2
=cos” x—cos® y

Solution Marks Remarks
x g sin(2x +1) —sin(2x +1) g (x)
in(2x+1 & i &
s A  uniex )]= dx 7 dr M For quotient / product rule
dx x x
2 2x+1)]—si
" x[2 cos(2x+1)]—sin(2x+1) M —d—Sinu=cosuE
x? dx dx
(accept without E'l-)
T — . e dx
V' 2xcos(2x+1)—sin(2x+1) |
= L} IA
] 2 I
i x i
(3)
cos? x—cos? y
\ ) Marking criteria:
=—(l+cos2x)——(1+cos2 1A
2( ) 2( ») First trig formulas 1A
1 Second trig formula 1M
e (cos2x-cos2y) Completed proof 1
. 2x+2y . 2x-2y
= — —2 —— —_—
2( sin > sin > ) IM
=-sin(x+ y)sin(x - y) 1
tive Soluti 1
cos® x-cos? y
=(cos x +cos y) (cos x—cos y)
=] 20062 Leos L] - 24in =L gin =T 1A
2 2 2 2
=-(2sin x+ycos JH'y)(is.in x'—ycosx—y)
4 2 2
=-sin(x+ y) sin(x-y) IM+1
Alternative Solution (2)
—sin{x+ y) sin(x- y)
=—%{cus[x+y-(x-y)]—cos[x+y+(x-y)}} 1A
1
=——2-(cos2y—cos2x}
e il Do i - 2 g
_—E[{2cos y=1)=(2cos” x-1)] 1M



(4

Solution Marks Remarks
Alternative Solution (3)
—sin(x+ y) sin(x - y)
= ~(sin x cos y + cos x sin y)sin x cos y —cos xsin y) 1A
=—sin? xcos’ y+cosz xsin? y
= —(l--ms1 :vc}t:os2 y+ cos? x(1—0052 y) M
=—cos? y+cos? x+cos? x—cos? xcos? y
=cos® x—cos” y 1
- cos? x—cos? y=—sin(x+ y)sin(x—p)
3)
(1-2x+3x%)"
=[1+(-2x+3x2))" IM  |Accept [(1-2x)+3x%]" etc.
=1+ C(-2x+ 3xY)+ ,C, (—2x+3x? R IM For binomial expansion
=1+n(-2x+3x2)+ f%_—“@x’ o)
=1-2nx+ {an +a) X% e {*) (pp-1) if dots were omitted in
all cases
. =2n=-10 o | S .
n=5 1A s ieither one
k=2n%+n ’ ---E.--.:

, 1Award ONLY
=2(5)"+5 'when (*) is correct
=55 1A il

(3)
ke +x+k>0
A=1-4k?
For kc? +x+k >0 forall real values of x,
k>0 and 1-4k* <0 1A+IM | 1A for k>0,
1 IMfor A<0
k>0 and k?>— .
4
k>0 and (k >l or k< —l) M For solving a quadratic
2 - inequality correctly
il e = 1A
2




Solution Marks Remarks
{y:xz
y=x+k
x=x+k M
x*-x-k=0
Let x; and x; be the x-coordinates of P and Q.
Xy +x2 =1 M
Let (a, &) be a point on the locus.
ae frl +X,
2 M
i
2
OR
li,fl+4k
Xt IM
2
1
a=2(x+x,)
1 I+1jl+4k 1= /1+4k :
s 3 ) IM
2 2 2
el
2
Alternative Solution
{y-_'xz
y=x+k
y=(y-k)? IM
¥y -(2k+1)y+k2 =0
Let y; and y; be the y-coordinates of P and Q.
n+y =2k+1 IM
Let (a, b) be a point on the locus.
b= 2k+1 M
2
a=:5v—k=l
2
.. the equation of L is x=%. 1A OR x_l
2

(4)

l.
=—+k
=y




Solution

Marks

Remarks

x[x|+5x+6=0
Consider the following cases: (1) x=0
(2) =x<o0
Case (1) : The equation becomes
x(x)+5x+6=0
x?+5x+6=0

=-3 or x=-2

1A

IM --

OR

x?+5x+6=0

Since x =0, so this equation has no solution.

