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Answer all questions Time allowed « Two hours

1. Define “absolute error” and “relative error” of a numerical value.

(a) 1. Let 2y and zy be approximations to the true values X, and X, respectively
and e; and e; be the corresponding errors in these approximation. If e; is
due to rounding - off X; to k; decimal places and ey is due to

rounding - off X5 to ks decimal places, find a bound on the absolute error

in z,25. =

1. The numbers ¢ and b when rounded to four significant digits are 37.26
and 0.02146 respectively. Evaluate an approximation to ab and disciiss

the error involved.

(b) 1. For a quadratic equation az®+ bz + ¢ = 0, where a # 0 and b? — dac > 0,

sl
the roots can be computed with the formulas

—b 4+ /b2 — dac
2a :

—b— /b? — dac
2a '

and o

b

Show that these roots can be calculated with the equivalent formulas

—-20 = = 2{.’:

Ly ———.  and =
: b4 v/b? — dac ¢ b —\/b? — dac



1. Use the appropriate formula for computing z, and z; mentioned in part(i)

to find the roots of the quadratic equation
2~ 60z +1 =0,
using 4 significant digits throughout the calculation.

(a) Define the order and the asymptotic error constant of the iterative method to

compute the nonlinear equation f(z) = 0.

1. Obtain Newton-Raphson method to compute the roots of the equation
f(z) = 0 in an interval [a, b].
Solve sinz = 1 + z* using Newton-Raphson method.

ii. Show that the asymptotic error constant of the ,\'-ewton—Ra.phson method
1 f' e
o L")
2 f'(a)

(b) Suppose that g(z) and ¢'(z) are defined and-continuous on (a, b) and Pos P1, P2
lie in this interval and p; = g(py), p2 = g(p1). Also, assume that there exists a

constant K so that |g'(z)| < K. Show that |p, — p1| < K |p1 — pol.

b
(c) Let g(z) = 1.5+ 0.52 and py = 4 and consider fixed-point iteration.

i. Show that the fixed point is p = 3.

ii. Show that [p—pa|=|p—po| /2" forn=1,2,...... .



3. (a) Let f(z) be an (n + 1) times continuously differentiable function of x and

Yo,

i

iil.

Y1, ... , Yn be the values of f(z) at z = zo, %1, +.. 1 Tn respectively.

. Derive the Lagrange’s Interpolation polynomial P,(z) to estimate the value
of f(z) for any z € [zg, #,), in the form

_ 0 II{z)y;
R@=d m onEy

i=0

n
where TI(x H T — Z;).
=0
Using Lagrange’s Interpolation formula, express the function

32 +z+1

(z — 1)(z — 2)(z —3)

as a sum of partial functions.

Use the special function

5 bl — i hp ol = )
(z=m)(z—21) . .. (2 —2n)’

gt) = f(8) = Palt) = Eula)

to prove that the error term Eo(z) = f(z) — Pa(z) in the interpolating

polynomial, has the form

(n+1) (¢
Bule) = (o~ 2= ) . - (0= e}

Hence show that .
}12 ﬂ/f—g *
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| Er(2)] <

for the equally spaced nodes z; = zo + kh, where FOrED ()] € My for
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(a)

) Let I(f f Flrydz.

I(P,) is the approximation to I(f) where P,(z) is the polynomial of degree< n

“which interpolates f(x) at the equispaced nodes a = xg, 1, ... ,&n = b |

where 2 = zo+khfor k=0, 1, ...,nand z; € [a,b] fori=0, 1, ..., n

The error in the approximation is given by,

E(f) = I(f) - I(Pn).
Obtain the composite Trapezoidal rule and show that the composite error is

(‘b 70 a’) 2, ! y
T y'(n), n € la,b].

/1 dx
Jo 1422

using Trapezoidal rule by taking h = 1/4. Hence compute the approximate

Evaluate the integral

value of .

Describe Gauss Elimination with scaled partial pivoting .

Suppose that
20y + 19 4+ 3z = 1
4z, + 6y + 8x3 = 5
bz1 + azrs + 10z3 = 1

with |a| < 10. For which of the following values of ¢ will there be no row

interchange required when solving this system using scaled partial pivoting?

. a=6
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n. o= -3



