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PRELIMINARY EXAMINATION
SECONDARY FOUR

Candidates answer on the Question Paper.

No Additional Materials are required.

READ THESE INSTRUCTIONS FIRST

Write your name, class and register number in the spaces at the top of this page.
Write in dark blue or black pen.

You may use an HB pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fluid.

Answer all the questions.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in
the case of angles in degrees, unless a different level of accuracy is specified in the
question.

The use of an approved scientific calculator is expected, where appropriate.

You are reminded of the need for clear presentation in your answers.

At the end of the examination, fasten all your work securely together.

The number of marks is given in brackets [ ] at the end of each question or part
question.

The total number of marks for this paper is 90.

Setters: Mdm Emie Bte Abdullah and Ms Emmeline Lau

This paper consists of 25 printed pages, including the cover page.
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax” + bx + ¢ = 0,

—b + Jb* ~ 4dac

2a

X =

Binomial Theorem

n
(@+b)y =a+ m a'p + (Z)a"’zbz T (ch""b’ F ot b,

. L ek ! _n(n=1)..(n-r+1)
where = is a positive integer an o= Rr— = o

2. TRIGONOMETRY
Identities
sin4 + cos’4 = 1
sec’ A =1+ tan” 4
cosec’d = 1 + cot’ 4
sin{4 + B) =sin Acos B+ cos Asin B

cos(A+B)=cos AcosB sinAsinB
tan Attan B
an(A+ By =——
tan( AL B) = At B
sin24=2sin Acos 4
c0s24 =cos® A—sin? A=2cos* A-1=1-2sin’ 4
2tan 4

tan24=———5—
an 1—tan® 4

Formulae for AABC

a b c

sind sinB sinC
2 = p + ¢* — 2bceos A

1 .
A = —absinC
2

VICTORIA SCHOOL 22/S4PR/AM/1
PartnerinLeaming
756

BP-756



BP-757

3
A cuboid has a base area of (7 +643 ) cm’® and a volume of (107 +583 ) cm’.

Find, without using a calculator, the height of the cuboid, in cm, in the form (a +b3 ),
where @ and b are integers. [3]

107+58/3 5 7643
7+643 7-643

_ 749-6424/3 + 40613 - 348 (3)
B 49-36(3)
749-1044-236+/3
T 49-108

-295-236+3
-

=(5+4\/§) cm

Height of the cuboid =

VICTORIA SCHOOL 22/S4PR/AM/1
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4
The line 3x—2y—12=0 intersects the curve xy =18 at the points P and Q.

Find the x-coordinate of P and of Q. 3]
3x-2y-12=0

y:%x—G )

Sub. (1) into (2): x(%x—G}:lS
\

3 6x-18=0
2
X -4x-12=0

(x+2)(x—6)=0
x+2=0 or x—-6=0
x=-2 x=6
The x-coordinates are —2 and 6.
Alternative working:
3x-2y-12=0
2

2,44 1
x 3y+ 8]

=18 (2)

Sub. (1) into (2): (%y+4}y=18

%y2+4y~18=0

Y +6y-27=0
(y+9)(¥-3)=0

y+9=0 or y~3=0
y=-9 y=3

Sub.y=-9into (2): -9x=18

x=-2

Sub.y=3into (2): 3x=18
x=6

The x-coordinates are —2 and 6.

VICTORIA SCHOOL 22/S4PR/AM/1
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5 ) 6
2 .
3  (a) Express 11-9x—2x* in the form a(x+b)2+c. [2] 4 Integrate 3V4+SX+F+7x—1 with respect to x. [4]
11-9x-2x* =—2(x2 +%x—-1—£j
1
oV 11 81 [[3varsy s Ze 2 Jar=| 3(4+5x)5+2x’3+g( 7 J dx
=2 x+Z | - =—— x Tx-1 T\7x-1
4 2 16
3 2
3(4+5x)2 -
9V 169 3445 2x +Sn(7x-1)4e
==-2|| x+—=| - — 3 -2 7
4) 16 26)
9Y 169 2 : 16
= = . ==(4+5x)2 ——+ —in(7x-1)+
z(x+4j+g 2(d+5x)t =5+ Zin(Tx-1)+c
2
=—2(x+2—1~) 2k
4 8
Hence
(b) state the coordinates of the turning point of the curve 11-9x—2x7, 1]
. 1 1
The coordinates are | —2-~, 21~ |.
4 8
(¢) write down a possible value of & such that the number of real roots to the equation
11-9x-2x" =k is 0. 1
k can be any number that is greater than the maximum value of y = 21%.
VICTORIA SCHOOL 22/S4PR/AM/1
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7

8x? +4x+1

Express (—JCTIW

in partial fractions.

