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FORMULAS FOR REFERENCE

sin(A+ B)=sin Acos B+cos Asin B

cos(A=+ B)=cos Acos BFsin Asin B

tan A+ tan B

tan(AiB)'—"_—-—
1Ftan Atan B

2sin Acos B=sin(A4+ B)+sin(4-B)
2cos Acos B=cos(A+ B)+cos(4-B)

2sin Asin B=cos(A4—- B)—cos(A+ B)

sin 4 +sin B = 2sin cOSA;B
sinA—sinB=2¢osA+Bsin A;B
cos A+cos B =2cos cosA—;B-
cos A—cos B=-2sin sinA;B

1.

SECTION A (50 marks)

Find -di(x5 +4) from first principles.
x

AR

(4 marks)

[t LB EIELY

= px70 b
N (et 2e)7= %S
LAY O D x ]
= liwn 51“1>7c‘f‘l0x3A?+le’Dn-7’+§z(>;¢‘f+axs
X9 AN
= g)ctf

Answers written in the margins will not be marked.
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2.

Let y=xsinx+cosx .

2
(a) Find EZ and L2
dx dx?
2
(b) Let k be a constant such that xg——)zi+k§—’1}-+xy =0 for all real values of x . Find the value
X X
of k.
(5 marks)
o~ % = gnx Tt xcogs — swndc
. P4
b A2 P
2
jlfz = cosx + ()~ )

(O Sx — s >C

\

£y d B
_)(.j;gz +'Ljﬁ+)c(,§ /O

X(ton —xsivix )t hlreosx )t x[jsiyn s¢ Feosx) =

X COS ) ’X?S}m>c + bxcocy +)C75;M se txcosx =

k=-2
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3. (@ Find I——;—u—du .
e
.
(b)  Using integration by substitution, evaluate ——dx .
P Vxelr

I

(7 marks)
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= [-2»]]
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4.

(a) Using integration by parts, find I x*Inxdx .

(b)  Atany point (x,y) onthecurve I, the slope of the tangentto I is 9x%Inx . Itis given
that [” passes through the point (1, 4) . Find the equation of I .

a. Yl dle o (2lnxds

S5 Y Inf o) 25 (e dx®

= LDty A = =L o= [ ]
f EHLpA AR = G —;f>

(7 marks)

L [axpil b/ b (4 %o

= Bl b-£ 5+ ¢, = 23 (lax -2 4,
4 /D f £ AT o Y=3(ml-45+ Ca
Ry Y Yzt ln
A 5] /] (22§
hl/é/fl M?f o, l

- lL& g(rho\éiov\ o‘F f G5 -
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5. Solve the following systems of linear equations in real variables x, y, z:

x 4+ y + z =2
() ;
2x + 3y - 3z = 4

x 4+ y + z =12
(b) 2x + 3y - 3z = 4, where k isareal constant.
3x + 2y + kz = 6
(6 marks)
I N N ) \ Lo i: 2)
& o O SO W B~ SI e W W S W
A (4 9 ' 1 / kv { l
o o Oj|o0 0o o oy O
let 2:=¢ y-5t=0O
u =St
[
)

x=-6t

(x,(j, 2 )= (-Gt 5¢ L

L. 36yt 2(ce)t k(=6

(l-81&=6

L=

0

. 2
-~ [l,%,27:<’7’% 70/’%;?6:é>;wl\¢l’\ L’fg
T»Lc,yc are. Wne wlwéows wlwf W [é =£.
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6. (a) Let M bea 3x3 real matrix such that M T'=_M , where M7 isthe transpose of M .
Prove that { M |=0

-1 a b
(b) Let A=|-a -1 -8|, where a and b are real numbers. Denote the 3x3 identity matrix
-6 8 -1

by I.

@) Using (a), or otherwise, prove that | A+ 7| =0 .

(i)  Someone claims that A3 +1 is a singular matrix. Do you agree? Explain your answer.
(6 marks)

O\ - [’\T"/‘\
UGN
[Ml=-[M]

[H]=
/O o b\
bi AHI:("“O Z)
\ggo/
() =0 o g )
L EQl
-(AtI)= /0\ o S’\
\bL -2 o /

(AtI)T=-(At1)

C. lAtzl=0 (Frov con )
'y A+ 1
(At I)(A-AZ+1%)
oAt =O

/’\}“'-7— BN 4;‘«5,“(@7 odrix
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1-cosdx

7. (a)  Prove that sin? x cos® x = g

4

(b) Let f(x) =sin x+cos* x .

() Express f(x) inthe form AcosBx+C , where 4, B and C are constants.

(ii)  Solve the equation 8f(x)=7 , where 0<x< —725 .

(7 marks)
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8. (a) Using mathematical induction, prove that sin— Z cos kx = sin 7cos
24

integers » .

567
(b)  Using (a), evaluate Zcos%’i .
k=1

n

(
a. led PG Le ;'m'EZ coslex = ST e

(n+Dx
2

for all positive

(8 marks)

}(m—r)x

2

fe="1

Foy P LHS = smS ;Z cosk

5

X
= 4in7F cos X

Ry § = ¢ 5 cos 22
e X
=S 7005 >
S LHS=pPHS
PCL) a5 dwe
.oxX < . 4 (tt1H= v J
1. Sin= coSl’—)C =SNS5 (0§ — 5

E=t

Pl = s:m giwsz‘x

Z 4 2 (Z:: (asll-)C‘(’ o6 C—é"")n)
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SECTION B (50 marks)

P
9. Define f(x)="—"12 forall x#2 .
x-—
(a) Find f'(x) . (2 marks)

(b)  Prove that the maximum value and the minimum value of f(x) are —4 and 12 respectively.
(4 marks)

(¢)  Find the asymptote(s) of the graph of y=f(x) . (3 marks)

(d)  Find the area of the region bounded by the graph of y=1f(x) and the horizontal line y=14 .

