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This marking scheme has been prepared by the Hong Kong Examinations and
Assessment Authority for markers’ reference. The Authority has no objection to
markers sharing it, after the completion of marking, with colleagues who are teaching
the subject. However, under no circumstances should it be given to students because
they are likely to regard it as a set of model answers. Markers/teachers should
therefore firmly resist students’ requests for access to this document. Our
examinations emphasise the testing of understanding, the practical application of
knowledge and the use of processing skills. Hence the use of model answers, or
anything else which encourages rote memorisation, should be considered outmoded
and pedagogically unsound. The Authority is counting on the co-operation of
markers/teachers in this regard.
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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 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 has been specified in the question.
Markers should be patient in marking alternative solutions not specified in the marking scheme.

For the convenience of markers, the marking scheme was written as detailed as possible. However, it is likely that candidates
would not present their solution in the same explicit manner, e.g. some steps would either be omitted or stated implicitly. In such
cases, markers should exercise their discretion in marking candidates’ work. In general, marks for a certain step should be awarded
if candidates’ solution indicated that the relevant concept / technique had been used.

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

Unless the form of the answer is specified in the question, alternative simplified forms of answers different from those in the
marking scheme should be accepted if they are correct.

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

In the marking scheme, marks are classified into the following three categories:

‘M’ marks —~  awarded for applying correct methods
‘A’ marks —  awarded for the accuracy of the answers
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 erroneous. ( I.e. Markers should follow through candidates’
work in awarding ‘M’ marks.) However, ‘A’ marks for the corresponding answers should NOT be awarded, unless otherwise
specified.

In section B, marks may be deducted for poor presentation (pp), including wrong / no unit. The symbol should be used to
denote 1 mark deducted for pp.

(a) At most deduct 1 mark for pp in EACH question in section B.

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

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

(b) In case a certain degree of accuracy had been specified in the question, answers not accurate up to that degree should not be
accepted. For answers in Section B with an excess degree of accuracy, deduct 1 mark (pp). In any case, do not deduct any
marks for excess degree of accuracy in those steps where candidates could not score any marks.
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Solution Marks Remarks
@) (+x+kx?) =14+3(x+hke?)+3(x+he?)? +.-- M
=143x+3(k +D)x? +-- 1A
b=3(k+1) 1A
() If 1,3, 3(k+1) forma geometric sequence, then % = 3(@ M
ie k=2 1A
(5)
For n=1,
5' 2" =3 which is divisible by 3.
. the statement is true for n=1. 1
Assume 5* —2* s divisible by 3, where kis a positive integer. 1
ie. let 5 —2¥ =3N | where N is an integer. Withdraw the last mark if
gk kel _ 5(5")— 2(2k) 1 “N is an integer” was omitted
=3(5%)+2(5%)-2(2%) OR =5(5%)-5(2%)+3(2*)
=3(5*)+2(3N)  (by the assumption) =53N)+3(2%)
=3(5* +2N) which is divisible by 3 1 =3(5N +2%)
Hence the statement is true for n=k+1 .
By the principle of mathematical induction, the statement is true for all positive integers » . 1
&)
(& 5x-3>2x+9
x>4 1A
() x(x-8)<20
x?-8x-20<0
(x+2)(x-10)<0 IM
-2<x<10 1A
() 5x-3>2x+9 or x(x-8)<20
x>4 or -2<x<10
x2-2 IM+1A | 1M for operation of “or”
()
(@) Let P be (x,y).
30 30
1 Y 6 1A | For 4|¥ 7
210 4 2|0
30 30
4x+3y-12=1%12 IM For 4x+3y-12
i.e. the equation of locusof P is 4x+3y=0 or 4x+3y-24=0 . 1A For either one
(b) The distance between the two lines 4x+3y=0 and 4x+3y-24=0
_[0-(-29) M

\/42 +32
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Solution Marks Remarks

Alternative Soultion (1)

Since (0,0) lieson 4x+3y=0 ,the required distance = 40) +30) - 24 M OR other suitable points

Vva? +3?

