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QUESTION 1

(a) Determine k so that the vectors u and v are orthogonal, where
(i) u=1{1,k,—3] and v = |2, 5, 4]
(i) u=[2,3k, —4,1,5] and v = [6, 1,3, 7, 2k] (4]

(b) Show that the vectors [3,-2,1], [1,—3,3], and [2,1,—4] are sides of a right
angled triangle. [6]

(c) If‘a=[3,—~1,2],b:2§+j—1::,c=[1,—2,2],u=axb,v=bxc, and 0 is

the angle between u and v,

(1) find u and v,

(ii) find cos @ and siné,

(iii) confirm that sin?@ + cos?8 = 1. [10]
QUESTION 2
(a) Find the volume of the region in the first octant bounded by z + % + i- =2,
where a, b, and ¢ are positive constants. [10]
-

(b) Use the Gaussian Elimination method or the Gauss-Jordan Elimination method

to solve the following system of linear equations

2.’El — 3.’272 +4.I‘3 — T = 0
Tty + 2o~ 8z3+94 = 0

22y + 8z — T3 — x4 = 0.

[10]
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QUESTION 3

(a) The position vectors of the points A and B are given by &@ and b, respectively.

P and @ are two points on AB with position vectors 7 and §, respectively, and
are such that |E}3| = |P—Q>[ = ‘Q.§|
Show that

2F + b

3
. @+2
(b) ¢= -

(W]

[10]

(b) Evaluate the following limits

2
. . ex _l
(i) limg o0 sin(1)

(i1) limg—o0 Z= . [10]

QUESTION 4

(a) The temperature at a point (z,y) on a metal plate is T(z,y) = 422 — 4zy + y*.
An ant on the plate walks around the circle of radius 5 cm centered at the plate’s

-
origin. Use the method of Lagrange Multipliers to find the highest and lowest

temperatures encountered by the ant. [10]

(b} Find the first four nonzero terms of the Taylor series generated by f(z) = sin(z)

about £ = 0. Use the series to find an approximation of

sin{0.1)

correct to four decimal places. [10]




QUESTION 5

2

1
(a) Show that the function f(z) = Ix e
on the interval [—1, 1]. Find all real numbers ¢ € (—1,1) such that f'(c) = 0.[4]

satisfies the hypothesis of Rolle’s theorem

1
(b) Determine whether the function f({z) =1z -- - satisfies the hypothesis of the
Mean Value Theorem on the interval {1,3] and if so, find all real numbers

¢ € (1, 3) such that
f(3) = f(1) = f'(e)3 - 1].

[4]
{(c) The transformation equations from rectangular coordinates (z,y, z) to cylindri-
cal coordinates (7, 8, z) is given by

r=rcosh, y=rsinf, z=z.

Show that
z,y,2)
o(r,6,2) -

Use this transformation to evaluate

. 1 VizZ p4
/ f / (2 — 22% — 2y*)dzdydz.
-1/0 0

® i12]

QUESTION 6

(a) Find the inverse of the square matrix

2 4 3
A=101 -1
3 5 7

[10]




(b) Solve the linear system

2r+4y+6z = 18
dr + by + 6z = 24

3z+y—2z = 4,

using Cramer’s rule. ' [10

QUESTION 7

(a) Find the value of % at the point (3,4) if

flz,y) =2+ 3zy+y— 1.

3
z+y
(b) fw= Ei_iyﬁ’ show that zw, + yw, = (m_y : 10]

(¢) Find conditions on a, b and c such that the system
“
: ax] +brs = ¢

bry+ax; = ¢

has infinitely many solutions. 6}
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