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Abstract :
In this paper, we present a new numerical method for solving nonlinear differential and
partial differential equations. This method is the Mellin-SBA method. In the first part,
we describe the SBA and Mellin-SBA methods. The second part is devoted to solving two
nonlinear problems by the Mellin-SBA method.
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1. Introduction
Solving nonlinear partial differential equations has always been a challenge for mathema-
ticians. Several numerical methods have been presented. The method we present in this
paper is a coupling between the Mellin transformation and the SBA method.

2.Mellin transformation and resolution methods
2.1 Mellin transformation :
The Mellin transform is closely related to the Fourier and Laplace transforms. It can be
successfully applied to the resolution of a class of plane harmonic problems in an areal
domain, to problems of elasticity theory..
2.2 Definition [6] [7]
Let f be a causal function. The Mellin transform of f is defined by :

F (s) =M(f(t)) =
∫ ∞
t=0

f(t)ts−1dt (1)

the inverse Mellin transformation is given by the formula [7] :

f(t) =M−1F (s) = 1
2πi

∫ σ+i∞

σ−i∞
F (s)tsds (2)

we also note
M−1[f(t); s] (3)

properties [7] [6]
Let f be a numerical function andM(f(t) = F (s) its Mellin transformation. We have :
a. Linearity :

M[αf(t) + βg(t)] = αM(f(t)) + βM(g(t)) (4)

M[αf(t) + βg(t)] =
∫ ∞
t=0

(αf(t) + βg(t))ts−1dt

=
∫ ∞
t=0

(αf(t)dt+
∫ ∞
t=0

(βg(t)dt

= αMf(t) + βMg(t)

b.Convolution Product :
Let f and g be two causal functions. We have :

M(f(t) ∗ g(t)) =M(f(s))(M(g(s)) (5)
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c. Mellin transformation of f(at).
we have

M(f(at)) = F (s)
as

(6)

d.Mellin transformation of tαf(t)

M(tαf(t)) = F (a+ s) (7)

e. Mellin transformation of the first derivative

M{f ′(t)} =
∫ +∞

0
ts−1f ′(t)dt

= [ts−1f(t)]∞0 −
∫ ∞

0
(s− 1)ts−2f(t)dt

M{f ′(t)} = [ts−1f(t)]∞0 − (s− 1)F (s− 1)

f.Mellin transformation of the n order derivative

∀n ∈ N;M(f (n)(t))(s) = (−1)n Γ(s)
Γ(s− n)M(f)(s−n)+

n−1∑
k=0

(−1)k Γ(s)
Γ(s− k) [ts−k−1f (n−k−1)(t)]∞0

(8)

3.Resolution methods
3.1 Introduction
The main purpose of this chapter is to recall and describe the principles of the SBA
method and the Mellin-SBA method.
3.2 SBA Method [2] [5] [8] [9] [1] [3] [4]
Consider the following functional equation :ut(x, t) = R(u(x, t)) +N(u(x, t)), 0 < t < T

u(x, 0) = f
(9)

In a suitably chosen space V , with R a linear differential operator, N the nonlinear term,
u the unknown function such that ut = ∂u

∂t
.

let’s ask Lt = ∂
∂t(·) and L−1

t (·) = ∫ t
0(·)ds.

Applying L−1
t to the equation, we obtain :

u(x, t) = u(x, 0) + L−1
t R(u(x, t)) + L−1

t N(u(x, t)) (10)

Using the idea of the method of successive approximations, for any non-zero natural
integer k, we obtain :

uk(x, t) = uk(x, 0) + L−1
t R(uk(x, t)) + L−1

t N(uk−1(x, t)) (11)

We seek the solution uk(x, t) in the form :

uk(x, t) =
+∞∑
k=0

ukn(x, t) (12)
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By injecting 12 into 11 we obtain by identification the SBA algorithm :uk0(x, t) = uk(x, 0) + L−1
t N(uk−1(x, t)), 0 < t < T

ukn(x, t) = L−1
t R(ukn−1(x, t)); k = 1, 2...

