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Mathematical Formulae
1. ALGEBRA

Quadratic Equation
For the equation ax” +bx+c=0,a#0,

i ~b+Jb* -4ac

2a
Binomial expansion U r'f""\""'i’", 1
n n % o n v
(a+b)"=a"+| |a"" b+ _|a"b* +...+| |a®"b" +...4b",
1 2 Py 220 :
. TR n ! =1)..(n-
where # is a posilive integer and — = HUE R l).
r) (n=r)ir! r

2. TRIGONOMETRY

Identities
sinff A+cos*d=1
sec?A=1+tan* 4
cosec’ A= 1+cot? 4
sin (4 £ B) =sin 4 cos B £ cos 4 sin B
cos (A + B)=cos A cos B F sinAsinB
tan A+ tan B
I¥tanAtan B
sin 24 = 2sin Acos A
cos 24 =cos? A—sin* A=2cos? A—1=1—2sin* 4
2tan A4
1-tan* 4

tan(A+ B) =

tan 24 =

a b ¢
sind sinB sinC’
a?=b?+ ¢? - 2bc cos A.

Formulae for AABC

=l ab sin C.
2
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2(a)

(b)

3
Find the range of values of x for which (2x-1)x+4)<18.

Express the principle values of the following in terms of .

(i) cos™ (%J ,

(ii) sin"(- 7’_;)

State the range of values of x for which cos™ x and sin™ x are defined.

The equation of a curve is given by y = 2x+—9;-. A point (x, y) moves along the
*

curve in such a way that the x-coordinate is increasing at a constant rate of 0.08
units per second. Find the corresponding rate of change of the y-coordinate at the

instant when x =4,

Find the value of y for which Si’fT =572,

3]

(1

(1]
(1

[3]

[4]

| «g@ __

5 Given that f(x) = (2x+1)"x", find the value of £ (2).
6 ILis given that the curve y* = kx, where k is a constant, passes through the point
A(6, 3).
(i) Find the value of k. {1
The points B( 2% ,2)and (( 2—;-. ~2) also lie on the curve.
(i) Sketch the graph, marking the points 4, B and C clearly. [2]
(iii)  Find the area of the triangle ABC. 2]
BHSS 4N AM Prelim Examinations 2016 . 4044/01
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P i (a)  Find the range of values of ¢ for which 2x* + gx— ¢ is always positive.

(b)  Find the range of values of k for which the line y = kx — 2 intersect the

3 _— :
curve y = l" at two distinct points.

Inan AC circuit, the current / amperes is modeled by the following sine function
I =16sin3t, where ¢ is the time in milliseconds.

(i) State the amplitude of the current.

(i) Find the time at the first instant when the current is lO‘arhpercs.

(iii)  Sketch the graph of / for the interval 0 <t <.

The function f(x) = ax" + x* + bx —4 has a factor of x— 2 and a stationary value
at x=1.
(i) Find the value of @ and of b.

(if)  Hence, factorise f(x) completely.

(a)  The first three terms in the expansion, in ascending powers of x, of

(3 +4x?)*are a+bx® +cx*. Find the values of a, b and .

10
(b)  The term independent of x in the expansion of (x’ +£J is 210. Find
e

the value of p where p > 0.

3]

3]

(1]
(3]
[3]

(5]
(2]

(3]

(5]
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; . ; | g
}1 (i) Prove the identity —— — is,"— =tanx.
cosx l+sinx

(ii)  Hence, find all the angles between 0° and 360° for which

. cos2x __5_
cos2x l+sin2x 12

. 1
12 a Find | ———— dx.
@ I (7x+ 2)l
(b) (i) Given that y = 2x , show that the first derivative is
3+2x
(i) Hence evaluate r _2x(‘\_+31) X

-2 (3+2x)°
END OF PAPER

(4]

(4]

3]

(4]

(4]
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Solutions
1 (2x-1)x+4)<18
2%+ 8x—-x-4<18 Ml
22+ 7x-22<0
@2x+ 11)(x~2)<0 Ml
-5.5<x<2 Al
2(a)(i) Ls Bl
6
20)ii) | Bl
4
2(b) ol <R<) Bl
3.
y=2x+i!
X
d;v_z_lg Ml
dx X
When x=4, d_y=§
dx 32
dy _d dx
dt  dx dt
_ 55 1
—;2—)(0.08-% Ml Al
4 1
_5_2‘_'%_= lsy-.
%=5T M1
Sy—l___s%z Ml
_r-2?
l-y== MI
1
==
=3 Al
5. flx) = (2.\'+l)"xJ
£(x) =332 + 1) + T @2x + DY2) MR M1 M
= 2(2x + 1)5(20x + 3) Ml
£(2) = 2687500 Al
6(i) V=kx
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ALA(6, 3), 3% = 6k
k= 1% (B1)
6(ii) [B1] Shape
[B1] Points marked correctly
S0 | AreaofatnC= %(4(6—2%) Lt
= 6% units? (Al)
7(a) For 2x* +gx - g to be always positive,
bt —4ac<0 [(M1)
g -4(2)(-9) <0
g +8g<0 (M1
$<4%0 (A1)
7(b) y=32=2 k2
1-2x
=>kx—2=3x—2 M1]
1-2x
(kx=2)(1 -2x)=3x-2
2t —kx-x=0
Siqce line intersects curve at 2 distinct points [M1]
b*—4ac>0
(k=1)2>0
k>-lork<-l1 [Al]
3(0) 16 [B1]
8(ii) 16sin3¢=10
sin3t = g (1]
a=0.675 M1]
3t=0.675
t=0.225 ms (Al]
8(iii) [B1] correct shape
[B1] correct max and min value
[B1] correct x intercepts

BHSS 4N AM Prelim Examinations 2016
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9(i) f(x) = ax* + x* +bx -4
f(2)=0
a2’)+2*+2b-4=0
4a+b=0---(1) (M1]
f'(x)=3axt +2x+b [M1]
f (1)=0
3a+2+b=0--(2) (M1]
Using substitution method,
a=2,b=-8 Al Al
9(ii) fx)= 2x" + x* -8x-4
=(x=2)(2x2+5x+2) [M1]
=(x=-2)2x+ 1)(x+2) [Al]
10(a) 3+ 42 = g+ bx? +ox'
a= 6561, b= 69984, c = 326592 [Bl, BI, Bl]
10(b) [x) ) P!Jlo
X
- (Vfer(2) B
= [IO)XW-,, o -
r
For term independent of x,
30-5r=0 (1]
r=6 (M1]
(f)p‘ =210
210 p¢ =210
p=1sincep>0 (Al
HO |y yge 1 _cosx
cosx l+sinx
_ 1+sinx—cos® x M1]
cos x(1 +sin x)
_ sin’ x+sinx
cos x(1 +sin x) M1
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_ sin x(sin x+1 !
cos x(1 +sin x) M1]
_ sinx
cos x
=tan x = RHS [Al]
11(ii) I cos2x _ 5
cos2x l+sin2x 12
tan 2x = % (M1]
M1]
a=22.6°
2x=22.6°,202.6°, 382.6°, 562.6°
x=11.3°,101.3°, 191.3°, 281.3° (AL Al]
12(a) 1 "
—— dx= [(7x+2)" dx
I (7x+2) I ( )
7 M1, M1
_Gxs2) [ ]
7))
1 (A1)
= ___—1+
49(7x+2)
12(b)(i) X ‘
T 342x €
dy _ (3+2x)dx)-2x*(2) (M1, M1] ; Q) '
dx (3+2x) K
_ax12x (M1)
(B3+2x)
_ 4x(x+3) [A1]
(B+2x)
12(b)(ii) | , a
(b)(ii) I 4x(x+3,) g |22
-2 (3 +2x)° 3+2x ]|,
I M ._._i]
(34 2x)° "33 = (M1, M1]
[ g ()8
(3+2x) 27 7 (ML, Al]
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax® +bx+c=0,a+#0,
_=b% Vb* - 4ac

2a

X

Binomial expansion

(a+b)" =a" +(';Ja"" l7+(;]a"':b2 + ...+[:Ja“"b' +...+b",

. . . n
wheren is a positive integer and =
r) (n=r)lr! ot

2. TRIGONOMETRY

Identities
sin® A+cos’Ad=1
sec? A =1 +tan? 4
cosec? A= 1+cot? 4
sin (4 + B) = sin 4 cos B * cos A4 sin B
cos (A B)=cos Acos B F sinAsin B
tan A+ tan B
1 ¥tan Atan B
sin 24 = 2sin Acos A
cos 24 =cos? A —sin* A =2cos? A — | = | —2sin? A
2tan A
1-tan* A4

tan(A+ B) =

tan 24 =

a b ¢
sin4d sinB sinC
a?=b?+ ¢? - 2bc cos A.

Formulae for AABC

- ab sin C.
2

n! _n(n=1)..(n—=r+l)
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1. Given that 2x* + x? + x+ 1= (x’ - lXAx2 + 3)+ Bx +C, find the values of 4, B 7 "

and C. Hence, find the remainder when 20 111 is divided by 99 by assigning a 21 cm

suitable value to x. (5] R

125 cm
2. Solve, for angles between 0 and 2,
cos2x—3cosx =1 (5]
g 1

P o

3 A rectangular box has a square base of side (3+ 2J§) cm. Find its height in the
The following figure shows a machining tool PQOR leaning against a vertical wall

form of a + b+/5 if the volume is (93 + Sl\/g) cm’. (5] " .
ORIt is given that QR =21 cm, PQ = 125 cm, ZPQR = ZPOR =90°. OP is the
distance between the foot of the wall and the support of the machining tool, and it
is such that OP = 21sin @ + 125 cosé 3
4 Solve the equation 22**' — 3(2 e )— 8=0 (5] (i) Express OP in the form R sin (6 + a), where R > 0 and « is an acute
angle. * (3]
Hence
5 Given that the roots of 2x” —~8x+13 =0 are aand §, (i)  state the greatest distance between the foot of the wall and the
@ evaluate a’ + f°, 3] support of the tool and find the corresponding value of 6, (3]
(i)  hence find the quadratic equation whose roots are alz + El-? : % .I (iii)  find the value of &when OP = 100 cm. . L - (2]
o\
8 The equation of a circle Cis x> + y* +4x—6y+4=0
6 A curve for which % = ':—, - x, where k is a constant, has a stationary pointat (i)  Find the radius of the circle and the coordinates of the centre of C. [4)
1 (ii) Explain why C touches the x-axis. 3]
G- 85 )- (iii)  Find the equation of another circle which is a reflection of C in the line
(i) Find the value of . 2] =-1. o ) [2]
(i)  Find the equation of the curve. 3] ' e
(iii)  Determinc the nature of the turning point (3, -8 -;— ). 2]
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10

A closed cylindrical can of negligible thickness, radius » cm and height 4 cm, is to *

5

be constructed to hold a liquid of 3507 cm®. The cost is least if the cans have the

smallest possible surface area.

(@

(i)

(iii)

Express /i in terms of r and show that the total surface area of the

cylindrical canis 4 =2m> + 7007 :
>

Given that r can vary, find the dimensions of the can (i.e. » and /) when the
surface area is the least.

The material used to manufacture the can cost $0.05 per 1000 cm?. Find
the value of 4 when the cost is the least, and hence find the minimum cost

of producing 1000 cans.

A c

The diagram shows part of the curve y = v/3x-2, intersccting the x-axis at A.

The tangent and normal to the point at D(2, 2) cut the y-axis at B and x-axis at C

(3]

(4]

(3]

respectively.
(i) Find the coordinates of A. [
(ii) Find the equation of the line CD. [3]
(iii)  Find the coordinates of C. [1]
(iv)  Find the area of the shaded region. (5]
END OF PAPER
BHSS 4N AM Prelim Examinations 2016 4044/02
7

Solutions
1 2x‘+x’+x+l=(x1-lXAx’+3)+Bx+C
A=2,B=1,C=4 [BI, BI, BI]
2x‘+x‘+x+l=(x’—lX2x’+3)+x+C
21049+ 102+ 10+ 1=20 111
= x=10 ML
Hence, remainder= 10 + 4 = 14 (Al
2 cos2x—3cosx =1 :
2cos® x=1-3cosx=1 MI]
2cos*x-3cosx—2=0
(cos x=2)(2cosx+1)=0 M1]
cos x =2 => no solution (Al]
COS»\'=—"I‘
2
WL M1]
3
gz Ax (Al]
3 3
3 Height >
934515
Be2va) M1)
9345145
T 2941245 M1]
_(o3+5145)29-1245)
29 -(1245) (M1)
_ —363;;?63\/5 1]
=-3+35 (A1)
4 2> -3(2')-8=0
2% x2-32"x2)-8=0 (M1]
Letu=2%
2t -6u—-8=0 L

BHSS 4N AM Prelim Examinations 2016
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(u—4)u+1)=0 [M1]
u=4or-|
2°=—1 => no solution [A1]
=45 x=2 [A1]
5(i) 2x -8x+13=0
Ml
a+f=4; aﬂ:-ll (M
2
a*+p=(a+p) -2ap M1]
= [Al]
5(ii) 1 | 12 [M1]
—t—=—
a’ B 169
LI - 3 (M1]
a’ pr o169
¢ g4 [A1]
Hence, x* — ——x+ — =0
ence, X l69x+169
6(i) ﬂ:%-x
x x
k
thnx=3.3—1—3—0
[B1]
k=27
1 Y
o |y _27__
dx x?
y= 2—Z—xd1
X
27x%  x?
= -—C Ml
T [M1]
L (M1]
x 2
At(3,—8—;—).C=5
2 [Al]
Hence, =-—7—'\—+5
2
6(iii) Q—-ﬁ—l (M1]
dx? X'

“U4s UL
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Whenx=3, 92 - 3 <o
dx

Hence, (3, - 8%) is a maximum point.