Alternative Soultion (2)
4(3)+3(4)

Since (3,4) lieson 4x+3y-24=0 |, the required distance = M OR other suitable points

Va2 432

= —2i 1A
5
)
3 n+l
5. @ j(2x+1)2dx=(2—xﬂ+c M| For [xdx=
3(2) n+l
3
Alternative Solution
J'(2x+1)2dx= _[(4x2 +ax+1)dx M
=§x3+2x2+x+C 1A
dy 2
b) —=(2x+1
(b) ™ ( )
3
y=&x;ﬁ—+c M | OrR y=%x3+2x2+x+C’
: 2¢-n+1] -4
Since the curve passes through (-1,0) , O=—6-—+C . M OR 0 =?+2-1+C’
c=1 OR C'=1
6 3
3
Hence the equation of the curve is y = -(ZH-% . 1A OR y= §x3 +2x% 4 x+§-
&)
2
6. y= x°+1
x+1
dy _ (x+D2x)- (x> + (D) M
dx (x+1)?
2 -—
_X +2x2 1 1A
(x+1)
. the slope of the tangent when x=1 is %
. the slope of the normal when x=1 is -2 IM
When x=1, y=1.
Hence the equation of the normal when x=1 is y-1=-2(x-1) . M
ie. 2x+y-3=0 1A
&)
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Solution Marks Remarks

sin 5x +sin x = cos2x
2sin3xcos2x —cos2x =0 1A For 2sin3xcos2x

cos2x(2sin3x-1)=0

cos2x=0 or sin3x= % IM IM for considering angle
2x=90° or (3x=30" or 150°) IM+1A+1A ‘l’:y?nd 9%(3
x=10° or 45° or 50° 1A or °

© 1A for 30

@) f(x)=(x+2)(x%+1)
f'(x) = (x2 + )+ (x +2)(2x)

=3x% +4x+1 1A

f'(x)=0 when x=-1 or _?1 . IM For considering f'(x)=0
f'(x)=6x+4
f'(-1)=-2<0 and f”(::;—l) =2>0 IM OR by using sign test

Therefore f(-1) is a maximum value and f (—TIJ is a minimum value.

Hence (-1,2) is a maximum point and (T , —;—2—) is @ minimum point. 1A For both

(b)

(— 1’2)

1M for shape

IM+1A 1A for all correct

)
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Solution Marks Remarks
9. () 52-072:'07”515' cos ZAOB IM
G(i+))- i+ =v12 +12 V22 +12 cos L4OB M For magnitude of vector
2+1=42 -+/5 cos 2408
3
cos ZAOB=— 1A
i)
) OB.-OC =|5§||55|cos £BOC
Qi+])-(ki+j)=v2? +1> Vk? +12 cos LAOB (since £BOC = ZAOB) M For dot product
Alternative Solution
BC?* =0B? + 0C? - 2(0B)(OC)cos ZBOC
(k-2)2 =2 +12) + (k* +12) = 2422 +12 k% +12 cos £ZBOC M For cosine law
k2 —ak+4=k%+6-2V5Vk? +1cos LAOB (since ZBOC =/AOB)
2kt 1=45 k2 41— IM | For using (a)
Jio ,
24k? + 4k +1) =9(k2 +1) A B C
k* -8k +7=0 0
k=17 {or 1 rejected ;! 1A
(6)
10. (@ A=(k+2)2-40)k) 1M
=k*+4
>0 1M
Hence @ and g arereal and distinct. 1
®) a=|g
a=p|for 20 l(rejected by(a)) or a=- {for ﬂ<0l IM For a=1p
L oa+f=0
—(k+2)=0 M
k=-2 1A
Hence the equation becomes x> -2=0 .
x=i-w/§
Since a>0 ,wehave <0 and hence ﬂ=—w/§ . 1A
()
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(b)

