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Abstract. In this study, the linear system of partial differential equations with initial and
boundary conditions is solved with the application of the double general Rangaig integral trans-
form. Additionally, a new iterative method is used with the double general Rangaig integral
transform to yield solutions for non-linear systems of integer-order partial differential equations.
Using the new iterative method and the double general Rangaig integral transform, the coupled
Burgers equations may finally be solved exactly.

1 Introduction

Partial differential equations (PDEs) are a system of equations that have a broad range of applica-
tions in the fields of physical science, engineering, and mathematics. Research is now being done
to establish an effective and precise method for handling nonlinear systems of PDEs. We briefly
examine the several approaches that have been proposed for solving PDE systems. Eltayeb and
Kilicman [1] coupled Sumudu transform and decomposition method to obtain approximate so-
lutions of nonlinear system of partial differential equations.

In 2014, Rabie and Elzaki [2] used Adomian decomposition method and modified ADM for
solving nonlinear PDEs subject to the general initial conditions. In 2016, Singh and Mehendra
[3] applied reduced differential transform method to obtain an analytical solution of initial value
system of time dependent linear and nonlinear PDEs. Chowdhury et al.[4] in 2010 and Hemeda
[5] employed homotopy perturbation method to obtain approximate analytical solution to the
linear and nonlinear systems of PDEs. In 2011, Biazar and Eslami [6]modified HPM for obtain-
ing solutions of systems of nonlinear PDEs. Elzaki and Biazar [7] combined Elzaki transform
and HPM to obtain the exact solution of nonlinear systems of PDEs.

In 2000, Wazwaz [8] applied Adomian decomposition method to obtain analytical solution
of systems of PDEs and reaction-diffusion Brusselator model. In 2004, Ayaz [9] applied two
and three-dimensional differential transform method for finding exact solutions of linear and
nonlinear systems of PDEs. Abdou and Solimon [10] in 2005 used VIM to find the solution of
a Burger’s and coupled Burger’s equations. Further, Wazwaz [11] in 2007 applied VIM to solve
linear and nonlinear systems of PDEs. In 2022, Ranjit R. Dhunde and G. L. Waghmare [12]
applied double Laplace transform method in solving system of linear , non-linear and fractional
partial differential equations. In 2024 M.S Derle and Dr. D.P. Patil [13] applied double general
Rangaig integral transform to obtain solution of integral-differential equations.

In 2017 N.A. Rangaig and etc. all[14] define a new integral transform Rangaig transform on
another domain from minus infinity to zero and applied it for solving O.D.E., integral equations
and Aabls integral equation.In 2022,E. A. Mansoura and E. A. Kuffi[15]generalize a Rangaig
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integral transform and applied it for solving higher order O.D.E. Derle M. S and etc. all[16]define
double general rangaig integral transform , its properties and applied it to find exact solution
of partial differential equations. In 2023 S. Hasan and etc. all [17] define the new integral
transform Sum transform , its properties and applied to Wave equation , Klein-Gordan equation
and Telegraph equation.

In this paper, The double general Rangaig integral transform will be used to a system of linear
and non-linear PDEs , with a focus on the coupled Burgers equation.

2 Preliminaries
In this section, we introduced some basic concepts that are required [14],[15],[16].

Definition 2.1. Rangaig integral transform
The Rangaig integral transform can be written as:

0
n[h(t)] = A(p) = i/t; e Hh(t)dt, 1 o<

Definition 2.2. General Rangaig integral transform
The set of functions, an exponential order is

Hg= {h(t) : there exist N, \; and Ay > 0, |h(t)| > Nedil!l t € (=1)7! x (—00,0), where j = 1,2}.

