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1.

Write down your matriculation number neatly in
the space provided above. This booklet (and only this
booklet) will be collected at the end of the examination. Do
not insert any loose pages in the booklet.

. This examination paper consists of EIGHT (8) questions

and comprises THIRTY THREE (33) printed pages.

. Answer ALL questions. For each question, write your answer

in the box and your working in the space provided inside the
booklet following that question.

. The marks for each question are indicated at the beginning of

the question.

. Candidates may use calculators. However, they should lay out

systematically the various steps in the calculations.
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Question 1 (a) [5 marks|

Find the slope of the tangent to the curve x = t—sint, y = 1—cosft,

at the point corresponding to ¢ = 3.

Answer

1) 13 = 11132

(Show your working below and on the next page.)
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Question 1 (b) [5 marks]

Let a be a positive constant and 1 < a < e. Let R denote the finite
region in the first quadrant bounded by the curve y = v/Inz, the
z-axis, the line = a and the line z = e. Find the exact value of
the volume of the solid formed by revolving R one complete round
about the z-axis. Leave your answer in terms of a.

Answer

1(b) \. rn'(&— a.&.a)

(Show your working below and on the next page.)
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Question 2 (a) [5 marks]

Let 21
& B
flz) = gl
and let
oo
e
n=>0
be the Taylor series for f at = —3. Find the exact value of
24 -1 61 “F €
Answer -
2(a) -
2
|
(Show your working below and on the next page.)
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Question 2 (b) [5 marks]

A car is moving with speed 20 m/s and acceleration a m/s? at a
given instant. The car is observed to have moved a distance of 29

m in the next second. Using a second degree Taylor polynomial,
estimate the value of a.

Answer

2(b) ﬂ / f

(Show your working below and on the next page.)
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Question 3 (a) [5 marks]

Let
flz)=a*/m?2—22, —nm<zx<m,

and f (z +27) = f (z) for all . Let

ag + Z (ay, cosnz + by, sin nx)

n=1

be the Fourier Serles which represents f(z). Find the exact

value of by + b3 + Z Q.

=l

Answer _y
3(a) | _ T
| 15

(Show your working below and on the nezt page.)
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Question 3 (b) [5 marks|
Let f(z)=2z—1,0<z <1 Let

o0
E b, sinnmwx
n=1

be the sine Fourier half range expansion for f (z). Find the exact
value of bygos.

Answer

3(b) R
(004TT

(Show your working below and on the next page.)
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Question 4 (a) [5 marks]

Let S be the plane which passes through the points (1, 0, 0), (0, 2, 0)
and (0,0, 3). Find the shortest distance from the point (—1, —2, —3)
to S.

Answer

4(a) biA s

e —

[

(Show your working below and on the next page.)
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Question 4 (b) [5 marks]
Let A and B be two non-zero constant vectors and ||B|| = 2. If

: 1
Iim (|loA +B]| - [l2A]) = —,
find the exact value of cosf, where 8 is the angle between A
and B.

— e i

Answer
4(b) [

(Show your working below and on the next page.)
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Question 5 (a) [5 marks]

Let f (z,y, z) be a differentiable function of three variables, P be
a point in space and f (P)=1. It is known that the values of %,

g;.f, gf at P are equal to —\/_ - —\/% respectively. Suppose

P moves (.1 unit in the direction of the vectoru =i—j — k to
the point ). Estimate the value of f(Q).

Answer

5(a) 13~ 0947
[20

(Show your working below and on the next page.)
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Question 5 (b)

Let n be a fixed positive integer and n > 2. Find, if any, the local
maximum points, the local minimum points and the saddle points

of the function

[5 marks]

Examination

f(z,y) =In(z"y) — 2y — (n— 1)z,

where x > 0 and y > 0.

Answer
5(b)

(1) :,@mQ max.

(Show your working below and on the next page.)
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Question 6 (a) [5 marks]
Find the exact value of the integral

4 -,
/ f e’ dxdy.
0 J-2

Answer _J

6(a) 1-Le

(Show your working below and on the next page.)
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Question 6 (b) [5 marks]

Find the exact value of the surface area of the part of the surface
z =2 — x* — y? which lies above the zy-plane.

Answer 3%
6(b) _Lg—L

(Show your working below and on the next page.)
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Question 7 (a) [5 marks]

Let a be a positive odd integer. Evaluate the line integral

/FOdr,
c

where F = £i—£j+2k and C is the helix r (t) = costi+sintj+tk
from (1,0,0) to (—1,0, ar).

Answer

7(a) i

(Show your working below and on the next page.)
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Question 7 (b) [5 marks]

Find the exact value of the surface integral

//S(x—l-y)dS,

where S is the surface defined parametrically by

r (u,v) = ui+ 3cosvj + 3sin vk, (Ogugél, 0<v< ET-).

Answer
g (0T +36

(Show your working below and on the nest page.)
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Question 8 (a) [5 marks]
Use Stokes’ Theorem to find the exact value of the line integral

1 1
ji (yda: — §z2dy + —2-332dz) ;

where C'is the curve of intersection of the plane y + 2z = 0 and the
ellipsoid 3z? + 2y? + 2% = 12, oriented counterclockwise as seen
from above.

Answer

8(a) _ [{_7"

(Show your working below and on the next page.)
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(More working space for Question 8(a))
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Question 8 (b) [5 marks|

Use the method of separation of variables to find u(z,y) that sat-
isfies the partial differential equation

Uz + uy = (z — y)u,

given that u(0,0) = u(0,2) = 1.

Answer 5
8(b) Ix*-x=39 +Y

U=¢€

(Show your working below and on the next page.)
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