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Abstract

In this paper, the solution of linear second order equations with fuzzy initial
values are investigated. The analytic general solutions of them using a first
solution is founded. The parametric form of fuzzy numbers to solve the second
order equations is applied. The solutions are searched in four cases. Finally
the example is got to illustrate more and the solutions are shown in figures for
four cases.
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1 Introduction

The differential equations of second order are one of the equations that
cannot be solved simply, thus it is necessary to classify them in spe-
cial equations, for example linear and non-linear equations. Differential
equation with constant multipliers is one of the linear equations and the
Cauchi differential equation is the nonlinear one. These equations are re-
ceived in the formulation of applied mathematics problems, but in nature
the fuzzy second equations are caught for example in physics problems,
mechanical problems and etc.

The H-derivative of fuzzy number-valued function was introduced for
solving a fuzzy first order equation in [9]. Under this setting, the existence
and uniqueness of a solution of fuzzy differential equations were studied
in [3,4]. Under H-derivative. The numerical method for solving differential
equations is studied by Pallingkinis through Runge-Kutah method, [21].
The strong general differentiable was introduced in [4]. This concept al-
lows us to solve the problem of H-derivative. The existence of fuzzy differ-
ential equations of second order are studied by Allahviranloo et al., in [1]
and then by Zhang [27], Under the general H-derivative, [16]. Khastan et
al. studied solving second order equations under boundary value prob-
lem by the general H-derivative, [14]. Allahviranloo and Hooshangian
searched fuzzy second order derivations more, investigated the relation-
ships between fuzzy second order derivations and found the solution of
fuzzy constant multipliers and Cauchi second order equations with fuzzy
initial values [2]. Some numerical methods for solving fuzzy second order
derivations are studied in [10,17,19,25]

In this paper, general derivatives are used to find new solutions for
initial value problem of fuzzy linear second order equations with fuzzy
initial values. Indeed, with generalized differentiability, the solution for
a larger class of them than using H-derivative.

In Section 2, some needed concepts are reviewed. In Section 3, an an-
alytic method in order to find fuzzy second order under H-differential is
introduced and our formula for finding solutions of fuzzy Hakuhara differ-
ential is obtained and four cases reach the general solutions is searched.
Numerical examples are given to show more of our method. In section 4,
numerical examples of all cases are given to show more.
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2 Basic concepts
The basic definitions of a fuzzy number are given in [9,11-13] as follows:

Definition 2.1 w is named a fuzzy number in parametric form that is
shown with a pair (w,w) of functions u(r), u(r), 0 < r <1, which satisfy
the following requirements:

1. u(r) is a bounded non-decreasing left continuous function in (0, 1], and
right continuous at 0,

2. u(r) is a bounded non-increasing left continuous function in (0, 1], and
right continuous at 0,

3. u(r)<u(r), 0<r<1.

Definition 2.2 For arbitrary u = (u(r),u(r)) and v = (v(r),v(r)) ,
0 <r <1, and scalar k, it is defined addition, subtraction, scalar product
by k and multiplication are respectively as follows:
addition : utv(r)=u(r)+uv(r), utv(r)=u
subtraction : u—v(r)=u(r)—o(r), u—ov(r)=1a(r)
scalar product:

Definition 2.4 Let u(r) = [u(r),u(r)],v(r) = [v(r),v(r)],0 < r <1
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are two fuzzy numbers and also k,s are two arbitrary real numbers. If
w = ku + sv then

we(r) = ku(r) + sv°(r)
w(r) = [klu?(r) + |sv?(r)

Definition 2.5 Let z,y € Rp. If there exists z € Rp such that x = y+z
then z is called the H-differential of x,y and it is denoted x © y.

Definition 2.6 [3] A function F' : I — Rp, I = (a,b), is called
H—differentiable on t € I if for h > 0 sufficiently small there exist
the H—differences F(to + h) © F(ty), F(to) © F(to — h) and an element
F'(t) € Rp such that:

F(to +h) © F(to)
h

F F(to —
0 = lim,_, D( (to) © Flto = h)

, F(t)) = lim,_, D(

Definition 2.7 [3] Let F : I — Rp and ty € I. F is differentiable at t,
if there is F'(to) € Ry such that either

(i)for h > 0 sufficiently close to 0, the H-differences F(ty + h) & F(to)
and F(ty) © F(tg — h) exist and the following limits

F(to+h)© F(ty) . F(ty) © F(to — h)
A = limp—0 A

limp—0

= F(t)

or
(ii)for h > 0 sufficiently close to 0, the H-differences F(ty) © F(ty + h)
and F(ty — h) © F(to) exist and the following limits

F(to) © F(to+h) . F(to—h) & F(to)
7 = limp—0 -

limp—0

S0

or
(1ii)for h > 0 sufficiently close to 0, the H-differences F(to + h) © F(to)
and F(to — h) © F(ty) exist and the following limits

F(to+h)o F(ty) . F(to —h) & F(to)
Y = limp0 -

limp—o

= F'(to)

or
(iv)for h > 0 sufficiently close to 0, the H-differences F'(to) © F(to+ h)
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and F(to) © F(to — h) exist and the following limits

