





2 Interpolation and Polynomial Approximation

Introduction A census of the population of the Umted States is taken every 10 years

1960 | 1970 | 1980 | 1990 | 2000

‘ 151326 ‘ 179,323 ‘ 203,302 ‘ 226,542 ‘ 249,633 ‘ 281.422
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In reviewing these data.

we might ask whether they could be used
to provide a reasonable estimate of the populatio
say, in 1975 or even in the year 2{12{]
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This process 1s called
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Lagrange Interpolating Polynomials
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and 1s the subject of this chapter

| Newton’s Divided-Difference
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2 Interpolation and Polynomial Approximation Newton'’s Divided-Difference

L

P(x) = fxo)Lno(x) + -+ -+ f(Xn)Lpa(X)

P,(x) = ag+ a;(x —xo) +ax(x —xo)(x —x1) + -+ ap(x —x0) - -+ (x — X,—1)

fx) — f(xo)-

X1 — Xp

ap = Pp(xo) = f(xo). fxo) +ai(x; —xo) = P,(xy) = f(x)

-~
f[x_ X; ] — f[xH_l] — f[xi] f[xi—l-laxf-l-z: I axi-l-k] - f[xinxi—l-ls e sxi—H:—l]
i Ai411 = Yt — 1 flxi, Xig1, .-, Xitk—1,Xipk] =
i+l Xitk — Xi
g

P,(x) = flxol + flx0,x1](x — xp) + a2(x — x¢)(x — x1)

+ oot ap(x —xp)(x —xp) - (X — Xp1).

e :
Py(x) = flxol + ) flxo. X1, .. x](x — x0) - (¥ — xe1).
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2 Interpolation and Polynomial Approximation Newton’s Divided-Difference

.

LY RYT)

First Second Third
X f(x) divided differences divided differences divided differences
X0 S lxol
Flon] = f[xi :xfﬂ[xu]
Xy flx] flxg. %, %] = f[x,,x;] —;f[xﬂ,xl]
2 — Xp
f[xl,xz] = f[xi :;:[xl] f[xu,xl,xz,xg] _ f[xhxz,xij :;f[;[.ru,xhxg]
X2 flx2] flxx0,x3] = f[xz’x;] _-'rf['rl’xz]
3 7 Al
flxa,x3] = f[xi :Ifz[xl] flxix,x5,x4] = f[xmxs,x:i :If1[111x2,x3] J’ (YM
X3 flxs] Flx, x5, 0] = f[xs’x;] — flxz’xﬂ JI K5 gouns
41— X
f[X3,x4] = f[x_::] :xf[xs] f[xz,Ig,x«i,xﬁ] = f[&?xbx;] :xflxz,xhx:‘] ( e
C Slxa,xs] — flxs, x4] > sons Jo (Flad
- Sxs] Sl xsxs] = === Jud! 555 I lao
flxg.x5] = f[xi :;;[xd] ( o
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2 Interpolation and Polynomial Approximation Newton’s Divided-Difference

Example 1 g s
1.0 0.7651977

Complete the divided difference table for the data used in 1.3 0.6200860
1.6 0.4554022
1.9 0.2818186
22 0.1103623

i Xi flxil fxizi,xi] Sxiza, xizy, xi] flxiza, .0 xi] flxicas -0 xi]
Solution 1o 07651977
—0.4837057
1 1.3 0.6200860 —0.1087339 Jo (¥ Jad
—0.5489460 0.0658784 JI50 goue
2 1.6 0.4554022 —0.0494433 0.0018251 ( o
—0.5786120 0.0680685 :
319  0.2818186 0.0118183 gous Jo (Fdad
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4 22 0.1103623 ¢ e
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P4(x) =0.7651977 — 0.4837057(x — 1.0) — 0.1087339(x — 1.0)(x — 1.3) / oY olro oliwe
+0.0658784(x — 1.0)(x — 1.3)(x — 1.6) . 4 ( e
+0.0018251(x — 1.0)(x — 1.3)(x — 1.6)(x — 1.9). (P
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2 Interpolation and Polynomial Approximation Newton’s Divided-Difference

EXERCISE SET 22

1.  Use Newton’s Divided-Difference to construct interpolating polynomials of degree one, two, and three
for the following data. Approximate the specified value using each of the polynomials.
| a.  f(84)if f(8.1) = 16.94410, f(8.3) = 17.56492, f(8.6) = 18.50515, f(8.7) = 18.82091

b. f(0.9) if f(0.6) = —0.17694460, f(0.7) = 0.01375227, f(0.8) = 0.22363362, f(1.0) =
0.65809197

J> (¥ b
I 51 gous

e

s Jo (FUad
Jawd! p290 Aolro

e

Sous Jo (O
oY olro oliwe

e

(P
(w0 ) 3




EVRVTS

C -

(Vb
U Ay
C e

(¥ Job
bigyd

> (Fdat
JIRa1 gons

C -

s Jo (FUad
Jad! 3200 dJolro

C )
Sous Jo (O

wYolw oluwe

( &,

(P ded
0 v 3!

c &




