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(c) Answer all questions. Choice is available 

within each questions. 
(b) (i) For what values of p does the system of 

equations

px + y + 42= 2; 2x + y + pz = 2;x - 3z = p 

(d) Use of simple calculator is permitted. have a unique, none or infinitely many 

solutions.

1. Attempt any four from the parts (a) to (e) in this 

question. 6x4 

px + y +4z = 2; 2x +y + p z = 2; x - 3z = p 
Prove that any set of k vectors in R" is 

linearly dependent if k > n. 

(a) (i) 

feT: T (linearly dependent) sT 
af k> n. 

(ii) Replace the vector of constants (2, 2, p) 

in part (i) above by (b, b,, b,) to state a 
(ii) Under what conditions is the lower 

triangular matrix of order n*ninvertible? 

Prove, for a lower triangular matrix of 

order 3x3, that if the inverse exists, the 

inverse is also a lower triangular matrix. 

necessary and sufficient condition for 

the new system of equations to have 

infinitely many solutions.

strids 9TT () À Rerrit ë afr (2, 2, p) EeTTT5 HTCE (lower triangular matrix) 

ftTA (invertible) BT ? RE Af 

g5ATST 3x3 f peTFHE5 AH 

f afe s a (inverse) 1 3HTT 8, 

2 3 P.T.O. 
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9115 (c) The 5000 consumers of a product are equally divided between brand A and brand B this (d) (i) The plane P is perpendicular to the 

2 y+4 and 
year. However each year 10% of brand A consumers of the previous year shift to brand Bwhereas 20% of brand B consumers of the 

straight line 

passes through (1, 5, 7). Find the equation of the plane P. 
previous year shift to brand A. The total 
umber of consumers remain fixed. Set out 
the problem in matrix form to answer the 
following -TET (plane) P, aT **2-y+4_-3 

T7e(perpendicular) TT (1, 5, 7) 
5 THTE 5000 TTHTTT Ais A a 

ais B fr4TETI sfrad ais A fqu a 
3THTaTS À 10% ais B 7 a JTd (i) If and are vectors of unit length, 

under what circumstances is the length 
of their difference equal to 2? 

What is the proportion of brand A 
consumers after 2 years ? 

(e) (i) How many different matrices of order 
3x 3 can be formed that are both 

BTT? 

diagonal and idempotent? (ii) What was the proportion of brand A 
consumers last year ? 35- 3 x 3 P TT-3T TE 

7HI TTd eita (diagonal)
Bi a 3TTe (idempotent) ? 

2T 

5 P.T.O. 
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(ii) Describe the set of vectors spanned by 
the set of vectors A, B and C, where: 

afT A. B 7 C, aRT T T (spanned) 

(ii) State three different necessary and 
sufficient conditions for concavity of a 
function f[x. y} that is continuously 
differentiable of order 2 and is defined 
On a convex domain. 

STT F (convex domain) 
25 7: 3c7 (conunuousiy 
differentiable) 3 

12)21 
For the surface defined by the 

f(1)0)o 

C=0.00 differeniable unct show 

that the tangent plare at x 
intersects the a axis 

2. Attempt any two from the parts (a) to (c) in this 

question. 52 z=F -F, F 

(a) (i) Specify the domain and provide a rough 
3FR7T z = F .3TH 

sketch of it for the function 

f(x, y) = n(9-x*-9y*). Also provide a 

rough sketch of the level curve at the 
HE(suriae) igT T 

height 4. (tangent plane) 
77 (x. y) = In(9-x-9y) r zIa 

z= F 

intersect) TT 
P.T.O 
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(ii) Draw a sketch of the level curve(s)to (ii) An ant at (1,1) wishes to walk in the 

direction in which the temperature drops 
most rapidly. Write down the unit vector 

the function f(x, y) = 2+|2| at the 

in that direction. 

height 3 cm or m. Is the function 

homothetic? 

9501 f(x, y) = 3 cm or 3. Attempt any two from the parts (a) to (c) in this 

question. 6x2 

ST TT (a) (c) T f5-t a 3T if 
(a) Given that the function f (x, y) is homogenous 

46 7 ETAfRe5 (homothetic)? 

