
Spectral methods are ideal for simple geometries (circle, sphere, rectangle, …) and homogeneous material 
properties as one can take advantage of their exponential convergence properties and even very nice, e.g. 
diagonal, stiffness matrix form by using special polynomial spaces.
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FYI section

All needed to be able to evaluate the weak statement 
integral above is to have
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Previously, I mentioned that in the Weak statement 
because of 1 derivative we needed C1 functions for 
weight and solution

However in finite element, the basis functions are C0! And still the method works
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In this section we learn concepts such as elements, nodes, etc, and a general formulation of finite 
element stiffness matrix and force assembly
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element stiffness matrix and force assembly

Equation (1) holds for a general weak statement. From this equation, we want to obtain formulas for the stiffness matrix 
and all possible force vectors
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This is why we call operation A, bilinear, because it's linear with respect to both arguments w and u.

Side note: If we solve a nonlinear problem like large deformation or plasticity solid mechanics or many 
fluid mechanics problems the operator on the left hand side (A) is ALWAYS linear in weight w but not 
linear in solution u.

In general for any linear or even nonlinear problem all operators in FEM weak statement are linear in 
weight function.  ->
We can satisfy the weak statement ONLY for n weights and this implies that the weak statement is in fact 
satisfied for any linear combination of these weights. ->
We are going to satisfy the weak statement for n weights and obtain the formulas for the stiffness and 
forces
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From this point, we only focus on FEM and even further simplify equation *

2. Local / element-centered

Approach 2 is what everyone does (FEM codes, …) 
Approach 1 is what the weak statement provides. Need to work with this to turn it to more favorable 
approach 2 that will be covered later.

For your HW assignments, as soon as we cover approach 2, PLEASE don't use approach 1 anymore

In FEM, the basis functions are 
- Called shape functions
- and are denoted by N
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Definitions of nf and np:
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