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Figure 16-8: Using bvalfit to match solutions in the middle of the integration
interval.

Partial differential equations

®

A second type of boundary value problem arises when you are solving a partial
differential equation. Rather than fixing the value of a solution at two points as was
done in the previous section, we now fix the solution at a whole continuum of points
representing some boundary.

Two partial differential equations that arise often in the analysis of physical systems
are Poisson's equation:

2
m:+
x2

0.

2
P
% = p(x,y)

and its homogeneous form, Laplace's equation.

Mathcad has two functions for solving these equations over a square boundary. You
should use the relax function if you know the value taken by the unknown function
u(x, y) on all four sides of a square region.

If u(x, y) is zero on all four sides of the square, you can use multigrid function instead.
This function will often solve the problem faster than relax. Note that if the boundary
condition is the same on all four sides, you can simply transform the equation to an
equivalent one in which the value is zero on all four sides.

Pro

Pro

The relax function returns a square matrix in which:

B An element’s location in the matrix corresponds to its location within the square
region, and

W Its value approximates the value of the solution at that point.

This function uses the relaxation method to converge to the solution. Poisson's equation

on a square domain is represented by:

Gk b G ke Y 1 e = Sk

The arguments taken by these functions are shown below:

relax(a, b, ¢, d, ¢, £, u, rjac)
a, b, ¢, d, e = Square matrices all of the same size containing cocfficients of the above
equation.
f = Square matrix containing the source term at each point in the n.nmwo__ in
which the solution is sought.

u = Square matrix containing boundary values along the edges of the region
and initial guesses for the solution inside the region.

rjac = Spectral radius of the Jacobi iteration. This number between 0 and 1
controls the convergence of the relaxation algorithm. Its optimal value
depends on the details of your problem.

If the boundary condition is zero on all four sides of the square integration domain, use
the multigrid function instead. An example is shown in Figure 16-9. The same problem
solved with the relax function instead is shown in Figure 16-10.

multigrid(M, ncycle)
M = (1 + 27} row square matrix whose elements correspond to the source term
at the corresponding point in the square domain.

neycle = The number of cycles at each level of the mudtigrid iteration. A value of 2
will generally give a good approximation of the solution.
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Chapter 16 Solving Differential Equations

Boundary value problems