(A1)

70) R=21" +125% = J16066 (Mi]

a=80.5° (M1]

Hence, msin(g + 80.5') I
7(ii) Greatest distance = 127 cm (3 sf) [B1]

sin (6+80.5°) = | (M1]

6+80.5° = 90°

6=9.5° (Al]
7(iii) 21sin@ +125cos @ = 100

16066 sin(0 +80.5") =100
; g 100

sin(@ +80.5 ):Jﬁso_ss 1)

a=52.1°

6+ 80.5° = 52.1° (NA), 127.9°

f=474° ° (A1)
8(i) X4y 4dx-6y+4=0

RHax+22 =224 P 6y + (3 —(-3) +4=0 LMY

(x+20+(y-3y=9

Hence, centre = (-2, 3), radius =3 (AL, Al]
8(i) | Wheny=0, M1]

X+4x+4=0

¢ =2 (M1]

Since there is only 1 root, C touches the x-axis. [Al]
8(iii) New centre = (-2, -5) [M1]

Hence, (x +2)}+ (y+ 5)2=9 [Al]
9(i) 3507 = mh

20 s

=3
A=2m? +2mh M1]

4044/02
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ol

=2m + 270'(2)
r

o 4 00T (A1]
r
9(ii) ZB ) M1]
dr 2
i T8, 4 (M1]
" (A1)
r=559cm (Al]
h=112cm
9(iii) A =590 cm? (3 sf) [BI]
Codts 589.739x1000x0.05 M1]
1000 [Al]
=$29.49
10(i) 4=%,0) [B1]
0G) | dy _1 5]
= =5 0x-2)30)
S MI]
2J3x-2
Whenx=2, Q=-3—
dx 4
4
= mCD:_E M1
! 4 14
Hence, CD: y=—§x+7 [Al]-
10Gi) (51 o) (B1]
2
10(iv) Area of shaded region
2 M
=I: ,3):_2 dy + l(l)(z) [Ml ”
3 2(2
2
3
_| Bx-2): [M1]

+ 1.5

G

wiia

BHSS 4N AM Prelim Examinations 2016

l A )

4044/02

TIM1]

[A1]
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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the cquation ax? + bx +c¢ =0,

x_—b:t\/bz—4ac

4044/02
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Paper 1 02 August 2016
1000 = 1145 (@a+b)"=a"+ (q) a* b+ (Tzl) a"2h% 4 -+ (7:) ar b+ 4 b,
1 hour 45 minutes
Additional Materials: 8 pieces of writing paper where n is a positive integer and (:) s (n-':-!)l — = n(n—l);fﬂ-rﬂ)

READ THESE INSTRUCTIONS FIRST

Write your name, class and register number on all the work you hand in.
Write in dark blue or black pen on both sides of the paper.

You may use a soft pencil for any diagrams or graphs.

Do not use staple, paper clips, highlighters, glue or correction fluid.

Answer all questions.

Write your answers on the separate answer paper provided. ¢
Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in-thecase of
angles in degrees, unless a different level of accuracy is specified in the question.

The use of an approved 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 70.

This document consists of S printed pages.
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2. Trigonometry
Identities
sin®A + cos®A = 1
sec?A =1 + tan?A
cosec’4 = 1 + cot?A
sin(A+B) = sinAcosB+tcosAsinB

cos (A+B) = cos Acos B F sinAsin B

tanA ttanp
1¥tanAtan8

tan(A+B) =
sin2A = 2sinAcos A

cos 2A = cos?A -sin?A = 2 cos?A -1 =1- 2 sin’4

tan2A = _21anA
1-tan?A
Formulae for AABC

a b c

sinA_ sin8  sinC

a? =b%+c%—2bccosA

1 o
= ;ab sinC

Apply your past knowledge to new situations! Page 2
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1 Find fﬁ dx (3] 7 (@) Expand (1+3x)(1—x)% as far as the term in 2%, (3]
(i)  Hence, by using an appropriate substitution for x, evaluate 1.03 x 0.996.
Give your answer correct to 5 decimal places. [2]
2 Given that 2y = 4x? — 6x — 1, determine the range of values of x for which
y<-13. 3] ; " .
2 8 (i) Using the substitution u = 8a®, or otherwise, express 64a® — 1
v as a product of two factors. [2]
3 ()  Differentiate xv2Zx+1 with respectto x and show that it reduces to % L[ (i) Hence, by considering the sums and differences of cubes,
12x+4 express 64a®—1 asa product of four factors with integer coefficients. [3]
(i)  Hence, find fﬁ dx . [2)
9 y
4 The carriage of a roller coaster reaches y metres above the ground when it is horizontally +*~
x metres away from the starting point, where y =a sin2x+b for 0 <x <. T
The carriage reaches a maximum height of 35 metres and a minimum height of 5 metres
above the ground respectively. el
@) Calculate the values of a and of b. [2)
(ii) With reference to (i), determine the maximum height of the carriage if
(a)  only the value of @ is halved. n 6. 2.5)
(b)  only the value of b is doubled. [1] T
5 The following rhombus is made up of eight equilateral triangles of side x cm, 4 .l
X : 4
‘\ | Y
0 : : = i
x 4 2 4
X The diagram above shows the graph y = 3 —sin4x, for 0 < x <m, passing through
()  Show that the area of the rhombus, 4 cm?, is given by the equation the points (a, 2.5), (b, 4.5) and (c, 2.5), where a, b and ¢ are constants.
A=23x2 . 2] (i) State the amplitude and period of the graph. 2]
(i)  Given that 4 is increasing at a constant rate of 83 cm?/s, calculate the value (i) Using the symmetry of the graph, or otherwise, and making a the subject;
of the rate of increase of x when x =4. 3] find an equation connecting
(a) a,candm, [1]
; (b) abandnm. ' 2
g O The pemts P(— _;' 7L 2(2,1) and Re,y) lieyon the saine Cartesian plane. (iii)  State the range of values of x, for 0 < x < ; such that the graph is strictly
If angle POR is a right angle, find the value of y. ' (3] increasing. ‘ 0
(ii)  Find the area of triangle PQR. [2]
Apply your past knowledge to new situations! Page 3 Apply your past knowledge to new situations! Page 4
BBSS/Prelims/20]6/Sec 4NA/Add Maths/Paper | BESS/Prelims?2016/Sce INA/Add Maths/Paper 1
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10 0] Find, in radians, the two principal values of @ for which
Stan?@ + 24tanf — 5 = 0.

(i) By using a suitable trigonometric identity, explain why the values of & found

in part (i) satisfy the equation tan26 = ;s; .

11 The equation of the tangent at the point P(10,—10) on the parabola y? =

is 2y+x+10=0.
(i) Find the equation of the normal to the parabola at P.

The normal to the parabola at 4 intersects the parabola again at the point B.

(ii) Find the coordinates of B.
(iii)  Sketch the parabola and the normal to the parabola at 4,
clearly marking the points 4 and B on your sketch.

12 The roots of the equation x> —6x+2 =0 are a and }.
(0] State the value of a + f andof af.

(ii)  Hence, evaluate a? + 2.
1

(ili)  Find a quadratic equation with roots ;1; —p? and i a?,

Give your answer in the form ax? + bx + ¢ =0 where a, b and ¢ are integers. [5]

13 The function f(x) is defined by f(x) = %xa + kx, for all real values of x.

(i) Find the range of values of & for which f(x) has no stationary points.

i)  If k= -4,

(a) state the number of stationary points,

(b) find the coordinates of the stationary points,
(iii)  If f(x) has only one stationary point,

(a)  state the value(s) of &,

(b)  determine the nature of this stationary point.

- End of Paper -
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Qn | Solutions Marks
4
[2] I(Zx—s)’ dx
=4 [(2x —5)73 dx
(2x-5)"
1 [=e[E2 o J+e Ml M
= (2x—5)1 Gt ¢ Al
(2 :
2y =4x* —6x—1
=202 -3x-1
3) g :
Wheny < -1 1.
(2 v
2 212—34\?—;(—1; MlI
2x2-3x+1<0
(Cx—-1D(x-1)<0 Mi
1
[2] o okt A7 o B Al
[1]
i(xdlx +1)
= [x(2x + 1):]
. = (1) (2x + 1)732) + (2x + D3(D) Ml
: & SO SIS PPt
=+ 1) 73 (x+2x +1) Al
21 _ 3x+1
= (shown)
[l] 12x+4
I \/274-—'
(31 -] 3x+1
- o Mi
= 4[x\/2x + 1] +c
(1 =4x\2x+1+c¢ Al
(2]
Page 5 Apply your past knowledge to new situations! Page 6
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Qn

Solutions-

Marks

4(a)

EITHER OR
y=asin2x+b

Max height achieved when sin 2x
=1

35=a(1)+b

35=a+b )

Min height achieved when sin 2x
=] Difference between max and min
S=a(-1)+b is 30 metres,

S==—-a+b 2) 30

a=? ‘
M+@) a=15
40 = 2b
el b=5+2
When b = 20, b =20
35 =a+20

a=15

Bl

Answers (Page )

BBSS/Prelims/2016/Sec 4NA/Add Maths/Paper |

4(b)(i)

(Maximum height would decrease by 7.5 m, from 35 m to)
27.5m.

Bl

allow ECF
accept answer
based on 4(a)

4(b)(ii)

(Maximum height would increase by 20 m, from 35 m to)
55 m.

Bi

allow ECF
accept answer
based on 4(a)

5(i)

EITHER OR
h=(2x)? - x?
h=+3x?
h=+3x
A= Zx(\/3_x)
A =2y3x?

A=8 [; (x)(x) sin (;)]
a=0s ()

&A= 2V3x?

Ml
Al

N

5(ii)

dA _da _ dx | dx

dA  dA
= ¥ opectd
de dx ~ dt

3 de o ax
dA

i 8v3 (given in question)

e
I

XS
@

dx _ 2

When x = 4,
dx =3

a4
dx
P 0.5 cm/s

Ml

MI

Al

Qn Solutions Marks
PQOR is aright angle, Accept other correct
Gradient PQ x gradient QR = — working steps
1-(-2 =

Exit=-1 Ml
2= -2 1—2
CEVE i
6i X T{ =-1
_20-1) _ s
= MI
2y=2=5
y=32 Al
Area of triangle POR
1 o
i
=2, N 4 MI
N 2
1 P | 1 7
o |=gfQv-3)-G-1-1)]
117
=)
= 44l units* Al
(1+3x)(1-x)°
=(1+3x)[1 - 6x + 15x% — 20x3 + 15x* + -] Ml
Since we are only required to expand up to the term in x*,

() (1+3x)(1 - x)¢
= 1(1 — 6x + 15x% = 20x3 + 15x*) + 3x(1 — 6x + 15x* — 20x%) | Ml
=1—3x—3x%+ 25x3 — 45x* Al

1.03 x 0.99°
= [1+3(0.01)][1 - (0.01)]¢
2 2~ 1 —3(0.01) — 3(0.01)? + 25(0.01)* — 45(0.01)* Ml
@ 1 - 0.96972455
= 0.96972 Correct to 5 d.p. Al
64a® -1
= (8a*) - (1)?

8i | =@W?*-(1)? " Ml

= (8a® +1)(8a% - 1) Al
64a® —1
= (8a® +1)(8a*-1)

o 1™ [(2a)? + 1]((2a)® - 1) Ml
= (2a +1)[(2a)? = (2a) + 1] (2a — 1)[(2a)* + (2a) + 1) MI
= (2a +1)(4a® — 2a + 1)(2a — 1)(4a® + 2a + 1) Al

Apply your past knowledge to new situations!
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Amswers (Fage 4) Amwers (Page §)
[ Qn [ Solutions Marks Qn | Solutions Marks : |
Amplitude: 1 Bl Equation of tangent at (10, —10):
9i Period: ; Bl 2y+x+10=0
y= —fx -5
c=a+3
< 11i | Gradient of normal = 2 Ml
Jiia |a=c—= Bl ;
2 Equation of normal at P(10, —10):
- y = (-10) = 2(x - 10)
a nw
Tg g Ml y=2x-30 Al
a+b=§ 5
9iib b y*=10x (1
a=% Al y=2x-30 (2)
w 3am i
_.. |EZaess Bl Sub (2).into (1)
9iii |8 8 (2x~=30)% = 10x
4x*=130x +900 = 0
Stan®0 + 24tanf - 5=0 2x% — 65x + 450 = 0 Ml
(Stang —1)(tan 8 +5) = 0 Ml (2x —45)(x-10) =0
tan @ =§ or tan@ = -5 Ml i x=22% or x =10 MI
10i Al :
0 = 0.1973955598 or § = —1.373400767 (Reject)
~0=0197 3sf) or 6§ =-137(3sf) Al Al
When x = 22 i-,
2tan @ 1
tan 26 = Zon L y=2(223)-30
5 _ _2tang =15
12 1-tan?6 Ml &
5(1 —tan?@) = 12(2tan 8) "
10ii | S—5tan?6 =24tan0 - - B (225,15 Al
Stan? 6+ 24tanf -5 =0 Al \ Q
- The values in part (i) satisfy the equation tan 26 = % & r GI Shape of curve
and straight line
G2 Points 4 and B
o labelled
11iii
Condone if graphs
are not labelled.
Apply your past knowledge to new situations! Page 9 Apply your past knowledge to new situations! Page 10.
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Answers (Page wers (Page 7]
Qn | Solutions Marks Qn_ | Solutions Marks
x2—6x+2=0 f(x) = =x® + kx
at+f=6 Bl 3
12i al; P BI i i M
To find stationary points, we let f'(x) = 0.
a’+p? = (a+ p)? - 2af 13a |¥*+k=0
iy |26 =007-2@) X2 =—k
a?+p*=32 Bl Since there are no stationary points,
k>0 Al
New roots — — % and — — a?
« Iz Ifk = —4,
1
Sum of new roots f(x) = -3-x3 —4x
~ioprakoat ()=t 4
=11 __2_p2 13bi | To find stationary points, we let f'(x) = 0.
=atmp-a*-p
at x% -4 =0
al+f?
= (a‘;‘)” _(a2+p2) Ml (x+2)(x—2)=0 Bl
_ 32 _ Henee there are 2 stationary points.
=or 32
=-24 Al (x# 2)(x—-2)=0
12iii | Product of new roots f & scZarr=2
=k o WY < wd
—(u‘ B )(ﬂ’ “« ) When x = -2,
= (7;5,- -1-1+(ap)? MI f(=2) =1 (~2)* - 4(~2)
P ST 2 ’
T @2 1-1+(2) 13pii | f(=2) = 5‘;- (—2,5%) Bl
=3 Al
When x = 2,
N:w iqu::;)n (9) . f(2) = -:;(2)3 —-4(2)
x4 =(24)x+(-)= 1 1
* f(2)=-53 a(2,-5= Bl
4x*+96x+9 =0 Al @ 3 ( 3)
To have exactly one stationary point,
13ci k=0 Bl
% 0.1 0 0.1 Accc!)( any reasonable
working step
@) + 0 +
13cii gradient / - /
shape of curve /—/ MI
There is a stationary point of inflexion at the point (0, 0). Al

Apply your past knowledge to new situations!
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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax? +bx + ¢ =0,

x__—b:ts/bz—4ac
- 2a

Binomial Expansion

(@+b)"=a™+ (Tll) a™ b+ ('21) a"2h% .+ (':) ;z“"b'r +ootb

n! _ n(n=1)..(n=r+1)

n —
r)] " (n-rirl rt

where n is a positive integer and ( )

2. Trigonometry
Identities
sin?A + cos?A = 1
sec?’A =1+ tan?4
cosec’A = 1 + cot?A
sin(A+B) = sinAcosB+cosAsinB

cos (A+B) =cosAcosB FsinAsinB

tanA t+tang
1¥tanAtanB

tan(A £ B) =
sin2A = 2sinAcosA
cos 24 = cos?A -sin?4 = 2cos?4-1 =1- 2 sin%4

2tanA
1-tanZa

tan24 =

Formulae for AABC

sinA sing  sinC

a? = b? +c* - 2bccos A

A =§absin(.‘

Apply your past knowledge to new situations! Page 2
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Find the gradient of the tangent to the curve y = Fae

3 atthepoint where x = 1.

