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ABSTRACT

We have employed thq diffe.rential transform method lately applied DTM for analysis of uniform and non-
to solye thg (n + 1)'-d1mens1onal Equal Width wave niform beams [6-10].In the few decades, the
equations with damping term as. traditional integral transform methods such as Fourier

and Laplace has equations into the algebraic equations
Keywords: Differential Equation Method (DTM),  \which are easier to deal with

DTM for Equal Width wave equations with damping

term The well known Korteweg and de Vries (KdV)
equation u; +uuy +uyxx = 0 dimension. Morrison et al.[1]
1. INTRODUCTION proposed the one dimensional PDE u; + uuy uxxx = 0, as

an equally valid and accurate method for the same

Zhou[2] was the first one to use the differential h mulated by the KdV r
transform method (DTM) in engineering applications. wave puenomeng, singrated 3y e equation.
This PDE is called the equal width wave equation

He employed DTM in sqiydors thegutial ytay because the solutions for the solitary waves with a

value problems in electric circuit analysis. In recent .
years concept of DTM has broad“end to®problems permanent form and speed, for given value of the
parameter, are waves with an equal width or

involvi tial differential ti t f : .
involving partial differential siygons e syster® § wavelength for all wave amplitudes. In this chapter,

differential equations[3-5].Some researchers have we have employed the differential transform method
to solve the (n+1)- dimensional Equal Width wave
equation with damping term as,

Uy = MU e UVaUparat TP i 1 Ug, 2.t -+ YU, -+ _Bu (l)

Ty mlt
under the initial condition
% (ZT1, T2, ..., Tn, 0) = ug (T1, T2, ..., Tn) (29

Where vis i =1,2,...,n ,y and 3 are constants
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2. Differential Transform method (DTM)

In this section, we give some basic definitions of the differential transformation. Let D denotes the di erential
transform operator and D ' the inverse differential transform operator.

2.1 Basic Definition of DTM
Definition: 1

If u (x1; X2; ::1; Xps t) 1S analytic in the domain then its (n+1)- dimensional differential transform is given by

(‘J)-‘c1+i2+---+i-n+3\n+1 (3]
~k1 ok i 1 'u(xlaxﬂ,”-,xmﬂ|$1 =0,20=0,...,2, =0,t =0
ki W

where
TLE T Z Z Z Z Ulky,koy ok kngt) ’rjl”:rg‘g. ;rf’;“tk”“
ki—oka—o  kn=0kngi=0 (4)
= DU (k1 kg oo ko rnsn)]
Definition:2
If U (21, T2, .. Tay £) = D U (k1 ko, ooy ks 1))y v(21, 20, o, 1)
=D [V (k1, k2, ..., kn, knt1)]

and & denotes convolution , then the fundamental operations of the differential transform are ex-

pressed as follows:

(G}D ['[’IT I:;rl':;rg'r ""rm‘n'.'t)] v (:1'.:]_,;15-2 o Ly ) = E" {kl Fﬁ?!"'ﬁk‘lhkﬂ{-l) ®1" (kl.k?, Thay k?hkﬂ-’—l)

'ibl 'E\E ﬁ. n—l—l

= Z Z Z Z Ulai, k2 —ag,...,knt1 — Gny1)

d1=0 @2=0 =0 Qg 41=0
-E‘Jr [:k]_ EE ala (12, seay ai!+l}
(5)
(B). T [t (384 0 ey By B | 2 B (B 080wy By ) = T (B By Ry Rt )

(6)
iE .BI‘:T (kl'.- k.j;* reey k‘i‘h ki'!-i—l)
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E:)T“]_ +rat.. +ra+raga
(C),D{ . - _ - U (:1‘1, Iy eeuy Ty, t]} — (k‘l i 1) T (kl RE 2)

d:ﬁ"'l E_):rg’"? 2 -i_):r,-ﬁ""n f)$f°‘13+1

Akt +r1) (ko + 1) (ko +2) ... (k1 +72)
o (Bng1 +1) (knt1 +2)
byt +rnt1) Uk + 71, kbt +Trg1)
(7)
3. Computational illustrations of (n+1)-dimensional Equal width wave equation with damping term

Here we describe the method explained in the previous section, by the following examples to validate the
efficiency of the DTM.

