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SECONDARY THREE EXPRESS
Instructions to students:
DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO.
Read these notes carefully.

Answer all questions.

Write in dark blue or black pen in the spaces provided.

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

Omission of essential working will result in loss of marks.

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

o0 bk ON~

If the degree of accuracy is not specified in the question, and if the answer is
not exact, give the answer to three significant figures. Give answers in degrees
to one decimal place.

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

8. The total number of marks for this paper is 90.

This question paper consists of 19 printed pages, including this page.

Setter: Ms Yeo Yee Teng
Vetter:  Mdm Norhafiani A Maijid
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L.

2

Solve V7 —6x + 2 = x. [4]

The curved surface area of a cylinder is (6v3 + 16)m cm?. The radius of the base of the

cylinder is (1 ++/3) cm. Find, without using a calculator, the height of the cylinder in the

form a + bv/3, where a and b are rational numbers. Show your steps clearly. (4]
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3. Solve the simultaneous equations [5]
¥y = 1ega~7
P =13,

10g9(14 — Zy) = logg x:=0.5 .
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(a) Express y = —3x? + 6x + 24 in the form of y = a(x + b)? + ¢, where a, b and ¢
p

are constants. (2]

(b) Sketch the graph of y = —3x? + 6x + 24. Label the turning point and y-intercept.
(2]

v

(c) Hence, explain why y cannot exceed 27. [1]
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The cubic polynomial f(x) = 3x® + hx? — 14x + k leaves a remainder of 40 when divided
by x — 3 and it is exactly divisible by x + 2.

(a)  Showthath=1and k = —8. [4]
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(b) Hence, solve the cubic equation f(x) = 0. [4]

8
6. Find the term independent of x in the expansion of (x3 &= %) ; [3]
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(a) Write down and simplify the first three terms in the expansion of (2 — 3x)°. [2]
(b) Hence, find the value of p if the coefficient of the i term in the expansion
(t-&)@-30°is 1216 [3]
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The population of a species is measured daily. The results are tabulated in the table below.

Number of days, ¢ 1 2 3 4 5
Population, P 174 192 211 232 255
g P 2.24 2.28 2.32 237 241

(a)

(b)
lg P

240

It 1s known that ¢ and P are related by the equation P=gb’, where a and b are constants.

Express this equation in a form suitable for plotting a straight line graph of

lg P against t.

On the grid below plot Ig P against t and draw a straight line graph.

235

2.30

225

220

2,15

2.10

PartnerinLeaming

193

BF=195



(c)

(d)

(a)

(b)

Explain what the value of a represents.

(1) Use your graph to estimate the value of a.

(1)  Use your graph to estimate the value of b.

State the values between which the principal values of tan” x must lie.

Express the principal value of sin™! (%) in radians as a multiple of 7.
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10.  Itis given that y; = 3 cos bx + cand y, = —1 + 2 sin 3x.

(a)

Find the value of c, given that the maximum value of y, is 4.

(1]

(3]

(b)  Find the value of b, given that the period of v, is 180°.
(c)  Sketch the graph of y, = —1 + 2 sin 3x for 0 < x < 180°.
¥y
r 3
0
(d) Explain how the graphical method can be used to find the solutions of

2sin3x— 3cosbx=c+ 1for0 < x < 360°.
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sin 45°

11.  Without using a calculator, find the exact value of
Show all workings clearly.
1+cos2x
12.  (a) Prove that ——— = cotx.
sin2x
1+cos4x 1
(b) Hence, solve ——— = —-for 0 < x < 2m.
sin4x 3
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(1]

(2]

[3]
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x? +4x-2 , )
13.  Express —_, partial fractions. [5]
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14. A circle has the equation x? + y? — 2x — 6y = 22 with centre C.

(a) Find the coordinates of the centre and radius of the circle. [2]

(b) The equation of the circle represents the area of Wi-Fi signal coverage where the

centre of the circle is the location of the Wi-Fi modem.

Explain if an individual standing at a point X (4,2) is able to receive Wi-Fi signal on

his electronic device. Show your working. 2]
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(c) A point P(5, q) lies on the circle where g < 0. A line AB passing through point P is
perpendicular to the line CP. Find the equation of AB. [3]
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15.  Find the range of k where the line y = x + k and the curve x* + y? = 2 do no intersect. [4]
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16. Given that sinA4 = —g and cosB = — ?—:— where 4 and B are in the same quadrant.

