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Simpler way to calculate weights for Newton-Cotes method (or any 
quadrature rule once we have quadrature points)
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A direct method to obtain each wi individually

Lagrange function just do that for us:
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So we don't need to form an n x n system of equations 
Each time find one of the w's

Not useful for FEM but in general useful for integration
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Trapezoidal rule applied to an h-refined grid
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Trapezoidal rule applied to an h-refined grid

- We divide it to intervals and inside each interval use a higher order 
Newton-Cotes approach (so that each interval has subintervals and 
interior interval quadrature points)

- We add the integrals of intervals to get the total integral value

- Division to intervals is similar to h-refinement in FEM analysis -> 
higher accuracy is achieved by having smaller segments
Higher Newton-Cotes schemes is similar to p-enrichment in FEM as 
each interval integrates higher order polynomials exactly

-

- Combination of the two is similar to FEM hp-adaptive schemes that 
both higher order interpolation and smaller segment size features 
are used to obtain better accuracy

We can use a hybrid method to integrate an interval:
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Gauss quadrature

The idea is that if the position of quadrature points is also unknown ->
the number of unknowns double so instead of integrating 
polynomial order n - 1 exactly (n quad points) we integrate 
polynomial order 2n - 1 exactly 
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Let's obtain a 2 point Gauss quadrature rule:
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Gauss method provides the same order of accuracy with almost half the number of quadrature 
points!

That is why in FEM and many other methods if numerical integration is needed, Gauss quadrature is 
used.

---------------------------------------------
HW:
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HW5: problem #1

If we want to integrate the integrate as a 2nd order polynomial ->

Use Simpson's rule:
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You are going to use 5-point quadrature rule 

How to use Gauss method:

   ME517 Page 15    



Not the same limits for the actual integral. What should we do?
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Imagine if I asked to integrate the integrand as a second order 
polynomial.

How many Gauss points are needed?
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Now that we know how to integrate numerically we go back to stiffness equation for the 
second order element from the last session:
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So -> full integration order (integrand order for homogeneous and un-
skewed element) ->  p = 2

Number of quad points:

Newton-Cotes: nq = p + 1 = 31.
Gauss quadrature: nq = ceiling((p + 1)/2)2.
= ceiling (1.5) = 2 

From Bathe: element full-integration order is used if element is not highly distorted or is not highly nonlinear
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What happens if we use fewer points that full-integration order?

We may get nonphysical zero modes
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