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THE DOUBLE FUZZY ELZAKI TRANSFORM FOR
SOLVING FUZZY PARTIAL DIFFERENTIAL
EQUATIONS

KisHOR A. KSHIRSAGAR™®, VASANT R. NIKAM** SHRIKISAN B.
GAIKWAD*** AND SHIVAJI A. TARATE****

ABSTRACT. The Elzaki Transform method is fuzzified to fuzzy Elzaki
Transform by Rehab Ali Khudair. In this article, we propose a Dou-
ble fuzzy Elzaki transform (DFET) method to solving fuzzy partial
differential equations (FPDEs) and we prove some properties and
theorems of DFET, fundamental results of DFET for fuzzy par-
tial derivatives of the n'* order, construct the Procedure to find
the solution of FPDEs by DFET, provide duality relation of Dou-
ble Fuzzy Laplace Transform (DFLT) and Double Fuzzy Sumudu
Transform(DFST) with proposed Transform. Also we solve the
Fuzzy Poisson’s equation and fuzzy Telegraph equation to show the
DFET method is a powerful mathematical tool for solving FPDEs
analytically.

1. Introduction

Fuzzy integral, differential, and integro-differential equations have
gotten a lot of attention in recent years. There are important role of the
fuzzy theory and play significant act in numerical analysis. Freshly, some
fuzzy researchers have examined analytical and numerical solutions to
FDEs[1, 2, 3, 4, 5, 6, 7]. Zadeh[8] introduce the theory of fuzzy numbers,
fuzzy sets and arithmetical operations. Seikkala[9] defined the concept
of fuzzified derivatives, Buckley proposed the main concept of FPDEs
in [10]. Many authors have investigated FPDEs[1, 9, 11, 12]. Integral
transforms are extremely advantageous for solving partial differential
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equations because integral transforms acquire a difficult function and
transform into a new function which is better for solving. The Fourier,
Laplace, Mellin, and Hankel transforms are integral transforms[13, 14,
15].

Tarig Elzaki[16] introduced the Elzaki transform as a novel integral
transform. “The problem is converted to an algebraic problem, which
is significantly easier to answer while utilising DFET, which is a part
of operational calculus, and fuzzy Elzaki transform(FET)”[17], along
with the fuzzy Laplace transform[3](FLT), is considered among the most
powerful methods in this category. Here we propose a new approach of
solving FPDEs using DFET in this study, which deals with the fuzzy
environment of PDEs.

This paper has outlined as follows: In section 2, we summarize some
of the basic definitions of the fuzzy number. In section 3, we propose
the definition of the Double fuzzy Elzaki Transform, as well as various
related properties and theorems, along with proofs. In section 4, we
explains the relationship between the DFLT[18] and the DFST[5]. In
section 5, we introduce a comprehensive technique for solving a Fuzzy
Partial Differential Equation using the DFET. Finally in section 6, we
apply the procedure in section 5 to solve the Fuzzy Poission’s equation
[19] and Fuzzy Telegraph equations[20], using the DFET.

2. Basic Concepts

DEFINITION 2.1. [6, 8, 21] A fuzzy membership function of bounded
support €, : R — [0, 1] is called a “fuzzy number” containing in R with
a upper semi-continuous, normal, convex.

DEFINITION 2.2. [22] “Let Q, € E! and a fuzzy number Q. has
the parametric form Q.(r) = (Qu(r), Q.(r)) of functions Qu(r), L (r),
0 <r <1 if and only if following conditions holds:

L. Q.(r), Q.(r) is left continuous function on (0, 1], bounded and
right continuous at 0 with respect to r.

2. Q,(r), Q.(r) is a non-decreasing and non-increasing respectively.
3. for 0 <r <1, Qur) <Qu(r)”.

if r = Qu(r) = Qu(r) then r is called “crisp number.”

