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Abstract. Fourier transforms is one of the oldest and a well-known technique in field of mathematic and engineer-
ing mathematical work. Fourier transform method represents the variable as a summation of complex exponentials.
Fourier analysis has been used in signal processing and digital image processing for the analysis of a single image as
a two-dimensional wave form, and many other type of form like Quantum mechanics, Signal processing, Image Pro-
cessing. This analysis also represents filters, Transformation, representation, and encoding, Data Processing, Analysis
and many more fields. In this article, some basics of Fourier Integrals have been discussed in terms of neutrosophic
set. Dirichlet’s Conditions, Fourier integral formula and it’s five different forms are studied based on neutrosophic
set. This article includes the F.T., F.S.T. and F.C.T. of a neutrosophic function and their inversion formulae. In this
study, some properties of F.T. are discussed for a neutrosophic function. This study will help to get better results in
signal processing, image processing, and in other fields also. This serves as an overview of the Fourier integral of a

neutrosophic function.

Keywords: Fourier integral, F.T., neoutrosophic function.
Abreviation: F.T.= Fourier transform

F.S.T= Fourier sine transform

F.C.T.= Fourier cosine transform

N.R.N.= Neutrosophic real number

N.C.N.= Neutrosophic complex number
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1. Introduction:

In place of the present logic, F. Smarandache[l,2] put forward the neutrosophic concept to rep-
resent a mathematical model of undetermined, uncertainity, vagueness, unclearness, incomplete-
ness, inconsistency, redundancy, in which the neutrosophy is a new concept brought in by Smaran-
dache[1,2]. He defined the N.R.N. in standard form and the considerations for existence of N.R.N.s’
division. The standard form of N.C.N.s is also deduced and the root index is found as n > 2 [3,4].
Studying the concept of neutrosophic probability [1,5] and the neutrosophic statistics [4,6], Professor
Smarandache , for the first time studied the concept of preliminary calculus by introducing ideas
of neutrosophic mereo-limit, mereo-continuity, mereo-derivative and mereo-integral [7,8].Madeleine
Al-Taha produced results on single valued neutrosophic (weak) polygon [9]. Edalatpanah purport a
new direct algorithm for the solution of neutrosophic linear programming in which the variables and
right hand side are expressed with triangular neutrosophic numbers[10]. Pentagonal neutrosophic
number is used in Networking problem and Shortest Path problem by Chakraborty [11,12].

A. Kharal[15] presents a method of multicriteria decision making using neutrosophic sets. A.
A. Salama and F. Smarandache [16] used neutrosophic set to introduce new types of neutrosophic
crisp sets with three types 1, 2, 3. D. Koundal, S. Gupta and S. Singh [17] demonstrates the use of
neutrosophic theory in medical image denoising and segmentation, using which the performance is
observed to be much better.

The concepts of Neutrosophic set have been used in different areas of Mathematics. Here we are
using this concepts in Fourier integral and Fourier transform. Fourier integral represents a certain
type of non periodic functions that are defined on either (—oo, 00) or (0, 00). Fourier transform is a
mathematical tool used to decompose a signal into its constituent frequency components. It breaks
down signals into a combination of sines and cosines, which can be used to analyse the frequency
content of a signal. Fourier analysis has been used in digital image and processing of image and
for analysis of a single image into a two-dimensional wave form, and more recently has been used
for magnetic resonance imaging, angiographic assessment, automated lung segmentation and image
quality assessment and Mobile stethoscope [18]. Fourier transforms which is also used in frequency
domain representation. Fourier analysis used as time series analysis proved its application in Quan-
tum mechanics; Signal processing, Image Processing and filters, representation, Data Processing and
Analysis and many more.

Fourier transforms are obviously very essential to conduct of Fourier spectroscopy, and that alone
would justify its importance. Fourier transforms are very vital in other pursuits as well; such as
electrical signal analysis, diffraction, optical testing, optical processing, imaging, holography, and
also for remote sensing [13, 14]. Thus, knowledge of Fourier transforms can be a springboard to
many other fields. The main idea behind Fourier transforms is that a function of direct time can be

expressed as a complex valued function of reciprocal space, that is, frequency.
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In this paper we are studying the Fourier integral and Fourier transform by using the concept
of Neutrosophic set. The use of Neutrosophic concept in the Fourier transform will help to get the
frequencies more accurately which constitude a signal or a sound and can be filter out the unwanted
frequencies in more appropriately. This study will give better results in signal processing, image
processing and filtering, noise filtering, etc.

This paper consist of 6 sections. The 1st section provides an introduction, in which review of
Fourier transform has been given. In 2nd section, definition of neutrosophic real number is given
and discussed about division of two neutrosophic real numbers. The 3rd section gives the knowledge
of Fourier integral theorem for a neutrosophic function and different forms of neutrosophic Fourier
integrals. In the 4th section, we have discussed about the F.T. of a neutrosophic function which
includes Fourier sine transform and Fourier cosine transform of a neutrosophic function. In the 5th
section we studied about the properties of F.T. of a neutrosophic function and their proofs. The 6th

section is the conclusion of the article.

2. Preliminaries:

In this part, definitions of N.R.N. and division of two N.R.N.s are discussed.

2.1. Neutrosophic Real Number/[4]:

If a number that can be written in the form p, + ¢,I, where p,, ¢, are real numbers and I is an
indeterminate number such that 1.0 = 0 and IV = I, for all natural number N, is called N.R.N..
Here we denote the N.R.N. by w, and thus we can write w = p, +¢,I and it is knwon as the standard
form of N.R.N..

