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

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 aff 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 erroneous.
However, ‘A* marks for the corresponding answers should NOT be awarded (unless 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 an
‘follow through’. Steps which can be skipped are

. All fractional answers must be simplified.

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

s which can be rounded off to’ and ‘fit.” stands for
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Solution

Marks

Remarks

1.

2.

g(l+hy-g(l)

_ R
Sy fs()+4
_3-+/5h+9

- 3v5h+9

32 —(5h+9)

C 35h+9(3+45h+9)
_ 5k
350 +93 +5h+9)

g'M
ho0 h

1 ~5h
_i§3?{3\/5h+9(3+«/5h+9)]
= lim -3

10 34/5h+9 (3 +/5h+9)
-5
T 54

tand + cotd

l-cotd 1-tan@
_ tan® ¢ + l

tanf—1 tanG(1—tan )
_ tan® 91
_tanﬁ(tanﬁm])
_(tan@-1)(tan? @+ tan 6 +1)

(@)

tan &(tan @ - 1)
_ sec? @+ tand
- tan @
sec’ 6
tan 8
=1+secfcscd

=+

tan @ cotd
..|...

(b =
[—cot@ 1~tan¥

I+secHcsed =3

sinfcosd =l
4

sin29m—l-
2
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Solution Marks Remarks

3. (&) Fornm=1,
LHS. = (D15 +(=1)22Y =3
RH.S. =()2+1)=3

Therefore, the statement is true for n=1 . 1
2in
Assume that Z(—l)k k= m(2m+1}, where m is a positive integer. M
k=1
2(m+1}

2
=3 DFR = @m A + 2m+2)
k=1

=m2m+1)—(2m+ 1)2 +(2m+2)* { by induction assumption ) IM for using induction assumption

=2m% +5m+3
=(m+1(2m+3)

So, the statement is true for n=m+1 ifitistrue for n=mn .

By mathematical induction, the statement is true for all positive integers ». l

100
ONEDNC &

k=11
100 19

=Z(-1)"k2—2(—1)"k2 M
k=i k=l

=50(2(50}+ 1)~ 52(5) + 1) M

= 4995 1A

---------- )
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Solution Marks Remarks

=(T-4x)e™ +(Tx~2x*) e )=1) IM
=(2x" —1lx+7)e™" A

dzy

dx2
=(4x—1De™ +(2x2 —11x + 7)™ )1
=(-2x> +15x—18)e™" LA

2
s
(—2x” +15x—18)e™ =0
—2x> +15x—18=0

(b)

x=i or x==6 1M
3 3 3
-0, — - _16 6100
; [ 2J 2 (2 J 6 | 6
1M for testing
d’y 0 + 0
& ~ ~

Therefore, there are two points of inflexion of the graph
of y=(7Tx-2x")e"" .
Thus, the claim is agreed. 1A fit.
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Solution Marks Remarks

5. (@ {a+xn)"

- an +Clnan—lx+cilan—2x2 _§__“+xﬂ

n-2 _
="+ e &Y nz(n D2 gosy M
Hy =~10
-2 "
a nz(n 1) —_10 IM

a™tn(n—1) =20

Since n is greater than 1, "% is a negative number,
Thus, a is a negative number and # is an odd number, 1
()  (x-D"

= (-1)" + C7 (1) (B} + CF (1) (bx) + o+ (B)”

2 f—
~2 b H(i’! 1) xg

= (1) + (=1 b+ (-1) e d B

Ao =ty
(-—E 0o gl
a=—1 1A

A =2
(—i)"—l bn = Zan—ln
b=2 1A

a" nn—1)=-20
=" n(n-1)=-20
-1 =20 ( since n is an odd number )