Method 1: (substitution)
8x* +4x+1 A  Bx+C

x+1)(x*+4 ;c:-'_ x:+4
(x+1)(x" +4)

8 +4x+1= A(x" +4)+(Bx+C)(x+1)

When x = -1, ,4[(4)2 +4} =8(~1) +4(-1)+1

54=8-4+1
54=5
nA=1
Whenx=0and 4=1, 4(+c(1)=1
. C=-3
Whenx=1, 4=land C=-3, 1(1+4)+[B(1)-3](1+1) =8(1)+4(1)+1
5+2(B-3)=13
B-3=4
~B=7

8x% +4x+1 _ 1 7x-3

(1) (x2+4) x4l T4

VICTORIA SCHOOL 22/S4PR/AM/1
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Method 2: (comparing coefficients)

8x% +4x+1 _i+Bx+C
(x+1)(x2+4) x+1 X' +4

8x? -%—4)L'+1=A(x2 +4)+(Bx+C)(x+1)
8x  +4x+1=Ax’ +4A4+Bx* + Bx+Cx+C

By comparing the coefficients of:

X A+B=8 (n
x: B+C=4 (2)
x*: 44+C=1 (3)
M)-@):  4-c=4 ()

Sub.A=linto (1): 1+B=8
B=17

Sub.4=1into (3): 4(1)+C=1
C=-3

8x* +4x+1 1 7x-=3
= +

: (x+1)(x2+4) x+1 x*+4

VICTORIA SCHOOL 22/S4PR/AM/1
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9

6 A polynomial, P, is 2x° +x* +hx~12, where % is an integer.

(a) Find the value of 4 given that P leaves a remainder of —16 when divided

by 2x+1.
Let P(x)=2x"+x* +hx—12.

By the remainder theorem,

P(—‘l)=716
2
3 2
2(—% +(~1] Lo 16
2 2) 2

S LN AP I
4 4 2

(b) Inthe case where k=19, the quadratic expression 2x” +gx—4 is a factor of P.

(i) Find the value of the constant g.

Method 1: (long division)
When 4 =-19, P(x)=2x"+x*-19x-12
P(=3)=2(-3) +(-3)" -19(-3)-12
=0
Since P(—3) =0, by factor theorem,
(x+3) is a factor of P(x).

2x* —5x—4
x+3) 2xX° +x* —19x-12
~(2x3 +6x2)
—5x% ~19x
—(—5x2—15x)
—4x-12
—(-4x-12)
0

g=-5

VICTORIA SCHOOL 22/S4PR/AM/1
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Alternative working:

25 +x* +hx—12
=(ax+b)(2x2 +gx—4)

By comparing the coefficient of x*,
2a=2
a=1

By comparing the constant terms,
—4b=-12
b=3

.. By factor theorem,
(x+3) is a factor of P(x).

BP-764

10
Method 2: (comparing coefficients)

When h=-19, P(x)=2x"+x"-19x-12

P(=3)=2(-3)" +(-3)" -19(-3)-12
=0

Since P(-3) =0, by factor theorem, (x+3) is a factor of P(x).

2x° +x* —19x - 12:()54-3)(2752 +gx—4)
=2x" +gx’ —4x+6x" +3gx—12

By comparing the coefficients of x* :

g+6=1
g=-5
or By comparing the coefficients of x :
3g-4=-19
3g=-15
g=-5
(i) Hence explain why P =0 has 3 real roots. [2]
P=0
(x+3)(2x* —5x—4)=0
x+3=0 or 2x*~5x-4=0
. (957 -4()(-4)
2(2)
e 5+4/57
T4
x=~3.14 or x=-0.637
Alternative method:
b —dac=(-5)" -4(2)(-4)
=57>0

. The equation 2x* ~5x—4=0
has 2 real roots.

Hence, P =0 has 3 real roots.
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1

T 12}
2

|

A4 B

g N

The diagram shows the curve y =acosbx+c for 0< x <mradians. The curve has

2 maximum point at (g, 12) and two minimum points at (0, —2) and (=, ~2).

(a) Explain why c¢=5. m

Maximum value of y =12
Minimum value of y =-2

(b) Explain why 5=2. [1]
Pericd ==
2n
“Len
b=2

(¢©) Hence find the equation of the curve. 2]
Amplitude = %

=7

y=-7c082x+5

VICTORIA SCHOOL 22/S4PR/AM/1
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The curve intersects the x-axis at 4 and at B.
(d) Find, in radians, the values of x at 4 and at B for which y=0. [2]

—7cos2x+5=0

cos2x = 2
7

5
Basic angle, & = cos ™' (—)
7)

a=~0.77519

2x=a, 2n—-a
x=~0.388, 2.75

At 4, x=0.388 and at B, x = 2.75.