DEFINITION 2.3. [23] “Let Q, € E' and for any r € [0,1]. The
following properties are true for all 7— level set of Q. (r) = [Qu(r), Qu(r)]
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) 6*(7“) = b(r),@(r)] is the crisp set, and scalar k, the interval based
fuzzy arithematic is as,
L. Q.(r) = Ui(r) and Qu(r) = U.(r) is necessary for Q. (r) = U.(r)
2. Qo+ 04 = [Qu(r) + B (r), Qu(r) + Ts(r)]

3 kot = | R ELm] k20,
' T R (r), k()] k<0

9

DEFINITION ~2.4. [243 25] “The distance DT(Q*,G*) between two
fuzzy numbers (), and U, is defiend as follow,
Dr: E' x E' - R, U{0} by

(2.1) DT(Q*, 6*) = 27[,8;01]dH(Q*(r), 6*(7")),

where,
(22)  di(Qu(r),0.(r)) = maz {|Qu(r) = Vs(r)], [Qu(r) = Ou(r)[}
is the Hausdroff distance between Q. (r) and U.,(r).

Thus, Dr is a metric space and has the following properties:

L. Dyp(Qu(r) ® 2(r), Bu(r) ® 2(r)) = Dr(, 5.), Y%, s, 2 € EY,
2. DT(li: ® Q*N(r),k ©Uk(r)) = \k|DT(Q*,U ) Vk e R Q*,U € E1
3. Dp(Q @ U,, 2@ 0) < Dp(Q, 2) + Dp(6,, 1), Y, G,, 2,0 € E',
4. (D, E') is a complete metric space.”

DEFINITION 2.5. [7] “Let Q., U, € EL. If Q’i = U, + Z such that there
exists Z € Bl , Z is the Hukuhara dlﬂ"ere~nce o~f Q. apd U4, and is denoted
by 2=Q.0 U* Note that Q. + (—1)U, # Q. © ..

DEFINITION 2.6. [5] A fuzzy valued function § : Dy — E' is called

continuous at (Q, Ug) € Dy if Ve > 036 > 0such that d(g(2,U), §(Qo, Vo)) <

e whenever |Q — Qo| + |U — Up| < 0. g is continuous on Dy, if § be con-
tinuous V(Q,U) € Dr.

THEOREM 2.7. [11, 26] “Let g : Ry x Ry — E' be fuzzy valued
function and for all r € [0,1] the functions g(2,U;r) and g(2, U;r) are
Riemann integrable on Dp,. Then for every r > 0 there are constants
K(r) > 0 and K(r), such that

//DTT 9(92,T;7)[dQd0 < K(T)’//DTT 99,5 7)[d0ds < R (r)
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and the function g(Q2,U;r) is improper fuzzy Riemann- integrable on
D7 and

(FR) /O?(FR) 7@(9, U;r)dQds = </O?/O?Q(Q, 0 r)dQdd, /09735(9’ U; r)deU)
0 0 0 0 0o 0

DEFINITION 2.8. [4, 5, 11, 27] “Let g(£2, U;r) is strongly gH-differen—

tiable of the n'® order at Qg € (c,d) w.r.t. €, if 3% € E! such
that
1. V A> 0 sufficiently small the gH- differences
" G(Qo+ A, U;r) 0" 15(Q0,U;r) 0" 1 §(Q0, U ) " g(Qo— 4, U;7)
a1 o a1
exist and the following limits hold

™1 §(Q0+5,557) " 15(Q0,55m) "1 5(Q0,8ir) O™ 5(R0—5,U5r)
lim aqn—1 OgH aQn—1 — lim aQn—1 OgH aqn—1
A—0+ A A—0+ A
_ 0"3(0,U;1)
oOn ’

or
2. V A> 0 sufficiently small the gH- differences
8" 15(20, U5 1) " 1G(Qo+ 8, 0;7) 9" 1G(Q— A,T;7) 8" 15(0, U5 1)
Q-1 gH 91 ) Q-1 gt 91
exist and the following limits hold

T el T
A—0+ — A A—0+ — A
_9"5(Q0,057),,
oan '

DEFINITION 2.9. [4, 5, 11, 27] “Let g(£2, U;r) is strongly gH-differen—
tiable of the n'" order at Uy € (c,d) w.r.t. U, if 3% € E' such
that

