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Lagrange’s
Interpolation
formula:

Let the data

X ) T xTo Tp

f(x) | f(x1) | f(@2) | f(@2) | .- | fwn)

be given at distinct unevenly spaced points or non-uniform
points xg, x1, ..., Tx. |his data may also be given at evenly
spaced points. For this data, we can fit a unique polynomial of
degree < n. Since the interpolating polynomial must use all
the ordinates f(xg), f(z1),...f(xy), it can be written as a
linear combination of these ordinates. That is, we can write the
polynomial as
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lo(@)f (o) + li(@) f (1) + o + ln(x) f (2n)

Lagrange’s
Interpolation

formula: where

(x —z0), (z — 1), (x —22), ..., (x —2i-1), (T — xj41)s -0y (T — xp)

(z; — o), (zi —x1), (Tg —x2), ooy (T — @i—1), (i — Tig1), -, (T — Tn)

li(@) =
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Logrange’s Use Lagrange’s formula, to find the quadratic polynomial that
Interpolation takes the Values

formula:

f(x)
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l1(z) only. We have
(x — zo)(x — 2) (z —0)(x—3) 1

q l xr) = = —_ $2 _ 3$
intarpotation 1 (z1 —@o)(21 —2) (1 -0)(1-3) 2 )

formula:
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The Lagrange quadratic polynomial is given by

Py(z) = f(x) = lof(xo) + 1 f(x1) +laf(x2)=

0+ —%(1‘2 —3z)(1)+0 = %(31’ —z?).
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Example

Construct the Lagrange interpolation polynomial for the data

x

-1

1

4

7

(=)

=2

0

63

342

Hence, interpolate at z = 5.

Solution: Since f(z1) is zero, we need to compute lo(z),

la(x), l3(x) only. We have
(z —

x1)(x — x2)(x — x3)

(-1 -1)(-1-4)(-1-7)
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80

(zo — z1)(z0 — 22) (20 — 23)

(23 — 1222 + 39z — 28).
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w4 D S )
T + T — T —
T+0)T-1)(7T—4) T 4t -t ).

The Lagrange quadratic polynomial is given by
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lof(wo) + U1 f(z1) + l2f(22) + I3 f(=3)
La . _ 1 3 2 1 3 2 1 3 2
grange’s = ——(z° — 122" 4+ 392 — 28)(—2)+0— — (2 — 7z —x + 7)(63) + — (z° — 4z
Interpolation 80 45 144

formula: 1 7 171 3 3 49 171 P 39 7 171 7
= (=-c+—= )+ (-=+—-—)+(=+-- =)o+ (-——
40 5 72 10 5 18 40 5 72 10

Hence, f(5) = P3(5) = 5°% — 1 = 124.
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Given that f(0) =1, f(1) = 3, f(3) = 55, find the unique
polynomial of degree 2 or less, which fits the given data.

Solution: We have
xTrog = 0, f(.CL‘()) = 1,$1 = 1, f(:rl) = 3,$2 = 3, f($2) =55. The
Lagrange fundamental polynomials are given by
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lo(z) = (x —x1)(x — z2) _ 1 ):
(zo —21)(zo —22)  (0—1)(0—3)

%(w2—4x+3).
_ (@-z)—x)  (-0)(x-3) 1 T —
hiz) = (1 —mo)(z1 —a2)  (1-0)(1—3) e
_ @-z)e—z) (2-0@-1) _ 1 ,
() = (22 —xo) (22 —21)  (3—-0)3-1) 6( )
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e The Lagrange quadratic polynomial is given by

Lagrange's Py(z) = f(=) lof(zo) + l1f(z1) + l2f(=2)
Interpolation

Le? a4 31+ (3 2)3) + L2 55
formula: (@ — 4o +3)(1) + S (2~ o)) + (o — 2)(55)

822 — 6z + 1.
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Logrange's Question 1: Using the data sin(0.1) = 0.09983 and

formula: sin(0.2) = 0.19867, find an approximate value of sin(0.15) by
Lagrange interpolation.

Question 2: Give two uses of interpolating polynomials.
Question 3: Write the property satisfied by Lagrange

fundamental polynomials I;(x).
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Interpolation T h a n ks

formula:
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