(13)

The resolution of the scheme (13) by the method of successive approximations, consists
in determining at each iteration (k=1,2,...) approximate solutions u1(x, t), u2(x, t),...
The solution at each step is :

uk(x, t) =
+∞∑
n=0

ukn(x, t) (14)

For the calculation of u1, the choice of u0(x, t) is very important. According to the Picard
principle, we choose u0(x, t) such that N(u0(x, t)) = 0. The sought solution u(x, t) of the
problem (9 ) is obtained by :

u(x, t) = lim
k→+∞

uk(x, t) (15)

3.3 Convergence of the SBA method
The problems of the theoretical model are considered :

(P )

ut = Lu(t) +N(u(t)), t0 < t < t1

u(t0) = u0
(16)

and the approximate model :

(P k)

ukt = Luk +N(uk−1, t), t0 < t < t1

uk(t0) = u0, k = 1, 2, 3, ...
(17)

under the following hypotheses :
(H1) : N is a Lypschitzian of constant k on a ball B(u0, r) with center u0 and radius r.
(H2) : L continus on C(t0, t1)
Proposition : [9] [5]
if u0εB(u0, r) (that’s to say : ||u0−u0||c(t0,t1) max

t0<t<t1
) then there exists δ >0 such that t0+δ <

t1 and the algorithm (P k) admits a unique solution uk such that max
t0<t<t1

|uk(t) − u0| ≤ r

for all k.
Preuve : for proof see [9] [5]
3.4 Mellin-SBA method
The Mellin-SBA method is a method that consists of combining the SBA method with
the Mellin transformation.
We consider the problem :ut(x, t) = R(u(x, t)) +N(u(x, t)), 0 < t < T

u(x, 0) = f

let us remember

M{ut(x, t)} = [ts−1u(x, t)]T0 − (s− 1)M[u(x, t); s− 1]

We apply the Mellin transformation to (9) and we obtain :

[ts−1u(x, t)]T0 − (s− 1)M[u(x, t); s− 1] =M[R(u(x, t)); s] +M[N(u(x, t)); s] (18)
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we obtain :

(s− 1)M[u(x, t); s− 1] = T s−1u(x, T )−M[R(u(x, t)); s]−M[N(u(x, t)); s] (19)

we obtain

M[u(x, t); s− 1] = T s−1

(s− 1)u(x, T )− 1
(s− 1)M[R(u(x, t)); s]− 1

(s− 1)M[N(u(x, t)); s]

(20)
Applying the inverse Mellin transformation, we obtain :

t−1u(x, t) =M−1[ T
s−1

(s− 1)u(x, T )]−M−1[ 1
(s− 1)M[R(u(x, t)); s]]−M−1[ 1

(s− 1)M[N(u(x, t)); s]]

We draw u(x, t) and we obtain :

u(x, t) = tM−1[ T
s−1

(s− 1)u(x, T )]−tM−1[ 1
(s− 1)M[R(u(x, t)); s]]−tM−1[ 1

(s− 1)M[N(u(x, t)); s]]

we pose
N̄(u(x, t)) = −tM−1[ 1

(s− 1)M[N(u(x, t)); s]] (21)

we obtain

u(x, t) = tM−1[ T
s−1

(s− 1)u(x, T )]− tM−1[ 1
(s− 1)M[R(u(x, t)); s]] + N̄(u(x, t))

Using the principle of successive approximations for k ≥ 1, we obtain :

uk(x, t) = tM−1[ T
s−1

(s− 1)u(x, T )]− tM−1[ 1
(s− 1)M[R(uk(x, t)); s]] + N̄(uk−1(x, t)) (22)

Applying the SBA algorithm (13) to (22), we obtain :u
k
0(x, t) = tM−1[ T s−1

(s−1)u(x, T )] + N̄(uk−1(x, t))
ukn(x, t) = −tM−1[ 1

(s−1)M[R(ukn−1(x, t)); s]]
(23)

kth iteration : Calculation of uk(x, t)

uk0(x, t) = tM−1[ T s−1

(s−1)u(x, T )] + N̄(uk−1(x, t))
uk1(x, t) = −tM−1[ 1

(s−1)M[R(uk0(x, t)); s]]
...
ukn(x, t) = −tM−1[ 1

(s−1)M[R(ukn−1(x, t)); s]]

