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Answer FOUR questions only.

1. (a) Showing your steps clearly, find the inverse of the matrix B where

2 5 2 3
|2 3 3 4
13 6 3 2
412 0 8

(b) Determine the non-singular matrices P and Qsuch that PAQ is in the normal form of 4

1 -1 2 -1
where A=|4 2 -1 2
2 2 =20

What is the rank of 47

1 —a 1
(c)Letd={b 0 2b].
0 a O

Prove that, if I refers to the identity matrix and ab #0

() 4™ =—15(A2 — A-abl),and
a

(i) 4" ~abd"™ = 4* — abl for every integer n23.



2. (a) Prove each of the following:
(i) A 'exists if and only if 0 (zero) is not an eigen value of 4.

(ii) If A is an eigen value of a matrix 4, and m is a positive integer, then 4™ has an eigen
value 1".
(b) Find the orthogonal transformation which transforms the quadratic form

2x} +x2 —3x2 —8x,x, ~4x,x, + 12x,x,, to acanonical form.

3. () Find the general solutions of each of the systems of simultaneous differential equations,
given below. Here, the dots signify a standard notation involving the parameter r.
()% =-x, +x, +3e"

%, =—12x, + 6x, +8e*

(i) X, = x, +3x, — x,
Xy =3x +x, +x,

X, = 4x,

(b) Find the general solution (complementafy function and sinusoidal particular solution) of the
following differential equation:
X+2%+5x=2cos3t.

Also find the solution for large positive values of £.

4. (a) Use a suitable change of variable to find the general solution of the differential equation
d’y

2(x—p)? 0

+11(x-—y)%—5y=0, x> u, where yis aconstant.

(b) Find, using the integrating factor method, the general solution of the partial differential

equation



Ou 1

T e ; 0, =1).
Ox  x*(1+y) (r==0.y==1)

u=-2(1—y)exp [m]

(c) Suppose that u is a function of two variables x and ¢, satisfying the partial differential

0*u  , 0%

e c 5 =0, where ¢ is a non-zero constant.
t X

equation

By transforming to new variables { and ¢, where (=x—ct and ¢ = x-+ct, show that

O*u

¢

Hence write down the solution of the original partial differential equation.

the equation can be simplified to =0.

5. (a) Find the equations of the characteristic curves for the partial differential equation

and define new variables that could be used to simplify the equation.
(b) Hence obtain the general solution u(x, y) of the partial differential equation given in
part (a).
Ou

(c) The partial differential equation %—1—35— = u has the solution u(x, y)=e¢" f(y+3x).
x oy

If u (x, y) =y on x=0 , what is the solution in this case?

6. (a) Consider the partial differential equation

82 62 aZ 2 2
2——f;-—zxy “ +x2-2‘—y——aﬁ——x—§£=0, (x=#0, y=0).
o oxdy d° x o y

Use the transformation ¢ =x* +3* and ¢=y to show that it can be reduced to the

O*u 1 0u _

=0
0¢* ¢ 0¢

standard form

Use the method of characteristics to derive these expressions for ¢ and ¢.



(b) Solve each of the following partial differential equations:

2 2 2
) 240 Tu_g
o oxdy oy

u  'u &u

(i) 255 -5 5-=657=0.
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