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Hong Kong Diploma of Secondary Education Examination
Mathematics Extended Part Module 2 (Algebra and Czlculus)

General Marking Instructions

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 answer merits alf 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.

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

‘M’ marks awarded for correct methods being used,
‘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 a 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 erronecous.
However, ‘A’ marks for the corresponding answers should NOT be awarded (uniess otherwise specified).

For the convenience of markers, the marking scheme was written as detailed as possible. However, it is still
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.

In the marking scheme, ‘r.t.” stands for ‘accepting answers which can be rounded off to” and ‘f.t.” stands for
‘follow thmugh’ Steps which can be skipped are & 1 whereas alternative answers are enclosed with
. All fractional answers must be simplified.

Unless otherwise specified in the question, numerical answers not given in exact values should not be
accepted.
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Solution Marks Remarks
1. f'(x}
— lim fx+h)—1f(x)
h—=D h
! 1
) 3
= lim x+h)+4  3Ix+4 M

B30 h
- i Gxi+4) -~ (B(x + B>+ 4)
=0 h(3(x + )7+ 4)(3x" + 4)

=3hQRx+h
= m g_ x4 7) 3 M
=0 A(3(x + A" + 4)(3x"+4)
=302x+H
= 322)“ ) - IM | withhold 1M ifthis step is skipped
=0 (Bx+ ) +4)(3x"+4)
_ ;6)5 . IA
(Bx"+4)°
---------- @)
! 3 3
2. Notethat » (3k*+k*)=4= ra+n”
k=1 2
Therefore, the statement is true for #=1 . 1
" 3 3
Assume that Z(3k5+ k3) =m(m—+1) , where sm is a positive integer. IM
fe=t
m+l
> BE )
k=1
= Z(3k5+ Y+ 30m+ 1%+ (m + 1)
k=l
m3(m + 1)3 5 3 . . , .. . .
= et - 3 + 1)+ (2 + 1) ( by induction assumption ) 1M for using induction assumption
_ " (m+1¥+ 6(m+ !)5+ 2(im+ I)3
2
(m+ 1)3 (m3+ 6(m -+ 1)2+ 2)
2
_{m 1} (m*+ 6m*+12m + 8)
2
_(m+ 1’ (n+ 2)3
2
So, the statement is true for #=m+1 ifitis true for n=m .
By mathematical induction, the statement is true for all positive integers # . 1
---------- )
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Solution Marks Remarks
3. (a) {1-4x)"
zl—n(4x)+ﬂ;])—(4x)2—----+(—])”(4x)" 1M
i(_’iz.ﬂ@z):m M
W-n-30=0
n=6 or n=-5 (rejected)
Thus, we have n=6 . tA
3
(b) [l-i-g}
X
2 3 4 s
=1+5(—2~]+10(E) +10(3J +5(3] +[~2-) D B '
X X x X x '
10 40 80 80 32 i
=1+—+”"““2"~+--3—+—4'§"—5 '
X oxt ox xt x either one
(1-4x)° i
=1-6(4x) +15(4x) - 20(dx)’ +15(4x)* ~ 6(4xy +(4x)* | feeeemeeees :
e 124 +240x% —1 280x” +3 840x" — 6 144x° +4 096x°
The coefficient of x*
={1)(3 840) + (10)(—6 144) + (40)(4 096) 1M withhold 1M if this step is skipped
=106 240 1A
---------- (6)
4. (a) co82x +cosdx +cosbx
=2c0s°x — 1 + cosdx +cosbx M
=2cos’x — | +2cos5xcosx IM  Frrceeaea- .
=2¢08x(cosx+cos5x) -1 either one
=2cosx(2cos3xcos2x) 1 o
=4cosxcos2xcosdx—1 1
{(b) cosdf+cos8f+cosl2f=—]
dcos2fcosdfcos6f —1=—1 (bypuiting x=26 in(a)) 1M
cos2fcosd4fcos66 =10
cos28=0, cosd@=0 or cos6F=0 M
Hm—jz-, 0=£, H:E, 0=3—K or 0=»5~«7f— 1A for all correct
12 & 4 8 12
cosdf+ cos89 +cost28 = ~1
1+cos88+cosd?+cosl2d0=0
2¢0s2 40 +2cos88cos 40 =0
cos4f(cosd6+cos86)=0 tM
2cos20cos48cos668 =10
cos28=0, cosd4f=0 or cos68=0 M
=£, ng, 8=£, 0;3_75 or 0=5—J’I 1A for all correct
12 8 4 3 [2
—————————— ©)
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Solution Marks Remarks
5. (a) The equation of the vertical asymptote is x—1=0 . TA
Note that r(x)=x+!——)-c—::-%-2— . 1M
(x-1)
Thus, the equation of the oblique asymptote is p=x+1 . 1A fit.