Since x2 0, the two values are rejected.

IM

Case (2) : The equation becomes
x(-x)+5x+6=0
x*-5x-6=0
x=-1 or x=6
Since x<0, x=-1

Combining the two cases, x =-1.

1A

For checking

cither one

1A

Alternative solution

x|x|+5x+6=0
x(x)+5x+6=0 or x(-x)+5x+6=0
x24+5x+6=0 x?-5x-6=0

=-3 or x=-2 x=-1 or x=6

OR
x|x]|=~(5x +6)

x* =25x? +60x+36
x*-25x? -60x-36=0
(x+1) (x> -x? —24x-36)=0
(x+1)(x-6) (x* +5x+6) =0

(x+D)(x-6)(x+2)(x+3)=0

x=-1 or x=6 or x=-2 or x=-3

iPut x=-3, LHS =-18# 0 (rejected)

{Put x=-2, LHS =-8# 0 (rejected) !
‘Put x= -1, LHS =0 =RHS
iPut x=6, LHS=72%0 (rejected)

™M

1A

For BOTH correct

For any two correct linear

factors

For checking .

(4)




Solution Marks Remarks
(a) a-b
=43 (2)cos 150° 1A
=-3 1A
(b) [a+2b[*=(a+2b)-(a+2b) M
=a-a+4a-b+4b-b
_ 2 5 2 2
(3) +4(-3)+4(2) 1A IFor a-a=+32 and
=1 b-b=2?
|n+2b|=\[7— 1A
Alternative solution
la+2b|"={al* +|2b|* -2|a||2b]cos @
=(v3)° +42 ~2(~f§] (4)cos30° IM+1A ||1 M for cosine formula
=7 1A for Ja| = V3 and
[2b]=4
la+2b]=+7 1A

(5)

Omitting vector sign /
dot sign in most cases,
or using the expression

7 —2
veor v (pp-1)




Solution Marks Remarks

For n=1,

n® —n+3=1"-1+3=3, which is divisible by 3. 1

~. the statement is true for n=1.

Assume k® —k+3 is divisible by 3, where k is a positive integer. 1

(OR Assume k* —k+3=3m,where k and m are positive integers.)

(k+1)° —(k+1)+3

=k 43k 43k +1-(k+1)+3

=k —k+3)+3k* +3k IM | For using the assumption
=3(m+k* +k) 1

s (k+1)% = (k+1)+3 isalso divisible by 3.
i paicpealp A e ot p kL (iAo Aok
i By the principle of mathematical induction. the statement is true for all positive

integers n. 1 Not awarded if anyone of the

above marks was withheld.

Alternative solution

n’—n+3

=n(n®-1)+3

=(n-1)(n)(n+1)+3 2A

E=DimesD .
_t{ ?'5_ product o }_gc{n_sssmwe integersiand hence is divisible by 3.1 2A

~.n® —n+3 is divisible by 3 for all positive integers n.

(3)




Solution

Marks

Remarks

9

(a) cos@~-+3sin@ =rcos(8 +a)

=r (cos Acos —sinfsina)

{rcosa:l ..... (0)]

rsina=+3 ..... 2)
r=2
a = 60°

- cos@—+/3sin@ =2cos (8 +60°)

1A

}m

1A

OR

3 :
cos8—+3sinf = 2(%::059—-‘!2:5:11 )

= 2(cos 60° cos 8 —sin 60°sin &)

= 2 cos(@ + 60°)

