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GENERAL INSTRUCTIONS TO MARKERS
It is very important that all markers should adhere as closely as possible to the marking scheme. In
many cases, however, candidates would use alternative methods not specified in the marking scheme.
Markers should be patient in marking these alternative solutions. In general, a correct alternative
solution merits all the marks allocated to that part, unless a particular method is specified in the
question.
In the marking scheme, marks are classified as follows :
‘M’ marks — awarded for knowing a correct method of solution and attempting to apply it;

‘A’ marks — awarded for the accuracy of the answer;

Marks without ‘M’ or ‘A’ — awarded for correctly completing a proof or arriving at an answer given
in the question.

In marking candidates’ work, the benefit of doubt should be given in the candidates’ favour.

The symbol should be used to denote marks deducted for poor presentation (p.p.). Note the

following points:

(a) At most deduct 1 mark for p.p. in each question, up to a maximum of 3 marks for the whole
paper.
(b) For similar p.p., deduct only 1 mark for the first time that it occurs, i.e. do not penalise

candidates twice in the whole paper for the same p.p.

(©) In any case, do not deduct any marks for p.p. in those steps where candidates could not score
any marks.

(d) Note : if the final answers are not expressed in the simplest form, deduct 1 mark for p.p.

(e) Some cases in which marks should be deducted for p.p. are specified in the marking scheme.

However, the lists are by no means exhaustive. Markers should exercise their professional
judgement to give p.p.s in other situations.

The symbol@should be used to denote marks deducted for wrong/no units in the final answers (if
0

applicable). Note the following points:

(a) At most deduct 1 mark for wrong/no units for the whole paper.
) Do not deduct any marks for wrong/no units in case candidate’s answer was already wrong.
Marks entered in the Page Total Box should be the net total score on that page.

In the Marking Scheme, steps which can be omitted are enclosed by dotted rectangles t.______...... ,
whereas alternative answers are enclosed by solid rectangles I:] .

Unless otherwise specified in the question, numerical answers not given in exact values should not be
accepted. )

Unless otherwise specified in the question, use of notations different from those in the marking scheme
should not be penalised.

Unless the form of answer is specified in the question, alternative simplified forms of answers different
from those in the marking scheme should be accepted if they were correct.
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Solution Marks Remarks
n
1 J'z cos?xdx
0
J-2—2—(1+0052x)d)¢ 1A
) T
1 1 2
—(x+—sin2x 1A
[2 ( 2 )jL ’
= % ___A—.....l
3
2. Let u=x+2. M Accept other suitable substitutions
_[ ©(x+2)% dx
= J(u -2) u®du 1A Omit du in most cases (pp~1)

= J'(u'°° ~2u%)du

410 100 o ———— ,
= ——1 ol - ———50 ¢ 1 (cis aconstant) E 1A Awarded even if ¢ was omitted
210! 100
= (x+2) (+2) +c 1A Withhold this mark if ¢ was omitted
101 50
rnative solution
jx(x + 2)99 dx
99
=[x €7 ) dx
i=0 IM For using binomial expansion
99
= Z 99C’- (299—i) J.xl+1 dx
99 99—iy _i+2
cQ@
_ z 99 Ci( : )X L. IA
“3 (i+2)
101 100 99 Should at least contain first two terms
x X 4x 98 .2 dl
(OR) =_'——+99 C] _——+99 CZ——+"‘+2 X" +cC 3A and last term.
101 50 99 Deduct 1A for each wrong term, up to
Zero.
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Solution Marks Remarks
i
3. (@)  The y-intercept of L, is % 1A (pp-1) for (0,5)
(b) Distance between L, and L,
2(0) + 2(1) -13
a2 IM Accept omitting absolute sign
V22422
=3/2. 1A
Iternativ ion
Distance = 13-:(;1) M For using the formula d = B Bk 2
V22 42?2 2+ b2
-32 1A
Alternative solution (2)
. 13
\y-intercept of L, = 5
Distance = (L?i —l) sin 45° 1M
2 2
=32 1A
(¢)  Letthe equation of Lybe 2x+2y+c=0.
20)+2(2) +c OR
2 -2 M c—(-1)=-1-(-13)
V2?2 422
c=11
[T+c|=12
e=11{ or —13 (rejected) |
.. the equation of Ly is 2x+2y+11=0. 1A Accept equivalent forms
Let the equation of L; be 2x+2y+c=0.
c—(-1) —342 M
V22422
[T1+c|=12
e=I1 {or 13 (ejected) |
. the equation of L, is 2x+2y+11=0. 1A
Alternative solution (2)
. 1 . o 13
y-intercept of L; = 5 and y-interceptof L, = 5
. 1 13 1
.. y-interceptof L; =——(—-—
Yy Y 375 ( > 2)
11 : > 1M
)
Slope of L, =slope of L, = -1
.. Equation of L, is
11
y-(- ‘2—)
— i — _1 /
x
2x+2y+11=0 1A
99-CE-A MATHS 24
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Solution Marks Remarks