The General Rangaig integral transform can be written as:
1 0
mABO) = gl == [ e nar
t=—o0

Definition 2.3. Double general Rangaig integral transform
The set of functions, of an exponential order is defined as:

Hyg = {h(t1,t2) : IN, M, i, X\, X1, X2, > O, |h (£1,0)] > N.eMf ¢y € (—1)7" '
(=00,0), |k (0,t)] > M - e t5 € (=1)77! x (—00,0), wherei,j = 1,2}

where, N, M = finite constants Aj, \2, X1, X2 are finite or infinite constants. Then the double
general Rangaig integral transform for the set H», can be written as:

1 0 0
Mg {h (tl,tQ)} — A2g (,UflaNZ) = / / ep(.U«l)tl-‘rQ(Hz)tzh (tl,t2) dtldtz
/J/lnl : /’(‘2 —0o0 J —o0

here A,g denote the double general Rangaig integral transform of function h (t1,t2) € Hag
, p(1),q (p2) are functions of parameters pq and u, The inverse of double general Rangaig
transform 1, {h (t1,t2)} is defined as

Mg {AD (1, 12)} = m'mi, {AD (pa, p2)} = b (1, 12)

3 Double general Rangaig integral transform for partial derivatives.
[16]

Theorem 3.1. Consider Ap (u1, p2) as the double general Rangaig integral transform of the
function h (t1,t2) and A4 (0, po) is the general Rangaig integral transform of the function h (0, t5).
then

i

Oh (t,t 1
g {E%llﬁ} - MT“AQ (0, 2) — p (p1) Ap (1, p12)
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ii

Ag (0, 12) + [p (11))* Ap (1, 112)

O%h (t1,t 1 0A, (0, 1
mp {Z0 Y L OO ) L

o2 T

iii

o"h <t17t2 f k 8<m_l_k)Ag (071’62) m m
mg{atn} = ZO (—1)* alm—1-k)g, (=)™ [p(p1)]" Ap (1, p2)

Theorem 3.2. Consider Ap (11, 112) as the double general Rangaig integral transform of the
function h (t1,t2) and Ay (1, 0) is the general Rangaig integral transform of the function h (t,,0).
then

i

Oh (ty,t 1
g {(8222)} = /T;z/\g (1,0) — g (p2) Ap (1, p12)

ii

0%h (t],tz) . 1 (9/\9 (/,L],O) 1 2
i { T — DR D) )y (0 + [ ) A (i )

iii

0"k (1, 1) 1 AmM=1=RIA_ (11,0) m
_ = = —— —1 k ‘ —1)m A
772!] { at"l’L N;LZ P ( ) [q (qu)] 8(m_1_k)t2 +( ) [q (,LLZ)] D (/’1/1 s Mz)

4 Double General Rangaig Integral Transform of Some Fundamental
Functions.

[16] The double general Rangaig transforms of some common functions are given in following
Table 1.

Table 1.
h(tq,tz2) /\l2g (/il,,ifz)
1 f;lw;z ) ali)
it i ) JPlaGe )T
m n 1 m TL
t1"t"m,n >0 i N( [P()N +]'n;—:21[ (l)r](nﬂ -
e T _ 1 D™ (m+ n+
""", m,n > —1 s [p(p)]™ g ()™
ot Fbt2 1 I 1
py oy ? (p(pn)+a) (g (lt7)+b)
1 p(p1)q(p2)—
cos (at; + bty) Wil \ ()P +a2)) (lau +b2)>
) 1 —agq(p2)—bp(p1)
sin (at; + bt2) pylep? ((([p(m)]“raz))([q(“ )] “’2))
1 p(1)q(p2)+ab
cosh (aty + bt2) 2 ((([p(/u)]Z—HZ))([Q(M)]Z—Z’Z))
: 1 —aq(p2)—bp(p1)
sinh (aty +bt2) | e <(([p(lt1>] —a?)) [q(uz)]2—b2))
— 1 =1
e wsinty oy (p(m)2+1(>-<t)z(uz)*1)
t 1 q{p2
e coshty P (p(ul)Jrl)'({](uz)z—l)
1 o —
e "' sinh, T 0D (aGaP 1)
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5 Application of D.G.R.LT. for solving system of P.D.E.

