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QUESTION 1

(a}) Determine whether the system
(D= D)+ (D -y =™,
(D +2)[z] +{(D +2)[y] = ¢,

1s degenerate In the degenerate case, decide whether 1t has no solution or infinitely many sclutions If 1t has
no solution, explaimn why, else find the general form of the solutions (8)

(b) Reduce the system
(D? +1)lz] + (4D - A)[y] = 4¢',
(D= 1z] + (D +9)[y) =0,
to an equivalent trangular system of the form

P (D)ly] = A(2),
By(D)z]+ P(D)y] = f2(8),

and DETERMINE THE SOLUTION (20)
[28]

QUESTION 2
{a) Define the concept root vector of order k, k > 1 of a matrix A (2)

{(b) Let k be a positive integer Use induction to prove that if (A — AI)Xu = 0 then u 1s an eigenvector which
corresponds to the {non-repeated) eigenvalue X of A (10)

(¢} Use the eigenvalue-esgenvectors to solve the imtial value problem

(4 2] xo-[ 2

(16)
(28]

QUESTION 3

(a) If F(¢) 1s continuous and & 1s a fundamental matrix of X = AX, then show that a particular solution of the
non-homogeneous system X = AX + F(t) 1s given by (8)

X, (1) :@(:)ft &1 (s) F (s)ds

(b} Use the result in 3(a) with t; = 0 to find a general real solution of (12)
o 1 -1 cost 2%
x_[l 1]X+2[smt]e
[20]
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QUESTION 4

Write the equation below as a system of two first order differential equations and then find the series solution using
the power series method
z42x=0, z(0) =1, =z(0)=-2

Write your final answer in terms of the appropnate exponential functions
[14

QUESTION 5

Classify the critical points of the plane autonomous system corresponding to the second order nonlinear differential
equation
T 4z = azx’,
where « 18 a positive real-valued constant
(10]
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