1. ¥V A> 0 sufficiently small the gH- differences

o 1g (Q Uo+ A; 7”) o " tg (Q Uo; ) " 1g (Q Uo; ) - o 1g (Q Uo— )
o1 S N ot oun—1
exist and the following limits hold

. % Ol % . o ;%(nﬂ_’?om Son 1%(155271,2_5(1)—&@
A—0+ A A—0+ A
_0"g(22,Bo;1)
B ou™
or
2. V A> 0 sufficiently small the gH- differences
" 1G(92, Vs ) 0" G(2, U0k 41) 9" 152,00 831 0" 52, Vi)

dun—1 9t aun—1 ’ un—1 T
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exist and the following limits hold

9"~ 15(Q,B0ir) " ~15(Q,60+4;r) A" 15(Q,00—a5r) "~ 15(Q,00;m)
hm oun—1 @gH oun—1 _ hm oun—1 egH oun—1
A—0+ — A A—0+ — A
= .
_ 9"9(2,Bo;r),
oun

THEOREM 2.10. [2, 4, 5, 27] “Let §(Q,U;r) : Ry x Ry — E! be a
gH differentiable fuzzy valued function. Then

1. If §(Q,U;r) is First differentiable of the n'" order with respect to
Q) then g(2,0;r) and g(£2,U;r) are differentiable of the nt" order
with respect to 2 and

23) oan oan ’ onn

0"g(Q,0ir) <6”g<ﬂ,u;r> angm,zs;r))

2. If §(,U;r) is Second differentiable of the n'™ order with respect
to Q then g(,U;r) and g(,U;r) are differentiable of the n'"
order with respect to €0 and

24) oan oan ' oan

0", T;r) (a"gm,zs;r) 8"9(970;7")),,
3. Main Results

In this section, we present DFET, its inverse, some properties and
theorems associated with DFET.

DEFINITION 3.1. Let § : Ry x Ry — E' be the continuous fuzzy
valued function. Suppose that,

(- (2+2)) o0

is improper fuzzy Riemann integrable on D then,

(3.1)  (pg)(FR) 7O(FR) /OOEacp (— (S; + 2)) ©® g(Q2, B;7)dQdU
0 0
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is known as DFET and for Q2,0 > 0,p, q € C is denoted by
(3.2)
e(p,q) = €19(2,6;57);p, g

o0

— (pg)(FR) /OO(FR) / Fap (— @ + S)) © §(92, B: r)dQd
0 0

where D C Ry x R..
DFET also can be represented parametrically as follow

(3.3)
e(p,q) = E[9(2,06;7);p,ql = (e [9(2,T;7);p,4) , e [9(R,6;7);p,4])

where

(3.4) e [Q(Q,U;T);p, q] = (pq) 67(%+%)Q(Q,6;T’)d§2d6

(3.5) e[g(22,06;7);p,q] = (pg) 67(%+%)§(Q,U;r)d9d6

we can rewrite (3.2) in different form as:

(3.6)

o0

c(p.q) = () (FR) / (FR) / Exp(— (21 0)) © §(p, Og; r)dQ0.
0 0

DEFINITION 3.2. Let £(p,q) = £[3(22,U;r);p,q] be a Double Fuzzy
Elzaki Transform (DFET) then inverse of Double Fuzzy Elzaki Trans-
form is defined as

(3.7) E M e a)] = 3(2,057) = (e [e(p q)] , e E(p, 9)])
where
c+ioco d+ioco
68)  ewal=yn o [ Fdgno [ e
. e @) = 5 erdps— eae(p, q)dq
c—100 d—1i00
c+ioco d+ioco
39 Ewal= 5o [ Fdgno [ epad
: ¢ Ewal=55 erapy ¢t e 94
c—100 d—1i00

where, R(p) > ¢, R(¢) > d and ¢,d € R.



DFET 183

Results of some special function in the term of classical double
Elzaki transform
for @ >0,0>0and o, € R

o If g(2,U) = 1 then e[g(Q, V)] = p?¢>.

