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1. INTRODUCTION

Although the problem of resistance to moving of a ship’s hull has always been of
interest to sailors, it is still difficult to solve in a general context. Indeed, it is currently
impossible to calculate this resistance in the case of any hull advancing in a formed sea

[1].

However, considering that the ship is moving in a water at rest, we can simplify the
problem by adopting the Froude hypothesis, which consists in saying that the resistance
to the progress is the sum of three particular components :

- wave resistance due to the energy required to maintain the wave train accompanying
the ship;

- viscous resistance due to friction;

- aerodynamic resistance which, practically, can be neglected (2 to 3% of the total
resistance). However, it is very important to predict the amplitudes of waves.
Nowadays, it is known that for the two-dimensional problem, the wave resistance is
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described by the formula :

1 2kh

R=-pgA%[l — ————
2P — S

where is p = water density ,g = gravitational acceleration, h= depth, k= wave number

(%), A = amplitude of waves [2].

In order to predict this wave resistance, we have empirical laws deduced from the
total resistance obtained in model-scale test basins or from numerical models based on
linearized or non-linearized theories. In the numerical context, some authors [3], [4],[5]
have developed analytical methods of computations to solve Wave-Like equations,
notably the decompositional methods of Adomian (ADM) and Sumudu. In order to
verify the effectiveness of the analytical methods in comparison with those used by
the previous authors, the present work uses the Laplace-Adomian method and the SBA
method to solve analytically some Wave-Like equations of type:

( azu(x t) o ok+mE 1 (U sl ) n 0P G4 (Ux; yux: )
Tz) = ..Z] F]ij(X>t>u) ai‘ﬁlax!“l + Z] GH(Xa t)“’)%‘f‘
L)= ' ' i=
H(X, t,u) + S(X, t)
(1)
u(X,0) = ar(x)
du(X,0
[ 250% = ay(x)
where .
X = (XHXZ) T »Xn)
F1ijx, F2i; non linear functions as X, t,u
Gy Gy non linear functions as x;, X; 2)
H, S non linear functions
k,m,p € N

2. DESCRIBING OF BOTH METHOD

2.1. The Laplace transform [6]
Let’s note the Laplace transform by

Lu(x,t)) = J:o u(x, t)e *tdt 3)
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From (3 ), we get:

£ aug;» t) ) =sL (u(x,t)) —u(x,0) 4)
£ 098, o fupe ) - sulx,0) - 200

2.2. Laplace-Adomian Decomposition method (LADM) [7], [8]
Suppose that we need to solve the following equation:

utt(x) t) = OCLL(X, t) + BN (LL(X, t)) (5)
The initial conditions are :
u(x,0) = f(x); w(x,0) =g(x) (6)

in a Banach space E, where F : E — E is a linear or a nonlinear operator, h € E and u
is the unknown function.

Let’s suppose that operator F can be decomposed under the following form:
F=L—-R—N (7)

where L — R is linear, N nonlinear. Let’s suppose that L is invertible to the sense of
Adomian with L~ as inverse.

We get:
L [u(x,t)] = ol [u(x,t)] + BL[N(u(x,t))] (8)

Equation (8) is given by:
s2L (u(x, 1)) — su(x, 0) —wy(x,0) = oL [u(x, t)] + BL [N (u(x, t))] 9)

—
(52 — oc) L(u(x,t)) = su(x,0) +ui(x,0) + BL [N(u(x,t))] (10)

From (10), we get :

L(ulx,t)) =

—

ux, t) = £ ( _ u(x,O))+£1 ( 21 ut(x,O))+£] ( b E[N(u(x,t))])
S — X S — X — X
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We look for the solution of (5 ) in the following series expansion form

400
ufnt) =) unlxt) (13)
n=0
and we consider )
Nu(x,t) = ZA“ (14)
n=0
where A, are the Adomian polynomials of uy, uy, - - - ,u, and it can be calculated by
formula given below :
T|d" e .
An=— [N Mw| ,n=0,1,23,- (15)
n! | dp —” o

