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Abstract:

This study presents a numerical and analytical investigation of the one-dimensional heat diffusion equation using
two distinct mathematical approaches: the Laplace Transform and the Finite Difference Method (FDM). The
primary objective is to compare the accuracy and efficiency of both methods in solving heat transfer problems.
The Laplace Transform was applied to obtain an analytical formulation of the equation, while the Finite Difference
Method was employed to approximate the numerical solution by discretizing the spatial and temporal domains
into uniform intervals and applying finite difference operators to compute temperature variations. The results
obtained from numerical simulations and graphical analyses were used to evaluate the performance of both
approaches.

The findings revealed a strong agreement between the analytical and numerical results, indicating that the Finite
Difference Method provides accurate and stable approximations when the stability condition is satisfied, whereas
the Laplace Transform yields highly precise analytical solutions but requires more complex symbolic
manipulation. The study concludes that the choice of method depends largely on the nature of the problem and its
boundary conditions. Furthermore, it recommends developing a hybrid approach that combines the Laplace
Transform for the temporal component with the Finite Difference analysis in space to enhance efficiency and
accuracy in multidimensional heat diffusion problems with complex boundary conditions.
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