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Abstract: - In this study, the analysis of Differential Transform
Method (DTM) for the solution Ordinary Differential Equation
was explored. The solution to the Differential Equations
addressed in this study were presented via Differential
Transform Method for problems such as 1%, 2" and 3™ order
linear differential equations respectively. Similarly, comparisons
between the exact solution to the problems and their DTM
results were made in tabular form. The outcome of the
comparison showed that our numerical results compete
favourably with the exact solutions of the problems considered.
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Il. RESEARCH METHODOLOGY

In this section, we utilized the format of table 2.0 to formulate
a numerical scheme, perform the necessary iterations for all
our research numerical examples presented in section 3.0
below.

Table 2.1: Differential Transforms of some functions

I. INTRODUCTION

Under this subheading, we reviewed a few number of
researchers that have utilized DTM in solving ordinary
differential equations. A numerical expert like [1] used
Differential transform method to solve cholera model, and he
thereafter recommends researchers to use the method for
solution of similar other problems because of its easy-to-use
mode. Equally, [4] used Differential transform method to
solve fourth order differential equation and thereafter
recommends researchers to use the method to solve other
problems because of it reduces computational difficulties
compared to other numerical methods. To obtain a solution to
a proposed Dynamical behaviour of pest management model
and impulsive effect and nonlinear incidence rate, the expert
[6] and [5] utilized DTM for his analysis. Consequently [3]
authored a text recommending DTM as one of the suitable
methods of handling ordinary differential equations (ODE).
Buttressing his remarks, [7] in his lecture notes recommends
the same DTM as a new means of handling (ODE)

In like manner, addressing nonlinear problems [2] used
differential transform method to solve Riccati equation and he
thereafter he concluded that the method is reliable and
introduces a significant improvement in solving differential
equations because of its small size of computation in
comparison with the computational size required in numerical
methods and the rapid convergence.
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I1l. RESULTS AND DISCUSSIONS

The DTM computation results are as presents in the table and
numerical examples in 3.1, 3.2 and 3.3 below.

Example 3.1
Solve ' +4y =0,y(0)=1

Solution

Taking the differential transform of the given linear
Differential Equation above gives,

(k +1)Y (k +1) + 4Y (k) =0

Y (k +1)=ki+1[—4v(k)]
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Table 3.1: Tabular values for example 3.1

t DTM EXACT ERROR
0.1 0.67032 0.67032 2.78794E-11
0.2 0.449329 0.449329 2.75726E-08
0.3 0.301193 0.301194 1.53717E-06
0.4 0.20187 0.201897 2.64151E-05
0.5 0.135097 0.135335 0.000238281
0.6 0.089288 0.090718 0.001430259
0.7 0.054327 0.06081 0.006482639
0.8 0.016836 0.040762 0.02392665
0.9 -0.04818 0.027324 0.075499426

Remark: The DTM results agree with Exact solution in the
table above example.
Example 3.2

y =3y=0,y(0)=2

Solution

Taking transform of the linear equation
(k+2)Y(k+1)—-3Y(k)=0

Y“+D=E%IBY“”

When k=0
Y (@) =3Y(0)
Y1) =6
When k=1
_3Y@
Y(2) = 5
Y(2)=9
When k=2
_3Y (2
Y(©3) = ;
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Table 3.2: Tabular results for Example 3.2

t DTM EXACT ERROR
0.1 2.699718 2.699718 7.1676E-13
0.2 3.644238 3.644238 2.1778E-09
0.3 4.919206 4.919206 1.5742E-07
0.4 6.640231 6.640234 3.1366E-06
0.5 8.963347 8.963378 3.1593E-05
0.6 12.09909 12.09929 0.00020809
0.7 16.33131 16.33234 0.00102526
0.8 22.04226 22.04635 0.0040904
0.9 29.74556 29.75946 0.01390181

1 40.12941 40.17107 0.04165916

Remark: DTM agrees with the Exact solution in the table
above example.
Example 3:3

y'—7y'+12y =0 y(0)=0,y'(0) =1
Taking the Differential Transform of both sides yields
(k+1)(K+2)Y(k+2)—7(k+1Y (k +1) +12Y (k) =0

(k+1)k +2)Y (k +2) = 7(k +2)¥ (k +1)—12Y (k)

k+1)Y(k +1)-12Y(0)
(k +1)k +2)

Y(k+2)="

When k=0
7)Y (1)-12Y(0)

W)

Y(2)=
Y(2)= %
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When k=1
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@1+1)1+2)
_ 72 (2)-1201)
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Y(3)=6.166667
When k=2
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When k=6
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Table 3.3: Tabular results of example 3.3

t DTM EXACT ERROR
0.1 0.141966 0.141966 6.00345E-07
0.2 0.403441 0.403422 1.91733E-05
0.3 0.860658 0.860514 0.000144005
0.4 1.633496 1.632916 0.000580974
0.5 2.908917 2.907367 0.001549874
0.6 4.97609 4.973529 0.002561448
0.7 8.278272 8.278477 0.00020467
0.8 13.48801- 13.50935 0.021340474
0.9 21.61411 21.7185 0.104390275
1.0 34.15075 3451261 0.36185911

