2012/9/19 Chapter3  Prof. R.-T. Wang

Chapter 3 Interpolation

8§ Lagrange’s interpolation

To find a polynomial to approximate the function f(x):

1. Given two points (x,, f(x,)) and (x, f(x)) can generate a linear

function as

y=ax+b
2. Given three points (x,, f(x,)), (x, f(x))and(x,, f(x,))can generate a

quadratic  function as

y=ax>+bx+c

3. Given n+1 points (x,, f(X,))...... (x., f(x,)) can generate a
polynomial of order n
y=ax"+a X""'+..+a,.

X—Xj

Y(X) = Zn: Ln,i (X)f (Xi) ) I-n,i (X) = ﬁ

A X~ Xj

8§ Divided differences
Pa(X) =85+, (X=X%) + 3, (X=X )(X= %) +........ +a, (X=Xg)ooe (X=X 1)

Notations

0= FIx]
X, — X

i+l N

fIxI=f(x), flx.x.]=

f[xi RATERE ’Xi+k] =

Suppose h=x,_,—X, X=X +sh
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P, (X) = f[X,]+shf[x,, X 1+ ...+ S(s =) (s—n+Dh" f[Xy, X, ..., X, ]

Further, f[x,,x]=- 1= 1%l é%Af (%),

X =%
%0 %, %] = 1 [f(Xz)—f(Xl)_f(Xi)—f(XO)]:i[Af(xl)—Af(xo)]
X3 =% X, =% X =X 2h h
a1 5
2o A (),
f Xy, X ] k!lhkA"f(xO)

So, Newton forward-difference formula

p.(0) - f[xﬂ+i@ﬁ f(4). [E]: B

§ Hermite polynomial

{x, (%), 'O

Hepa 09 = 25 0, 00+ 32 T0)H, )

Where

H, ;00 =[-20¢=x) L, ()1 (0, H, ()= (x=x))L5 ()
The divided-difference form of the Hermite polynomial is
Hana () = f[z0]+2knzj [z 2,](X—2.) (X2, )

Where z, =z,.,=x_and f[z,,z,,1=f'(x)

EX. {6, F (%), F'(x)},

Notations

L, =L, =%, ==X, l=Xx-X

Hy(X) = flz,]+ flz, 2)(x = 20) + 125, 2, 2,](x = 2,)(x - 2)

+f [Zo’ Z;, 2, 23](X_ Zo)(x_ 21)(X_ Zz)

f[zo] = f(xo) ' f[zo’ 21] = f,(xo) )
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flzl=flz] _ £00)-106) 0= F08) 1 1 i),

floz]= = 2ot |
1 M_ :
_I | f (XO)}
fz,2, 2,]= f[zz1zz]:;[z11zz] _ lex {f'(x)- f(XZ:)]:(XO)}
=%{f’(x1)_w}
Fl2,2, 2] - 20,2, 2,] _ 12,2, 2] - Fl2,2,2,]

flz,,2,,2,,2.] =
[012 3] 23_20 I

= {1 ()2 BT

Hy00 = £06)+ 100)0x—1) + 1 T8 g p ) x-x,)

# {1 10) -2 T ) e-x) - )

(X=%)" , 5 (X=%)"(x= Xl)]

H,(0 = £ (- .
1O - B BT OR g O )
TN e S LS { AT S (AN
00 = 10381 o Xy
IR RELUSLOSELS R
10O ORT o () BTy
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HW3

1. Use the Lagrange interpolating polynomials of degree one, two, three

and four to approximate cos(0.750) =0.7317 if cos(0.698) =0.7661,

c0s(0.733) =0.7432, co0s(0.768) =0.7193, c0s(0.803) =0.6946.

Find the error bound.

2. Use iterated inverse interpolation to find an approximation to the
solution x-e™ =0 using the data e°°=0.740818, e**=0.670320,
e % =0.606531, e°°=0.548812.

3. Acar travelling along a straight road is clocked at a number of points.
The data from the observations are given in the following table, where
the time T is in seconds, the distance D is in feet, and the speed V is in

feet per second.

T |0 |3 5 8 13

D |0 200 |375 [620 |990

V |7/5|77 |80 |74 |72

a. Use a Hermite polynomial to predict the position of the car and its
speed whent=10s.

b. Use the derivative of the Hermite polynomial to determine whether
the car ever exceeds a 55 mi/h speed limit on the road. If so, what
is the first time the car exceeds this speed?

c. What is the predicted maximum speed for the car ?