" —n=20=0
(n-5)Yn+4)=0
n=5 or n=-4 (rejected) 1A
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Solution Marks Remarks
6. (a) Notethat x+2x+5=(x+1)2+2%.
Let x+1=2tané . 1M
So, we have E=25e<:2f9 .
da
1
o x? +2x+5
= —2—1———~—(2sec:29)d9 IM
Jdtan“0+4
-1 Lae
J 2
1
=+ constant
2
1 -1 x+1
=w--fan | —— |+ constant |
2 2
by
_ 22x+1 dx
o X H+2x+5
_ 2x+2 dx— _ ! &
R X% +2x+5 X +2x+35
[ 2 !
= | 5———dG* +2x4+5) - | 57— IM
J X +2x+5 X +2x+5
2 i -1 x+1 R
=ln|x +2x+Si—Etan - +C , where C is aconstant M
When x=-3, y=In2.
in2= ln|(-~3)2 +2(-3)+ 5| -—%tan‘l (%)”J +C
1, -
In2=In8-(=){—)+C 1M
n2=lIn (2)( 4)
C==2m2-=%
8
The equation of G is y=ln‘x2 +2x+5|—~;~tan'l(f~;—_—1]w2m2—-% .
When x=-1,
y
=1n(—1)2+2(—1)+5|—itan"‘ -(-Z-]l?il-]—zinzmE
2 2 g
=T
g
Thus, G passes through the point [wl,%) . 1A fit.
---------- %)

2022-DSE-MATH-EP(M2)-7




#HE (RIRREEEH)
CONFIDENTIAL (FOR MARKER'S USE ONLY)

Solution Marks Remarks
7. (@ 9~¥~= E
dx x+2
I
The equationof L is y=——(x-A+In(h+2) . M
q y h+2(x Y+in(h+2)
A
h 1
= ( (x~h)+ln(h+2)—ln(x+2)]dx 1M
o h+2
1 I I i
: X
=[m[.2_x2 _hx)+x1n(h+2)L - [xIn(x + )]} +j; —
(1 o2
=——|=n B |+ hin(h+2) - hin(h+2)+ | |1-——|dv 1M
h+2\2 b x+2
"hz h
= +x~2nx+2
Al a1
2
AR n(he2)+21n2 I
2h+4

(b) b= 3—! - e—!ln3
dh
dt

a4
dn
_(2h+4)(2h+4)

= (-n3)e™™ =(-In3)3~ IM

(P +am@) 2

M

(2h+4)? B2

hZ
T 2(h+2)?

a4
dt
_ dd dh
T dh dr
_ (3—!)2
2337 +2)?
-[n3

2@ +2(3)?

dd
de t=1
—In3

T 2aN1+230)?

_ ~In3
294

Thus, the rate of change of 4 is —
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Solution Marks Remarks
g (2 A

a 2 ~1
=-1 a 2

2 -1 a
=4’ +6a+7 1M

A,

a 4k -1
=|-1 4 2

2 k* a

=dq® +dak—2ak” + k> +16k+8

Notethat A=0.

_4a® +dak—2ak* + k% + 16k +8

7 IM+1A | 1M for Cramer’s rule
a +6a+7

(b) As (E) has infinitely many solutions,

A=0
a’+6a+7=0 M
(a+1)@* -a+7)=0

a=-1

The augmented matrix of (£) becomes

~1 2 =14y (-1 2 =1 4
-1 -1 2440 -3 3| 4-4k IM | =-meemee 4
2 -1 =1 2]l 0o 0 o0lkl+4k+4 i

1
K +ak+4=0 M
(k +2)2 =0 either one
k==2

Hence, the augmented matrix of (£) becomes
-1 2 -1y-8y(-1 2 -1/-8
0 -3 3{124440 -t 1 |(4:¢ | |________ -
0 0 010 0 0 0f¢

Thus, the solution set of (E) is {(z,t—4,t): IER} . TA
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Solution Marks Remarks
9. (a} Theequation of the vertical asymptote is x—1=0. TA
2
Note that = +3x=x+4+-—i- . M
x-1 x-1
Thus, the equation of the oblique asymptote is y=x-+4 . 1A
---------- ®
) F)=1-—n M
(x=1)?
f'(x)}=0
1- 4 —=0
(x=1)°
xt-2x-3=0
x=—1or x=3 1M
X (=oo, =1} | =1 | (~1,1) | (1,3)| 3 (3, 0} M
f'(x) + 0 - - 0 +

Thus, the maximum point and minimum point of H are (-1, 1)
and (3, 9) respectively. 1A

