entral pifference Interpolation Formyjq,

¢
11.

Findf(25) given f (20) = 14, £ (24) 241
Gauss'S formula.

Stirling’s formula

= 32, -
f(28) = 35 and f (32) = 40, using

15
/" By Gauss’s forward formula, we have

.xzy(xo"'uh):yo'i‘(u)A +[“]A2 + :
)() | Yo 2 Ay*l‘*'(u3I)A“y,<|+(u+')A"y__2

By Gauss’s backward formula, we have

u
) =vo+!| 5 |A u+1),2
y W)=Yo (1) y—'+( 2 )A)’—|+(u_;l)A3y_2

u+2) .4
+( 4 )Ay__2+... 2

Adding (1) and (2),
_ u
e Cry

+ (u; 1)[A3y_, + A3y_2]+[ (”12)+ (”Z 1)] Ay, + -

_9 AT 2u? 2 uguz—lzg
2,2
+2u (u —13)

4
41 Ay_2+...

: _ Ayo+Ay 7, v?
: )’(K)—y(x(,+ul.1)=y,,+ul:———z——]+—ZTAzy_l

3. 3
u (u?— 12 (Ay_,+Ay_2) 2,2 12
Jue-19) L C kb 01X WP )

Where §=

Equation (3) is known as Stirling’s formula and it is the average of

the ’
two Gauss’s formulae.

Note 1. The formula involves the means
and just below the central line and even d
line.

A
. The formula can be remembered

of the odd differences just above
ifferences on the central

with the help of the following table.

" u2_12: u2 g“2_122

Coefficiens : 1 s
* 2 3! 4!

Dig, 1 1 (.3 3 4
erences : y, ) (Ayg + Ay-1) A%y_y 2 (A Yt a y-z) 82



242 ‘4@;;,'_."
That is. (diagrammati ally) the differences in the terms are
1S, 1 |

Ay, ) | Ay
| 2
.' ; 4
T JR— | ATy — Aty
L Avy ) Ay ;
vy " l
Average Average

!
1. To use this formula, we must have - 5<u< -i

7%. Ressel’s formula
By Gauss's forward formula, we get

oo (G5
u+
5

u+l 2
+( 4 )A v_2+( )A’y_z.g.,, (0

We know. A}'O = yl -Yo

Yo=Y, — Ay (i
y-l = yyo - Ay_l
2
&y, = A2y° - A3 )

Also, A‘y-2‘Ayl_A)’_2 etc.
Hence, (1) 1s rewritten as,
Y=y (xg + uh) = (‘*‘O)WAo Lu@=1) o
2 2 .

—L\l ) +L+ l)gu')(u - [) y_l . o

using (i) and (i) in (2)

»i +“_l|__~
e +20’1 Ay + u Ay, +;“(u)' ) aYy,

i Uly -~ |

to Y 2 (Azyu - Ay |)+ &“?.23‘!;&‘.‘.:!‘! At
=2otn 1 - |
2 ‘0‘( - 2 )Ayl)* 2 u &“2'- !l (Az.y‘_l + AIVO)

JUulu=-1) ( LN u+rl )A’AV !
2! 2 )
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Yot )i 1 m_l Azy +A2
= - —aT - y
m)=y<"o+“'?’ 2 +(“ 2)Ay°+ 2'*2( 2 0)
u-—';" u(“_l) 4 4
‘ Ay, + 8D u@=- -2 (A Yo +A Y-l)
3! , 4! 2 +
...(3)

Equation (3) is known as Bessel’s formula.

Note 1. The formula involves odd differences below the central line and
means of the even differences on and below the central line.

Central line Yo Ay Ay, , A%y,
: 0 B
Next line )| A|2y0 Ay Adr-l J
average average

average

If u=-;-v the coefficients of all odd order differences are zero.

. 1 ’
Hence, setting u=- we have

_D)_Yotn  1( Ay, +4% L3 Ay, + Ay
T\*72)7 2 78 2 128 2

A6_+A6_
5 ( V-3 y2)+

1024 2

This form is suited to compute the values of the function midway
between two given values.