(i) Write 9%~ as a power of 3.

(i)  Hence, or otherwise, find the value of x for which 9%*~1 = 27 x 34*+5,

I.5m

xm

The diagram (not drawn to scale) shows a rectangular courtyard x m long and y m wide
located outside Raffles Place MRT Station. It contains a walking path and a swing:
The shaded area represents the grass grown in the courtyard and the non-shaded area

represents the walking path. The swing occupies an area of 4 m”.

(@) Given that the total area of grass in the courtyard is 249.5 m?, show that
2xy —2x—3y =504.

(ii)  Given also that the perimeter of the courtyard is 70 m,
calculate the dimensions of the courtyard.

(i) Without using a calculator, express = in the form a + bv/2,
1+V2

where a and b are integers.

(i)  Hence, or otherwise, find the values of the integers p and ¢ for which

-3
S0 = (p+ VD) (0 VE).

(3]

(1]
[3]

[4]

(3]

(5]

__Apply your past knowledge to new situations!
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A x* d . . . .
Given that y = Ty find ﬁ and explain why y is an increasing

function. (4]
Given that y = 4x(x — 2)?%, find :—i and the set of values of x for which y is

decreasing. [4]

Angles 4 and B are such that 2sin(A — B) = 3cos(4 + B) .

0]
(i)

2tanB+3

Show that tanA = STl (4]
Given also that B = E, find, without using a calculator, tan A in the form
@~ b3, where a and b are rational numbers. (4]

The equation of a circle is x? + y%2 — 6x — 8y = 0.

(i) Find the coordinates of the centre of the circle and determine the length of the
radius. (4]
(i)  The point A(6, 8) lies on the circle.
Find the coordinates of the point B such that A8 is the diameter of the circle. [2]
(iii)  Theline 3x+ 4y =50 meets the circle at a point C.
Explain why this line is a tangent to the circle. (4]
Applv vour past knowledae In new situatione! BDSYETENmSI 21 0/Sec ANAIAMA Maths/per 7
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Apbly vour past knowledse to new situations!. . P = eaSoss Page.?
8 y
A
S(-=2,5)
v
P 0 0 R P
The diagram shows part of the curve y = x® + ax? —9x — 9, where a is an integer.
Giventhat x + 1 isa factorof x?+ax?—9x—9,
(i) show that the value of a is |1, (2]
(i)  solvetheequation x3+x?—9x—9 =0 and hence state the coordinates
of the points P, Q and R, where the curve meets the x-axis. [4]
A line through Q meets the curve again at the point S(—2,5). .
(iii)  Find the area of the shaded region between the curve and the line 0S. . c [Sj L
9 @@ @ Show that the equation 2 cosec?x + 7 cotx = 4cot? x + 5 may be
written in the form 2 cot? x — 7 cotx + 3 = 0. ' (11
(i)  Hence solve the equation 2 cosec?x + 7 cotx = 4 cot?x +5;
for 0° < x <180°. (4]
() (@) Express 4cosf — 3sinf inthe form Rcos(6 + a),
where R>0 and 0<a <1;- radians. [3]
(i)  Theheight, h metres, of a water wave at Sentosa Wave Pool is given by
h = 4cost — 3sint, where ¢ is the time in seconds after the start of the
artificial wave generator.
After how many seconds does the wave reach a height of 4 metres again? [3]
- End of Paper -
Apply your past knowledge to new situations! Page 5
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Amawery (Page |
Qn | Solutions Marks
_ Vax=1 _ (zx—r)%
Y= 3mass T axis
1 1
, (,,z-s)[;(zx_1)-;(1)]_(2,_ns(ax)
.t MlI
dx (3x2-5)2
When x =
1 P S 1
dy _ (3-5)|3(1)72(2) [~ (2)(6) Mi
dx (3-5)2
dy =8
x4
dy _ _
== Al
gx-1 = 32(x~1)
2i - 32):—2 BI
9x=1 — 27 % 34:+$
322 _ 38 o ghx+s M1
g |2E-2=3+4x+5 M1
2x = -10
x=-5 Al
xy —x(1) - y(1.5) + 1.5(1) — 4 = 249.5 Ml
- xy —x — 1.5y = 252 MI
! 2xy — 2x — 3y = 504 Al
2xy — 2x — 3y = 504 ()]
2x+2y =70 2
y=35-x 3) Ml
Sub (3) into (1)
2x(35 —x) —2x - 3(35 — x) = 504
70x—2x% — 2x — 105 + 3x = 504
2x? —71x +609 = 0
(2x-29)(x-21)=0
3ii sx=1450rx=21 Al
When x = 14.5,
y=35-145 '
y = 20.5 (Reject, since x> y) Ml
When x = 21,
y=35-21
y=14 : .
~.Dimensions of the courtyard are 2] m x 14 n. Al

Apply your past knowledge to new situations!
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Amwers (Pape 2)
Qn Solutions ; Marks
3-VZ_3-7, 1-v2 Ml
12 12 1-v2
3-VZ-3vV2+2
I MI
di _ 542
-1
==5+4y2Z Al
3-V2
e +VD)( VD)
—-5+4VZ=(pqg—2)+(q-p)VZ Mi
By comparison,
Pqg—=2=-5
pg=-3 (O]
g-p=4
p=q-4 (2) Mi
4ii | Sub(2)into (1),
q(g-4)=-3
9 -49+3=0
(g-D(@-3)=0
“q=1lorq=3 Al
Wheng =1,
p=-3 Al
When g =3,
p=-1 Al
X’
y= x3+4
dy _ !x’+4!!3x' !-!x’!(zx)
x (x2+4)2 Mi
_ 3x*412x-2x¢
(x2+4)2
_ x*+12x2 3
= Al Q
x* > 0and 12x? > 0,2 x* +12x% > 0. Also, (x? +4)2 > 0 Ml
2
Hence, ’;;:% > 0 and therefore y is an increasing function. Al
y = 4x(x - 2)3
2 = 4x(3)(x - 2)2(1) + (x - 2)°(4) Ml
L = (x-2)2[12x + 4(x - 2)]
¥ = (x - 2)*(12x + 4x - )
b | 2 =82~ 1)(x —2)? Al
For y to be decreasing, :—: <0
8(2x-1)(x-2)2<0
(2x—=1) <0 since 8(x—-2)2>0 Ml
. 1
sx <3 Al
Annly vour nact knmuladee to naw citiatinncl Paoe 7
Answens (Foge 4
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Amwers (Page 3)
Qn Solutions Marks
2sin(A - B) = 3cos(A + B)
2(sin Acos B — cos Asin B) = 3(cos A cos B —sinAsin B) Ml
2sinAcosB —2cosAsinB =3 cosAcos B — 3sinAsin B
Divide throughout by cos A cos B,
6i 2tanA—-2tanB =3 -3tanAtan B Ml
2tanA +3tanAtanB = 2tanB + 3
tanA(2+3tanB) = 2tanB + 3 MI
2tan B+3
tan4 = SRS (shown) Al
Either Or
_ 2tan(3)+3 tanA_"mg”
GnA4 3tan(3)+2 3tan(%)+2
_? L3 - 2(7:5)” Mi
3(-31 +2 &)
2349 1434
R =V
6il SR 27
_23+9  3/3-6 _243V3  3-2V3
3/i+s ” 3/3-6 =342 X3 M
_ 18-12/3427/3-54 _ 6=4V349V3-18
= 27-36 T g ;
_ =3641543 _5V3-12 Ml
I )
=4-2yv3 =4-33 Al
deisliisvinces nmer & Vinel oo n dncinan 7 i sames P2 O
Amwery (Fage &
Qn Solutions Marks ]
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[ Qn" [Solutions == "=t wyE e e Marks Qn__ | Solutions Marks |
Either OR Letf(x) = x* + ax* —9x — 9
-1) = (-1)3 -1)2 —9(=1) —
x2+y?—6x-8y=0 x24+y?—6x—8y=0 8i f 1;_(_113_ Pl =1 =8 M
(x=3)24+9+(y-4)2+16=0 | x2 +y2 + 2(-3)x + 2(-4)y =0 | M1 raad o -
(x=3)+(y-4?=¢5 g=-3, f=-4 M By
Coordinates of the centre of circle | Coordinates of the centre of circle 4+ x2—9x—9=(x+1)(x2 +bx-9) MI
i | =(3,4) =(3,4) Al Equating coefficients of x%,
5 ; 1=1+b
Radius Radius ab=0
& ’(_3)2.,.(_4)2 B +x2=9x-9=(x+1)(x*-9)
= 5 units =5 units Al 8ii =EEE+3)(5~3) L
X +x?-9x-9=0
Midpoint of 4B = coordinates of the centre of circle. (x+3)x+1)(x-3)=0
Let the coordinates of B = (x,y) ==3,~1 or 3 Al
(XT“' y_w) =(3,4) Mi = Coordinates: P(=3, 0), Q(~1, 0) and R(3, 0) Al
2
x+6=6
Tii [x=0 Q(-1, 0), 5(=2, 5) Allow ECF
y+8=8 Gradiele.S‘=::T_(tl—)=—5 Mi
y=0 Equation of line 05: y =0 = =5(x + 1)
~ B(0,0) Al ay=-5x—-5 Al
Area of shaded region
x*+y?—6x-8y=0 m o = [, (&* +x* —9x - 9) — (~5x - 5) dx Ml
3x+4y =50 2 i
xSy @ = [ x? - dx —4) dx
Y (3) Mi W -1
=[T+?—2x=-4x] M
Sub (3) into (1) - - s
xz+(so-3x)z_6x_8(so-ax)=o i \ ’ =(:—;-—2+4)—(4--5—8+8)
* $ K =L units® Al
x? 4 (2500 — 300x + 9x%) — 6x — 100 + 6x = 0 12
Tiii 16x? + 2500 — 300x + 9x% — 1600 = 0
25x% —300x + 900 = 0
x2=12x+36=0 Al
Discriminant, b — 4ac
= (-12)% - 4(1)(36)
=0
- Theline 3x + 4y = 50 isatangent to the circle at C. Al
Apply your past knowledge to new situations! Page 9 Apply your past knowledge to new situations! Page 10
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Amswers (Page §]
Qn | Solutions Al TR g "~ | Marks
2 cosec’x + 7 cotx =4 cot?x + 5

2(1+4cot?x)+7cotx =4cot’x+5
9ai |2+ 2cot?x+7cotx—4cot?x—5=0 Al
2cot?’x—7cotx+3=0

2cot?x —7cotx+3=0
(2cotx —1)(cotx —3) =0 Ml
cotx =% or cotx=3

9aii |@NXx =2 or tanx= Al

a = 63.4349° or a =18.4349°
x = 63.4349° or x = 184349°
x = 63.4° or x=184° (ldp) Al Al

W

4cos@ —3sind
R=+VaT+37

R=5 MI
9bi |tana=3
a = 0.6435 rad Ml
4cos@ —3sin8 = Scos(@ + 0.644) Al

h=4cost-3sint

h = 5cos(t + 0.6435)
When h = 4,

4 = Scos(t + 0.6435)
9bii | cos(t +0.643) =3

a = 0.6435 Ml
t +0.6435 = 21 — 0.6435 Mi .
t = 4.996185 : 4
t = 5.00 seconds (3sf) Al U

lowledge to new situations! Page 11
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EAST VIEW SECONDARY SCHOOL

PRELIMINARY EXAMINATION 2016 Mathematical Formulae
SECONDARY FOUR NORMAL ACADEMIC 1. ALGEBRA
Quadratic Equation
CANDIDATE NAME For the equation ax? + bx + ¢ =0,
INDEX ‘ -b++/b* - 4ac
CLASS NUMBER =
Binomial Expansion
ADDITIONAL MATHEMATICS 4044/01 o o P .
(a+b)"=a" +( Ja""b+( )a"‘zb: + o +[ ]a""b’ + o D",
Paper 1 15 July 2016 2
Total Marks: 70 1 Hour 45 Minutes where 11is a positive integer and (") s Lidsal B (i) N
r) ri(n-r) r!

Additional Materials: Writing Paper ( 7 sheets )

2. TRIGONOMETRY

{iti
READ THESE INSTRUCTIONS FIRST sities - 5
sin A+cos” A=1
Write your name, class and index number on all your answer sheets to be handed in. ges; A=l rlan: 4
Write in dark blue or black pen. cosec A =1+cot™ 4
w You may use a soft pencil for any diagrams, graphs or rough working. sin(A % B) =sin Acos B +cos Asin B
(o] Do not use staples, paper clips, highlighters, glue or correction fluid. cos(A £ B) = cos Acos BFsin Asin B
Answer all the questions. tan(A+B)= tan A+ tan B
Write your answers on the separate writing paper provided. | ¥tan Atan B
Give non-exact numerical answers correct to 3 significant figures, or 1 decimal p[aog ﬁm 4 sin2A4 =2sin Acos A
the case of angles in degrees, unless a different level of accuracy is specified in the | cos 24 =cos® A—sin> A=2cos* A~1=1~2sin? 4
question. 2tan A
The use of a scientific calculator is expected, where appropriate. lan 24 = a4
You are reminded of the need for clear presentation in your answers. —an
At the end of the examination, fasten all your work securely together. Formul AABC
The number of marks is given in brackets [ ] at the end of each question or part ormulae for i
a c

question. e e s
sind sinB sinC

a*=b*+c*-2bccos A.

