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GENERAL INSTRUCTIONS TO MARKERS

1. It is very important that all markers should adhere as closely as possible to the marking scheme. In
many cases, however, candidates will have obtained a correct answer by an alternative method not
specified in the marking scheme. In general, a correct alternative solution merits all the marks
allocated to that part, unless a particular method is specified in the question.

2, 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 a question consisting of several parts each depending on the previous parts, ‘M’ marks should be
awarded to steps or methods correctly deduced from previous answers, even if these answers are
erroncous. However, ‘A’ marks for the corresponding answer should NOT be awarded. Unless
otherwise specified, no marks in the marking scheme are subdivisible,

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

4, The symbol should be used to denote marks deducted for poor presentation (p.p.). Note the
following points:

(@ 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.

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

(d  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.

5. The symbol @ should be used to denote marks deducted for wrong/no units in the final answers (if
applicable). Note the following points :

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

..................

7. In the Marking Scheme, steps which can be omitted are enclosed by dotted rectangles ©.............0
whereas alternative answers are enclosed by solid rectangles [T .

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

9. Unless otherwise specified in the question, use of notations different from those in the marking

scheme should not be penalised.
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Solution

Marks Remarks

1 £(x) = V3452

1
£1(x) = %(3 +x%) 2(2x)

IM+1A 1M for chain rule

1A

2. ¥+ ¥x y-3=0
Differentiate with respect to x ,
2
dy 3—~dv 1 3
2y + Yx—+—x 3 =0
ydx J;dx 3x )"’

AtP(8, 1),

1 2
YooY ey
2=+ B -+3(8) 2(1=0

b -t
ax 48

d 3
1A for (¥
1A+1A or L VE )

d 2
1A for—(y" -3=0
or 6% )

1A

Alternative solution
y2 +¥x y-3=0

1 ,Z
—-x3 +£V¥x3 +12

y= )

At P(8, 1) lies on the curve y= 5

atps 1, Yoo L
dx 48

1 ’Z
-x3+Y¥x3 +12

1A+1A

1A
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Solution . Marks Remarks
3 (a) T4 _1+47 1+4 M
1= 1—i 144
=1 1A
®) A+ ==
(?)2" =1 1A
—1
it =1 M
n =2k , where k is a positive integer. 1A k not defined ~ no marks )
(OR n=2,4,6,...;0R n is an even positive integer.) Include 0 — no marks
Alternative solution
(b) (1+i)?" = [ﬁ(cos%+isin—})}2n = (ﬁ)zn(cos%r-+isinf§-)
(=i = (2 "[oos(~ D) +isint-= D) = (2)"(eos L —sin )
A+ =(1-iy™" M
(»/5)2"(005ﬂ + isinﬂ) = (ﬁ)z" (cosﬂ - isin-n—ri)
2 2 2 2
sin%’E =0 1A
n =2k, where k is a positive integer. 1A
S
4, h=30tan@ 1A
Differentiate with respect to time ¢,
% = 30sec? e% M For chain rule
when k=303, tand = 3
9=-’35 (OR 60°) 1A OR sec?d=1+(3)7 =4
15= 30sec2(§)% M For substitution
%?=§16s“ (OR rad s°71) 1A OR 0.0125 5™
.. The rate of change of @ is «élas"' .
S
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Solution Marks Remarks
5. |3x-4|<2
~2<3x—-4<2 1A
—2—<x<2 1A
3
Alternative soltuion
|3x-4|<2
(Bx-4)*<4 1A
3x? —8x +4<0
(3x-2)(x-2)<0
2
—<x<2
3°F 1A
L
2x-1
L 10 M
2x—1
2—2xs0 1A
2x-1
x21 or x<—1—- 1A
2
Alternative solution (1)
1
<1
2x-v
1 2 2 E :
2x_l(2x—1) <(2x-1) and x #— M
‘and x ;&l
2x-1<4x? —4x+1 g 2
22 ~3x+120 1A
@x-Hx-Hzo0
1A

