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There were two other formulas I used last time:

1. Element stiffness matrix
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This function matches the end point values of q due to delta 
property of FE shape functions.

In fact, finite element shape functions are used to interpolate 
many things in FEM, etc.

In FEM (and other numerical methods) we have discretization error (infinite unknowns to a finite 
number).
This introduces discretization error (FEM as Ch^2 for linear bar element). 
As long as all the other errors go zero as fast or faster than discretization error, we are fine with them 
because eventually as h (element size) goes to zero, we converge to the exact solution

Last step to make all the elements be similar:
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So, now we have a relation between x and 

Go back to the formula for the stiffness matrix

Back to equation 1:
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In your HW for an example, you'll realize that FEM give you a stiffer solution (stiffness). FEM is 
always stiffer than  real solution 
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