5.1 Linear system of P.D.E

Consider Linear System

Example. 1
ur, + v, =0 } (5.1)
vy, +ug, =0
u(t,0) = e, v(ty,0) = e (5.2)
uw(0,t) = e, v(0,tp) = e ™ (5.3)

Applying D.G.R.L.T. to both sides of Eq. (5.1)and using( 3.1),(3.2), yeilds

1 1

—7 g, (111,0) = q(2)Ap,, (111, p12) + W/\gv (0, p2) — p(p1)Ap, (g1, 12) =0 (5.4)
2 |
1 1

WAgv (11,0) = q(p2)Ap, (g1, p2) + o — g, (0, 2) — p(p1)Ap,, (pi1, 12) =0 (5.5)
2 1

Taking Single G.R.I.T.of Eq.(5.2) and (5.3) i.e I.C and B.C,we get

1 1

Ag,(11,0) = W»Agu (11,0) = () = 1) (5.6)
1 1

Agu (07 ,LLZ) = Ag'u (Ov /1‘2) = (5.7

1y (q(p2) + 1) py* (q(p2) = 1)
After putting conditions (5.6) and(5.7) in Eq. (5.4) and (5.5), we get

1 1 1 1
— — A — A =0 (5.8
,u]“ H';LZ [(p(ﬂl) T 1) + (Q(MZ) — 1)] Q(H’Z) D, (va.uZ) p(ﬂl) D, (,LLl,[Lz) (5.8)
I 1

MTHT;LZ[( (ml) Y + ((I(Mi T 1)} — q(p2)Ap, (1, p2) — p(p1)Ap, (1, p2) =0 (5.9)

Multiply Eq. (5.8) by q(u2) and Eq. (5.7) by p(p1) and substract it ,simplify,we get

RS 1[ aipa) | alm) _ plm) _ p(m)
pit s Lip(n) + 1) (g(p2) = 1) (p(1) = 1) (q(p2) + 1)

After Simplification,we get

1 [(p(m) — Da(p2) — (p(u) + 1)

] = (¢(m2)*=p(11)*)Ap, (1, 112)

| = Ap, (a1, 1m2)

ut st L (q(p2)* = D(p(w)> = 1)
L a(p2) - 1 _
wt [(Q(Mz)z D) +1)  (g(m2)? = D(p(m) — 1)} Ap, (p1, p2)

11 q(u2) 11 1
Ap, (1, p2) = w s (q(p2)? = D) + 1) @ w1 (q(u2)? = D)(p(pr) — 1)

Inverse D. G. R. I. T. applied to both sides of equation (5.10) yields 1

(5.10)

u(ty,ty) = €' cosht, + e "' sinht,

substituting Eq.(5.10) in Eq.(5.8),we get

R 1{ 1 1] ] (uz)[ q(p2) B 1 ]
prt s Lp(ua) + 1) (q(p2) = 1)1 " w3 Lp(p) + 1) (q(p2)> = 1) (p(p1) — 1) (q(p2)* = 1)

= p(p1)Ap, (11, p2)
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After simplification, we get the following.

_ 11 q(2) EERS 1
Ao te) = o)~ a1 1 ) + a1

Inverse D. G. R. I. T. applied on both sides,leads to1

v(t1,t2) = e " coshty — e sinhty

Example. 2
U, +uy, —20 =0 .11
v, + vy, +2u=0
u(ty,0) = sinty,v(t1,0) = cost; (5.12)
u(0, 1) = sintz,v(0,12) = costy (5.13)
Applying D.G.R.LT. to both sides of Eq.(5.11), yeilds
1 1
Ao (1,0)—aq(p2)Ap, (111, NZ)"‘WAQH, (0, p2)=p(p1)Ap, (11, p2)=2Ap, (111, p2) = 0
2 1
(5.14)
1 1
=g, (11,0)=q(p2)Ap, (111, uz)+ﬁl\gv (0, p2)=p(p1)Ap, (11, 12)+2Ap, (111, p2) = 0
2 1
(5.15)
Taking Single G.R.I.T.of equation(5.12) and (5.13) i.e I.C and B.C,we get
-1 p(u1)
Ay, (11,0) = —7—F—5—, A, (11,0) = 777 (5.16)
0 = 1 M O = G )
-1
A0 12) = e A (0, ) = LU (5.17)

1y (q(p2)? +1)7 % (5% (q(p2)? + 1)
After putting condidtions (5.16) and(5.17) in equation (5.14) and (5.15), we get

-1 1 1 1

o (GG D) T GG D) ) ) An. G ) 20, <u1,uz>; 108)
Lo () a(n) _

g [(P(u1)2l+ 1) (Q(M2)22+ 1)} = (q(p2) +p(p1))Ap, (1, 12) + 2Ap, (111, Mz)(g 109)