2.2. Division of two N.R.N.s[}]:

Consider that wy and wo be two N.R.N.s where, wy = pp1 + gn1d and wg = ppo + guol. Then the
division of these N.R.N.s, i.e. (pn1 + qn1l) + (Pn2 + qn2l) is given by

Pn1 + inl _ @ Pn2dn1 — Pni1dn2
Pn2 + QnQI Pn2 Pn2 (an + Qn2)

provided pp2(pn2 + gn2) # 0 or pp2 # 0 and pr2 # —an2

3. Neutrosophic Dirichlet’s Conditions:

Dirichlet’s conditions are those condition which must be satisfied by a function f(x) to be expanded
by using Fourier series. There are three Dirichlet’s conditions, which must be satisfied by the function
f(z). In this article, we shall discuss the Dirichlet’s conditions by using the concept of neutrosophic
set.

Consider, f¥(z,I) be any neutrosophic function satisfying the conditions given below:
(i) fN(x, 1) is defined in the interval —(h + 1) < x < (h+ I).
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(ii) fN(x,I) and f'N(x,I) are sectionally continous in —(h+ 1) <z < (h +1I).

(iii) fN(x,I) is periodic with period 2(h + I).

Then the above conditions are called neutrosophic Dirichlet’s conditions.

Here, I is called indeterminate number such that 1.0 = 0 and I™ = I,n € N, the set of natural

numbers.

4. Fourier Integral Theorem (or Formula) for a neutrosophic function. Fourier Integral

representation for a neutrosophic function:

Consider, fV¥(z, I) be a neutrosophic function and it satisfy the following statements:
(a) fN(x,I) fulfill neutrosophic Dirichlet’s conditions in each finite interval —(h + 1) < x < (h+I)
(b) [ |fN (@, I)|dx converges that means, fV (z, ) is absolutely integrable in —oo < z < occ.

Then Fourier integral theorem for a neutrosophic function will be

Nz, 1) = /OO{AN(S, Icoss(pn + qnl)x + BN (s, I)sins(pn + gnl)x}ds (1)
0
1 [ N
where, An(s,I) = 7r/ ¥ (u, Icoss(pn + qnl)udu (2)
and By(s,I) = i/oo N (u, I)sins(p, + qud)udu (3)

Thus Fourier integral theorem of a neutrosophic function is also re-written as

fN(aU,I) = % /OO_ /OO_ fN(u, Icoss{(pn + qul)(x — u)}duds (4)

5. Different forms of Fourier integral theorem of a neutrosophic function:

There are five different forms of Fourier integral theorem in classical method. These five forms
are discussed in the sense of neutrosophic set as given below.

(i) General Form:

e =2 [ P n ] [ ession+ e - las) au (5)
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Proof: When z is a point of continuity of fV(z, I), we have
N 1 N
iz, 1) = oy / {/ I (u I)coss((pn—i-qnf)(x—u))du} ds
— / N (u, I) {/ coss((pn + qnd)(x — u))ds} du
/ N (u, I) {2/ coss((pn—i—qnf)(:c—u))ds}du,
T J -0 0

[using the property of definite integral

fN(xIdaz—Q/fodJ:szN(xI) N (x, )]

—a

_! /uoo N (u, 1) {/:o coss((pn + gnd)(z — u))ds} du

T Ju=—oo =0

(ii) Another General Form: If fV(z, I) is continous at z, then

N (x, 1) = /OO {AN(s,I)coss(pn + qnl)x + By (s, I)sins(pn + ¢ 1)z} ds
0

where, An(s,I) / N (u, Tcoss(py + gnI)udu

and By (s, I) / N (u, I sins(pn + gl )udu

Proof: We have

£ (uy D){coss((pn + anl)coss(pp + gulu

N 1) :% /_Z N, 1) {/_O; c0s5(pn + quT) (x — u)ds} du
:% /0 * { _Z N (. D)coss(pn + anl) (2 — u)du} ds
— [ neossto, + e~ s
A

|
8

+ sins(pn + qul)xsins(pn + qnl)u)du}ds

:/Ooo[coss(pn + qnl) { / N (u, I)coss(pn + gn )udu}

+ sins(pp + qnd) { / N (u, I)sins(pn + gn )udu}]d

= /OOO {An (s, I)coss(pn + anl)z + BN (s, I)sins(pn + gul)x} ds, [using(7)and(8)]

(iii) Fourier Sine Integral formula for a Neutrosophic Function:

If fNV(x,1I) is an odd neutrosophic function, then

s

N (x, 1) = 2 /OO sins(pn + gnl)x {/OO N (u, I)sins(p, + an)udu} ds
0 0
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Proof: Proceeding as in form (ii), we have

1

=— / [coss(pn + an)x/ N (u, I)coss(pn + gl )udu
™ Jo —o0

+sins(pn, + an)x/ N (u, T)sins(pp + qnl)udulds (10)

Since, fN(z,I) is an odd function, it follows that f~(u,I)coss(p, + ¢.1)u is an odd function and

N (u, I)sins(p, + god)u is an even function and so by property of definite integral, we have
[e.e]
/ N (u, T)coss(pn + gul)udu = 0
—00
e.9] o
and / N (u, I)sins(pp + gul)udu = 2/ N (u, I)sins(py + gnl)udu
o 0

