B.Sc Engg.(M)'S" Sem 23 December, 2023
Engg. (IPE)/S™ Sem Morning (9.00AM-12,00 PM)
ISLAMIC UNIVERSITY OF TECHNOLOGY (IUT)
ORGANISATION OF ISLAMIC COOPERATION (OIC)

DEPARTMENT OF MECHANICAL AND PRODUCTION ENGINEERING
Semester Final Examination Winter Semester: A.Y. 20222023
Course No.: Math 4511 Time: 3
Course Title: Numerical Analysis Full Marks: 150

There are 6 (Six) Questions. Answer all of them.
Marks in the Margin in full marks. Programmable calculators are not allowed.
s sonable values fo

Necessary formulas are provided

1 The location % of the centroid of an arc (Figure. 1) of a circle is given by: 5)
rsing col,
PO2
Determine the angle @ for which
First, derive :h= cquation that must be solved and then determine the root, using the
Bisection Method. Start witha = 0.5 and b = 1.5, and carry out the first four iterations,
Detemmin e approximate relative error after each iteration.
| Y
Figure. 1
2 Determine the roots of the following simultancous nonlinear equations using Newton's ~ (25)
method col,
y==x*+x+075 PO2
V4 5ey =x?

Employ Initial guesses of x =y = 1.2



An object can be projected upward at a specified velocity. If it s subject to lincar drag,
its altitude as a function of time can be computed as

em 204 (ot 19 (1- e ) -

Where z = altitude (m) above the earth’s surface (defined as z = 0),

2o = the initial altitude (m), m =  mass (kg), ¢ ar drag coefficient (kg/s), vy
initial velocity (m/s), and ¢ = time (s). Note that for this formulation, positive velocity
is considered to be in the upward direction. Given the following parameter values:
=981 m/s’, z = 100 m, vo = 55 m/s, m = 80 kg, and ¢ = 15 ke/s, the equation can
be used to calculate the jumper's alitude. Determine the time and altitude of the peak
clevation with the golden-section search. Perform 3 iterations with initial guesses of £
=0andt, =105,

4 A planc is being tracked by radar, and data are taken every second in polar coordinates (25
Oandr. co2
PO4
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At 206 seconds, use the centered finite-difference (second order correct) to find the
Vector expressions for velocity and acceleration The velocity and acceleration given in
polar coordinates are

¥ =7é, + 108
= (7 — 162)é, + (rf + 270)é,

s. The Head Severity Index (HST) measures the risk of head injury in a car crash. It is (25)
calculated by: ,

pm
HSI = f [a())*®dt
Where a(#) is the normalized acceleration (acceleration in m/s? divided by 9.81 m/s?)

and 1 is time in seconds during a crash. The acceleration of a dummy head measured
during a crash test is given in the following table
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Determine the HIS.

i) Use the composite trapezoidal method

ii)  Use the composite Simpson’s 1/3 method.
iii) Use the composite Simpson’s 3/8 method

6 Consider the following first-order ODE @5)
d)

Fromx=0t0x
il Solve with Ex thod using /
i) Solve with the classical lonnIH)n‘ltr Rllnnglml method using = 0.7
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into Eq. (232) 10 yield

far) = S0 _ fie2) = 2xie) * Fix)
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or, by collecting terms,

oy = L) u/tx.u -3t

+ oK) @s)

Notice that inclusion of the second-derivative term has improved the accuracy 10
00 Simia improve vrsions can b developed for the backvard and cemered for.
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