) =0
0,while the integral

J—OO(S(x) dx = 1] 6(x)dx = 1.

So many studies and investigations have centered on this seemingly
contradictory interpretation. With distribution theory as a primary framework,
the Dirac Delta function has been meticulously defined throughout the years.
This has given the function a strong mathematical base, so it can be used with
more trust in difficult calculations. A very important figure, Laurent Schwartz,
who put the Dirac Delta function into this bigger mathematical scheme. Norbert
Wiener, who worked in the field of harmonic analysis and studied the function's
features, was another important contribution. (2)

Different areas of mathematics, such as functional analysis, measure theory, and
even some topology, have contributed to the theory behind the Dirac Delta
function over time. Scholars have had disagreements about how mathematically
sound the function is, but there is no doubt that it is useful in real life. The
function is very useful in many fields, from signal processing to quantum
physics, because it connects the worlds of continuity and discreteness.(3)
2.2.Explore the mathematical and physical theories that led to its
formulation

It was in the field of quantum physics, where mathematical precision and
physical need met, that the Dirac Delta function was born. Paul Dirac, for
whom the function is named, was attempting to decipher the intricacies of
quantum systems that go back and forth between discrete and continuous states.
He solved this problem by introducing the Dirac Delta function, a mathematical
model for these kinds of transitions. A limit of Gaussian functions is a popular
way to express the Dirac Delta function in mathematics:

1 e—x2/(2062) = §(x)
o- 0limo 2
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o - 00V2m
le —x2/(202) = §(x)

All space integrals of the Dirac Delta function are one, and it is zero everywhere
else, except at the origin, as stated in this equation. The theory of distributions, a
branch of functional analysis, provided the function with a solid mathematical
foundation outside of quantum physics. The Dirac Delta function was defined
as a distribution, a linear functional operating on a space of test functions,
thanks to Laurent Schwartz's groundbreaking work in this field. Within this
structure, the function is characterized by the way it impacts a test function ¢(x)
as:

(6,9) = ¢(0)

This distributional method resolves some of the mathematical problems related
to the pointwise formulation of the Dirac Delta function and allows its handling
inside functional analysis (4). The Dirac Delta function has been used as a
simplified model for many things in the physical world. It can describe an
instantaneous impulse in mechanics and a point charge distribution in
electromagnetism, for instance. When it comes to solving the differential
equations that control these physical systems, the function's singularity as a
space-or time-isolating tool is invaluable.

2.3.Previous studies

Paul Dirac popularized the Dirac Delta function in his landmark 1930 paper. A
gap appeared in the intricate field of quantum physics, calling for a
mathematical instrument to skillfully traverse continuous spectrum.
Conventional calculations at the time couldn't make sense of the peculiar
complexities of quantum occurrences. Physicists could see things in a more
complex way thanks to Dirac's new Delta function, which let them study
quantum systems that didn't have clear energy levels. The function was looked
at with skepticism by mathematicians because it wasn't like anything else, even
though its use in quantum physics was clear.  The change in this attitude
happened when Laurent Schwartz stepped in in 1966. Schwartz rewrote the
Dirac Delta function in terms of distributions, which gave it the strong
mathematical base it had been missing. Schwartz's groundbreaking work made
the function useful in fields other than physics, so mathematicians could use it in
a lot of different situations.

Over time, the Dirac Delta function made its way into signal processing. Some
researchers, like Papoulis and Pillai, have talked about how it could change the
field, especially in the areas of sample theory and spectrum analysis. The Dirac
Delta function was very important in connecting continuous and discrete areas,
which is why modern communication systems depend on it so much. In
addition, Bracewell's work showed that the Dirac Delta function may make
complicated convolution operations easier, which is a basic operation in signal
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processing. It also showed the function's basic connection to the Fourier
transform. The Dirac Delta function does have some issues, though. Some
people didn't agree on one thing: the function's unique expression, which went to
infinity at one point but stayed zero everywhere else. It was very hard to
understand, especially when looking at this picture in terms of number
estimates. Press and his colleagues looked at these same problems in their 2007
thorough study. By delving into the intricate realm of numerical techniques and
algorithms, they generated excellent ideas and resolved the issues at hand.

The Dirac Delta function affected several fields of research outside signal
processing and quantum physics. Few scientists have demonstrated its
adaptability and wusefulness in engineering and physics problems like
Nachtergaele and Hunter. Its significant effect on various scientific fields has
been shown by extensive investigation. Amazingly intricate and useful, the
Dirac Delta function. From its quantum physics roots to its modern uses, this
function has altered and been reinterpreted.