()

et U . N e L

M for shape
1M for asymptotes
IA for all correct
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Solution Marks Remarks
(dy f{x)=10
2
x +3x:10
x-1
¥ —Tx+10=0
x=2o0rx=35
The required volume
3
= n‘L(f(x) ~10)%dx IM+1A
o5 4 2
=R [x+4+~———-——10}dx
[y3 x -
) 2
=r [xm6+-—-——] dx
b x-1
(? 8(x-6) 16
=r (x-6)2+ (x )-i- 5 dx
o2 x=1 (x.....[)
o5
=7z (x—6)2+8—io—~+ 162 dx
o2 x-1 (x-l)
6)° 16T
S NGl I ST O
3 x-1 5
=x(57-801n2) 1A
---------- 3
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Solution Marks Remarks
10. (a) J'g(x)dx
. 2 .
_sin 2xcos” x _I sin 2x (208 x)(—sin x) dx M
2 2
: 2
=st:ccos x+ljsin22xdx {
2 2
d sin2xcos’ x
dx 2

= % (cos2x)}(2)(cos? x}+ éw {sin 2x)(2 cos x)(—sin x}

I .
=cos? xcos2x ——sin’ 2x

. 2
. cos? xlz:os2x=i sin2xcos” ¥ +—I—sin2 2x 1M
dx 2 2

\

dx 2

& . 2
Jcosz xcos2xdx = [i[wJ + %sinz Zdex

L

sin2xcos’x 1.
= — 1
jg(x)dx 2 +2J-sm 2xdx
---------- @
®) [ aar
x
) &
, 2 F
_ | sin2xcos” x +—1—‘rsin2 2xdx { by (a)) 1M IM for using (a)
2 0 240
in2 251" 1 {7 1-cosax
=[sm XCOS x} +_I &
2 0 2 0 2
. r
=0+l[x_sm4x:|
4 4
= 1A
4
---------- (2)
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Solution Marks Remarks
{c) Let u=m-x. IM
J;] ng(x) dx
0
=j — (7 —u)cos® (w —u)cos 2(m — u) du IM
T
i 2
= I (m —u)cos” ncos2udu
o
" 2
= J; {mr —x}cos” xcos2xdx
n L1
=x .L g{x)dx - L xg(x)dx
[[re(d
xg(x)dx
&
T T
_E M
2 .[3 g(x)dx
L
214
2
= LA
8
---------- @
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Solution Marks Remarks
@  xgl-»)
= (=x) c0s? () COS 2(~x)
=—xcos” xcos2x
=—xg(x)
2. xg(x) is an odd function. 1M

T
So, we have J- xg{x)dx=0 .
T

Let y=x—m. M
rid
L rg(x) dx

= _f:(n +y)cos® (z + y)cos2(x + y)dy
* 2

=L {7+ y)cos” yoos2ydy
” 2

=.[0 (7 +x)cos” xcos2xdy

-z J’O "o (x)dx + L”xg(x) dx

2
””(%J*%“ ( by (b) and () M
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Solution Marks Remarks

1L (@) () ({-DI+A+A> + 4"
=I+A+A2+"‘+A""‘(A+A2+A3'§'“'+‘A”+‘)
=I—A"+[ A

i) (1) -4

I 0 cosd —sing
[0 I]_(sinf) cos@}
l-cosf sin@
(wsinf) Imcosé’)

=4
=(l—cos®)? +sin’ @
=2(I~cosd) M
(-4
_ 1 1-cos@ -—sind M
T 2(l-cos@)\ sin@ 1-cosd
4 —-sing
=l 1—-cos@
2| sind
1-cos@
—ZSingcosg
1 2 2
1 ff.‘sin?‘E
= 2
2 Zsingcosg
2 2 1
25i:12g
2

. 6 )
i Sim— —COs—
- 2 2 I

. 8 8 . 8
2sin—| cos—  sin—
2 2 2
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Solution Marks Remarks

() I+ Ad+ APt A

=(I-A)7 (I - a™) M

(. 0 6

L |sing meos L aos(n+ 1) sin(n—i-i)BJ

25in 2 cos?  snl L -sin(n+1)@  1-cos(n+1)0
2\ 2 2 )

. G é . (n+ 1@ {(n+ D8
i sin— —cos— (n+1oY S0 cOs
= 2 2 | 2sin 2 2
.0 g 8\ (n+1)0 . (n+1)8
2sin—| ¢cos—  sin— —Cos sin
2 2 2
M
. n+DE(
sin (r+1)8 sin Esin (n+1)0 +cos£cos—--~—m(n+ Do sin—t?ﬂcos~~~~~«~~~~m~~~-~(M+ Lo —Cos -gsin fn+1)f
= 2 2 2 2 2 2
sing cosg-sin ___(n+ 2 —singcos—(nHw cosﬁcos—-(n 1o + sin—a—sin (n+18
2 2 2 2 2 2 2
NCES VAT . hi
sin o5~ — §in—
_ 2 2 2 ]
inl sin—’z-a— cosf‘—q
sin . 5 2