Multiply equation (5.18) by (p(u1) + ¢(i2)) and equation (5.19) by 2, substract it & simplify,
we get

2
) (p(p)*+1)  (a(p2)*+1)
= (4 + (‘J(MZ)Z + P(Ml)z))ADu (1, p2)

1 1{—(p(u1)+Q(uz)) (p(p1) + q(p
1

R ) —2p(pu1) 2q(p2) }
pyt Lo (p(u)? + 1) (q(p2)* +

After simplification, we get the following.
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(4 + (q(12)* + p(11)*)) Ap, (1, p2)
11 [(p(m) + q(p2)) (a(p2)* + (1) + 2p (1) q(p2) + 4)}

R (p(en)? + D{a(ua)? + 1)
_ -1 (p(p1) + q(112))
Ao o) = o [ G P+ a4 20

Applying inverse D. G. R. L.T. on both sides givesl

u(tl,tz) = sin(tl + tz)

substituting equation(5.20) in equation (5.18),we get

-1 1

' r?{(p(m)z +1)

1 1 —1 1 r(q(p2) + p(u)) () + q(p2)) B
} 7{ ; 11)((1(/~L;)2+1)2 }_2’\%(“17/@)—0

After simplification,we get the following.

Ap, (1, p2) = Lm ! (p(1)g(p2) — 1) }

pit s’ [(p(ul)z + 1) (q(u2)? + 1)

Apply in reverse D. G. R. I. T. on both sides,we getl

v(tl,tz) = COS(tl + tz)

5.2 Inhomogeneous Linear system of P.D.E

Consider the inhomogeneous linear system

Example. 3
Uy, — Uy —UuU+v=-2 } 5.21)
vy, Fuy, —u+v=-2
with I.C.
u(ty,0) = 1+ e v(t;,0) = —1 + " (5.22)
and B.C.
w(0,t)) = 1+ e2,v(0,t) = —1 +e (5.23)
Applying D.G.R.IT. to both sides of Eq.(5.21), we get
1 1
WAgu (11,0)=q(p2)Ap, (11, uz)—ﬁl\gv (0, p2)+p(1)Ap, (11, p2)—Ap, (1, 12)+Ap, (11, 112)
2 1
-1 2
= = (5.24)
" 1y p(pn)g(p2)
1 1
WAgi, (11,0)=q(p2)Ap, (11, uz)+ﬁl\gu (0, p2)=p(p1)Ap, (1, p2)=Ap, (111, p2)+Ap, (11, p2)
2 1
1 2 (5.25)

oy ey p(p)g(p2)
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Taking Single G.R.L.T.of Eq.n(5.22) and Eq. (5.23) i.e. I.C and B.C,we get

| 1 ~1 !
A 70 = n 7A v ’O = m 71 5.26
. (11,0) W) i) 1) (11,0) W) T ) + 1) 020
1 1 —1
A 07 = [ n 7A v 07 - n2 n 5.27
9.(0, 12) 5qGn) | e 1) (0.1 D) * 11y*(q(p2) — 1) 27

After putting condidtions (5.26) and (5.27) in Eq. (5.24) and Eq. (5.25), we get

11 1 1 1
it pg? { (u1)+(p(m)+1+q(uz)_(f1(uz)*1}_(q(uz)H)AD“(m’MH(p(M)H)AD“(M’Hz)
—1 2
= i penaGey O
111 1 1 1
Ml 'u;zz[ (M1)+(p(ﬂl)+]+q(’u2)+(q(u2)+1)}*(p(ﬂl)‘Fl)ADu(MlvNZ)*(Q(UZ)*UADv(UIaMZ)

-1
ny, Ny

~u s p()a(in)

(5.29)

Multiply Eq. (5.28) by (q(u2) — 1) and Eq. (5.29) by (p(u1) + 1) and subtract it, simplify, we
get

11 {(Q(/Jz) —p(p) —2)+(CI(M2)+P(u1))+2(CI(M2)+P(M1))+((I(M2)2— 1) + (p(1) + 1)2]
5 p(p) q(p2) p(p1)q(p2) (p(p1) + 1)(g(p2) + 1)

U] Hy
= [(q(p2)* = 1) + (p(p1) + 1)*] Ap, (p1, 12)

After simplification,

(5.30)