Mallat's 2008 shows that the Dirac Delta function may swiftly compress and
reconstitute data by evaluating partially packed signals. In 2010, Olver, Lozier,
Boisvert, and Clark published the "NIST Handbook of Mathematical Functions"
including further mathematical structural information. The Dirac Delta and other
mathematical functions are extensively discussed in this collection. The function
remains relevant and deserving of its standing as a top mathematical tool.

A big area that has gained a lot from the Dirac Delta function is digital signal
processing. This has many uses in electronics and music processing, among
others. = The Dirac Delta function is a key part of both "Digital Signal
Processing" (2013) and Lyons' "Understanding Digital Signal Processing"
(2011). It makes convolution operations easier, bridges the gap between discrete
and continuous domains, and opens the door to more advanced filtering
techniques. Kempf, Jackson, and Morales (2014), for example, came up with
new ways to look at things that are based on the Dirac Delta function. They
specifically looked at per turbative expansions of quantum field theory. Their
method made it possible to study quantum field interactions in new ways while
keeping Dirac's original purpose the same. It was very important to do this
because the constantly changing quantum field theory needs new mathematical
tools for correct models.

Although the Dirac Delta function has been utilized for quite some time in
continuous signal systems, it was included in event-based systems by Tapson
and van Schaik (2014) as well.  The role's adaptability and flexibility were
demonstrated by their focus on ELM solutions.  The Dirac Delta function got
important as classical systems were replaced by event-based systems. Radio
frequency (RF) circuit design heavily on the Dirac Delta function, which has
long been used in signal processing. In "Signal Processing for RF Circuit
Design" by Hoskins (2015), the function is used to research and build ultra-high-
frequency circuits.
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Quantum optics and other difficult majors have improved from Dirac Delta
function knowledge. Brewster and Franson's 2016 study on extended Delta
functions and quantum optics provided a new show on photon interactions and
quantum states. This increased the function's applicability and taught us
quantum optics. Zhang's 2016 work expanded the Dirac Delta function's
possibilities using a matrix argument. The function's usage in various
mathematical situations was increased by this work, leading to more
complicated mathematical structures.

The Dirac Delta function has shaped numerous fields of research, causing many
mysteries and in-depth investigations. Parker (2016) investigated the odd field
of electromagnetism to solve a perfect dipole field problem. He focused on
how the Dirac Delta function illuminated complex mathematical patterns that
explain electromagnetic fields. Ferrando (2020) described a simpler Dirac Delta
function-based operator. This advancement provides professionals new
computing capabilities and strengthens the function's mathematical
development. Long-standing physics-geometry relationships are challenging and
intriguing. Doran and Lasenby examine physicists' varied math talents in
"Geometric Algebra for Physicists" (2020). Modern theoretical physics is
influenced by their discovery that the Dirac Delta function may be employed in
various circumstances, including geometric algebra.

A recent study by Kawakami (2021) returned to quantum physics to trace the
Dirac Delta function's roots. In-depth research of the function's role in
quantum mechanical systems revealed its importance and usage in modern
physics. Interpretations of the Dirac Delta function have been proposed in many
circumstances. Klinshov and Liicken conducted research in 2020 on Dirac 6
pulse interpretation in phase oscillator differential equations. This research
revealed the complex relationship between differential and function systems.
They study the function's phase oscillator interactions, adding to the field's vast
research. The intriguing area of higher-order topological signals is being
investigated by Calmon, Schaub & Bianconi in 2023. Their work highlights the
Dirac signal processing approach, which shows how the legacy of the Dirac
Delta function is changing in response to new scientific ideas.