Using eq (13) and eq (14) ineq (12), gives :

Eoun(x,t) = L7 (2u(x,0) + L7 (Fw(x,0)) +

sZ—o

n=0 oo (16)
S LT (L (A1)

n=0

From (16), we have the following Adomian algorithm:

W(x,t) = L7 (Fulx,0) + L7 (G w(x,0)) = K(x, 1)

sZ—o

+00
w08 =1 (2 (ZAm ) ) om0 an
n=0
&
uo(x, ) = K(x,t)
a8 Py (18)
WUn 1 (X» t) =L szfcx/; ZATL(X) t) , > 0
n=0
2.3. SBA method [9], [10].
Let’s consider the following functional equation
Au="f (19)

Where A : H — H is an operator not necessarily linear and H is a Hilbert space

adequately chosen given the operator A.
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Let:
A=L—R—-—N (20)

Where L is an invertible operator in the Adomian sense, R the linear remainder and N a
nonlinear operator. Equation (19) therefore becomes:

[u—Ru—Nu=fe&u=0+L"(f)+L"(Ru)+L " (Nu) (21)

Where 0 is such that LO = 0 . Equation (21) is the Adomian canonical form [1]. Using
the successive approximations [2], we get:

W=0+L"(f) + L (R(U*)) + LT (N(u"); k> 1 (22)
This yields the following Adomian algorithm :

uf =0+ L7T(f) + LT (N(ux))
(23)
uk =L T(R(uk ), Vn > 1
The Picard principle is then applied to equation (23) let u° be such that N(u®) = 0, for
k=1, we get:
Uy =0+L7(f) + L' (N(u))

(24)
up = L (R(uy_q)), Vn > 1
If the series <Z ull) converges, then ' = (Z ull)
n=0 n>1
For k = 2,we get:
uf=0-+L"(f)+L"(N(u")
(25)

o0

If the series (Z u? > converges, then uw = (

n
n=0

This process is repeated to k.

n=0 n>1

If the series ( S u‘ﬁ) converges, then u* = (Z uﬁ) .

Therefore, u = lim u¥

is a solution of the problem.
k—+o00
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3. TEST EXAMPLES

In this section, we present some examples with analytical solution to show the efficiency

of method described in previons section for solving equation (1).

3.1. Example 1
Solve the following probem :

( 0%u(x,t)
ot?

0% du(x,t) 0%u(x,t) du(x,t)

- 2
= (b ) G (TR TS e e )

(au(X, t)> % (M) — ]811,5(7(, t) +u(x,t)

0x 0x?2

u(x,0) = e~

Laplace-Adomian decomposition method

Applying Laplace-Adomian to (26 ) gives :

ou(x,0)
t +

L(u(x, 1)) = FHulx, 0) + 7 o7 £ (N (u(x, 1)) +

5L (M(ulx, 1) = 1855 L (K(u(x, 1))

So that

L (LL(X, t)) = SZi] e’ + 5211 e+ 52],1 L(N ('LL(X, t))) +

oL (M(u(x, 1)) = 1855 L (K(u(x, 1))

Invertible transform gives canonic form :

ulx,t) = L7 () e+ L7 (Z5L (N (u(x, 1)) +

L7 (5L (M(u(x, 1)) — 1827 (Z=£ (K(u(x, 1))

u(x,t) = e+ L7 (GHL (N (ulx, 1)) + £ (5L (M(ux, 1)) —

187 (Z5L (K(u(x, 1))

(26)

(27)

(28)

(29)

(30)
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and Laplace-Adomian algorithm

[ up(x,t) = et™™

Uni1 (%, 1) = L7 (G5 L (An(x, 1) + L7 (Z5L (Balx, 1)) — (31)