x21 or x<—1—
2
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Solution Marks Remarks
Altermative solution {Z)
. . . 1. 1
Consider the following cases (1) x > 3 (i) x <—. Awarded even if equality sign is
IM included.
Casel: x> l
2
1<2x-1
x21
Si 1 >1
mcex>5,..x_. 1A
1
Case2: x<—
2
122x-1 ¢
x<1
. 1
Since x<—, . x<—.
2
Combining the 2 cases, x 21 or x < % 1A
Alternative solution (3)
i
—<i
2x-1
2A
2x-121o0r 2x-1<0
>1 <l '
X210 x E 1A
Combining the two solutions, 1< x < 2. 1A
6
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Solution Marks Remarks
pImegincry
6. (a) 1A For a circle
1A For centre at (3 ~ 4i)
1A For radius = 3
(pp-1) for not labelling the axes
(v) i Thepoint Q and the centre of the circle C lic on the :
: same line through O. : 1A (can be omitted)
......................................................................... T
>
0C = |3 +(-4)2 =5 © Ke
0Q=5-3=2 :
C
L 0Q:QC=2:3
The complex number represented by O
- %(3-40 M
-8_8,; 1A
5 5
sltemative solution (1) ...,
: The point @ and the centre of the circle lie on the )
. same line through O. 1A (can be omitted)
e e I
...... A L2%]
Let the point Q represent the complex number x - yi. = 5 Re
/ 2 2 _
By similar triangles, % = Y2+ 23 Qo
V3 (47 ’
P 6 T -
X = -g > 1M 3- <4<
. 32 +(4)? -3
Similarly, 22 e
-8
y 5
.. The complex number represented by Q is %— %i. 1A
Alternative solution (2)
! The point O and the centre of the circle lic on the .
;. same line through O. 1A (can be omitted)
Modulus of O = {3 +(~4)* -3 M
=2
Let @ be the argument of Q .
tanf = =
3
The complex number represented by Q0
=2(cos@+isinB)
3 4
=2=-2i
( S i)
=375 1A
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Solution

Alternative solution (3)

: same line through O.

Solving (1) and (2),
(x-3)? +(—%x+4)2 =3?

25x% ~150x+144 =0
x =% or —254— (rejected)

when x=—2—,y=—§.

5

6 8.

———i.

5 5

..........................................................................

: The point Q@ and the centre of the circle lie on the

Equation of circle is (x~-3)2 +(y+4)* =3 - (1)

Equation of line through O and Q is y = —f;-x ---(2)

. The complex number represented by Q) is

1A (can be omitted)

M

1A
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=8>0
.. f(k)>0 for all values of k.

. aand § arereal and distinct.

Solution Marks Remarks
7. (@) |a|=v22+4? =245 1A Accept V20
()  d.b=)allblcos®
4
=2J5(+5 ) M
=38 1A
(©  a.b=QF+4)).(mi+nj)
=2m+4n
so2m+4n=8—(1) M
As b=5,Vm +12 =5
m* +n?=5 —(2) 1A
Substitute (1) inte (2),
(4-2m)?% +n =5 _
m? 4 (222 s
2
5n? —16n+11=0 5m? -8m -4=0
n=lor1—51— 1A m=2 or -
When n=1,m=2.
1A
n= 1  m= 2 . Omitting vector sign or dot sign
5 5 in most cases (pp—1).
-
8. (@)  Discriminant = (k +2)* - 4(2)(k-1) 1A
= k2 -4k +12
=(k~2+8>0
. aand # are real and distinct. } IM+1
Alternative solution (1)
Discriminant = (k +2)? —4(2)(k~1) 1A
=k -4k +12
As discriminant of k2 -4k +12 = 0 is (4) - 4(12), which i
less than zero, so the graph of y = k% -4k +12 always lies IM+1
above the x-axis and k2 -4k +12is always positive.
-._aand B are real and distinct.
Alternative solution (2)
Discriminant = (k +2)% - 4(2)(k - 1) 1A
=k -4k +12
Let f(k)=k% ~4k+12.
f(k)=2k-4=0 when k=2
f"(k)y=2>0
.. Minimum value of f(k) =2 -4(2)+12 1M
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Solution Marks Remarks
®)  le-p|>3
(a-p)P>9 1A OR a-f>3 or a-f<-3
(a+pB) -4af>9 M For (a-B) =(a+p) -4ap
(k+2) -4Q)(k-1)>9
k2 -4k +3>0 1A
(k=1)(k-3)>0
k>3o0r k<1 1A
7
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Solution Marks Remarks
9. (@) (i) AF=AB+BF M Can be awarded in (ii)
=a+2b 1A
(ii) DP = DA + AP
=(m+1)d-b 1A
3
() (i) AF-DP=0
(@+2b)[(m+1)@a-b]1=0 M
(m+V)a-d-a-b+2m+1)d-b-2bb=0 M For distribution law
| OR(m+1)d-d-26-5 =0
(m+1)-2(4)=0 1A Ford-da=1-ab=0,b-b=4
m=7 1
.. I
(i) (1) 4E = ——AF
r+l1
=L G26) 1A
r+l
@) 4f = A2 +KD M
k+1
_(m+Dd+kb
k+1
=8a+kb 1A
k+1
Alterantive sojution
(2) AE=AD+DE
. 1 —
=b +——DP
k+1 IM
- 1 . -
=b +——[(m+1)a-b
k+ll(m ya—b]
_8a+kb
k+1 1A
Comparing the two expressions,
1 8
LI A— |
r+l k;—] -0 }IM
=— (2
r+l k+1 2
1 8
T2k
k=16 1A
18
r+l 1641
,e2 1A
8
10
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Solution Marks Remarks
(c) st e SRR L R L PRPPPPTPR PR ARSI R
:As m tends to infinity, the limiting position of E lieson : 1A (can be omitted) E
:DC . :
Let this point be H .
tanf,; = 4D IM
DH 2 H ¢
= _2_ =4 94
1/2
. 8y = 76° correct to the nearest degree. 1A
Alternative solution (1) A 8
{As m tends to infinity, the limiting position of E lieson DC . | 1A (can be omitted)

