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Abstract: In present paper differential Transform
Method (DTM) has been employed to solve the
linear and non-linear differential diffusion equation.
The result obtain by DTM shows a good agreement
with the exact solution obtained by the existing
method in literature.
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l. INTRODUCTION

The mathematical modelling of  physical
phenomena arising in many disciplines either result
into ordinary differential equation, system of
differential equation, partial differential equation or
system of partial differential equation with initial
and boundary condition. In literature many methods
of exact approximate, numerical and analytical
methods are available which are computationally
intensive or need linearization, discretization. To
overcome all this difficulties Differential Transform
Method is applied on linear and nonlinear diffusion
equation.

Diffusion equation are used to describes density
dynamics in a material undergoing diffusion. The
equation is usually written as

% =V D, X)Ve(x.1)
Where (x, t) is the density of the diffusing material
at distance x and time t and D(g, r) is the diffusion

coefficient for the density at distance. If the
diffusion coefficient depends on the density the
equation is non-linear otherwise it is linear. Abdul-
Majid Wazwaz in 2001 solve the non-linear
diffusion equation with mainly power law
diffusivities by using Adomain Decomposition
Method [6]. Vibrational Iterative Method was
implemented to find the exact solution of  non-
linear fast and slow diffusion equation by A.Sadighi,
D. D. Ganji[4]. Homotopy Perturbation Method was
successfully applied to solve linear and non-linear
diffusion equation by Khayti Desai and
V.H.Pradhan[7]. M.A.AL. Jawary applied new
iterative method (NIM or DJM) proposed by
Daftardar-Gejji and Jafari to find the solution of
linear and non —linear wave and diffusion equation

arising in mathematical physics and engineering
field. In this paper we solve the following type of
diffusion equation with initial condition:

u =u, + f(x),0<x<L
u =u, +9(xt),0<x<L

u, = (D)u,),,0<x<L
With initial condition and boundary condition
u(x,0) =1(x)

u(x,t) =g(x)

The functions f (u) and g (X, t) are linear and source
functions respectively. The function D(u) is the
diffusion term that plays an important role in a wide
range of applications in diffusion processes. The
diffusion term D(u) appears in several forms such as
power law and exponential forms.

This paper is organized in the following manner. In
paper section 1 describes the two dimensional
differential transform method to solve the non-linear
as well as linear partial differential equation.
Numerical example is solved using Differential
Transform method in section 2. Conclusion is
presented in section 3.

I1. DIFFERENTIAL TRANSFORM METHOD

Differential Transform Method is semi numerical
method which is derive from Taylors methods that
convert the given differential equation to recursive
formula which is used to calculate the coefficient of
the series.

Definition 1: Two-Dimensional  Differential
1 o transform
W(k,h)=—— ﬁw(x, ) of the
k!h!| ox“oy function

w(x,y) is

defined as follows[1,2,3]

In (1), w (X, y) is the original function and W (k, h)
is the transformed f which is called T function.
Definition 2: Differential Inverse Transform of W (k,
h) is defined as follows:
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wix,y)= X X W(kh)x y )
k=0h=0
Using (1) and (2), we obtain
[ _k+h
© o 1 2 k h
W(k,h)y= ¥ ¥ ﬂw(x,y) Xy .
k=O0h=0ipi| ax oy x=0
L oS
Table 1: Fundamental Operation of DTM[1,2,3]
Original Function Transform Function
u(x, y) £ v(x, y) W (h, k) = U(k, h) £V (k, h)
av(x, y) W (k, h) = AU (k, h)
- (k + 1)U (k +1, h)
w(x,y) =
X
A y) (h+ 1)U (k, h +1)
w(x, y) =
oy
r4s (K + 1)(K + 2)eoee(k + 1)(h +1)(h + 2)
o u(x,y)
wixy) = I (h+ Uk +r,h+s)
ax oy
u(x, y) = v(x, y)w(x, y) k h
Z ZV(r,h-s)W(k-r,s)
r=0s=0
mn 1 k=mandh=n
Xy _ _ _ = =
Slk=m,h—n) = 0 otherwise
i
. (x+y) A(k+h)
kiht
m h
X sin(ax + b) a hx
—&(k—m)sin| —+b
hi 2
m ay h
X e a
— 5(k — m)
ht

111.NUMERICAL EXAMPLES
In this section, we apply Differential Transform

form method to the linear and nonlinear in
homogenous, homogenous and heat transfer
equation. Diffusion.

Example 1: Consider equation[6]

u=u,-u, O<x<mt>0 (3)
With initial and boundary condition

u(x,0) =sinx 4)
u(0,t)=0 (®)
u(z,t)=0 (6)

Applying DTM to (1) we get the following recursive
formula

(h+DUk, h+1) = (k+2)(k +DU(k +2,h)y —U(k,h)y  (7)
Applying DTM to (2), (3) we get

0 if keven
U(k,0) = % k=4n-3,neN (8)
(G
e k=4n-1,neN
Uu(,h)=0,h=0,1,2,.... 9)