Therefore (10) implies

(2, 1) = 2 /Oo sins(pn + gnl)x {/Oo N (u, I)sins(pn + an)udu} ds
0 0

s

(iv) Fourier Cosine Integral formula for a Neutrosophic Function:
If fN(z,I) is an even neutrosophic function, then

N (x, 1) = 2 /OO coss(pn, + qnl)x {/OO N (u, Icoss(p, + an)udu} ds (11)
0 0

T
Proof: Proceeding as in (ii), we get

1

=— / [coss(pn + an)m/ N (u, I)coss(pn + gl )udu
™ Jo —o0

+sins(pp, + an)x/ N (u, I)sins(pp + qnl)udulds (12)

Since, fV(x,I) is an even function, it follows that f¥(u,I)coss(p, + ¢.1)u is an even function and

N (u, Isins(py, + gnI)u is an odd function and hence we have
oo oo
/ N (u, Icoss(py + gnl)udu = 2/ N (u, T)coss(py + gul)udu
N 0
o
and / SN (u, D) sins(pn + qnl)udu = 0
—00
Therefore (13) implies that

N (x, 1) = 2 /Oo coss(pn + qnl)x {/Oo N (u, Icoss(pn + an)udu} ds
0 0

™

(v) Complex or Exponential form of Fourier Integral Formula for a Neutrosophic Func-

tion:
N, 1) = / e~isPatanl)z { / R I)eis(p”q"])“du} ds (14)

2 J_
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Proof: From general form (i) of Fourier integral theorem of a neutrosophic function, we have

/ N (u, 1) {/ c085(pn + qnl)(x — u)du} ds
= 7T/ {/ N (u, Icoss(pn + gnl)(x — u)ds} du

(changing the order of integration)

00 0 i8(Pn+anl)(z—u) —is(pntanl)(z—u)
:1/ {/ fN(u,I)e +2€ du}ds
0 —00

™
_ i (9] eiS(pn+an)36 {/oo fN(u, I)e—is(pn—i-qnl)udu} ds
27 0 —infty
+ ZL e~ isPntanl)e {/ N (u, I)eis(p"Jrq”I)“du} ds (15)
T —00

substituting s = —y and ds = —dy in the first integral only of (15), we get

1 —00
I *Zypn‘i’(InI
fN (2, 1) = o /

+ i —zs (pn+gnl)x {/OO fN 7,5(pn+qn )udu} ds
2 0 00

0 o0
21 _Zy pn+QnI)x {/ fN ly(Pn-l-an)udu} (dy)
™ — 0o

fN (u,I) ’y(p”ﬂ"n“du} (—dy)

[e%S)
1 ) [eS)
= 713 (pn+gnl)x {

fN Zs(p"ﬂ” udy b ds
27T 0

—o0
1 0

27TOO

e~ is(Pntanl)

/ N (u, 1) zy(pn+qn1)udu} (ds)

N i oo e—is(pn+qn[)x {/ fN(u, I)eis(pn+qn1)udu} ds
0 —00

2T
e~ is(Pntanl)z {/OO fN(u,I)eiS(anran)udu} ds

Note: In (15), substituting s = —y and ds = —dy in the second integral only in place of first integral

o

1
Therefore fN(z, 1) = 2/
™

—00

and proceeding as before, we get

Nz, 1) = 21/ eis(Pntanl)e [/ fN(u,I)e_is(p”J“q"I)“du] ds
T J—c0 —o0

which is another form of complex form of Fourier integral formula in terms a neutrosophic function.

Example 1: Using cosine integral formula of a neutrosophic function, we get the following result:

/oo cos(pn;- an))\:cd)\ _ 7(Pn+ anl) e~ pntanl)s 4
) A2+ 1 2

Solution: Fourier cosine integral formula for a neutrosophic function is

N (x, 1) = 2 / cosA\(pp, + qn 1)z {/ N (u, I)cosA(pn + an)udu} d\ (i)
0 0

™
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Taking fN(x, 1) = e~ (Pnt4nD® 50 that fN(u,I) = e~ (PrtanDu

Using these in (i), we get

2 [ >
6_(pn+QnI)x - — / COS)\(pn + an)ﬂf {/ 6_(pn+q”1)ucos)\(pn + an)udu} d\
™ Jo 0

2 /OO © dv
== cos\(pp + qnd)x {/ e ”cos)\v} dA
T Jo ( ) 0 (Pn + qnl)
[Taking v = (pn + quI)u so that dv = (p, + qn1)du

as u— 0,v — 0 and u — 00, v — x|

2

= cosA(p, + g 1) / e_”cos/\vdv}d/\
(pn + QnI)ﬂ' /0 (p 4 ) 0

2 & 1
= it aln /0 cosA(pp + qnl)x {1 v } d\

2 o
— (ES T /0 cosA(pn + gnl)xdA
e_(pn+Qn])£U — 2 /OO COS}\(pn + an)fEd)\
(pn + an)7r 0 (1 + /\2)
Therefore /00 cosh(pn + an)xd)\ = m(Pn + 4nl) e~ (pntanDz o
’ 0 (1 + )\2) 9 y b Z

Example 2: Using the Fourier cosine integral formula, we get the following result:

1 2 [ (s242 I
0

Dn Dn (pn + Qn) ™

Solution: Fourier Cosine Integral formula is given by

s

N (x, 1) = 2 /oo coss(pn + qnl)x {/OO f(u, Icoss(pn + an)udu} ds
0 0

ds
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Solution: Taking fN (x,I) = e~ PntaDecos(p, +q, 1)z so that fN(u, I) = e~ PrtanD)teos(p, 4q,1)u
Using these in (i), we get

