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Instruction
1. Answer QUESTION ONE and any other TWO QUESTIONS

QUESTION ONE [30 Marks]

a) Determine which of the following differential equations can be expressed

in the form fl—gyg = f(z)g(y), if possible, express each equation in this
form. [3 Marks]
2= g2y

i,y = 4da? + 2°
iii. yy' +3x="7

b) Use the method of separation of variables to solve

dv 1 —4?
XrT— =
dx 3v
[4 Marks]
c¢) Use the method of integrating factor to solve
(x+y+1)de —dy=0
[3 Marks]


TWashuka
Line


d) By making the substitution v = ax + by solve the differential equation
y = e~ given that y(0) = 0. [6 Marks]

e) Express each differential equation given below below as a system of
linear equations;

i. 0" + 2Sin(0) = 0 given that 6(0) = 6y and 6'(0) = Vo [2 Marks]
ii. 4" 4 5ty + 3y = 0 with y(ty) = ao, ¥ (to) = a1 and
y' (to) = as. [3 Marks]

f) Determine the general solution of x(t)" = [(1) _02} x(t) [6 Marks]

g) Given the following differential equations, determine which of them is
linear, quasi-linear or semi-linear. [3 Marks]

i oa(z,y)u, + b(x, y)u, + c(z,y)u = f(x,y) with a,b,c € R
. Yugr + (24 y)uy, +u =1

L. YUzy + 20Yutlyy +u =1

QUESTION TWO [20 Marks]

a) Find all functions vy, y» and ys such that [9 Marks]

Y1 — 3ys + Tys =y,
—yl—y2+y3=y;
— 1+ Y2 — 3ys = v

b) Find all real valued functions y; and y, such that v, = y, and
Yy = —Y1. [8 Marks]

¢) By letting #; = y and x5 = ¢/, transform the differential equation given
below into its corresponding linear system:; [3 Marks]

ty" — 2y 4 t2y = In(t) given
y(0) =2
y(0)=1



QUESTION THREE [20 Marks]

1 0 0
a) Solve the following; y' = [0 1 —1|y given that
01 1
1
y(0) = |1]. [13 Marks]
1
b) Find the stability point(s) of the non-linear system: [3 Marks]

i

v =—(z-yl-r-y
y =u(2+y)
¢) Compute the Jacobian matrix for the system: [4 Marks]

z =10z — STy
y =3y +xy — 3y

QUESTION FOUR [20 Marks]

a) Given the non-linear system of differential equations

dl‘l 2

— =Xy — L1X9 — X
dt 2 142 2
dIL‘Q

—= =2y, — Tz
dt 1 142 1

find the stability point(s), phase plane diagram and an equation relating
the two variables. [10 Marks]

b) Find all the critical points of the non-linear system:

dx
dt

@:_xz_y
dt

=r—y—2°+ay

Identify the types of critical points obtained and sketch a possible
phase plane diagram. [10 Marks]




QUESTION FIVE [20 Marks]|

a) Given the system x = Ax and depending on the eigenvalues of A, give
the general solution when:

i. We have two distinct real eigenvalues ¢, and 0. [2 Marks]

ii. We have two complex conjugate eigenvalues 61 + 165 where 61 + 165
has an eigenvector v = vy + ivs. [3 Marks]

iii. We have a repeated eigenvalue r. [5 Marks]

b) Find the critical points and linearizations of the following systems:

i 2 =Sin(ry)+(x—1)2% 9y =y*—y [4 Marks]
i 2 =x+y+12y =2 [3 Marks]
iil. ' =(x—1)2+y, ¢y =22 +y [3 Marks]