Calculate the value of

(a) sec A,

(b) sin (4 + B),

(c) tan 24 .
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17.  The figure shows two right angled triangles A4BE and BCD. Line 4B is perpendicular to the
line BC. It is given that ZBCD = 6°, AB=3 cm and BC =9 cm.

B

/?.\\

3cm
A E.
]
D E
(a) Show that the horizontal distance, L , between point 4 and C, in terms of 6 is given
by
L = 3sin@ + 9cos6. [2]

(b) Express 3sinf + 9cos6 in the form Rcos(60—) where R > 0 and « is acute.  [3]
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(c) State the maximum value of L and the corresponding value of 6. [3]
(d) Find the value(s) of & when L = +/55 cm. [3]
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1.

Sobe y7—6x +2 =%

VT —bx+2=x

V7T —bx=x-2

7 —6x = (x - 2)° [MvI1]
T—bx=x"—dx+4

2 +bx—du+4-7=0

«*+2x-3=0 [vI]
x-1x+3)=0 [IvI1]
x—1=0 orx+23=0

=1 x=-=3

Both x values do not satisfyr the equations, there are no solution.

[&1 deductif not even 1 ansis rejected]

(4]

The curved surface area of a cylinder is (642 + 16 ) cm?. The radius of the base of the
cylinder is (1 + 43) cm. Find, without using a calculator, the height of the cylinder in the

form @ + by3 where g and b are rational nurebers. Show your steps clearly.

2mrk = (6¥3 + 16)m
2r(1+ 43k = (6¥3 + 16)m [M1]

h-~3ﬁ+8
1+43
WE+B 1-+43
b= r——x V3 [M1]
1443 1-43
(32 +B)(1 - D)
=
=3
242 -0 +B —ByZ
o= — [M1]
_1_
5 oot Sy 2
=2
i3 A1
S22 [41]
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3.

Solve the simultaneous equations

1

Y — =
3 3£3’° J
3¥ = 3%

y=x—-B -egnl

logs(14 — 2y) —logsx =05

logeio—2 = 0 51og, 9

loge 2222 = 1 g, 505

X

14 -
-2
%
14 -2y =3x -egn2

Sub (1) into {2),

14 - 2(x - B) = 3x
14 — 2% + 16 = 3%
30 = 5%

L=56

Sub x = 6into (1),
y=-2

o é(gx—?) )

logs(14 — 2¥) — logex = 0.5 .

(V1]

(1]

(1]

(V1]

[Al]
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(a) Express y = —3x?% + 6x + 24 in the form of y = a(x + b)? + ¢, where a. b and ¢
are constants. 2]
y ==3x"+ 6x + 24
= —3(x% - 2x)+ 24
=-3(x*-2x+1-1)+24
=-3[(x—1)*-1]+ 24
=-3(x—-1)*+27 [B1/B1]

(b) Sketch the graph of y = —3x? + 6x + 24. Label the turning point and y-intercept.

2]
; B1 max cune shape / max poim“ ] L
. Bly intercept ‘ T y
| f Lt ‘
\
/|
/
/
+ .
] lf
- 0
- A 4GS t
W -
(c) Hence, explain why y cannot exceed 27. [1]

Since (x — 2)* 2 0 for all real values of x, OR the maximum point is (1,27),

the maximum value of y =27 and thus y cannot exceed 27 [B1]
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3.

The cubic polymorial f(x) = 32 + ke? — 14x + k leavesa remainder of 40 when divided

byx — 2 and it 15 exactly divisble by x + 2

Showthat k =1and k = —B
f(3) =40

2(3)7 + (3% — 14(3) + k = 40
Bl +9% —42+ &k =40

Ph+ k=1 (eqnl)

f(=2)=0

3-2 +n(-2D* - 14(-2) +k =0
-24 +4k+2B+ k=10

k=—4 -4k (eqn2)

Sub (D into (1), Ph—4—ak =1
Sh =5
h=1

sub = 1 into (2), k = —B

PartnerinLearning
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(b} Hence, solve the cubic equation f(x) = 0. 4
243+ %x* - 144 -B=10
f=5 =0