Let (x, y) be a point on L,.

2x+2y-1 23\[2- IM

V2?7 +22

| 2x+2y-1]=12

VT TTTTTT T :
2x+2y+11=0 1 0r 2x +2y - 13=0 (rejected) 1A
.. the equation of Ly is 2x+2y+11=0.
S T
99-CE-A MATHS 2-5 ’
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Solution Marks Remarks
.:I " [ ''' ] ' ST I: ."'i """"""""""""""""""""""""""""""""""""""
: b 1M
~ Area A= I ydx
! a
i— A correct expression for the shaded area 2A ‘A correct expression for the area
' ‘under a certain portion of a
: rcurve — award 1A
i— One correct primitive function 1A :
I ANSWEr 1A ..
1 2
Area = J- (6x2—3x2)dx+J. (6x-3x%)dx IM+2A Omitdx in most cases (pp-1)
0 1
1 2
= J- 3x2dx + J. (6x—3x2)dx
0 1
3 2 3P
=[x L + [3x -X ]1 1A For primitive function, awarded if
=1+(12-8)-3-1) one was correct
=3 1A
Alternative solution (1)
2 1
Area = I(6x—3x2)dx— J. (6x—6x%)dx IM+2A
0 0
2.2 32 2 3| 1A
~[3x -x ]0 —[3x -2x ]0
=4-1
= 1A
1 2 2
Area = J. 6x2dx+j‘ 6xdx—J- 3x2dx IM+2A
0 1 0
1 2 2 1A
bl el ]
=2+9-8
=3 1A
Alternative solution (3)
’ \/; y 2y
Area = = - J=)dy+ = -=)d IM+2A
Io( 3 6)yL( 3 6)y
3 37° 3 52
I B S N R A 1A
W37 36 33 12 |
0
=442 -4+ (16-12)— (442 -3)
1A
=3
- R
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Solution Marks Remarks
5. (@) Put x=5, y=0:
“3+k(5+1)=0 M
k=s
2
.. the equation of L, is y'—3+%(x—y+1) =0
x+y=-5=0. 1A Accept equivalent forms
] lution (1
y=-3=0
x-y+1=0
IM
Solve the equations, x =2 and y =3.
The equation of L, is
y-3 _0-3
x-2 5-2
x+y-5=0 1A
Alternative solution (2)
y-3+k(x-y+1)=0
kx+(1-k)y+(k-3)=0
Put y=0 : x=3;k=5 IM
3-k=5k
k=r
2
.. the equation of L, is x+y-5=0. 1A
(b) Theequationof L,is y-3=0. 2A
A - i
kx+(1-k)y+(k-3)=0
Slope = =+ o 1M
-k
k=0
.. the equation of L,is y—-3=0. 1A
() Slopeof L,=-1
Let @ be the acute angle between L, and L,.
-1-0
tangd =|-1 1M tanf =
nd =11l o8 ‘1+(—1)(0)
8 =45° (OR %) 1A | Accept omitting absolute sign
6
99-CE-A MATHS 2-7 ’
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Solution Marks Remarks
d
@ 2 =
dx| (2, 0)
32 -2(Q)+k=0 IM
k=-8 1A
L)) y= ‘[(3)62 -2x-8)dx M Withhold this mark if “y=""is omitted
=x’—x?-8x+c ;_(_c_i;;-a_ constant) | IM Awarded even if ¢ is omitted
Put x=2,y=0 : 0=2°-22-812)+c M For finding ¢
c=12 1A
. the equation of the curve is y = x}—x? —8x+12.
6
(a) (1+2x)" =1+, C,(2x)+,, C2(2x)2+,,C'3(2x)3 4o 1A Omit dots (pp-1) in all cases
=142,C,x+4, sz2 +8, Cyx® +--- 1A Deduct 1A for each wrong term, up to zero
=1+2nx +2n(n-1)x? +—§-n(n—1) (n-2)x> +}--
® -2 2"
x
2 9 2 . 3.2
=(x ~6+—2)(l+2nC,x+4,,C2x +eer) 1A For expanding (x——)
x x
—-6+36,C, =210 M
n C2 =6
-1 - |