Example:1

Consider the (n+1)-dimensional equal width wave equation with damping by assuming vi's and == 1 as,
¥ =/ = 1 as,

Ut = Upypit + Urgzat T oo T Upppt T UUpy + U (8)

Subject to the initial condition

u (;rlw :"-‘2'.' ""."T"ﬂ.': 0) - u‘[| (-Tl‘ -T?‘ ekl ;I‘le f)

=T+ T+ ...+ 1T,

3.1. DTM for equal wave equation with damping term

Taking the differential transform of eq.(8)., we have

(knt1+ DU (k1, ko, ... kny kny1 +1) = (k1 + 2) (k1 + 1) (kny1 + 1)U (k1 + 2, ko, k3, ..., knt1 + 1)
+ (k2 + 2) (ko + 1)(kpy1 + 1)Uk, ko + 2, k3, . ki1 +1) + ...

+ (kn S 2)(kr1 i 1J(kn+l e 1)Efr(klek2 + 2‘ kBs . l:-kr:+2 v41 ~+ J-)

n+1

+ZZ Z Z k1+1—al)(kra+l_an+1)'

a1=0 as=0 ap=0a,41=0

U(ki1+1—a1,a9,a3,...,0n,kny1 — Qny1)

x U (alk’-g — ag,k‘g — @3y uiey k‘-n — an,arH_l)
(10)
From the initial condition eq.(9).,it ean be seen that
o oo 0o
Wiy o v n D) = Z Z Z I (R k00 Ry D) ’I’il ‘52,,,:1‘5;”
ki=0ka=0 kn=0 (11)
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=Ly Ty e By

1 ifk;=1,k;=0,i#j
br(kl'.-kﬂs waay kﬂ’ 0) = ’

0 otherwise

using eq.,(12) into eq.(11) one can obtain the values of U (kq, ko, ..., kn, knt1) as

1 ifki=1,k=0,i#£7, 6j=12 ..n
U(ky, ko, ooy kiny 1) = ¢ : #

0 otherwise

1 ifhki=1k =0i#j,4,j=12 ....n
U(ky, kg, ooy oy 2) = '
0 otherwise

1 ifk=1,k;=0,i£7,4,j=12..,n
Uk, k2, .os kny 3) = !

=

otherwise

S T U R S
Uk, ka, ..., kn,n) = !

0  otherwise
Then from eqn.(4) we have

o0 (s =] (= o] (= ]
{I(Il,mﬂ,...,ﬂ:n, = Z Z Z Z kl k-g kr13k71+1 (‘Tl : “.x:\;ntkn-l—l)

k1=0ky=0 kn=0kp ;=0
= (21423 + .+ 2) (L + 26+ 32 + ).
Thus,the exact solution is given by

r +Eof i L

(1— 1)

WL TTAE sy B ) = " provided that 0 <t < 1

Example:2
Consider the (3+1)-dimensional equal width wave equation with damping as,

Up = Upgt T Uyt T Uppr T UU, + U
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Subject to the initial condition

w(z,y,2,0) =yy(z,y,2)=z4+y+2 (20)

3.2. DTM for Equal Width Wave Equation with damping term

Talking the differential transform of eq.(19).,we have
[:k_i 1T 1\}U[:k1, ka, ka, k4_|_1) = (k‘l -+ 2)(%1 =+ 1)(k‘4+1 =+ I)U(fﬁ + 2, ko, ks, k4+1}
-+ (kg -+ 2)(k‘2 -+ 1)(k4+1)[f(k'1, kQ -+ 2 k‘g, k‘_¢+1)