Using (7), (8), (9) we get following coefficient table

k h=0 h=11 | h=2 h=3 h=4 h=5 h=6 h=7 h=8
0 0 0 0 0 0 0 0 0 0
1 2 4
| 2] 2 2| 2 22| 2| = 2°
ofr 1 1l 4 qyr | 2131 | 1141 | 1151 | 1160 | 1171 | 1181
2 0 0 0 0 0 0 0 0
3
a ) 2 3 A )5 8 8
orst 31l 3121 3131 3141 3151 3161 3171 3181
4 0 0 0 0 0 0 0 0 0
5
1 -2 z2 723 24 725 z6 -2 28
st 5111 5121 5131 5141 5151 5161 5171 5181
6 0 0 0 0 0 0 0 0 0
7
71 ) 2 3 A )5 K B
017! 71 7121 7131 7141 7151 7161 7171 7181
8 0 0 0 0 0 0 0 0 0
9
1 -2 22 723 24 725 26 -2 1
oot 91! 9121 9131 9141 9151 916! 9171 98!
10| 0 0 0 0 0 0 0 0 0
Table 2: Coefficient Table for Example 1.
u(x,t)= 2 X U(k,h)x t
(x, 1) Eono (k, h)
Using Table 3 we get following series solution
x3 x5 x7 x9 2x 2x3 2x
ux,t) = | x——+—-——+—+... |-+ .|t
3! 5! 7! 9! 11 113t 115!
4x 4><3 4><5 2 8x 8x3
+ | —- + F e | ——F— ..
2111 2131 2151 3111 313!
16x 16x3 16x5
+ | —- + F e 7 F s
4111 4131 4151

which is a series solution of (3) and converges to
exact solution

sin x

-2t
u(x,t)=e

Figure 1: Graphical of u (x, t) w.r.t time.
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T(x,t) =e ¥ sin2zx.

Fig. 1 :Three Dimensional graph of solution of u(x ,t)
for linear homogenous diffusion equation.

Example 2: Consider the one dimensional heat
transfer equation (diffusion equation) [5]

oT 62T

——a—5=0 (11)
ot OX

With initial condition

T(x,0) = g(x) =sin2zx (12)

Applying DTM to (15) we get
(h+DT(k, h+1) —a(k +2)(k +D)T(k +2,h) =0 (13)

From (16) we get 14
0 K =2n s
(2m)" e
T(k,0) = k=4n-3 (14) g,
K g 7
()" (20" ;
- k=4n-1 05" | : :
k! R e
Using (13) & (14) we get following coefficient table St T o 1
Table 3: Coefficient Table for Example 2. o - - L 05
il = = ] s = e o0 distance
i 0 D 0 G 0 me
; P o T 3 Fig.4: Solution of T(x, t) for different values of
| ; o) a (1) _f: (17) a (1) tand xat & =0.05
o n L1 I3 114!
7 0 0 0 ; ] Example 3: Consider the inhomogeneous diffusion
I — K IR L equation [6]
1z} o lx) -1 (%) o (7] - (i1} Ut = Uyy +COS X (15)
013 3 un ! 10 with initial and boundary condition
1 0 0 0 0 u(x,0)=0 (16)
:j!:_:j -a(ls) 1'[2:]:I —-:J[Zr]” :_[Zr]': u(0,t) =1- e_t (17)
5N Il il S13! 314! u(rt)=-1+et (18)
E 0 0 i 0 0 Applying DTM to (15) we get the following
N TI_,__:a _a: jz__ﬁ_l:.% 4 n recursive formula and coefficient table
- - - - 1 k
T m Lrdl [kl 1141 (h+DU (k,h+1) = (k +2)(k + 1)U (k +2,h)+608[”j
i 0 0 )] 0 0 Kt 2
- . (19)
T(x,t)= X X T(k,h) Kl On applying DTM on initial condition (16) we get
k=0h=0 U(k,0)=0k>1. (20)
T~ om0 @ _@on’, } aﬁf?“{% CONC } From (17) we get
22nH? (Zer @m)®  @a® } Bentt 2 (em® @m® } U(0,0)=0
21 L 3! 51 7 1 [ 1 3! T h-1 21)
which the series solution of (11) and closed form of U(,1) = ) h>1 (

solution is given by
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Using (19), (20) & (21) we get the following
coefficient table.
Table 4: Coefficient Table for Example 3.

E (b0 b=l [ 3=2)b=2 [ b=d |h=5 | b=f [b=T | k=R

0o |1

0 ER T A T S S S I A
ala [a |5 e [0 |
N I N A T T I
Y0 S0 5 = 2 00| o0
2 23 | 341 | 251
KX N O T I O I
Tlo] [0 oo oo
4
STo [0 o[ 3 4 | 56| 7| 3

F e

T30 | T | TR [ TRl | MU THR!

'\3 a3 5!
-2 2 -2 2 -2

o3t | oar | gt | oig | a7 | 908

Wlol g 0lof oflo]ofo]eo

!

Using equation (10) and above coefficient table we
get the exact solution

u(x,t) = cos x(1— e_t)

Fig.5: Solution of u (x, t) w.r.t time and distance.

IVV.CONCLUSIONS

The present paper shows that DTM is one of the
powerful method to solve the linear and non-linear
diffusion equation and it can be applied to many
other partial differential equations. The result obtain
by it shows a good agreement with the existing
result. DTM doesn’t require to calculate the
Adomain polynomial to find the solution as in ADM
neither it requires linearization, discretization or
perturbation as in VIM, HPM, it convert the given
differential equation and initial and boundary
condition into recursive formula it reduces the
complicate computation and solution can be easily
obtaining in the close form.
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