A g M For,C, =D op ="
2 2(n-2)!
(can be awarded in (a))
nion-12=0
n+3)(n-4)=0_;
7=t o= (rejected) |
n=4 1A
S
99-CE-A MATHS 2-8
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Solution Marks Remarks
8. (@) cos 36 = cos(d + 26)
=cosf cos 26 —sin G sin 20 1A For expanding cos(a+b)
= cos 8 (2 cos? f-1)—sin@ (2sin & cos 9)
1M ing in t fcosf
~ 08 (2c052 0~ 1)~ 2056 (1 - cos 0) } For expressing in terms of cos
=4cos® §-3cosf 1
l - ution (1
4cos®@-3cosd
=co0sf (4cos’ 6-3) , 1
= cos #[2(1 + cos 20) - 3] M For cos” 6 = 2 (1+cos26)
=2c0sf cos20 —cos@ .
=c0s 30 +cosf —cos @ 1A
=cos 36 1
N : ifon (2
(cos @ +isin0)® =cos 38 +isin 30 ]
((:056+isin9)3 =cos® 6 +3cos? 8(isin )+ }I 1A
3cosG(isin 8)2 +(isin 6)3 J
Equate real parts :
'cos30 =cos> 6 ~3cosf (sin? 6) 1M
=cos® #-3cos 8(1-cos® 6)
=4cos’ §~3cosd 1
(b) cosbx+4cos2x =0
4cos® 2x—3cos2x+4cos2x =0 1A
4cos® 2x +cos2x=0
cos2x=0 or 4cos?2x+1=0 1A
[t ettt et 1
c0os2x=0 ! or cos? 2x= —-%(rcjected) '
] 3
T rmm————————- —
2x=2k7ri§ i_(_lﬁi_s_ai‘};“}t?{éﬁﬂ)___: M For 2x=2nrta
x=kx i—Z— [OR x =%(2n+ Dz (nis an integer)] 1A Accept degrees
km +45%tc. (pp—-1)
l ; e
cosbx+4cos2x=0
€0s6x +c0s2x+3¢cos2x =0 1A
2cosd4xcos2x+3cos2x=0
cos2x=0 or 2cosd4x+3=0 1A
| Sndietitii it dhadasha :
cos2x=0 1 5 cosdx= —%(réjccted) '
b 4
2x=2k7ri5 M For 2x=2nrta
V4 i
x=krt— [OR x=—Qn+Dhr] 1A
Y A
99-CE-A MATHS 2-9
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Solution _ Marks Remarks
9. (a) TheequationofLis y=mx+1. 1A
Substitute y=mx+1 into xt= 4y ;
x? =4(mx+1) M
x2—4mx-4=0
. X, , X, are the roots of the equation x2—4dmx-4=0. |
3
+x, =4
) {xl X, =4m A
x1x2 = "4
= (4m)* -4(-4)
=16(m* +1) 1A
AB? = (5 —x;)" + (1 - )’
= (X, —%5)% +(mx, +1-mx, -1)? IM For expressing y,, ¥, in terms of x|, x,
1 1
OR =(x, —x2)2 +(Zx12 _szz)z
=(x —x; )? +(mx; —mx2)2
=(1+m2)(x1 _x2)2
=(1+m?) [16(m? +1)] IM For using the above result
AB =41+ m?) | I
6
@ ® x-coordinate of centre of C = hix
=2m 1A
, +
y-coordinate of centre of C = nt¥ OR y=m(m)+1
_mxy +1+mxy +1 =2m’+ 1
2
m
=—{dm)+1
5 (4m)
=2m? +1 1A
~.the coordinates of the centre are (2m, 2m? + D).
Radius of C = %Bi
=2(1+m?) 1A
(ii) Distance from centre of C to y+1=0
=|2m* +1-(-1)] OR = (2m’ +D+1] 1M Accept omitting absolute sign
. .. 12 +02
=2(m* +1) 1A
As the distance from centre of Cto y+1=0 is
equal to the radius of C, IM+1A | 1M for comparing the radius and the
the line y+1=0 isatangentto C. distance
(OR Theline y+1=0 and C meetatonepoint.)| ___
Y S
99-CE-A MATHS 2-10
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Solution Marks Remarks
10. (a) PA=+/3PB

