ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY

UNIT IV
INTERPOLATION, NUMERICAL DIFFERENTIATION AND INTEGRATION

Interpolation and Extrapolation:

Interpolation is the process of finding the values of f(x)for
intermediate values of x in the given interval. Extrapolation is the process of finding the

values of f(x) for extreme values of x

4.1 Lagrange’s Interpolation formula

= F(x) = (x —x1)(x — x3)(x — x3) (x — x0)(x — x)(x — x3)
Y (0 — x1) (X9 — x2) (X9 — Xx3) = (21 — x0) (%1 — x2) (%1 — x3) "
(x —x0)(x — x1) (x — x3) (x —x0)(x — x1)(x — x7)

(2 — x0) (X2 — x1)(x — x3) Y2 (x5 — x0) (x5 — x1) (x5 — x7) V3

Inverse Lagrange’sInterpolation

X = f(y) = =y =y)O=ys) . =y =y)O—ys)
Yo = y1) o —¥2) (Vo — ¥3) 1 1= Y0) 1 —¥2) (V1 — ¥3) !
=y -y —ys) =y =y —2)

X X
02 =¥ V2 =y W2 —¥3) ° 3 = y) s — y) s —y2)
1. Find the polynomial f(x) by using Lagrange’s formula and hence find f(3) for

X 0 1 2 5
f(x) 2 3 12 147

Solution:
Given,

X Xo X1 Xy X3

f(x) Yo V1 Y2 Y3

Lagrange’sInterpolationformula

— f(x) = (x — x1) (¢ — x5) (x — x3) (x — x0) (x — x5) (x — x3)
=) = G T G — 1) o — 1) G —x0) G — )G — %5)
(x —x0) (x — x1) (x — x3) (x —x0)(x — x1) (x — x7)

(23 — x0)(x2 — x1)(x — x3) Y2 (x5 — x0) (x5 — x1) (x5 — x7) Y3
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G- DE-DE-5) _ G-0Ox-Dx-5) _  (x—0x-1x—5)
“o-no-20-5PTa-oa-aa-nPTe-ve-ne-5*?
G-0G-DE-2)
) N
(3-DGE-2G-5 . G-0E-2GE-5)

y=fQ3) = 10 (2) 2 (3)
N 3)@3 —_12(3 —5) (12) + 3)@3 —610)(3 —2) (147)
2)(1) (-2 3)(1)(-2 3)(2)(-2 3)(2)(1
=10(3)2( )(_ig )(2)+( )(i( )(3)+( )(_)6( )(12)+( )(60)( )(147)
4 6 1
R R
BT TN\ N

2. Using Lagrange’s interpolation, calculate the profit in the year 2000 from the following data:

Year 1997 | 1999 | 2001 | 2002
Profit in lakhs 43 65 159 | 248
of Rs.
Solution :
PN CEEN I (Gt ) (= 20) O = %) (x — x3)
Y (%o — 1) (o — %) (%0 — %3) 70 (1 — %) (1 — %) (X1 — %3)
(x — x0) (x — x1)(x — x3) (x — x0) (x — x1)(x — x3)

(2 — x0) (2 — x1) (X — x3) 22 (x5 — x0) (x3 — x1) (x5 — x3) Y3

(2000 — 1999)(2000 — 2001)(2000 — 2002)

(1997 — 1999)(1997 — 2001)(1997 — 2002)
(2000 — 1997)(2000 — 2001)(2000 — 2002)

(1999 — 1997)(1999 — 2001)(1999 — 2002)
(2000 — 1997)(2000 — 1999)(2000 — 2002)

(2001 — 1997)(2001 — 1999)(2001 — 2002)
(2000 — 1997)(2000 — 1999)(2000 — 2001)

(2002 — 1997)(2002 — 1999)(2002 — 2001) = *°
L OEDED |, QEDED | QWMED . OOED
(=20 (-5) 43+ (2)(—2)(-3) 65 159 + 248

=f(x) =

_|_—
(4)(2)(=2) (G)3)@D)
_ % 4310654 2% 1504 T g
T —40 +12 +—16 T 15

— —2.15+ 325+ 59.625 — 66.13 = 23.845
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3. UsingLagrange’sinverseinterpolationformula,findthevalueofxwheny=20fromthegiven data
X 1 |2 [3 |4
y 1 |8 |27 |64

Solution:
Y= F(y) = G-y)O—y)G —ys) . G =y =)y —ys) .
Vo =y o — ¥2) (Vo — ¥3) 1 = y0) 1 —y2) (1 — y3)
V=) =y)(y —¥3) y OV =y0)y = y1) ¥ —y2) y
V2 = Y0) V2 = y1) (2 — ¥3) ? 3 = ¥0) (V3 = y1) (3 — ¥2) ’
_ () = (20 — 8)(20 — 27)(20 — 64) (20—1)(20—27)(20 — 64)

A-8)(1-2)0-64 ' B-1)@-27)(—64)
(20 — 1)(20 — y,)(20 — 64) (20 — 1)(20 — 8)(20 — 27)

27— D27 —8)(27 —64) ' (64— 1)(64 —8)(64 —27)

_ 12%-7s—44  —19%-7x—44 (19)(12)(—44) ) (19)(12)(=7)
—(=7(-26)(—=63) " (N(-19)(=56) " (26)(19)(-37) (63)(56)(37)

=2.8468
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