Remark: The DTM results agrees with those of the Exact
solution method

Example 3.4

y’ —2y —35y=0,y(0)=2,y(0)=0
Solution

Taking Differential Transform Method of both sides
gives

(k + 1)k +2)Y (k +2)— 2[(k +1)v (k +1)]-35Y (k)
(k +1)(k +2)Y (k +2) = 2[(k + 1) (k +1)]+ 35Y (k)

2|(k +1)Y (k +1)[+35Y (k
vz A (szfl)(kEZ) =
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Y(9)=62.69431217
Sy = DY (K =Y (O +Y @)t +Y ()2 +

Table3.4: Results of example 3.4

Y(t) DTM EXACT ERROR

0.1 1.42741019 1.42741019 1.81762E-09
0.2 2.51881181 2.51881641 4.60473E-06
03 4.85625566 4.85657002 0.00031435
0.4 9.64288768 9.64910032 0.00621264
05 19.2879535 19.35154910 0.06359553
06 38.4887879 38.92110439 0.43231650

Remark: The DTM results agrees with those of the Exact
solution method to the problem

3.5: Linear Differential Equation of 3 order

Example 3:5
y" +y" =10y +8y =0,y"(0)= y'(0)=1,y(0)=2

Taking the Differential Transform Method of the equation
(k+2)k +2)(k +3) (k +3)+ (k + L)k + 2)Y (k +2)-10[(k +2) (k +1)]+8Y (k) =0

(k+2)k +2)k +3)Y (k +3) = —[(k + 1)k + 2) (k +2)]+ 10[(k +1)¥ (k +1)]-8Y (k)

V(k+3)= —[(k +2)k +2)V (k + 2)]+10[(k + 1) (k +1)]-8Y (k)

(k +1)k +2)k +3)
When k=0
_ -0y (2)]+10[@) w)]-8v(0)

"o @21
Y(3)=-1.333333333¢
When k=1

- [(2)3) (3)]+10](2)v (2)] -8Y (1)
- Qe
Y(4)=0.833333332
When k=2
v(5)- [N (@) 103N (8] -8 (2)

(3)4)5)
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Y(5)=-0.96666666€
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Table3.5: Results of example 3.5

T DTM EXACT ERROR
01 2108740804 | 2.103726935 0.005013869
02 2230383988 | 2.208771784 0.021612204
03 2.358666994 | 2302789564 0.055877430
04 2.487391952 2.36740504 0.119986912
05 2609371647 | 2.374996043 0.234375604
06 2715016301 | 2.283914628 0.431101674
07 2790273434 | 2031371465 0.758901969
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Remark: The DTM results agrees with those of the Exact
solution method
IV. CONCLUSION

This differential Transform Method (DTM) has helped us in
successfully solving the lists of Differential Equations
addressed by this study. A quick inspection of all the
problems considered revealed that our DTM results
corresponded with the esact solutions to the problems.
Similarly, it could be observed that the DTM was
implemented without any further need for discretisation,
perturbation and linearization. Thus, for ease of solution to
any linear Differential equation/ problems  without
cumbersome algebraic computations, this study therefore
recommends DTM for future and as an alternative to exact
method of solution.

REFERENCES

[1] Akinboro, F.S. Alao, S. and Akinpelu, F.O. (2014). Numerical
Solution of SIR Model using Differential Transformation Method
and Variational Iteration Method, Gen. Math. Notes, 22( 2), 82-9.

[2] Biazar, J., Eslami, M. (2010), Dept. of maths.,faculty of sciences,
University of Guilan, DTM for Quadratic Riccati Diff. Eqn,ISSN
1749-3889 (print), 1749-3897(online) Vol.9 (2010) No.4, pp 444-
447.

[3] Butcher, J. C. (2008), Numerical methods for ordinary differential
equations (2nd ed.), John Wiley & Sons Ltd., ISBN 978-0-470-
72335-7 MR 2401398 .

[4] Derrick, N.R. and Grossman, S.L (1976). Differential Equation
with applications. Addison Wesley Publishing
Company, Inc.Phillipines.

[5] Dogan N. & Akin O. (2012), Series Solution of Epidemic Model,
TWMS J. App. Eng. Math. Volume 2, issue2, page 238-244.

[6] Nashari Onkar Warade & Pallavi P. Chopade (2007) Dept. of
Maths., Research scholar J.J .T. Uni.Churu Rajasthan, DTM for
solving fourth ODE, Vol,5, Issue 3, ISSN 234-8169, page 40-43.

[7] Ogwumu, O.D.(2016), Differential Equation II, MTH323 Lecture
Note (Unpublished) of the Department of Mathematics and
Statistics, Federal University Wukari, Nigeria.

[8] Wang, X., Guo, Z. and Song, X. (2011). Dynamical behaviour of
pest management model and impulsive effect and nonlinear
incidence rate, Journal of Computational and Applied
Mathematics, 30(2),381-398, retrievable from
http://www.scielo.br/cam

www.rsisinternational.org

Page 30



