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Section A

Question 1

(a) The following code fragment shows a potential infinite loop:
i =1
while (i >0) do
i =i+l
write(*, %), i%*2
“end do :
Discuss two ways this do loop can perform the same operations but terminate

after 100 runs, i.e., at i=100.
[2 marks]
(b) What is the name of the numerical differentiation scheme,
| Tpy1 = Tn + F(z0)AL,

approximating the solution to the ordinary differential equation z'(t) = F(z(t)).
The error of this scheme ¢ & (At)™. What is the value of m?

[4 marks|

(c) Explain how you would use the above numerical differentiation scheme to solve
the following equation

j=—w'y— fy
where y = dy(t)/dt.
[4 marks]

Question 2

a) Consider the following model equation,
om(z)  *m(x)
ot Ox?
in one dimension. Here 7 is constant. Show that this equation can be rewritten
in the numerical difference scheme given as

Pt = m o AL (mfy +miy — 2mP)/(Az)? + Atfrm] — (mP)’]

+ rm(z) — m®(z)

where m = m(i - Az, n - At).




b)

3

[6 marks]

Explain what would be the outpub of the following Fortran code:
¢ =0.d0

L = 100

DO k =-L,L

D0 j = -L,L

DO i =-L,L

N = ihok2+hkx2+kx*2

if (N /= 0) then

C = C+(=1.0)**(i+j+k)/sqrt(l.0*N)
ELSE |

ENDIF

END DO

END DO

END DO

[ 4 marks]

a)

b)

Question 3

Coonvert the following statements into valid F95 expressions

@)y =(2-b)/e’
(it) g = S0, sin(1.2 % )

(iii) y = L z 2
WYY =39 -1, 2<0
)

(iv) 7 = tan~'(—1.d0)

14 marks}

Cliven that for a single operation, single precision usually yields 6-7, decimal
places for a 32-bit word, and double precision 12-16 decimal places. What would
you guess is the result of the simple addition of two single precision numbers

4,500 4 3.0 x 107%;
() 4.50000003,




(b) 7.5 x 1078
(c) 4.5000000
(d) 4.8.

2 marks]

¢) Indicate the values that Fortran would produce in the following expressions:
i) 2% %3 —2

ii) 4/3 -1
iii) 3./2
iv) 1.d2—50

[4 marks]
Question 4
a) Write a Fortran 95 function for

sinc(z) = e

T

Make sure that your function handles ¢ = 0 correctly.
[5 marks]

b) Discuss how you would evaluate the following improper integral using the stan-
dard numerical methods such as the Simpson’s Rule

I:/OO dx
1 1‘|‘332

¢) Name two condition under which the Monte Carlo integration method is most
suitable compared to the standard numerical method such as the Trapezoidal
and the Simpson rule.

[3 marks]

[2 marks]




(e

Section B

The answers to this question must include the computer code and output, in addi-
tion to any writing that might be needed.

Question 5

A point mass that can move along a straight line is attached to an end of an
non-ideal elastic spring. (The other end of the spring is fixed.) A viscous friction
force proportional to the velocity is acting on the mass. Therefore, the motion of
the particle is described by the following differential equation:

i+ pd +2° =0, | (1)

where 1 is a positive dimensionless coefficient of nonlinear friction. Eq. (1) above
is written in dimensionless units.) ' |

(a) Write a code that solves this equation using the Euler method. Perform calcu-
lations with values u = 0.08, u = 0.8, and p = 4. Choose as initial conditions:
z(0) = 1, £(0) = 0.

, [10 marks]
(b) Plot z(t) versus ¢ for the three values of y in one graph.
[10 marks]

(c) Plot also z(t) versus #(¢) for the three values of 4 in one graph. Which case
corresponds to a damped, underdamped, and overdamped oscillatory motion?

[10 marks]

Question 6

Consider the following sequence { z,} defined as
Ty = (Cﬂi_l -} 1133'-_2)H10(‘]_M (2)

(a) Write a program that would generate 7; = x; /M in the range ¢ = 0..200 forM =
123, 29 = 1 ,and z; = 8. Plot r; versus ¢ for ¢ = 0..200. Using your eye test can
this be classified as good random number generator in this range. What is the
period of this sequence.
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[10 marks]

(b) Generate a plot of successive pair (rg;_1,rq;) for 4 = 1..100, the so-called scatter
plot ( Do not connect the points with lines.) Can this sequence be considered a
random sequence at this range?

[10 marks]

(¢) Perform a statistical test of uniformity by evaluating the mean of the distribution

1 200 1
By LN
(ri) = N%T‘* i+ 1

for k =1 and k = 2. If the numbers are distributed uniformly, then (r;) ~ 1/2
and {r?) ~ 1/4.

[10 marks|




