1(a) | ,7 =1 - GC is not allowed and given
2 marks, the intent is not to
w=1=0 solve for w.
(w=D(W* +w+1)=0
Since w is non-real, it satisfies w?> + w+1=0.
whew=—1.
(b) (+2w+ In? )1+ P+ 3w)=3 - Make good use of result in
(a) to simplify.
LHS: [1+2(w+ w2)+w2][1+2(w2 +w)+w]
= [1+2(—1)+ wz][l +2(~1)+w]
= (w2 - 1)(w—1)
=w —(W* +w)+1
=1-(-1)+1
=3
Alternative
LHS = (1+ 2w+ 3w?) + 2w* + 4w’ + 6wh) + BGw+6w? +9w?) ,
5 3 . -Note the efficient way to
=1+5w+11w" +13w + 6w evaluate w.
=1+5w+11w* +13+ 6w (‘.°w3 =l=w! =w)
=14+11w+11w?
=14+11(-1)
=3
=RHS
2(a)
(x.y)
O--—-W----—
(0.2d) ¢ x=d
(0]

distance from (x, y) to (0,2d) =yx* +(y — 2af)2
distance from (x, y) to line :|x -d |
a2+ (y—2d)? =[x —d|
x> +(y-2d)? =(x-d)?

(y=2d)* =(x—d)’ ="
=(x—d-x)(x—d+x)
=—d(2x—d)

(y—2d)* =d(d - 2x) (shown)

From definition, d > x.
x—dl=d—-x




(b)

< 9>
~l039)
D X
(0,2d) ¢ (¢,24)
Sg (% 'j) By shell method,
T OA=27xydy
/(o,d) (y-2d)* =d(d - 2x)
2
d—oy =2
0
2
o9 =24
2 2d

3d
Volume = 27ZJ- xy dy
d

3d
= 27[I xy dy
d

Mg (y-2d)°
=2 j 2=y d
d d (2 2d i

3d T (3 5
—md |y =2 [T yr-2a) dy
d dJdd

2 3d
:ﬂd{%} —%Ujd(y—2d)(y—2d)2+2d(y—2d)2 dy}
d

P [ Y -2y
2 d 4 p 3 B

=4zd’ —%(d“ —d4)—2Tﬂ(d3 +d’)

8 .
= Ezzd 3 cu. units

Alternative (Disc Method)

(y—2d)? =d(d -2x)=> y=2d +.Jd(d —2x)

Required volume

= volume generated by upper curve y, — volume generated by

lower curve y,
d

-
_ ﬁjz[2d +Jd(d=20) | ~[2d~Jd(d-2x) | &x

d
=7Z'J.28d d(d—2x) dv

=8xd x

d
! Iz—2d d(d—2x) dv
2d Jo

[d(d-20)]"|
3/2

87 R
——?[O—d ]

8 .
= ?d * cu. units

Alternative:

Expand y(y —2d)*; the
method shown is simpler to
evaluate limits.




3(a)

2% 2k+2  2k(2k+3)—(2k +2)(2k +1)

2k+1 2k+3 (2k+1)(2k +3)
4k* + 6k — (4 + 6k +2)
(2k +1)(2k +3)
-2
= =<0 ((Q2k+1) & (2k+3)>0fork>0
ik <0 (@D & ke3> 0 fork>0)

2k 2k+2
<

T 2k+1 2k+3

(b)

Let P, be the proposition that u, < ( 2n j ,neEL ..

2n+1
Consider P;:

LHS =u, == (given)

[SSHE )

20 2
2(1)+1 3

Hence u, S%

RHS =

- P is true

2k

Assume that Py is true for some positive integer &, u, < (2]{ I
+

k
To show P+ is true, u,,, < [2lc_+2j

2k +3

LHS of P+
= uk+1
2k +2
= ”k
2k+3

<(2k+2j 2k Y
T\ 2k+3 )\ 2k+1
2k +2)(2k+2 . Gince 2k _[(2k+2
T\ 2k+3 )\ 2k+3 2k+1 \2k+3
C(2k+2)"

2k +3

k+1
2 2
Uy S Kt
2k +3

- Py istrue= P, is true

Since P; is true and Pis true= P, ,, is true,

by mathematical induction, P, is true for all positive integers n.

jk.

