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136 AN INTRODUCTION TO THE FINITE ELEMENT METHOD
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where /| and k3 are the lengths of elements 1 and 3, respectively.

The secondary variables computed using the definitions (3.2.63) are the same as those
derived from the assembled equations for the problem in Fig. 3.2.10. This equality is not to
be expected in general. In fact, when the source vector f is not zero, the secondary variables
computed from the definitions (3.2.6) will be in error compared with those computed from
the assembled equations. The error decreases as the number of elements or the degree of
interpolation is increased.

This completes the basic steps involved in the finite element analysis of the model
equation (3.2.1). Next, we consider an example of application of the finite element method.
Additional applications of the method to one-dimensional problems of heat transfer, fluid
mechanics, and solid mechanics, are presented in Chapter 4.

Example 3.2.1

We wish to use the finite element method to solve the problem described by the following
differential equation and boundary conditions (see Example 2.5.1):

d*u 2
——— —u+x"=0 for O<x<1 (3.2.64)
dx?
u(0)=0, u(l)=0 (3.2.65)
The differential equation in (3.2.64) is a special case of the model equation (3.2.1) for the
following data: a =1, ¢ = —1, and f(x) = —x>. Hence, the coefficient matrix is given by
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First we consider a mesh of four linear elements and next a mesh of two quadratic elements to
solve the problem.

Linear Elements. The element coefficient matrix is given by [see Eq. (3.2.34), witha, =1,

ce=—1,h,= i]
. 1 94 97 3.9167
[K]=— =
24 | =97 94 —4.0417

—4.0417
3.9167
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