®) %r(x)

d x-2
-&fone222)
dx (x=1)

&1_(x-1)2—2(x—2)(x—1)

IM
(=1
=1+ x_33 1A
(x-1)
d
—r{x
™ (x)
(=Dt -2x - 2) = 2(x — 1)(x* - X2 2x 43) M
(x-1'
3 a2
-3 dx—
_ X X"+ %x 4 1A
(x-1)
2 T YRy P Y
{c} Note that d—zr(x)w ol =30 6]) (x=3) = 2 44)
dx (x-1 {x-1)
a2
So, we have Er(x)ﬂ) < x=4.
X (]74) 4 (4:00)
d2 1M for testing
-d?l'(x) + 0 -
Therefore, there is only one point of inflexion of the graph of y=r(x) .
Thus, the claim is agreed. 1A fit.
---------- @
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Solution Marks Remarks

6. (a) y= ezx-—(;
Y geree IM
dx

L )
dx x=3

The equation of L is
-1
~l=w{x -3
¥y 2( )
x+2y-5=0

Putting x=¢ and y=0 in x+2y-5=0, wehave ¢+2(0)-5=0. 1M
Thus, we have ¢=35 . 1A

(b) The required area

3
= ez-‘“ﬁ-[i’hi] dx IM+1A
R 2 2

2x-6 2 "
m[e +x__5_*} M
3

7. (@ J(ln )% dx

wx(lnx)2-J.x(2lnx)dx IM
X

=x(lnx)2—2[xlnx—‘|.x[l] de M
x

= x(Inx)* - 2xInx +2x +-constant 1A

(b The required volume

1 2
=J‘ ?r(‘\/;ln(.\fz-i-l)) dx M
0

1 2
=EJ. x(En(x2+1)] dx

0
_zf? 2 . _ .2
=7 (Inw)” du ( by letting w=x"+1) M

:

2
=“§“[u(1“?f)2“2ulﬂ“+2”]l (by (a)) 1M for using the result of (a)
=z((In2)’-2In2 +1) 1A
—————————— (7)
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Solution Marks Remarks
(a) Note that
1 d-1 d+3
2 d+2 -1
3 d+4 5
=5(d +2)+2(d + 4)(d +3)+ H=1){d 1) ~ 3d +2)(d +3) = 10(d ~ 1)~ (~1)(dl +4)
=~d” -8d +33 IM
1 d-1 d+3
As (£) has infinitely many solutions, we have |2 4+2 -1 1=0. M
3 d+4 S
So, we have —d* —84+33=0 .
Solving, we have d=-11 or d=3 .
When o =—11, the augmented matrix of (£) is
1 -12 -8 15 I ~12 -8]15 1 -12 -81{I15
2 -9 -11-27i~|0 ~15 —15[57|~{0 -15 -15|57 IM  prrmmmrmmmcens
3 -7 5|2 0 -29 -29143) o 0 0|1 i
Since (£) is consistent, we have o #—11 . M i
Therefore, we have o =3 . 1A fi. either one
I
Hence, the augmented matrix of (£) is i
1 2 6:1 1 2 6|1 P2 611 i
25 ~l1i~i0 =1 13({1|(~|0 =1 13}t Ao e __. :
37 5|2 0 ~1 13{1) [0 0 o]0
Thus, the solution set of (F) is {(3»«32:,]3!—1,0: reR } . 1A
(b} Putting x=3-32r, y=13t-1 and z=¢ in xy+2xz=3, we have
(3-320(13t = 1)+ 2(3-321)1 =3 .
Therefore, we have —480/%+77(-6=0 .
Note that 77%— 4(~480)(~6) =—-5591<0 . 1M
So, (£} does not have a real solution (x, y, z) satisfying xy+2xz=3 .
Thus, the claim is not cormrect. 1A fit.
---------- ®)
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Solution

Marks

Remarks

9.
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(@) (i)

(i)

(b} Note that J.