2.4.The mathematical formalism and properties of the Dirac Delta Function
A mathematical construct whose distinctive features and formalization have
piqued the interest of researchers, the Dirac Delta function is frequently
abbreviated as (x)d(x). The function is essential for "sampling" continuous
functions and acts as a "identity element" for the convolution procedure. A
popular representation in beginning calculus is a function with an integral of one
across the whole real line and zero everywhere else except at the origin;
however, this is not entirely accurate. In a strict mathematical context, the Dirac
Delta is treated as a distribution rather than a function (5). In distribution theory,
the Dirac Delta function is described as a linear function that works on a space
of test functions ¢ (x ). It operates in a distinctive manner:
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This technique avoids the Dirac Delta function's simplistic point-wise form and
gives a solid mathematical basis for manipulating it by using functional analysis.
Another noteworthy characteristic is that the Fourier transform uses the Dirac
Delta function. The function's Fourier Transform mathematical notation is:

F{6(x)} = [~ 8(x)e — i2mkxdx = 1

Effective data filtering and modulation make the Dirac Delta function suitable
for signal processing. The function also present the "sifting property,”" a
mathematical concept:

| s - ayax = ri@

For solving differential equations in engineering and physics, the Dirac Delta
function is useful because it can "pick out" the value of a function at a certain
position.  Vector calculus and PDEs often extend the Dirac Delta function to
higher dimensions. For instance, expressed as (r _) in three dimensions, its
sorting function extends beyond that.

o Vfe)se—a)av=f)

The Dirac Delta function is a mathematical marvel that connects theoretical and
practical mathematics. Its distinctive characteristics and precise distribution
formalism make it useful in many study fields. It has more math uses (6).

2.5.Compare and contrast it with other mathematical functions that serve
similar purposes

d(x), the Dirac Delta function, is one of a kind in the world of mathematics,
especially when compared to other functions that do similar things. One of
these is the Heaviside step function b(x)H(x), which is used to handle changes
that aren't complete. The two methods are both used in distribution, but they are
very different in how they work. As a derivative of the Heaviside step function,
we have the Dirac Delta function:

6(x) = dxdH(x)
6(x)=d
dxH (x)

Another function that shares similarities with the Dirac Delta is the Kronecker
delta 6:0ij, which is defined on a discrete domain. Unlike the Dirac Delta
function, which operates in a continuous setting, the Kronecker delta is zero

280



2025 <
No.1S A

18 A 3a—a) dn.oJ.d\j wLw'j‘j MM?‘ uyuU M\J.d\ ds\ 77,
August 2025 Iraqi Journal of Humanitarian. Social and Scientific Research &
: Print ISSN 2710-0952 Electronic ISSN 2790-1254 :

for i # ji o=j and one for i = ji = j. Mathematically, they serve similar
"sifting" purposes but in different domains:

Y f()8;j—fqi(Kroneckerdelta)
[Z f(x)8(x - a)dx = f(a)(DiracDelta)

The Gaussian function is another function that is often approximated by the
Dirac Delta function in certain contexts. A Gaussian function(x)G(x) is
defined as:

x2

eZaZ

G(x) =
) 21to
In the limit as oo approaches zero, the Gaussian function becomes a Dirac Delta
function:

lim;_0G(x) = 6(x)

However, unlike the Dirac Delta function, the Gaussian is a "well-behaved"
function that is easier to handle in numerical simulations.

Thesincfunction,definedassinc(x) = mxsin(mx),is another function that
shares some similarities with the Dirac Delta, particularly in the context of
signal processing and Fourier Transforms. However, the sinc function decays to
zero as.x moves away from the origin, unlike the Dirac Delta, which is zero
everywhere except at the origin.(7)In summary, while the Dirac Delta function
shares some similarities with other mathematical functions like the Heaviside
step function, Kronecker delta, Gaussian, and sinc function, it stands apart in its
unique properties and the mathematical rigor required for its formal definition.
Each of these functions serves specific purposes and is suited for particular
applications, but the Dirac Delta function's versatility and unique properties
make it an in dispensable tool in both pure and applied mathematics. A Deep
Dive Describe the role of the Dirac Delta Function in signal processing. In these
signal processing, the Dirac Delta function, o(z), serves as a fundamental
building block for various operations. One of its most significant applications is
In the convolution of signals. Given a signal x(t)and an impulse response h(t),the
output y(t) is given by:

Y(&) = x(8) * h(t) = f " X(Dh(t - yde

Whenh(t)=d(1),theoutputy(t)isidenticaltotheinputx(t)x(t),illustratingtheDiracDel
ta'sroleasanidentityelementinconvolution:
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y(@) = x() *6() = x(¢)

Another critical application is in sampling theory. The Dirac Delta function is
used to model ideal sampling, mathematically represented as:

x,(t) = Zi_wx(nr)a(t —nT)

Here, x4 (t)is the sample dsignal,.«(#) is the continuous-time signal, and 7is the
sampling period.