= implies
— tends to

= maps to

4(a)

fx)=x"—a =f'(x)=hk"

f
By Newton-Raphson method, x,, =x, — RICA)
f'(x,)
x) —a
=X

n k-1
h:I'l




Xpr1 =X, Jor © +F
X, a
=X, Tt o
k kx, Al
1 a
= z|:(k - l)xn + F:| (ShOWH)
(b) Since 325 ~3/27 = 3, 3 is a reasonable initial estimate. BI
(c) Using x, =3, from GC,
X, =2.92592... Mi
x; =2.924018...
x, =2.924017...
x5 =2.924017...
Al
~3/23=2.924 (3 dp)
(@ N
.\9 -1 ( M+ 21_) Question stated to
< :j 3 X? sketch suitable graphs
i (hence more than 1), so
Ay the graphs of y =x and
= l(Zx + é are
y=x ~ 7 3 x*
expected
I
5 7 ¥
A3 Az X3
5 It is totally unthinking

Ve — 2y

n+l

+2v, =4, v=2,v,=0
v, +w =k=v =k-w,

V.., =2V, +2v, =4 becomes
(k=w,,)=2(k-w,,)+2(k-w,)=4
+2w, =k—4

For this equation to be homogeneous, k = 4.

Wn+2 _2Wn+l
w=4-v,=2,w,=4-v, =4

Wn+2 - ZW

n+l

+2w, =0

Auxiliary equation is A* —24+2=0

+./4—
1:#:111

LW, :(\/E)[Acosﬂ+3sinﬂ}
4 4

w=2=2=A4+8

v,=4=4=2(0+B)

=B=2
= A=0

aw, =(V2) {mm%}

L 74
=>v, =4-2° smT

to write auxiliary
equation as:

AP =22+2=4.




(b)

2, (4n+ )
anv2 SIHT

=4-2""sin(2n+ 1)%
_ [4=2""(=1), nisodd
1 4-2"7(1), nis even

_J4(1+4"), nisodd
4(1-4"), n is even

6(a) 3z 57
X — V4 —
4 4
1
2
0 — 0
Y 4
Sz 5£_3l
E 4 4 1 1
dxx——|0+0+4|— | |=—7=0.262 (3
.L:’ 4 6 { [4)} 127[ (3s)
(b)
4 / —,—lﬂ furthest po\n)r{«wo)
¢ 58:=0
/,O (1,0) !
’ ™
4- Sn
Z
. 107,
Area of the inner loop =§J r'd@
Iz Vs
r—|—|=—=0.131(3
2(12) 24 (3s1)
7(a) Locus is an ellipse.
(b)
G
.
o
OG +GF =2a 0 F(2=::.0)

r+~Jr? +4¢? —4recos@ = 2a (use cosine rule to find GF)

Jr? +4¢* —4recos@ =2a—r

2 +4¢? —4recos@ =4a* —dar +1?

a

4ar[1—£cos€j = d(a* —c?)

Al

Al




(©)

g represents the eccentricity of the conic section.

(d) n 4 )
Arc length = I r +(—) do
0 de
2 2 2 2
. a_é (C—a] (csinQJ
_ J' e T 2 do
"Nl 1-"cos@ Kl—ccosej
a a
For small values of ¢, the ellipse approaches the circle with centre at O
and radius a.
.. arc length = 7a.
Alternative:
2 2 2 2
a_i € _a (csinﬁj —
. a a a a a x0
1}5}1;)1 c + 7 = T + T =a
1-—cosé (l—ccosﬁj
a a
c.arc length —> Iﬂa dfé=ar
0
8(a) | Number of ways =12!=479001600
(b) WWWWW MMMMM
MMMMMMM WWWWWMM
Number of ways = 5!x 7!+ P, x 5!x2!x3=2419200
(c) Consider complementary cases involving
two particular girls are adjacent to each other.
Case 1: Both seated in front row
2! x "°C, x41x71=29030400
Case 2: Both seated in back row
2! x °Cy x 6!x 5!= 43545600
Number of ways
= 479001600 — (29030400 + 43545600)
=406425600
(d) e, xC,xC
Number of ways = % =5775
9@ -6 -6
AB=|-4| AC=| 0
0 1
-6\ (-6 -4 2
n=|-4|x| 0 =] 6 [//|-3
0 1 —24 12
2 6)(2
..equation of plane ABC isr-| =3 |=| 0 |-| =3 |=12
12 0)1\12

Cartesian equation is 2x —3y +12z =12.