\/(x+3)2 +y2 =\/Z_’;\/(x+1)2+y2 1A (can be omitted)
x2+6x+9+ y2 =3(x? +2x+1+ ) IM For squaring and expanding both sides
x?+ y2 =3 S S
3
(b)  Differentiate x* +y® =3 with respect to x :
2x+ 2yd—y =0
dx
dy x
dx
Equation of tangent at 7T'(a, b) is \ 1M
y-b -a ’
x-a b
by-b% = —ax+a?
ax+by=a’+b* | OR ax+by=3 1A
] - ot
Using the formula xx; + yy, =3, the equation of the
tangentat 7 is ax+by=3. 2A
2
©) Substitute A4(--3, 0) into the equation of tangent :
a(-3)+b(0)=3 IM
g=-1 1A
b= ,/3 -(-1? E (- S lies in the 2nd quadrant.) g
=2 T 1A
.. the coordinates of Sare (-1, w/f) .
Y
$Cx,y)

33 \
, ¢ X
. vj

Let ¢ be the angle between OS and the negative x-axis,

£0S4=2
2
-x =08 cos ¢ M
=J§(§)
x=-1 ' 1A
y=0Ssin ¢
=~/§(§)
=42 1A

.. the coordinates of Sare (-1, \/5).

3
99-CE-A MATHS 2-11
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Solution . Marks Remarks

(d) (i) The coordinates of Q are (-3+rcosf,rsinf). 1A+1A

(ii) (1) Substitute (~3+rcoséd, rsind)into C:

(=3+rcos6)? +(rsinf)? =3 M

9—6rcos@+r?cos’ @+risin?f=3 -
rl—6rcos@+6=0 ————(%

Since AH :.’1 ,AK =r, ,# and r,are theroots| 1

of (*).

(2) Since ¢ cuts C at two distinct points, (*) has
two distinct real roots.

