Numerical Differentiation_

First-derivative () formula via Taylor series
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We want to have O(hz) or higher formula.
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Richardson Extrapolation
O(h) = £ =L o) - approximate of £(x) with error O(k’)

Choose h, such that £im hn = 0.
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dh) = P(x) - ah - alf — alf ... (A)
PE) = £(x) - ali- adf- al- . (B)

(A~ 4{B):
Bh) -4 PE) = -3 £(x) - Zah~Lah'- .

Divide by 3 and rearrange:
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Second-Derivatives (f”) Formulas via Taylor Series

flx+h) = fx)+h PE) + BEPE) + 3B £ (x) + - K x+...
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flxcth) + f(x-h) = 2 f(x) +H £(x) + 2 [ &) +... ]

() = 4 [fxth) ~2f(x) + fix-h) ]|+ E where E=O(h)

Fig. 19.5
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Unequally Spaced Data

Idea.
For first drivative (f°) formula,
Stepl. Find P = f (Lagrange interpolation)
Step2. f = P’ (divided difference)

P(x) = fix,) + fx.%] (x-x))
£(x) = Pi(x) = flx,x] = &5
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