If g(Q,0) = Q°0F then e [g(Q, V)] = (a!)(8)p*+2¢"+2,
where «, 8 are positive integers.

o If g(Q,0) = e@2+50) then e [g(Q, V)] = %

e If g(Q,0) = cos(af) + BU) then e[g(R2,V)] = W
o If g(2,0) = sin(af + SU) then e[g(2, V)] = %.
o If g(Q, ) = cosh(af + BU) then e [g(Q, V)] = (1_a2pgj‘gj S
o 1f g(©, ) = sinh(af2 + F0) then ¢[g(Q, )] = -5 ) .

We give some theorems and properties related with DFET.

THEOREM 3.3. let 1, J2 : Ry x Ry — E' be continuous fuzzy valued
functions then

(3.10)
Ele10§1(Q, B;7)Dc20g2(2, U5 7);p, q] = c1OE[G1(R2, U5 7); p, qJ@e20E[G2(2, U;7);5 p, g

where, c1,co are abitrary constants.

Proof: Let g1, go be continuous fuzzy valued functions.
So, we prove for the lower bound of §1(Q2,U;r) and g2(2, U;7)

(3.11)

—
Kl

+

le]

oo oo
e CIQ(Q,ZS;T)+ngi(Q,ZS;r):| = (pq)//87 ) (clﬂ(Q,ZS;r)+52972(Q,U;r)) dQdU
0 0

= (Cl(PQ) 7]06
0 0

oo oo
—(2+2)
+62(pq)//e P a) gy(Q, U5 7)dQdU
0 0

U

* gl(Q U; r)dQdU

v\.v
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simillarly we prove,
(3.12)

e[c1gr(Q2,0;7) + c2g2(Q2, ;7)) ( //e 91 (Q,T;7)dQd0
0 0

+ca2(pq //e Q gg (Q,0; r)deU)
00

from (3.11) and (3.12) produces (3.10).

THEOREM 3.4. First Translation Property][11]
“Ife(p,q) = £ [g(2,0,r);p,q] is DFET and «, B are arbitrary constants,
where, §(Q2, U;r) be a continuous fuzzy valued function then
(3.13)

< [e(ch-I-ﬁU) @g(Q,U;r)] = (1 —-ap)(1 - Bg)e <(1 _pap)’ (1 —qﬁq)) -

Proof: Let g be continuous fuzzy valued functions, from the defini-
tion of DFET for lower bound we obtain,

e[e(‘mﬂm) (2,06;7) (pq // (a24+50) )Q(Q,U;r)deU

q)//e‘[(%—a)m(%‘ﬁ)l‘]g(ﬂ,U;r)dﬂdu

(3.14) = (1—‘1?)(1_5(1)5<(1 —pap)’ § —qﬁq)>

and simillarly we can prove for upper bound

(3.15) e e(a2+B0) & 7(Q,0; r)] = (I-ap)(1-pq)e <(1 _pap)7 (1 _ng)>

Hence, equation (3.14) and (3.15) produces equation (3.13).

THEOREM 3.5. Second Translation Property: If the DFET of
function §(2, U;r) exists then
(3.16)

(248
£19(02 0,6 - GO 0,0 - O = e g0 -5 - )
where H(Q2,U) is Heaviside unit step function defined by

1, when  >n and U > (
(3.17) H(Q_W’U_O_{ 0, when Q <n and U <
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Proof: Let g be continuous fuzzy valued functions, from the defini-
tion of DFET for lower bound (2 > 7 and U > () we obtain,

e[g(Q—n0—-¢r)HQ —n,0 - ()] pq//) 9(Q — 1,0 — ¢;7)dQd0

By Puttinga=Q —n, =0—-( = da=4df), df =d0

a+n B;Lc)
/! g(a, B;7)dQ2dC

~(3+5) 77 a, B;r)ddD
0 0

(48
= (e [g(an i)
_(n4¢
= e [g@ -5 - )
simillarly we can prove for upper bound and we get desired result.

THEOREM 3.6. Let § : R, xR, — E' be the continuous fuzzy valued
function. The functions Exp (— (% + %)) ©® g(Q,0;r) and

Exp (— (% + %)) ® % are improper fuzzy Riemann integral on
D, then

Eg(Q,U;5r)].

