
Introduction to Partial Differential Equations

A Partial Differential Equation (PDE) is a differential equation that involves two or more
independent variables, an unknown function of those variables, and partial derivatives of the
unknown function. PDEs play a crucial role in mathematics, physics, engineering, and applied
sciences as they are used to describe various natural phenomena such as heat flow, wave
propagation, fluid dynamics, and electromagnetism.

General Form of a PDE
The general form of a partial differential equation can be written as:
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Order and Degree of a PDE
Order: The order of a PDE is the order of the highest partial derivative present in the equation.
Degree: The degree of a PDE is the power of the highest order derivative, provided the equation is
polynomial in derivatives.

Classification of PDEs
Second-order linear PDEs are commonly classified into three types:

• Elliptic PDE (e.g., Laplace’s equation)

• Parabolic PDE (e.g., Heat equation)

• Hyperbolic PDE (e.g., Wave equation)

Applications of PDEs

• Heat conduction and diffusion processes

• Vibration of strings and membranes

• Fluid flow and aerodynamics

• Quantum mechanics and electromagnetic theory

• Population dynamics and financial mathematics

In summary, partial differential equations provide a powerful mathematical framework for modeling
and analyzing complex systems involving multiple variables. Their study forms a fundamental part
of advanced mathematics and its applications.