In the frequency domain, the Dirac Delta function plays a role in the Fourier
Transform of periodic signals. A periodic signal x(t) with period T can be
represented as:

X =) xad(f =)

The function is also instrumental in filtering operations. In frequency-
domain filtering, the Dirac Delta function can be used to isolate specific

frequency components.
Givenasignal(/),afilterH(f)containingDiracDeltascanextractdesiredfrequen
cies:

Y(f) = X(f) - H(f)

whereH(f) = 6(f — f1) + 6(f + f1)foraband-
passfiltercenteredatf;Moreover,theDiracDeltafunctionisusedinimpulseresponsea
nalysis.Foralineartime-
invariant(LTI)systemwithimpulseresponseh(2),theoutputforan
impulseinputs(¢)d(t) is:

y(t) = h(t) * 5(t) = h(t)

Engineers can thoroughly characterize LTI systems with this characteristic.
From convolution and sampling to filtering and system analysis, the Dirac Delta
function facilitates it all in signal processing. Its mathematical characteristics
make it a valuable tool for theoretical and practical signal processing
applications. eight (8)

3.Case studies to provide real-world examples

*Case Study 1: Image Reconstruction in MRI

282



2025 <1 18 A a2l A.a.w\g A.J-Lw'j\j ML..;?‘ uyuU ML.J\ ds\ 77,

| B
No.1S A August 2025 Iraqi Journal of Humanitarian. Social and Scientific Research &\
‘ Print ISSN 2710-0952 Electronic ISSN 2790-1254 :

Problem Statement:

Suppose we have an object O(x)O(x) represented by the function
0(x)=2x+30(x)=2x+3 for xx in the range [—1,1][-1,1].We want to reconstruct
this objectin an MRI scan. The point spread function(PSF)in MRI is modeled
as a Dirac Delta function &(x)d(x).

Step 1: Define the Object Function
The object O(x) is given by:

Ox)=2x+3,—-1<x<1

Step 2: Define the PSF
The point spread function(PSF) is modeled as a Dirac Delta function d(x).

Step 3: Convolution for Image Reconstruction
Theacquiredimage(x)I(x)istheconvolutionofO(x)O(x)ands (x)d(x):
I(x) = 0(x) * 8(x)
I(x) = f O(w)é(x —u)du

Step 4: Perform the Convolution

I(x) = f (2u + 3)d(x — u)du
Using the sifting property of §(x)_:

I(x) =2x+3

Step5:ValidatetheReconstruction
The reconstructed imagel (x) = 2x + 3which is identical to the original object
O(x).

Conclusion:
TheDiracDeltafunction,whenusedasaPSFinMRI,allowsforperfectreconstruction
oftheobject,asdemonstratedbyl(x)=0(x).

*Case Study 2: Digital Signal Processing (DSP)

Problem Statement:

Suppose we have a continuous-time signal (#) = sin(z#)for tt in the range
[0, 4][0, 4]. We want to sample this signal at a rate of 1 sample per second.
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Stepl: Define the Continuous-Time Signal
The continuous-time signal (t) is given by:

x(t) =sin(wt), 0<t<4

Step 2: Define the Sampling Rate
The sampling rate fsis1Hz, which means the sampling period Tis:

T = 9 = 1second
S

Step 3: Ideal Sampling Using Dirac Delta
The sampled signal (t) is represented as:

xg(£) = Z;ox(nT)S(t —nT)

Step 4: Perform the Sampling

4
xs(t) = z xsin(tn) 6(t — n)
n=0
xs(t) = 06(t) + sin(m)d(t — 1) + sin(2m)6(t — 2) + sin(3m)6(t — 3)
+ sin(4m)6(t — 4)
x,(H) =08(t) +08(t—1)+08(t—2)+08(t—3)+08(t—4)

x,(t)=0
Step5:ValidatetheSampling
xs(t) =0

The sampled signal (t) is zero, which is consistent with the original signal x(t)
at the sampling in stances.

Conclusion:

The Dirac Delta function allows for ideal sampling of the continuous-time
signal. In this example, the sampled signal accurately represents the
original signalat the sampling instances, demonstrating the Dirac Delta
function's utility in DSP.

4.Interdisciplinary Impact
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4.1. Quantum Mechanics
In quantum mechanics, the Dirac Delta function is of ten used to represent
potential well sorbarriers. For example, a one-dimensional delta potential is
described by the Schrodinger equation:
hZ dzll"
~ o ez TVOv(e) = Ep(x)
where V(x) = Vyd(x)

This equation is crucial for understanding quantum tunneling and bound states.