11 1 1
Ap i i) = WMTLZ{(I?(M)Q(MZ)) T Tl + Dalm) T 1)}

Apply in reverse D. G. R. I. T. on both sides,we getl

utr,t) = 14 €h+e)

substituting Eq.(5.30) in Eq.(5.29), we get

1 1{—1 N 1 Lot 1 2 }_
pit py tp(un) — (p(a) +1 0 q(p2) — (g(p2) +1)

11 1 1
(plyur) + 1)Wr?[(p(m)q(uz)) - (p(p1) + 1) (q(p2) + 1)} = (alu) = Do, (1, p2)

1

After simplification,

11 1 1
Ap, (p1, ) = AT [(p(ul)Q(uz)) * (P(Hl)‘*‘l)(Q(HZ)*l)}

Apply inverse D. G. R. LT. on both sides gives1

’U(t1,t2) =—1+ e(tlitZ)



362 Monali Derle and Dinkar Patil

5.3 Inhomogeneous Non-linear system of P.D.E

Consider the inhomogeneous non-linear system.

Example.4
ug, +vuy, +u=1 } (5.31)
vy, —uvy, —v =1
with I.C.
u(t;,0) = e v(t;,0) = e (5.32)
Applying D.G.R.I.T. to both sides of Eq.(5.31),we get
1
— g, (111,0) = q(p2)Ap, (11, p2) + Ap, (11, 2) = g [1 — vuy,| (5.33)
2
1
— Mg, (111,0) — q(p2)Ap, (w1, 2) — Ap, (1, p2) = mag[1 + uvy, ] (5.34)
2
Further taking Single G.R.I1.T.of Eq.(5.32) i.e I.C ,we get
Ay, (p1,0) ! Ay, (11,0) ! (5.35)
u l’[’ ) = n—7 U u k) = Tl— N
gl pyt (p(ur) + 1) 1y (p(pr) — 1)
subsituting condidtions (5.35) in equations (5.33) and (5.34), we get
L (1), (1. 12) + A, (. 2) = g1 — v
— , , , = — vy,
,U/;ll/igz( (/141) i 1) q\p2)AD, (K1, K2 D, M1, K2 g t
1 1
T ) = 1) a(2)Ap, (p1; p2) — Ap, (b1, p2) = mog 1 + vy, ]
After simplification, gives
Ap, (1, 12) = — : i) (536)
DA W ) + Dali2) = 1) (al) — D)2 " '
1 1 1
Ap, (1, p T — Mgl + vy, (5.37)
Pk b2) = L ) — Dal) + 1) gl + 1) Pl
Inverse D. G. R. I. T. applied on both sides of Eq.(5.36) and (5.37), we getl
u(ty, tp) = eh—t) 4 772_1 [;nzg[l - Uutl]} (5.38)
9 L(q(p2) = 1)
1
— (=t1+t2) _ . —1 1
v(ty,ta) =€ g [7((](;&) T 1)7729[ —|—uvtl]} (5.39)
Now, we use new iterative method ,
Consider .
u(ty, t2) Zul ti,t2), v(ti,t2) = sz ty,12) (5.40)
=0

Substituting Eq. (5.40) in Eq.(5.38) and (5.39), we get

iui (t1,12) = =) 4 g5 [(q(,uz])l)nzg{l - (iv tt )(Zoju bita)) IH (5.41)

=0

oo oo

Zvl ti,ty) = el t‘“Z)—nz_gl [W%[H(Z (t1,t2) )(ivz (t1,t2 ) 1“ (5.42)

=0 =0 =0
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The nonlinear term N is decomposed as

o o
N(Z t],tz,zvl t17t2>
=0 =0

= N(uO(thtz),?}o(thtz))—l—Z [N(iuk(tl,tz),z thtz ) (Zuk thtz ka t1, 12 ):|
k=0 k=

i=1
(5.43)
Substitute eq.(5.43) in Eq.(5.41) and Eq. (5.42),gives

iui(tl’tz) — elti=t2) | 7]2—91 [(q(uzl)—l)mg [1 —wvo(t1,12) {uo(tl,tz)} t]”