(x + 2) 15 a factor

(x+2)(Bx*-Sx -4 =0 VI for quadratic factor]
t+2=0p0r 3x° -5 -4 =0

NN i)
=3 o =~ TS

2 (vI1]
¥ =—2, x=226 x=-0591 (3sf) [A11a1]
. . . : 8
Find the terra inde pendent of x in the expansmnof( ] —;_) ; [3]
o= (5 e (-2) i
1 T
1= () (l)
T‘r+l - (E:) (_g)fx 24—4r
24— 4r =0
=5 1]
Term independent of x = 20412 [&1]
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(a)

(b)

Write down and simplify the first three terms in the expansion of (2 — 3x)°®. (2]
=964 (6Y 95/ 6Y 043,32 4 ... N

=26+ (1)2 (—3x) + (2)2( 3x)% + [M1]

=64 —576x + 2160x% + --- [M1]

: . e A . ;
Hence, find the value of p if the coefficient of the ~ term in the expansion

(3-&)@-30°%is 1216 [3]

X

1
—— L) (64— 576x + 216022 + )
x xZ

w¥ Pg
== x"-( 576x) +

64 576
X X

Coefficient of% =1216

64 + 576p = 1216 [M1. M1 - for each coefficeient ofi]
576p = 1152
p=2 [Al]
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The population of a species is measured daily. The results are tabulated in the table below.

Number of days, ¢ 1 2 3 4 5
Population, P 174 192 211 232 255
g P 2.24 2.28 2.32 2.37 2.41

(a)

ih

240

2.30

b
o
"y

2.10

It is known that #and P are related by the equation P = ab" , where a and b are constants.

Express this equation in a form suitable for plotting a straight line graph of

lg P against t. (2]
P=ab’
IgP = lgab* [MI]
IgP = lga + igb*
IgP = tigh + lga [Al]
in the orid helanw nlnt 162 aoainct + and Araw a ctraioht line oranh [2]
!
| 2 3 4 S
9
Bl cut y axis
B1 join 5 points with straight line

214
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{c) Explaim what the value of o represents.

It 15 the 1nrhial population of the species.
It 1s the population when ¢ = 0. [B1]
It 15 the population at the beginning.

(d) (1) Use your graph to estimate the value of a.

y-1nterce pt=2.195 MvIl]
lga = 2155

lga = 21951910

a = 1p21ss

& = 15667

e =157 (35/) [A1]

(1)  Use your graph to estimate the value of b,

L 241-278 1
gradient = ——— (1]
14

T 100

12
1gb = =——1g10

330
b = 10700 [A1]
b =110 (3sf)

(a)  State the values between which the principal values of tanlx raust lie.

—80° < tan~Llx « Qp°

[B1] accept E

(6)  Express the principal value of sin (Z) in radians as & multiple of .

i (4) =3 2
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10. Itisgiventhaty, = 3cos bx + cand ¥, = —1 + 2 sin 3x.

(a) Find the value of ¢, given that the maximum value of y, is 4.
at+c=4
c=1 [B1]

(b)  Find the value of b, given that the period of y is 180°.
b=2 [B1]

(¢)  Sketchthe graphof y, = —1 4 2 sin 3x for 0 < x < 180°%.

PY B1 for correct period, 1.5 complete cycles
B1 for correct shape of sine graph
B 1for correct min and max points

[1]

(3]

(d) Explain how the graphical method can be used to find the solutions of

2sin3x — 3cosbx =c+1for0 <x<360°

Sketch the graph of y=3 cos bx 4 c on the graph ~ [B1]
in (b) and find the points of intersections of the 2
curves.
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1. Without using a calculator, find the exact value of

Show all workings clearly.

sin 45° /2 1
cos60° 2 2
=2
14+cos2x
12. (a) Prove that — = cotx.
sin2x

14+cos2x _ 1+2cos?x—1

sin2x 2sinxcosx
__ 2cos®x
- 2sinxcosx
= cotx
1+cos4x 1
(b) Hence, solve ———— =
sindx
1
cot2x = ——
3
tan2x = =3
x= tan"1(3)
x= 1.2490

—=for0 < x < 2m.
3

(M1]

26 = 1.8925,5.0341,8.1756,11.317

6 = 0.946, 2.52, 4.09, 5.66

PartnerinLearning
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(1]

[B1]

(2]

[M1 for either]

[Al]

(3]

[Al, Al]
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x? +4x-2

p in partial fractions. [5]

13.  Express

x? +4x-2 5x-2

x2—x xZ-x

5x-2 M1 by long division
x{x—1)

Bx—32 _A+ B
x(x—1) x x-1 [M1.M1]

5x—2=A(x—-1)+Bx

Subx =1
B = [M1]
Subx =
I PR |
A= [M1]
x% 4+ 4x-2 14242

xZ—x x—1

13
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14 Acircle has the equation %2 + ¥? — Zx — 6y = 22 with centre C.

