3.1 Interpolation and the Lagrange Polynomial TR
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EXERCISE SET 3.1

1. For the given functions f(x), let x; = 0, x; = 0.6, and x2
polynomials of degree at most one and at most two @ approxima

actual error.
b flx)=+1+%

d. f(x)=tanx
ations in Exercise 1.

= (.9. Construct interpolation
te f(0.45), and find the

a. f(x)=cosx
¢ flx)=lInlx+1)
. Use Theorem 3.3 to find an error bound for the approxim
% 3. Use appropriate Lagrange interpolating polynomials of degrees one, two, and

imate each of the following:
ma  f(8.4)if f(81) = 1694410, f(8.3) = 17.56492, f@®6) = 1850515, f(B.D

three 10 Approx-

il

18.82091
b f(=1) if £(-075) = —0.07181250. f(~0) = ~0.02475000, f(=025) =
0.33493750, £(0) = 1.10100000 . )
®e £(0.25) if FO.1) = 0.62049958, f(0.2) = —0.28398668, f(0.3) = 0.00660095,
710.4) = 0.24842440
— 0.22363362.

d.  f(0.9) if f(0.6) = —0.17694460. f(0.7) = 0.01375227, f(0.8)

F(1.0) = 0.65809197
4. Use Neville's method to obtain the approximations for
& Use Neville’s methed to approximate /3 with the funetion f(x)

n=-lLx=0n= 1,and xry = 2.
6. Use Neville’s method to approximate /3 with the function f(x) = /x and the values xp = 0,
the accuracy with that of Exercise n

n=lhxn=2%2x = 4, and x4 = 5. Compare
7. The data for Exercise 3 were generated using the following functions. Use the error formula
to find a bound for the error, and compare the bound to the actual error for the cases n = | and
n=2
a. f(x)=xlInx
b. fix)=x*+ 4.001x% + 4.002x + 1.101
c. )’(I)=xcosx—'2x2+3x-l
d. f(x) =sin(e — 2} ;
8. Let f(x) =+x— x? and P;(x) be the interpolation polynomial on xp = 0, x; and x; = 1. J
Find the largest value of x; in (0, 1) for which f(0.5) — P2(0.5) = —0.25.
Let P;(x) be the interpolating polynomal for the data (0, 0), (0.5, ), (1, 3), and (2, 2). Find
y if the coefficient of x* in Ps(x) is 6.

10. Use the Lagrange interpolating polynomual of degree three or less and four-digit chopping
he following values, Find an error bound for the

Exercise 3.
— 37 and the values xg = -2,

arithmetic to approximate cos 0.750 using t
approximation.

c0s0.698 = 0.7661 cos0.733 = 07432 cos0.768 = 0.7193  cos 0.803 = 0.6946

The actual value of cos 0.750 is 0.7317 (to four decimal places). Explain the discrepancy
between the actual error and the error bound. ’

11. Use T.hc fol]owilng v.aluts and four-digit rounding arithmetic to construct a third Lagrange poly-
pomial approximation to f(1.09). The function being approximated is f(x) = log(tan x).
Use this knowledge to find a bound for the error in the approximation.

£(1.00) =0.1924 f(1.05) = 02414 £(1.10) = 02933  f(1.15) = 0.3492
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3.2 Divided Differences

_————-_—'—__-

EXERCISE SET 3.2

€1

b,

Use Newton's interpolatory divided-difference formula or Algorithm 3.2 to construct inter-
for the following data. Approximate the

polating polynomials of degree one, two, and three

specified value using each of the polynomials.

a.  f(B4)if f(8.1) = 1694410, f(8.3) = 17.56492, f(8.6) =
18.82091

b. f(09) if f(06) =
£(1.0) = 0.65809197

Use Newton's forward-difference formula to construct

one, two, and three for the following data. Approximate the speci

polynomials.

a. f(-1) if f(-075) = _0.07181250, f(~0.5) = —0.02475000. (=025 =
0.33493750, F(0) = 1.10100000

b. f(0.25)if f(0.1) = —0.62049958, f(0.2) =
F(0.4) = 0.24842440

Use Newton's backward-difference formula to construct

one, two, and three for the following data. Approximate the speci

18.50515, f(8.7) =

_0.17694460, f(0.7) = 001375227, f(08) = 0.22363362,

interpolating polynomials of degree
fied value using €ach of the

028398668, f(0.3) = 0.00660¢ )

interpolating polynomials of degree
fied value using each of the

polynomials.
a. f(-3)if f(=0.75) = —0.07181250, f(-0.5) = —0.02475000, f(-0.25) =
0.33493750, £(0) = 1.10100000
0.00660095,

b £(0.25) if f(0.1) = —0.62049958, f(0.2) = _0.28308668, f(0.3) =

£10.4) = 0.24842440

a. Use Algorithm 3.2 to construct
equally spaced points given in the following table:

the interpolating polynomial of degree four for the un-

—6.00000
—5.89483
—5.65014
—5.17788 )
—4,28172 4 )

Add f(1.1) = —3.99583 to the table, and construct the interpolating polynomial of

b.
degree five.

a. Approximate f(0.05) using the following data and the Newton forward divided-
difference formula:

x |00 |02 | 04 | 0.6 | 0.8
7 | 100000 | 122140 | 149182 | 182212 | 222554

b. Use the Newton backward divided-difference formula to approximate f(0.65).

¢. Use Stirling’s formula to approximate f(0.43).
Show that the polynomial interpolating the following data has degree 3.
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CHAPTER 3 -« Interpolation and Polynomial Approximation

7. & Show that the Newton forward divided-difference polynomials
P(x)=13—=2(x +1) + 0(x + D(x) + (x + DEx)x — 1
and
Q(x) = -1 +4(x +2) =3(x +(x + D + (x + D=+ D)
both interpolate the data
x |-2|-1]|9] 12
EIENEIBEE

ness property of interpolating polynomials?
— 24, A’P(0) = 6, and A’ P(0) = 0,

b. Why does part (a) not violate the unique

8. A fourth-degree polynomial P(x) satisfies A*P(0)
where AP(x) = P(x + 1) — P(x). Compute AZP(10).
9. The following data are given for a polynomial P(x) of unknown degree.

x |0] 1]2
Pix) 2| —1]4

e

Determine the coefficient of x* in P(x) if all third-order forward differences are 1.
10. The following data are given for a polynomial P(x) of unknown degree.

x |o]1] 2|3
Py | 4] 91518

) if all fourth-order forward differences are 1.
is used to approximate f(0.3) given the fol-

Determine the coefficient of x* in P(x
411, The Newton forward divided-difference formula

lowing data.
x } 0.0 ‘ 0.2 i 0.4 | 0.6
0o | 150 | 210] 300 | 510
Suppose it is discovered that f (0.4) was understated by 10 and £(0.6) was overstated by 5. l)

By what amount should the approximation to f(0.3) be changed?
12. Forafunction f, the Newton's interpolatory divided-difference formula gives the interpolating

polynomial
16
Py(x) = | +4x + 4x(x — 0.25) + fo(x - 0.25)(x = 0.5),

on the nodes xp = 0, x1 = 0.25, x2 = 0.5 and x; = 0.75. Find f(0.75).
¥ 13, Fora function f, the forward divided differences are given by

%=00  flx]
f[xUt x!]

X = 04 fl-rl] f[:ro.:n. Iz] =
flx, x2] =10

30
:

x =07 flx] =6

Determine the missing entries in the table.