- [l S (e[S wes], [Saes][Suwo] ]|

1

-
Il
-

(5.44)
Similarly.
ivl(tl,tz)—e( ) nzg[(q( ;+1)’729[1+“"“"h)[”“(“’“)}tl”
_%1[((]@mg[iHi:uk(tl,tz)}[iuk(tl,tz)}t—[i tl,tzHka tl,tZ} m
Pl k=0 Lk 1(5.45)

Now using Eq.(5.44)and Eq. (5.45) by splitting the terms, we define Recursive relation as,
Fori: =0

’U;()(t], tz) = e(tl—tz) 'U()(tly tZ) — e(—t1+t2)

Fori=1
et =15, [t -], ]
= [yl -] =
08 =25 [+ vttt ] ]
=gl ] =0
For i =
w(t1ot2) = =15, [ st )0 (1.2 [t ) 1,82)] oot [wnter. )], ]
= g, [y [ O] [ 0] - oo, |
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(t1,t2) = =15, [(q(uzl)Jrl)Wzg HUO(tntz)JrUI (tlth)} [UO(tlat2)+vl(t1’tz)Ll_[uO(h’tz)] [U()(tl’tz)]t]”
gl el ] -

And similarly, we get all other components w;(t1,t,), v;(t1,t2) are zero.,For ¢ > 1

u(tl,t2> = U()(thtz) —+ up (tl,tz) + uz(tl,tg) + ...
=eli=h) L 04 0...

— el h

v(t1,t2) = volt1, t2) + v1(t1, t2) + v2(t1, t2) + ...
=elThth) L 0 40..

— eftl-‘rtz

Consider the coupled Burgers Equation

Exaple. 5
u O(uv)
%Q - 8t2 + zuatl é7‘/1 5 46
v _ _’_207 _ O(uv) (5. )
ot, Btz at, oty
with I.C.
u(ty,0) = sinty,v(t1,0) = sinty (5.47)
and B.C.
u(0,t2) = v(0,t2) = 0,1, (0,£2) = v, (0,t2) = e (5.48)
Applying D.G.R.L.T. to both sides of Eq.(5.46),we get the following
1 1 0A,, (0, P
A (11,0) — ), (i, ) = oy PaelOot2) )y g
2 Hy ot Hy
ou  O(uv)
2 v
+ [p(u)"Ap, (11, p2) + 124 [2“&1 oL, } (5.49)
1 L OAg, (0,2)  plp)
—A — A = CiANd -
i, (11,0) = q(p2)Ap, (111, 12) o P Ag, (0, 12)
v O(uw)
2 v
+ )P, (1, 2) g [ 2050 = T ] (5.50)
Now, taking Single G.R.I.T.of Eq.(5.47) and (5.48) i.e .C. and B.C. , we get
-1 1
A ,0)=A ,0_ 71\”0, = Ay, (0, =0 5.51
Gu (Ml ) v (Ml ) [p(/“)z] g ( M2) g ( MZ) ( )
oA, (07Mz) O Op) _ 11
“ = = 5.52
on ot i ()~ 1 522

Now, substituting conditions (5.51) and (5.52) in equations (5.49) and (5.50), simply, leads to

1 1 ou a(uv)}

» - 1
(= al) = pln)Ap. (u1sp) = s | sy + o | g =
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similarly,
1 1 1 v O(uv)
(=) =90 ) Ao 158 = s | G 1 * gy 1) * 23, ~ o )
After simplification, the above equations become
1 -1 1 du  O(uv)
ADu(:uhuz) ny, ny + m U———
et (p(m)?) + 1) (g(u2) = 1) (= alp2) — p(p)?) g[ oty ot ]
(5.53)
1 —1 1 v I(uv)
AD’U(M17/’L2) ny . 1y + m 20——
ey ([p(ua)?) + 1) (g(u2) = 1) (= a(p2) = p(1)?) g[ ot ot }
(5.54)
Applying Inverse D. G. R. I. T. on both sides of Eq.(5.53) and Eq.(5.54), gives1
by _ 1 du  O(uv)
u(ty, tr) = e Psinty + 0y 2u— — 5.55
(02 gt )™ P~ ” 659
. _ 1 v O(uw)
v(t1,tr) = e Psint; + 15! 20— — 5.56
(® 2) ' g (—Q(Mz)—P(Ml)z)mg[ oty ot ]] ( )
Now, we Apply new iterative method ,
Consider .
u(ty, ty) Zuz tit), vt t) = vt to) (5.57)
=0
Use equation (5.57) in equations(5.55) and (5.56), we get
oo 1 o0
ui(ty,t2) = e Rsint; + 15! Mg |2 i(t1, 62 ui(t1,t2
; 2 (= alp2) = p(pn)?) ™ [z; HE(:) ] ,