(a) Find the coordinates of the centre and radius of the circle. [2]
[ = :—2 ._E 1
I_,.,gnt‘e = _2::] [E’ ]
=(1,3)

Radius=./1+ 8 - (-22)
=32
= 5.66 units [B1]

(b)  The equation of the circle represents the area of Wi-Fi signal coverage where the
centre of the circle is the location of the Wi-Fi moderm.

Explain if an indrvidual standing ata point X(4,2) isable to receive Wi-Fisignal on

his electronic device. Show your working. [2]
Length of CF
= Ja-D2+ (2 - 3)°
=410
=316 Ml

Since the length of CY is less than the radiusof the Al
circle, the person is standing inside the circle and is
able o receive Wif-Fi signal.

14
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{c)  Apoint P(5, g) lieson the circle where g < 0. Aline 45 passing through point P1s
perpendic ular to the line CP. Find the equation of A5 [3]

5% + 9% —2(5)— &y =22

y—6y—-7=0

p-Tp+1)=0

=7 (refJory=—1 (V]

P(5, —1)

Gradient of CP = 3215_:55

=-1
Gradient of 48 =1 (]

Eguation of AB:
y= (D =1-5
P+1=%x-5

y=x-6 [41]

15
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15.

Find the range of k where the line y = x + k and the curve x* + y? = 2 do no intersect. [4]

x?4+ y?=2-eqn(l)
v=x+k -eqn(2)

Sub (2) into (1).

i+ (x+i)=2

x4+ x? + 2kx+k*=2
2x2 4+ 2kx+k*—-2=0

b* — 4ac < 0
(2k)? — 4(2) (k2 -2) < 0
4k* - 8k2+16<0
-4k +16 <0
-k?+4<0

k?—4>0
(k+2)k=2)>0

/ /i /4
-1\ /»

k<-—20rk%2
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: ; 3 24 :
16. Giventhatsind = — = and cos B = —— where 4 and B are in the same quadrant.

Calculate the value of

(a) sec A . (2]
4 -24
B3] < T As
coSA = —?
__1 M1
secd = cossA
=—< Al
(b) sin(4d+B), [2]
sin(A4 + B) = sinAcosB + cosAsinB
3 24 4 7
S NE R
-5 Al
(c) tan 24 . [2]
tan 24 2tanA
an = — wo @ 3
1-tan?4 -
_ 2 M
= 2
-()
. Al
7
17
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17. The figure shows two right angled triangles 4BE and BCD. Line 4B is perpendicular to the
line BC. It is given that £BCD = 8°, AB= 3 ¢cmand BC =9 cm.

B
cm
& L 9 cm
u i

(@)

(b)

s

k‘e

D
Show that the horizontal distance, 7. , between point.4 and C, in terms of 8 is given
by
L = 3sin@ + YcosH. [2]
o AE
sing = 3
AE = 3sing [B1]
9 cD
COS T —
U
CD = 9cos8 [B1]

L = 3sinf + 9cosb (shown )

Express 3sinf + 9cos in the form Rcos(f—«) where R > 0 and x isacute.  [3]

3sind + 9cos8 = Reos(x—x)
9cos8 + 3sinf = Rcos(x—)

V9% + 32
V90

fl

R
R

o= tan™! 3
o= 18.435°

9cos@ + 3sind = V90cos(x — 18.4°)
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(@)

State the maximum value of L and the corresponding value of 8.

Max value = V90 [B1]

V90cos(x — 18.4°) = /90
cos(x—18.4°) =1

x= cos~1(1)

s P [M1]
x — 18.4° = 0°
x = 184° [Al]

Find the value(s) of @ when L = v55 em.

V90cos(x — 18.4°) = V55

cos(x — 18.4°) = 2= [M1]

9
. » (JEE)
= C0OS —
V90
x= 38.580° M1}

E

x — 18.4° = 38.580°, 360° —38.580°
x = 56.98°, 339.855° &
x =57.0°, 339.9°(rej) [A1]
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