VICTORIA SCHOOL 22/S4PR/AM/1
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8 (¢) Given that r can vary, find the value of 7 which gives a stationary value of P. [3]
®_,
dr
131-%(2)-8(2r) =0
2 3
131-nr ~ 16 r=0
3
nr+ 1—6— r=131
3
A baker uses 131 cm of wire to enclose a cake mould of the shape shown in the diagram. T+ 16 r=131
The shape consists of a semicircle with diameter 4B, a rectangle ABCG and an isosceles
triangle FED such that FE = ED. -
5 1 r=~15457
It is given that AB=2r cm, BC =x cm, ED=§r cmandFG:CD=§r cm. r=15.5
(a) Express x in terms of 7 and =. [2]
l(2nr)+ ax+2 Lr |2 2r]=131
2 3 3 ) (@) The baker’s son claimed that his father will be disappointed with the nature of this
2 10 stationary value. Explain why you would agree or disagree with the baker’s son. [2]
1cr+2x+§r+—é—r=131
2
2x=131-nr—4r g:-—n—lﬂs— < 0 (max)
1 dr 3
x=65-—Zr-2r _
2 The stationary value is a maximum.
Thus, I disagree with the baker’s son that his father will be disappointed.
The baker will be happy as he is able to optimize the length of the wire to obtain a
(b) Show that the area of the mould, P cm?, is given by maximum area to enclose the cake mould.
T 8
P=131r—=r*—=r%
2 3 Bl
2 2
Height of ADEF = (—5- r) - (ir)
3 3
=rcm
1
P=—m +2)cr+l 2r+-2—r (r)
2 2 3
1
==’ +(131-mr—4r)r+r’ +10
2 3
1 2 2 2 2 I 2
=—ar'+13lr—mwr"—4r° +#" +—r
2 3
13- -4 (shown)
2 3
VICTORIA SCHOOL 22/S4PR/AM/1
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9
4 B
4
i
I
y=2x :
1
I
i
t
1ot
y =X
3 C
5 —> x
The diagram shows a parallelogram O4BC, where O is the origin. The side O4 has
equation y =2x and the side OC has equation y = % x. The diagonal 4C is parallel to the
y-axis and the x-coordinate of C is k.
5 .
(a) Show that AC=§k units. [11
y-coordinate of 4 =2k
Ak, 2k)
y-coordinate of C = %k
C(k, lk]
3
. 1
AC=2k--k
3
5 .
AC= Ek units (shown)
(b) Find the coordinates of B in terms of &. 2]
Let B Alternative working:
<t B(p, 9). o Since OABC is a parallelogram,
mid-point of OB = mid-point of AC OC /4B and OC = 4B.
2k+lk x—coordinate of B=k +k
(z sz K, 3 2%
272 o2 -
. 1
y—coordinate of B=2k+-k
P_p and q_Tg 3
2 2 6 7
7 =5k
p=2k q==k 3
3
B(Zk Zk) B[Zk, Zk)
I 3 3
VICTORIA SCHOOL 22/S4PR/AM/1
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It is now given that k = 6.

(c) Find the area of the parallelogram OA4BC.

4(6, 12), B(12, 14) and C(6, 2).

Area ofOABczszxexmj

=60 units’

Alternative working:
A(6,12), B(12, 14) and C(6, 2).

0 6 12 6 0
Area of OABC = 0
|

1
210 2 14 12 0
1

=5(84+144—24—84)
=1(120)
2

=60 units®

D is a point such that ABDC is a kite.
(d) Hence state the area of ABDC.
BC is a diagonal of the kite.

Area of ABDC =2 xarea of A ABC

= area of parallelogram OABC

=60 units®
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10 (a) Prove the identity
cosx

LHS -
cosx sinx—1

1-sinx

17
cosx

- =2secx. 4]
sinx—1

_l-sinx  cosx

1-sinx cosx
= + —

cosx 1-sinx
_(1=sin x)2 +cos® x
(cosx)(1-sinx)

_1-2sinx+sin® x+

cos’ x

(cosx)(1-sinx)

_ 1-2sinx+1
(cosx)(1-sinx)

_ 2-2sinx

(cosx)(1-sinx)
_ 2(1-sinx)

(cosx)(1~-sinx)
2

Cos x

=2secx
=RHS (proven)
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. 1-sin2x €S 2x
Hence solve the equation ———— — ———
cos2x sin2x—1

1-sin2x cos2x
cos2x T sin2x—1
2sec2x=-3

2

cos2x

2
cos2x =——
3

2
Basic angle, o =cos™ (5]

a ~0.84107

2x=-n—-a, —n+a, n—-a, T+a
x~-1.99, -1.15, 1.15, 1.99

22/S4PR/AM/1
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=-3 for -n<x<m

BP-772

{4



BP-773 BP-774

20
19
11 (b) (i) Hence show that a circle can be drawn passing through Q, R, Sand T. [1]
s Since ZQTU =Z£RSU,
ZQTR = ZRSQ.