- {(i“i(t“m) (iui(tl»tz))}tﬂ (5.58)

i=0 =0

: p(m)?) [2 [ i ult tz)} [i il tz)} e

(—a(pa) - i=0 i=0

_ [(iui(tl,tz)) (iui(thtz))L H (5.59)
=0 i=0 !

o0
sz t1,to) = e sint +772(]
=0

The nonlinear term N is decomposed as

(o] o0
N(Zui(tlat27zvv t17t2>
i=0 =0

= N(uo(tl,tz),vo(tl,tz))Jri [N(iuk(tl,tz),z (t1,2)) - (Zuk t,1), ka b))
k=0 k=

i=1
(5.60)
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Substituting equation(5.60) into equations(5.58) and (5.59), simplifying gives

;ui(tl,tz) = e "sint; + 13, = q(m)l_ L )nzg [2%?;;0 3%;”@“
| ™ P 35 () - ()] - S [ 2 3 )
ivi(t],tz) = e Dsint; + 772_; (- q(uz)l— o)) Mg [21)02:? - a(gtozjo)H
o | g PS5 ()~ ()] - B (3 M )

Now, from equations(5.61)and (5.62) we define the recursive relation to find ug, vg, w1, v; and...
as

Fori =0
uo(tl,tz) = e bgin t1 U()(tl, tz) =e b sinty
For i =
u (t " )_ 1 1 2 8u0 8(u0v0)
N g T () — p(u)?) | T T oty
=] ! Mg |2e 2 sintie 2 cost; — e e 2sint; cos t1H
2 (= a(p2) —p(u)?) ™

=0

2’[)()

a’l)() 3(’&07)0) ] ‘|

—p(u)? )7729 [ oty oty

My [2et2 sintje 2 cost; — e e 22sint; cos t]”

"2s [( a(2) — p(m)?)

Fori =2

wa(tr ) = U{gl [( _ q(m)l_ T . “Z(uo n ul)a(ugaz up)  O(uo + u(;zl(vo + Ul)]]

- Py - 25|

uy(t1, t2) = 772791 [(

—tr o ¢ . - .
1 3 12g [Ze_tz sint O(e”"sinty)  Of(e”"sinty)(e" sin tl)]]
= q(p2) = p()?) oty ot

— |2e 2 sintje 2 costy — e e *25sint cos t]} ] 1

=0
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_ 1 A(vo +v1)  9(vo+ v1)(up + up)]
vty ) =05} 2(vo + v —
2lint) = [( = gl2) ) ™ “ (ot o) =, oo
8110 6(UQUO)
PUO ot o4 }
_ 1 ., O(e72sinty)  O[(e 2sinty)(e 2 sinty)]
vt tr) =05 ! Mg | |26 sint —
(i1, t2) = 1y [(—q(uz) —p(1)?) 29“ : ot ot
— [2e 2 sintje " cost; — e e 225sin ¢t costl}H
=0
and so on

Now By adding all components to get solution as

u(ty, t2) = wo(ty, t2) + ui(t1,t2) + uz(ts, t2) + ...
=e sint; +04+0+ ...

=e “sinty
and similarly

v(t1,t2) = vo(t1, t2) + vi(t1,t2) + va(t1, t2) + ...
=e gint; +0+0+ ...

= e sint

6 Conclusion remarks

Systems of PDEs of integer order have been successfully solved using the double general Ran-
gaig integral transform. Additionally, D.G.R.L.T is used in conjunction with a new iterative
technique to solve systems of nonlinear PDEs of an integer order.Using techniques like the Ado-
mian decomposition method, variational iteration method, and differential transform method,
the same solution has already been found for the illustrative examples taken into consideration
in both linear and nonlinear scenarios.

References

[1] H. Eltayeb and A. Kilicman., Application of Sumudu decomposition method to solve nonlinear system of
partial differential equations, Abstract and Applied Analysis , 13, Article ID 412948,(2012).