2. Only even order differences exist in the formula.
This is also known as formula for interpolating to halves.
7. Laplace-Everett formula

Gauss’s forward formula is

+1
y(x)=y (xo + uh) = yo + (lll) Ay, + (;)Azy_l + (u 3 )A3y_l

+1 u+2),s :
+(u4 )Aay_2+( : )Ay_2+ (1)

We have Ayo=y, = Yo

Note 1.

As)’-l = Az}’o - A’ -1
Ny, =A%_ - Ay, etc.
Sllbstituting these in (1), we have

Yo+ uk) = Yot (‘;)0’1 -yo+ (;)Az)’-l + (u-; 1)(A2)’0 = Az)’-l)

u+2 4 A4
+(uzl)A4y_2+( 5 )(Ay-—l Ay-2)+
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3. If interpolation is required near the middle values of the |,
use either Stirling’s or Bessel’s formula. able
4. If —-4]-<u Sa]-’ then use Stirling’s formula.
5. If ;1-< u <%, then use Bessel’s formula for better resylts,
Example 1. Using Stirlings formula, find 'y (1-22) from the followi
table.
x 10 I 12 13 14 1S g
y 0.84147 0-89121 0-93204 0-96356 0-98545 099749 099957
1.7 1-8

0-99385 097385 (Delhi Uni |

Solution. Since we require y at x = 122, take the origin at x = |
and & = 0-1
x=xy 122-12 0-02
=TT o1 S0l 02
We form the central difference table below. Since x = 1-2 is the origin, wt
take values on both sides of 1-2 to the required stage.
| Difference Table

4
x u y Ay A%y Ay Ay

10 -2 084147 (54994
— 0-00891 [—=0-00040

1.1 -1 089121 [.04083 3
0008
, [09%20a] | &y, |[Fo00931)[ 422 )00
0-03152 it
13 1 096356 | Ay, |-000963 | AY-1 |

14 2 (ogs45 002189

By Stirling’s formula, we have
Ay, +Ay_, ] u?

U A2
i + A%y,

e (u? = 12) (A3 -1 +A3)’-2 )_,_MI—QA‘)’J*“
4!

3! 2

2 3l
.(1:2) =0.93204 + (0_2)[ 0-04083 ; 003152 ] N @-52)_ - 0-00%°

, 02)(004-1) [ — 000040 — 0-00032 ]+ (0:04)(0:04 - 1) (5,00009 "

y(x0+Uh)=y0+ u[

6 2 24 128
= 093204+ 0.007235- 0.0001862 -+ .00001 152 — 00000
=0-939100192
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gxample 2. From the following table, estimgte ,064

y cimals using (i) Stirling’s formula (ii) Bessel’s Formilla
¢

[ormllla' _

" Also find €' at x = 0638,

063

06!
' gd0431 1-858928 1877610 1896481 1.91554] 1934792 1.954237
(' ’

Take x = 0-64 as the origin,

0-62

= TR _0644-064
001

0-64

4l Difference Interpolation Formulge
,

h

Difference Table

0-65

0-66

247

correct to fiye

0-67

(Anna Nov, 2004)

X u y:ex Ay A2y A3y A4y
061 -3 1840431
0018497
062 -2 1858928 0-000185
0018682 0-000004
063 -1 1877610 0000189 ~ 0:000004
0018871 0-0
064 0 1896481 0000189 0-000002
0-019060 0-000002
065 1 1915541 0000191 0-000001
0019251 0-000003
066 2 1934792 0-000194
0019445
067 3 1.954237
() By Stirling’s formula,
0-018871+0:019060
Y (x=0-644) = y (u = 0-4) = 1-896481+ (0-4) 2
: 0-4)(0-16—1) (0+0:000002}
+%(o-000189+( X : [ ;
6
— 1.896481 + 00075862+ 0-00001512- 0-00000005
) = 1-90408226
(i1 Using Bessel’s formula, we get
) (0.644) = 1:896481 + 1915541 +(o- 4_%)(0.019060)
= : 5
0-4)(- 06 (0'000189+0-000191)
+ 2

2
0-4)(~ 0:6)(0-4 =0:3) 9.000002) +
N 6

=1.906011 - 0001906~ 0:0000228

= 1.904082
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