+ (k3 + 2) (ks + 1) (k1)U (K1, ko, k312, (kat1)

(21)
ki ko ke ks
DIDIDIP N CES LRI
(11='D a2=ﬂa3=0 G4_=D
U(k1+1—ai,a2,a3.an, k1 —ag) x Ular, k2 — ao, ks — asz, aq).
From the initial condition eq.(20),it can be seen that
u(z,y,2.1,0) = Z Z Z U (ky, ko, k3, 0) .x*1 gyF2 %
k=050 fia=0 (22)

=r+y+z
where

1 ifk;=1,k; =045 4,4,j=1,23
U(ky, ko, k3, 0) = ! # (23)

0 otherwise
Using eq.(32)into eq.(21)one can obtain the values of U(ky, ko, k3, k4) as
1 ithki=1k=0i#j,i,j=1273

Uk, ko, ks, 1) = (24)
0 otherwise

8 = 1K= 0,0 2,3
U(ky, kg, k3, 2) = ’ ! * (25)

0 otherwise
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1 ifk;=1k; =0,i#ji,j=123
U(ky, ko, k3, 3) = 3 5 (26)

0 otherwise
Then from eqn.(4) we have
(z,9,2,t) = i i i i{ (Fey, kg, k3, kg) 2t y*2 2*2 ks
1=0 k2=0 ka=0 k=0 (27)
=(z+y+2) (1+2t+3°+..)
Thus,the exact solution is given by

(z+y+2)

provided that 0 < ¢t < 1 28
(1-t)°

w(z,y,2,t) =

Example:3
Consider the (2+1)-dimensional Equal width wave equation with damping as,
Ut = Uzt + Uyyt + Uly + U (29)

Subject to the initial condition

u(z,y,0) = up(z,y) =z +y (30)

3.3 DTM for Equal width Wave equation with damping term

Talking the differential transform of eq.(29).,we have
(ka + 1)U (K1, k2, k3+1) = (k1 + 2) (k1 + 1) (ka + 1)U (k1 + 2, ko, k3 + 1)

+ (ko +2)(ka +1)(ka + 1)U (k1 ko + 2, k3 + 1)
ki k2 ki (31)

DY (ki +1—a1)(ks —as)

ai=0as=0a5=0

U(ky +1 — ay,az,ks — azg)XU(ay, k2, a3).
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From the initial condition eq.(30),it cna be seen that

u(@,y,0) =Y > Ulks, kg, 0.0 y*2 =z 4y

(32)
k1 =0 ka=0
Where
I #Hk:i=1,k:=0,4%41)=12
U k1, k2, 0) = . s (33)
0 otherwise
Using eq.(33)into eq.(31)one can obtain the values of
it k; =1,k;=0,4# jij=12
U (ky, ko, ks)U (K1, ko, 1) = ! (34)
otherwise
L abki=1 k=gt 5o gl 2
Ulky, ka,2) = i 7 (35)
0  otherwise
Then from eqn.(4)we have
u(z,y,t) = Z Z U(ky, ko, k3)
k1=0ko=0
ghigFa ks — (2 L)1+ 26+ 382 4 ..). (36)
Hence,the exact solution is given by

(z+y) : )
u(z,y,t) = %,])I‘OVICECC[ that 0<t <1 (37)

4. CONCLUSION

1. The differential transform method have been
successfully applied for solving the (n+1)-
dimensional equal width wave equation with damping
term.

2. The solutions obtained by this method is an in nite
power series for the appropriate initial condition,
which can, in turn be expressed in a closed form, the
exact solution.

3. The results reveal that this method is very effective,
convenient and quite accurate mathematical tools for
solving the (n+1)-dimensional equal width wave
equation with damping term.

4. This method can be used without any need to complex
computations except the simple and elementary operations

are also promising technique for solving the other
nonlinear problems.
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