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FORMULAS FOR REFERENCE

. . . A+B A-B
sin (4 + B) =sin Acos B+ cos Asin B sin A+sin B =2sin cos 2
cos (A + B)=cos Acos BFsin Asin B sin A —sin B =2cos A+Bsinﬂ
2
tan A ttan B —
tan(AiB)=En—El— cosA+cosB=2cosA+BcosA B
1¥tan Atan B
2sin Acos B=sin(4+ B)+sin(4- B) cosA—cosB:—ZsinA+Bsini4:-£
5
2cos Acos B=cos(A+ B)+cos(A-B)
2sin Asin B =cos{A— B)—cos(A4+ B)
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Answers written in the margins will not be marked.

SECTION A (50 marks)

1. Find isec6t9 from first principles. . , (5 marks)
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Answers written in the margins will not be marked.

8
2, Let (1+ax)8 = lekxk and (b+x)9 =Zﬂkxk , where a and & are constants. It is given
k=0 k=0
that A,:4,=7:4 and A, +pg3+6=0. Find a. (5 marks)
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3. P is a point lying on AB such that AP:PB=3:2 . Let OA=2a and b%zb, where O is the

origin.
(a)  Express OP intermsof a and b .

(b) Itisgiventhat |a|=45, |b|=20 and cosAAOB=% . Find

@ ab,
(i) ’bﬂ.
. & ; (5 marks)
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4, (@)  Using integration by parts, find I xZe™*dx .

(b)  Find the area of the region bounded by the graph of y= x%e™* , the x-axis and the straight

line x=6 .

(6 marks)
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S. Consider the following system of linear equations in real variables x, y, z

x + 2y - z 11
3x + 8y — 11z = 49, where h,keR .
2x + 3y +  hz k

(a)  Assume that((E) hasé unique }olution;

(i) Find the range of values of 4.

(E):

(ii) Express z interms of /4 and %.

(b)  Assume that (£) has infinitely many solutions. Solve (E).
i - . _ (6 marks)
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6. A container in the form of an inverted right circular cone is held vertically. The height and the base
radius of the container are 20cm and 15 cm respectively. Water is now@oured int¢ the container.

(@) Let Acm? be the@mof the container and @ be the depth of water in
—

the container. Prove that 4= li7rh2 . d '/’
6 _—

dt

(b)  The depth of water in the cont@ﬁ increases at a constant rate of 3 cm/s . Find the rate of

ch@“ wet curved surfaca;ga of the container when tf water in the container
3 ¥

is @67 cm/.
(7 marks)

() (et rhe the mo\‘m& \wao\'[?v sw‘}fm

h
2o

il

- BT (Fh)
< -.l.i*-n\/\)'
H() T
b) 9 =-%,lrm L
4h < (%1 h
h= 8

Answers written in the margins will not be marked.
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7. (a) Provethat sin3x=3sinx—4 sin’x .

4&0 —e
(b) Let -—Q Q\

ﬁ‘;’/
sin 3(x—£) .
4 ) cos3x+sin3x

¥ (i) Prove that - .
. T cosx —sinx
sin (x - Z)

.. . cos3x +sin3x
(i)  Solve the equation ———— =2,
cosx—sinx

() L.rh8.=6indx

(8 marks)
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Let f(x) be a continuous function defined on R*, where R* is the set of é ;'ve real numbg)
Denote the curve y=1f(x) by_TI is gi i

. It is given that I passes through the point P(e’,7) and
1 ’
f'(x)=—Inx? forall x>0 . Find _—
X
pd
(a)  the equation of the tangentto I" at P,
(b) theequationof I ,
(¢) the point(s) of mﬂexmn of I' .
(8 marks)
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SECTION B (50 marks)

2
9. Define f(x)= x +jx for all@. Denote the graph of y=1f(x) by G
x =

(a)  Find the asymptote(s) of G . (3 marks)
(b) Find f'(x) . (2 marks)
(¢)  Find the maximum point(s) and the minimum point(s) of G . (4 marks)

~P() Let R be the region bounded by G and the x-axis. Find the volume of the solid of revolution
generated by revolving R about the x-axis. (4 marks)
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10.  ABC is atriangle. D is the mid-point of AC . E is a point lying on BC suchthat BE:EC=1:r .
AB produced and DE produced meet at the point F . It is given that DE:EF =1:10 .

Let OA4 =2i+3j—2Kk, OB =4i+4j—k and OC =8i~3j-2k , where O is the origin.
(a) By expressing E and ﬁ: in terms of r, find . : (4 marks)

() () Find AD-DE .

(ii) Are B, D, C and F concyclic? Explain your answer.
(5 marks)

() Let E =3i+10j—-4k . Denote the circumcentre of ABCF by Q. Find the volume of the
tetrahedron ABPQ . (3 marks)
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11. (a) Using tan ™! «/E—tan”'[‘—f—]: tan ! [{?—J , evaluate .[OI ;—2—4—_;)(—” (3 marks)
AN
b)) @ Let 0< o< Prove that 2tan 9 in26 and —tan’6 =co0s26 .
4 . 1+tan2€ ‘ 1+ tan26
(il)  Using the substitutio.n t=tan@ , evaluate J‘X 1
0 sm2¢9+c032c9+2
(5 marks)
(¢)  Prove that J‘% sin26+1 0= J.% cos26+1 :9 (2 marks)"
0 sin260+cos20+2 0 sin28+cos26+2
% 8sin260+9
(d)  Evaluate .[0 Sn 207 c0s2012 (3 marks)
v |
) [ o 3T dx
| e
: fo ALY SIE WAL dy
R S d
=f e (XH)+2 dX
let Xti:=J>dand
diz o sec’d o
Whm x=1, §: tan J:,,
Wiun Xz U ﬂ ‘fm/, 5
I ) =I'an"Jz 20
J\o (x41)32 d)C /-m ,fz L%.eé‘/ de
- ﬁ 'y 71'0" "B—
l U J Tan"l ﬁ
2
_——L(‘TNL Iy - Ton ™5 'ﬁ
z “‘Jl‘t’a In"(%
) 2 tand . )_Q‘m@g@,,ﬁ:‘* b))
I'ttan*g =~ Secd "
oG g
R
’ - anzo » ’—TanQ ’ ."ID %%ﬂ 2 foo Lo .
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31
12. Let A=(0 3J . Denote the 2x2 identity matrixby /. -

01
(@)  Using mathematical induction, prove that A" =3" I+3"'n (’0 0) for all positive integers » .

(4 marks)

-1 0 :
@) Define P=[2 J . Evaluate P'BP .

2 1
(i)  Provethat B" =3"1+3" ! ( 4 2) for any positive integer »n .

—Y (iii) Does there exist a positive integer m such that |4™ —B" |=4m2

answer.

? Explain your
: ' (8 marks)
 Let M) be the ﬂmwéc‘hm
- ’ /
by, LH.G0= A l)
. § 31¢ ( )
(o > )1’(0

t

r

(1Y)
Lo 8,
ALY

AL ume Jchat Tllc) i Tm‘fw Gome +ve. :Meﬁev ke,
(-0, ﬁ\c 3k1f3r'k( o o)
e nsketr RBS = 3R L+ 3R o)

et o (F)e)
: 'i ghen ) + )

- (ikﬁ ‘g(ii)lum))
L. = A
- A
f%"l 3kl bﬂf[ 2 )]
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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 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 Questions 1, 2, 3, 4, 6, 8, 9, 11 and 12(b).

He/She also provides complex mathematical proofs in a logical, rigorous and concise manner in
Questions 6(a), 11(c) 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.