—(pntanl)zx

e cos(pn + anl

OO

2

oo
:/ cosspn—i—qn T
0

pn+QnI)ucos(pn + gn1)ucoss(py, + an)udu} ds
T

{ |
1 oo OO
=— / coss(pp + qul)x { e~ Pt an )% (9c05(py, + gl )ucoss(pn + an)u)du} ds
0

0

/ coss(pp + gnl)x [/ e~ Prntan s cog(py + qnl) (s + 1)u + cos(pn + qnl)(s — l)u}du] ds
0 0
/ coss(pn + qnl)x[/ e~ Pntanl)ucos(p, + goI) (s + 1)udu

0 0

+ / e*(anFq”I)“COS(pn + g 1) (s — 1)udulds

[ (pn + QnI) + (pn + QnI) ] ds
(pn + QnI)2 + (pn + an)Z(S + 1)2 (pn + QnI)2 + (pn + QnI)Q(S - 1)2

1 1 1
v 707 TG

(s2 =25 +2) + (s> + 25+ 2)
Y A n nl d
(pn + an)ﬂ' /0 coss(pn + anl) [ (s2+2s+2)(s%2 — 25+ 2) N

1 > 2(s*+2)
(pn + an)ﬂ' /0 (32 + 2)2 _ (23)20033(]% + qn ).’E S
= 2 /OO 2(s% + 2)coss(pn + qul)x

o] 2
_ ( 1 In )I> 2 / 2(s* + 2)coss(py, + an)de
0

]Tn_pn(pn‘i'Qn st+4

coss(pn + gnl)x

coss(pp + qnl)z.

=
=

ds

™

Example 3: Using Fourier sine integral formula, the following result is obtained

—(antbnl)z _ —(cntdnl)z :2(pn + qnl)[(cn + dn[)2 — (an + an)Z]
T

e

/OO sins(pp, + qnl)xds
o {(an+bn0)? + 5*(pn + gnl)*} {(cn + dul)? + 5*(pn + u 1)}

Solution: Fourier sine integral formula is given by
2 o oo
N (x, 1) == / sins(pn + gnl)x {/ N (u, Isins(p, + an)udu} ds (1)
T Jo 0

Taking fV(z,I) = e~(@ntbaD)z _ o=(cntdnl)a

so that fN(u,I) = e~ (@ntbnDu _ o=(cntdnlu
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Using these in (i), we get

6—(an+bn1)x - 6—(cn+dnl)m

2 oo OO
= / sins(pp + gnl)x { —(antbal)u _ e*(C”er”I)“)sins(pn + an)udu} ds
0 0
2 o OO o0
== / sins(pn + gnl)x { —(an+bnl)u Ysins(pn + qnl)udu — / e_(cn+d"1)“sin8(pn + an)udu} ds
™ Jo 0 0
:2/00(%”8]9 + gnl ZL'|: pn+QnI) . 3(pn+QnI) :| s
™ Jo " " an + by, I + 52(pn + QnI)2 (Cn + an)2 + 32(pn + QnI)2
2 o0 . (Cn + an)2 - (an + an)2 :|
= — sins + g d)x. +qgnl)s ds
2 s e 00D o o e T e T T T

~ 2(pn + qud)[(cn + dn1)? — (an + by 1)?] /°° sins(pn + qul)xds
0

0 {(an + an)2 + 32(1% + QnI)Q} {(Cn + dn[)2 + 32(pn + QnI)Q}.
6. F.T.s or Complex F.T. of a Neutrosophic Function

Fourier transform is a mathematical model which helps to transform the signals between two
different domains, such as transforming signal from frequency domain to time domain or vice versa.
It is an integral transform that converts a function into a form that describes the frequencies present
in the original function. The output of the transform is a complex-valued function of frequencies.
Definition: Let % (x,I) be a function defined on (—o0,00) and be piecewise continuous in each
partial interval and absolutely integrable in (—oo,00). Then the F.T. of .#(x, I) is a function of a
new variable ‘s’ and it is denoted and defined as

o0

FLF (@ D)} = F(s, 1) = f(s,1) = / (it an D) (1 1)y (16)

8

The function .% (x, ) is then known as inverse F.T.s of % (s, I) or f™(s,I) and is denoted by

F(x,I)=.F H{F(s,1)}
F(x, 1) = F (s, 1)} (17)

6.1. Inversion Formula for F.T. or Complex F.T. of a Neutrosophic Function:

If Z(s,1I) is the F.T. of #(z,I) and if % (x, I) satiesfies the Dirichlet’s conditions in every finite
interval (—I — I,1+ I) and further .%(x, I) is absolutely integrable in (—o0, c0), then at every point
of continuity of .7 (z, 1),

F(x,I) = % /_Z ?(S,I)e_is(p”+q"1)zds
Proof: Complex Fourier integral formula is given by

Fo1) = 1 / e—is(Pn-i-an)x{/ 9(u,1)eis(p"+q"1)“du} ds (18)

o oo
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Complex F.T. of .Z(x,1) is given by

9(3,[)—/ esPntanl)z gz (4 [Ndx

= / F (u, I)e?Prtanlu gy, (19)
From (18) and (19) we get
g;(x,I) _ 21/ ?(S,I)e—is(l’n-&-qnnxds (20)
™ —00

Which is the required inversion formula for complex F.T. of a neutrosophic function.

