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MATH 426

Instructions: Answer question 1 (compulsory) and any other 2 (two) questions. There is no need to
attempt any more questions. The following series may prove useful.

o Xn X2 X3 X4 i o ( 1) X2n+1 X3 X5
:z =14+ X+t 4., siN(X) =D L x4,
“—~ nl 21 3 4 ~ (2n+1)! 31 5l
cos(X) Z( 1)"x* —1—X—+X——..., 1 => X" =1+ x+x>+..+XxX"+...

n=0 (2n) l 2! 4! 1_ X n=0

QUESTION ONE (30 MARKS, COMPULSORY)

a) (i) Distinguish clearly between ordinary differential equations (ODE) and partial differential equations

(PDE), giving a clear example of each. (5 Marks)
(i) For each of the equations below, state the order and the degree

07z a2z\* _

prc i (a_yZ) —2xy =9 (3 Marks)

(E)‘ = — +1 (3 Marks)

b) (i) Define the following terms as applied in power series solutions of differential equations: analytic
function, ordinary point, singular point. (3 Marks)

(i) Identify all the ordinary (regular) and singular points of the ODE (x* — x?)y// + (2x + 1)y’ +

x2(x+1)y=0 (3 Marks)

c) Determine the radius of convergence of the power series z % (x —10)"

n=0
(5 Marks)
d) Using either elimination or operator method a general solution of the system of
d?x  dy _
- FrE} + T x+y+ 1=0

equations % n Z_y X —t2=0 (8 Marks)

QUESTION TWO (20 MARKS, OPTIONAL)

a) Using the series provided in the instructions section of this examination, employ long division
(synthetic division) to obtain a power series for tan (x) (4 Marks)
b) The system of differential equations below has complex eigenvalues
=B
y/I15x

(i) Determine the eigenvalues (3 Marks)
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MATH 426

(i) Determine the associated eigenvectors (3 Marks)

(iii)  Determine the general solution of the equation (6 Marks)

(iv)  Whent=0, [xo l = [ 310] obtain the complete solution (4 Marks)
Yo -

QUESTION THREE (20 MARKS, OPTIONAL)

. xT _[x +2y 6e3t o
a) Consider the homogeneous system [y/] = [Zx +y] + [2e3f]' Solve it using,
(i) Method of Undetermined Coefficients (9 Marks)
(if) Method of Variation of Parameters (9 Marks)
Comment on your answers. (2 Marks)

QUESTION FOUR (20 MARKS, OPTIONAL)

2
_ _ _ S+ 2y —x+4=0
a) Consider the system of differential equations 7,
[ % dy

2 X4 4 43 —
T + T t°+1=0
Solve it by combination of operator and elimination methods. (8 Marks)

b) The process of reducing the order of second order linear differential equation to that of first order with

dependent variable % involves expressing y = f(x) which is a known solution, as y = v(x) f (x).

Prove that statement. (5 Marks)
o 42V 2 _ dy _
c) Given 0 (x+1D*=-3(x+1) =t 3y=0
(i) Use intuition to come up with a first solution (2 Marks)
(i1) Solve the equation using the Reduction of Order approach (5 Marks)
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MATH 426

QUESTION FIVE (20 MARKS, OPTIONAL)

2
(@) You are given the equation %(x’\z +1) + x% —y=0.

(i) Rewrite the equation as an infinite power series (3 Marks)
(if) Harmonize counters and indices and obtain the recurrent relation (5 Marks)
(iii) Obtain ¢4, C, and C5 (4 Marks)
(iv) Obtain the general solution of this equation. (3 Marks)
2
b) Verify that y = C;e™* + C,e?* is a solution to the homogeneous ODE Z—yﬁ — Z—z — 2y =0 forall
values of constants C; and C, (3 Marks)
c) Why is the series method of solving ODEs worthwhile, despite its apparent tediousness?
(2 Marks)

-
Vision: Nurture and Transform for the World
Mission: To Contribute to the World through Education, Research, Training, Consultancy, Innovation, Outreach and Collaboration

Page 4 of 4