I

1

2

2

b | =

J-

EIU g(x)h(x)dw_[a g(x)h(x)dx]

I J.a hix)dx

: J.R h(—x)dx+.[a]1(x)dx]
0 9

4 In(secd + tan &)
dé

sec+tan
=secd

= [www_lm——}(sccﬁtan 8 +sec’ @)

By (a)(i}, we have % In{secd + tan &) =secd .

So, we have '[ secc#df = In(secd + tan &) + constant .
Isecsﬁdﬁwsccﬁtang—_{tanzﬁsec@dﬂ
J.sec:’ﬁdﬁzsec@tanG—I(seclﬁ—l)seCOGO
2Jsec39d0-—"secﬂtanﬁ+‘|-secﬁd9

jseca gdd = %(sec Atan @ + In{sec§ + tan A)) -+ constant

a

g()h(x)dy = - j " g(cx)h(-x)dx = J' " g(eh(x)dx .

a

g(xh(x)dx

[ j " g(h(x)dr + I ’ g(—x)h(x)dxj

" @)+ g(-x)h(x)dx

—-a

-

0 a
J- h(x)dx+J h(x)de
-a 0
0 a
—I h(—}?)d)H“J. h(x)de ( by letting x=—-y )
a 0
jah(x)dx+jah(x)mJ
0 0
2Iah(x)dx]
0

a

hi{x)dx

IA

LA

1M
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Solution Marks Remarks
(¢) Let g(x)= o h(x) = x? forall xeR
e x2+1 '
3* 37
Note that g(x)+g(—x) = P “+ P =1 and h(-x)=h(x) . 1M withhold 1M if this step is skipped
a2
(] 3.rx2 i
J-1 (35 +37) P
-1
=} g(x)h{x)dx
J-l
ol
= | h(x)dx (byputting a=1 in{b)) IM
Jo
.| 3
= Y dx
Jo oJxt+1
er 2
4 :
- | P fandsee 0y (by letting x=tan® ) M
Jo Jan*o+1
s
= * tan’@sechds
Jo
Pl
=| *(sec’@-secq)dg
Jo
- f,. ir.
= | *sec’@do -I *secHdd
Jo 0
! f z
= [E(sec Atan & + Infsec & + tan 8)):| - []n(sec@ +tan 6)](‘)‘ { by (a)(ii)) 1M for using the results of (a)(ii)
0
=-;-(J5—En(x5+1)) 1A
---------- (5)
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Solution Marks Remarks
10. (a) PO
= Ju?+36 +/(20~ )2+ 16 IM
dPQ
du
_ u _ 20—u M
\/uz+36 -\/(20—11)24—16
w20~ )24 16 — (20 —u)yJu? + 36
1% +36:/(20 - 1)*+16
B =200z — 12)(u — 60)
Ju? 36420 - )2 +16 (HJ(20—11)2+16 " (20—1:)\/u2+36)
For dPQ:O , wehave w=12 . M
du
Thus, we have a=12 . 1A
---------- “
(b} (i) Let A square units be the area of the rectangle POSR .
Then, we have A=u( 12436 +\/(20—u)2+16) . M
a4
du
cu| e 20H 2036 420 -4 16 M
Ji2+36 (20~ u)*+16
dA
Therefore, we have — =lwa5_ =0 . IM
U [=t2
Hence, A does not attain its minimum value when »#=12 .
Thus, the claim is disagreed. tA fi1,
(i) Since OP =+Ju+u’+36 , we have OP =27 +36 .
Attime ¢ minutes, we have dor = 2 {%J . 1M
dt \/2uz+36 de
As 28:m-m~g~g~a—~——[% ] , we have ﬁj—u— =21, M
\,‘2(122)—!-36 d u=12 Uitz
Let w units be the perimeter of the rectangle POSR.
Then, we have w=2(u+\/u2+36 +J(20—z:)2+16j . IM
Therefore, we have %?-mZ 1+ d ) du ; 1M
! Ji2e36 J@0—uye16 | Y
dw
de u=12
12 8
= 2| Lo i e e [(21)
[ V180 +fso J
=42 1A
Thus, the required rate of change is 42 units per minute.
---------- )
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Solution Marks Remarks
in@ -—cosd
Note that P! = s (,:OS ) [A
cos@ sind
pAp!
_{ sind cos@)a B \(sinf -—cos@
“\-cos@ sind B —ajlcos@ sind
[ asinf+fcos®  fsinf-acosd |(sind -cosd M
- —ocosf+fsingd — fScosf—wsingd )| cos@ sind
_{ asin?@+28sinfcos0-acos’@ - 2asin@cosd- feos’d+ Bsin?
—2asingcosf- feos’ G+ fsin®@ —asin® @—2FsinGcosf+acos®
_[—ocos2@+Bsin20 ~ Bcos28-asin2f |
|~ Bcos20-asin20 acos20 — Bsin 26
—————————— )
() By (a), we have Ppp~ = —c0820++35in26 —+3 cos260—sin28 '
-J§cosw—sin20 cosZ(?—J?TsinZH
A 0
For PBP™! =[0 J , we have —+/3 cos20—sin20=0 . IM
M
So, we have lan20=-—\/§,
Since E<(>’<7r , we have 0___5_7: . 1A
2 6
.. . 5x
(ii} Since ﬁm—g— , wehave 1=-2 and u=2.
-} _'2 0
So, we have PBP™ = .
0 2
-2 0
Therefore, we have B= P'{[ 0 :JP .
BJ?
» _2 0 n
=P P
0 2
_ 01?
=p P 1M
0 2
- p-'((’i) ;JP IM
1 LB
o2 2 | 02 T2 M
B pile 2
2 2 2 2