(24)

The approximate solution of this kth iteration is :

uk(x, t) =
+∞∑
n=0

ukn(x, t)

The solution to the problem is given by :

u(x, t) = lim
k→+∞

uk(x, t) (25)
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property
if

u1(x, t) = u2(x, t) (26)
then

u(x, t) = u1(x, t) = u2(x, t) (27)
4.Resolution of some partial differential equations by the Mellin-SBA method
The aim of this chapter is to apply the Mellin-SBA method to solving a partial differential
equation.
.
Example 1 : Nonlinear diffusion equation

ut(x, t) = εuxx + u3 + (uxx)3 0 ≤ t ≤ 1
u(x, 0) = sinx

u(x, 1) = sinxe−ε
(28)

we pose Lt = ∂
∂
(·) et N(·) = (·)3 + ∂2

∂x2 (·).
The problem becomes : 

ut(x, t) = εuxx +N(u)
u(x, 0) = sinx

u(x, 1) = sinxe−ε
(29)

Applying the Mellin transformation, we obtain :

M{ut(x, t))} = [ts−1u(x, t)]∞0 − (s− 1)M{(u(x, t); s− 1)} (30)

let
[ts−1u(x, t)]∞0 − (s− 1)[M(u(x, t)); s− 1] = εM(uxx; s) +M(N(u)) (31)

Noting that 0 ≤ t ≤ 1 we obtain :

[ts−1u(x, t)]10 − (s− 1)[M(u(x, t)); s− 1] = εM(uxx; s) +M(N(u)) (32)

we pose a(x) = [ts−1u(x, t)]10 = u(x, 1) = sinxe−ε

we obtain :

M{(u(x, t); s− 1)} = −sinxe
−ε

1− s + 1
1− skM(uxx; s) + 1

1− sM(N(u)) (33)

Let’s apply the inverse transformation :

t−1u(x, t) = sinxe−εt−1 + εM−1[ 1
1− sM(uxx; s)] +M−1 1

1− sM(N(u)) (34)

we obtain

u(x, t) = sinxe−ε + tεM−1[ −1
s− 1M(uxx; s)] + tM−1[ 1

1− sM(N(u))] (35)

Using the idea of the principle of successive approximations we obtain the canonical form
SBA :

uk(x, t) = sinxe−ε + tεM−1[ −1
s− 1M(ukxx; s)] + tM−1[ 1

1− sM(N(uk−1))] (36)
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We obtain the SBA algorithm :u
k
0 = sinxe−ε + tM−1[ 1

1−sM(N(uk−1))]
ukn(x, t) = εtM−1[ −1

s−1M[∂
2uk

n−1
∂x2 (x, t)]]

(37)

To simplify the writing, we designate by T (·), the operator defined by :
T (u) =M−1[ −1

s−1M[∂2un−1
∂x2 (x, t)]]

the algorithm becomesuk0 = sinxe−ε + tM−1[ 1
1−sM(N(uk−1))]

ukn(x, t) = εtT (uk)
(38)

first iteration :k = 1u1
0 = sinxe−ε + tM−1[ 1

1−sM(N(u0))]
u1
n(x, t) = εtT (u1)

(39)

By the Picard principle, there exists u0 such that N(u0) = 0.
we obtain : u1

0 = sinxe−ε

We note that for : u0 = u1
0 = sinxe−ε, on a :

∂2u1
0

∂x2 (x, t) = −u1
0 and that :

P (tnu0) =M−1[ −1
s− 1M[tn∂

2u0

∂x2 (x, t)]] (40)

=M−1[ 1
s− 1M[tnu0 (41)

= u0M−1[ 1
(s− 1)(s+ n) ] (42)

= u0M−1[
−1
n+1
s+ n

+
1

n+1
s− 1] (43)

P (tnu0) = u0[− tn

n+ 1 + t−1

n+ 1] (44)

(45)

we obtain that : :
tP (tnu0) = u0[− tn+1

n+ 1 + 1
n+ 1] (46)

calculation of u1
1 we obtain

u1
1(x, t) = εtp(u0) = εtp(t0u0] = εu0(−t+ 1)