M

1A

(b) cos2x~+/3sin2x =1

2cos(2x+60°) =1

cos(2x+60°) = -;-

x=180n° or x=180n°-60°

M

M

Alternative Solution (1
cos2x-3sin2x=1
2sin(2x+150°) =1

sin(2x+150°%) = -;—

x=907°+(-1)" (15°)~75°

1A

M

1A

Alternative Solution (2)
cos2x—3sin2x=1

2 sin x(sin x+-\ﬁcosx} =0

sinx=0 or tanx=-y3

x =180 n° or

1-2sin? x—ﬁ(Zsinxcosx):]

x =180 n°®-60°

IM+1A

(6)

Accept 2cos(8+ %)

For the form of

r(E cosf - Esin 0)
r r

Accept 2cos(6+ ;]
2

using (a)

General solution of
cosg=k

Accept radian

(pp—-1) for mixing degree and
radian measures in answer

1M for either one




Solution

Marks Remarks
10, y:= (3+2’.i:4:)52:|:)dI IM  |(pp-1) for dx omitted
"""""""" ‘ 1M awarded even if y was omitted
=3x+sin2x+c ,iwhere._cisa constant: IM+1A | IM for _[cos s umsiny
1A awarded even if ¢ was omitted
x 3T
Put x=—, y=— ¢
ut x n y 2
in . 4 5 T
—=3(=)+sin2(=)+c M
4 ( 4) ( 4)
e=-] 3 "
. the equation of the curveis y=3x+sin2x-1. 1A
(5)
11. (a) Slopeof L, =2
Let m be the slopes of L, and Lj.
m=2 | _ tands° IM+1A | IM for LHS
a2 Accept omitting absolute sign
m-2 a0
1+2m
1
m=-3 or m=-—
3
-, the equation of L, and L; are y=%x and y=-3x. 1A
Alternative solution
Slopeof L, =2
Let L, and L, make an angle &, and ¢, with the x-axis respectively.
8, =6, —45° 1A
tan @, = tan (6, —45°)
tan 6, — 45°
g VL Ll LN, M
1+tan f, tan 45°
_2-1 1
1+2(1) 3
. the equation of L, is y=%x.
Since L; L L,,slopeof Ly =-3, 1A
. theequation of L3 is y=-3x.




(6)

Solution Marks Remarks
y=2x-5
(b) 1
==X
8
x=3, y=1 . L, and L; intersectat P(3, 1). IM Marking Criteria:
y=2x-5 3 IM for finding a point of
y=-3x intersection
x=1, y=-3 . L; and L; intersectat Q(I,-3). IM for the correct
0 0 method of finding the
area
s 111 -3
i T 1A for the answer
0 0
=2 0-(9) M
=5 1A
Alternative solution (1)
Ly and L, intersectat P(3, 1). 1M Same as above
oP=y32+1> =i0 and 00 =410 '
Area =l_(0P) (00)
1
=5 (10)(10) M
=5 1A
Altemative solution (2)
L, and L, intersectat P(3, 1). 1M Same as above
Ly and L, intersectat O(1, -3).
0P =432 +12 =10, PO=G-12+(1+3)? =420
Area =%(Jﬁ)(ﬁ)sin4so IM
=5 1A
Alternative solution (3) :i
The distance from O to L; is = )
P L
5 1
d——f‘—ﬁ IM \ NG
(The angles are 45°,) the length of (the hypotenuse) PQ is opN - TS *
2d =25 M .
The area of AOPQ is 2
1 5325y =5 1A o
2 L
3




Solution Marks Remarks
12. (a) ch—-xy-i-yz =7
P e 1A+1A | 1A for L (zy),
dx dx
dy y-2x ” 1A for the other terms
dx 2y-x
Alternative solution
2 -
X =xy+y =
y? —xy+x2—7=0
xtyx? —4(x2 - 7)
e 2
2
X, NAE Gy 1A
2 2
."‘)_’=l¢l( bx ) 1A
x 22 9\78-3x?
=lt 3x 1A
2 2428-3x? ¥
dy 3-2() 1
(b) - =<
dx |,y 20)-1 5
Equation of normal is M
y=3==5(x-1)
y==5x+8 1A

