Mathematical Modelling With Differential
Equations

Mathematical modelling is a powerful tool used to understand and predict
the behavior of physical, biological, and social systems. Differential
equations play a central role in mathematical modelling, providing a
mathematical framework to describe the rate of change of quantities over
time.
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Types of Differential Equations

Differential equations are classified into two main types:

* Ordinary Differential Equations (ODESs): These equations involve one
or more dependent variables that depend on a single independent variable,
typically time. * Partial Differential Equations (PDEs): These equations
involve one or more dependent variables that depend on multiple
independent variables, such as space and time.
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Applications of Differential Equations

Differential equations have wide-ranging applications in various fields,
including:

* Physics: Modelling motion, heat transfer, fluid flow, and electromagnetic
fields * Biology: Modelling population growth, predator-prey interactions,
and disease spread * Engineering: Designing bridges, buildings, and
aircraft * Economics: Modelling economic growth, inflation, and
unemployment * Finance: Modelling stock prices, interest rates, and
derivatives

Solving Differential Equations

Solving differential equations can be challenging, and there are various
analytical and numerical methods to find solutions. Some common
methods include:

* Analytical Methods: Using exact mathematical techniques to find exact
solutions, such as separation of variables, integrating factors, and Laplace
transforms. * Numerical Methods: Using numerical approximations to find
approximate solutions, such as finite difference methods, finite element
methods, and Runge-Kutta methods.

Case Studies
Here are some real-world examples that illustrate the applications of

mathematical modelling with differential equations:

* Population Growth: The logistic equation models the growth of a
population that is limited by resources:



dP/dt = rP(1 - P/K)

where P is the population, r is the growth rate, and K is the carrying
capacity.

* Heat Transfer: The heat equation models the flow of heat in a medium:

ou/ot = aVau

where u is the temperature, a is the thermal diffusivity, and V2 is the
Laplacian operator.

* Fluid Flow: The Navier-Stokes equations model the flow of a viscous
fluid:

p(av/at + (v-V)v) = -Vp + uVRv + pg

where v is the velocity, p is the pressure, p is the density, | is the dynamic
viscosity, and g is the gravitational acceleration.

Mathematical modelling with differential equations is a powerful technique
for understanding and predicting the behavior of complex systems. By
utilizing analytical and numerical methods, we can derive solutions to
differential equations and gain valuable insights into real-world phenomena.
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