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Abstract
This paper presents the development of an advanced numerical model to study the thermal
distribution in a multilayer biological tissue — consisting of the epidermis, dermis, and

subcutaneous fat — when exposed to a Gaussian-shaped pulsed Nd:YAG laser in both time
and space. The model is based on the formulation of the Pennes bio-heat transfer equation,
taking into account the thermal and optical properties of each layer individually, including the
absorption coefficient, thermal conductivity, density, and specific heat capacity.

The simulation was implemented using the finite difference method to simulate the temporal
and spatial evolution of temperature within the tissue under short pulse durations (less than one
second) with a non-uniform energy distribution. The results demonstrated dynamic thermal
behavior consistent with the theoretical laser pulse distribution, and the outcomes were
presented in colored graphical form to enable a deeper visual understanding of the heat
propagation mechanism within the tissue.

This study opens new prospects for applying precise thermal simulations to enhance the
effectiveness of medical laser treatments, providing predictive insight into the thermal effects
on the skin and helping to minimize undesirable damage to adjacent tissues.

Keywords: Laser physics, medical laser, heat distribution, Nd:YAG laser, skin, Gaussian
pulse, numerical simulation, Pennes equation.
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