Solution Marks
y=cosx and y=ksinx intersectat x=a
cosa = ksina IM
. 1
1Le. tana=— 1
k
Since y=ksinx bisects the shaded area,
a ] ud
I(cosx—ksinx)dx=—Fcosxdx IM
0 2Jo
1 z
[sin x+ kcos x]¢ =5[sinx]3 1A
Alternative Solution
n
a a
I (cosx—ksinx)dx=‘[ ksinxdx+ |%cosxdx M
1] 0 a
z
[sinx+ kcosx]3 = [~ kcosx]§ +[sinx]2 1A
sina+kcosa—-k=—kcosa+k+1-sina
. 1
sma+kcosa—-k=5 1A
By (a), ! +k k =k+l 1M
Vi+k? Vi+k? 2
1+ 42 =k+l
2
1+k2=k2+k+l
4
Alternative Solution
By (a), sina+[ ! Jcosoz——l—=l
tan @ tana 2
sin2a+cosza_1_tana
cosa  cosa 2
2seca =tana +2
4(1+tan2a)=tan2a+4tana+4 IM
3tan’ @ —4tana =0
tana=g— or 0 (rejected as O<a<% )
. 4 .
By checking, tana = 3 is valid.
e k=2 1A
4
)
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Solution Marks Remarks
12. (@) OC=(l+h)a and OD=(1+h)b 1A
Consider A04D , OF={=#)04+u0D M
l-pu+p
=1+ u)a+ u(l+ h)d
—  (1+A)OB+A0C
Consider A0BC , OF =4+40B+20C For both
1-A+4
=(1-A)b+A(1+h)a 1A
l-u=AQ0+h
Hence p=Ad+h) IM D
u(l+h)=1-2
Adding the equations, we have 1—gu+u+ph=A+Ah+1-41 .
/1=/l‘(since_h¢0)] 1
)
(b) By(a), OE=(1-u)a+b) 1A A C
Let CF:FD=w:1-®
- OF = (1-w)(1+ha+o(l+hb
l-w+w
=1+ (1 - w)a + wb] 1A
Since O, E and F are collinear, 1+ A1+ @) = (+ho . M
1-u | 7}
. 1
ie. ==
2
Hence CF =FD and therefore OF is a median of AOCD . 1
@
(¢) If BC and AD are also medians of AOCD ,then h=1. M
By the equations in (a), we have u=21 =% .
Hence BE:EC=AE:ED=1:2 .
By the equations in (b), we have OE = % (a+b) and OF =a+b . IM
Hence OE.:EF=2:1.
i.e. the centroid divides all the mediansin 2:1 . 1
3)
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Solution Marks Remarks
13. (@) (i) AE=3sind and BE=4sind 1A For both
AB =+(3sin 6)* +(4sin 0)?
=5siné 1
(iiy DE=3cos@ and CE =4cosf

CD= \/(3 cos8)? +(4cos 6)*
=5co0s6d

® () In AABC, AC=+AB?+BC?-2(4B)BC)cosa

(ii)

(iif)

= J(5sin 6)? +42 - 2(5sin O)(4) cosx

In AAEC , AC =+ AE*+EC? —2(AE)(EC)cosa

= J(3 sin 8)? + (4 cos 8)* — 2(3sin )(4 cos ) cos
25sin® @ +16-40sinfcosa = 9sin? @ +16cos? 8 —24sin HcosHcosa

32sin? @ = 40sin fcos a — 24sin O cosfcos
4sin @

oS = ———
5-3cosf

For 0°<8<90° , 4sind>0 and 5-3cosf@>0 .
Hence cosa >0 and therefore @ must be acute.

Let the angle between 4B and II, = angle between AD and II, =f .
Hence the distance between 4 and Il, = ABsin f=ADsinf .
Ssin@sin f =3sin S

sin9=§-
5

c056?=i
5

By (i), cosa = =— .
5_3(4) 13

5

AC =25sin? 6 +16 — 40sin O cos

-1

37

13
Since AB=3, AC<AB .

Hence the angle between AC and II, > the angle between 4B and II, .
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Solution Marks Remarks
14. (a) Volume of shaded region =7 fxzdy v
=nf(6y—y2)dy IM >
, A+ Y-6y=0
3
= ﬂ[3y2 -—))3—] 1A
0 y=r
29- 7
_m'0-p) 1 N4
3 0 X
3)
(b) () Volume of water = ﬂ(6)2(6) -2 -i31—7r(3)3
=144z m’ 1A
2/0_ 200
(i) .. 7r(6)2h—ﬂh (3 ) _m (g k) aan M
1087 - 9h% +1-9k” + k* =432
kK —9k%+h —9n? +108h-432=0 (* 1
(iii) When h=5 , kK°-9k*+8=0 .
(k-1)(k* -8k -8)=0
k=1 lor 426 (rejected as 0<£<6) 1A
Differentiate (*) with respectto ¢ :
E R T P VL P VA APy L M
dr dr dr dr dt
dr__ 1A
dr
2 dk 2
B -1 8(1)]5 +[3(5)° —18(5) +108](-5)=0
ie. —=-31 1A
ie Y
Since v represents the rate of change of the distance between the bottom
of the sphere B and the base of the container,
d
=—(h-k IM
V= (h-k)
_dh_dk
de dr
=(-59-(-3D
=26 1A
®)




