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Abstract

In this paper, the definition of neutrosophic thick function and its integral are introduced. The main objective is
defining a differential linear equation based on the thick function and finding solutions for this equation.
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1.Introduction

Neutrosophic logic. Neutrosophy, Neutrosophic set, Neutrosophic probability and alike, are recent creations of F.
Smarandache, being characterized by having the indeterminacy, as component of their framework and a notable
feature of neutrosophic logic is that can be considered a generalization of fuzzy logic, encompassing the classical
logic as well[1]. Also, in 2015, F. Smarandache has defined the concept of continuity of a neutrosophic function in
[1], and neutrosophic mereo-limit [1], mereo-continuity. Moreover, in 2014, F. Smarandache has defined the
concept of a neutro-oscillator differential in [3], and mereo-derivative. Finally, in 2013 F. Smarandache introduced
neutrosophic integration in [2], and mereo-integral, besides the classical definitions of limit, continuity, derivative,
and integral respectively.

Among the recent applications there are: neutrosophic crisp set theory in image processing[4][5], neutrosophic sets
medical field [6][7][8][9][10], geographic information systems [11] and possible applications to database [12].
Also, neutrosophic triplet group application to physics[13]. Moreover, several types of research have made multiple
contributions to neutrosophic topology [14][15] [16] [17] [18] [19] [20] Also more researches have made multiple
contributions to the neutrosophic analysis[21]. Finally, the neutrosophic integration may be applied in calculating

the area between two neutrosophic functions.
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2. Preliminaries

In this paper m(x) = [m,(x), m,(x)] is called a neutrosophic thick function. Now, we recall some definitions
which are useful in this paper.

Definition 2.1. [1]

A neutrosophic crisp function:

f:A — B is called a crisp relation if there exists an element a € A with f(a) = b and f(a) = ¢ where b,c € B then
b = c. (this is the classical vertical line test).

Definition 2.2. [1]
Neutrosophic subset or crisp function:
A neutrosophic (subset or crisp) function in general is a function that has some indeterminacy.
Definition 2.3. [2]
The neutrosophic constant thick function:

I:R - P(R) ; for example: l(x) = [2,3]; for any x €R
Where P(R) is the set of all subsets of R.

For example, 1(7), is the vertical segment of line [2,3] shown in figure 2.1.

3

7
I

Figure 2.1.
Definition 2.4. [2]

A neutrosophic non-constant thick function:
k:R - P(R)

For example, k(x) = [2x,2x + 1];

DOT: https://doi.org/10.54216/1]NS.060201

98


https://doi.org/10.54216/IJNS.060201

International Journal of Neutrosophic Science (IINS) 170l. 6, No. 2, PP. 97-105, 2020

Figure 2.2

Let k(x) = [2x, 2x + 1] then k(2) = [2(2), 2(2) + 1] = [4,5]. The respective graph is the Figure 2.2
Definition 2.5. [2]
The general neutrosophic thick function is defined as:

There is something confusing in the use of notations for intervals. For example, it is used (m1 (x),m, (x)) for open
interval and Jm, (x), m,(x)] and [m, (x), m,(x)[ for half closed (or semi closed) intervals.

m:R = P(R) ;m(x) = [m;(x), m,(x)]

Figure 2.3

3. A Neutrosophic Integration

As in Euclidean integration, integration is the opposite of differentiation.

In other words, the anti-thesis of the derivative of the neutrosophic function f(x) is also a neutrosophic function
F(x). That the definition of neutrosophic integral is:

F(x) =J-f(x,1)dx

Where | represents the indeterminacy and constant integration is a + bl.

Example 3.1.
f:R>RU{};f(x) =5x%+ (Bx+ DI

Then:
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x3 x?
F(x) =f[5x2+(3x+1)1]dx=fozdx+f(3x+1)Idx=5?+<37+x)1+a+b1.

Where a + bl is the neutrosophic integration constant.

4. Neutrosophic integration thick function
In this section is given the definition of the neutrosophic thick function, as well the operation of integration over it.

Definition 4.1. Let m(x) = [m,(x), m,(x)] be a neutrosophic thick function. Then we define the integration of this
function as:

fm(x)dx = f[ml(x), my(x)]dx = U my(x) dx + cl,fmz(x) dx + c,| =[A, B]
Where i = aq + b111 ,C = Ay + bz[z.

Example 4.1. Let m(x) = [m,(x), m,(x)] = [xex, xexz] then:
fm(x)dx = f[xex,xexz]dx = U xe* dx + ¢, ,fxexzdx +c, ] = [A, B]
A=fxe"dx+c1 =x.e¥*—e*+

2
.e* +c,

N| =

B = fxexzdx+c2 =

1
fm(x)dx = [x.e" —e*+ cl,z.exz + cz]

Where L = aq + blll ,C = Ay + bz[z.