_ —1- (w l)ﬂ 2H \/5(2” ) l _ ﬁ
4 ‘\/3_(— i)n-i-l o 2!1 ‘\/5 1

g2 A3 BT
BED 4B 3= +1
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Solution

Marks

Remarks
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giy B>
V310443

3(=1% +1

(1) +3

- 5552
J§ (_})556 4 J_;’
243 J

-2

J (by (b)(ii) )

2

- 2553
(2«/?7

(B—I)SSS

— (B555)WI

! 2
243
I 3

2553

ok
2553 3

8
3
1
2556 3

5

1M

for using (b)(ii)

{5 )

3 ] \/3 I ‘\/5 10 2
B :[ﬁ —lJ[ﬁ —I]=4(0 J=2]

B = (B2 = (22 1) =21
B® =287
B3 935 ¢

LY

4
R
4

(B—l)555
— (8555)—1
:(B(BSS-‘E))ml
2(2554 B)—-i
I

. -
- 5554 B

_;(1 «f]
—2556 Jg -1

1M
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Solution Marks Remarks
12. (a) (i) Notethat AB=(12-ni—(s+14)j-(2+s)k .
Since AB is parailel to Si—-4j—2k , we have
2t _—As+14) _ —(2+5) M
5 -4 -2
Solving, we have s=10 and 1=-18 , 1A for both correct
i j Kk
(ii) Note that ABxAC =30 -24 12| =-360i-360j—180k . 1M
30 -3¢ 0
The area of AABC
=%'A_1§x§5 M
=?1£\/3602+3602+1802
=270 1A
(iii) Notethat AD=36i~2j+4k .
The required volume
=%|(IB><ZE")-??B M
=—é—](—BGOi—360j~»180k)-(36i—23‘+4k)|
I
=E|(—360)(36)+(—360)(—~2)+(««180)(4)}
=i|—12 960 |
6
=2160 1A
(iv) Let 4 be the shortest distance from D to /7 .
-;—(270)d=2160 M
d =24 TA
Thus, the shortest distance from D to [f is 24 .
---------- ©
(b) Notethat ABxAC =—-360i-360j~180k and (ABxAC)-AD <0 .
DE
= 24 (~360i -360j—180k) IM
J(—360)2+(—360)2+(—180)2
=-16i-16j—8k
Also note that E=—20i+18j+4k and 1“‘5_1§=10i—6j—8k . iM for either one
Let M be the mid-point of AB.
W:%(E+E§)w—5i+6j—2k
EM - AB = (=5)(30) + (6)(=24) + (~2)(=12) = ~270 = 0 M
So, EM is not perpendicular to 4B,
Thus, E is not the circumecentre of AABC . 1A fit.
---------- )
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