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ABSTRACT

Differential transform method (DTM) is the multi-step form of numerical method to solve differential equations.
The method was first introduced by Zhou (1986) and is used for giving an exact value for nth derivative to solve
analytical functions having known or unknown boundary conditions. This method offers analytical solution in
polynomial terms. The method is rather different than the traditional form of Taylor series method offering
computations with required derivatives in data function (Tabatabaei et al., 2011). The problems and approximate
solutions are elaborated here to give a better insight of the DTM. The method is clearly useful in solving linear
as well as non-linear value problems for the analysis of electric circuits. Thus, it possesses the potential to
reduce the size of computational work.
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l. DIFFERENTIAL TRANSFORM
METHOD
For the method of reaction equation
containing non-local boundary condition, it is quite
crucial for several methods in treating the equations

help (Selvi& Ramesh, 2017). The numerical
treatment thus helps in offering the reaction
diffusion equation class with non-local boundary
condition through the use of DTM.

In order to solve the heat equation, the variable is

(Abbasbandy et al, 2007). For resolving problems, of the form

the numerical solutions are proposed of immense

uw = flxyzuy +glkyzuy, + hixyzu, (Tabatabaeietal, 2011)

0 =x=<al <y=h0 =z<ct=10

Here, Neumann boundary conditions are as below

u (0 vzt =f(.z0,

u(x0.zt) = g, (xzt),
u(x,v0,t) = h, (xy.t),

Furthenmore, an mitial condition 1= as below

u(xy.z0) = ¢y

wlayzt) =fy =zt
uxbzt) =gzt

w(xy.ct) = hh(xyt)

On taking mto account the below problem of heat equation
Up = e +u™(1)
ulx, 0} = f(x) (2)
Here, the function ufx, t) is analytical as well as differential m continuous manner as compared to the space x'

and time 1. for the mterest. Here
ﬂk

g (x) = Sogu o]
For t-dimensional spectnim, the gy(x) transforms towards the below

u(xt) = z () £

k=0
The above two equations (1 and 2) for a(x.t) could be finther elaborated as below
1 g% .
u(xt) = Eﬁu(x,t]]t
k=D

The use of DTM for obtaiming selution for the two equations is through placing differential transform for both
these sides, below 1s the equation

I
(c + Dy () = [t ) 6G)
k=0
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(=) = f{x)

Here,
£ (0is,

fo(x) = ug’ (x)
£, () = mug' ™" () (x)

1
f,ix) = Em{m — Dhug? (uiGd + muf~* (xug (x)

1
£,(x) = Em{m —1¥m— 2uP 2 ul® +min — Vel 2 &, G, &)+ mul &), (x)

Here, we get

ulet) = uy () +u, Gt + uy G +uy GIER + - + ()t

Thus, the below equation is obtamed from the above

u{xt) = Zuk[x,t:]

This method is helpful in obtaining reliable
outcomes for various science scenarios. The
method however consists of few shortcomings too.
The use of this method allows in obtaining series of
solutions, which may not reveal an actual
behaviour associated with the problem (Selvi and
Ramesh, 2017). It only offers an approximation for
the solution contained in small region. However,
other methods could offer successful results for
linear as well as non-linear value problems. The
technique is thus quite efficient for analytical
solution associated with differential and integral
equations.

k=0

The studies have clearly shown various
kinds of applications of differential equation for
solving the Eigen value problems as well as partial
differential equations. Their usage in solving one
dimensional problem was through constructing
Eigen wvalue with normalised function for
differential equations of 2nd, and 4th order
(Tabatabaei et al, 2011). Another one is based on
the 2 dimensional differential transformations for
partial differential equation of 1st and 2nd order
having constant coefficients (Ali and Raslan,
2009). In such scenarios, the differential equation is
derived followed by obtaining results to compare
against other forms of analytical methods.

