ME 209
Numerical Methods

Problem Hour 3
INTERPOLATION METHODS



Summary

Linear Interpolation

Quadratic Interpolation

L) = by + by (x — x0) = ) + L8001

X1 — Xp

f2(x) = bg+ b1(x — xp) + bz2(x — xp)(x —x1)
or, collecting terms,

fo(x) =ap+a1x + HEIZ where @0 = byg — b1x9 + baxox;
a1 = by — byxg — baxy

az = by
For by, x=xq by = f(x0)
For bl! X =X bl — f(XI) _ f(xﬂ)
X1 — Xp
fx2) = flx1)  flxn) — flxo)
For b,, x =x; by — 22— X1 — X0

X2 — X0



Summary

General Form of Newton’s Interpolating Polynomials

The nth-order polynomial is

For example,

Ja(x) =bg 4+ b1(x —x0) + - - - + bp(x — xp)(x —x1) - - - (x — x—1) 1) — fxy)

the coefficients:

bo = f(x0)
by = flx1, xol
by = flx2, x1, x0]

bﬁ' =1 f[x”! x??—].a 3 -axls-x{]]

f[-’fnxj] =

f[xnxj] - f[IjeIk]

Xi — X

f[xhxjsxfr] —

f[-rﬁ‘s Xn—1,...,X1, Iﬂ] o

f[-xn!xn—lv AL 1-1-1] i f[xn—lsxn—za R

, X0]

In . .ID

where the bracketed function evaluations are finite divided differences.



1. Estimate the common logarithm of 5 using linear interpolation. (a) Interpolate between log
4=0.60206 and log 6= 0.7781513. (b) Interpolate between log 4.5= 0.6532125 and log
5.5=0.7403627. For each of the interpolations, compute the percent relative error based on the true

value (log 5= 0.69897).



2. Fit a second-order Newton’s interpolating polynomial to estimate log 5 using the data
from Prob. 1 at x 4, 4.5, and 5. Compute the true percent relative error.



3. Fit a third-order Newton’s interpolating polynomial to estimate log 5 using the data from
Prob. 1.
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X
4. Given the data : |
|

Calculate f(2.8) using Newton’s interpolating polynomials of order 1 through 3. Choose the
sequence of the points for your estimates to attain the best possible accuracy. First, fill the finite
divided difference table below.

Finite Divided Difference Table

i X; f(x) flx.,,xl fIx..,, X..;5 X1 [IX.35 Xiins Xiip5 X1
0 1.6 2
1 2.0 8
2 2.5 14
3 3.2 15
4 4.0 8
5 4.5 2
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