AF.-DC=(G+2b) d
|AF||DC|cosy = (a +2b )-a@ M

Va2 412 (Dcosd; =1
1
080 =—m==
7

. 0y = 76° correct to the nearest degree. 1A
Alternative solution (2)

AF-DP =|AF||DP |cos@

(@ +2I;)-[(m+1)5-—5]=1/1—'7\/(m+1)2 +2% cos@

m-"7
€080 = —m=——ee
17 Vm? +2m+5 1A
-1
— m
Jﬁ 1+—2-+~57
m m
A 61 '
S m—>©,008 _’T' M For taking limits
« 8, =76 cormrect to the nearest degree. 1A

Omifting vector sign or dot sign in
most cases (pp-1)

97-CE-A MATHS 1-12
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Solution Marks Remarks
2 2 ,
0. (@ [ et X2 M For quotient rule
(x* +1)
ot ~
_ kx : 16x2+k 1A
(x“+1)
f'(3)=0
2 4
-k(3) 2—16(3) vk _ g ™
@3 +1)?
k=-6 1
4
2 —
® @ =I5
x“+1
f(0)=9 .. They-intercept is 9. 1A (pp-1) for giving (0, 9)
f(x)=0 at x=3 . The x-intercept is 3. 1A (pp-1) for giving (3, 0)
i) £(x) = kx - 16x2+ k _ 6x - 16;\:2 6
(2 +1) (* +1)
£1(x) =0
2 —_— —
6x _ 16x2 6 -0 M
(=" +1)
61> ~16x-6=0
Gx+1)(x~3)=0
x = JL or 3 1A
3
.. The turning points are (3, 0) and (——% J10).
£(x) = (o + 12 (12x - 16) — (6x% —16x - 6)2(x% + 1)2x
(* +1)*
_4(=3x2 +12x% +9x - 4)
- (% +1)° M For checking
frl(3) =l >0
. (3, 0) is a minimum point. 1A
s
f'(-2) 775 <0 no marks if checking is omitted
1 . . .
(‘5 ,10) is a maximum point. 1A

97-CE-A MATHS I-13
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Solution Marks Remarks
Alternative solution for checkin,
£/(x) = 2(3x -; 1)(x2— 3)

(x*+1)
When x>3,{'(x)>0. M For checking

When —-;—<x<3,f'(x)<0.

~ (3, 0) is a minimum point. 1A

When —%<x<3,f’(x)<0.

When x<—%,f'(x)>0.

(-—% , 10) is a maximum point.

1A
7
©) y =fl{x) (awarded even if checking
was omitted in (b))

1A for shape

1A+1A+1A | 1A for intercepts and tuming points
1A for end-points
y=—Aflx)—-1

IM+1A — 1M for shape

— 1A if the curve is correctly drawn
(At least one point on the curve
should be labelled)

Figure 3
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Solution Marks Remarks
1. (8 cos56=0 oo
56 = 360n° 900 ..M. 1san integer : OR (2n +1)90°,
90n°(n is odd)
[ OR 56.=90°,270°,450°,630°,810° |
6 =18°,54°,90°,126°,162° 2A All correct — 2A
m 3 x Tn 97 2-4 correct — 1A only | *
Q&H—l—o,—l—o—,?,—l—a‘,ﬁ < 1 correct — no mark
2
) (cos@ +isin 9)5 = 0850 +#sin50 1A For using De Moivre’s Theorem

(cos@+isin@)® = cos’ 6+ 5cos* Aising) + 10cos’ O(i sin @)

+10cos? 8(isin)® +Scos@(isin@)* + (isinp)’ 1A

Comparing the real parts,

0850 = cos” 6 — 10cos® Osin’ 6 + ScosBsin? 6
= cos® @ - 10cos’ 6(1- cos? §) +5cos(1 - cos® g)
= cos’ §—10cos® @+ 10cos® @+ 5cos@—10cos’ O + 5cq
=16c0s’ @ —20cos’ §+Scosd

(¢) (i) f(cosf)=16cos*#—20cos? G+5
- 258 (using (b))
cos@
From (a) 18°, 54°, 126° , 162° are the roots of
cos56
cosf

=0. (90°isrejected "~ cosf = 0.)

