International Journal of Neutrosophic Science (IINS) 10l 19, No. 01, PP. 212-216, 2022

Auwarn sy Bl Pl s ang Ovnige

Exact Solution for Neutrosophic System of Ordinary Differential
Equations by Neutrosophic Thick Function Using
Laplace Transform

George A. Toma**

!Department of fundamental sciences, Higher Institute for Applied Sciences and Technology, Aleppo, Syria
Email: george.toma@hiast.edu.sy

Abstract

In this work, the idea of neutrosophic thick function has been proposed for solving a neutrosophic system of
ordinary differential equations of various orders by the Laplace transform. This proposed scheme method is
effective and simple to reach an exact solution.
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1. Introduction

Neutrosophic was proposed first by Smarandache. F, where he has defined neutrosophic precalculus and
neutrosophic calculus [1], neutrosophic measure, neutrosophic integral and neutrosophic sets and systems [2],
neutrosophic closed sets, and continuous functions in neutrosophic sets and systems by Salama. An et al [3],
Neutrosophic crisp for Grayscale image by Salama. A. et al [4], cosine similarity measures of the bipolar
neutrosophic set for diagnosis of bipolar diseases by Abdel-Basset. M et al [5], a novel group decision-making
model based on neutrosophic sets by Abdel-Basset. M et al [6], the basic structure of some classes o neutrosophic
crips nearly open sets by Salama. A [7], separation axioms in neutrosophic crips topological spaces by Al-Nafee. An
et al [8], a study of multi-topological spaces by Al-Hamido. R [9].

In 2020 Malath. F studied the integration of neutrosophic thick function [10] and he studied some neutrosophic
differential equations by using a neutrosophic thick function [11].

Definition 1. [10,11]

Let a neutrosophic thick function as follows:
f:R>P(R); F()=[,(x), (9]

Where P (R) is the set of all subsetsR .

Definition 2. Neutrosophic integration thick function [10,11]
Let f(x) =[ (%), f,(x) ]be a neutrosophic thick function. The integration of thick function defined by

jf =[jfl,jf2] or jf(x)dx:[jfl(x) dx+kl,jf2(x)dx+k2]
Definition 3. Laplace transform of a neutrosophic thick function.
Let [ f,(x), f,(x) ];xeR is a neutrosophic thick function, we can define the Laplace transform of the thick
function as:
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+

L[ 100, 00 = [Fi(p). Fo(p) = [e ™[ 1,00, £,00 Jax= [[e™£,(0), e ,(x) Jox

0
:{ je‘prl(x)dx, je‘prz(x)dx} : p is acomplex number
0 0

2. Methodology of solving a neutrosophic system of ordinary differential equations by the Laplace transform:
Consider the following neutrosophic system of general ordinary differential equations of n"order:

[fl(x)! fz(x)]:[as ,a4}.11,[a5 vae]uz ,...,[a7 las]u ) [ag 'alo]ul'""’[all’alz]u, )
(n) m mo|
[al % ]Ul 0+ gl( [a13 , a14]u1(n71) Tt [a15 ' am}Jr(nnil) J -

[fs(x): f4(x)],[a19,a20]u1 ' [0{21,0!22]U2 e [azs’am]um , [0525,0526]u1',..., [0(27 'aZS]ur’n ’J

[azg vaso]ul(n_l) pee [a31 , aaz]ur(nn_l)

[O‘u . alshén) (x) + gz[

[a45 ) a46]u1(n71) e [(Z47 ) a4s]ur(nnil)

Where;, eR ,1=1,2,...,48 and f, ;k =12,...,6are known analytical functions.

Step 1. Taking the Laplace to transform for each equation.
Step 2. Using the initial conditions.
Step 3. Taking the inverse Laplace transform.

[0!33,0‘34]%")()() n gm([fs(x)’ fa(x)]! [0‘35’0‘36]”1 , [a37 , ass]uz peees [a39,a40]um ' [a41’0‘42}-11/a---1 [a43’a44]ur,n ’J ~0

3. Test problem
Example 1.
Consider the following neutrosophic system of ordinary differential equations

u"(x) +[~3,5]v'(x) + [1,2]u(x) = [x3 —x,16x% + 2]
V'(x) +[1, - 3]u'(x) +[0,1]v(x) = [3x2 +1, x3]

With the initial conditions

u(©)=[0.0] ., w@)=[-10] . v()=[-10 . v(©)=[0.0]

Solution.