18271 (S5 L (Calx, 1)),V > 0

s2—1

Then

(Ao = (uof, 1)) 2 (ol 1) Fuolt) Punl 1)
2 %X ax’z ox 3 0x
= (et+x)2 w(a (ett) 57 (ettx) 53 (et™))
— 965t+5x
; 5 ) \
By — (Qwlot" 22 (Fue(x )
S A % (32)
9 X : 92 aZ x 3
= (& (et )) Pl (ﬁ (eth ))
\ — 965t+5x
{ Co = ud(x,t)
— eSt+5x
\
Thus, we see that
( LLO(X) t) — et+x

W t) =186 [£7 (2L (€))] — 18 [ (2L (¢7))] =0 (33)

Uy (x,t) =0,vyn > 2

\
SO
U(X, t) = U (X> t) =e" (34)

b) Solving by SBA method
Consider state equation :

0%u(x, t)
ot?

, 02 du(x,t) 0%u(x,t) o3u(x,t)

= (ulx, ) 5 (e T S
2

(au(x,t)> %(M) —18u(x, t) + u(x, t)

0x 0x?

(35)

Let’s make

2 t s
L()= aat(i) S = JO (JO(.)dz) ds (36)
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and
97 0 0? 03
Nl 1) = (ufx, 1)) o PO DTUG TG,
2 3 37
du(x, )\ 52 [0%u(x,t) 185 (x, 1)
0x = 0x2 It
Equation (35) gives :
2
% = u(x,t) + N(u(x,t)) (38)

Applying L' to (38 ) gives canonic form following :

u(x,t) =u(x,0)+ augi,O)H J; <J:(u(x, z))dz) ds + J; (JZ(N(u(x, z)))dz) ds
(39)

So

t S t S
u(x,t) =(1+t)e*+ J (J (u(x,z))dz) ds + J (J (N(u(x,z)))dz> ds (40)
0o \Jo 0o \Jo

Successive approximation theorem gives :

uk(x,t) = (14+1) e+ Jt (Js(uk(x, z))dz) ds + Jt (JS(N(uk_] (x,z)))dz) ds

0 0 0 0

(41)
400
By replacing u(x, t) by > uk(x,t) and we let
n=0
_ t /s
N(u"(x, 1)) :J (J N (u(x, z))dz) ds, we have :
o \Jo
+oco “+oo t s "
S wt=(+te+ Y J (J (uﬁ(x,z))dz) ds + NW'(x,1) (42
n=0 n=0 0 0
Then algorithm form is :
uf(x,t) = (1+t)e* + Nus'(x,1))
(43)

uk (x,t) = Jt (Js (uk (x, z))dz> ds

0 0

Détermine u*(x,t) fork > 0
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For k = 1, we have the following SBA algorithm. If we choice u° so that

w(x,t) = (1T+1) e + Nu'(x,1))
¢ s (44)
ul g (x,t) = J <J (u! (x, z))dz> ds,vn >0

0 0

Let’s suppose that one can find u’(x, t) as N(u°(x,t)) = 0, we obtain the following
SBA algorithm:

w)(x,t) = (1 +1t) e

¢ o (45)
ul g (x,t) = J (J (u! (x, z))dz> ds, Vn >0
o \Jo
From (45 ), we get
([ w(x,t) = e + te
uj(x,t) = 1t?e* + Jtie
ul(x,t) = Ltbe* 4 Lt7e
\
Thus
ul(x,t) = ud(x, t) +u(x,t) +uj(x,t) + ul(x,t) + - - -
— X 4+ te¥ ltZ X lt?) X lt4 X lt5 X
e+eT% e]t3! 1e4+41! 5e + 5te + 47)
=(1+t+ 2+ 3P+t + 20+ ) e
— etex
@7 )e
u'(x,t) = e (48)
For k = 2, we get following SBA algorithm:
wl(x,t) = (1+1t)e* + N(u'(x, 1))
(49)

wabot = | ([ rixiznaz ) as,om = o

0 0
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From (49), therefore we get :