A= -l-bcsin A.
Z
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1 The function f is defined by f(x) = ax’ +2ax* —15x+b, where a and b are constants. It is

given that f(x) is divisible by x + 3 but leaves a remainder of —12 when divided by x—-1. 6 Given thattan 4 = -‘--3- and cos B = - such that both 4 and B lie in the same quadrant,
(i) Find the values of a and b. (4] ) 4 13 . .
(i) Solve £(x)=0. [4) Find lh? exact value of each of the following without the use of a calculator.
(i) sin(A+B), 3]
4 (i) cos(B-30°). : 2]
2 () Find j[zf-—,u]dx. 2] ’
x 7  Acircle, C passes through the x- axis at two points ( 7, 0) and (-3, 0). Given that the line
6 Fises i IJ[Z.\': _i]_,_ S)dx. 2] y+ Sx-= 11passes through the centre of C.
! X (i) Find the centre of C). [2]
(ii) Hence, find the equation of C;. 2]
3
8 A voltage ¥ (in volts) varies with time ¢ (in milliseconds) such that ¥ = 9sin¢ + 2cos¢,
A where £20.
() " Express ¥ in the form Rcos(t — ), where R>0 and 0 <@ < 12{ ; [3)
(ii) Find the maximum voltage and state the time needed for the voltage to reach 2]
(s/l_l+\/§)cm its first maximum value.
(iii) Find the first instant, /4 when V= 1. (2]
1 L 9  (a) Express y=4x*=16x+9 in the form y=a(x-h)* +k where a, h and k
% B 2(JI—I -5 )cm € are constants. Hence, state the minimum value of y. (4]
o T o2 5 Z
(b) The area, A cm?, of a quadrant is given by A4 =—r* where r cm is the radius
In the diagram, AB = AC , AD=(~/ﬁ+s/5)cm. BC=2(Jﬁ—J§)cm and r 8
ZADC =90° . P of the quadrant. If the area of the quadrant is increasing at a constant rate of
Find, . Sﬁb 97 cm?/s, find the value of  when the radius is increasing at 0.5 cm/s. [4)
(D)  the length of AC in in the formm+/n , where m and n are integers. [
(i) Express tan ZACB in the form a+b+/5 where a and b are integers. (4] 10 () Giventhat y=—2" | find L
x4+3 dx (2]
- = 2 ? I .o 2
4 (a) Given the equation 9x T6mx+m =0. (1) Hence find J-( 2 ) s @
(i) Show that the equation has real and equal roots for all values of m. [2] x+3
(ii) Find the value of x when m = 2. (1]

() Given that Ax® —5x* + 2x+2 = (x+1)(x—2)(2x— B)+ Cx+ D for all values
of x, where 4, B, C and D are constants, find the values of 4, B, C and D. (5]

5 () Find the equation of the tangent to the curve y = x* +4x—5 at the point
(1,0). (3]
1 9
(i) The term independent of x in the expansion of (px—-z—;) is —672.

Find the value of p, where p > 0. 03]

bestfreepapers.com
- The BEST website to download FREE exam papers, notes and other materials from Singapore!



5

A, EAST VIEW SEBQNBAEY SE5A04 download FRE

11 Solutions to this question by accurate drawing will not be accepted.
The diagram shows a trapezium PQRS where the coordinates of P, T'and R are (2,-1),
(0,2)and (3, 4) respectively. T is a point on the y-axis such that PQRT is a parallelogram.
y
A
S R(3,4)
m0,2) 0
0 L
P(2,-1)
(i) Show that the coordinates of Q are (5, 1). (2]
(i) Find the equation of line TQ. [2]
(iii) Find the coordinates of S, given that ST: TP is4 : 5. 2]
(iv) Stating your reason clearly, conclude if RS is parallel to the x-axis. [1]
N (v) Find the area of parallelogram PORT. [2]
(=)
End of Paper
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EAST VIEW SECONDARY SCHOOL

PRELIMINARY EXAMINATION 2016 Mathematical Formulae
SECONDARY FOUR NORMAL ACADEMIC 1. ALGEBRA
Quadratic Equation
CANDIDATE NAME For the equation ax? + bx + ¢ =0,
INDEX 5 —b++Jb* -4ac
Shass NUMBER | =
Binomial Expansion
ADDITIONAL MATHEMATICS 4044/01 " 2 n s
(a+b)" =a" +( ]a""b+( )a"‘lbz + +( )a"?'b’ + o b
Paper1 XX Jul 2016 )
Total Marks: 70 1 Hour 45 Minutes wheteis Bpositive iiiteger and (nJ= nt_n(n=1) .. (n-r+1)
r) I'!(n—r)! rl

Additional Materials: Writing Paper ( 7 sheets )

2. TRIGONOMETRY

37

(dentiti

READ THESE INSTRUCTIONS FIRST deuiities e ;

sin® A+cos” A=1
Write your name, class and index number on all your answer sheets to be handed in. sec” f’= I ‘Ha“'ﬂ
Write in dark blue or black pen. cosec A =1+cot” 4
You may use a soft pencil for any diagrams, graphs or rough working. sin (A £B) =sin Acos B+cos Asin B
Do not use staples, paper clips, highlighters, glue or correction fluid. cos(A £ B) = cos Acos BFsin Asin B
Answer all the questions. _tanAttan B

. - . tan(AtB)= ——-—

Write your answers on the separate writing paper provided. 3 |Ftan Atan B
Give non-exact numerical answers correct to 3 significant figures, or 1 decimal plac_gﬁm sin2A4 =2sin Acos A
the case of angles in degrees, unless a different level of accuracy is specified ln}{'}tﬁe.uf" cos:dd = ot A=sint A= 2eos? A=l =1=2sin® 4
question. 2tan A
The use of a scientific calculator is expected, where appropriate. tan 24 = BT
You are reminded of the need for clear presentation in your answers. an
At the end of the examination, fasten all your work securely together. B p . AUBC
The number of marks is given in brackets [ ] at the end of each guestion or part ormulae for 5

a c

question. —_—— =
sind sinB sinC

a* =b*+c* -2bccos A.

A= lbcsin A
2
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1 The function f is defined by f(x) = ax’ +2ax* —15x+b, where a and b arc constants. It is
given that f(x) is divisible by x + 3 but leaves a remainder of —12 when divided by x-1.

(i) Find the values of a and b. [4]
(ii) Solve f(x)=0. [4]
Qn | Solution MS Marker’s Report
1) | f(-3)=0
-27a+18a+45+b=0
-9a+b=-45-———- n [M1]
f(1)=-12
a+2a-15+b=-12
3a+b=3=—mmmmy ) (M1]
Solve (1)&(2) simultaneous equation (A2]
a=4,b=-9
1(ii) | By long division, M1]
(x+3)(4x* -4x-3)=0 [M1]
(x+3)(2x+1)(2x-3)=0 (M1]
x=-3,-05,5 (Al]
2 5 e {
() Find I(2x' -i,+3jdx. [2) ¢
X Q %
(i) Hence, evaluate I’(Zx’ —i1+ 3)dx. [2] K
1 X
Qn | Solution MS Marker’s Report
2(i 3 B2
® 2L+—2,—+3x+c (2]
3 X
2(ii) 2 ?
JJ(Zx’ —il+3)dx= E\—+i,+3x
! x 3 Xt i
=[18+3+9)-G+2+3) (M1]
S5 [Al]
9

- g

i (m

Given the cquation 9x* = 6mx+m* =0.

(i) Show that the cauation has realehécBESTwebsiteltes dbwnload[FIREE exam papers, notes and othef)materials from Singapore!

bestfreepapers.cond

4
3 A ]
[
(\/ﬁ”‘ \/E)Cln
b\l
B 2(~/ﬁ—\/§)cm c
In the diagram, AB = AC, AD = (Jﬁ+ Js )cm, BC= Z(Jl_l - Jg)cm and
ZADC =90°. Find,
(D) thelength of AC in in the formm-/n , where m and n are integers. (3]
(i) ~Express tan ZACB in the form a +b+/5 where a and b are integers. (4]
Qn | Solution MS Marker’s Report
O (V- V5) + (T4 45) Pl
=(1 l-2vrlTJ§+5)+(1 l+2\/l_l~/5+5)
=(16-2V55) +(16+24/53)
=32 cm’ M1
AC=42 cm [Al]
3(ii) MI
tan 24c =YL+ .
N TN :
V5 i1+ il
-V Ni+5
=) 14+2V55+5 M1]
11-5
8.5 [A1]
3 6

[\]

() Find the cquation of the tangent (o the curve v = v* +4x =5 at the point

{31




T e i A LR

4 (a) Given the equation 9x* —6mx+m* =0. 5 () Find the equation of the tangent 1o the curve y=x"+4x-S5 at the point
(i) Show that the equation has real and equal roots for all values of m. [2] (1,0). 3]
(ii) Find the value of x when m=2. [1] @ii) ) ) ) s 612
® Given that Ax’ —5x* +2x+42= (x+ l)(x-— 2)(2x- B)+ Cx+D forall The term independent of x in the expansion of | p. ST is—672.
values of x, where 4, B, C and D are constants, find the values of 4, B, C (5] Find the value of p, where p > 0. [3]
and D.
Qn | Solution MS Marker’s Report Qn | Solution MS Marker’s Report
@)@ | 9x* ~6mx+m’ =0 5(0) | y=x"+4x-5
b* - 4ac g
Ly

—=2x+4

= (- 6m)* - 4(9)(m?) (M1 a7

=36m" -36m* Whenx=1,y=0

= 0 Q ol

Since b? - 4ac = 0, the roots are real and dx

equal. [Al]
At(1,0),
0=6(1)+c

4@a)(i) | 9x? —12x+4=0 c= 6
(Bx-2)' =0
2 Equation of t ty=6x-6
e\'=3 (B1] quation of tangent: y = 6x
P (i 3 Ml
@ 4(b) | By comparing coefficient M1] (i) T.,="C. p“"'[_ %) X [M1]

A=2 [2:] b Whenr=13, p=42 (M1]

B=3 [Al] , ' Sincep>0,p=2 [Al]

c=3 (A1) :

) <Y

Given thattan 4 = —% and cos B = —% such that both 4 and B lie in the same

quadrant. Find the exact value of each of the following without the use of a calculator.

tan,<i=—§-,cos£?=—i
4 13

(i) sin(4+B), (3]

(ii) cos(B-30°). [2]
Qn | Solution MS Marker's Report
6(i)

bestfreepapers.com
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i B
63 8 A voltage ¥ (in volts) varies with time ¢ (in milliseconds) such that ¥ = 9sinf + 2cos,
== 55 where 120.
6(ii) | cos(B8-30°)=cos Bcos30+sin Bsin30 (M1) ® Express ¥ in the form Rcos(t —a). where R>0 and 0 <a < % [3]
= (_i)(ﬁ) +(2)(.’.] u[:n!:]m . (ii) Find the maximum voltage and state the time needed for the voltage to 2]
13)\ 2 13)\2 0 o reach its first maximum value.
12-5V3 (Al] (iii) Find the first instant, ¢y when V=1, [2)
T2
Qn | Solution MS Marker's Report
8(i) |9sint+2cost=2cost+9sint
7 Acircle, C passes through the x- axis at two points ( 7, 0) and (-3, 0). Given that the Com;ar l:gbl c;)s t+9sintwithacost+bsint,
; a=2and b=9.
Izn)e y}: deu_ 11 passes ;héough the centre of C, " Ffom the right-angled triangle,
i ind the centre of C). A [ 2,92
(i) Hence, find the equation of Cj, [2] NNE [M1]
=[85
Qn | Solution MS Marker’s Report and tan a = %
7() -32+7=2 (M1) a=1352 (i)
Perpendicular bisector of the chord formed by ( 7, 0) and
(-3,0)is x=2 Hence 9sint+ 2 cost= Jﬁcos(t— 1.35). (Al]
$ Solving x=2and y+5x=11 simultancously, 8(ii) 9 sin t+2 cos t= /85 cos (1 — 1.35)
y+5(2) =11 —1<cos(t-1.35)<1
y=1 ¢ ~/85 < /85 cos (t—1.35) < /85
Centre of the circle is ( 2, 1) (A1) : LV ; J—
> = s Hence 9 sin t + 2 cos t has a maximum value of /85
7(ii) | Radius= /(7 —2)2 + (0— 1) M1) \ Q) e (B1)
.=ﬁ3 ) 5 i K cos(t—1.35)=1, M1]
Equation of circle is (x — 2)* + (y —1)* =26 that is, when t— 1.35=0
Orx?+y*—d4x-2x-21=0 [Al] t=1.35ms [A1]
8(iii) [ 9sint+2cost=1
~/8_5<:os(t—l.35)=l M1]
J8s
cos (t—1.35)= —
( ) T
basic angle = 1.462
t—1.35=1.462
t=2812
Hence, first instance when V=1 is t= 2.8 Ims. [A1]

D S o= 1 T S T P L 2 e oo - 10

9  (a) Express y=4x*=16x+9 inthe form y=a (x-h)* +k wherea, h and k bestfreepapers.comw @) Givenihar pe 4x find dv "

are constants. Hence, state the minippe BEST Xvebsite to download FREE exam papers, notes and other materials from Sfigapore!



- -

9 (a) Express y=4x*—16x-+9 in the form y=a(x—h) +k wherea, h and k ¥ o Giventhat g5 fina D
are constants. Hence, state the minimum value of y. (4] x+3 dx 2]
®) The area, 4 cm?, of a quadrant is given by A =—87£r’ where r cm is the () Hence find I (%) dx. 2]
X+
radius of the quadrant. If the area of the quadrant is increasing at a constant
rate of 9m cm?s, find the value of r when the radius is increasing at 0.5 o Qn | Solution MS Marker’s Report
m/s. s
et 100) | dy _ (x+3)4)-4x(1) M1]
Qn | Solution MS Marker’s Report o 12(‘\.+3)_
9(a) | y =4x* —16x+9 =('x+3): [Al]
= 4(.1:z —4x+ %) 10(ii) 2} 4
2 9 X+ x+3)°
=4[(X-2) —4+z] Correct | 12
abe =< 5 dx M1]
i e 3 3)
=4[(x—2)'——] Im (x+3)
4 each 1 [ 4x )
=4(x-2)* -7 T3 x+3
Min value: -7 [B1] - 4x [A1]
9(b) ﬂ_zr (M1] 3(x+3)
dr 4
(.hn dA dr
Given o 9, 7 =05 11 Solutions to this question by accurate drawing will not be accepted.
dA _dA_dt y ) ) y
ar T % qr M1] The diagram shows a trapezium PQRS where the coordinates of P, T"and R are (2,-1),
ar 1 M1] ; Q. (0,2)and (3, 4) respectively. T'is a point on the y-axis such that PORT is a
ko 97 x s K parallelogram.
r=12 (A1) e
s R(3.4)
70, 2) 0
0 > x
P(2,-1)

- The BEST website to download FREE exam papers, notes and other materials from Singapore!
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(i) Show that the coordinates of Q are (5, 1).