G @) I+ ArA A A"
1 0 cos8 -—sinf cosf —sind 2
o= + -+ +
0 1 sinf cos@ siné cos@
N cos@ —sind)'
sind cosé@
1 0 cos —sind cos28 —sin28
= + =1 gorne
01 sin@ cosf sin2¢ cos2¢
. cosnf —sinné@
sinn@ cosné

B l+cos@+cos2@+---+cosnf —sind—sin28—.+-—sinnd M
| sin@+sin28+---+sinng 1+ cos@+cos28 +---+cosnf
. (m+1)@ no
sin cos—
S+ cos@+c0os28+-+cosnl = 2 3 2 M
Sin
2
. Sz
Putting f= m and n=90,
5m Sm Sm
COS— - COS— + COS— -+ COS 257
I8 9 6
. 4457 25n
sin cos——
= 2 _1
. Sm
sin ——
36
=1 1A
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Solution Marks Remarks

i
27+---+COSZ Tz

E[ 27rJ 1 4z 1 67
=—|l+cos— [+—| [+ cos~— [+ =| | +cOS— [+
2 7 2 7 2 7

+t21—(1+cosl47r)

" T 2n
(ii) 0052—7—4-(:052 —7-+cos

~=l 49+c052—”+cos4—ﬂ+0036—”+---+cosl47r IM
2 7 7 7

27 4z ¥4
COST +cos— +cos— +---+cosldr

. S0m
sin —cos 7

=7 ( putting &= 2z and n=49 in{(b)(i)) M
sinZ 7
7
=0
c052£+00522—7[+6052§£+---+0052 77,&ﬂ 1A
7 i 9
---------- (6)
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Solution Marks

Remarks

oD
- op
b+e

12. (@

AD
—0D-04
b

-~ 0B
b+c

=-0d+

b+e

(i)

a —

o4+

c
bte

+—=—oc

¢
b+c

OB+—=-0C i
b+e

+

0C-04

OB + 0C -04

a+b+e

_ —(b+c)a+

a+b+c a+b+e
—_— c

b OB+

—_—

ocC

at+b+e
b+e

a+b+c

Since 0 <

el 2
a+b+c b

bte EB

a+b+e

ca:—J
b+c

a+b+c
b
+c

OB+ IM

b4c

<1,
a+b+c

1M

J lieson 4D. 1

OE
ad

a+c

JE—

BE
=0E-0B
a

at+c

BJ
=0J-0B

a

OA+

Od - 0B+

poe——"

e —

ocC

a+c

°_oc

a+c

b ¢

atrb+c
a

OA -+

.

0C-0B

OB+
at+b+e a+b+e

a+c 3 c

—_—

T atbtc
| a+tc
a+b+e

a-+c EE‘

atb+e

Since 0 <

04~

OB+ ocC
a+b+c

at+bh+e

£ _04-0B+
a+c atce

|

M

a-c

<1, J liesson BE.
a+bte

Thus, AD and BE intersectat J. 1
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(b} (i) Define BC=q , AC=5 and 4B=c.
a
-loc -5
=[(-3 j+k) - (40i - 3j+ k)|
= |- 40|
=40 1 B B

b

_lo¢-o4

= |(=3j+K) = (351 +9j+K)|
=|-35i-12j|

=37 any one

[
8-
= [(40i =3 j+k) ~ (351 + 9} + k)]
=|5i-12]]
=13 e —

JE—

of
- 40 DA+ 37 OB -+ i3 oc
40437413 40+37+13 4043713

by putting J= I in (a)(ii)

=32i+§j+k 1A
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Gy Al
=01 -04
:(32i+§j+k]—(35i+9j+k)

20,

=-3j-=
3.]
Al AB
=[—3i—%qj]x(5i-12j)
i i k
=|=3 .:_.2_.9.. 0
3
5 =12 0
7, ”

The radius of the inscribed circle

= Alsin £BAI
_ (A AB)sin £BAI
AB
A1 x AB
- 1M
c
:“1; 1A
---------- (5)
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