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Note: Check the total number of pages are Seven (7). 
(10 Multiple choice questions and Four (4) Full questions) 

The Answer Tables for Q.l to Q.lO : Marks: 2 for each one (2 x 10 = 20) 

I Q No II 
a,b,c,d 

Quest. No. Marks Obtained Marks for Question 

Q. 1 to Q. 10 20 

Q.ll 5 

Q. 12 5 

Q. 13 5 

Q. 14 5 

Total 40 



Question 1: The value of c whic 
~--

to a= J3 is: 

(b) 2~ 

uadratic convergence of Xn+l = Xn + c(x;- 3) , 

1 
(c)-­

.)3 
(d) Non of these 

Question 2: If Xn+l = g(xn) = ln(xn + 2), Xo = 1.5 and k = maxlg'(x)l 
1 

3, then the 

number 

(a) 2 

Question 3:~h _nd a 
r method hen ----

(a) 4.4 (b) 4.44 (c) 4.359 (d) Non of these 

Question 4: The order of convergence of Xn+l = 2x; + _.!.- 5, n 2:: 0, to a= 1 is: 
Xn 

(a) linear (b) Atleast quadratic (c) quadratic (d) Non of these 

Question 5: The error bound of llx- x<5
) II using Jacobi iterative method with x<o) = (0, of, 

for solving linear system Ax = b , where A= ( -~ -~ ) , b = ( ~ 2 ) is: 

(a) 0.01851 (b) 0.0039 (c) 0.0205 (d) Non of these 

Question 6: If f(x) =~ ' then f[1 , 2, 1] is equal to: 
X 

(a) 0 (b) 1 (c) 5 (d) -3 

2 
Question 7: If xo = 1, X1 = 2, X2 = 3, X3 = 4 and f(x) = --, then the absolute error of 

x+1 
approximating f(2.9) using linear spline function is: 

(a) 0.004 (b) 0.14 (c) 0.03 (d) Non of these 

Question 8: The best approximation of f'(1.5) using three point difference formula for the 
function f(x) = ln x and h = 0.5 is: 

(a) 0.6931 (b) 0.6399 (c) 0.5232 (d) Non of these 

/,

2 1 
Question 9: The error bound of approximating the integral -- dx , using simple 

1 X+ 1 
zoidal rule is: 

(a) 0.0208 (b) 0.00617 (c) 0.0833 (d) Non of these 

I 

Question 10: Given Y....- y2 = 0, y(1.2) = 1.1, the approximate value of y(1.4) using Taylor's 
X 

method of order 1 (Euler 's method) when n = 1 is: 

(a) 1.245 (b) 1.545 (c) 1.582 (d) Non of these 

2 
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Question 11: Consider a linear system e::: = b , {where 
5 

[5 points] 

A= (: ~ n and b=(i) 
Discuss the conditioning of the given linear system. Suppose that [b = AJJ is changed to 

} t>* = Ax::::J::= [1, 1, 1.99]T. How large a relative change can this change p~ in the solut ion 

~- to!x=~ 

Solution. Since the matrix A and its inverse is 

( 

2 1 2 ) 
A= 1 · 40, 

1 2 1 

Then 

IIAIIoo = 5, IIA -llloo = 5, 

( 

4/3 
A- 1 = - 1/ 3 

-2/3 

1 -8/3 ) 
0 2/ 3 . 

- 1 7/ 3 

K (A) = IIAIIoo iiiA- 1 IIoo = (5)(5) = 25. 

Since the change from b to b * is an error ob, that is , b* = b + ob, so 

( 

- 0.01 ) 
ob = ~ = - r , 

and the l00-norm of this column matrix is, llob lloo = 0.01. From the equation (??), we get 

llox ll < 25 (0.01 ) = 
0

.1250 
ll x ll - 2 ' 

the possible relative change in the solution to the given linear system. 
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Table 1: Divide differences table for the Example ?? . 
Zeroth First SeconJ Third 

Divided Divided Divided Divided 
k Xk Difference Difference Difference Difference 
0 0 0.6932 
1 1 1.0986 0.4055 
2 2 1.3863 0.2877 - 0.0589 
3 3 1.6094 0.2232 - 0.0323 0.0089 

Solution. The results of the divided differences are listed in Table 1. 

Firstly, we construct the second degree polynomial p2(x) by using the quadratic Newton inter­
polation formula as follows 

f (x) = P2(x) = f[xo] + f [xo, x1](x- xo) + f[xo, x1, x2](x- xo)(x- x1) , 

then with the help of the divided differences Table 1, we get 

f (x) = p2(x ) = 0.6932 + 0.4055(x- 0) - 0.0589(x- O)(x- 1), 

which implies that 

f (x) = P2(x) = -0.0568x2 + 0.4644x + 0.6932 and P2(1.5) = 1.2620. 