2 6_2( ou'(x,t) 0%ul (x, t) o3ul (x, t) "

ox?  0x 0x? ox3
ou'(x,t) SN (x,t) 3 5
(0 e (PUOY g
a 0 (et+x) az (et+x) a3 (et-s-x))
0x ox? ox3

(6 (€t+x)>2 32 (62 (€t+x))3 18 (et+X)5
0x ox? ox? B

— ge3t+3x62(t+x) + 9e3t+3x62(t+x) _ ]8eS(t+x)

N (LL1 (X) t)) = <u1 (X) t))

(50)

— 1865t+5x _ ]865t+5x

=0

N(lﬂ (x,t)) = Jt (JS N(u'(x, z))dz) ds =0 (51)

From ( 49 ) and (50), we obtain

([ u(x,t) = e* + te

ul(x, t) = It?e* + S tie

ul(x,t) = gtle* 4 S t%e (52)

ul(x,t) = Ltbe* 4 Lt7e

and
w(x,t) = ud(x, t) + uf(x, t) + uj(x, t) + uj(x,t) + - - -
= ¥+ te¥ + Jtfer + JtPeX 4 Jtter + Ltter 4o
=(I+t+ 0+ 3P+t + 30+ ) e (53)
— etex
— et+x
Thus,
u?(x, t) = et (54)

Using the same procedure for k > 3, we have

wWix,t) = =uk(x,t) =™ (55)
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From which, we obtain

u(x,t) = kETmuk(x,t) = et

This table give comparative solutions for example 1 :

Laplace-Adomian Method | u(x,t) = e***
SBA Method u(x,t) = et

3.1.1 Example 2

Lets us consider the following problem :

([ d*u(x,t)  , 0
R X —_

oz ax(

ou(x,t) azu(x,t)) e %u(x, t)\°
0x ox? ox?
u(x,0) =0

ou(x,0) 2
ot

where u = u(x,t)and 0 < x < 1,t >0
Détermine solution of problem (58) by LADM and SBA method.

a) Solving by Laplace-Adomian Decomposition method

Applying Laplace transform to (58 ) gives :

ou(x,0)

03, 0) = yun,0) + 2 5 + 5 (N () -

L ( x¥*M(u(x,1)))

s2+1
" dulx, 1) dulx, )
u(x,t) ocu(x,t
N — ) )
u(x, 1)\
M(U(X,t) = (T)
We can rearrange the equation (59) as either
Lux,t)==x+ 5L xzi(N (u(x,t))) | —
) s2+1 se+1 ox )

! [,( XZM(u(X,t)))

5241

) —u(x,t)

713

(56)

(57)

(58)

(59)

(60)
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Applying invertible Laplace transform to (60 ), we obtain canonic form following:

0
u(x,t) =L () + L7 (#ﬁ <x2&(N (u(x,t))))) —
(61)
L7 (Z5L ( **M(u(x, 1))
=
2 1 2 0
u(x,t) =x*sint+ L ( L (x —(N (u(x,y,t))))) _
s 0x
(62)
L7 (SZ%L’( X*M(u(x,y,t))))
Where .
N (LL(X,t)) = Z An(x)t)
n=0
(63)
+00
M(u(x,t) = Z Bn(x>t)
n=0
Using eq (15), we get Adomian’s polynomials as follows
( 2
Ao, t) = Ouo(x,t) 0°uo(x,t)
0x 0x?
aLLO(X) t) azul (X) t) au] (X) t) azuO(X) t)
A] (X) t) = 2 2
0x 0x 0x 0x
Al t) = oug(x,t) %uy(x,t)  Oug(x,t) 0%u;(x,t) n o, (x, t) 0%ug(x, t)
2T T x ox2 ox ox? ox ox?
a;ld
( 0%uo(x, 1)
BO(X) t) = aXZ
azuo (X, t) azm (X, t)
Bilxt) =2 < 0x2 ) ( 0x2 )
3w (x, 1)\ 0%uo(x, ) 0%u,(x, t)
B = — 2
| oo = (5500) 2 (5500) (55
(64)

