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Question 1 [20 marks, 8§+12]

Let 5 9
°=(; %)
(a) Find the eigenvectors of C' and for each eigenvalue find the eigenvectors.

(b) Diagonalise C; that is, find complex matrices P (invertible) and D (diagonal) such that P~1CP =
D. Show that the two eigenvectors you found for C' are orthogonal.

Question 2 [20 marks, 2+4+8+4-6]
(a) What does it mean to say that a set of vectors {vy,vs, -+ ,v,} is linearly independent.

(b) Show that the vectors

1 2 7
Ty = 0 Vg = 1 Vy = 1
1 -3 2

are linearly dependent. Express w3 as a linear combination of v and vs.
(c} Starting with vector v find an orthonormal basis of R?.

{d} Use L'Hdpital's Rule to determine the following limit:

. Inz
Hm ——
e—too I

Question 3 [20 marks, 44-6-+545]

(a) Let 7: R* — R? be a linear transformation given by

N Tt+y+z4+w
T g = y—2z42w
w z+3z+w

(i} Write down a matrix Ap which represents T with respect to the standard basis in R* and IR¥;
that is, such that 7(z) = Arz for all z € RY,

(i} Find all vectors @ for which T'(x) = b where

3
b=11].
2/
(b) Consider the function
f(z,y, z) = In(zy + 2)
(i) Find the gradient of f at the point (z,y,z}.
(it) Find the normal vector and the tangent plane at the point (1, 1,0} to the surface In(zy+z) = 0.
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Question 4 [20 marks, 8+6+6]

(a) It costs a company
Clz,y,2) = 32 + 2% + 2% + 32y + 4z,

to produce quantities X, Y and Z respectively. The company is currently producing 2, 3 and 4 units
of X, Y and Z respectively and they want to reduce production so as to reduce their costs. Find
the ratio in which they should reduce production of the three goods in order to make the greatest

savings.
(b) Determine whether the integral
bood
i
/U 2174 _ g5/
converges.
(¢) Find the following limit:
et —1
lim
x—0 T

Question 5 [20 marks, 4+3+46+7]

(a) Determine whether the integral
fm %+ 2
a8 322

converges.

(b} Consider

5 —8 —4 2 T
A=|3 -5 -3 v=|1 z=y
-1 2 2 0 z
(i) Find the rank of A.
(i) Find a general solution of the system of equation Az = 0.
(ifi) Show that v is an eigenvector of A and find the corresponding eigenvalue.
Question 6 [20 marks, 4+5+6+5]

(a) Find the derivatives % of the following functions
(i) 2° +9° + 3ay = 3,
(i) y = z=
(b) Use Newton's method with five (5) iterations and five decimal places to find the root of
flay=z"-z+1
given that 2p = —1.

(c) Evaluate the following integral, foz S~ 6a%y) dz dy.




