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Q1 A parachutist of mass m =75 kg jumps out of a hovering helicopter. The following expression
models the acceleration of falling objects:
dv cv?
a9 m
In this equation, dv / dt is the acceleration, g is the gravitational acceleration at 9.81 m/s?,
and c is the drag coefficient equal to 0.25 kg/m.
(a)  Assuming that the initial velocity is zero, find the approximate velocities of the
parachutist at £ =3, 6, 9, and 12 seconds using Euler’s method.
(b)

(15 marks)

The terminal velocity of the parachutist, v, can be calculated by setting the
acceleration of the previous equation to zero:

mg
Voo =

c

Compare the velocity value from this equation with your answer at ¢ = 12 in Q1(a).
How can we improve upon the approximations made by Euler’s method?

(5 marks)
Q2

The specific volume of a gas (v) can be expressed as a function of its pressure p and
temperature 7, using van der Waals equation:

KT a

v—>b w2

p:

In this equation, K = 0.518 kJ / (kg K) is the gas constant, whilst a = 0.889 kN m*/ kg? and b
=2.68 x 10° m? / kg are constants.
(a)

Find the approximate specific volume of methane gas at a pressure of 100 kPa and
temperature 255.4 K using a graphical approach.

(8 marks)
{b)  Evaluate the solution of Q2(a) using Newton-Raphson method with the starting value
of v=2681.0 and € = 0.1.

(8 marks)
(c) Compare the two methods using the help of plots. Briefly comment
of each method.

on the advantages

(4 marks)
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Q3 (a) Given the differential equation with the initial condition y (0) = 0 as
dy &
B &

Q4

Q5

Estimate the value of y (0.2) using fourth order Runge-Kutta method with 4 =0.1 and
compare your results with the analytical solution y(x) = xe™*.

(16 marks)

(b) Using 2™ order central difference, write the finite difference equatmn for the heat
transfer equation:

or_ 0T 0T
7~ Ut

6))] In explicit form.

(ii) In implicit form.
(4 marks)

Consider a square plate 1.5m x1.5m that is subjected to the boundary conditions shown in
Figure Q4. The equation that governs the steady state heat transfer is the Laplace equation;

T T
ax2 ~ 9y?
(a)  Discretize the above elliptic partial differential equation and form the finite difference
equation.
(8 marks)
(b)  Evaluate the temperature at the interior nodes using a square grid with a length of 0.5

m by using Gauss-Siedel iteration method. Assume the initial temperature at all
interior nodes to be 0°C. Use 2% order central difference and stop after 2 iterations.

(12 marks)

A slender column with length L =4 m is subject to a load F. This system can be modelled as

d?y
—+p’y =0
Tl py

where F = p°EI and its boundary is given as x(0) = x(4) = 0.0
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(a)  Approximate the model using first derivatives central finite different method by
dividing it into 4 sections. Formulate the system of equations in matrix form.

(5 marks)

(b)  Find all possible value of p? by polynomial method and evaluate the values using
Gerschogorin’s Theorem.

(9 marks)

(o) Determine the corresponding eigenvectors based on all possible value of p? found in

Q5(b).
(6 marks)

The matrix [A] is given as:

3 2 1
2 2 1

R S |

[A] =

The Power Method represents one of method can be used to determine the largest of the
eigenvalue for any given matrix.
(a) Describe the basic idea of Power Method.
(3 marks)
(b) If the given initial value of its eigenvector is x©@ = [1,1,1]7, find the first four
iterations result of the Power method.
(5 marks)

(c) Reduce matrix [A] into upper triangular matrix using QR decomposition with
Householder Transformation method.

(8 marks)
(d)  Explain how to find all eigenvalues using QR algorithm. _
(4 marks)
- END OF QUESTIONS -
4
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Figure Q4: The boundary condition for square plate
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