Thus, we have

= N(37 I)
= / ePntanl)z gz (4 [Nda (21a)
and
Tl ]) = — / =I5t eI (5 [)ds
2 J_
_ 1 emisntanl)e £N (5 1) (21b)
2m J_

Theorem 1. If f¥(s,1) is F.T. of #(z,I), then

Where bar over a quantity represents its complex conjugate.

Proof: By definition,

F{F (2, 1)} = fN(s, 1) = / h T (x, I)ePntanl) gy (22)

— 00
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Now
(i) F{F (—z, 1)} = / —x, I)e?Pntanl)z gy

— / Fy, Do wntaDy(_gy)

{putting y = —x & dx = —dy

/ F(y, De#Ptanly(dy)

(=) (Pntanl)y(_gqy)

—s, 1) {by(22)

f
/ {Z (—z, 1)} esPntanl)z gy

Q&%
| |

88

Rs

_Zs(pn""Qn )y Y(—dy)

{puttmg y=—x & dx=—dy

- [ Tame s

= y(xyf)eis(Pn'f‘Qn])xdx}

= fN(s, 1) by(22)

(iit) F{F(x, )} = | {F(x,1)}esPrtmDzgy

f

N(=s,1), by(22)

7. F.S.T. or Infinite F.S.T. for a Neutrosophic Function:

Definition: Let #(x,I) be a neutrosophic function defined on (—oo,00) and be piecewise con-
tinous in each partial interval and absolutely integrable in (—oo,00). Then the infinte F.S.T. of

F(x,I) is a function of a new variable ’s” and it is denoted and defined as
FAF (@ D)} = T, ) = FN(s,1) = / F (@, I)sins(pn + gul)adz (23)
0

The function .Z(z,I) is then called inverse Fourier sine transfom of Z(s,I) or fN(s,I) and is

denoted by

F(x,1) = F HF(s, 1)} or F(a, 1) =F,H{fN(s,1)} (24)
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7.1. Inversion Formula for Infinite F.S.T. of a Neutrosophic Function:

If Z(s, 1) is the infinite F.S.T. of .F (z, I) and if .F (z, I) satisfies the Dirichlet conditions in every

finite interval (—{—1I,l+I) and further if .7 (z, I) is absolutely integrable in (—oo, c0), then at every

point of continuity of .Z (z, I'), then we have
2 [
Fl(x, 1) = / Fs(s,I)sins(pp + qnl)xds
T Jo
Proof: Fourier sine integral formula is given by
2 o oo
F(x, 1) =— / sins(pn + gnl)x {/ F (u, I)sins(pn + an)udu} ds
T Jo 0
Now, infinite F.S.T. of #(z,I) is given by
- (0.9}
Fs(s, 1) = / F (x,I)sins(pn + qnl)xdz
0
(0.9}
= / F(u, I)sins(pn + gnl)udu
0
Thus, from (25) and (26), we get
F(x,I) / Fs(s,1)sins(pp + g1 )wds

Which is the required inversion formula for infinite F.S.T..

Thus, we have

F{F (x,1)}

s(s,1)
Js. D)

Il
Wo\.\ Q@

F(x,I)sins(pn + gnl)xds
s H{F(s, D)}

= / Fs(s,I)sins(py + qo1)xds
T Jo

and F(x,I) =

Equations (28a) and (28b) are also defined as

ys{y(l'al)} = JFS(S?I)

= fN(s, 1)

\/7/ (x,I)sins(pn + qnl)zds

and F(x, 1) = FHF(s,1)}

\/7/ (s, I)sins(pn + qul)zds

(25)

(27)

(28a)

(28)

(28a*)

(28b*)
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8. F.C.T. or Infinite F.C.T. of a Neutrosophic Function:

Definition: Let % (x,I) be a neutrosophic function defined on (—o0,00) and be piecewise con-
tinuous in each partial interval and absolutely integrable in (—oo,00). Then the infinite F.C.T. of

F(x,I) is a function of a new variable ’s” and it is denoted and defined as
FAF @D} = Fils. 1) = (1) = [ T Deoss(p + anDad (29)
0
The function . (x, I) is then called inverse F.C.T. of Z.(s,I) or fN(s,I) and is denoted by

F(x,I) = F, Y F.(s,1)}
or ,9?(1‘,]) = fc_l{fév(‘s?I)} (30)

8.1. Inversion Formula for Infinite F.C.T. of a Neutrosophic Function:

If Z.(s,I) is the infinite F.C.T. of Z (z,1) and if .# (x, I) satisfies Dirichlet’s conditions in every
finite interval (—! —I,1+ I) and further if .%(x, I) is absolutely integrable in (—oo, c0) then at every

point of continuity of .Z (z, I), we have

2 [
Fl(x,I)= / Fe(s,1)coss(pn + qnl)xds
T Jo

Proof: Fourier cosine integral formula is given by
2 oo oo
F(x,I) = / coss(pn, + qnl)x {/ F (u, I)coss(py + qnl)udu} ds (31)
T Jo 0
Now, infinite F.C.T. of .%# (z,I) is given by
Fe(s,1) = / F(z,I)coss(pn + qnl)xdx
0

:/ F (u, I)coss(pp + qnl)udu (32)
0
Thus, from (31) and (32) we get

2 [ _—
F(x,I) = / Fe(s,1)coss(pn + qul)xds (33)
T Jo

Which is the required inversion formula for infinite F.C.T. of a neutrosophic function.

