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Don’t look at these solutions until you have attempted the exam.

Any questions?
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Question 1a
If A, B and C are collinear, then 04 + t(AB) = OC for some value of t.

= i+3j—2k+ti—4tj+5k=3i+j+ 2k
=>1+t=3and3—-4t=1and —2—-5t=2

However, there is no value of t for which all three of these equations are true, and so A4, B and C are not
collinear.

Question 1b
Let @ be a unit vector in the direction of ﬁ, and ¢ a unit vector in the direction of OC.

o . PO TIPS
Thus, @ = + 3j 3k)andc—m(3l+]+2k).

1 .
miC
A vector which bisects the angle between OAdandOCisd=a+¢= \/% (4i + 4j) (or any other multiple

of i + j). Hence any point D in the form k(1, 1, 0), k € R will satisfy the question.

Question 1c
9 = COS_l(M)
|oA]|||oB||
oo 5]
= COS 14
_m
3
Question 1d
W:perpendicular to OB — R‘) - (W : O—B)) O—B’

=[3 1 2]—%[2 -1 3]

_10,.25. 5
ARV
Question 2

Find the gradient of the tangent to the graph at the specified point:

d d
Z(3y2 2 _ -
I (3x%y +9y 3xy) I (24x)

dy dy dy
2 L 3y —3x—2 =
dx 18y dx 3y = 3x dx 24

d
%(18}1 + 3x% —3x) = 24 — 6xy + 3y

dy 24 —6xy+3y
dx 18y + 3x2 — 3x

6xy + 3x

dy  24-6(3)(2)+3(2)
At(3,2), o = 18(2) + 3(32) — 3(3)
T54 9

[y

Hence the gradient of the normal = (:—1) =9

9.

Find the equation of the normal, given that it is in the form y = 9x + ¢ and passes through (3, 2):

2=93)+c
c= =25
=>y=9x—-25
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Question 3a

liz—z| = |cis (g) cis(—0) — cis(9)|
= |cis (g - 9) - cis(9)|
= |cos (g — 9) + isin (%) — cos(9) — isin(6)
= |sin(8) — cos(@) + (cos(8) — sin(B))i|
= \/(sin(e) — c0s(0))? + (cos(8) — sin(0))?
= \/2 — 4sin(0) cos(6)

= /2 — 2sin(26)

Question 3b
Note: 8 € (—m, ] = 20 € (—2m, 27|
Arg(iz — z) is undefined when |iZ — z| = 0
=2-2sin(20) =0

sin(20) =1
= 20 = 31 T
S22
g = 3w
44
Since domain is in the form 6 € (—a, a),
yis
“=7

Question 3¢
Arg(iz — z) = Arg(sin(8) — cos(8) + (cos(6) — sin(H))i)
_,,cos(8) — sin(60)
= tan (sin(ﬁ) — cos(8)
=tan"(-1)
3m

4

m

Note: It is possible to ascertain by graphical means that for 6 € ( 4,%), (iz — z) lies in the 2" quadrant,

not the 4" quadrant.
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Question 4
73x% +2x% — 12x 3u+3)2+2w+3)°2-12(u+3)
dx=f du whereu =x — 3
3 vx—3 0 Vu
J‘43(u +3)2+2(u+3)°-12(u+3)
= du
0 Vu
f4(3u2 +18u + 27) + (2u® + 18u? + 54u + 54) — (12u + 36) 4
= u
0 Vu
42u3 + 21u? + 60u + 45
=J- du
0 Vu
* s 3 1 1
= f 2uz + 21uz + 60uz + 45u 2 du
0
2\ 7 2\ 5 2\ 3 1
=2 (7) uz + 21 (E) uz + 60 (5) uz + 45(2)u?)¢
7 5 4
4uz  42uz 3 1
= T + 40uz + 90uz2
0
4 42
=5 27+ ?(25) +40(2%) +90(2)
512 21-64
= — + s + 320 + 180
— 500 512 N 1344
- 7 5
Question 5a
Question 5b

In this question, redefine i and j in line with the hill. Splitting equations of movement we have:
N —3gcos(30°) =0
v-ag() -2

2 2
Similarly, in the other direction we have:
M — uN —3gsin(30°) =0
M = uN + 3¢ sin(30°)

1 (3V/3g 1
M= (T)+39(E)
M = 3g = 29.4N

Question 5¢
Movement in i direction would then be:
3g — 39 sin(30°) = ma

g _ 2
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Question 6
2

V= nf y2dx
0

Jz(x+3)2
0o X2+1

Jx+1 8 d
(x2+1 x2+1 x2+1)x

21
Uldx+3 dx+8] Z—dx]
+1

[[ 12 +3f ldu+8[tan_1(x)] ] whereu = x% + 1

dx

m[2 + 3[In|ul]} + 8tan~1(2)]
=m(2 +31In(5) + 8tan"1(2))

Question 7
Im(z)
A — — ~ T 3
, N
AN R
I Sa \ required area
\ ¢ . r
\ N Re(2)
i N 7 >
S o .7
— 4+ _1
Question 8

The two particles will collide when they are in the same position at the same time.
Equating i components:

12 — 2t = 5t — t?
t2—7t+12=0
t-3)(t—4)=0

>t=3ort=4%

Equating j components:

6t—2=t>+6
t?—6t+8=0
t—-2)(t—-4)=0
>t=2o0rt=4%

Hence the particles collide at t = 4 seconds.
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