(3)




HIRYEER

FOR TEACHERS’ USE ONLY

Solution Marks Remarks
13. (a) The curve attains a maximum at x=a. 1A Withhold 1A if answered
The curve attains a minimum at x=0. 1A in coordinates form
® O [ feodx
o
=[f(x) ],
= f(a) - f(0) 1A
= f(a) -1 (Since f(0)=1)
Since the areaof R, =3, f(a)=4. 1A
(ii) E [f(x)] : =Areaof R| — Areaof R; E
» £(6) - £(0)=3—-1 ;
L £(6)=3 : 1A
¥
1 C (a,4) 1A | Shape
IM For points 4, Band C
(6,3)
A(=2,2)

/

B (0,1)

I e LT T T

[
N ==--
Q

6

Hy

(7)




Solution

Remarks

14, (a) (i) The centre of Jis (0, 0) and the radius is r.
Distance from (0,0) to L=r

m(0)-0+e¢ .
m? +1
2
- _rg

m? +1
et =rt(m? +1)

IM+IM

l R s
2?4yt =2

{y=m:c+c

x4 (mx+c)? =r?

(m* +)x* +2mex+c? =r? =0

A=(2mc)? —4(m? +1) (c? -r¥)=0

mic? —(m*c? =m?r? +¢2 -rh)=0

e =rt(m?+1)

IM

IM

(ii) Since L passes through (h, k),
k=mh+c
c=k-mh

2= (m? +0):

(k=mk)* =r*(m? +1)

Substitute into ¢

(b) (i) EquationofPR*
4+5
+5=——=
4 7+5(x+5}
3x-4y-5=0
3(0)—-4(0)-5

V3% 447

radius of J =

(4)

IM

1A

ternative tion
Equation of PR:
4+5
+5=——(x+5
4 _7+5( )

3.5
42" 3

Using (a) (i),
Sy _ 2302 )
( 4) r [(4) +1]

r?=1

. the radius of Jis 1. -

1A

1M for distance formula
IM ford=r

Accept omitting absolute
sign

For elimination of x (or y)




Solution

Marks

Remarks

(ii) Let m be the slope of PQ.
Put r=1, h=7, k=4 into the result of (a)(ii) :

(4-7m)? =m? +1

48m? -56m+15=0

B 5
=— ected) or =
B iy, Fou e S

.. the slope of PQ is _}\%

M

1A

Alternative solution
4

Slope of PR = St 2
7+5 4

Slope of OP =-;-

Let the slope of PO be m.
OP bisects ZOPR.
3 4 4

— —_——

% 5. .7
1+ S n(-.?) (m)

M

(it Put r=1, k==5, k=-5 into (*):

(-5+5m)? =m? +1 *

24m* -50m+24=0

4
m =%(r¢jccted} or m =5

.. theslope of OR is %

IM

Alternative solution
Slope of PR =%

Slope of OR=1
Let the slope of OR be n.

3
1_2 _n-1

3 T l+n

Withhold 1M if
(r, i) (7,4)

Withhold 1M if
(A k)= (~5,-5)



Solution Marks Remarks
The equation of PQ is \
5
-4=—(x-7
y ™ (x=7)
5x-12y+13=0 1
. r IM | For finding equations of
The equation of QR is PQ and OR
y+5 =§:(x+5)
4x-3y+5=0 (2) J
(x4-(2)x5 :
-33y+27=0 IM " | Forsolving (1) and (2)
iy
7 11
5 -7
Substitute y = % into (1), x= T
. -7 9
... the coordinates of Q are {ﬁ’ﬁ]' 1A

(3)




