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1. a) Explain the foﬂowing terms.

(i) Absolute error.
(ii) Truncation error.

b) Let z, and y, be approximate values of two numbers whose true values are z; and
and, the corresponding absolute errors are e, and ey respectively.
Show that |(z; +y:) — (Za + ¥a)| < €z + €y

c) Obtain the second degree Taylor polynomial approximation for f(z) = (1+z)'/? about
z =0 ; where z € [0,0.1].

(i) Write down the truncation error.
(ii) Find the error bound of the truncation error for z € [0,0.1].

d) Convert
(i) 1101001, to decimal
(i) 0.625;4 to binary

e) Explain the form of a floating point number in the finite number system.
Using IEEE single precision format show that
(i) —20.5;0 = C1A40000;4
(ii) BF880000;5 = —1.06251¢

2. a) Write down the algorithm for bisection method for finding an approximate root of the
equation f(x) = 0 of a continuous function f, in the interval [a,b], where f(a) and

f(b) are of opposite signs.
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Suppose that the bisection method is used to find an approximate root of the equation
z3—5x+1=0.
(i) Show that there is a root in the interval [0,1].

(i) Apply the bisection method up to five iterations and tabulate the approximate
solution and the function value at each iteration.

b) Derive Newton Raphson formula, for finding an approximate root of non-linear equation
f(z) =o.
(1) Show that the order of convergence of Newton-Raphson method is two.

(i) Determine whether, Newton Raphson method can be used to find a root of
73 — 27 4+ 2 = 0 with the initial approximation zy = 0.

a) Show that for distinct real numbers, zg, z,,......... , Zn, if the function values are
Yo, Ylyenennnn. » Yn respectively, then, there is a unique polynomial P,(z) of degree at
most n such that P,(z;) =y;, for i =0,1,2,...... 1.

b) For the given set of data with 2 values 0,1,2,4,5 and 6, the corresponding function
values are 1,14,15,5,6 and 19 respectively. '
Determine Newton’s divided difference interpolation polynomial using all the data.
Find the value of the polynomial when x=3. &
c) Construct the Lagrange interpolation polynomial that passes through the points
(zi, f(x:)); 1 =1,2,3 given by (2, 0.6931), (2.2, 0.7885) and (2.3, 0.8329).
If f(z) =Inz  find

(i) the exact value of the function, and

(ii) the error bound

at r = 2.1.

4. a) Write down the boundary conditions for natural cubic spline for (n+1) points
Lo, 1, T3;.-.., Tn Whose function values are f(z), Tlag), flma),vs flzg) respectively,
in the usual notation.

A natural cubic spline is defined by
S(z) = So(z) =1+ B(z—1) - D(z —1)3 BEE 3
S =1+be-2) - 2e-22+dz-2° ,2<z<3
Find B, D, b and d if S(z) passes through the points (1, 1), (2, 1) and (3, 0).

Compute the cubic spline function value when z = 1.5.

?\l
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b) Assuming the curve of the form y = ae®® for the data set (@) =1,2,3,4 given
below, apply the least square approximation and, find @ and b.
&y 0 [1.28:¢ 15 1.5
Ui =0 = 58 180 |75
(In the usual notation, for the least square line Yy = a+bx the least square estimates
Z TilYi — (Z Iz‘)(z yi)/n
are given by b = 2= = =1 =1 and 4 = § — bx)
D 3= () i)/
i=1 i=1
a) Using the Taylor series expansion of a continuously differentiable function f at the
point z + h for some A > 0, obtain the forward difference formula for f’ (z) to first
order approximation ; where f’(z) is the first derivative of the function [ at z.
Hence derive the backward difference formula for f’ (z) to first order approximation.
Also obtain the error terms of each of the approximations.
(i) Consider the following two data points.
T 0.1 0.3
f(z) | 1.1052 | 1.3498
Find the approximate value of f’ at each point using the suitable formula.
(ii) Find the error bound if f(z) = e®.
b) In the usual notation, write down three point formula to find the first derivative of

a function f, at points which are equally spaced.

A machine is used to fill water tank. The amount of water in the tank (in m3) at
four different times (in seconds) are recorded as below:

Time - ¢ 1.0 1.1 1.2 1:3
Amount of water- v(¢) | 4.526 | 5.990 | 7.423 | 8.311
Use the most appropriate three point formula and approximate the rate of filling
water of the tank v'(t), (in m3s™!) at each time listed.
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6. a) Using Lagrange interpolation polynomial of degree 1, obtain in the usual notation,

b
the Trapezoidal rule with the error term for the approximation of / flx)dz .

1
T+ 2

dx.

1
Find the exact value of /
= 0

Using the Trapezoidal rule
dx.

1
1) approximate the integral
(i) app g /O P

(ii) determine the error bound.

. b
b) State Simpson’s % rule in approximating the integral / f(z)dz

with the usual notation.

Hence obtain the expression of the composite Simpson'’s rule to find

b
/ f(z)dz for odd number of points a = Zo, T1, Lo, ..., Toy = b.
The set of 5 data points are recorded as follows:

(0,1), (0.25,0.8), (0.5,0.5714) (0.75,0.66) and (1,0.5)

1
Evaluate the area given by / f(z)dz, considering these five points, using composite
0

Simpson’s rule.
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