[2] M. E. A. Rabie and T. M. Elzaki, A study of some systems of nonlinear partial differential equations
by using Adomian and modified decomposition methods, African Journal of Mathematics and Computer
Science Research .,7, 61-67, (2014).

[3] B. K. Singh and Mahendra, A numerical computation of a system of linear and nonlinear time depen-
dent partial differential equations using reduced differential transform method, International Journal of
Differential Equations. , 8, Article ID 4275389, (2016).

[4] M. S. H. Chowdhury, I. Hashim and A. F. Ismail, Analytical treatment of system of linear and nonlinear
PDEs by homotopy-perturbation method, Proceedings of the World Congress on Engineering , WCE
2010, June 30-July 2, (2010).

[5] A. A. Hemeda, Homotopy perturbation method for solving systems of nonlinear coupled equations, Ap-
plied Mathematical Sciences,6 , 4787-4800,(2012).

[6] J. Biazar and M. Eslami, A new homotopy perturbation method for solving systems of partial differential
equations, Computers and Mathematics with Applications, 62, 225-234,(2011).

[7] T. M. Elzaki and J. Biazar, Homotopy perturbation method and Elzaki transform for solving system of
nonlinear partial differential equations, World Applied Sciences Journal, 24 , 944-948,(2013).

)



368

Monali Derle and Dinkar Patil

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

A. M. Wazwaz, The decomposition method applied to systems of partial differential equations and to the
reaction-diffusion Brusselator model, Applied Mathematics and Computation 110 , 251-264,(2000).

F. Ayaz, Solutions of the system of differential equations by differential transform method, Applied Math-
ematics and Computation, 147 , 547-567,(2004)

M. A. Abdou and A. A. Soliman, Variational iteration method for solving Burger’s and coupled Burger’s
equations ,JJournal of Computational and Applied Mathematics181 , 245-251,(2005).

A. M. Wazwaz, The variational iteration method for solving linear and nonlinear systems of PDEs, Com-
puters and Mathematics with Applications,54 , 895-902,(2007).

R. R. Dhunde and G. L. Waghmare, Solutions of the system of partial differential equations by double
Laplace transform method, Far East Journal of Applied Mathematics 114 , 1-23,(2022).

M. Derle, D.Patil ,Applications of The Double General Rangaig Integral Transform in Integro-Differential
Equations,Indian Journal of Science and Technology 17, 3258-3271, (2024).

N. A. Rangaig ,N. D. Minor ,G. F. L. Pe nonal , J. L. D. C. Filipinas, and V. C. Convicto, On Another
Type of Transform Called Rangaig Transform, International Journal of Partial Differential Equations and
Applications, 5, 42-48,(2017).

E. A. Mansoura and E. A. Kuffi , Generalization of Rangaig transform. ,Int J Nonlinear Anal Appl. 13,
2227—2231, (2022).

M. S. Derle,D. P. Patil and N. K.Rahane On Generalized Double Rangaig Intergral Transform and Appli-
cations. , Stochastic Modelling and Applications, 26, 533-545,(2022).

S. Q. Hasan, U. M. Abubakar and M. L. Kaurangini, The new integral transform Sum transform and its
properties, Palestine Journal of Mathematics,12,30-45,(2023).

Author information

Monali Derle, Department of Mathematics, Krt Arts B.H. Commerece and A. M. Science College Nashik
(affiliated to Savitribai Phule Pune University )Maharashtra., India.
E-mail: derlemonalishivaji@gmail.com

Dinkar Patil, Department of Mathematics, Arts and Commerce College Wadala Nashik(affiliated to Savitribai
Phule Pune University )Maharashtra., India.
E-mail: sdinkarpatil95@gmail.com

Received: 2025-03-20
Accepted: 2025-07-29



	1 Introduction
	2 Preliminaries
	3 Double general Rangaig integral transform for partial derivatives.
	4 Double General Rangaig Integral Transform of Some Fundamental Functions.
	5 Application of D.G.R.I.T. for solving system of P.D.E.
	5.1 Linear system of P.D.E
	5.2 Inhomogeneous Linear system of P.D.E
	5.3 Inhomogeneous Non-linear system of P.D.E

	6 Conclusion remarks