Solution Marks Remarks
15. (@) 2s=PQ+QR+RP
1 1 1 P
A=ExPQxa+—2-xQRxa+—2-xRan IM
1 G
=5a(PQ+QR+RP)
=as a
ie. a=ﬁ 1 Q R
s
@)
(b) (i) EF =2sind
1(M(1)sin26
By (a), ’=12_()()—-‘ M
2(1+1+2sin6)
_ sinfcos
1+sind
On the other hand, cos 6 - cos.H = COSBJ’COSG.S'"a_cosa DR < Sinfcosd+cosd —cosd
1+sin 8 1+sin@ 1+sin@
_sinfcosé _ €osf(1+sinf)—cosd
1+sin@ 1+sind
r=cosf - cos.,ﬁ 1 =cosf - cos'9
1+sind 1+sing
F
(i) dar — —sind- (1+sin 8)(-sin .9)—<2:os6’(c050) M
dé (1+sin 8)
. sin@+sin® @ + cos? 6
=-sinf + —
(1+sin8)
——1 g 1A
1+sin@
_d_r__=0 when —— =sind
do 1+sin@
sin2@ +sind—-1=0 1A
sin0=_l+\/g or _1_\/-5_ (rejected as 0<o<Z )
2 2 2
0 =0.666 rad
2 f—
d 2 = C?Se 5 —cos@<0 for 0<0<Z IM OR using sign test
dg® (1+sin8) 2
Hence the area of C, is maximum when 6=0.666 rad. 1A
(iii) The perimeter is the least when 8= —1% . 1A
.. . /4 hY/4
By (b)(ii), r has only one maximum value when I <6< I
IM
Hence r isthe least when 6 =— or %

T
When 6=—, r=0.199 .
en 5 r

When o=%, 0127 .

and Frankie is wrong.
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Therefore r , and hence the area of the circle, is the least when 6 = ?—72[
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Solution Marks Remarks
16. (a) Centreof C; is(0,5) and radius of C; is 3. 1A y
Let (x,y) be the centre of acirclein I" . C
Since the circle touches the x-axis, its radius is y . 1A
15
Since the circle touches C; externally, \/ (x=02+(y-5)2 =y+3 M
x4+ =10y +25=3> +6y+9 3 N
ie. y= %xz +1 which is the equation of S . 1 o
“
(b) (i) Let (A k) bethecentre of C, .
Since C, touches the x-axis, its radiusis & . y
Since C, passes through (20, 16), \/ (h- 20)* +(k-16)* =k . IM C,
h? —40h + 400 + k% — 32k +256 = k* 20\16)
h? —40h-32k + 656 =0 ) 1A ¢ c
1
Since C, isacirclein T ,by(a), k= %hz I R— ) \(
. . ) 2 -
Substitute (2) into (1): 4° —40A—-2h° -32+656=0 ol G >
W +40h-624=0
h=12 or-52 (rejected as (4, k) lies in the first quadrant) 1A
By(2), k=10
Hence the equation of C, is (x—12)*+(y-10)* =10°
ie. x?+y*—24x-20y+144=0 1A
(ii) Let the centres of C, and C; and the point of contact of C, and C;
be 4 , B and P respectively.
Since P lieson AB and the quadratic curve S intersects any straight 1 1for“ P lieson AB”
line at no more than two points, it is impossible for S to pass through P . 1 1for“ S intersects any
i.e. the sentence is incorrect. straight line at no more than
two points
©
(c) For a circle satisfying the first two conditions, it touches C; externally and it is } 1
impossible for it to touch C; internally.
Hence there is no circle satisfying all three conditions. 1
@)
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