(3.18) £ [8m 98, G r)] o

oam =~ a0m

Proof: Let g(€2, U;r) be First- differentiable from definition of DFET
we have

o3, 5;r [ [ (—(2+5) 3(2, 03 7)
E{W}—( q) FR/ /e WdeU
0 0
_ ( w fn [ >@gmr>dgd6>
0 0
om
= e (0,50,

THEOREM 3.7. Let §j : Ry xRy — E! be the continuous fuzzy valued

function. The functions Exp (— <% + %)) ©® g(92,0;r) and

Exp (— (% =+ %)) ® % are improper fuzzy Riemann integral on
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D for all Q@ > 0 and m € N 3 to continuous partial gH-derivatives to
(m — 1) order w.r.t. Q and 3 % with,

a) If the function §(£2, U;r) is First- differentiable then

g [0ma@.Bin)] _ ( [279(&QBir)) 10mg(Q.6in)]
T oeam |\ eam ¢ aam
b) If the function g(Q2,U;r) is Second- differentiable then

[0mg(Q,0;7)] <6 [0mg(Q,057)] ‘6’"9(9,U;r>'>

, €

o e oQm oQm
where,
(3.19)
8mg(Q,0;7) 1 ok |9*9(2,T:r)
e [6&2"‘ ] —p—m [9(Q,0;7)] Zp S o
k=0 Q=0
(3.20)
omg(Q, U] 1 =, *Fg(Q, ;1)
o = —e[g(Q,U;7)] — mihe | — S
|| = et s - gt |PEEID)

Proof: If the function g(2,U;r) is First- differentiable then by mathe-
matical induction we proof the equation (3.19).
The equation (3.19) is true for m = 1, as from parametric form of DFET

o [ 00)] _ ([0 o6 i)

now using integration by parts with respect to €2 , we get
dg(2,U;r) i ,(9+9) d9(2,U;r)
¢ [ag] =) [ [ G B o

- 1176 [g(Q,U;r)] — pe E(Qv&r)]ﬂzo'

Assume that, equation (3.19) is true for m = j.

j—1

= plje [9(Q,0:0)] =Y p* 7 Hhe

dg(Q,U;r)
o0

O*g(Q,057)
o0k

e

Q=0
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Now to show that the equation (3.19) is also true for m = j + 1, we get

P, 5m] o
| T | Tan

) il [8%g(0, U5
Sefuo ] - S [Z2000]

ok g(Q,05m)
0Nk

)

1 0 o [0 e(Q,0657)
:pJ‘TC [Q(Q,U;r)] — pe {Q(Q,U;r)]gzo—kzlp e| =g
— =0

J L—jtk BkQ(Q,U;T)
P ¢ ERE
= Q

_ Ji:l PRItk {akHQ(Q U;r)
k=1 oQk+!

0 o j—1 .
~ (1%6 [Q(Q’Uﬂ")]) -0 <kz:0p2 itk

Q=0

= pj%e [Q(Q,U;T)] —

k=0 =0

simillarly, we can prove equation (3.20).

4. Duality of Double Fuzzy Elzaki Transform

THEOREM 4.1. Duality of Double fuzzy Elzaki-Laplace Trans-
form: If DFET and DFLT[18] of §g(2,U;r) are ¢(a, 8) and £(a, )
respectively then

c(.0) = (a0 (2.5

£a.) = (@d)e (2.5

(4.1)

THEOREM 4.2. Duality of Double fuzzy Elzaki-Sumudu Trans-
form: If DFET and DFST[5] of g(Q2,U;r) are e(«, 8) and &(a, ) re-
spectively then

e(a, B) = (aB)*6 (a, B)
(4.2) _ 1




188 K. A. Kshirsagar, V. R. Nikam, S. B. Gaikwad, and S. A. Tarate

5. Procedure to find the solution of Fuzzy Partial Differen-
tial Equation by Double Fuzzy Elzaki Transform

In this section, we present the DFET method for solving FPDE.
consider the following general FPDE
(5.1)

g(Q,0;r) Q U T) x '
ZA o 2961 Gir) T @ZB o298 Gir) BCOG(Q,U;r) = f(Q,0:7r),

with initial conditions

dg(Q,0;r)

