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Solution of Solving Second-Order Linear Fuzzy Differential Equations with Constant

Coefficients (Without First-Order Derivative) Using Fuzzy Laplace Transform

University of Homs - Faculty of Science — Mathematics Department

Abstract

In this research, we will present some fundamental concepts in fuzzy logic and highlight the
algebraic operations of fuzzy numbers that have been utilized in this study.

Additionally, the fuzzy Laplace transform and its properties will be defined, followed by the
methodology of using the fuzzy Laplace transform to find the particular solution of second-
order fuzzy linear differential equations with constant coefficients without first

Derivative .

Key Words: Fuzzy logic, Fuzzy differential equation with constant coefficients, fuzzy
Laplace transform.
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Szl(ﬂa(t)) — SUy(0) — u, (0) + l(aa(t)) = l(/Ta)-

e demas i) Jally,

Ag SBy Cy
l t = — )
(E“()) s(sz+1)+52+1+52+1
A sB C,
[(Ug () = - - -

s(sz+1)+52+1+52+1'
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tde dand aall oluall (OLY Jisan 23l
Uy (t) = Ay (1 — cos(t)) + Bycos(t) + C,sin(t),
l,(t) = Ay(1 — cos(t)) + B,cos(t) + Cusin(t)
:(h) WAl 8 LS G ALl ) il (@ ) Al LS Gl alE g4 calS 13 AGa) Allad)

—ug(0) © (=sH)U(ua(t)) — sua(0) + L(ua (1)) = I([A]9)

—ﬁa(O) - (_Szl(aa(t))) - Sﬁa(O) + I(Ea(t)) = l(éa);
~1,(0) — (=52U(2e (1)) ) = 5ua(0) + L(Ha (£)) = L(A,)

tole Juans il Jall

Co ,S(Ba—4a) 5°C. s°B
_ Ay a a [24 _ 04 _ =
Z(Ea(t))_s(l_s4)+1_s4+ 1—s4 1—5s% 1-—s5s%

tele diand el bl GOy 33l

1, 1,1 - 1, 1 .1
Uy (t) = Aa<1—ze ——e ——cos(t))+Ca<——e +-—-e +—sm(t)>

4 2 4 4 2
_ _ 1, 1 .1 T, 1 .1
+(Ba—Aa)(—Z€ —Ze +§C05(t))—£a<—ze +Z€ —ESII’I(t)>
1, 1 .1
—Qa(—ze 7€ —Ecos(t)).
alie (84
_ _ 1, 1 .1 T, 1 .1
Uy (t) = Aa<1—ze —Ze —ECOS(t)>+£a(_Ze +Ze +§sm(t))
+(B A)(ltl‘t+1 t)5<1t+1‘t1't>
B, — A, 1€ 7€ 2cos() a\"7z€ tz€ 2sm()
E( 1, 1 _, 1 t)
a\"7¢ 7€ 2cos()

(@) AW LS GEU A g ol (D) Al b LS GE ALE g calS 1) A A
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—5u, (0) © (=) 1(ug (1)) © uy(0) + U(ug (1)) = L(A]%)

—Sl_la(()) - (_Szl(aa(t))) - l_ta(()) + l(ﬂa(t)) = l(éa),
—514,(0) — (=521(e (1)) = 0 (0) + L(Te (1)) = U(A),

e Joans diadl Jally,

A, Co  s(By—4) 5%, s°B,
l t)) =—— - -
(Ha()) 3(1—84)+1—S4+ 1 — g4 1—s% 1-—g5s%

tsle Jan el DY Jisas 23y

1, 1 .1 T, 1, 1
Uy (t) = Aa(l——e ——e ——cos(t))+ga<——e +-e +—sm(t)>

4 4 2 4 4 2
+(B A)(ltl‘t+1 t)5<1f+1‘f1't>
” « 4e 4e 2cos() . 4e 4e 2sm()
B ( 1, 1, 1 t)
B, 4e 4e 2cos() .
4lie J<h
_ _ 1, 1 .1 - 1, 1 .1
i, (t) = Aa(l—ze —7¢ —Ecos(t))+Ca<—Ze +Ze +§sm(t)>
+(8 A)( Lot Loyl (t)) C( St et 1'(t))
By —Aq 7€ ~ € 5 cos Cal—7e +7e > sin
B ( 1, 1, 1 (t))
2 5 €os .