By the property of angles in the same segment, a circle can
be drawn passing through Q, R, S and T.

0 R
In the diagram, P, O and S lie on a circle. The tangents to the circle at Q and S meet at R
and PQ is parallel to 7R. SO and 7R intersect at U and PT =QT.
(a) Provethat ATQU and A SRU are similar. [4]

£TUQ = £SUR (vert. opp. £s)

(i) Explain the conclusion that can be made for angle Q7S and angle ORS. 1]
Let ZRQS = x.

ZOPS=x (alternate segment theorem)
= £ PQT (base Zs of isos. A)
=Z£0TU (alt. Zs,PQ // TR)

By the property of opposite angles in a cyclic quadrilateral,
angle Q7S and angle QRS are supplementary.

£ QTS + ZORS =180° (opp. £s of a cyclicquad.)

£ RSQ=ZQPS (alternate segment theorem)

=x

or

ZRSQ=£LRQS (tangents from ext. pt.)
=x

L LQTU = LRSU

ATQU and ASRU are similar.

AM/ VICTORIA SCHOOL 22/S4PR/AM/1
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(a) Solve the equation 6 +8—6> =17, [5]

6°+8-62 =17

(u—12)(u+3)=0

u-12=0 or u+3=0
u=12 w=-3
6 =12 6 =-3
xlg6=1gl2 (NA)

x=1g12
Ig6
x=1.39

22/S4PR/AM/1
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E th tion lo 1240y (2-x), wherep>0 and p =1
(b) Express the equation log, Pl g/ R p ,

as a cubic equation in x.

1-4x=x(4-4x+x")
1-4x=4x—4x"+x°
X —4x* +8x—1=0

22/S4PR/AM/1
PartnerinLeamning
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(a) PQRSis arectangle with PQ=x cm and PS = (17 - x) cm. The sides of the

rectangle vary with time such that x increases at a rate of 0.4 cm per second.
Find the rate of decrease of the length of the diagonal when x =5 cm. [4]

Let the diagonal be D cm.
D=yx*+(17-x)’
1
= (x2 +289—34x+x2)E
1
=(2x" -34x+289)
dD 1

1
E;—=§(2x2-34x+289y5(4x—34)

2x-17

(2x’—34x+239ﬁ

Atx=5, ng><E
dt dx dr
2(5)-17

[2(5)2~34(5)+289]%

x 0.4

x 0.4

The rate of decrease of the length of the diagonal is % cm/s.
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PartnerinLeaming
777

BP-778
24
(b) Air is pumped into a spherical balloon at a rate of 250 cm® per second.
At a particular instant, the radius of the balloon is increasing at a rate of
l—g— cm per second. Find the rate of change of the surface area of the balloon
T
at that instant. [4]

Let the radius, volume and surface area of the balloon be » cm, Vem® and 4 cm?
respectively.

V=£7tr3

3
d—V—=47tr2
dr
w_a &
dt dr dt

250 = 47r? x S
18%

r* =225
r=15, r>0
A=4nr?
9‘.4:8‘;[,‘
dr
Atr=15, d141=%><é£
& dr de
5
=8 {15)x —
m(15)x 2
_100
3
-33k

. 1
The rate of change of the surface area of the balloon is 335 cm’ /s.
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14 ¥
A
g
| >
5 13 R i
The diagram shows part of the curve y =—. The point ¥ (2 2) lies on the curve and the

normal to the curve at V" meets the x-axis a‘c S. The x-coordinate of the points Q and R is 5.

(a) Find the coordinates of S. [51
-8

y__16

dx X

Atx=2, 2 = —1—6—3

& (2)
==2
Atx=2, gradient of normal = —

Equation of normal at Vis y-2= %(x—Z)

y= 1 x+1
On the x —axis, y=0
—x+1=0
x=-2
§(-2,0)
VICTORIA SCHOOL 22/S4PR/AM/1
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(b) Find the area of the shaded region bounded by the curve, the x-axis, the normal VS
and the line QR.

Area of the shaded region

=%(4)(2) N j:;?z—dx

BP-780

(3]

End of Paper
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