By taking the Laplace to transform for each equation in (1), finds

{L(u”(x))+ L([3,5(x))+ L(LLu) )=L([x* - x,16x2 + 2])
L(v"(x))+ L([L,=3Ju'(x) )+ L([0,1]v(x) )= L([Sx2 +1, x3])

Then we have

{[pz, P2 (p) - pu(© - u(0) + [-3,5) (pV (p) ~v(@) 1+ [L1]U (p) =[L (x* ~ x ), Ll +2)] 2

[0, 02V (9) - Pv(0) ~v'(©@) + [1.-3] (pU(p) ~u(@)+ [0, 1]V (p) =[L (3% +1), L (x¢)]
System (2) can be written as

€]

[IOZ,PZ]U(P)—P[070]—[—110]+[—3,5](pV(p)—[—1,0])+[1,1]U(p):{%_izﬁ_%g}

p p- p p
2 2 _| 6 +li

(2.0 }/(p)—p[—1,0]—[0,0]+[1,—3](pU(p)—[0,0])+[0,1]V<p){F 3 p@

yields
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[pz+1,p2+1]U(p)+[—3p,5p]V(p)={%—%+2,3—§+3}
p p p p 3)
[p,—Sp]U(p)+[p2,p2+1}v(p)={%+%—p,%}
The solution of system (3) is
6 1 2
u(p)=| —-— =2
CER ] .
wm{%—i%}
p pp

Then we take the inverse Laplace transform of (4), and then the exact solution of (1) with the initial conditions is
u(x) =[x3 —X ,x2]
v(x) =[x2 -1,x3 ]

Example 2.
Consider the following neutrosophic system of ordinary differential equations

u®(x) +[2,2]v"(x) + [3,5]u’(x) =[0, 7 cosh(x)]
v (x) +[0,- 2]u"(x) + [-1,0]u’(x) + [0,3]v'(x) + [0,— 2]u(x) + [2,0]v(x) = [sin(x) + cos(x), 0]
With the initial conditions
u@)=[f.0] . wE)=py . u(©)=[.0]
v)=fy . v(=[o] . v()=[-11
Solution.
By taking the Laplace to transform for each equation in (5), finds

L(u(3) (x))+ L([2,1Jv"(x) )+ L([3.5]u’(x) )= L([0,7cosh(x)])
{L(v(3)(x))+ L([0,—2]u"(x))+ L([=1,0]u’(x))+ L([0,3]v'(x)) + L([0,— 2]Ju(x))+ L([2,0]v(x)) = L([sin(x) + cos(x), 0])
Then we have
[p%.0* () - p2u(@) - pu'(©) ~u’(©) + [24] (p?V (P) - P¥(0) ~v'(©) )+ [3.5] (PU (P) - (D))
=[L(0), L(7cosh(x))] ©)
[0%.0* ) (p) — p2v(0) ~ pv'(0) ~v(0) + [0, 2] ( pU (p) - PU(O) - u'(0) )+ [-1.0] (pU (p) ~ u(0))
+[0,3](pV (p) ~v(®)+[0,~2]U (p) +[2,0]V (p) =[L (sin(x) + cos(x)), L(0)]
By using the initial conditions, then the system (6) can be written as

[p3+3p,p3+5p]U(p)+[ZDZIPZ]V(P)=[3P 2P+ pz p_J

®)

()

+1
[‘ p,—2p? —Z}J(p)+[p3+2, p’ +3p}\/(p)={ ppz +1—1+ p?, p° +2}

The solution of system (7) is

|1 1
U(p)_|:p2+1’p2_l:| (8)

p p
V(p){ p?+1 p? —l}
Then we take the inverse Laplace transform of (8), and then the exact solution of (5) with the initial conditions is
u(x) =[sin(x) ,sinh(x)]
{v(x) =[cos(x),cosh(x) ]
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Example 3.
Consider the following neutrosophic system of ordinary differential equations

[1,0u (%) +[0,1u® (x) +[2,0]v"(x) + [0, 3]w"(x) + [~ 3,00/ (x) + [~ 3,0Ju(x) + [0, - 5]v(x) + [0, 1]w(x)
= [— 6e> 8cosh(2x) —5cosh(x) + 28e* + x> —5x+6 ]

[,V (x) +[-3,0u® (x) +[2,0]v'(x) + [0, 3]w'(x) +[0, = 2Ju(x) + L, 0]w(x) )
= [e2x +3,—2cosh(2x) + cosh(x) + 9e* + 6x ]

[0, 1W™ (x) + 1, 0w (x) + [~ 2, 7]w"(x) + [~ 5, - 2]v'(x) + [, 1]u(x)
= [— 4e*, sinh(2x) — 2sinh(x) +144e* +12 ]

With the initial conditions

u0)=p,0] , w(©)=2] , u()=ho] , u®(0)=[8]
v(0)=[01] ., v()=f1] ., v()=p1] , v®(0)=[,0]
w(0)=[41] , w()=[2,3] , w()=[411] , w®(0)=[8,27]