4.2. Electrical Engineering

In circuit analysis, the Dirac Delta function models voltage or current
impulses. For an RC circuit subjected to an impulse(4),the voltage across the
capacitor V(t) is:

V(e = j ‘L s
o RC

t t—-r
V()= | —e rc
() ,RC®

This equation is fundamental for transient analysis in circuits.
4.3. Computer Science

In computer graphics, the Dirac Delta function is used in rendering equations to
model idealized light sources. The radiance L(x,®) at a point xx in direction @
is:

L(x,w) = Lo(x, @) + [ o fr(x, 0, 0" )L;(x, ") 6(0 — ") do’
Lix,w) =L.,(x,w) + f(x, w,w)L;(x, ®")

Compare the effectiveness and limitations of the Dirac Delta Function with other
mathematical tools in various applications
*Limitations
However, the Dirac Delta function has its limitations. For instance, it's not a
function in the traditional sense but a distribution, which complicates its use
in standard calculus. Also, in numerical simulations, the Dirac Delta function
Is often approximated by "softer" functions like the Gaussian, as the Dirac
Delta can be problematic in discrete settings.

A Gaussian function G(x) is defined as:

285




2025 o 18An—al  dwedally delezr Yy ALY Sgoed] 431,00 ds\ TN

\ W
No.1S A August 2025 Iraqi Journal of Humanitarian. Social and Scientific Research ! &\ J
Print ISSN 2710-0952 Electronic ISSN 2790-1254
s
G(x) = ez2d?
V2mo
In the limit as & approaches zero, the Gaussian function becomes a Dirac Delta
function:

lim,_,G(x) = 6(x)

This approximation introduces errors, quantified by:

Error = J | 6(x) — dapprox(x) | dx

*Comparative Metrics
Effectivenesscanbequantifiedbytheeaseofanalyticalmanipulation,asseeninthecon
volutionandSchrodingerequations. Limitationscanbeassessedbased on the need
for approximations in numerical methods.

Effectiveness=Ease of Analytical ManipulationComplexityofEquation

Limitation =Computational ResourcesNeed
forApproximationNeedforApproximationComputational

*Mathematical Rigor and Controversies

The Dirac Delta function, (x)d(x), has been a subject of debate due to its
mathematical rigor. Initially conceived as a" function™ it was later formalized
a distribution:

(0, 9) = ¢(0)
(6,9) = ¢(0)
This formalism allows for rigorous mathematical manipulations but has led

to controversies, especially among physicists and engineers who often use
amore intuitive, albeit mathematically imprecise, representation.

*Practical Challenges: Numerical Approximations

The function is frequently approximated by other functions, consisting the
Gaussian, in numerical simulations:

dapprox(x) =

This approximation present errors, limited by:
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Error = J | 6(x) — dapprox(x) | dx

*Ethical Considerations: Misuse and Misinterpretation

This case of the Dirac Delta function is possible due to its peculiarities, such as
the “shifting" property:

| e - ax = r@

Data science and signal processing show ethical considerations about using
mathematics ethically since erroneous application might lead to incorrect
discoveries. In short, the Dirac Delta function has many scientific computation
uses, however it has limitations and ethical issues. It is vital yet difficult in
academic and practical settings because to its numerical nature and many forms.
5. Conclusion

The Dirac Delta function, symbolized as d(x), has seen to be an in precious
mathematical tool with a wide range of applications across various areas. The
formal definition as a distribution originates from Paul Dirac's work in quantum
physics:

(6,9) = $(0)

The function is an fundamental ingredient of convolution step in signal
processing, which simplify tasks such as sampling and filtering:

y(@) = x(t) * 6(t) = x(1)
In addition to its usage in electrical engineering for quick circuit analysis, it is
also used in quantum physics for modeling potential wells. Problems and
disputes surround the function, however, particularly about its mathematical
rigor and the frequency with which numerical estimations are required:

Error = J | dapprox(x) | dx

There are also ethical concerns because of the chance of misuse or
misunderstanding, especially in applications that deal with private data:

EthicalRisk=ImpactofMisusexPrevalenceofMisuse

Despite these issues, the Dirac Delta function remains a crucial component of
mathematical theory and practice. Because of its unique characteristics, it is
crucial for dealing with complex problems. More accurate numerical
approximations and ethical guidelines for their responsible usage may be the
focus of future study.
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