. cos18°, cos54°, cos126°, cosl62° are the roots of
f(x)=0.
. The 4 values of & are 18°, 54° , 126° and 162°.

M

£

et

M

1A

Alternative solution
@ From (b), cos50 = 16cos® @ —-20cos’ 6+ 5cos6
Using (a), 18°, 54°, 90°, 126° & 162° are the roots of
16c0s° @ —20cos® @+ 5c0s0 = 0
Since 16cos’ 8- 20cos’ @ +5cos6
= cosé(16cos* 8- 20cos? 6+5),
- 18°,54°,126° & 162° are the roots of
16¢c0s* @~ 20cos” 9+5=0.
(8 =90°is a 100t of cos8=0.)
As f(cos) = 16cos* §—20cos? 6+5,

the 4 values of @ for which cos@ is a root of f{x) =0
are 18°, 54°,126° and 162°.

2M

1A

£(x) = 16(x — cos18°)(x —cos54°)(x — cos126°)
(x —cos162°)
= 16(x — cos18°)(x — c0854°) (x +c0s54°)(x +cos18°)

= 16(x? - cos?18°)(x? —cos? 54°)

(i1) From (*), cos? 18° and cos® 54° are the roots of the
equation 16(x?)? —20x% +5=0in x*.

005218°+005254°=%

cos? 18°cos? 54° = i
16

97-CE-A MATHS I-15
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Solution Marks Remarks
sin? 18° +sin? 54°= (1- cos? 18°) +(1 — cos* 54°) M For expressing sin’@ in terms of
s cos?@ (can be awarded in either step)
=2-2
4
3
4

sin? 18°sin’ 54°= (1 - cos” 18° )(1 - cos” 54°)

=1 —(cos2 18°+cos? 54")+cos2 18°cos? ° 1M

=1-.5_+_§._.
4 16
- L
16
. . 2 3 1
.. The equation is x* ~—x+-—=0
4 16

16x2 -12x+1=0

1A

For expressing in terms of sum and product

Alternative solution (1)

Putx=1: 16—20+5= 16(1 — cos? 18°)(1 — cos? 54°)

From (*), 16x* —20x +5 = 16(x* — cos? 18°)(x* — cos” §4°)

97-CE-A MATHS I-16
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M
sin? 18 sin? 54°= —— 1A
16
Putx=0: 5=16cos? 18°cos 54° M
=16(1 - sin® 18°)(1 - sin? 54°)
ng = 1 - (sin? 18° +sin® 54°) + sin® 18°sin? 54°
sin“ 18° +sin 54°=Z 1A
.. 23 1
. The equation is x _74"‘+T=0
16x* ~12x +1=0. 1A
Alternative solution (2)
16x*-20x2 +5=0
2 202 207 - 4(16)(5)
2x16
_ Si\[5_ 1A
8
From (*), 16x* —20x? +5=16(x” — cos? 18°)(x” — cos’ 51°)
< 0?1852 32V and cog? sae= 325 M
8 3
sinzls°=1—5+‘/g sinzsfr’=1—-5‘—‘/g
8 8
_ 3—J§ _ 3+J§ 1A
8 8
. The equation is (x— 3_8J§)(x——3L8J§)= 0 M
2 3-8 3445 3=V5)3 45
x* —( s T3 )x + a =0

FOR TEACHERS’ USE ONLY
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Solution Marks Remarks
x? - é-x +-—-1—- =0
4 16
167 —12x+1=0. 1A

Alternative solution (3)

From (*), cos? 18° and cos?54° are the roots of the
equation 16(x?)? —20x% +5=0in x*.
Put y=1-x.

16(1- )2 -20(1-y)+5=0 2M
16(1-2y+y*)-20(1- ) +5=0

16y% —12y +1 = 0 which is the equation with roots
3A

sin? 18° and sin® 54°.

10

97-CE-A MATHS I-17
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Solution Marks Remarks
12 (@) sinf= GE 1A
OE
_ s
1-s
sinf—ssin@=s
sin@ .
$s= - 1
1+sinf
ds = a+ smé’)cos‘e— szmecosé? M For quotient rule
a0 (1+sin@)
o _oosf ; 1A
(14sin@&) i
4
L= il 1A
s OFE
r_ 1-2s5-r
K} 1-s

r-rs=s-258%—rs
2
r=s—-2s 1A

dr drds

—_—— M For chain rule
do dsdé

ds
=(1-49)— 1A
( s)d0

—(1-4 sing@ cos@
1+sing” (1+sinf)?