(6cosB)? —4(6)>0 IM

cos? @ >% 1A Can be awarded even if

<:050>‘/z or cosO<—J§ 1A
3 3
T V4

considering A=0 or A0

~
3
(R4
o
e
[4]
[=9
|
|
"
SN
IA
I
A

o =0.615 < 8 <0.615 (correct to 3 sig. figures 1A (OR -353°<8<353°
Alternative solution
Let «be the angle between AS and the x-axis.
4 )’
s(-143)
| \
A ) X
o Qj |

SB
tan @ = — . os . SB OR

4B QR SN =4 QRS’naZTg‘Z M S is a point on the locus

.. S4=+3 B
5 IRE YRR Y ~
= 3 6 3 . sing=2=L
2 sosing = =
s4 3
a =35.3° (correct to 3 sig. figures) 1A
Since ¢ cuts the circle at two distinct points,
—0.615<6<0.615. 1A
-8

99-CE-A MATHS 2-12 '
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Marks Remarks

Solution

1., (a) Consider AABD

By Sine Law,
AD ¢
sin ZABD  sin ZADB
AD _ ¢
sin(180° —a)  sin(a-10°)
{sina
=————m
sin{a —10°)

(i) Consider AACD :
CD = ADsin 10°
_ {sinasin10°
" sin(a-10°)

(ii) Consider AADH :
AD _ DH
sin(@— )  sin(8-10°)
DH = AD sin(f -10°) _ ¢sin asin(f -10°)
sinfe— )  sin(e -10°)sin(az - £)
Consider ADHG :
h=DHsina
_ sin? asin(8~10°)
" sin(a ~10°)sin(a - B)

() (i) (1) Using (a) (ii) :
975sin?15°sin(10.2° — 10°)

IM

1A

IM

IM

height of pole =— -
sin(15° —10°) sin(15° - 10.2°)

=3.1100
=3.1 m (correct to 2 sig. fig.)

(2) Using (a) (i) :

height of tower CD = —————————97 sin15°sin 10

5in(15°-10°)
=50.020

=50 m (correct to 2 sig. fig]

radius of tower =
tan15°
_3.1100

tan 15°
=11.607

=12 m (correct to 2 sig. fig.)

1A Omit/wrong unit (u — 1)

1A

IM

1A

99-CE-A MATHS 2-13
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Solution Marks Remarks
(i) (1)
A
Consider AHPO :
tan ZHPO = %
OP
OP = OH M
tan15°
_ 3.1100+50.020 M For OH=h+CD
tan15°
=198.28
=200 m (correct to 2 sig. fig.) 1A
] : G
"OP=0B | IM (can be omitted)
OP=0C+CB IM
=r+
tan
=11.607 + 30.020 IM
tan15°
=198.28
=200 m (correct to 2 sig. fig.) 1A
(2) ZBPO = —;—(l 80°-45°) 1A (Awarded 1M for other correct methods)
=67.5°
Bearing of B from P is N(67.5° —45°}W, ~
i.e. N22.5°W. 1A 337.5° (OR 340°)
(OR N23°W correct to 2 sig. fig. ) 10
99-CE-A MATHS 2-14
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Solution Marks Remarks
12. (@  For n=1,LHS =cosd.
RHS = sm' 26
2sin 6
_2sinfcost o Lus. 1
2sinf
. the statement'is true for n= 1.
sin2ké
Assume cosé +cos30 +cos50 + - + cos(2k - 1) = — 1
2sin8
{for some +ve integer k.|
Then cosé + cos36 + cos56 +--- + cos(2k —1)0 + cos[2(k + 1]~ 1)8
_SIn2k0 | os2k+1)0 1
2sin @
_ sin 2k@ +2sin 6 cos(2k +1)0
2sin@
_sin 2k6 + sm(Zl.c +2)0 —sin 2k6 1 (cannot be omitted)
2siné
_sin2(k+1)0 1
2siné
 The statement is also true for n=k+1ifitis |
¢ true for n==k. '
i By the principle of mathematical induction, |
the statement is true for all positive integers ». D
6
. sin 64 "
(b) Using(a) : cos@+cos38+cos56 = VR 1A (can be omitted)
sin
where sin8 #0.
Put 6 = z_ x
2
. . sin 6(=—x)
cos(——x)+cos3(——-x)+cos5(——x) =
2 2 . T
2 sin(—-x)
2
in(37 -6
cos(—’E -X)+ 005(3—” -3x)+ cos(éz -5x)= _s_1_r_1_(_ir___x
2 2 . T
2sin(—-—x
2
. . . sin 6x
sin x —sin 3x +sin5x = 1
cos x
| St ed it ]
1 . T :
(where sm(—2—— x)=cosx = 0).,
] : i
Consider 2 cos x(sin x —sin 3x +sin 5x)
= sin 2x —(sin 4x +sin 2x) + (sin 6x +sin 4x) 1A
=sin 6x
*. sin x —sin 3x +sin 5x = sin 6 , where cosx=0. 1
2cosx
2

