Introduction to Numerical Analysis I
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1 Numerical Differentiation and Integration (cont)

1.2 Numerical Integration
1.2.1 Integration using Interpolation

Rectangular (a.k.a Endpoint) Rule Using zero polynomial (constant) interpolation at point a
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Proposition 1.1. f[xg,...,Zn, 2] = f X0y e Tnt1, 2] (& — Tng1) + [ [T0, ooy Trp1]
Proof:
[ w0, s Tn, @] = f [Tng1, To, ooy Tn

xr — I’n+1

f [.Tn+1,[)30, ---7$n7$] =

. . . . . . . . h
Midpoint Rule Using zero polynomial (constant) interpolation at midpoint a + 5
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Trapezoidal Rule Using linear interpolation at points a,a + h
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Simpson’s Rule Using quadratic interpolation at points a — h,a,a + h
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Note: One derives Simpson’s rule as a linear combination of the Trapezoidal rule and the Midpoint rule.
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Trapezoid Midpoint

Fixed Trapezoidal Rule Using Hermit interpolation interpolation at points a,a + h
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Example 1.2.
/2

z 1
Exact Integration: / sinzdr = —cosz|2 = — ~ 0.707
/4 4 \/5
/2 /2 1
Rectangular Rule: / sinx dx =~ / sin il dr = T sin T_T - 0.55
n/4 ”/4 4 474 4.2
/2 /2 3 3
Midpoint Rule: / sinx dxr = / sin o dr ~ . sin o ~ 0.726
/4 /4 4 8
/2 /2 3 sin T +sin X i—l—l
Trapezoidal Rule: / sin:):da:/ sin o dr ~ T 4 2 _ T2 ~ 0.67
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Simpson Rule: / sinzdx/ sin 3m dr ~ T {sin T + 4sin (3 ) + sin E} ~ 0.7072
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Fixed Trapezoid: / sin dz/ sin 31 dr ~ — T [sin T + sin I]
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