_ cosé(1-3sing)

T (1+sing)®

Alterantive solution for 2nd part
r=s-2s
_ _sn@ sin’@
1+sin@ ~ (1+sing)

_ sing —sin2@
(1+5sin6)?
dr _ (1+5in6)2 (cos - 2sinfcos6) - (sind - sin” G)2(1 + sinf)dsd 1y 0 For expressing  in terms of & and

de (+sing)* finding %

1A

n

_ cos6(1+singY1-2sing) — 2 cosf(sing - sin’ 6)
B (1+sin@)’

_ cos(1-25in6+sing-2sin” §- 2sind +2sin” 6)
- (1+sin6)®

_ cos@(1-3sing)
(1+sing)®

97-CE-A MATHS [-18
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Solution Marks Remarks
(c) (i) ris increasing when -:—;—20. OR :—;>O
M >0 1M
(1+sin@)

1-35inf02 0 (-.-0<e<§) )

1 . 1
sind £ — 1A OR sind <—

3 3
(0< )0 <03 40’-5 Accept degrees (19.5°%)

d
(ii) # is decreasing when d—; <0. OR % <0

1-3sind<0
sind > - 1A OR sinf >~

3 3
(-’25> )62 0340 Accept degrees (19.5%)
.. r attains a maximum at & = 0.340.
Maximum area of C;
e
= a{s(1-25)"

1 1

= 3 —(1-—3)? M

1 1

1+ 1+=
3 3
r Exact value or correct to at least 3 sig.
= (OR 0.0491) 1A figures.
5

@  Atsmo=L 95 V3/3 y=0.
3°de (1_{_1)2
3

Since % =0 at sir10=—;-, s (and hence the area of C})

does not attain a minimum when the area of C; attains
its maximum.

Alterantive solution
ds cosf

46 (1+sin@)
- § increases with @ .

From (a), >0V 0<0<§.

-. The area of C; does net attain a minimum at sind = 1;
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13. (@ (i) Let QR=x. A
AR =RB '
V2 +a5-2% =22+ 22 M x X
16+ x> -30x+225=4 +x* r R
x=79km 1A

(ii) Since AR = RB and they walk with equal speeds, they
reach R at the same time. If they meet at other points, } Award 1 mark if the answer was
2

either one of them have to walk a longer distance than partially correct
AR (OR RB) and the other has to wait for him/her.
Hence the total time for them to meet must be longer.

Shortest time = % (OR = —?i)

2 o2
_ J4 +(145 79) M

=2.04 hr (OR 2 hr 2.24 min,
2 hr 2 min 14.3 s) 1A

(b) (1) Let S be the meeting point and OS =y . To meet within
the shortest time, they should arrive § at the same time.

2 _ a2 2, .2
VE+as-p7? _ {24y MHA
4 8

64 +4(3* - 30y +225) =4+ y?
3y* =120y +960 =0 1A

_ 120i,/1202 ~4(3X960)

- 6
=289 or 111 1A (can be omitted)

Checkmg Put y=289 (15-y)<0 .. y=28.9 isrejected
Put y=11.1 LHS.=RHS. =1404

.. They should meet at a distance 11.1 km from Q . 1A
Alternative solution
LetPS=y.

V2 4yt {22 +(5-y) IMHLA

4 8

64 +4y* =4+225-30y + )7

3y? +30y-165=0 1A
y=394 | or-13.9 (rejected) 1A

.. They should meet at a distance 3.94 km from P. 1A

(i1) Let T be the meeting point where QT =¢ .
2242 4 +(s—ny?

1A
16 4
4+1* =256 +16(¢* - 30t +225)
1542 ~ 480t +3852 =0 1A
A = (480)% - 4(15)(3852)
=-720<0
', There are no real roots. 1A
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OR Let PT=s.
Jars?  22+as-s? A
4 16
16(16+5%) =4 +225-30s+5°
1582 +305+27=0 1A
A=-720<0
.. There are no real roots. 1A
{i.c. Billy has already reached P before Amy reaches P.
. They should meet at point P . 2A
Alternative solution
Time for Amy to reach P = % =1hr
IM+1A
/ 2 2
Time for Billy toreach P = —%—-;—6(1-5—)— } +1A
=0.95 hr
" Billy has already reach P before Amy reaches P |
So they should meet at point P . 2A
10
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