Lagrange Interpolation formula

This method has less accuracy them Newton formula, but it has advantage of it

can be used for equally or non-equally spaced data.

where. n: number of terms - 1

Derivation of the Lagrange formula

Let y = f(x) is a function which takes (n+1) values
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Let us consider the polynomial of the form;
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To find the values of (a,, aq, ... ... ... ... ... @,) we can use the

following conditions:
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If we sub. all the values i Eq. (1), we will get the Lagrange

Interpolation formula:
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Ex. if taken=2

f(-")zsz(-")fk =No(x)fo+ N (x)f | +N,(x)f,
k=0

0 jj:g("k _-"‘3) (xo—x;) (x0—x,)

2 (x-x,) _(x-x0) (x-x,)
N,= = ;

k=1 fg(l‘k—ﬂ) (xy—x4) (x;—x,)

of (x)= (x —x;) (x —x,) fo+ (x —xy) (x _xz)f + (x —x¢) (x *xl)fz

' _(xo‘xl).(xo‘-“:) (3'1_3‘0).(1‘1‘3'3)- : (x> ‘xo)-(xz‘-\‘l)

Ex. For the last example. find f(1.25) using 3-term Lagrange interpolation formula.

Xo X1 X2
X 0 05 1 13 2.0
x=125 fx) | 12 18 31 16 76
n=No.ofterms-1=3-1=2 o f £,

f (_"' )= Z‘Nk(x Vi =Nox)fo+N(x)f, +N,(x)f,
k=0
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N, = (x —x,) | (\ -x,) _ (1.25—1)'(1.25—1.5) e S
k=0 (xo—x,) (xo—x,) (05-1) (0.5-1.5)

(x —x,) (x—-%x,) (1.25-0.5) (1.25-1.5)
N, = ; - i =0.75
k=l (¥,-%,) (x,-x,) (1-05) ~ (1-15)

X =" 95 -.0.5) (1.25-
sz(\‘ vo) (x-x) (1.25-05) (125-1)
k=2

(x-xo) (x,-x,) (1.5-05) (1.5-1)
o f (1.25)=-0.125*1.8+0.75*%3.1+0.375*4.6 =3.825

Examples

Example (1):

Forthe following data (x, . f,) find £(0.25). f(1.3) and (-0.35)

% 0.0 0.2 04 | 0.6 0.8 1.0
F 12 343 | 615 | 1223 | 257 55.6
Using linear. quadratic interpolation and 4-trem Newton interpolation formula




Sol:-

n|X fy AE, AzF;l A® Fy
0(00{12 (223 (049 |[2.87
1(02[343 |2.72 |3.36 |[4.03
2104]6.15 [6.08 |7.39 [9.04
31061223(1347[1643| ©®
4108[257 (299 | @ ®
5/1.0[55.6 ® ® ®

1- F(0.25)

h = xl e xo = 02

let x, =02, Fy=3.43 and AF;=2.72
linear F = FO — rAFO

0.25-0.2
0.2

quadratic F = F, + rAF, +

£(0.25)=3.43 + X2.72=4.11

r(r‘z— 1) AZ FO
0.25(0.25-1)

£(025)=343 +025 X 2.72+ = X 3.

(8]

4-trem Newton interpolation formula
r=0.25

r(r—1) r(r—1)(r-2)
T A%F, + = A*F,

0.25(0.25-1 0.25(0.25-1)(0.25-2
F(0.25)=3.43 + 0.25 xZ.?2++’x3.36+ ‘ - 2“ '
Xx2x1

F = Fy+ rAF, +

6=3.795

x 4.03 =4.015

2. F(1.3) HW

3. £(-0.35) HW

Al



Example 2:

For the same data in the last example find f(0.25) using 3-trem Lagrange

interpolation formula

¥ 2 0.25-0.2)(0.25-0.4 0.25-0)(0.25-0.4) 0.25-0)(0.25-0.2)
f{0:25)="d O B e ERE L TR e
(0-0.2)(0-0.4) (0.2-0)(0.2-0.4) (0.4-0)(0.4-0.2)

6.15 =

Hw. Complete the example and find f(1.3) and (-0.35

Note:- Lagrange mterpolation formula can be used for equally or non-equally spaced
points.
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