(ii) Find the equation of line TQ.

(2]
[2]




12

y-coordinate of R is not 4—2— , 50 SR is not horizontal

OR

424

gradient of SR =

—12-3
5

=—l #0
23

(B1]

11(v)

area of parallelogram PORT
_ ||3 5203

2041 =124

= 2[6-5+4+0)-(6+0+2+20)]
Z%][z—(zs)]

1
=26
1129

=13 units*

(M1]

(Al]

(iii) Find the coordinates of S, given that ST: TP is 4 : 5. (2]
(iv) Stating your reason clearly, conclude if RS is parallel to the x-axis. (1
(v) Find the area of parallelogram PQRT. 2]
Qn | Solution MS Marker's Report
11(i) | midpoint of PR
_(3+2 4-1
2 ' 2
- (2 2) (M1
2'2
Let Q be (x, )
O+x 2+4y)_ _5_ 2
22 2'2
p S 2+y 3
Z=2 and 2=2_2
2 2 ™ T2 T3
x=5 and y=1
.. coordinates of Q(5, 1) (shown) [Al]
11(ii) | gradient of TQ
_1-2
r'S PR L,
& 5 ; 0
- M1]
equation of line TQ is y=—§x+2 [A1] (
s 5
uGi | g \ @
[M1]
4 4
S=llo+=(=2)||2+2¢3
([ 5t )][ 5 )D
3.2
=(—lg,4g) [Al]
11(iv) | No because
y-coordinate of S is not 4, so SR is not horizontal
OR i

e

=

Y

RREY LS e N v )

EAST VIEW SECONDARY SCHOOL
PRFI IMINARYTREBHSAR WOk 16 download FREE exam papers, notes and other materials from Singapore!

bestfreepapers.com

End of Paper

2

Mathematical Formulae




|

y-coordinate of S is not 4, so SR is not horizontal ' ‘
OR

WEPEITE TN W TUITE A A IS TR ey NI s s BN ST LA TS g

Ly

EAST VIEW SECONDARY SCHOOL
PRELIMINARY EXAMINATION 2016
SECONDARY FOUR NORMAL ACADEMIC

CANDIDATE NAME

CLASS INDEX NUMBER

ADDITIONAL MATHEMATICS 4044/02
Paper 2 . 21 July 2016
Total Marks: 70 d ) 1 Hour 45 Minutes

Additional Materials: Writing Paper ( 7 sheets )

READ THESE INSTRUCTIONS FIRST

Write your name, class and index number on all your answer sheets-to be handed in
Write in dark blue or black pen. S

You may use a soft pencil for any diagrams, graphs or rough worklng )

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

Answer all the questions.

Write your answers on the separate writing paper provided.

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 tﬁa
question. §

The use of a 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 eachquestion or part
question.
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Quadratic Equation

Mathematical Formulae

1. ALGEBRA

For the equation ax? + bx + ¢ =0,

Binomial Expansion

_ ~b++b* -dac

2a

(a+b)"=a" +[’;]a""b+[;]a""b’ + .. +[")a""b’ + o +b",
r

wheres is a positive integer and ( J

Identities

-Formulae for AABC

n! n(n—l) ( -/'+I)
ri(n- r)' rl

2. TRIGONOMETRY

sin® A+cos’ A=1
sec’ A=1+tan’ 4 ~
cosec’A =1+cot’ 4
- sin(A+B) =sin Acos B+cos Asin B
cos(A+B) =cos Acos B Fsin Asin B
' tanA+tan B
I ¥+tan Atan B
sin2A =2sin Acos 4
cos 2A=cos’ A-sin® A=2cos’ A-1=1-2sin* 4

tan(A+B)=

tan 2A=2la—nzA‘
I-tan® A
L a b ¢ 5

sin4” sinB smC
a* = b* +c2-2bccos A.

A =lbcsin A.
2
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1 (i)  Find the range of values of m for which the line y =mx-2 intersects the 8 »
curve y=x* +3x+2 at two distinct points. 3] A
(1)  Find the set of values for which (2x-9)(x+6) < -34. (3]
03,2
2 ()  Show that the equation cos® x—cos x = 2sin? xcan be written in the form \
3cos® x—cosx—2=0. (n
- O Y
() Hence solve the equation cos? x—cos x = 2sin? x, for 0° < x < 360°. (4] y=-x"+5x-4
-2
3 o il
M Evaluate T 2]
(i) By using the substitution u =3"or otherwise, find the values of x such that P R
9*-12(3")+27=0 (4] J N
4 () The first three terms in the expansion of (2+ax)’, where a <0, in The diagram shows part of the curve y=-x* +5x-4. The normal to the curve at the
ascending powers of x, are 256+ px+16128x* +... point O(3, 2) meets the x axis at the point 2. The curve y=-x*+5x-4cuts the x-axis
Find the value of a, of p and of n 4] at points P and R. Find
(ii)  Hence find the x* term in the expansion of (1 +2x)2 (2+ax)". (2] () the coordinates of Pand R, (3]
(i) the area of the shaded region. (4]
g 5 The cquation of a circle is x* + y* +4x—8y+15=0. : : : . . 1
() Find the radius and the coordinates of the centre of the circle. 2] 9 (i) Find the coordinates of the points where the liney = Ex cuts the curve
(ii) Thecircle is reflected in the y-axis. Find the equation of the new circle, [2] V= dx. (4]
6  The temperature, 7 °C, in a greenhouse at time ¢ hours after midnight on a certain day . 4 (i) Sketch the graphs of y = E.\' and y” =—4x on the same axes. Label your
is modelled by the formula T =25 +2$in(%) for 0<r<24. @ graphs and the points of intersection clearly. (3]
3 ) -
((l)) :alclu!ate t::e ;““Pcra;u:c, T C; (:;' utu: hgrcenhous; :ﬂhcn t ;u 6. s (4 10 The roots of the equation 5x* —2x+4=0 are & and B.
ii Xplain why this model suggests that the range of temperature, .0
2 :
the greenhouse is 23 ST'<27. (2] (i) State the value of @ + £ and aff ‘ 1 [2]
. ) . (i)  Find the quadratic equation in x whose roots are @ and V8 (4]
(iii) Tomato plants grow best when T < 24. Find the length of time for which Gii) i 3 5
the temperature of the greenhouse is suitable for the growth of tomato *) Find the value of a” + §°. (2]
plants. (4
Il (8) Show that 110524 +cosd cotA. (3]
2 sin24 +sin A
7 tion of is y==x'-x*- . 2
The equation;ofu curve iy 3 BN S () Given that :—)% =4x-3 and the curve has a stationary point at A(l.%) i
(i) Find the coordinates of the stationary points on the curve. (4] find the equation of the curve. [4]
(i) Determine the nature of each of these stationary points. [3]
End of Paper
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_=bt Jb* - 4ac
CLASS INDEX NUMBER X—-—T——.
: Binomial Expansion
ADDITIONAL MATHEMATICS 4044/02 : ¥ 3
(a+b)" =a" +( )a”"b+( Ja"'zb’ + .. +( ja""b’ + . D",
Paper 2 XX Jul 2016 1 2 r
Total Marks: 70 1 Hour 45 Minutes where 1'is a positive integer and ("J: q al I = n(n-1) .. '("“H')
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Additional Materials: Writing Paper ( 7 sheets )

2. TRIGONOMETRY

6v

READ THESE INSTRUCTIONS FIRST hines s st
sSIn" A+cos" A=
Write your name, class and index number on all your answer sheets to be handed in. sec’ A=1+tan’ 4
Write in dark blue or black pen. cosec’Ad =1+cot’ 4
You may use a soft pencil for any diagrams, graphs or rough working. sin (At B) =sin Acos B+cos Asin B
Do not use staples, paper clips, highlighters, glue or correction fluid cos(AiB):cosAcostFsmAsmB
Answer all the questions. _ tanAxtanB
; . tan(A+B)= ———
Write your answers on the separate writing paper provided. | Ftan Atan B
Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in sin2A =2sin Acos 4
the case of angles in degrees, unless a different level of accuracy is speciﬁed in the A o8 24 = cos® A=gin? A= cos? A—1 =1=2sin?4
question. o ) ’ 2tan A
The use of a scientific calculator is expected, where appropriate. tan 24 = R
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At the end of the examination, fasten all your work securely together. y
The number of marks is given in brackets [ ] at the end of each-question or part Formulae for AABC i
a c

question.

sind sinB sinC

a’=b"+c* -2bccos A.

A= lbcsin A
2
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30 4x2"2

Evaluate W .

(i) By using the substitution u =3"or otherwise, find the values of x such that
9" -12(3")+27=0

(2]

(4]

3
1 (i) Find the range of values of m for which the line y=mx~-2 intersects the
curve y = x?+3x+2 at two distinct points. 6]
(ii)  Find the set of values for which (2x=-9)(x+6)<-34. [3]
Qn | Solution MS Marker’s Report
1G0) | mx-2=x*+3x+2 .
X +@3-m)x+4=0 (M1]
a=1,b=3-m,c=4
(G-m)?-4(1)(4) >0 M1)
m*=6m-17>0
(m=T)(m+1)>0 (A1)
m<=l, m>17
1Gi) | 2x* +12x-9x-54+34 <0 (M1]
23 +3x-20<0
(2x-5)(x+4)<0 (M1]
5
-4<x< 3 [A1]
24 2 i . 2 29 s .
o () Show that the equation cos” x—cosx = 2sin” xcan be written in the form
3cos® x—cosx—2=0. (1]
() Hence solve the equation cos® x~cosx = 2sin? x, for 0° < x < 360°. (4]
Qn | Solution MS Marker’s Report
2(i) | cos® x—cosx=2sin?x \ < %
cos? x—cosx=2(l - cos? x) M1]
cos? x—cosx=2-2cos? x
3cos® x—cosx~2=0 (shown) (Al]
2(ii) | cos® x—cosx=2sin? x
3cos? x—cosx—2=0
(3cos x+2)(cosx—1)=0 M1]
cosx:——32~ or cosx=1 (Al]
Basic x=48.19° x=0°or 360°
x=180°~-48.19°= 131.81°
or x=180°+48.19°=228.19°
[A2]

Ans: x=0° 131.8°,228.2° or 360°

deduct if extra or short of angles

4G | (1+2x) (2+ax)" = (1 +4x+4x°)(256-3072x+16128x* +...) | [M1]

o term is 16128x” +4x(-3072x) + 4x* (256) ?ﬁg‘é:EST "

[Al] bestireepapers.com ’
bsite to download FREE exam papers,-notes an

Comparing with 256+ px+16128x* +...
2"=25 = n=8 '
8(8-1)a*2*’=16128 = a*=9
negative)

p=(8)(-3)2""' =-3072

(2+ax)"=2" +[';J2"" (ax) +(;J2"" (a.\')3 ¥
=2"4+na2""x+ @47’2""{l +..

=2"+na2" x+n(n-1)a’2""x* +...

= a=-3 (ais

Qn | Solution MS Marker’s Report
3G) | 4xm2

2n _2n-l

= 2_1 [(M1)

2"(1-27)
1
e
s
( 2)

=2 [Al]
3Gi) | u=3"

9" =12(3")+27=0

W 2120 +27 =0 (M1]

(u=3)(u-9)=0

u=3 or u=9 (M1]

34=3%0rp>" =9

x=1. or x=2 (A2]

4 B The first three terms in the expansion of (2+ax)" ywherea <0, in
ascending powers of x, are 256+ px+16128x* +...
Find the value of a, of p and of n [4]
() Hence find the x* term in the expansion of (1 +2x)2 (2+ax)". (2)
—

Qn | Solution MS Marker’s Report
4(i)

(M1]

[Al]
[A1]

[Al]

6

6 The temperature, T°C, in a greenhouse at time ¢ hours after midnight on a certain day

RASIHS Rt g o or 050524




UEUUCL I} extra or snort g) angies

w'"'/'4&'})

[ (1+2x)" (2+ax)" = (1+4x+4x") (256 -3072x+16128x" +...)
22 term is 16128x% +4x(-3072x) +4x* (256) = 4864x

M1]

[Al]

negauve)

p=(8)(-3)2"" =-3072

[Al]

5  The equation of a circleis x* +y* +4x-8y+15=0.

(i) Find the radius and the coordinates of the centre of the circle. [2]
(ii) The circle is reflected in the y-axis. Find the equation of the new circle. [2]
Qn | Solution MS Marker’s Report
51 | x*+y*+4x-8y+15=0
2g=4 2f=-8
g=2 f=-4
Centre: (-2,4) (M1]
[Al]
Radius = ,/(2): +(-4)* =15
=+/5 units [Al]
5(ii) | After reflection:
Centre (2,4) M1]
Radius = /5
(E . Equation of new circle: (x-2)*+(y-4)* =5 [Al]

A

(2,4)

6 The temperature, T °C, in a greenhouse at time ¢ hours after midnight on a certain day
is modelled by the formula T =25 +25in(:r—;) for 0 <1 <24.
(i) Calculate the temperature, 7 °C, of the greenhouse when ( =6. m
(ii) Explain why this model suggests that the range of temperature, 7 °C, of 2]
the greenhouse is 23 < T <27.
(iii) Tomato plants grow best when T <24. Find the length of time for which
the temperature of the greenhouse is suitable for the growth of tomato  [4]
plants.
Qn | Solution MS Marker’s Report
6(i) | Whent =6,
ficaz s f6m
T =25 +2sin (—1—2
T = 24 [BI]
6(ii) | Minimum temperature occurs when sin (:L;) S M1]
VT =25-2=123
‘ Maximum temperature occurs when sin (—':—;') =1 (M1}
S=254 2 = 27
Hence range of temperatureis 23 < T <27
6(ili)
1 nt
25+25m(;5)=24 M1]
2sin (%) = -1 (M1]
12
(@)=~ i
,sr1‘n 12/ 2
nw
i T+ o 2n — -

Duration = 8 hours
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; 2 2 )
The equation of a curve is y =3—xJ -x* —4x+5.