Thus, we have
FAF (2, 1)} = Fo(s, 1) = fo(s,I) = / F(x, I)coss(pp, + qnl)xdx (34a)
0

_ 2
and F(z,1) = F. H{Fe(s,1)} = =
7

/ Fe(s,1)coss(pn + qul)xds (34b)
0
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Equations (34a) and (34b) are also re-written in the following symmetric form as

ﬁc{ﬂ(l‘?[)} :J?c@?I)
— (s 1)

\/>/ F(x,I)coss(pn + qnl)zds (34a*)

and F(x, 1) = F. {Fe(s, 1)}

2 [
= \/>/ Fe(s,I)coss(pn + qnl)zds (34b*)
T Jo

9. Linearity Property of F.T. of a Neutrosophic Function:

If ¢; and ¢ be constants, then

(Z) y{qﬁﬂl‘,]) + CQ?Q(ZE, I)} = Cly{f1($,f)} + Cgﬁ{ﬁg(l‘,l)}
(ZZ) 9\5{6191(1',[) + 0292(.7}71)} = clﬁs{ﬁl(m, I)} + 025-‘\3{92(.%, I)}

(1i1) FlarFi(x, 1)+ caFo(x, 1)} = 1 FAF1 (2, 1)} + coF{ Fo(x, 1)}
Proof: (i) By definition (16), we have

FlerFi (2, 1) + s T, )} = / 090D { ) (3. T) + 09T (3, T)}da
—cl/ eis(p”Jrq"I)xfl(m,I)d:c

+ e / e Pntan)z g, (1 T da

—00

:Clﬁ?{ﬁl ($, I)} + ng{fg(l‘, I)}
(ii) By definition (23), we have
Fs{laaZi(x,I)+ coFa(x,I)} :/ {a1:F1(x, 1) + caFo(x,I)}sins(pn + qul)xdx
0

:cl/ Fi(x, I)sins(pn + gnl)xdx
0

+ ¢ / Fo(x, I)sins(pn, + qnl)xdx
0

:Clys{ﬁl(l’, I)} + ngs{ﬁg(x, I)}
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(iii) By definition (29), we have
o
FdaFi(x, 1)+ coFao(x, 1)} :/ {anF1(x, 1) + coFa(x, I)}coss(py, + qul)xde
0
oo
:cl/ Fi(x,I)coss(pn + qnl)xdx
0
(o.9)
+c2 / Fa(x, I)coss(pn, + qnl)xdx
0

:clﬂc{gﬁ\l(ﬂf, I)} + 0296{3\2(357 I)}

10. Change of Scale Property of a Neutrosophic Function:

(i) If fN(s,1) is the F.T. of F(x, 1), then ;7 f¥(2,1) is the F.T. of F (ax, I), where a # 0.

ie, If F{F(x, 1)} = fN(s,I), then F{F (ax,I)} = ‘%'fN(ﬁ I), where a # 0.
(i) T Z{F (2, 1)} = £¥(s,T), then F{F(az, )} = L1N(2,T)

(if) 1t FAF (2, 1)} = £ (5, 1), then FF (o, 1)} = LN (2, 1)

Proof: (i) The following two cases arise:

Case I: Let a > 0. Then by definition of F.T., we get,

F{F (ax,I)} = / sntan )T 7 (o I)da

= / (&) Pntanl)l (¢ I)dt

«

1
[putting ax =t so that dx = —dt]
«
1
= (—)fN(i, I), by definition of Fourier Transform.
a !
Case II: Let a < 0. Let 8 > 0 such that a = —f3. Then by definition, we have

F{F (ax, )} = / stan)e 7 (o I)da

:/ esntan Dt g2(_ By Tda
[as a = —f]

S Ss

- dt 1
= / et = [putting — Bz =t so that dx = ——dt]
00 _ﬁ /8
1 [ s
-3 / G T (1 Tdt
1
= —fN(f, I), by definition of Fourier Transform.
—« a

Combining the above two cases, we get

FF(an D)} = 1o N E0)
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. (ii) By definition (23), we get

/Oo F(x,I)sins(pp + qul)xdx = fN(s,1) (i)
0

oo
Now, 95{9’7(0[30,[)}:/ F(ax, I)sins(pp + qnl)xdz

dt

& It
/ F(t, I)sinMdt, [putting ax =t so that de = —]|
0 (6 «

Qi 3

/ F (z, I)sz’n{i(pn + gp 1)z }dx
0 «

Q|

1
= —f;v(i,f), on replacing s by *in (i)
a’ ta «
(iii) By definition (29), we get

/OOO F(x,1)coss(pn + qnl)xdr = fN(s, 1) (i)

Now, FAF (ax,I)} = / (ax, I)coss(pn + qnl)xdr

dt

& It
/ ﬁ(t,[)coswdt, [putting ax =t so that de = —]|
0 « (0%

Rl 3

/ F(z, I)cos{g(pn + gn1)z}dx
0

— Q|+
2

s S
fe (0/ ), on replacing s by i (1)

Q

Example: If f¥(s,I) is F.C.T. of #(z,I), show that F.C.T. of #(%,1) is afN (s, I).
Solution: By definition (29), we get

/OO F (x,I)coss(pp + qul)xdr = fN(s,1) (i)
0

(e o]

Now, ﬁc{ﬁ(g,l)} (— I)coss(pn + qnl)xdz

o
= / Z (t, I)cos(ast)(pn + qnl)dt, [on putting L —t so that dz = adt]
0 (6%

o0
a/ F(x,I)cos{as(pn + qnl)}xdx
0

= afN(as,I) [replacing s by as in (i)]