(c) The temperature at a point (x, y) on a metal 

of (x.y) Xy 
1+x+y 

of degree p, show that Of (x.y)and (X.y) 
plate in the X-Y plane is T(x,y) = 

Gy OX 

are homogenous of degree p-1 . Using this, 

that X-Y FTT YTg z ge5 T x, y) T 
otherwise,or prove 

xy xf +2xyfy + y f, = p(p-1)f(x. y) TTHT T(x,y) = 1+x +y* 
RTET P5 7 f (x, y) 5fe p TH4TA 8, 7 

(i) Find the rate of change of temperature

af (x,y) f p-1 TT at (1,1) in the direction (2,-1).
oy Ox 

(1,1) T rIT (2,-1) aryam uftad7 a 
x+2xyf, +y'f, =p(p-1)f(x.y) 

9 P.T.O. 
8 
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(c) State the definition for a quasi-concave

function. Use the definition to test whether 

(b) (i) State the implicit function theorem. 

the following three functions are quasi- 

qTRY 57 TAu (implicit function theorem) 
concave 

i) f (x)- x (ii) glx)-x (i) h (x, y) - x*y 

(ii) The function f(x, y, z, u, v): R*> n2 is ge5 37e 3TATT (quasi-concave) FT oftTT 

defined by the system of two equations: 

u'yz +2xv - u2 v2 - 2 0 ;and xy2 + xzu 

(i)f (x) = x (ii)glx) % (ii) h (x, y) = x* y 

+yv-3 =0 ,has a solution at (x, y, z, u, 

4. Attempt any three from the parts (a) to (d) in 
this question. v) = (1, 1, 1, 1, 1). Find the values of the 73 

endogenous variables u and v when 

x = 1.02, y 
= 0.99, and z= 1 (a) Derive the conditions on a, B under which 

T f(x, y, z, u, v) : n R? T aT the function f(x.y) = 2x"y", a, B> Odefined 

T T 6 H: u'yz + 2xv - u2 v2 - 2 
on the domain x20, y 20 is 

0;a xy2 +xzu +yv-3 0, HT , TIT x20, y 20 77fTYrforFr5T

f(x,y) = 2x"y"', a, B > 0. 5x, y, z, u, v) = (1, 1, 1, 1, 1) TT Te5 ET 

ITX = 1.02, y = 0.99, a2= 1 ai at 
(i) Strictly Concave

T Ri (endogenous variables) uav 

TTT: 3T9TT (Strictly Concave)

10 11 P.T.O 
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(i) Concave (c) Find all stationary points of the function 

TaTT (Concave) f(x, y) = x3 + y2 - 2xy -2x2 +x -y + 4 classify 

(iii) Quasi-concave the stationary points as maxima, minima and 

saddle points. 
37-370T (Quasi-Concave) 

5T1 f (x, y) = x + y2-2xy 2x? + x -y + 4 

T Rer fa (stationary points) SIT 6 
got 3feE (maxima), AfE (minima) 
q fa (saddle points) T T aritpa 

(iv) Convex 

3TT (Convex) 

(b) State the sufficient conditions for a function 

to possess both a global maxima and a global 
d) A point noves on the curve x2 + y2 = 100. At 

what point is its distance from the point 
minima in its domain. 
Find the global extreme points for the 

(x, y) = (10, 8) minimum ? If the constant 

function f (x, y) = x?y3 defined on the set 
100 in the equation of the curve were to be 

(x,y)|xz 1, y 22, x + ys 10} . increased by one unit, what is the 

instantaneous effect on the minimum e5 TrET åfTe5 sfe (global maxima) 
distance.aferes fa(global minima) ag 
fga7 x2+ y2 - 100 7 Ta &IR 

fa TT (x, y) = (10, 8) sT-6 

a (x,y)|x 21,y 22, x+y s10) T YTATT 

57- f (x, y) x*y afRes ara farg (extremne

points) STT I (instantaneous) HT FT BTTT? 

12 13 P.T.O. 
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Attempt any two from the parts (a) to (c) in this 5. 

n ageaa A = {(x, y)| xy 210 7 B = {(x, 
question. 4x2 

y) 2x+y s 0} aRT oHTT 1 TYait 

(a) Consider the differential equation 

(i) whether the sets A and B are closed and 
dt my where k and m are positive 

bounded. 

constants. Draw a phase line to determine RT T A a B ar (closed) a ufra 

if the equation possesses a stable (bounded) ËI 

equilibrium. (ii) whether the set A nB is convex. 

R TZE7 A B T (convex) I 3777 7A5T"T (differential equation) 
(c) Show that x(t) = Ce+ is a solution to the 1y 7TT ifg Te ka m 

Find the differential equation Sx -3 
integral curve when x(2)= 

e5 tT RET (phase line).5 ET ifgI Tfga f x(t)=Ce" + 
dx (b) Two sets A and B in n2are defined as 5x-3 pT BTI a x(2) = 1 , 
dt A {(x, y) | xy 2 10} and B {x, y) 2x3 + y <0}. 

F aE5 (integral curve) T I Draw a sketch of the sets to decide: 
14 15 3500 

. 