Remarks

Solution Marks
15. (@ [/ =PS+(0S+ NS
=212 +x? +(¥2)?)+2-x
=2Vx? +3+42-x 1A
dl! 2x
el | Qe |
dx Wit +3
o 2x -1 1
x2+3
(2)
. dal
® ©H —=0
X
. M
x2+3
4xt =x? 43
{ x=1 (rejected) orf x=1 1A
=N
3 2
0cx<l x =1 I(.rSE d*l 6
d 3
> 1M S 3]?
2 PSP
£ sy 4 o LW B ladl 5p
dx dx dx dx? v 4!
=l e a :
L/
EA;- -l- “h-a-s-‘;l;l;r-(;; E\.l_r;r;é ;:;;:;I:ﬁi it aftains the least value at x=1. 1A
(i) The greatest value of [ occurs at one of the end-points.
Atx=0, I =2f3+2 (=546 } 1
IM
At x=%, z=«/ﬁ+% (= 5.08) < 23 +2
. £ attains the greatest value at x=0. 1A
(6)
k 2k
©@ O E=——mt—— 1A | OR
} (2=22 x2+3
—_— k(3x? — 8x +11)
2-x32@x+3)
Accept
En kl + 2.&2

2= © xt=3




Solution Marks Remarks
(ii) From (b), / attains the least valueat x=1.
k 2k
At x=1,E=—+—
x T % M
3k
2
M Accept othe ter :
P x=1, E=&+4k>£ 1 cept other coun t;:;camples.
2 21 B eg EQD=171k>=—.
- E will not attain its greatest value at x=1. 2
The student is incorrect. 1A
Alternative solution
—2k(- —2k
4E -2kt 2o v
dx (2-x)° (x*+3)
_ 2%k Ak
@-0° *+3)?
From (b), / attains the least value at x=1.
dE ak OR solving
Atx=1,—=2k-— M dE
dx 16 — =
dx
7k successfull i
. Accept — = —i# 0
________________ 4 e S dx: n*’f;==
i E is increasing at x = 1, TA: iles: =5 TFow

~. E will not attain its greatest value at x=1. The student
is incorrect. :




Solution Marks Remarks
1.2 4
16. (a) (i =—x"—-—x+1
(@ @ vy 3 3
x?—4x+3-3y=0
4+.16-4(3-3y)
xX=—
2
=2+3y+1
E"TA.;_{-)-S_}ET,-E the equationof €, is x=2—3y+1. 1
(ii) The equationof C; is x=2+J3y+1. 1A
_ @
ke b
® @ O V=;:L [2+43y+1) —(2-3y+1)*1dy IM+1A |IM for V.—.;rJ.x?'dy
a
h
=::L 83y +1dy 1A
2.1 2.
=87 [=(=) By+1)?2
7 [55) Gy +D2g
3
=167 ahan? o 1
9
I
v 167 3 s . dh dv 4V dh
7) —=—e(D) Bh+1)2(— (1 S I e L oL
@ dt 9(2)( +)(d:) ord: dh dt
~sxGisnz L
. dr
Put £=8;r:
dr
L dh
87 =82(3h+1)2 (—)
" dt
dh :
UL S 1A
dr 1
Gh+1)?
(i) When h=1, V=%
When 1<h<4, V=222 4 (3} (h-1) IM | IMfor ¥=volume of lower
- v B part +z(3)%(h - 1)
=gk iolr
9
av o, &
dt dt
dk 8 1A




Solution Marks Remarks
ative Soluti
dv
ah _ de
dr cross - sectional area
of the cylindrical part
8z
= IM
=(3)?
) 1A
9
(iii)
A
4.-
1
]
i
:
N |
i H
H 1
+ —>
(o) 4 5! ‘
1A+1A | 1A for the curved shape
for 0=y
1A for the straight line
for sy <t<ty
(10) pp -1 iflabeling incomplete

(Mustshow k, 1, 1), 15 1,4)




