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- Answer ALL questions. For each question, write your answer
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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 y? = z* + 2z% — 20 at
the point (3,5).

Answer 1(a) 29
4

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

A lamp is located at the point (5,0) in the zy-plane. An ant is crawling
in the first quadrant of the plane and the lamp casts its shadow onto the
y-axis. How fast is the ant’s shadow moving along the y-axis when the
ant is at position (1,2) and moving so that its z-coordinate is increasing
at a rate of % units/sec and its y-coordinate is decreasing at a rate of l}
units/sec?

Answer ’
1(b) F

(b

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

Find the exact value of the integral
vior
/ 213 dz.
0

Express your answer in terms of e.

(ol
oo +1 l

Answer 2(a)

(Show your working below and on the next page.)
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Question 2 (b) [5 marks]
Find a degree three polynomial to approximate the function

f(z) =In(l+sinx)
near = ().

. - i Answer 5 J.x3
2(b) X..—i)( {‘6

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

Let f(x) = [sinz| for all z € (—m,7), and f(z +2m) = f(z) for all z.
Let

%
ag + Z (@, cosnz + b, sinnz)
-
be the Fourier Series which represents f (x). Let m denote a fixed positive
integer. Find the exact value of as,. Express your answer in terms of m
in the simplest form.

J! Answer 3(a) “ff
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(Show your working below and on the next page.)
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Question 3 (b) [5 marks]
Find the shortest distance from the point (—1,1,2) to the plane

2¢ +3y —z—10=0.

Answer (|

3(b) A

T

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

Let L; be a straight line which passes through the point (—1,0,1) and
suppose that Ly is perpendicular to the plane 2z —y + 7z = 12. Let Ly be
the line r () = (24 1)1+ (—4+2¢t)j + (18 — 3t) k. Find the coordinates
of the point of intersection of L; and Lo.

(3,-2,15)

(Show your working below and on the nezt page.)
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Question 4 (b) [5 marks]
Let f (z,y) =In(tanz + tany), with 0 < z,y < 5. Find the value of

0o
(sin 2z) 5 T (sin 2y) 9y

Your answer should be a number.

Answer

4(b) 53

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

o _ S
KT Lokt oY
of sectY

16



MA1505 Examination

Question 5 (a) [5 marks]
Let n be a positive integer. Find the directional derivative of
- )
floy) =2 —zy+y"

at the point (2, 1) in the direction of the vector joining the point
(2,1) to the point (6,4). Express your answer in terms of n.

\
‘ Answer 5(a) 3n+t4

5

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

Evaluate

fl

where D is the finite plane region in the first quadrant bounded by

the two coordinate axes and the curve y = 1 — z2.

Answer
5(b) |

am—

4.

(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

1 Y 2_2.3
/ f ye(‘E B )da:dy.
0 J1—y/1-¢?

Express your answer in terms of e.

Answer 6(a)

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

Let a be a positive constant. Evaluate the line integral
/ (3:2 + 2+ 22) ds,
o

where C' is the circular helix given by £ = acost, y = asint,
r=t 0<t<a.

Answer
6() e

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

Let a be a positive constant. Evaluate the line integral
/( S0 Bty —I—ay)dpn—l—(zgmycosy+91, J+2a34+1)dl;
C

where C is the semicircle, centered at (a,0) with radius @, in the first
quadrant joining (0,0) to (2a,0).

Answer 7(a) 3
(Show your working below and on the next page. ) /)
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Question 7 (b) [5 marks]

Evaluate the surface integral

//;Fods,

where F' = zi + yj + zk and S is the portion of the paraboloid
z = 1— a2? — y? lying on and above the zy plane. The orientation of S is
given by the outer normal vector.

Answer
7(b) 3T
Z

(Show your working below and on the next page.)
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Question 8 (a) [5 marks]

By using Stokes’ Theorem, or otherwise, find the exact value of the surface

integral _
// (V x F) edS,
S

|
‘ where S is the hemisphere z? + ¢? + 2* = 16 lying on and above the
‘ xy plane, and F = (T2 + 9y — 4ez) i+ (Sxy cos? z) j+ (26“’“9 sin 2z + xzyz3) k.

The orientation of S is given by the outer normal vector. Express your
answer in terms of 7.

Answer 8(a)

— (6T

(Show your working below and on the next page.)
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Question 8 (b) [5 marks]

Find a solution of the form u(z,y) = F (az + y), where a is a constant
and [ is a differentiable single variable function, to the partial dlfferentlal

equation
Uy — 2uy =0,

that satisfies the condition u (z,0) = cos z.

Answer

8(b) Ut 9)= e 257

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