11. Shifting Property for F.T. of a Neutrosophic Function:

If fN (s, 1) is the complex F.T. of .7 (z, I), then complex F.T. of & (z—a, I) is e?*Pntand) fN (5 1)
ie., if Z{F(x,1)} = fN(s,1), then

F{F (x —a, 1)} = eisa(PnJran)fN(s, I).
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Proof: By definition (16), we have
/ eis(p"ﬂ”[)x?(aﬁ, Ddx = fN(s, 1)

Now,

F{F (x —a, 1)} = / ePntan)z gz (0 — o I)dx

o0

= / e3Pt NtH) (1 T)dt, [on putting © — a =t so that dx = dt]

= civtmsanne [ " stoutond)t 7 (¢ Ty
—00

_ eis(pn—i-qnl)a /OO eiS(pn“l‘QnI)iﬂg(:L,’ I)dl‘

. eis(pn‘i‘fInI)afN(S’I), {using ()

12. Modulation Theorem for a Neutrosophic Function:

fN(s+a,I)+fN(sfo¢,I)]

If fN(s,I) is the neutrosophic F.T. of a neutrosophic function f¥(x, I), then [
is the F.T. of % (z, I)cosa(pyn + qnl)x, i.e.,
)If F{F(z,I)} = fN(s,I), then
FAF (x,Icosa(py, + qnl)z} = s
(i) If F{F (z,I)} = fN(s,I), then
FA{F (x,I)cosa(p, + qnl)x} = 7" (S+Q’I)J2rfsN(S_a’I)]
(iil) If FA{F (2, 1)} = fN(s,1I), then
FAF (z,I)sina(pp + gnl)x} = [ D+ (s—aD)
(
)

2

(s—l—a,[)—l—fN(s—a,I)]
2

=
—

2
(iv) If Z{F(z,1)} = fN(s,1), then

(s—a,))—fN (s+a,I)
FAF (x, I)sina(pn + gnl)x} = [ 5 |

Proof (i) By definition(16),

<

3

/ ¢isntanD)s g (o Do = (N (s, 1)

— o0
o
Now, F{F(x,I)cosax} :/ e Pntanl)r gz (1 INeosapn + qnl)xda
—o0
_ /OO ezs(pn_l’_qn[)xy(x I) eia(pn+QHI)$ + e_ia(pn+QnI)I d$
’ 2
—0oQ

= ;/ ooei<5+a)(p7l+q"l)xﬁ(a:,I)da: + ;/ ooei(s_o‘)(p"+q”1)mﬂ(fn,I)d:v

= %fN(s—i-a,I)—i—%fN(s—a,I), {using (i)

[N(s+a, D)+ fN(s—a,1)]
2
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(ii) By definition(23), we have

|7 7 Dsinston + Diads = 151 (i)

Now,

F(x,I)cosa(py, + quI)xsins(pn + qpl)xdz, {By defn. (i)

I
P
8

F AT (x,I)cosa(p, + qnl)x}

o0

g

NI~ N~ N

F(x, I)2sins(pn + qul)xcosa(py, + gnl)xdx

F(x, I)[sin(pn + qnl)(s + @)z + sin(p, + ¢o 1) (s — @)z]dx

c\gc\

F(x,I)sin(s + a)(pn + qnl)zdx

>—
8

+ F(x, Isin(s — a)(pn + gnl)xdx]

>~
8

=S¥+ a, 1)+ £ (s — a, 1), {using ()

(iii)

/ F(x, T)sins(pn, + gnl)azdz = fN (s, 1)
0

Now,
FAF (x, )sina(py, + qn 1)z} = / F(x, I)sina(pp, + qul)xcoss(pn + gnl)xzdz, {By defn. (i)
1 o0
=5 / F (x,1)2co85(pn + qnl)xsina(p, + g, I)zdr
0
1 o0
=3 / F(x, I)[sin(pn + 1) (s + a)x — sin(p, + g 1) (s — a)z|dz
0
1 [ee]
:2[/ F(x, Isin(s + a)(pn + gnl)zdx
0

— /OOO F(x,1)sin(s — o) (pn + qnd)xdx]

=S¥ (s 4 a 1) = £ (s — o, 1)), {using (i)
(iv) By definition (28)

/ F (,T)coss(pn + guI)rdx = fN(s,1)
0
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Now,
F{F (x, )sina(py, + g 1)z} = / F(x, I)sina(py, + gnl)xsins(pn + gnl)xdx,{By defn. (i)

1 o0
=3 / F (x,I)2sins(pn + qnl)xsina(p, + g, I)zdz

% /Ooo F(x,1)[cos(pn + qul)(s — a)x — cos(pn + quI)(s + a)x]dz
1
2

oo
/ (x,I)cos(s + a)(pn + qnl)zdz
0
oo
/ F(x,I)cos(s — a)(pn + qnl)zdx]
0

_i[fcjv(s+a71)_fc]\7(3_a7[)]ﬂ {U’Sing (Z)

13. Solved examples based on Infinite F.T.:

Example 1. To find the Fourier complex transform of % (z, I), if

etwPntan)e if o < 3 < B
F(x,I) =
0 ifr<aorxz>p

Solution: By definition (16), we have

F(F(a,])} = / ootz 2 (T

o0

o ' .
—/ e”(p"Jrq"I)xﬂ’(x,I)dx—i—/ e’s(p"+q"1)xﬁ(x,l)dx+/ e Pntanl)z gz (4 [da
a B

