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April 27 Homework Problem
Solve Laplace’s equation for the geometry and the grid shown [image: image1.emf]  0 

at the right.  The region has a notch in the lower right corner.  Each element is a rhombus (a parallelogram with each side of equal length).  In this problem, the length of each side is 0.1 m.  The slanted sides are at an angle of 30o from the vertical.
Assume Dirichlet boundary conditions with all values equal to one except the inner part of the notch which has a value of zero.

Use the quadrilateral elements shown with linear shape functions.  Note that the element equations will be the same for each element in this case because all the elements are the same size.  However, the assembled equations will be different for each unknown node.
In solving this problem you can use the equations from the lecture notes for April 20-22.  (To solve Laplace’s equation you can ignore the terms multiplied by a2.)  Start by finding the derivatives ∂x/∂, ∂x/∂, ∂y/∂, and ∂y/∂, the Jacobian determinant, J, and the inverse derivatives ∂/∂x, ∂/∂y, ∂/∂x, and ∂/∂y.  These will be the same for each element.
Use Gauss quadrature, with n = 1, to evaluate the Aki integrals.  Note that these integrals are symmetric.  Assemble the element equations into a set of equations for the entire region.  There are only three unknown values that you will have to find, but you will have to consider the contributions from all eight elements in forming the global equations.
To solve this problem follow the process used to obtain a solution for the uniform grid during the lecture notes for the week.  The main differences are that (1) you have to compute the geometric factors in the Aki equation; (2) you have to perform the integration using Gauss quadrature; (3) you have to assemble the equations for the three nodes in the problem whose values are not known.  Because all the elements are identical, you will only have to find the element equations for one element.  You will then have to assemble the relevant equations to get a system of three equations in three unknowns for the unknown values at nodes A, B, and C.
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