That is (62 ), we get Laplace-Adomian algorithm following :

up(x,t) = x%sint

a0 t) = £ (L (¥ Ant ) ) ) = £ (£ ( ¥Bulx,1))
5



Numerical Solutions of Nonlinear Wave-Like Equations .... 715

So
( a 2o .t az 2o t
Ao(x,t) = (x*sint) 0% (x*sint)  dxsin?
0x 0x?
0% (x*sint) :
Bobyt) = —=5—] = 4sin* t
ox
up(x,t) = x%sint
(66)
w(x,t) = 4x2L7! (sz]-H L (sin’t)) — 4x*L7! (52]+1 L (sin’t))) =0
Anlx,t) =0,Vn > 1
B.(x,t) =0,yn > 1
L Un(x,t) =0,Vn > 1
Therefore, solution of problem is :
u(x, t) = up(x,t) = x*sint (67)
b) Solving by SBA method
Let us consider equation
o*u(x,t
M = —u(x,t) + Clu(x,t)) (68)
ot?
where 5
0 ou(x,t)o’u(x,t) 0%u(x, t)
_ 2 Y ) ) 2 )
Clu(x ) = (LB EERT) e (285 (69)

Equation (68) gives canonic form following :

u(x,t) =u(x,0) + 6u(a>i, O)t — J; (Jj u(x, z) dz) ds + J'(t) (JZ Clu(x, z))dz) ds
(70)

u(x, t) = x*t — J; (JZ u(x, z)dz) ds + JZ (J: Clu(x, z))dz) ds (71)

SO
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Successive approximation method leads to for k > 1

uk(x, t) = x*t — J't (r uk(x, z) dz) ds + C(u*! (x,t))

0 0

where

" t /s

C(u*(x, 1)) :J <J Clu(x, z))dz) ds
0

SBA associate algorithm is given by :

uk(x, 1) = x2t + C(u*"(x, 1))

t S
uk . (x,t) = —J (J u'fl(x,z)dz) ds,vn >0

o \Jo
At stage k = 1 ,we get u® so that C(u’(x,t)) =0

ul(x,t) = x2t + C(u0(x, 1))

t N
wl g (x,t) = —J (J u}l(x,z)dz) ds,vn >0

o \Jo
Equation (75) would be :

2n+1
U.] (X)t) = (_])n én—ﬂ)lxz,Vﬂ > 0

] oo L gt 5 ,
u(x,t) = E (1) m X°=x"sint
At stage k = 2, we get

ud(x,t) = x*t + (Af(u1 (x,1))

t S
ufm (x,t) = —J (J u? (x, z)dz) ds,Vn >0

0 0

(72)

(73)

(74)

(75)

(76)

(77)

(78)
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Thus,

/

Cluw (x,1)) = x|

0x 0x? 0x?

0
_ 29
- ax( 0x ox?

= —2x% (cos 2t — 1) — 4x?sin’t
= 4% sin*t — 4x?sin’ t
Clul(x,t)) =0

\

- t S
= C(u'(x, 1)) :J' (J C(u' (x,z))dz) ds =0
In a recursive way, one deduces
[ ul(x,t) = Xt

wi(x,t) = —H3x?

2n+1
uﬁ(x,t) = (—])n (;n—WXz,Vn Z 0

Therefore
5 oo " tZTH—] 5 5 .
u (X,t): EO(—]) (Zn——|—1)' X" =x"sint

In a recursive way, one deduces for k > 2 approximate solution :

2

uk(x,t) =x*sint

Thus, exact solution of problem (58 ) is

u(x,t) = lim u*(x,t) =x*sint

k—+o00

This table compare obtained solutions :

Laplace-Adomian Method | u(x,t) = x*sint
SBA Method u(x,t) = x?sint

Conclusion

The two solutions were similar.

, 0 0ul(x,t) 9%u! (x, t)) . (azu] (x, t)

0 (xz sin t) 0?2 (xz sin t) ) 5 0?2 (xz sint
X ox?