—0o0

I ,
=0+ / eisntanl)z ciwpatanl)z gy 4 (0 {using the given values of .Z (z,I).
o

= /ﬁ eistw)(pntanl)z g,

ei(5+w)(pn+QnI)ﬂf g

i(s +w)(pn + qnl) o
ei(s+w)(77n+qn1),8 _ ei(s+w)(pn+qn1)a

Z‘2(3 +w)(pn + qul)
B i [ i(s4w) (pn+anl)a i(s+w)(pn+Qn1)ﬁ:| e 72
= e —e , {stnce 1 =1
5+ 0 on T au]) t
— (i _ qn I 4 |:e’i(5+w)(pn+QnI)0¢ _ ei(5+w)(pn+Q7LI)ﬁ:|
pn Da(Pn+qn) (s +w)

Example 2. To find the F.T. of

= 1.

z+1, if jz| <«
1) = i

0, if |z| > «
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Solution: By definition (16), we have

f%\{fN(;QI)} _ /_oo fN(x,I>ei8(pn+an)xd$

= IV (z, D)etsPrtanD)z gy N (z, D)etsPrtanD)z gy 4 / IV (z, I)etsPrtanD)z gy,
= / (z + I)ePrtanD)z gy fusing the given values of fV(z,I).

—Q
eis(pntanl)z

@+ I)'iS(pn +anl) |

« eis(anran)x
— ———  dz, {using integration by parts.
/—a is(pn + qnl) {

_ O‘iH'eis(anran)a B LH.eis(pn-i-qn])(_a) B !

‘eis(pn—}—qnl):c a
is(pn + QnI) is(pn + QnI)

{is(pn + anl)}?

1 . .
— I is(pntgnl)a I — —is(pntqnl)a
] (RS e ]

1
52 (pn + QnI)2
27 [eis(anran)a _ eis(anran)a]

[eis(pn-‘rqnl)oz _ e—iS(p7z+an)Oéi|

B is(pn + an) 21

20 eisPntanl)a 4 p=is(pntanl)o

25(pn + qnl) [ 2 ]
2 eis(ntanla _ p—is(pntanl)o

$2(pn + qn1) [ 2i ]

21 20t

= ——sins(pp + gnd )0 — ————
o+ ) O D

21 ns(pn + gl
- E—— Y X ] (6
82 (pn + an)Q pn Qn

1 Qn 2 . 200, 1 Qn

=(—————I).-sins(pp +qpl) o = —(— — —————
(pn pn<pn+Q7z) ) S ( " " ) S (pn pn<pn+Qn)
2¢ 1 qn 9 .

+ - (— — ————=I)"sins(pp + ¢ 1) .
52 (pn pn<pn+Qn) ) ( " " )

coss(pn + gnl)

Icoss(pn, + qul)

Example 3 To find the F.T. of fV(x,I) if

22+ 1, if |z] <«
1) = =

0, if |z] > «
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Solution: By definition (16), we have

f{fN(l-’I)} = /Oo fN(xj_[)eiS(pn+an)xdl‘

_ / 62‘s(tz—|—l;latt)d:C + fN(CC, I)eis(pn_‘—qnl)xdl‘ +/ fN(LE, I)eis(pn—l-qnl)xdx

—Q

(63
= / (22 + I)ePPntanD)z gy - fuging the given values of fV(x, 1)

—Q
«

a eis(pn—l—qn])x
— / 2x.——— dz, {using integration by parts.

—a .Z‘S(pn + QnI)

N ; eis(pn—l—qnl)x
)
A D on @D

_ (a2 + I) eis(pn—i-qnf)a _ (062 + I)
’iS(pn + QnI) Z.s(pn + QnI)

) [ eis(pn+qn1):13

e s(pntanl)a

’LS(pn + QnI) ZS(pn + QnI)
) a is(pntagnl)x
— - / 1. ‘e dx
is(pn +qnd) J_o  i8(pn + qnl)
(@ +1) . 2
= ————2isins(pn + qnl)a — -
i8(pn + qnl) (o + @) i252(py, + qnl)?

9 [ eis(anran)x «

aeis(pn—&—qnl)a + ae—is(pn—i—qnl)oc

+ - B
1252(]911 + QTLI)2 Zs(pn + qTLI)

2(a? +1) 4o
= — " .5ins + g l)o +
3(pn + QnI) (pn fn )

4
— —sins + I (6]
83(pn + qul)3 (P + 4n )

—————————— (0S8 + gl
82(pn+QnI)2 (pn fn )

14. Conclusion:

In this article, some basics of Fourier Integrals have been discussed in terms of neutrosophic set.
Dirichlet’s Conditions, Fourier integral formula and it’s five different forms are studied based on
neutrosophic set. This article includes the F.T., F.S.T. and F.C.T. of a neutrosophic function and
their inversion formulae. In this study, some properties of F.T. are discussed for a neutrosophic
function. The purpose of this work is to extend the classical analysis of Fourier integrals and Fourier
transform to Neutrosophic form. This study will help to get better results in signal processing, image
processing, noise filtering and in some other fields also. Presently, in classical form, there are many
applications of Fourier transform in different fields. In future, by using the concept of Neutrosophic
in Fourier integrals and Fourier transform it can be axpected to get better results than the present

applications of Fourier integrals and Fourier transform.
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