99-CE-A MATHS 2-15
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Solution Marks Remarks

05 . . .
sin x —sim3x +sin 5x
(©) dx
01 cosx+cos3x+cosSx

J‘ sm 6x sm 6x 5
2 coS X 2 sin x

=J- tan” xdx
0.4 .

1*dx 1A For integrand only

0.5
= J- (seczx—l)dx M For tan? x=sec’x -1
0.1
= [tan X- x]g:f 1A For primitive function only
=0.046 (correctto 2 sig. fig.) 1A
4

T
2 v
d) I (sinx + 3sin3x + Ssin Sx + 7sin 7x + -« + 19995in 1999x)dx
T
3
z . .
2 | IM+IA IM for integrating each term

3 (At least two terms)

=[-cosx-cos3x—cos5x—cosTx—--—cos1999x] 2

sin 2000x >

1 ]z 1A
2" sinx Z
3
Sirl200()7r
___l_(smlOOOn' 3 )
- T T
sin — sin —
2 3
1 1A
2 v
Al - g
J.f(sinx+35in3x+55in5x+7sin7x+'~+l999sinl999x)dx
" ;
= [-cos x ~c0s 3x — cos 5x — €05 Tx ~+ -~ c0s1999x] 2 IM+1A | |IM for integrating each term
3
Iz S 19997
—[—cos———cos—--—cos——---—cos-———]—
2 2 2 02
hY 4 T 1999z
[-—cos———coszr €O§— — COS— — -+ — COS ]
3 -3
A » , 1 i, 1
‘0‘[(_‘2'+1_“2')+(_’2—+1_'2’)+'“+('5_’+I"“)"E'] 1A (can be omitted)
3 . 1A
4
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Solution Marks Remarks
13, (a) Substitute (r,2) into x= ,/4+ 3y2 :
r=y4+3(2)? IM
=4 1A
2
b) V= Volume of lower cylindrical part + volume of
upper part -
Volume of lower cylindrical part = zr2h
=742 IM
=32z 1A
tiv
2
Volume of lower cylindrical part =z J. x2d y
. 0
2
=r f 414 y IM
0
=327 1A
h
Volume of upper part =z J- xidy IM
2
h
=nj(4+3y2)dy 1A
2
=7z[4y+y3]g 1A For 7z’[4y+y3] only
=(h +4h-16)7 1A
sV =32n+(h +4h-16)7
- O+ 4h 163 { G s -
Y A
(¢) (i) Let 4 units be the depth of water at time .
v (3% +4) dh IM+1A 1 M for chain rule
ds dt
dv
Put —=-27 and h=3:
dr
5 dh o
-2 =7{33)" +4] Tl M For substitution
t
|14
(Accept substitute ‘ii_t =2r)
%’_ = ;_1 units per sec. (OR s™) 1A omit/wrong unit (u-1)
t
(OR The depth decreases at a rate % units per sec.
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Solution Marks Remarks

(ii) When A =1, the water remained is in the cylindrical

part only.
dv

Eﬁ = d - 1M (can be omitted)
dr  base area of cylilnder

= i M For substitution

n(4)?
dv
(Accept substitute Ml 2r)
= —%units persec. (OR s™) 1A

(OR The depth decreases at a rate -:Eunits per sef.)

Alternative solution
V=n(4)*h
=16xh M
IM
ijl/—=167r%
dt dt
—27r=167rgﬁ
ds
da .
. E:—% units per sec. (OR s™) 1A
Y A
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