717

(79)

(80)

(81)

(82)

(83)

(84)

(85)
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3.1.2 Example 3

Let us consider mathematical model following

azu(X»y)t) _ o’ azu(x,y,t) azu(X,y,t)

52 ou(x,y,t) ou(x,y,t)
o2 oxdy' o o2 ) ey ox a)y —) —uboyt)
u(X7y>0) = e
Uy, 0) _
ot
(86)

a) Solving by Laplace-Adomian Decomposition method

Consider equation following

dulx,y,t)  9? (62u(x,y,t) *u(x,y,t), 0? du(x,y,t) du(x,y, t)

atz B axay axz ayz )_axay (Xy 0x ay )—U(X,U, t)
(87)
Equation (87 ) leads to
dulx,y,t)  9? 32
o = gy N RSB = S (Mg, ) —uln ) (89

where

0%u(x,y, t) 0%u(x,y, )
N t — ) ) ) )
(s y, 1) = P S

(89)
ou(x,y,t) oulx,y,t)

Applying Laplace transform to (88) gives :

£ (T8 = g (2N 1) )£ (55 (M utx, 0)) £ (8] 90

Thus

ou(x,y,0
£y, 1) = il y,0) + gy B0 o1 p (00 (N (i, ) -

AL (o35 (M (i, 1)

oD
” ou(x,y,0)
uyt) = £ (szi1u(xay)0)> + L7 (sz]-H hes );’ty’ )
+£_1 (SZ]JH'C (as;y (N (u(xay)t)))>> - (92)
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We obtain canonic form following :

bt y,t) = (cost+sint) e + £7 (4L (55 (N (ulxy, 1)) )

£ (o2 (M iy, v))
Chosing solution so that

u(x,y, t Zunxy,

and non linear terms N (u(x,y,t)) and M (u(x,y,t)) so that

N (u(x,y, 1)) = foAn(x,y,t)

M(u(x,y,t ZB XY, t

By replacing ( 94) and ( 95 ) it (93), we see that :

>y, t) = (cost+sint) e + 3 L7 (G2 (25 (Ao u, ) ) -

n=0 n=0

L (L (5 Babow) )
Therefore (96) gives Laplace-Adomian algorithm following :

Up(x,y,t) = (cost+sint) ey

w1 (0, 8) = £71 (L (3255 (Anlxu, 1)) = £71 (G52 (525 (Balx u, 1)),

Then p

Uo(x,y,t) = (cost +sint) e

Ao(x, Y, t) = Xy (Cost+smt) 2(xy)

Bo(x,y,t) = (COS t —I— sint)? x*yZe?x)

w(x,y,t) = =L <(cost +sint)? axay ~_(x2y2ed( ))>> _

L (521+1[’ ((cost+ smt) (xzyze2 )))>
wi(x,y,t) =0

Anlx,y,t) =0,vyn > 1

B.(x,y,t) =0,Yn > 1

Un(x,y,t) =0,y > 2

719

(93)

(94)

(95)

(96)

O7)

(98)

vn >0
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The exact solution of problem is :

u(x,y,t) = up(x,y,t) = (cost +sint) e (99)

b) Solving by SBA method

Equation of problem (98) is:

o*u(x,y,t
% = —u(x,y,t) + C(U(XJJ)’E)) (100)
where
0% o*u(x,y,t) 0%u(x,y;t) 0? ou(x,y,t) ou(x,y,t)
C t — ) ) ) ) _ ) ) ) )
b u, ) = 550 T a2 oz ) ooy YT ox 69(101))

Twice integration of (100) gives Adomian canonic form following :

u(x,y,t) =(1+1t)e* — J; (JZu(x,y,z)dZ) ds + J: (JZ C(u(x,y,z))dz) ds
(102)

Applying successive approximation method, we gives for k > 1 :
t s .
uf(x,y,t) = (14+1t) e —J (J uk(x,y,z)dz) ds + C(u*'(x,y,2z))  (103)
0o \Jo

where

Clu Ty, 2)) = j (J Clus z))dz) s (104)