4 mark
— 7>C(x'l)"[)c2+/7_3 (4 marks)
AxXixmel T T

' { =

O - {()C7 (x-2)"
7¢2,L(r -1t

T B YRt 2 W
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= (. =202
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o+ o | — o+

Tt ]
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is 12 '
PRI
C - )lL‘-f?V:\D"I"Z_ ,laé’s no ex?sé,

-‘- TL(/{/ oVe- no l\oy'rww{w/ as!yw\éoée,
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=4 oy (O
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= L1 S S de du = doe
\——
=8t (Ner 5=t0 L=
= {304 - S o et =2
14005~ (575 - T8 = 160/
= 60-20- (€ -2
=30 -16(2[.2)
= 36-32[.2

v
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10.  OAB is atriangle. P is the mid-point of O4 . Q is a point lying on AB such that 4Q:QB=1:2
while R is apoint lying on OB suchthat OR:RB=3:1. PR and OQ intersectat C.

(@ (i) Let ¢ be a constant such that PC:CR=¢:(1-t) .
By expressing 5@ in terms of OA and 55 , find the value of ¢.

(ii) Find CQ:0Q .
(7 marks)

(b)  Suppose that OA =20i-6j—12k , OB=16i-16j and OD=i+3j-6k , where O is the origin.
Find

(i)  theareaof AOAB ,

(ii)  the volume of the tetréhedron ABCD .

_— — k
' N 204108 v _ > (5 marks)
&i. OJAR= =z ~ TZOAtZOB
e CMJ 0& Gre couiv\eo»r
_ —_—
Lo =lkoa
AR =
R AL AL
2 J
.
\~E - 1t
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£ 1t
2z ok
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J
t=%
4§ —> |, 3xy —>

—_ _—

[a= O-0C
=(5-2)0At 312 )38
2%fﬁﬁ+%géf

7 2

(X OR = 24 5

=214y
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1. (a) Let A and u be real numbers such that #—A#2 . Denote the 2x2 identity matrix by /.

1 (I-pl+M) and B=
A~pu+2 A—p+2

A 1
M= .
A-pu+l u

(i) Evaluate 4B, BA and A+B .

Define 4= ({+AI-M) , where

(i) Provethat A>=4 and B’=B .

(iii) Provethat M" =(1+1)" A+(u—1)" B for all positive integers » .

4 2P
(b)  Using (a), or otherwise, evaluate [0 6) .

) -
0\'! A:;\?;Z(I/\l'}'f/\)

(8 marks)

(4 marks)
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T A2 et A 1)
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/NS I A VR N G ST RV A
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- ?\/ﬂ\—"z l/(/\”A"l H’?\—% /

i ({—Mn l)(v( = )
AB =t (bt A 1) ol A

_ [O O

NEPSOAMUZERIA

/O/, yal

’ T / —— >G| aauara: {
E A= (N2t (-2l 3 MINEA ) )
l

- ~ (4 o
(At ) >

;O//
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I=n4p*

A+ R

A=A nd BER
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12.

(@)

(b)

In the figure, the curve I consists of the curve AB, the line segments BC and CO, where O
is the origin, B lies in the first quadrant and C lies on the x-axis. The equations of 4B and BC

are x2-4y+8=0 and 3x+y-9=0 respectively.
y

ol % C x
(i) Find the coordinates of B .

(ii) Let A be the y-coordinate of A, where A>3 . A cup is formed by revolving 7~ about

the y-axis. Prove that the capacity of the cup is 7(2h* —8h+25) .
(7 marks)

A cup described in (a)(ii) is placed on a horizontal table. The radii of the base and the lip of the
cupare 3cm and 6cm respectively.

@) Find the capacity of the cup.

(iiy  Water is poured into the cup at a constant rate of 24z cm®/s . Find the rate of change of
the depth of water when the volume of water in the cup is 357 cm® |
(6 marks)

(x4t 9-0 —O

Lixty-9-0 —@

ﬁrom @/ (j-‘— q'})c—a?

ool & do CD’ x = 1([‘(—3%)—(—8" o
L1720 =28 =

(x=-DCetd)=

X = 2 or ’)(‘f

.oox=")

\
~Q
!
o

When x=2 . 4.

=3

-BC2,%) .
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by . (X4 h +5=0

h =]
Cagoouciét/ = a (22X BRI AYD
= (747& .

lj[ éé’é \/ éa —éLc \/O/uvv\—&_ a‘p Lfaf”ﬁr.

H - n(bh-85)32

When  volmne i 35~

7

2R*—gL+26=3%5

Wedlh—§ =

L\ = '{ @e;.ecée/cbor f
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/

Y
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Comments

The candidate demonstrates comprehensive knowledge and understanding of the concepts
underpinning algebra and calculus in the curriculum by applying them successfully at a sophisticated
level to a wide range of unfamiliar situations as in Questions 9, 10, 11 and 12.

He/She is able to communicate and express views and arguments precisely and logically using
mathematical language, notations and diagrams, such as in using limit notations in Question 1,
integration symbols in Questions 3 and 4, matrix notations in Question 6 and a derivative test table in
Question 9(b).

He/She also provides complex mathematical proofs in a logical, rigorous and concise manner
in Questions 7(a), 9(b) and 12(a).

It can be concluded that the candidate has the ability to integrate knowledge and skills from

different areas of the curriculum in handling complex tasks using a variety of strategies.