= −εtu0 + εu0

u1
1(x, t) = −εu0(t− 1)

Calculation of u1
2

6

UNDER PEER REVIEW



u1
2(x, t) = εtT (u1

1) = −ε2tT (tu0) + ε2tT (u0)

= ε2u0(t
2

2 −
1
2) + ε2u0(−t+ 1)

= ε2

2 t
2u0 − tu0 + 1

2u0

u1
2(x, t) = u0

ε2(t− 1)2

2

Calculation of u3

u1
3(x, t) = εtT (u1

2) = 1
2ε

3tT (t2u0)− ε3tT (tu0) + 1
2ε

3tT (u0)

= u0ε
3 1
2(−t

3

3 + 1
3)− u0ε

3(−t
2

2 + 1
2) + 1

2u0ε
3(−t+ 1)

= −u0ε
3(t

3

6 −
1
6 −

t2

2 + 1
2 + t

2 −
1
2)

= −ε
3

6 t3u0 + ε3

2 t
2 + k3

2 tu0 −
ε3

2 tu0))

= −u0ε
3

6 (t3 − 3t2 + 3t− 1))

u1
3(x, t) = −u0ε

3(t− 1)3

3!

In recurring ways, we obtain :

u1
n = u0

[−ε(t− 1)]n
n! (47)

indeed
u1
n = u0

(ε− εt)n
n! = u0ε

n

n!

n∑
i=0

Ci
n(−t)i (48)
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At order (n+ 1) we have :

u1
n+1 = εtT (u1

n) = εt
u0ε

n

n!

n∑
i=0

Ci
n(−1)iT (tiu0)

= ε
u0ε

n

n!

n∑
i=0

Ci
n(εn−i)(−1)i( t

i+1

i+ 1 + 1
i+ 1)

= εn+1u0

n!

n∑
i=0

Ci
n

(i+ 1)(−1)i(1− ti+1)

= εn+1u0

n!

n∑
i=0

n!
(n− i)!i!(i+ 1)(−1)i+1(ti+1 − 1)

= εn+1 u0

(n+ 1)!

n∑
i=0

(n+ 1)!
(n− i)!i!(i+ 1)(−1)i+1(ti+1 − 1)

= εn+1 u0

(n+ 1)!

n∑
i=0

(i+ 1)!Ci+1
n+1

i!(i+ 1) (−1)i+1(ti+1 − 1)

= εn+1 u0

(n+ 1)!

n∑
i=0

Ci+1
n+1(−1)i+1(ti+1 − 1)

= εn+1 u0

(n+ 1)!

n+1∑
i=1

Ci
n+1(−1)i(ti − 1)

= εn+1 u0

(n+ 1)! [
n+1∑
i=1

Ci
n+1(−1)iti −

n+1∑
i=1

Ci
n+1(−1)i]

= εn+1 u0

(n+ 1)! [
n+1∑
i=1

Ci
n+1(−1)iti + 1]

= εn+1 u0

(n+ 1)! [
n+1∑
i=0

Ci
n+1(−1)iti]

= u0
(ε− εt)n+1

(n+ 1)!

Conclusion :
u1
n = u0

(ε− εt)n
n! (49)

u1(x, t) =
+∞∑
n=0

u1
n = sinxe−εt (50)

algorithm at step k = 2 :u2
0 = sinxe−ε + tM−1[ 1

1−sM(N(u1))]
u2
n(x, t) = εtT (u2

n)
(51)

N(u1) = (u1)3 + [ ∂
2

∂x2 (u1)]3

= sin3xe−3εt − sin3xe−3εt = 0
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we obtain u2
0 = sinxe−ε

we calculate the u2
i for i ∈ {1, 2, ...}

u2
0 = sinxe−ε

u2
1(x, t) = −εu0(t− 1)
u2

2(x, t) = u0
ε2(t−1)2

2
u2

3(x, t) = −u0ε3(t−1)3

3!...
u2
n = u0

(ε−εt)n

n!
u0εn

n!
∑n
i=0 C

i
n(−t)i

(52)

u2(x, t) =
+∞∑
n=0

u2
n = sinxe−εt (53)

u1(x, t) = u2(x, t) (54)