(b) 2
Consider line OD: r=1|0|,A€R
3
When OD intersects plane ABC, 2(24)—-3(0)+12(31) =12. Answer in coordinates
1=03 form, not position
. . . ’ vector.
..point of intersection is (0.6, 0, 0.9).
(©) 0) (2
Shortest distance = ‘E = L 0-|-3|= 108 units
V4194144 ol 12 J157 '
(d li— — 1
Area of plane ABC = E‘AB X AC‘ = E\/ 628 =+/157
1 108 .
.. Volume of tetrahedron = —x+/157 x—— =36 cu. units.
3 \157
10(2) x=at’, y=2at, —Ja<t<a
& =2at, Y =2a
dr dr
B 1
Cdx ¢
Gradient of 7S = Y 1
dx|, ¢
.. tan @ = gradient of TS 1 (shown)
t
Gradient of QP = 2a2t —0_ 22t
at"—a t -1
S tang =
’ -1
2
tang = —tlan 0
-1
tan” @
B 2tan’ 0 When tan 4 = tan B,
" tan O(1—tan’ 0) there are many possible
relationships between A
— ZLnH and B. A good answer
1-tan* @ should include
= tan 20 justifying why 4 = B.
Since 0<¢,0 <z, ¢ =26 (shown)
(b) ZQOPR = 7 — 280 (corresponding angles)
Z£TPQ =7 —(x—20)—6 (sum of angles on a straight line)
. ZLTPQ =6 (shown)
(c) The inner reflective surface of the car headlight is to have a parabolic 2 marks — one each to

shape with the light source located at point Q (focus) so that light from
Q is reflected parallel to the road.

the underlined factors.




(d) A 2 2
Surface area =271 J‘ y (%J + (d_yJ dr Only need to consider
0 dt dr the upper half (or lower
va half) of the curve.
Y _[ 2ataa’’ +4a® dt
0
Ja
=8ﬂaZI (NE+1 de
0
2 3/2 \/;
4 {M}
3 0
2
_3ra [(@+1*-1]
11(a) | D, isalways 30 m above ground.
(b) Whenr, =r,,
0 3 10 -1
0 |+t -2 |=| 8 |+¢t| 2
30 0 0 3 d

3t=10—¢---(1)

—2t=8+42¢-++(2)

30=3¢---(3)

(H)=t=25 Q)=>t=-2 (3)=t=10
Since there is no consistent value of ¢, r, #r, at all times.

.. D, and D, will not coincide.

10 —4
DD,=| 8 |+t 4
-30 3

‘DIDZ = (10— 41)> + 8+ 41) + (3t —30)°

=/1064 —1961 + 41¢>

2 2
= || - 228 +1064—41(%j
2(41) 41

2
=\/41(’_%j L 34020 _ [34020

41 41

.. . 98
Minimum distance occurs when ¢ = E

Alternative:
Minimum distance occurs when %(1064 —196t+41*)=0

= 82¢t=196

98
=>t=""
41

. minimum|D, D; | = % =28.8 m (3s)




(c) Angle of elevation = angle between path of D, and ground

0) (-1
0] 2
. LI 3
=90° —cos T
2 3
=90 —cos ﬁ
=533
(d 21 3
Att=7,r,=|-14| and r,=|22|
30 21

sohy =30, h, =21.
A4, =230, 4, =2(21).
Centre of these circular areas are (21,—14) and (3, 22) on the x — y plane

with radii R, =, fﬁ = 30\/z R, = 21\/Z respectively.
p/s T p/s

Distance between the 2 centres = \/ (21-3)" + (=14 -22)* = 40.249
R + R, =40.692 > distance between the 2 centres, the areas observed
by both drones overlapped. (shown)

Y
Vil




