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Quadrature
The Integration Problem
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Interpolator-Based Quadrature
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General Quadrature Rules
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Method of Undetermined Coefficients
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Vandermonde System for Quadrature Weights
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Newton–Cotes Quadrature: Setup
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Closed Newton–Cotes: Trapezoid and Simpson
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Open Newton–Cotes: Midpoint and Higher-Order Rules
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Composite Newton–Cotes Rules: Example
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Accuracy via Taylor Expansion
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Composite Accuracy Orders
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Gaussian Quadrature: Concept
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Gaussian Quadrature: Example (n = 2 on [−1, 1])
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Differentiation
Numerical Differentiation: Overview
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Finite Difference Approximation
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Centered Difference and Higher Derivatives



Differentiation
Richardson Extrapolation



Differentiation
Example: Richardson Extrapolation in Practice



Differentiation
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Numerical v.s. Automatic Differentiation
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Integrated Quantities and Structure Preservation



Differentiation
Example: Discrete Curvature of a 2D Curve

For closed curves ( )s0 = s1

Unlike approximating via divided differences.
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Structure-Preserving Discretization: Discussion
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