(5.2) o

and boundary conditions

9'3(0,05)

(5.3) o

=0,(U), i=0-m—1

where f,§ : Ry x Ry — E', & : Ry — E', U; : R, — E! are
continuous fuzzy functions and A4;,i = 0 - m -1, Bj,j =0 —
k —1 and C are constants. Applying DFET on both side of equation
(5.1) we get,

(5.4)

3 §(Q,6;7)
— an ZB @

£ o€ | BE Qv = £ [f(@.6:m)]

Jj=1
Using above Theorem 3.7

a) if g(2, U;r) First- differentiable then

9'g(Q,0;r i Fg(Q,0;r
Z (gaﬁ)> to e (g(ag)) + Ce (9(2,55m) = e (£(2,551))

Jj=1

and

> Ae (78?(;2572?”)) +Y Bje <78 g(é)QJU T)) +Ce (9(Q,Usm)) = e ((2,6;7))
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From equation (3.19) and equation (3.20) we have,

T4 "\ B;
—+» 2+4C 0,0;
(ZZ_; P gz:; @ ) °lo g

9%9(0,0;r)
_ 2—i+k )
SICTDES o st e
n j—1 k
9%g(2,0;7)
+ZBJ Tk Uk
j=1 k=0
and
m A n B
—+Y 2+C|elgQ,0;r
(g 7 g pr ) [9(2.T:7)]
m i—1 .
— 9¥g(0,U;7)
_ 2—i+k »
_e(f(Q,U,r))Jr;Ai];p { SOF }

; 8kg(Q 0;7)
—j+k s Y
p2 JThe [k :|

and using ICs equation (5.2) and BCs equation (5.3) we get,

<ZAZ?+ZBJJ+C><3 [9(Q,5;7)]
=T

=1

m i—1 )
e (F(Q,0:1) + 30 A 3 p? e [gh(0,557)]
=1 k=0
n 7j—1 )
+ 3 B 3 p* Ut {gﬁ(Q,O;T)}
i=1 k=0
and
A " B.
=+ 4+ C|eg(Q,U;r
<§p 2 ) 3(2, 3]

e (?(Q, U; 7“)) + i A; Zi p?itke [?2(0, U; r)]
i=1 k=0

n 7j—1 )
+ Y B; S pPitke [gR(Q,0;7)]
=1 k=0
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then
(5.5)
m i—1 .
e (f(Q,6:7) + X A 30 p*itke [QZ(O,U;T)] +
n jil k'=0
> B; 3 pP e [gh(9,07)
=1 k=0 B
e [o(9.557)] - S
S L4+ F+C
i=1 j=1
_ m i—1 .
e (F(,05m)) + X Ai 3 p*~ e [g3(0,5sm)] +
=1 k=0
n 7j—1 )
> Bj 3 p* e [gi(9,0;7)]
_ =1 k=0
e [5(2.Usr)] = R
YEA Y 4+ C
=P =

b) If (2, U;r) Second- differentiable then

(5.6)
m i—1
e(fGLlLTD—%Z%A-EZPQ’*hzbk@LU,ﬂ}+
= =0
n 7—1 .
2:1 BJ kz p2_]+ke [gk(Qa 07 T)]
— = =0
e [7(92.5:7)] = e
ﬂﬁ+2ﬁ+c
1= 7j=1
m i—1
(F(©.0:m) + L A T p e g (0.5 0)] +
= =0
n 7j—1 )
ST B; S p?ithe glz(Q 0,7‘)}
j=1 k=0 —
E[Q(Q’U;T)} = : m A L
2ﬁ+2ﬁ+0
1= 1=

by using inverse of DFET we obtain g(Q2, U;r) = (9(Q,U;7),9(Q,U;7)) .
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6. Application

In this section, we evaluate the solution of Fuzzy Poission’s equation
and Fuzzy Telegraph equations using DFET.