0 0

According to (103 ), we get Adomian algorithm :

us(x,y,t) = (1 +1) e + C(ud " (x,y,2))

t /s (105)
u]r<1+1 (X)y)t) - (1 +t) ey _J' (J uﬁ(x,y,z)dz) dS,VTL 2 0
0o \Jo
For k = 1, we get the following SBA algorithm :
w(x,y,t) = (1+1t) e + C(1’(x,y,2))
(106)

t S
Wby )= (1 e | (j ua(x,y,z)dz) ds,vn > 0
0 0
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Taking u°(x,y,t) = 0, we get :

Clu(y,2)) = j (j C(u°(x,y,z))dz> s

0 0

[ 9% 0%uo(x,y,z) 0Puo(x,y;2) 52 duo(x,y,z) duo(x,y,z) _
N L) (J (axay ox2 e )= way ox oy J)dz)ds =0
(107)
From (106 ), we get :
uy(x,y,t) = (1 +1t) e
(108)
n 2n n t2n+1 X
w06y, ) = [(=1)" g + (=1 gy e, ¥n > 1
Let’s put
erxy, 1) =) u(xy,t) (109)
i=0
We obtain
n . t21 n o g2
1 1 Xy
1(x,y, t Z +; e (110)
Thus, for k =1, we get:
u'(x,y,t) = liT @} (x,y,t) = (cost +sint) e* (111)
n—-+00
Thus
07 o*u'(x,y,t) 0%ul(x,y;t) 2 oul(x,y,t) ou'(x,y,t)
C 1 1)) = > I R _ 0 Y I y I
_ 2| 07 07 (eM) o7 ((eM)) 02 (. 0(e™)ou(eV)
= (cost + sint) axay( e oy? ) — 5x37 (xy ™ oy )
= 2xye?V (2x*y? + 5xy + 2) — 2xye? (2x*y* + 5xy + 2)
=0
= é(u] (X,U,Z)) =0
(112)
For k = 2, we get the following SBA algorithm:
Wy, t) = (1 + 1) e+ Cu'(xy,2) = (1+1) e
(113)

t S
Wby )= (e | (j ui(x,y,z)dz) ds,vn > 0

0 0
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From (113), we have

u(x,y,t) = (1+1) e

W06y, 1) = [(—1)" o+ (1) ] e v >

Let’s put
(pfl(x,y,t) - Z uiz(xvya t)
i=0

‘We obtain

o= (F

Thus, for k = 2, we have:

ﬂl\,lﬁ

i tZl n 1', t21+]
[T e
Z Q2i+1)!

i=

w(x,y,t) = limoo(pi(x,y,t) = (cost +sint) e

n—+

So
u?(x,y,t) = (cost +sint) e

Using the same procedure, for k > 2, we get :

n tZi n i tZi-H
Pr0o w0 = 2 1 g+ 2 1 gy )

and
u*(x,y,t) = lim @¥(x,y,t) = (cost +sint) e

n—-+oo

From which, we obtain:
u(x,y,t) = klim u*(x,y,t) = (cost + sint) e*¥
—+00

This table compare obtained solutions :

Laplace-Adomian method | u(x,y,t) = (cost + sint) eV

SBA method u(x,y,t) = (cost +sint) e

Conclusion

The two solutions were similar.

(114)

(115)

(116)

(117)

(118)

(119)

(120)

(121)

(122)
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4. CONCLUSION

Solving the same examples of wave-like equations by Laplace-Adomian and SBA
methods, we get the same’ exact solution.

Through these examples, we showed again usefulness and advantage of the SBA
method comparatively with other methods that have been used for solving same Wave
-Like equations. The results of the present study obtained by the SBA method help us to
solve certain Wave-Like equations. However, we intend on the one hand to compare by
simulation numerical results and experimental results, and on the other hand to explore
precisely the boundary conditions (boundary surface and background neighborhood).
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