F(to)) © F(to+h) . F(ty) © F(to — h)
5 = limp_o A

Definition 2.8 Let F : [ — Rp. For fix ty € I we say F s differen-
tiable of second-order at to, if there is F"(ty) € Rp such that either
(i)for h > 0 sufficiently close to 0, the H-differences F'(ty + h) © F'(to)
and F'(ty) © F'(ty — h) exist and the following limits

limy, 0

= F'(to)

limp—0

F'(to+ h) o F'(t F'(t F'(to — h
(to+h) © F'(ty) _ Lm0 (to) © F'(to —h) _ F"(t)

h h

or

(ii)for h > 0 sufficiently close to 0, the H-differences F'(ty) © F'(to + h)

and F'(to — h) © F'(ty) exist and the following limits

F'(to) © F'(to+h) . F'(to — h) © F'(to)
- = limyp, 0 7

limp—o = F”(to)

or
(111)for h > 0 sufficiently close to 0, the H-differences F'(to+ h) & F'(to)
and F'(ty — h) © F'(ty) exist and the following limits

F'(to+h) e F'(ty) . F'(ty — h) & F'(to)
A = limp—o _h

limp—o

_ F//(to)

or
(iv)for h > 0 sufficiently close to 0, the H-differences F'(ty) © F'(to + h)
and F'(ty) © F'(to — h) exist and the following limits

F'(ty) © F'(to + h) . F'(ty) © F'(to — h)
iy = limy0 h

limyp, 0

_ F”(to)

Theorem 2.1 [1] If f : [a,b] x Rp — Ry is continuous and let ty €
[a,b]. A mapping z : [a,b] — Rp is a solution to the initial value problem

' = f(t,x(t,r), 2 (t,r), xlte) =k, (o) = ke

if and only if x and x' are continuous and satisfy one of the following
conditions:

(a) x(t) = kot — to) + f;)(ftto f(s,z(s),2'(s))ds)ds + ki

103



where ©” and x” are (i)-differentials, or

() @(t) = (=1)(ka(t — to) © (=1) fip (Jy, f(5,2(s), 2 (s5))ds)ds) + ks
where ' and " are (ii)-differentials, or

() @(t) =S(=1)(ka(t — to) + Ji, (fiy (5,2(5), 2'(5))ds)ds) + ky
where x' is the (i)-differential and " is the (ii)-differential, or

(b)  @(t) = ka(t —t0) © (=1) fig (Jy, f (s, 2(5), 2 (s))ds)ds + ki
where ' is the (i1)-differential and z" is the (i)-differential.

proof: See theorem (3.1) in Ref. [1].0

Theorem 2.2 [3] Let [tg,T] x E x E — E be continuous and suppose
that there exist My, My > 0 such that

d(f(t,x1,22), f(t,y1,y2)) < Mid(w1,y1) + Mad(2, y2)

for all t € [to,T] and x1,x9,41,y2 € Rp. Then initial value problem
mentioned in theorem (2.9) has a unique solution on [to, T for each case

(i) or (ii).

3 Analytic Solution of Fuzzy Linear Second Order Equation

In this section an analytic method for solving fuzzy linear second order
equation with fuzzy initial value is studied.

Fuzzy linear second order equation with fuzzy initial values is considered
by following:

u'(8) + p(Ou' (1) = g(tu(t),  ula) =uo,  o(a) =)

that p(t) and ¢(t) be two crisp functions. If initial values are fuzzy num-
bers and there is one fuzzy solution u;(t), it can to be considered four
cases.
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3.1 Case(1)

If p(t) and ¢(t) are two crisp functions and positive and ' and u” are
considered (i)-differentiable then:

u’(t) + p(t)u'(t) = q(t)u(t),
w'(t) + p()u'(t) = q(t)u(t),
u(a) = t, (3.1)
u(a) = up,
u'(a) = uy,
u'(a) = uy
Now the following system can be denoted:
a (o0 0 \(a) [0 a0
u(t) 0 p@)) \u g(t) 0 ) \u
where
U(t) = u(t) P(t) = p(t) 0 Q) = q(t) 0
u(t) 0 p(t) 0 q(t)
then it can be written the system (1) in the following equation:
U"(t) + POU'(t) = QU (2) (3-2)

uy(t)

Uy (t)

given:

) Then it is considered that the solution of (2) is

1
U, = Uy / (gzel POyt
1
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3.2 Case(2)

If p(t) and ¢(¢) be two crisp function and are positive and v’ and u” are
considered (ii)-differentiable then it can to denote two systems:

u’(t) + p(t)u'(t) = q(t)u(t),

u(a) = o, (3.3)
u'(a) = uj,

and
u’(t) + p(t)u'(t) = q(t)u(?t),

(a) = uy, (3.4)

u'(a) = ug,

1=

Now the following system can be denoted:

where

Then it given:
U"(t)+ Pt)U'(t) = R(t)U(t)

Then by using (3) and (4) together it denoted:

u"(t) + p(t)u(t) = q(t)u(?),
UC(CL) — ug) (35)

uw'(a) = u'y,
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and
u" () + p(t)u(t) = —q(t)u'(t),
ul(a) = ud, (3.6)
i) = o

Now by solving (5) and (6) together and using case (1):

1

1
us = uf | ( efp(t)dt)dt ud = ud | ( efp(t)dt)dt
2 1 c\2 )y 2 1 d\2
(us) (ug)
— 1= "o = -
where u¢ = £ o¢ = 2% and v = £ also u? = S W =
—r_ —1__ 1 . = =
T and v = TS If we consider uf = 5, uf = LU Now

by definition (2.3) we can find u, and %,. Now the general solution is
u(t) = cruy(t) + cous(t) that ¢ and ¢ are two fuzzy numbers.