ExXAMPLE 6.1. Consider the fuzzy Poission’s equation

(6.1)
82]\(9, U;r) 82]&(9, U;r) - 9 o 7
502 5052 =k(r)o(Q e 0%, k(r)=[1+r3—r7]
with ICs
(6.2) ]\(Q,O; r) = 0= ]\Q(O, U;r)
and BCs
(6.3) A(0,5;7) =0 = Ays(Q,0;7).

Applying DFET to equation (6.1) on both sides, we get

82A(Q,U;7)
002

O*A(Q, ;)

£ ou?

dE = v?).

Let A(Q, U;7) be First- differentiable. In this situation m =2 =n, 4; =
0= Bl,AQ =1= BQ,C =1 and f(Q,U;T’) = k(T)(QQ @Uz) = (1 +
r,3—1)(Q*®U?)

9*A(Q,U;7) 9*A(Q,0;r)
[ 002 }“’[ 502
0?A(Q,U;7) O?AN(Q,T;7)
[ 002 }*6[ 502

] =e [(1 + T)(QQ + 02)]
] =e[(3- ) (0% + 62)]

from equation (3.19) and (3.20) of Theorem 3.7 and using equation (6.2)
and equation (6.3) we have,

<12 + q12> e[A(Q,U;r)] =2(1+7)(p'¢* + ¢'p?)

(pl n ql) e [R(Q.0:1)] = 203 — 1) (*¢ + '),
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On simplification we get,

4 2 4.2 P2q2
A(Q,G;r)] =2(1 + + —_—
6[_( T)] ( r)(p°q qp )p2 e
— 4 2 4.2 p2q2
A(Q,U; =2(3 — + .
e[ ( 7“)] ( r)(p°q qp )p2 Pz

Taking inverse Double Fuzzy Elzaki Transform we obtain the desired
solution of equation (6.1).

Ao =1+
(6.4) B P52
AQ,0;r)=(3—-1) 5

FIGURE 1. Solution of Fuzzy Poisson eqaution A(Q,T;7)
and A(Q,U;r) at value of r =0.5

ExaAMPLE 6.2. Consider the fuzzy Telegraph equation

82[\(9,6;7“) B 82]\(9,(5;7’) 8]\(9,6;7‘) ~

with ICs

6.6)  AQ,0;7) =6d(r) @€,  Ayp(Q,0;7) =6(r) © —e%
and BCs

(6.7) AO,U;r) =6(r)©e P, Ag(0,0;r) =d(r) @ e ®
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where, §(r) = [1 + 7,3 — 7).
Applying DFET to equation (6.5) on both sides, we get
O?A(Q,T;r)  OANQ,T;r)

O*A(Q,T;7)
50? s ARG

00?2

& =&

Let A(Q, U;r) be First- differentiable. In this situationm = 2 = n, A =
0,B) = —1=DBy, Ay =1,C = —1 and f(Q,U;r) = 0.

PAQ,T;r)]  [0*A(Q,T5r) | 9A(Q,U;7) ,
[am} e [ o052 o AT “}
0?AN(Q,T;7) O?N(Q,U;7r)  OA(Q,T57)

{ 202 } = [ 952 96 +A(Q’U”")}

from equation (3.19) and equation (3.20) of Theorem 3.7 and using equa-
tion (6.6) and equation (6.7) we have,

q3p4 q3p4 q2p4
_ e e
(¢* — p* — p’q — p*q®)e [A(Q,U;7)] (37“){ i s }

On simplification we get,

' B . p2q2
] — . p2q2
OO =BG g

Taking inverse Double Fuzzy Elzaki Transform we obtain the desired
solution of equation (6.5).
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FIGURE 2. Solution of Fuzzy Telegraph eqaution
A(Q,U;7r) and A(Q2,U5;7) at value of r= 0.5

7. Conclusion

The double fuzzy Elzaki transform is presented in this article, and
the DFET technique is used to solve FPDEs sequentially. New DFET
findings for the n*" order Fuzzy partial H-derivative have been pro-
posed. Also postulated is a duality connection between DFLT, DFST
and DFET. Under gH-differentiability, DFET has been effectively used
to the solutions of the fuzzy Poissons equation and the fuzzy Telegraph
equation. The result is shown by providing two examples.
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