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We almost always have the following form for weak statement (of self-adjoint problems):
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So, for problems with nonlinear response (nonlinear elasticity, plasticity, etc.) the linearity would only be on w and the weak 
statement would look different.

Let's derive the specific form of stiffness matrix and force vector for a given weak statement:
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We can apply equation (*) to spectral methods (e.g. global high order polynomials, sin/cos terms, etc.) or finite element methods.

From here on, we only focus on FEM
We first take the GLOBAL approach, that is centered around the notation of basis function (called shape function in FEM) and global dofs

In FEM, basis functions are called SHAPE functions and are denoted by N rather than
Shape functions take a value of 1 at one degree of freedom and zero elsewhere.
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In continuous / conventional FEMs unknowns   aj's are physical 
solutions @ dof number j. For bar problem, this is displacement 
at node j.

Reason for this, is the delta property mentioned above.

Find equations for K, Fr, FN, FD (and Fn) for bar problem

Stiffness matrixA.
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