3.3 Case(3)

If p(t) and g(t) be two crisp positive function and those are considered
that «’ is (i)-differentiable and wu” is (ii)-differentiable then it can be
denoted two systems: Now the following system can be denoted:

a’(t) = p(t)u'(t) + q(t)u(t),

w(0) = up, (3.7)
' (0) = wy

and
u’(t) = p(t)@ (t) + q(t)u(t),

a(0) = p, (3.8)
' (0) = ug,

The it given the following:

" /

(t) N p(t) 0
(t) 0 p(t)

g
&
(a)
Q

=
S

[S
S
(=
—~
=
S
IS
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where

Then the following system is gotten:

U"(t)+ P@t)U'(t) = R(t)U(¢)
Now by solving (7) and (8) together we have

u"(t) + p()u"(t) = q(t)us(t),

uc(a) = u(c], (39)

u'(a) = u'y,

and
u"(t) = p()u'(t) = —q(t)u’(t),
wd(a) = ud, (3.10)

Then we have

1
s = u [ (el Ot ud = [ (1

d __ ' —v

— 1yt "= -
where u¢ = %“7 u'c = HJQF“ cut =2 ;“ and u? = 5 also ' = 55,
—1 w1 — T L. .
u'? = =% and u§ = A5 wf = B5%. Now by definition (2.3) it can

2
be to find u, and uy. Thus u(t) = cyuy (t) + cous(t) is the general solution.

3.4 Case(4)

If p(t) and q(t) be two crisp positive function and these are considered
that v is (ii)-differentiable and u” is (i)-differentiable then two following
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systems are denoted:

u(0) = uy, (3.11)

and
u"(t) = p()u'(t) + q(t)u(t),

7(0) = T, (3.12)
u'(0) = ug,

Thus the following system is founded:

where

Briefly:
U"(t) + S(HU'(t) = Q@)U (1)
Now by solving (11) and (12) together the following equations are given:

W) + pOe() = g(t)uc(h)
u(a) = ug, (3.13)
and

ul(a) = ug, (3.14)
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Then we have

— 7 = 1" = _ —
where u¢ = *“—;“7 u'e = Q;“ and /¢ = ¥ ;’“ also u? = “3*, u'lt = -,
e TN | us = w pd = M=

2 2 2

Now by definition (2.3) we can find u, and Ty and u(t) = cyuq () + cous(t)
is the general solution.

4 Examples

Example 4.1 Consider the following second order differential equation
with nitial value:

u'(t) + 1/ (t) = Fu(t)

u(l) = [2a — 1,3 — 20 (4.1)
W' (1) = [6a — 5,5 — 4a]

then by analytic method it can given:

In case (1):

The first solution of this equation is ui(t) = t, then us(t) = S+. The
solution of (15) is:

u(t) = [(20 — 3)¢ + (da — 2)<_1), (4—3a)t+(1— @(-1)}

In case (2):
The first solution of this equation are u§(t) =t and uf(t) = }, ug(t) = v

4
ut(l) =1, u%(1) = 1 — o, (1) = o, W41) =5 — 5a . The solution of
(15) is given by:

u(t) = [(CF D+ (0= D) — 6 60) (T2 )t 4+ (6 - 60) ]
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In case (3):

The first solution of this equation are u§(t) = t
tint, u(1) = 1, u¥(1) = 1 —a, v(1) = «, u'(1)
of (15) is denoted by following:

and wl(t) = ¢, u(t) =
5 —ba . The solution

3o — 1
2

)t+<a—1>(;j)+(4a—4)tznt, (3_20‘)t+<a—1)(1

u(t) = [( o) T(4—da)ting

In case (4):

The first solution of this equation are uS(t) = t and u(t) = V2,
wd(t) = V21 wf(1) = 1, wi(1) = 1 — o, w°(1) = a, '%(1) = 5 — 5a .
The solution of (15) is in the following:

u(0) = ()= ) am) (25)
(0= 1)(5) — (52)(a — )12 + (552)(a — 1)/74)
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Fig(2): Case (2) in example (4.1)
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Fig(3): Case (3) in example (4.1) Fig(4): Case (4) in example (4.1)
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5

Conclusion

In this work, fuzzy second order differential equations with fuzzy initial
values considered. Parametric fuzzy number used to find the general solu-
tion with first given solution under Hakuhara derivations in the formula
in four cases. Then by using fuzzy initial values four solutions are found.
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