() Find the coordinates of the stationary points on the curve. 4]
(i) Determine the nature of each of these stationary points. [3]
Qn | Solution MS Marker’s Report
0 | ye2o e oaxas
142 2x*-2x-4
dx . M1]
W _,
dx
2x* -2x-4=0
x1=x-2=0
(x=2)(x+1)=0
x=2~1 (M1]
When x=-1, y =-23—2
[Al]
Whenx=2, y= ol
o P Y=
N
=1 32 and| 2 _2
o ! 3 ) 3 [A1] v
76i) | d°y _ M1] : 5 N
E’- =4x-2 \:i )
At x=-1, K
97 _4-1y-2<0 (Al}
dx
Hence, (—l.%] is a max. point.
Atx=2,
9. 52
e
=6<0 (A1]
5). . ;
Hence, 2,—-5 is a min. point.
- ot s L4

mgvm—” -

9

g 1
(i)  Find the coordinates of the points where the line y = —x culs the curve

- The BEST website to download BREE exam papers, notes aad ather. materials from, RIDgRROIE Y« are o* and A7
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The diagram shows part of the curve y=—x*+5x—-4. The normal to the curve at the

point @(3, 2) meets the x axis at the point . The curve y =-x" +5x—4cuts the x-axis

at'points P and R.

Find

(i) the coordinates of P and R,
(ii) the area of the shaded region.

(3]
(4]

Qn

Solution

MSs

Marker’s Report

8(i)

X +5x-4=0
(x=1)x-4)=0

x=lLx=4

= P(1,0)
. R(4,0)

8(ii)

area under graph y = —x* +5x—4

3
r(-x1+5x—4)dx= kit 2
' 3~ 3 ;

45 15
—(—9+—2——]2)—(—3+5-4)

)
=3 —units”
3

area of shaded region =3 :-;- - % (2x2)=1 %u;rils’

T e L

— it g —— e

The roots of the cquation $x* —2x+4 =0 are @ and f.

(i) State the value of @+ f and aff .

-ty

2
(4]




o 10 3 2 _ox4d=
2 (i)  Find the coordinates of the points where the line y = zlx cuts the curve The roots of the equation 5x° ~2x+4 =0 are o and B.

4] (i) Statethe valueof @+ # and aff . 21
yl=-4x. (1)  Find the quadratic equation in x whose roots are & and f°. 4
(i)  Sketch the graphs of y = %x and y* = —4x on the same axes. Label your (iii)  Find the value of & + §°. (2
o . o ) [3]
graphs and the points of intersection clearly Qn | Solution MS Marker’s Report
P 10(i 5
Qn | Solution MS Marker’s Report (i) 2 ——:-x+§ -0
9(i) 2= _4x
y' =—4x 2 4 (B2]
1V a+f=—aff ==
[5 x) =—4x M1] 5 5
: 10Gi) | @*+ % = (@ +p) -208
~n [M1] oL
x(x+16)=0 al-l-ﬁ::[%) —2[-5-) [M1]
x=0 x=-16
=0 y=-8 a2 L)% &
y=0: = Y (A1)
(0,0) (Al] &0 = (ap)
(-16,-8) [A1] 5
9(ii) =(_]
’ s
" 1 =
LX) y'=-4x Vs (B1]
1 f
y=—x {
b ¢ A o) e— x+ —_—= o
. - 25 25
0,0 X : KQJ 25x* +36x+16=0 (Al]
10(iii) | o + g
(-16,-8) =(a+p)a’-af+p)
[G1 each for graph and label] =(2 _36_4
[G1 for intersection point and label] 5 25 5 (M1]
112
= — Al
125 (Al

bestfreepapers.com
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1
; (@)  Show thatM:col,{. Bl
sin2A4+sin 4
b ¢ d*y ; ; |
(®)  Given that -d?=4x—3 and the curve has a stationary point at A[l,;),
find the equation of the curve. )
Qn | Solution MS Marker’s Report
11(i) LHS=I+?052A+,COSA
sin2A4+sin A4
_14+2cos* A-1+cos 4 (MI]
2sinAcos A+sin A
_2cosA(cos A+1) M1]
2sinA(cos A +1)
=cot 4 [A1]
= RHS
G| &y,
dx-
d—"‘:2.\"—3.\'+c (M1]
dx
0=2-3+¢
c=1
d}'_ 2 .
E—ZX =3x+1 M1] » G j
—zx3—§—x1+x+c \ @
¥=3¥ 3 ' M1
I.2 33
—=—=—+l+¢
3 3 2
|
"6
T |
y==x'=Sx*+x+—
3 2 6 [Al]
End of Paper
AR T G MRS 00T s 50 4 - A TR SO N Vs o
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FUHUA SECONDARY SCHOOL Quadratic Equation

4N Q For the equation ax? +bx+c =0,
_ —b+b-4dac

Preliminary Examination 2016 2a
Fufina dary Fulina Secondary I Lo fi do dary 7 fina Secondary Fulina Secondary Fuk dary Fubi J«u&q‘?’ h dary =
f-ﬁm.\'mnlaqf-ﬁu oy Fuk \‘mu‘n,'r i ry ‘Fuhina Secondary Fufua Secondary Fui 4o de Secondary
Funhna Secondary Fuf dary Fulira Secondary Fuki JM-QV.‘— Secondary Fulwa Sw-&qf-ﬁn:mnlaqﬁ‘n:mnhqh‘n:«m&q Binomial expansion
Fuhiua Secondary Tufina )’mu(-q'hﬁn.}nu&q'h‘n.\‘u»lsq?‘-ﬁu dary Fufina Secondary Fuli kY
" " n n- n-232 neryr "
(a+b) =a +( )a 'b+[")a b +...+["]a b +..tb
ADDITIONAL MATHEMATICS 40441 1 2 4
] — —
PAPER 1 where n is-a positive integer and my_ _nl _n=l).(n-r+l)
r (n —r)ir r!
Additional Materials:
Writing paper & Eleclronic calculator
DATE 17 Aug 2016
TIME 1005 - 1150
DURATION  1h 45min 2. 'TRIGONOMETRY
Identities
INSTRUCTIONS TO CANDIDATES sin A +cos’Ad=1
Answer all queslions. seci A =1+ tan> 4
Write your answers and working on the separate wriling paper provided. 2421 :
Wrile in dark blue or black pen. y ogsee il ¥ oot )
You may use a soft pencil for any diagrams or graphs. sin(A4+ B) = sin Acos B+ cos Asin B
. cos(A+ B) = cos Acos B Fsin Asin B
Give non-exacl numerical answers correct to 3 significant figures, or 1 decimal place in the t@!@ y tan(A+ B) = tan A+ tan B
of angles in degrees, unless a different level of accuracy is specified in the question. N " 1FtanAtan B
sin2A4 = 2sin Acos A
The number of marks is given in brackets [ ] at the end of each question or part question. cos2A=cos® A—sin? A=2cos* A—1=1—2sin® 4
The total number of marks for this paper is 70. 2tan A
The use of an electronic calculator is expected, where appropriate. tan2A4 = ﬁ
You are reminded of the need for clear presentation in your answers. i
PARENT'S SIGNATURE FOR EXAMINER'S USE Formulae for AABC
a b c
/70 sinA_sinﬂzsinC
Selter: Mr Chen Hong Ming Velter:  Ms Winnifred Lim a’=b" +¢' - 2bccos A
1 ;
This question paper consists of 5 printed pages including this page. A= Eab sin C
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3
(i) State the values of x for which cos ™ x is defined. n
(i) Express the principal value of (an -] - V3-1 in terms of 7. [1]
V34l
(iii)  Given that P denotes the principal value of cos™' x, state the maximum value
of P. [n

Find the set of values of k for which the equation y =8x? —3kx +18 lies strictly above
the x-axis. [3]

The volume of water in a container, ¥ cm?, varies with the depth of water, 1 cm.
Given that y = —i-m'.’ and that water is poured into the container at 90cm?¥/s, find the

rate of increase of the depth of water when /i = 1.5cm. (4]

Given that tan A = p, p> 0, and angle 4 is reflex, express in terms of p,

(i) cot 24, n
(ii) cos A, [1]
(iii) sin24. [2]

Integrate with respect to x

Jx-x

X

()  Ya-407. (3]

(i) Find, in ascending powers of x, the first 4 terms of (2-3x)". (2]

(i)  Hence, determine the coefficient of x* in the expansion (l+ J (2-3x)".[2)

By using the substitution p =2+, or otherwise, find the values of x such that

4-0! +2xs3 =2"42
(5]

51 ISCRACI IV T AT . x > 2all

An underwaler locator beacon is lnslaﬁf\(é BMWQB&]%‘&&@WJ{%&E IF‘QEE exam papers, notes

| T\

bestfreepapers.com

8 The line y +2x =3 intersects the curve y* = 8x at points 4 and B.
(i) Find the coordinates of points 4 and 5. (3]
(ii)  Sketch, on the same axis, the graphs of y+2x=3 and y* =8x, labelling
clearly points 4 and B. [3]
2nel 2=l
9  Showthat 3 -3 _ 3 (3]
9 nsl _ 9 =l lo
4 ]
10 (0] Differentiate x*v3x? + 1, leaving your answer in the form A‘*‘:B'_ [3)
3xT +1
™ *(4x + 1)
(i), Hence, evaluate *d (3]
J:' TV3xE +1
. 2
11 Given the equation, f(x)= % ;5.
2x3-3
(M Find f'(x). (3]
(ii) Find the equation of the tangent to the curve, y = f{x) at the point x = 2. (3]
(iii)  Show that fis a decreasing function for x > 0. 2]
12 The equation of a circle is x? + y* —12x+6y+11=0
(i) Find the radius and coordinates of the centre of the circle. (3]
(ii) Show that the circle does not cut the y-axis. n
(iii)  Show that the point 4(3, 2) lies on the circle. [2]
(iv)  Find the equation of the tangent to the circle at A. (3]
v) Find the equation of the tangent to the circle that is parallel to the tangent at 4.
(2]
6
Remarks

"
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An underwater locator beacon is installed in the aircraft’s flight recorder for retrieval No Solution Remarks |
and use in the investigation of acronautical accidents. A flight recorder’s beacon emits 1i cos ™' x is defined for —1 < x g1 B1
a regular ultrasonic pulse that is described by the equation 1ii o _ B1
Principal value of an "[_ ://_5 l) - _%
P = 45 sin 401 + 35 cos 401 + 100 LAl
' liii | Maximum principal value of cos™ x=180° B1
where { (measured in degrees) is the time in milliseconds after the crash and P is the 2 y=8x"-3kc+18
intensity of the pulse, measured in decibels (dB). btz agere M1
2
(i) Express P in the form Asin(40/+ B)+C. 3] 9k* - 4(8)(18) <0
k' -64<0
(ii) State the maximum intensity of the pulse and the time when it first occurs after (k-8)(k+8)<0 M1
the crash. [2] .fk;lchk 8 Al
-8<k<
For the flight recorder to be detected, the intensity of the pulse must be above 120dB. 3 2 .,
Vi= —ah
(iii)  Calculate the duration within the first 9 milliseconds when the flight recorder 3
dv M1
was detectable. [4] Som 2mh?
)
dV 9
—=2x(1.5) ==
7 a(1.5) i M1
- End of Paper -
LA 90em’ /s
dt
v _dv dh M1
dt dh dt
9 dh
90 = =X —
w7 27t
% dh 20
y —=—cmls=6.36619cm/s=6.37cm/
& dl = cmils cnilis= cmls A]
4 tanAd=p
S ? O |
e 1 =l tan A=I P B
tan 24 2tan A 2p
4ii P 1 B1
\/l + p2
4iii sin 24 = 2sin Acos A M1
-p -1
=2x x
J+pt i+ p?
.8 Al
1+ p?
Si -
1 IJ; X ix
x
= J'x'% - ldx
1
=2x?-x+c Bl
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Sii

[ -4ax)?dx

2
= [(1-4x)dx
s
_3-4axp

5(-4)
s
30 -4x) |
20

B3

6i

(2-3x)’
=27 —7(2°)3x) + 21(2*)(3x)* = 35(2*)(3x) +
=128 - 1344 x + 6048 x* =15120 x° +...

B2

6ii

2
(1 +§) 2-3x)"

2
[l+x+l:—)(l28 ~1344 x + 6048 x* - 15120 x* +..)

. =15120 x* + 6048 x* - 336 x> +...
=..—9408 x’ +...
Coefficien t = -9408

M1

Al

8S

410! +2n) = 2: +2
231 4 8(2%)=2" +2
42")' +7(2")-2=0
4p’+7p-2=0
@p=-1)(p+2)=0
2% = =2(rej)
2 =152

4
x=-2

M1

M1
M1

Al

Al

8i

y+2x=3
y=3-2x

y! =8x

(3-2x)" =8x
9-12x+4x? =8x
4x' ~20x+9=0
(2x=-9)(2x-1)=0

1 9
(5'2) & ('2"."6)

M1

A2

8ii

B1 (line)

B2 (Parabola)

9.' 31-01 31--‘I”
o g

2

Jieel _ 32u-t
=1 M1
_3r3-3") Mi
31.(31 3-2)
[.ﬂ_
-\ 3
iy ¢ ﬂ 10 Al
al? 9
S AN
3T+ a0 xlx 6x
2 J3xt 4 M2
IX13x 1) Iyt
= +
Vaxtel et
_ 2yt 43y Al
V3x?+1
10ii d 3 le +3x?
— PRS- L
V3x? +1 M1
LR oy I (4x? +1)
— X VIt ) Y
dx Vixt 1
i_l_x,m= x(4x? +1) M1
dx 3(7) TV3x? +1
4 x?(4x? +1)
-—d
‘L 735 +1
4
= L.\"\/Z‘h'3+l
3(7) A
1
=| ——x4"J3(4)* + 0'/3(0)
(3(7) (4)* ) (3(7))( (0)* +1
% Al
3

A e A Y I Rt 44 574 s 2 A A 1 3 30 e e« s
10

9

bestfreepapers.com

[ £ - The BEST website to download FREE exam papers, notes

land othér matafia fréhi Singapore!




