Ministry of Higher Education and Scientific Research
University of Mosul
College of Computer Science and Mathematics
Department of Mathematics

Combining Variational Iteration Method and
Laplace Transform for Solving Singular Lane-
Emden-Fowler Type Differential Equations

A Thesis Submitted to the Council of the College of
Computer Science and Mathematics

University of Mosul
as a Partial Fulfillment of the Requirements

for the Degree of Master of Science in
Mathematics / Computational Mathematics

by

Mohamed Hazem Jassim Mohamed

Supervised by

Assist. Prof. Dr. Waleed Mohammed Fathi Abdulrahman

2024 A.D. 1446 A.H.



Abstract

This thesis addresses the combined effects of the Variational Iteration
Method and the Laplace Transform (LTVIM) for solving singular IVPs and
BVPs of Lane-Emden and Emden-Fowler type ODEs and PDEs for both
linear and non-linear cases, with the enhancement of the obtained solution and
increasing its accuracy by using the Padé approximants method of an order
[N/M] (PA[N/M]) on the last iteration. It also shows how to deal with the
singular point and its treatment, in addition to showing how to extract the
value of the Lagrange Multiplier and its variation in each order of ODEs and
PDEs, whether it is the Heat equation or the Wave equation. The solution
produced by this method with the least number of iterations shows its
effectiveness.

The absolute errors between the exact solution with the suggested
method (LTVIM), and the exact solution with the Padé approximants of order
[N/M] are also calculated to demonstrate its effectiveness, we also
demonstrated the convergence of the suggested method with the exact
solution by plotting the exact solution, LTVIM and the Padé approximants in
chapters two, three and four, finally, we plot in 3D the absolute error between
the exact solution and LTVIM. The dissertation provides a thorough
examination of the LTVIM and its application in solving differential

equations of Lane-Emden and Emden-Fowler types.
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