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Lagrange Interpolation Formula for Unequal Interval

The corresponding values for x{ , x5 , X3, ... ... ... are f(xq),f(x2), f(x3)
The formula given below is used to find the value of f(x) for any
value of x
(=) (x — x3)(x — x4) (x — x1)(x — x3)(x — x4)
f(x) = (21 — x2) (21 — x3) (X1 — X4) fxd) + (X2 —x1)(x2 — x3) (X3 — x4) f(x2)
+ (x —x1)(x —x2)(x — x4) Fx3) + (x —x1)(x —x2)(x — x3) Fxa)

(x3 —x1)(x3 — x3)(x3 — x4) (x4 — x1)(x4 — x2) (X4 — x3)

R
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Example

Using Lagranges interpolation formula, find the value of y corresponding to
x = 10 from the following table:

y 12 13 14 16
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X S5 6 9 11

fx) = (x(lx = 522;((; _—3;33);&: i) fle) + (x(zx = 9:1))((52 __’ié’ffé; - ig f(x2)
R o o e oS R cer ommren o D

fa0) = (1(05_—66))((150—_ 99))((512 111)1) X2+ (1?6_—55))((160—_ 99))((612 111)1) x13
s oy st

= 14.667
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Example

Using Lagrange's interpolation formula, find the value of y corresponding to

x = 5 from the following table:
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(x —x2)(x — x3)(x — x4)(x — x5)
(x1 —x2)(x1 — x3)(x1 — x4) (X1 — X5)

fx) = f(x1)
(x —x1)(x —x3)(x — x4)(x — X5)

(x2 —x1)(x2 —x3)(x2 — x4)(x2 — X5)
(x —x1)(x — x2)(x — x4)(x — x5)

(x3 — x1)(x3 — x2)(x3 — x4) (X3 — X5)

f(x2)

_|_

f(x3)

_|_

(x —x)(x — x2)(x — x3)(x — x5)
(g — x1) (x4 — x2) (x4 — x3) (X4 — X5)
(x —x1)(x —x2)(x — x3) (X — x4)
(x5 — x1) (x5 — x2) (x5 — x3) (X5 — Xx4)

f(x4)

_|_

f(xs)

_|_
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f(5) = 1-2)1-3)1-4)1-7)
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(5-2)5-3)5-4)(5-7)

X 2

(5—1)(5=3)(5—4)(5—7)
2t nez-3yez-nez-7 "~
(5= 1)(5 —2)(5 —4)(5 —7)
B-1DGB-23-3E -7

X 8

_|_

(5-1)(5—2)(5—3)(5 - 7)
Ta-D@-2@-3@a-7

(5-1)(5—2)(5 - 3)(5 — 4)
T T-DT-2)(7-3)(7 -2

X 16

X128 = 32.933
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Example

Sate Lagrange's interpolation formula, using unequal interval. From an
experiment, we get the following values of a function f(x)

X 1 2 -4
f(x) 3 -5 4

Represent the function f(x) approximately by polynomial of degree 2.
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B (x — x3)(x — x3) (x —x1)(x — x3) (x —x)x —x,)
fx) = (x1 — x2)(x1 — x3) fle) + (x2 — x1)(x2 — x3) flxz) + (x5 —2,) (x5 — x5) f)
) = (x—2)(x+4) 3+(x—1)(x+4) % (=5) + (x — 1(x —2) .

1-2)1+4) °TZ-D2+4) (—4-1D(4-2)

—3 5 4
_ 2 . v 2 . _ 2 _
= = (x% + 2x — 8) 6(x + 3x 4)+30 (x%2 —3x +2)
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3 5 4\, (=6_15 12\ (24 20 8
5 6 30/ 5 6 30/°" \5 76 T30

_C13 , 41 42
~ 10 ¥ "10*" 5

-1
T (13 x% + 41 x — 84)
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Newton’s Divided Difference Interpolation

daliila p& x ad A 3305 4S5 Ladic 48y jal) odd aadicd

f) =f@+ Af(a)(x — xo) + A% f(@)(x — x0)(x — x1)

+ A3 fa)(x — x9)(x — x1)(Xx — X3) + o vvev e .

12@
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Example

Find £(9.2) from the given values, using Newton’s divided difference
Interpolation

X 8 9 9.5 11
f(x) 2.079442 | 2.197225 | 2.251292 | 2.397895
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f(x) A A? A3

8 2.079442

o177
9 2.197225 | -0:006433

| -0:108134 - [-0.000411
95 | 2251292 | -o:0052

| 0857735

11 2.397895
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Gl — 331 2,.197225 — 2.079442

A= = =0.117783
agin 5 _yidll 9-8
AZ_ 0.108134 —-0.117783  0.006433
B 9.5—8 o
, —0.0052— (—0.006433)
A°= =0.000411

11-8
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fx) =f(a) + Af(a)(x — xo) + A% f(a)(x — xp)(x — x1)
+ A% f(a)(x — xp)(x — x)(x — x2)

£(9.2) =2.079443 + 0.117783(9.2 — 8) — 0.006433(9.2 — 8)(9.2 — 9)

+0.000411(9.2 — 8)(9.2 —9)(9.2 — 9.5)

= 2.219209

16@
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Example

Find f(1.2) from the given values, using Newton’s divided difference
Interpolation

x 1 1.5 2.5 3 4
f(x) 0 8.625 | 43.875 72 153
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X f(x) A A? A3 A?
1 0
17.25
1.5 8.625 12
35.25 1
2.5 43.875 14 0
56.25 1
3 72 16.5
81
4 153
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Giudl — 32 8.625 — 0

agin 5 il 1.5—-1
A2 35.25 -17.25 -
B 2.5—-1 B
14 — 12
A3 = —
3-1
1-1
A= ——=0
4 -1

19@
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fx) =f(@)+ Af(a)(x — x¢) + A% f(@)(x — x0)(x — Xx0)
+ A3 f(a)(x — x0)(x — x1)(x — x7)
f(1.2)=0+17.25(1.2-1)+12 (1.2 - 1)(1.2 - 1.5)

+1(1.2-1)(1.2-1.5)(1.2 — 2.5)

= 2.808
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Example

Find the values of f(2),f(8)and f(15), using Newton’s divided difference
Interpolation, for given the following table:

f(x) 48 100 294 900 | 1210 | 2028
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X f(x) A A? A3 A4
4 48
52
5 100 15
97 1
7 294 21 0
202 1
10 900 27 0
310 1
11 1210 | 33
409
13 2028
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A= oo
pgin B yidll
A2 97 —52
===
A3 21-15
- 10-4
1-1
4
:—:O
11 — 4
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5—4

Gl — G230 100 — 48

52
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fx) =f(a) + Af(a)(x — xo) + A% f(a)(x — xp)(x — x¢)
+ A% f(@)(x — x9)(x — x)(x — x3)
f(2)=48+52(2—-4)+15(2-4)(2-5) +12-4)2-52-7)=4
f(8) =48 +52(8—4)+15(8—4)(8—5)+1(8—4)(8—5)(8 —7) = 448

f(15) =48 + 52 (15 —4) + 15 (15 — 4)(15 — 5) + 1 (15 — 4)(15 — 5)(15 — 7)
= 3150

Email: nbrahim@uomosul.edu.iq Sl pastede g