We deduce the general solution to the problem :

u(x, t) = sinxe−εt (55)

Example 2 : nonlinear evolution equation
∂u(t,x,y)

∂t
= βu(t, x, y) + (∆u(t, x, y))2m − (λω2eβt − ω2u(t, x, y))2m

u(0, x, y) = λ+ cos(ωx) + sin(ωy);ω > 0
u(1, x, y) = (λ+ cos(ωx) + sin(ωy))eβ;ω > 0

(56)

with ∆u = ∂2u
∂x2 + ∂2u

∂y2

we pose Lt = ∂
∂t

(·) et N(·) = [∆(·)]2m − [λω2eβt − ω2(·)]2m.
the equation becomes

Ltu(t, x, y) = βu(t, x, y) +N(u(t, x, y)) (57)

Let us apply the Mellin transformation to the equation. We obtain :

[ts−1u(t, x, y)]∞0 − (s−1)M{(u(t, x, y); s−1)} = βM(u(t, x, y)) +M(N(u(t, x, y))) (58)

we obtain :

M{(u(t, x, y); s−1)} = − 1
1− s [ts−1u(t, x, y)]∞0 + β

1− sM(u(t, x, y))+ 1
1− sM(N(u(t, x, y)))

(59)
Noting that 0 < t < 1, we find

M{(u(t, x, y); s−1)} = − 1
1− s [ts−1u(t, x, y)]10+ β

1− sM(u(t, x, y))+ 1
1− sM(N(u(t, x, y)))

(60)
We finally obtain :

M{(u(t, x, y); s− 1)} = − 1
1− su(1, x, y)] + β

1− sM(u(t, x, y)) + 1
1− sM(N(u(t, x, y)))

(61)
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Let us apply the inverse transformation to the equation :

t−1u(t, x, y) = t−1u(1, x, t) +M−1[ β

1− sM(u(t, x, y))] +M−1[ 1
1− sM(N(u(t, x, y)))]

(62)
we obtain :

u(t, x, y) = u(1, x, t) + tM−1[ β

1− sM(u(t, x, y))] + tM−1[ 1
1− sM(N(u(t, x, y)))] (63)

let’s ask
N(ū(t, x, y)) = tM−1[ 1

1− sM(N(u(t, x, y)))] (64)

we obtain :

u(t, x, y) = u(1, x, t) + tM−1[ β

1− sM(u(t, x, y))] +N(ū(t, x, y)) (65)

We use the idea of the principle of successive approximations and we obtain for any
non-zero natural integer k :

uk(t, x, y) = u(1, x, t) + tM−1[ β

1− sM(uk(t, x, y))] +N(ūk(t, x, y)) (66)

We deduce the canonical form SBA below :uk0(t, x, y) = u(1, x, t) +N(ūk−1(t, x, y))
ukn(t, x, y) = tM−1[ β

1−sM(ukn−1(t, x, y))]
(67)

firts iteration : k = 1u1
0(t, x, y) = u(1, x, t) +N(ū0(t, x, y))
u1
n(t, x, y) = tM−1[ β

1−sM(u1
n−1(t, x, y))]

(68)

According to Picard’s principle, there exists u0 such that Nu0 = 0. We obtain :u1
0(t, x, y) = (λ+ cos(ωx) + sin(ωy))eβ

u1
n(t, x, y) = tM−1[ β

1−sM(u1
n−1(t, x, y))]

(69)

calculation of u1
n

u1
1(t, x, y) = tM−1[ β

1− sM(u1
0(t, x, y))]

= t(λ+ cos(ωx) + sin(ωy))eβM−1[ β

s(1− s)

= tβ(λ+ cos(ωx) + sin(ωy))eβM−1[1
s

+ 1
1− s ]

= tβ(λ+ cos(ωx) + sin(ωy))eβ[1− 1
t

u1
1(t, x, y) = (λ+ cos(ωx) + sin(ωy))eββ(t− 1)
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u1
2(t, x, y) = tM−1[ β

1− sM(u1
1(t, x, y))]

