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Section A: Answer ALL Questions

QUESTION 1

Find second order perturbation approximate solutions for the following system
of equations.

ex + 10y = 21

Sy =1.

Solve approximately for € = 0.01. [20]

QUESTION 2

Use regular perturbation to find the third order approximate solution for the

initial value problem;

4 (=) + f(z) —efiz) =0, f(0)=2.

dz
[20]
QUESTION 3
Consider the foliowing second order boundary value equation;
eff +of =142z, y(0)=0, y(1)=1
Assume that the boundary layer occurs at z = 0. Use the method of Domi-
nant Balance to find an approximate solution y(z, ) for the equation. [20]




Section B: Answer ANY 2 Questions

QUESTION 4

a. Use the exponential substitution y = e@)/e to construct a WKB approx-
ation to the differential equation e?y” — k(z)%y = 0, where k(x) is a
coefficient function, independent of the small parameter €. [15]

b. Use your result in a. above to construct a WKB approximation for the dif-
ferential equation; €%y — (1+ )’y =0, = =0. [5]

QUESTION 5

Apply the Homotopy Perturbation Method to the following system of nonlin-
ear ordinary differential equations. Formulate the equations and corresponding
boundary conditions to be solved for a third order approximation.

Fr) + SE ) =0, f0) =0, S0 =0, fle)=1

) + L0 =0, B(0) =1, 0(c0) =0,

where € = % Show that
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fo_mn, Ji= 500" + 567
1 Pr , bPr
90““—'5?7+1> 91_mﬁ ~ g "

[20]




QUESTION 6

Consider the following problem and answer the questions that follow:

A firm is interested in understanding the dynamics of computer malware in
one of it's laboratories. A mathematical analyst decided to use mathematical
modeling to understand the dynamics of computer malware in the laboratory. The
analyst assumed that the computer malware model consists of six compartments,
namely, Immune node, M, susceptible node, S, exposed node, I, infectious node,
[, quarantine node, @, and recovered node, . Dynamical transfer assumptions
are well governed by non-linear first order ordinary differential equations where
B, . p and X are positive constants and @, 7, & o, b e o,y 0, and p are
non-negative constants. The constant 7 is the recruitment rate of susceptible
class S to the computer network and 4 is the per capita natural mortality rate
(that is, the removal rate of the nodes from the network for reasons different
from the attack of malicious objects). The constant § is the recruitment rate
of the immune class M, alongside with it loss of immunity rate 7 to be become
susceptible. The constant ¢ is rate for nodes leaving the exposed compartments
E for infective class I, o is the probability of susceptible class either becoming
exposed first or infectious immediately (right away), ¢ is the constant removal
rate from the network of nodes I and @ due to attack of malicious objects, o
and p are the constant rates at which the nodes I and Q transient recovery after
the run of anti-malicious software and the classes are immediately transferred to
the recovery compartment, while y is the constant rate at which the infective are
remove from node I to quarantine compartment and ¢ is the constant rate gain
of immunity whereas ¢ is the rate of recovered class R to become susceptible to
the malware. The constant X is the rate of force of infection.

1. Write down the flow model [10]

2 Write down the nonlinear first order ordinary differential equation model [10]

END OF EXAMINATION




