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QUESTION ONE (20MARKS)

a. Explain the meaning of the following Mathematical terms                (8 marks)

(i) Eigen Function

(ii) Eigenvalue problem

(iii) Sturm Liouville Problem

(iv) Boundary Value Problem

b. For the Boundary Value Problem 

d2 y

dx2
+λy = 0 ; y (0 ) = y (c ) = 0

, find
i. Eigenvalues         (6 marks)

ii. Eigen functions                (6 marks)

QUESTION TWO (20MARKS)

a. State the following

i. The condition for a Linear differential equation to be exact         (2 marks)

ii. The condition for a nonlinear differential equation to be exact         (2 marks)
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b. By reducing the order , solve the nonlinear differential equation       (16 marks)

x2 y ' ' ' + (2x+xy ) y ' ' + x ( y ' )
2
+ 3 y y ' = 0

QUESTION THREE (20MARKS)

a. i. Show that the functions f 1 (x ) =−6 x+2, f 2 ( x ) = 6 x2−6 x+1 , f 1 ( x ) = (x−1) are 

mutually orthogonal         (6 marks)

ii. Find the orthonormal set for the functions in 2 a (i)         (4 marks)

b. Write the Eigenvalue Problems as  Sturm Liouville Problems            (4 marks)

x2 y ' '+x y '+λy =0 ; y (1 )=0 , y (2 )=0
y ' '+3 y '+( λ+2) y =0 ; y (1 )=0 , y (1 )=2

c. Given that the general solution of the Bessel’s ordinary differential equation is

J n ( x ) = ∑
m−n

∞ (−1 )
m

m ! (m−n ) ! (
x
2 )
2m−n

Show that 

d
dx [xv J v (x ) ] = xv J v−1 ( x )

        (6 marks)

QUESTION FOUR (20MARKS)

a. Solve the Boundary Value Problem for λ = >0

d2 y
dx2

+4
dy
dx

+ 4 y + 9 λy = 0

y (0 ) = 0 , y (1 ) = 0         (6
marks)

b. Show that the differential equation is exact and hence solve it         (9 marks)

d3 y
dx3

+(x+1+ 3x )
d2 y
dx2

+2 (2+ 1x )
dy
dx

+
2
x2
y = 0

c. Consider the set of functions {1 , Cosx , Cos2 x⋯} on the interval [−π , π ] .Given that 

the norm of 1 is and the norm of Cos nx is
n
√π

 
. Find the orthonormal set of

{1 , Cosx , Cos2x⋯} .                    (5 marks)
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