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1. a) Define numerical methods. Briefly explain why we need them. 2
(co3)
eon)

b i i 3
Newton-Raphson method, Secant method, and False Position method. oy
i, What are the drawbacks of the Bisection method? Explain with proper examplesand 6
illustrations. (coy
oy
<) Suppose, Ris an arbitrary number. Prove that the Newton-Raphson formula for finding the 5
square root of R, which is mathematically denoted as /R, is as shown in Equation 1. i?rgﬁ
L R
= (s g )
) The Golden Ratio,often denoted by th Greek lete & (phi i the ratio oftwo quantites f
ihei ratio i the same s the aioofthei sum 1 the larger of the two quaniis. Expessed
algebraicaly, for quantites a and b with a > b > 0, the equality “~ = £ = & holds true.
“The constant ¢ is equal to the positive oot of a particular function f(z). The numerical
value of that root is,
sha=p=l *2\/’ 1618033988749
. From the given scenario, formulate the function / (z). 3
(con
(Po2)
i. Appythe Secant method o estimat hevlueof the glden ratio . The il guesss 11
arez, - 05 ‘Demonstrating the step-by-step m: 1 re, (C02)

conduct 4 terations, and find the relative approximate emr(\f.\%) andthe number of (O
significant digits that are at least correct () a the end of each iteration. Draw Table 1
on your answer script and fill it out after performing the necessary calculations.

‘Table 1: The relevant values obtained in the answer of Question 1.d)ii

= T Tal% | _m | (@) |
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2. a) Define Round-off Error. What are the different ways through which Round-off Error can be
introduced? Explain with proper examples.

b) One of

Pythagorean trigonomeric identity, which is,
sin(z) +cos’(z) = 1
One of the many proofs of this identity involves ilizing the Taylor expansions of its con-

stituent transcendental functions.

‘The Taylor series for a function f(z) is —

Ja+h)=

i. sin®(z)

i, cos”(z)

+f(a)

_
I )y

Using the Taylor series (with at least the first 5 terms), derive the Maclaurin series of —

()

B e
L

by the

@

Then use these two series to prove the Pythagorean trigonometric identity, as delineated in

Equation 2.

) The Maclaurin series of the exponential function e* is —
3
=

E=lirtgt

i. Why is the exponential function ¢* categorized as a transcendental function?

iil. Using the Remainder Theorem, establish the bounds of the truncation error in the rep-
resentation of ¢ if only the first 5 terms of the series are used.

b) Why do we i
for which they are used as interpolants in numerical analysis.

o Th

nor

+1data.

polynomials

ass of

raise by 1 degree.

conducting an experiment to determine how much heat is required to bring some volume
of water to its boiling point. The values of specific heat capacity C' of water that you have
calculated at different temperature values T are shown in Table 2.

Table 2:

funct

of

temperatt

T for Question 3¢

Determine the value of the specific heat at T = 61°C using the Newton’s Divided Difference

‘method of interpolation and a second order polynomi:
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4. a) The general linear regression model for predicting the response for a given set of n data
points (21, 41), (22,4a)s -, (T, 4n) s

y=a+mzr

‘where ag and a, are the two parameters of the regression model.

Derive the formulae for finding the optimal values of o and a;
Prove that the values of a; and o, obtained using the formulae derived in Question 4.2)i
correspond to the absolute minimum of the optimization criterion used.

B) What are the types of processes that can be represented usng the Exponential mode of

©) Suppose, you are given 1 data points (z1,3:), (+-
'

gression’ plain with suiteble

. (2, ) and you want to regress

them to the Exponential model y =
- Wit i b ion model y = ¢41%.
+ With data transformation via linearization. you obtain the regression model y = ¢*2%.
With proper reasoning, explain whether k; and k, are equal or not.

58 i

ingle-segment Trapezoidal
rule.

Applying the formula from Question 5.a)i, derive the formula for the Multi-segment
Trapezoidal rule.

Figure 1: The shaded regions A and  for Question 5.

) In Figure 1, the are o e shzded xeg;ons A and B, portrayed beneath the two functions
Ja(z) and fi(x)
/ (2) “2+k
fz) =€
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Using the Composite Simpson's 3/8 Rule, with 1 = 9 segments, approximate the value
of k.

Analytically determine the exact value of k, denoted by k..., and use it to calculate the
true error (E;) and the absolute relative true error ([e%).
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a) Observe the lightly shaded solid object portrayed in Figure 2

Figure 2: The solid geometric object for Question 6.2

s base is enclosed by a curve y = 31 + 5 (for z > 0), the z-axis, the straight line z = 1,and
the straight line = = 2. When this solid object is cut by a plane perpendicular to the z-axis.
and the ry-plane, the resulting cross-section is an equilateral triangle (as indicated by the
darkly shaded cross-sectional area)
. Formulate an integrand function g(z) whose integral value within the limits [1,2] will
yield the volume of the solid object.

2
ii. Approximate the volume of the solid object, which i represented by f o)z,
using Euler's method with a step size of h = 0.5, '

b) i Find the eigenvalues and associated eigenvectors of the matrix A = [: f‘]

i and of these higher-
2dy &)’ B (%) - e -
2% (54) +e-0 ® (£ -o0m=3
By | oy () L J—
© g4+ Y (L) < O 2
©) Suppose, u = u(z, y) is a functi wo that we only know

(4, yy) given in the matrix
5165 75 81 84
55 65 75 83 89)
55 69 9.0 8.4 91
5496 91 86 94
Find the approximate value of the following partial derivatives

(@) ue(z2,m) ®) uyla2,va) (©) vaalz2wa)
() upy(z2,00) (©) umyla,ue)

using the central difference formula. Consider /i = 0.5 and k = 0.2
Note: Assume 1-based indexing,
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