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1 Interpolation
1.1 Lagrange Interpolation
1.2 Newton Divided Difference
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Interpolation

Interpolation

- §‘ Photos via gawker.com

Figure 1: Elias Garcia Martinez, Ecce Homo. The leftmost photograph (2010) shows
early flaking of the paintwork. The central photograph (July 2012) shows the extent
of deterioration before restoration. The rightmost photograph shows the artwork
after the attempted restoration by Cecilia Giménez.
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Interpolation

Interpolation

Theorem (Weierstrass Approximation Theorem)

Let f € Cla, b]. Then for each € > 0 there exists a polynomial p(x) such
that
If(x) —p(x)| < ¢ forall x € [a, b].
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Interpolation

Interpolation

Theorem (Taylor’'s Theorem))

Suppose f € C"[a, b], f"*+1) exists on [a, b], and x, € [a, b]. Then for
every x € [a, b] there exists a number £(x) € [xo, x] such that
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Taylor Approximation of e*
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Lagrange Interpolation
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Lagrange Interpolation

Interpolation
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Lagrange Interpolation

Interpolation

Lagrange Interpolants
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Figure 3: Lagrange basis polynomials defined over x; = 0, 1, 2, 3, 4.
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Lagrange Interpolation

Interpolation
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Lagrange Interpolation

Interpolation

Theorem

Suppose {xo, X1, . ..,Xn} are distinct points in the interval [a, b] and
f € C"*1[a, b]. Then for each x € [a, b] there exists a number
&(x) € (a,b) such that
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Interpolation
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Lagrange Interpolation

Interpolation
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Lagrange Interpolation

Interpolation

Runge Phenomena
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Figure 4: The polynomial pT; (x) is computed using 11 equally spaced points (shown

as dots), while p5 (x) uses 15 points.
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Newton Divided Difference

Interpolation
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Newton Divided Difference

Interpolation
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Newton Divided Difference

Interpolation
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Newton Divided Difference

Interpolation
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Newton Divided Difference

Interpolation

Newton Basis
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Figure 5: Newton basis polynomials defined over x; = 0, 1, 2, 3, 4.
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Newton Divided Difference

Interpolation

Theorem

For distinct points xq, . . . , X, the nth divided difference satisfies

: f(xk)

flXo0, X1, - - -, Xn] = T o o\
! =i [Tzt X = i)

with flxo] = f(xo) forn = 0.

Abhinav Jha ) IT Gandhinagar
MA 203, 30t March 2026 MATHEMATICS




Newton Divided Difference

Interpolation

Rdvaviogy
= (pmpudarivral (nnplo‘ﬂs—"\oo“)

PN 8y 0 V) 02 D WD F - Ay (n-wd - (Rortney)

N RS [G\ <+ (AN\9) {Qaﬁ oo tn-a) (,dn—\ + anl-x,—u,.,_,)ﬂ

Horne, Notaue_

— Addition %‘m\o il (‘l.n—n,—fms.

Abhinav Jha ( IIT Gandhinagar 18
MA 203, 30t March 2026 %) MATHEMATICS