Solution.
By taking the Laplace to transform for each equation in (9) and the same technique as Examples 1 & 2, yields

[p* —3.p° u(p) + 202 5]V (p) + [-3p.3p% + 1w (p)
-6 3 2 8p 5p 28 2 5 6
= +p’+p°+p-9, - + +—-——+—+5p+9
L—Z S R R P }
[F3p%-2)u(p)+[p* +2p, p*]V(p) + [1.3PW (p)
(10)
:{ ! +§—2p2—2p—2, 2p +£2— 24 2 +p3+p2+p+3}
p-2 p p°-1 p° p°-4 p-3
111U (p) + [-5p,~2p]V (p) + [p* ~2p  p* + 7p* W (p)
-4 2 -2 12 2 144 3 2
=|——+4p°-6p, +—4+—+ + p°+3p°+18p+46
{p—l p Pp2_1 b P-4 p-3 p p p }
The solution of system (10) is
1 2
U(p)=|—,
(p) {p_l p2—4}
1 11 p (11)
\Y = —— =, =+
® {p—l p'p? pz—l}
1 3 2 1
p-2 p' p° p-3
Then we take the inverse Laplace transform of (11), and then the exact solution of (9) with the initial conditions is
u(x) :[eX , sinh(2x)]
v(X) :[ex -1, x+cosh(x)]
w(x) =[e2X +3,x% +e¥ ]

4. Conclusion

In this work, the Laplace transform successfully deals with a new type of neutrosophic equations which are
neutrosophic systems of ordinary differential equations by thick function. The obtained results show that the Laplace
transform is simple, good, and powerful for obtaining the exact solution to these systems.

215
Doi: https://doi.org/10.54216/1JNS.190116
Received: May 02, 2022 Accepted: September 09, 2022



https://doi.org/10.54216/IJNS.190116

International Journal of Neutrosophic Science (IINS) 10l 19, No. 01, PP. 212-216, 2022

References

[1] Smarandache F. Neutrosophic Precalculus and Neutrosophic Calculus, University of New Mexico, 705 Gurley
Ave. Gallup, NM 87301, USA, (2015).

[2] Smarandache F. Neutrosophic Measure and Neutrosophic Integral, In Neutrosophic Sets and Systems, 3 — 7, Vol.
1, (2013).

[3] R.Narmada Devi, Novel Idea of Gd-a-Locally Continuous Functions, International Journal of Neutrosophic
Science, Vol. 13, No.2: 61-65, (2021)

[4] A. A Salama; I. M Hanafy; Hewayda Elghawalby Dabash M.S, Neutrosophic Crisp Closed RRegion and
Neutrosophic Crisp Continuous Functions, New Trends in Neutrosophic Theory and Applications.

[5] M. Abdel-Basset; E. Mai. Mohamed; C. Francisco; H. Z. Abd EL-Nasser. "Cosine similarity measures of the
bipolar neutrosophic set for diagnosis of bipolar disorder diseases" Artificial Intelligence in Medicine Vol. 101,
101735, (2019).

[6] M. Abdel-Basset; E. Mohamed; G. Abdullah; G. Gunasekaran; L. Hooang Viet." A novel group decision-
making model based on neutrosophic sets for heart disease diagnosis" Multimedia Tools and Applications, 1-26,
(2019).

[7] Mikail Bal , Mohammad Abobala, On the Representation of Winning Strategies of Finite Games by Groups and
Neutrosophic Groups, Journal of Neutrosophic and Fuzzy Systems, Vol. 2, No. 1: 8-13, (2022)

[8] A. B.AL-Nafee; R.K. Al-Hamido; F.Smarandache. "Separation Axioms In Neutrosophic Crisp Topological
Spaces”, Neutrosophic Sets and Systems, vol. 25, 25-32, (2019).

[9] Al-Hamido, R. K.; “A study of multi-Topological Spaces”, PhD Theses, AlBaath university, Syria, (2019).

[10] Malath F. Alaswad, "A Study of the Integration of Neutrosophic Thick Functions," International Journal of
Neutrosophic Science (IJNS), pp. 97-105, (2020).

[11] Ahmad Salama , Rasha Dalla , Malath Al Aswad , Rozina Ali, On Some Results About The Second Order
Neutrosophic Differential Equations By Using Neutrosophic Thick Function, Journal of Neutrosophic and Fuzzy
Systems, Vol. 4, No. 1: 30-40, (2022)

216

Doi: https://doi.org/10.54216/1JNS.190116
Received: May 02, 2022 Accepted: September 09, 2022


https://doi.org/10.54216/IJNS.190116