Now to construct the cubic interpolatory polynomial p3 (x) that fits at all four points. We only 
have to add one more term to the polynomial p2 (x): 

and this gives 

f(x ) = p3(x) = P2(x) + 0.0089(x3 - 3x2 + 2x) and f(1.5) ~ P3(1.5) = 1.2620-0.0033 = 1.2587. 

We note that the estimated value of f (1.5) by cubic interpolating polynomial is more closer to 
the exact solution than the quadratic polynomial. 

(c) Now to compute the error bound for the approximation p3 (x) , we use the error formula 

lf(4)(ry (x)) l 
lf(x)- P3 (x)l = 

41 
l(x- xo)(x- x1)(x- x2)(x- X3)1. 

Taking the fourth derivative of the given function , we obtain 

(4) - -6 
f (x)- (x + 2)4 

(4) -1 - 6 I and If (ry (x)) l - (ry(x) + ?) 4 , for ry (x) E (0, 3). 

4 



Since 
1!(4)(0)1 = 0.375 and 1!(4)(3)1 = 0.0096, 

so lf(4)(7J(x))l:::; max I ( -

6 
)4 1 = 0.375 and it gives 

O:<:;x:<:;3 X+ 2 

lf(1.5)- P3(1.5)l :::; (0.5625)(0.375) / 24 = 0.0088, 

which is the required error bound for the approximation p3(1.5) . • 

5 



Question 13: Find the approximation of@ by using the following set of data points using 
numerical rule: -

~~ 
0.0 0.11 0.24 0.3 0.4 0.5 0.6 0.72 0.8 0.9 1.05 1.11 1.2 

or 

f(x ) 1.00 1.10 1.2 

!"( ) ~ f(0.8 + 0.4)- 2/(0.8) + f (0.8- 0.4) = D2f( ) 
1 "'-' (0.4)2 h 1 , 

f"(l) ~ /(1.2)- 2/(0.8) + /(0.4) = - 0.75 = D~f(l). 
0. 16 

To compute the error bound for our approximation in part (a) , we use the formula as 

The fourth derivative of the given function at ry(x1) is j (4)(ry(x1)) = cosry(x1), and it cannot be 
computed exactly because ry(x1) is not known. But one can bound the error by computing the 
largest possible value for lf(4)(ry(x1))1. So bound lf(4)1 on the interval (0.9 , 1.1) is 

a x = 1.1 Thus , for lf(4)(ry(x))l :S M , we have the possible maximum error as 

h2 (0 1)2 

lEe(!, h) I :S 
12

M :S -----i-2(0.4536) = 0.000767. 

(d) Since the given accuracy required is 10- 2 , so 

lEe(!, h) I= 1- ~~f(4)(ry(x1))l :S 10-2
, 

for ry(x1) E (0.4, 1.2). Then for lf(4)(ry(x1))1 :S M , we have 

h2 
-M < 10- 2 
12 - , 

h2 < (12 X 10-2) = (12 X 10-2) = 0.013 h < 0 3609 
- M 0.92106 ' - . . 
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Question 14: Determine t_h~number of su~intervals n_required to approximate 

with an error less t han 10-~sing 
'/the absolute ~ " ~~~=~._... 

Solution. we have to use t he error formula (?:. ? :~)~w~h~i~ch~is~_;:__.:::"""::--

I
E (f)\< (b- a) h4 M < 10- 4 . 

Sn - 180 -

1 24 
Given t he integrand is f(x) = --, and we have j (4)(x) = ( )5 . The maximum value of 

x+4 x+4 
3 

!f(4)(x)\ on t he interval [0, 2] is 3/ 128, and t hus M = 
128

. Using t he above error formula, we 

get 
3 h4 < 10-4 

(90 X 128) - ' 
2 4;:;r? 

or h < - v 15=0.7872. - 5 

2 2 
Since n = h = 

0
.
7872 

= 2.5407, so t he number of even subintervals n required is n 2: 4. T hus 

t h . . f h . . l . h 2 - 0 1 0 5 . e approximatiOn o t e giVen mtegra usmg = -
4

- = 2 = . IS 

( 2 1 0 5 [ ] Jo x + 
4 
~ T f (O) + 4[/ (0.5) + f (L 5)] + 2j(1) + / (2) , 

11 1 1 [ ] - - ~- 0.25 + 4(0.2222 + 0. 1818) + 2(0.:Z) + 0. 1667 = 0.4055, 
0 X+ 4 6 

which is equal to t he t rue value of t he given integral a = ln(l.5) = 0.4055 upto 4 decimal places. 
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The Answer Table for Q.l to Q.lO: Math 

~'heck the correct answer in the box. 
Q. No. 1 2 3 4 5 6 7 8 9 10 

a,b ,c,d a c c c a b a b c a 

The Answer Table for Q.l to Q.lO: MATH 

Check the correct answer in the box 
Q. No. 1 2 3 4 5 6 7 8 9 10 

a,b,c,d b a a b c c b a b c 
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