Il.  APPLICATION
In the case of one-dimensional model of heat equation
1
U = 5% U &)
0=t=1 t=0
Here, boundary conditions are as below
uldt) =0, (Qo=¢ )

With mitial conditions as

u(x 0) = x* (3]
The use of DTM in equatinr]: 3 ]cjould help in obtaming below

1
Ulkh +1) = —Zz §r—2h-s)k-r +2)(k —r + 1)Uk -r +2,5), (6)
20 +1) r=03=0

By making use of DTM for their boundary conditions in equation 4, below is the result

v, =0  UQN==
On the basis of equation 3, 1t can be written

U(k0) = 5k — 2) ={é

k=2
k=2

The use of k, h mto the equation 6 could help in finding equation as below
1
Ulkkh+1)=10. k=0123.. h=0123. UK = n

The use of nverse transformation could thus help in obtaining the solution as

1 1
ulxt) == +x% + Exztz + 5::”1;EI +
u(x,t:] = xze‘

In another case of non-linear heat equation,

Uy = gy — 2u°
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0 1+ 2x
u.0) Txiiwtd
Here
E 1+ 2x 4 —6(1 + 2x)
0 () _{x=g-x+i]]g = m® =y
1801+ 2 3601 + 2x)
F = d =
3 () {x2;x+§: an g (X Pzt
21601 + 2 —216(1 + 2x)
FEI:'JI{:]=|I:CE+M+1]5 ad - ugl) = = +x+1)¢
On using equation 7, below iz the result
(e, t) = t+z sl 2 31420 5 21601420 I
L= x4x+l x@exa1? (%2 +x+103 (104

The DTM is formed as per the Taylor series
expansion (Tabatabaei et al, 2011). This differential
transform method helps in producing the solutions
of varying forms. The differential equations have
gained significant attention in the recent period.
With the increase in complexities of solving
numerous applications in engineering and physics,
it was found as an ideal solution. The fractional
differential  equation  offers  solution  of
approximation, which is free of exact solution
(Bhadauria et al, 2011). Thus, instead of basing on
the exact solution, numerical technique adopts an
approximation method. This is thus found of
immense help in reaching the solution. Differential
equation for heat equation thus forms the wide
array of solutions to promote the results being
obtained of reliable standard. The DTM is rather
easier as compared to traditional form of Taylor
series method that demands the use of symbolic
computations for required derivatives in data
function (Bhadauria et al, 2011). The Taylor series
method is rather an expensive form of method with
higher order. Therefore, DTM is applicable in
diverse scenarios of heat wave for one, two as well
as three-dimensional heat model.

11l.  CONCLUSION

The study here clearly elaborates the use
of differential transform method for solving heat
equations. The use of methods could help in
resolving such equations. It is thus learnt from the
study that DTM is an ideal method for usage in
producing reliable findings. The technique helps in
reducing computational complexities for the case of

recurrence equations. The DTM is thus an ideal
method and the solution can be obtained of close
value. The findings can be further improved
through working on more scenarios to obtain the
solution. This could help in optimally utilising this
easy form of DTM. The method is thus useful to
solve the partial differential equations having
variable coefficients.

REFERENCES
Abbasbandy, S., Babolian, E., &Alavi, M. (2007),
Numerical method for solving linear Fredholm
fuzzy integral equations of the second kind,
Chaos Solitons Fractals, 31, 138-146.
Ali, AHA, &Raslan, KR (2009), Variational
iteration method for solving partial differential
equations. Chaos, Soliton Fractals, 40, 1520-
1529.
Bhadauria, R. Singh, A.K. & Singh, D.P (2011), A
Mathematical model to Solve Reaction Diffusion
Equation using Differential Transformation
Method, International Journal of Mathematics
Trends and Technology, 2(2), 26-29.
Selvi, R. & Ramesh, T. (2017), Solution of Non
linear Heat Equation Using Differential
Transform Method and Taylor Series Method,
International Journal for Modern Trends in
Science and Technology, 3(10), 1-3.
Tabatabaei, K., Celik, E., &Tabatabaei, R. (2011),
The differential transform method for solving
heat-like and wave-like equations with variable
coefficients, Turk J Phys, 36, 87 — 98.
Zhou, J.K. (1986), Differential Transformation
and Its Applications for Electrical Circuits,
Huazhong University Press, Wuhan, China.

1.

2.

B3]

[4].

[5].

[6].

. Shawqi Malek Alhaddad " Differential Transform Method for the Heat Equation” i
i International Journal of Engineering Research and Applications (IJERA), Vol. 09, !
1 1

No.04, 2019, pp. 62-64

WWW.ijera.com

DOI: 10.9790/9622- 0904016264