65

Cravrriene
11 S'(x)
_d 1+ %
dx\2x' -3
_(2x7 =3)(2x) = (1 + x7)(4x) M2
2x -3)?
_4x? —6x-4x -4y’
2x? -3)?
__=l0x Al
2x*-3)?
11ii | Whenx=2
1422 5
2 =— = = ]
SO =357 375 i
-10(2) -20 4
') ———— = = —— M1
@ [2(2)*-3)* 25 5
4.
Subst (2, 1), m = =2 iny=mx+c
4
l=[-=|2
( 5)( i
13
C=—
5
. . 4 13
Equation of Tangent: y = - 3* + = Al
i [~ x>0
-10x<0 > K
Bl
(2x*=3)? > 0vx
. =10x
T (2x-3)!
Wb
o <0
Hence it will be a decreasing function. Bl
12i x4yt =12x+6y+11=0
(x=6)+(p+3)=36+9-11=34
Centre = (6, -3) B3
Radius = /34 =~ 5.83095 units
12ii | The x-coordinate of the centre is 6 which is greater than the
radius of 5.83 hence, the circle wili not touch the y-axis. B1
12iii | When x=3,

bestfreepapers.com

|_‘5_4
3

Al

94! =36+6y+11=0

y 4+6y-16=0
(y=2)(y+8)=0

y=2,-8

Therefore (3, 2) lies on the circle.

M1

Al

12iv

Gradient of radius from centre to A
2= _ 5

3-6 3

Gradient of tangent = %
Subst (3,2), m = % iny=mx+c
2% %(3) +c

c

)

ww | —

1}

¥ X+

W |-

Sy=3x+1

M1

M1

Al

12v

Let B(x,y)

X+3 p+2) e
( e ) (6,-3)

x=9,y=-8

Subst (9, -8), m = % iny=mx+c

—8=%(9)+c

Sy=3x-67

M1

Al

13i

P = 45sin 40¢ + 35 cos 40¢ + 100
= 457 + 357 5in(40¢ + tan "%%—) +100

= 5130 sin( 40« + 37.8749 ) + 100
A =5-130 =57.008 ~57.0
B=37.9°

C =100

B3

13ii

Maximum intensity = 54130 +100 = 157dB

40r+37.8749 =90
t=1.303125ms

B1
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It occurs when t = 1.30 milliseconds Bl
13iii | P = 5130 sin(40¢ + 37.8749 ) + 100

P>120

54130 sin(40¢ +37.8749) > 20

sin(40¢ + 37.8749 ) > 0.350823 M1

0<r<9

0<40¢ <360

37.8749 < 40¢ -+ 37.8749 < 397.8749

B.A,a = 20.5376 M1

401 +37.8749 = 20.5376 (rej),180 ~20.5376,360 + 20.5376

40¢ +37.8749 =159 .4623,380.5376

40¢ =121.5873 ,342 .6626

¢ =3.03968 8.5665 M1

Duration

=(9-8.566) + 3.039

=3.4731 Al

=~ 3.47ms

R e VL W 2 Y T T A A T D P TP TR oy
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Class Index No. Mathematical Formulae
Candidate Name: [ | | % ALGEBRA
v FUHUA SECONDARY SCHOOL Quadratic Equation
P | Secondary Four Normal Academic 4NA For the equation ax® +bx +c =0,
W : _—b+ b —dac
Preliminary Examination 2016 ) 2a
Fulina Secondary Fulina Secondary ‘Fulina Secondary Fukna Secondary Fulina Secondary Fnliva qu‘ry?‘-hn .\'nu‘nyf-ﬁn s«nhq Fuhua Secondary
Fufina Secondary Fuliva Secondary Fulina Secondary Fulina Secondary Fufiwa Secondiry Fulina Seconds dary Fuhna Secondary
Fulina Secondary Fulina Secondary Fufina Secondary Fufina \'mnlaq'F.SnJ«n-éqfn‘n)‘m-‘-y'ﬁ‘u.\'nn&ry'ﬁﬁu:«m&qf-ﬁn:«u&q Binomial expansion
Fulina Secondary ‘Fulina Secondary Tulina Secondary Fukina Secondary Fufiwa Secondary Fuliua Secondary Fulina Secondary Fufina Secondary Fufina Secondary
n 2,2
(a+b) =a" +( )a""b + (;)a""b' +ot ("Ja""b’ +o. 4"
ADDITIONAL MATHEMATICS 4044/2 1 r
N R n ! =1)...(n—
PAPER 2 where n isa positive integer and = g = A D (A7)
r (n - r)!r! r!

Additional Malerlals:
Wriling paper & Eleclronic calculator

DATE 18 Aug 2016
TIME 07890235 2. TRIGONOMETRY
DURATION 1 h 45 min
Identities
INSTRUCTIONS TO CANDIDATES sin®A 4+ cos® A = |
Answer all queslions. §ect A= 1] + tan* A
Write your answers and working on the separate writing paper provided. TmTTTY
Write in dark blue or black pen. S i i
You may use a soft pencil for any diagrams or graphs. sin(A £ B) = sin Acos B cos Asin B
- cos(A £ B) =cos Acos B ¥ sin Asin B
Give non-exacl numerical answers correct to 3 significant figures, or 1 decimal place in the cage‘ d ) tan(A+ B) = tan A+ tan B
of angles in degrees, unless a different level of accuracy is specified in the question. N\ [FtanAtan B
sin2A4 =2sin Acos A
The number of marks Is given in brackets [ ] at the end of each question or part question. c0s2A =cos® A—sin® A=2cos> A—1=1—-2sin 4
The total number of marks for this paper is 70. 2tan A
The use of an electronic calculator is expected, where appropriate. tan24 = m
You are reminded of the need for clear presentation in your answers.
PARENT'S SIGNATURE FOR EXAMINER'’S USE Formulae for AABC
a b c
170 sinA_smB_smC
Qg2 2
Setter: Mr Chen Hong Ming Velter:  Ms Winnifred Lim a’=b"+c" = 2bccos 4

This question paper consists of 5 printed pages including this page. absin C

u|—-.
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It is given that 2(x-2) = +/3(x - 3). Without using a calculator, find x in the form
of a+b3. (3]

Divide x* + x* = 5x* +13x-6 by x? +3x-2. 3]

The first three terms in the binomial expansion of (2 + .f) are 256 + 256 x +gx*.
p

Find the values of n, p and q. [3]

The function fis given by f(x) =23 +8x+ x? - 2x’.
(i) Find the range of values of x for which fis a decreasing function. 4]

(i)  Represent this set of values on a number line. [1n

(i)  Show that (tan @ + sec 6)* = 1+ s.in 0 i
l-sin@
(i)  Hence, solve the equation (tan 8 +sec8)* =2 for 0° < x < 360°. i)

Itis given that /"'(x) =12x-4 and that f'(2) =11 and f(~1) = -7 . Find f{x) in termns

of x. [5] .

| &Q," '-

The roots of the equation 3x* + Sx~4 =0 are o and 4.
(i)  Evaluate o+ g*. (3]

(ii)  Find, in the form ax? +bx+c =0, where a, b and c are integers;.the.equation
|

whose roots are ¢? — — and g? - l [3]
g a
The polynomial fis given by f(x)=2x" +ax? +bx+6=0.

(i) Given that x+ 2 is a factor of {x) and /f{x) gives a remainder of 7.5 when divided
by 2x + 1, find the value of a and of b. (4]

(ii) Hence, show that f{x) = 0 has only one real root. [3]

e

5

_ The BEST website fodownload FRE
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0 /.J

The diagram shows the graph y =9 - L! which crosses the x-axis at 4.
X

(i) Find the coordinate of 4. n

(i) ‘Eind .. )
dx

The normal to the curve at P (0.5, 5) cuts the x-axis at B and the y-axis at C.

(iiij)  Find the coordinates of B. (4]

(iv)  Find the area of the shaded region. [4]

Matherone is a new drug developed by ChenCorp® to enhance memory and problem
solving skills. This drug comes in a capsule which consist of a cylinder capped by 2
hemispheres on each end.

Given that the cylinder has a length of x mm and a radius of » mm and that the total
volume of the capsule is 150mm?,

(i) form an equation for x in terms of . . [1]
(ii)  Hence, show that the surface area of the capsule, 4, is given by
A=t 20 (3]

r

For the drug to be most effective, the capsule must be designed with the least possible
surface area to delay the absorption over a length of time.

(iii)  Find the least surface area possible for the drug capsule. (5]
(Show your working clearly that your answer is indeed the least area)

Ty S e

bestfreepapers.com
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11 (a)

el

The curve below shows the graph y = Asin Bx+ C . P, Q, R and S-are 4 points

that lie on the curve such that R is a maximum point and P is a minimum point.

P (~60°,-5)

y
A
R(60° 1)
> x
Q (m°- —l) S(Ho,—l)
y=Asin Bx+C

(i) Find the value of 4, B and C.

€9

(b) Solve, for angles between 0 and 2=,

(i) 2cos 2x =2sinx~-1,

(ii) sin(y+4)=3cos y.

- End of Paper -

(i)  Form an equation connecting m and n.

bestfreepapers.com

(iii)  Find the least surface area possible for the drug capsule. (5]
(Show your working clearly that your answer is indeed the least area)
No Solution Remarks |
1 2(x-2)=+3(x-3)
2x-4=x/3-33
x(2-V3)=4-343
cods 33 2443
2-V3 243 R
_8-6V3+443-9
4-3
=-1-23 Al
2 x4+ =5x2+13x-6
e =x'=2x+3 B3
3 [2* i‘)‘ e x| -1
P 14 2p?
n=l - n=2 2
2"+ (@™ )x + nin l)(21 )x =256 + 256 x+ gx’
P 2p
2" =256 =2°
n=48 A
8U28) e
P
p=4 Al
@)(7)(64) _
2(4%)
g=112 Al
4i S(x)=8x+x?-2x
S1(x) =8+2x-6x M1
" Decrea sin g M1
S84 2x-6x1 <0
44+ x=-3x" <0
IxT-x-4>0
Bx-4)(x+1)>0 L
Sketch
x<=l,x> 4
) Al
4ii Drawing of Number Line Bl
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5i L.H.S = (tan @ + sec 6)* 7i x4+ 5x-4=0
B 2
=(sm9+ 1 ) M1 a+f=-2 M1
cosé cos@ "
_(sin9+l]’ aﬂ:-..5 M1
cos 0 25 8 25 24 49
b 2 _ L T T e PR P OO Al
(sing+1)? GAfrm(at Py lef et =Tt T Y
cos” 7ii 1 1
___(sin0+l)’ M1 a1_z+p’_;
1-sin?@ © a+p
~ (sin @ +1)* 9 ap
" (1-sin )(1 +5sin 6)
: Al B s (L4 5 st M1
A B0 9 "3 73)7 9 a6
| —sin @
Sii (tan@ +sec§)® =2 | 1
e st
g M1 N a
—sin calfl - fe
l+sin@=2-2sin@ =a'f’-a ﬂ+a,0
3sind =1 (4}’ 5 3 97
sinﬂ:% M1 3 3 4 36 M1
g B.A,a=19.47] New equation
r. b= Al
6=19.471,180 -19.471 E iftx) 125|’x+971_([), —
X)=2xX"+ax" +0x+6=
=19.471,160.52 §
:35",;05 ’ Al . f(-2)==-16+4a-2b+6=0 mi1
LAl L SR 4a-2b=10
() =12x-4 \
6 f'(a\') 2.\' y K Z ol
f(x)—Il x—4dx w1
=6x'-4x+c 1 | a b
’ f(—E)-—z+z--—E+6-7.5 M1
S1(2)=11 -l+a-2b+24=30
6(2)' -4(2)+c=11 a-2b=17
24 -84+c=11 M1 a=2b+17
c==5 db+14-b=5
[(x)=6x" -4x-5 3b=-9
S(x)=2x" -2x" =Sx+ k M1 a=1,b=-3 A2
8ii S(x)=2x"+x'=3x+6
f(=)=~7 s = (x+2)(2x - 3x4+3) M1
2(=1)° =2(=1) =5(=D)+k =-7 xS
-2-2+5+k=-7 M1
kst 2x'-3x+3=0
'—dac=9-4(2)(3)=-15<0
(x)=2x"-2x*-5x-8 Al b? —dac =9-4(
! .. x =-2 is the only real root. Al
e e 10

9
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X)=4X —LX =JX=D Al v R Tt - s
I LI I I I *. x = -2 is the only real root. Al
e b s N it e A il N
: 9i T 1
B m 5 — Y| drea = ;9 —dr+ 5x80xs =
=0 4
e =[9x+l] +200
9 X1y
& L I
9 = (Ox5+2)-Ox3+3)+200 i
4 q =65-6+200: - - § e oo _
x=5-,--§(rej) =0.5+200
A 1 0 =200.5units * Al
3> B1 10i inr’+nr’.x‘=|50
9ii 1 3 M1
yimJise i
x 150 - —m®
dy  (<2) _ 2 S 3
A Bl ot
9iii | Whenx=0.5 _150 4
LA S 3 Al
e (057 M 10ii | 4=am" + 220 M1
mm, =-1 A=4m? +2,,,-(ﬂ-i,-)
(16)m, = -1 : mi
300 8
m,=—l— M1 Aiird 3o 8 ,
o 16 :
o Subsl(O.S.S).m=-l—|6~ iny=mx+c _ z; 1, 300 Al
r
5=—%(0.5)+C @\V 10iii A:-:—;rr’ +¥
c=52 | A8, 300
32 ¢ Q) dr 3 r? Mmi
-—lx SL
R T 7) \ 300 _ N
e F A o 1
il Al 8 " - 300
Ry=-2x+161 £& ) 3TETT
900
"a—a n
When y=0 r " 35.809 -
x=80.5 Al -r=3.2961
B(80.5, 0)
A =‘;""(3.296|)l + (3.:;()9()6|) =227.54 =~ 228 mm? Al
.
2B 55504 B1
dr 3 r
.. min Area

bestfreepapers.com
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1

11ai 1-(=5)
A= -2 "7 =
2 4 B1
120x2=3%
B
B=15 B1
celtE9)_ 5
: B1
1laii | 60 =m=n-60
m+n=120 B1
L1bi | 2cos2x=2sin x~1
2(1-2sin? x) = 2sin x—1 Mi
2-4sin? x = 2sin x -1
4sin’ x+2sinx-3=0
sin x o 22T A@ ) M1
8 -
=0.651387 ~1.151387 (rej) Al (rej)
sinx=0.651387
B.A,a =sin™'(0.641387)
=0.7094121
(=2
=2 x=a,r-a _Ml
(Basic Angle)
=0.7094121,2.43218
~(.709,2.43
Ans: x~0.709,2.43 Al
11bii | sin( y+4)=3cos y
sin ycos 4 + sin 4cos y = 3cos y M1
sin ycos 4 = cos y(3 - sin 4)
tan y = 32504 _ 5 5373 M1
cos 4
B.A,a =1.398531 M1
y=m-1398531 27 —1.398531 = 1.74,4.88 Al

e e e

e et T
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Geylang Methodist School (Secondary)
Preliminary Examination 2016

ADDITIONAL MATHEMATICS 4044/ 01
Paper 1
4 Normal (Academic)

Additional Materials provided: Wriling Paper
Cover Sheet

1 hour 45 minutes

Setter: Ms Nainee Ismail Thursday, 11 August 2016

READ THESE INSTRUCTIONS FIRST

Write your name, class and index number on all the work you hand in.
Wrile in dark blue or black pen on both sides of the paper.