Solution Marks Remarks
17. (a) (i) Using Heron’s formula,
Area of A4BC = s(s—a) (s-b) (s —c)
=P0-5(©-6©-7 M (s=.5+2£=9}
= 66 1A
Altemative solution
e ) 5
cos £BAC =———" cos ZABC = =
2(3) (6) 7
i . :
== cos ZACB = a2
¥ r M 35
Area of AABC = %-(AB) (AC)sin LBAC
1 Y52 -1
=—(6) (5
;O =) ]
= 66 1A
(ii) Areaof A4OB + Area of ABOC + Area of ACOA = Area of AdBC
1 1
SO O+2NO)+55) ()=6/6 M
9r=66
26
r=— 1
3
(4)
(b) (i) Let X be the point of contact of AB and the inscribed circle.
VX0 = 60° 1A 4
Consider AVXO:
tan 60° = E
-
vo =§(ﬁ) ) ,
=22 r
Volume of VABC = % (area of A4BC) (VO)
1
=§(6J§ ) (242) IM- | Must have found 70
=83 1A




Solution Marks

Remarks
(i) Let Y be the point of contact of BC and the inscribed circle.

Consider AVOY : v
VY2 =V0? +0Y? = (24/2)2 +(2—:‘5‘{-§_-)2
vy =46

3

. - 0 4
Alternative Solution F

AVOX = AVOY (SA4S5)
LVYO = ZVX0 = 60°
Consider AVOY :

cos 60° =——
VY

r=-—r 2”_) @- ‘F

Area of AVBC =—;-(BC) (¥Y)

4
*-(7) (—J;) IM | Must have found ¥y
_lafs i
3

(iii) Let F be the foot of perpendicular from A to the plane VBC.

ZABF represents the angle between 4B and the plane VBC. 1A

A
2 (area of AVBC) (4F) = volume of tetrahedron

F
3 —““’_) (4F) =83 M

AF =% (=3.637)

. AF
ZABF =2
sin

1842

7

ofE

(= 0.606)

ZABF =37° (correct to the nearest degree) 1A

(8)




Solution Marks Remarks
V==
% 13 O——GE=20M+OBE
: 2+1 :
P 3 '
§=2(E)+b i
T - :
=a;b %
)
() OT-a-b-a
h=(-0_§+_ﬁ')-a—b-‘a 1A
_—.b-a—a--.ﬂ?'-a—-h-a
=§'a
. i(Since BT La)| 1
Alternative solution
o7 aas S
=(OT -b)-2 1A BT-a=0
=BT-a I . (OT-b)-a=0
=0 '(Since BT La): 1 ||ic. OF-a=b-a=0
Similarly, OT-b—a-b=0. 1A
Altermative solution
OT-b-a-b
=(5§+If')-b-a\-b
=a-b+AT-b-a-b
= AT-b
=0 {(Since AT L) 1A
L [6))
(c) 20C-a
=2|0C||a|cos ZCOM 1A
=2(0M)|a|
=|a|? 1
20C-a=2(0M +MC)-a 1A
=25E-a+2M+.C-a
=a-2+0 (Since MC la)
=|af? 1
Similarly, 56-b=!-h2i. N 1A

(3)




Solution

Marks

Remarks

@ O

(i)

(GT-2CG)-a
=[&5+E:Tf-2(66+56}]‘a

= (OT + 20C - 30G) - a
=5}-a+20_6.'~a—3&-a

Since  O7-a=b-a (result of (b))
20C-a =|a|? (result of (c))

and 53=Q;Pa

(result of (a))

(GT-2CG)-a =b-a+|al> <(]a]® +b-a)
=0
Similarly, (GT —2CG) b =0.

Since (GT—2CG) -a=(GT —2CG)-b=0
and a , b are non-parallel,

GT-2CG =0,

ie. GT =2CG

G, T and C are collinear.

1A

1A

M
1A

1A

(5)

— o  —

1A for GT = GO+0T
and CG =CO+0G

For using either one

Need (GT-2CG)-a=0
manipulated correctly

Omitting vector sign /
dot sign in most cases,
or using the expression

. =2
viorv ,(pp-1)