1 x2
1+x2” 1+x2

Example 4.2. let m(x) = [m, (x), m,(x)] = [ ] then:

1 x2 1 x2
f’"(")d’“] T2 T2 ¥™ fmdx“vfmd“cz = [4.5]

1
A=f1_|_—xzdx+c1=a1"ctg(x)+c1

2
X
B=f1+—xzdx+¢:2=x—arctg(x)+c2

fm(x)dx = [arc tg(x) + ¢;,x — arc tg(x) + c;]

Where L = aq + b111 ,C = Ay + bz[z.
5. Neutrosophic linear differential equation
In this section we define a linear differential equation based on the thick function and find solutions of this

equation.
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Neutrosophic identical linear differential equation
Definition. We define the Neutrosophic identical linear differential equation by a neutrosophic thick function form:
y+mx)y =0; m(x) = [my(x),my(x)] (1)
Method of solution.
y+mx)y =0
¥+ [my(x), my(x)]y = 0

a

y = —=[my(x), my(x)]y
§=ﬁmummm

Iny
=

~ [imcamoctax = = [[ m ax, [ mo) ar]
y = clem@dx o= fm(0ax] (2)
Example 5.1. Find a solution to the equation:
v+ E, Zx] y=0
Solution.

1 1
y = (a+bl)|e Jz% -f2x d"] = (a+bD[e~"™*,e7**] = (a + bI) [;, e‘xz]

5.4 Neutrosophic non-homogeneous linear differential equation

Definition 5.5. We define the Neutrosophic non- homogeneous linear differential equation by a neutrosophic thick
function which takes one of the following forms:

¥+ [my(x), my(x)]y = q(x) ... ... (2)
y+p(y = [fi(x), L] ... .. 3)
¥+ [my(x), my )]y = [f1 (), ()] ... .. (4)
Now we will derive the solution of equation (2) and solution of equations (3), (4) can be driven in the same way:
Method of solution.
1- We find the complement factor of the equation (2) as follows:

y(x) — e[f mq(x)dx,[ my(x)dx] — [efml(x)dx , efmz(x)dx]

2- We multiply equation (2) by the complement factor:
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1)y + px)[my (x), my()]y = gCulx)
p(OY + [my(x)e Mm@ m, (x)el m@ax]y = [q(x)el mEdx, g(x)el m2(Idx]
3- Note that the left side is only the function derivative: u(x)y and therefor the equation can be sequenced as:
(u() = [gC)el Mm@, g(x)el matad]

4- By integrating the latter, we obtain the general solution of equation(2):

y= !%(a + bl + U q(x)efml(x)dx,f q(x)efmz(x)dx]) ...... )

Example 5.6. Find the general solution of the following neutrosophic non- homogeneous linear differential
equation:

1
j+ x|y =
y [ X X y X
Solution. The equation is of the first form:

Y+ [mi(x), my()]y = q(x)

First we find the complement factor:
M(x) — e[fml(x)dx,fmz(x)dx] — [efml(x)dx , efmz(x)dx] — e[f Zxdx,f%dx] — [exz ) elnx] — [exz ’x]

Now by multiplying both sides of the equation by the complement factor, we find that the general solution can be
written as:

y= %(a + bl +J‘XM(X)dx) = ﬁ(a + bl + U xexzdx,fxzdx])

where:

2

fxexzdx = 1 e*
)
1
Zd — _ 43
fx X 3 X
Thus the general solution of the given equation is:
N S )
y_[exz,x] ¢ 2 3%

Example 5.7. Find the general solution for the following neutrosophic non- homogeneous linear differential
equation:

v + cot(x) y = [sin(x), cos(x)]

Solution. The equation is of the form:
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y+p@)y = [/1(x), ()]
We find the complement factor as:
’u(x) — efp(x)dx — efcot(x)dx = elnsin(x) — sin(x)

Now by multiplying both sides of the equation by the complement factor, we find that the general solution can be
written as:

1
sin(x)

y = (a b+ [ w0 [sin(o), cos(ldx) =

PIeS) (a + bl + J. sin(x) . [sin(x), cos(x)]dx)

(a + bl + U sin?(x) dx,fsin(x).cos(x) dx])

- sin(x)

where:

[ sy a = Lsineew
Sin“(x x—2x 4Sln X

fsin(x).cos(x) dx = lf sin(2x)dx = —lcos(Zx)
2 4

Thus the general solution of the given equation is:

y (a + bl + [lx — %sin(Zx) , —%cos(Zx)]).

- sin(x) 2

Example 5.8. Find the general solution for the following neutrosophic non- homogeneous linear differential
equation:

y x,x y=1x5x
Solution: the equation is of the third form:

Y+ [m (), my()]y = [fi(x), ()]

We find the complement:

p(x) = elf mi(0ax,[ ma(x)dx] — [efml(x)dx ,efmz(x)dx] — [elnx ) e%xz] _ [x’ e%xz]_

Now by multiplying both sides of the equation by the complement factor, we find that the general solution is written
as:

y = ﬁ(a + bl + fu(x) [fl(x),fz(x)]dx> = ﬁ(a + bl + J- [x, e%"z] .[xz,x]dx)
x,e2
= ﬁ(a + bl + U x.x2 dx,fx.e%xz dx])
x, ez”
= ﬁ(a + bl + U x3 dx,fx.e%xz dx])
x, ez”
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where:

1
3d — 44
J-X X 4X

Lo Lo
x.e2” dx = ez

Thus the general solution of the given equation is:

1 1 1x2
y= —1<a+b1 + [—x‘*,ez ])
[x,ef"z] 4

6. Conclusion

In this paper, a new type of neutrosophic integration has been defined by using the thick function, Moreover, we
studied a linear differential equation based on the thick function and found solutions to this equation. In addition,
solutions to other types of neutrosophic differential equations can be found depending on the thick function such as
Bernoulli's equation. We will work on this in the future.
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