= tβ2(λ+ cos(ωx) + sin(ωy))eβM−1[ 1
1− sM(t− 1))

= tβ2(λ+ cos(ωx) + sin(ωy))eβM−1[− 1
s(1− s) + 1

(s+ 1)(1− s)

= tβ2(λ+ cos(ωx) + sin(ωy))eβM−1[−1
s
− 1

1− s +
1
2

s+ 1 +
1
2

1− s

= tβ2(λ+ cos(ωx) + sin(ωy))eβM−1[−1
s

+
1
2

s+ 1 +
1
2

s− 1

= β2(λ+ cos(ωx) + sin(ωy))eβ[−t+ t2

2 + 1
2]

u1
2(t, x, y) = (λ+ cos(ωx) + sin(ωy))eβ (β(t− 1))2

2

u1
3(t, x, y) = tM−1[ β

1− sM(u1
2(t, x, y))]

= tβ3(λ+ cos(ωx) + sin(ωy))eβM−1[ 1
1− sM[−t+ t2

2 + 1
2])

= tβ3(λ+ cos(ωx) + sin(ωy))eβM−1[ 1
1− s [− 1

s+ 1 + 1
2(s+ 2) + 1

2s ])

= tβ3(λ+ cos(ωx) + sin(ωy))eβM−1[ 1
(s+ 1)(s− 1) −

1
2(s+ 2)(s− 1) −

1
2s(s− 1)

we obtain :
u1

3(t, x, y) = tβ3(λ+ cos(ωx) + sin(ωy))eβM−1[
1
2

s−1 + − 1
2

s+1 −
1
2( −

1
3

s+2 +
1
3

s−1)− 1
2(−1

s
+ 1

s−1).

either finally

u1
3(t, x, y) = tβ3(λ+ cos(ωx) + sin(ωy))eβ(1

2t
−1 − 1

2t+ 1
6(t2 − t−1) + 1

2(1− t−1))

= β3(λ+ cos(ωx) + sin(ωy))eβ(3− 3t2 + t3 − 1 + 3t− 3
6 )

= β3(λ+ cos(ωx) + sin(ωy))eβ(t
3 − 3t2 + 3t− 1

3! )

u1
3(t, x, y) = (λ+ cos(ωx) + sin(ωy))eβ [β(t− 1)]3

3!

It has been shown repeatedly that

u1
n(x, t) = (λ+ cos(ωx) + sin(ωy))eβ [β(t− 1)]n

n! (70)

u1(x, t) =
+∞∑
n=0

u1
n = (λ+ cos(ωx) + sin(ωy))eβe(β(t−1)) = (λ+ cos(ωx) + sin(ωy))eβt (71)
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Calculation of u2(t, x, y)u2
0(t, x, y) = u(1, x, t) +N(ū1(t, x, y))
u2
n(t, x, y) = tM−1[ β

1−sM(u2
n−1(t, x, y))]

(72)

N(ū1(t, x, y)) = tM−1[ 1
1− sM(N(u(t, x, y)))]

with

N(u1(t, x, y))) = [∆u1(t, x, y))]2m − [λω2eβt − ω2u1(t, x, y))]2m

= [(−ω2cos(ωx))eβt − ω2sin(ωx))eβt]2m − [λω2eβt − ω2(λ+ cos(ωx) + sin(ωy))eβt]2m

= [(cos(ωx) + sin(ωy))eβt]2m − [(cos(ωx) + sin(ωy))eβt]2m

= 0

We deduce that N(ū1(t, x, y)) = 0.
We obtain : u2

0(t, x, y) = u(1, x, t)
u2
n(t, x, y) = tM−1[ β

1−sM(u2
n−1(t, x, y))]

(73)

calculation of u2
n

u2
1(t, x, y) = tM−1[ β

1− sM(u2
0(t, x, y))]

= t(λ+ cos(ωx) + sin(ωy))eβM−1[ β

s(1− s)

= tβ(λ+ cos(ωx) + sin(ωy))eβM−1[1
s

+ 1
1− s ]

= tβ(λ+ cos(ωx) + sin(ωy))eβ[1− 1
t

u2
1(t, x, y) = (λ+ cos(ωx) + sin(ωy))eββ(t− 1)

u2
2(t, x, y) = tM−1[ β

1− sM(u2
1(t, x, y))]