(D) A LS BEadU AL g, u) calS 1) Aagl Al
s21(uq (1)) © suq(0) — uz (0) + 1(ug (1)) = L([A]%)
Oiblas e Jans

21 (g (8)) = sua(0) — ua(0) + (e () = 1(40),
s21(@a (1)) = s (0) — Ug(0) + 1(Ue (1)) = (Aq),
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sB C
l t a (04 a )
(e ))s(sz+1)+sz 152+

_ Ay SBg Co
l t)) = .
(@ (1)) s(sz+1)+sz+1+sz+1

ol Jant el GO Jisas 3y

Ug(t) = Ag(1 = cos(t)) + Bycos(t) + Cysin(t),
i, (t) = Ag(1 — cos(t)) + B,cos(t) + Cysin(t).

:Jla
Ay ALl Alsbeal Ll oS4
u”(t) @ u(t) = [0]%y(0) = [1]%,¥'(0) = [2]*

0] =[-14+a1—a][1]=[a,2—-a],[2]* =[1+a,3 —«a].

:Jaldl
t sy Al
U (t) = (=1 + a)(1 — cos(t)) + acos(t) + (1 + a)sin(t),
Ug(t) = (1 —a)(1 —cos(t)) + (2 — a)cos(t) + (3 — a)sin(t),
[u(®)]® = [uq(t), ua (0],
gl Al
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Goudl fadi plha 0 geladldeal 00 a0 2026 sl 4 21l 48 laall
t) = 1+ (1 Loe 1o 1 t)+3 (1f+1 ‘f+1' t)
u ()= ( @) 2¢ ~2¢ 2COS() B—-a) 2 tge 2sm()
+(1t 1‘f+1 t) 1+ (1f+1 -t 1't)
4e 4e 2cos() 1+ a) 4e 4e 2sm()
( 1, 1 .1 t)
a\—-ze —7e 2cos()
()= (1 (11t1-t1 t)+1+<1t+1_t+1't>
U()= (1-a) 48 4e 2COS() 1+ 4e 4e 2sm()
+<1t 1‘f+1 t) 3 (1f+1 -t 1't)
1€ —7¢ 2cos() (B—-—a) z¢ t7¢ 2sm()
) ( 1, 1 .1 t)
2-a) 2 ~7° zcos(),

[u(®]* = [ua(®), T (®)]-

sAAIEY Al

u(t) =(-1+a) (1 - %et — le_t - %cos(t)) +(1+a) (—%et + le_t +lsin(t)>

4 4 2
+ (—%et - %e‘t +%c05(t)) -B-a) (—%et "&e_t —%Sin(t))
e e ).
2,0 = (1-a) (1 - %ez - %e‘t - %cos(t)) +(3B-a) (—%et +%e‘t + %sin(t))
+ (—%et — %e‘t + %cos(t)) -(1+a) (—%et +%e‘t - %Sin(t)>
@) (~zet et ~zeos)),
[w(®]* = [ue(®), @ (D],
2 y)) AaY

Uy (t) = (=1 + a)(1 — cos(t)) + acos(t) + (3 — a)sin(t),
Ue(t) = (1 —a)(1 —cos(t)) + (2 — a)cos(t) + (1 + a)sin(t),

:&\).d\

91



aldialy Ao AN (e Edal) o g gial Y AN g AU A sall (e ALY JUY) i Agludal) Adadl) A Lialill) e slaall Ja
el (LY Jagad

[1] De Barros. L., Bassanezi. R., Lodwick. W., “A first course in Fuzzy Logic, Fuzzy
Dynamical Systems, and Biomathematics”, (2017).

[2] Chang, C. L, "Fuzzy Topological Spaces.", Journal of Mathematical Analysis and
Upplications, vol. 24, no. 1, 1968.

[3] S. Salahshour ¢ T. Allahviranloo, ""Applications of fuzzy Laplace transforms', Soft
Comput, (2013).

[4] Manmohan Das, Dhanjit Talukdar, ""Method For Solving Fuzzy Integro-Differential
Equation By Using Fuzzy Laplace Transformation ", INTERNATIONAL JOURNAL OF
SCIENTIFIC & TECHNOLOGY RESEARCH, (4) (2014).

[5] (2020) A8 )9 7l e s3ald daaly M Ayludal) Adalsil) Y slaall Jola Jgat alia gy B ymal

[6] Allahviranloo T, Barkhordari Ahmadi M, '"Fuzzy Laplace transforms', Soft
Computing, (14) (2010).

[7] Abdulrahman A. Sharif, Maha M. Hamood, Amol D. Khandagale, '"Usage of the
Fuzzy Laplace Transform Method for Solving One-Dimensional Fuzzy Integral
Equations", https://creativecommons.org/licenses/by/4.0/deed.en_US.(2)(2022).

[8]Hiilya Giiltekin Citil , "Investigation of A Fuzzy Problem by the Fuzzy Laplace
Transform", Applied Mathematics and Nonlinear Sciences, 4(2) (2019).

92


https://creativecommons.org/licenses/by/4.0/deed.en_US,(2)(2022)