= tβ2(λ+ cos(ωx) + sin(ωy))eβM−1[ 1
1− sM(t− 1))

= tβ2(λ+ cos(ωx) + sin(ωy))eβM−1[− 1
s(1− s) + 1

(s+ 1)(1− s)

= tβ2(λ+ cos(ωx) + sin(ωy))eβM−1[−1
s
− 1

1− s +
1
2

s+ 1 +
1
2

1− s

= tβ2(λ+ cos(ωx) + sin(ωy))eβM−1[−1
s

+
1
2

s+ 1 +
1
2

s− 1

= β2(λ+ cos(ωx) + sin(ωy))eβ[−t+ t2

2 + 1
2]

u1
2(t, x, y) = (λ+ cos(ωx) + sin(ωy))eβ (β(t− 1))2

2
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u2
3(t, x, y) = tM−1[ β

1− sM(u2
2(t, x, y))]

= tβ3(λ+ cos(ωx) + sin(ωy))eβM−1[ 1
1− sM[−t+ t2

2 + 1
2])

= tβ3(λ+ cos(ωx) + sin(ωy))eβM−1[ 1
1− s [− 1

s+ 1 + 1
2(s+ 2) + 1

2s ])

= tβ3(λ+ cos(ωx) + sin(ωy))eβM−1[ 1
(s+ 1)(s− 1) −

1
2(s+ 2)(s− 1) −

1
2s(s− 1)

we obtain :
u2

3(t, x, y) = tβ3(λ+ cos(ωx) + sin(ωy))eβM−1[
1
2

s−1 + − 1
2

s+1 −
1
2( −

1
3

s+2 +
1
3

s−1)− 1
2(−1

s
+ 1

s−1) we
obtain

u2
3(t, x, y) = tβ3(λ+ cos(ωx) + sin(ωy))eβ(1

2t
−1 − 1

2t+ 1
6(t2 − t−1) + 1

2(1− t−1))

= β3(λ+ cos(ωx) + sin(ωy))eβ(3− 3t2 + t3 − 1 + 3t− 3
6 )

= β3(λ+ cos(ωx) + sin(ωy))eβ(t
3 − 3t2 + 3t− 1

3! )

u2
3(t, x, y) = (λ+ cos(ωx) + sin(ωy))eβ [β(t− 1)]3

3!

It has been shown repeatedly that

u2
n(x, t) = (λ+ cos(ωx) + sin(ωy))eβ [β(t− 1)]n

n! (74)

u2(t, x, y) =
+∞∑
n=0

u2
n = (λ+cos(ωx)+sin(ωy))eβe(β(t−1)) = (λ+cos(ωx)+sin(ωy))eβt (75)

we obtain :
u1(t, x, y) = u2(t, x, y) (76)

We deduce the general solution to the problem :

u(t, x, y) = (λ+ cos(ωx) + sin(ωy))eβt (77)

5. Conclusion :
In this paper, we have successfully tested the solution of some nonlinear problems by the
Mellin-SBA method. In the future, we plan to use the method to solve fractional order
partial differential equations.
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perturbation. Thèse de doctorat unique, Université Ouaga I Pr. Joseph KI-ZERBO.
2013, UFR/SEA, LANIBIO (Burkina Faso). université joseph ki zerbo. burkina faso.
2007.

[3] Kamate Adama , Bakari Abbo, Djibet Mbaiguesse, and Youssouf Pare. Coupling the
SBA Method and the Elzaki Transformation to Solve Nonlinear Fractional Dierential
Equations,Journal of Advances in Mathematics and Computer Science Volume 37,
Issue 11, Page 10-30, 2022 ; Article no.JAMCS.93867

[4] Kamate Adama, Pare Daouda, Mouyedo Loufouilou Justin and Youssouf Pare. Exact
Analytical Solution of Ivancevic Options Pricing Model (IOPM) or Schrödinger’s
Equation via ADM and SBA Methods

[5] Rasmane YARO. Résolution des équations intégrales de deuxième espèce de Vito Vol-
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