You may use a soft pencil for any diagrams or graphs.

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

Answer all the questions.
Write your answers on the writing papers provided.

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

The use of a scientlific calculator is expected, where appropriate.
You are reminded of the need for clear presentation in your answers.

At the end of the examinalion, 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 score for this paperis 70.

This document consists of 5 printed pages including the cover page and 1 blank page.

[Turn over
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax® +bx+¢=0,
= —b+b* —4ac

2a

Binomial expansion

(a+b) =a" +(7]a"'b+(")a"2b3 +.. +(’T)a""b’ +...+b",

2 [

where n is a positive integer and g . S afn-1)... (a-r+1)
r) rin-r) r!

2. TRIGONOMETRY

Identities
sin® A+cos* A=1
sec’ A=1+tan’ 4
cosec*A=1+col* 4
sin (4 + B)=sin Acos B * cos Asin B
cos(AiB)=cosAcosBiFsin Asin B

lan(A:t:B)= tan A+tan B
1¥tan Atan B
sin2A4 =2sin Acos A
cos2A4=cos* A—sin® A=2cos’ A-1=1-2sin" 4
ey L8
I|-tan” 4
Formulae for A ABC
a b c

sind sinB sinC
a* =b* +¢* - 2bccos A

=1 absin C
2

2
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GMS(S)/AMath/P1/PRELIM2016/4N(A)
3
. 12]

13]

(i) Giventhat y= (2x: - l)‘. show that E‘f =16x (2):2 - l)

GMS(S)/AMath/P1/PRELIM2016/4N(A)
(i) Hence, find f x (2x3—l)) dx .

Answer all the questions.
Find the set of values of p for which the equation - 3x? + px—=12=0 has real roots. [3]
The function f(x)=ax’ -3x? +b, where x is a real number and that f2)=3,

1
9

14]

has a stationary valueat x=1.
13]

2 Solve the simultaneous equations
37x9 %= 1 y
3
x+2y-3=0.
(4]
(i) Find the value of the constants a@ and b.
3 Thecoordinates of the points A and B are (-1, 2) and @, 10). . . . . . .
(i) Explain, with justification, why the stationary pointat x=1 isa minimum.
Find the equation of the perpendicular bisector of AB. 4]
4 (i) Factorise x'-8. 12]
& (i) Explain why the curve y=x'~8 only has one x— interceptat x=2. 12] 10~ (a) The diagram shows part of the graph  y = a sin (bx )+ .
(o)
5 The volume, ¥ cm?, of a spherical ball is given by ¥ =—m"’, where r cm isthe 3
radius of the ball. The ball is deflated such that its volume decreases at a rate of Q’ o
294 cm’s™'. Find the value of » when the radius is decreasing at a rate of 3 cms™ [*
2 y=asin(bx)+c
6 (i)  Write down the first four terms in the expansion, in ascending powers of x,
of (1+ax)’, where a is a positive constant. 12] + : + +>
0 L3 T 3 27
(ii)  Given that the coefTicients of x and x’ inthe expansion of (l + ax)' 2 2
are equal, find the value of the constant a, leaving your answer in surd form. [3]
State
()  the period and amplitude of 12]
7 Giventhat y=(2x+1)'x7, find %. giving your answer in the form (i) thevalueof a, b and c. 131
(px +q2 §’2X+ 122 where p and g arcintegers. i) (b)  On a separate diagram, sketch the graph of y=1-cos2x for 0°< x < 180°. 12]
x .
2 ey . [Turn over - e vy
GMS(S)/AMath/P AIPRELIM2016/AN(A)
GMS(SVAMath/P1/PRELIMZ0 1S M Ble stfreepapers.com—
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A

c+1) (b) On a separate diagram, sketch the graph of y=1-cos2x for 0°<x<180°. 12]
(px ad | (32’\ e where p and ¢ are integers. [5]
X
e e — DU ——
- BLANK PAGE -

11" The function f(x) isdefinedas f(x)=x’ - kx®+3x+6, for all real values of x.

(i)  Find the range of values of x for which f(x) is an increasing function. 13]

(ii) Forthe case k =2, find the equation of the normal to the curve

y=1f(x) where x=1. [4]

12 (i) Sketch the parabola y* =2x. 2]

The line y=x intersects the parabola at the points 4 and B.

(ii)  Find the midpoint of AB. 14]

(iii) Show that the midpoint of AB lies on the line 2x-y=1. 1)

69

13 (i) Show that the equation
24tan A—2tan* A=3sec’ A-8

may be written in the form

Stan® A-24tan A-5=0. 12)

(ii)  Find, in degrees, the two principal values of A4 for which

24tan A-2tan® A=3sec’ A-8. 14]

(iii) By using a suitable identity, explain why the values of 4 found in (ii)

satisfy the equation tan2A4= —% . 12]

5 6
- End Of Paper - bestfreepapers.com
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GIMS(6) 2016 PRELIM 4NCA)A. Mashs Paner 2 [RHNGH Answers GME(E) 2016 PRELIM 4NGA) A.Maths Paper 1 OTII0T Answers
ps=12 or pz12 ; @)
(x =1, y= l)

M) (x-2)(* +2x+4) ; y=(i:2)(x’+2x+4)

culs x-axis nol cul x=gxis
alx=2 3 —dac<h)

2 1
(i) 1+8ax+28a’x* +56a’x +... ii) a=— or
® 7

dy  _ (2x-2)Q@x+1) L
x < (p=2.9=-2) @ Py, Gii) Substitute (I, 1) in 2x—-y=1
AB\"» . s
(i) Use Chain Rule (i) 150 : - Show: LHS = RHS
= {l) Use: sec” A=1+tan A (ii) ==]].3° 78.7°
@i f')=6 (>0) and substitute into equation -

stationary pointat x=1 isa (i) Use: tan24= 2tan A
minimum, 1-tan® 4

a=2, b=-] . ] ]
and substitute into equation

(a)(i) Period = 7 radians

Amplitude = 3 units ) a=3,b=2 , c=4

GMS(S)AMAINPA/PRELIM2016/4N(A)Enswer Schema
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax® +bx+c=0,

ADDITIONAL MATHEMATICS
Paper 1

=—b:t\/b:—4ac

2a
Additional Materials provided: ' 4| hatlt 45 minutes
: Binomial expansion
Setter: thursday, 11 August 2016 (a+b) =a" +(")a""b+["}a""b: +... +[”)a""b’ +...+b",
1 2 r
> R n ! -1) ... n-
where n is a positive integer and =" _= n(n-1)... (n=r+1)
r) rin-r) r!

fiber on all the work you hand in.
n both sides of the paper.

ol 2. TRIGONOMETRY
ncil for any diagrams or graphs.

q .
- per clips, highlighters, glue or correction fluid. Identities . .
sin A+cos” A=1
sec* A=1+tan* A
cosec’ A =1+cot’* 4
Wme your answers on lhe writing papers provlde sin (4+ B)=sin Acos B + cos Asin B
Give non-exact numerical answers correcl cos (A + B) =cos Acos B Fsin Asin B
angles in degrees, unless a different level
The use of a scientific calculator i3 i ( At B): tandttan B
You are reminded of the need fo ) I tanAtan B
A sin2A4=2sin Acos A
: cos2A4=cos> A—sin® A=2cos* A-1=1-2sin’* 4
,fr!‘ yoUray {f8ether. lan2A=—£%
. mns given in ’ =
< f ;
Formulae for A ABC
a b c

sin4 sinB sinC
a*=b*+c* —2bccos A

A=Labsinc
2

This document consists of 17 printed pages including the cover page and 1 blank page
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Answer all the questions. 2 Solve the simultancous equations
yx9r=L
1 Find the set of values of p for which the equation —3x*+ px—12=0 has real roots. 13] 3
x+2y-3=0.
14]
1 =-3x 4 px-12=0
LoR B0, el 2 3x9==l - (1)
[real roots — b*—4ac>0] 3
x+2y-3=0 -(2)
b*-4ac20 l
(pf-4(-3f-12)20 [ ): i
p 14420 @)y x()" =06)"
P -1220 37 %372 = 31
(p+12)(p-12)20  [M1] - _ 34 o3
[ Leading to critical points: p=~12, p=12 ] Prdisel
= y=2x-1_ 5(3) 1]
~ : i .
N (p+12) (p-12)20 : . Substitute (3)into (2):
F h:
i i (AT] B { (2): xX+2y-3=0
<-12 .
> p<-12 or p2 [A1] y 1€ . x+2(2x-1)-3=0 [m1]
Q» X+4x-2-3=0
o O 4 5x-5=0
5x=5 [+(5) on both sides]
= x=1
Substitute x =1 into (3):
(): y=2x-1
y=2(1)-1
y=2-1
= =1
(x=1,y=1)

WW A 5 TT——
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3 The coordinates of the points A and B are (-1.2) and (3,10).

Find the equation of the perpendicular bisector of AB. 4]

Given: A(-1,2) , B8(3,10)

Mid-point of AB: X+ X y.+y=)=(—1+3 2+|o)

MP,, = , ,
‘”(2 2 2 2

212
Meu=(32)-0.0 )
Gradient of 4B : m',,_z-’—__&__lo_i=§=2
X, =X, 3-(—1 4
8
M= =2 [T
Gradient of 1 bisector of AB: (mu,,)(m”)z—l
-1 -1 1 —
My == ==wg L

Equation of L bisector of AB: (xo3)=01,6) 5 my,= “3

V=N =My (x_xl)

1
-6=-—(x-1
y 5 (x-1)
y==——x+—+6
13
= =——x+3-
5 [Turn over

bestfreepapers.com

(i) Factorise x’—8. \2)
(ii) Explain why the curve y=x’~8 only has one x —interceptat x=2. 12]
(i) Difference of cubes:

£y = k=) e y?)

x' -8 = x' =2 @]

=2 = (x-2)(x*+x@+2%)

Lox =2 = (x—Z)(x: +2x+4)
() W=x'-8

y=(x-2)(x* +2x+4)

x — intercept: y=0
y=x"-8 - 0=x'-8
y=(x-2)(* +2x+4) > 0=(x-2)(x*+2x+4)
= x=-2=0

= x=2

(x’+2x+4) = a=1,b=2,c=4

Discriminant = b* = dac
=27 - 4(1)4)
=4-16

Discriminant  =-12 (<0)

y=(a;—l)(x’+2x+4)

culs x-axis nol cul x—pxis
ot =2 )

Hence, y = x* =8 has only one x - interceptat x=2.

= x*+2x+4=0

= Nosolution
(b2 —4ac < 0)

E

6
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GMS(S)/AMath/P1/PRELIM2016/4N(A)/Aniswar. Schemmd

The volume, ¥ cm?, of a spherical ball is given by ¥V =;nr’. where r cm is the
radius of the ball. The ball is deflated such that its volume decreases at a rate of

294 cm’s™. Find the value of » when the radius is decreasing at a rate of zi cms™. [4]
b4

GMS(S)/AMath/P1/PRELIM2016/4N(A)fAnswer Scheme)

Given: V=§m'J :

1—’:=—294 cm’s? gf:—-}— cms™

(For values of 1—:/ y % stated as positive — increasing)

Lo 294 cm’s! sl cms™
de dt

— [M1] (Decreasing — negative)
2r ARE

Lr=7¢m

(Reject r==7cm, radius is positive)

(i)  Write down the first four terms in the expansion, in ascending powers of x,

of (1+ax)’, where a isa positive constant. 12]

(ii)  Given that the coefficients of x and x’ in the expansion of (l+ax)'

are equal, find the value of the constant a, leaving your answer in surd form. 13)

- (Turn over

M (+ax) = (g] 1+ (ax)’ +(T)l"' (ax)' +GJ|"= (ax)* + GJ:"’ (ax)' +...

=1 (1)+ @)1 (ax)+ (8)1° (a*x*)+ (56)1° (@’x") +... [m1]
S+ax) =1 + 8ax + 28a’x* + 56a°x° +...

(ii) . Coefficients of x and x* are equal:
Term containing x = 8ax

Term containing x* = 56a"x

= B8aq=S56a [m1]

0=56a"-8a
8a(7a*-1)=0
- 8a=0 - (1a*-1)=0 [m1]
a=0 7a* =1
|
a =—
7
1 1
a=:t\/:=i—-=i—
7 7 7
1 . -
a=—= (a isa positive constant)
ﬁ P
I W7
OR A= —X—
i
J7
0=

- [Al] (For answers in decimal)

(Reject a=—J—l7- or 0 or —g —> a isapositive constant.)

e —————A I
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7 Giventhat y=(2x+])'x>, find :—:.giving your answer in the form 8 () Giventhat y=(2x*—1)', show that %=l6x(2x° =1). 12\
—————(””"igz”')' where p and g are integers. (5] () Hence, find [ x(2x*-1) dr. Bl
7 Given: =(2x+1)x7 Let: u=(x+1) :
e . 8 M y=lx-1)
u
.4 =udv + vdu ;"3(2"*”))-'(2) d .
dx ﬁ=4(2x:—l) " (4x) [™1]
A =(2x+1)"(1-2-)+(x'=) 6@x+1) M1 - =6(2x+1)’ :
& x % =16x (2x2 = I)’ (Shown)
d -2(2x+1)"  6(x+1) '
o 2@ sl
d a
|Extract common factor]| ;v= -2x*
&y _2(x+ 1) [_ (2x+l)+gjl m v _ i (i) From (i),
o > o [16xx-1) ax = (x*-1)'4c 1]
dy _2(x+1) [ (2x+1 +3(1]] %:#
& X x 1\ : * 16] x[2x2-1) - 2 )
JA(A l)dx (23 l)+c
dy  _2Q@x+1)[-(2x+1) 3(x 1 1
& X x 1\ x [x(Zx’-l)’ dx = [1—6-(2x1-1)‘]+c [+(16) on both sides]
dy _2(2.\'4-1) [ 2x— | ] @ 2 A 1 12
G g & [ xlr-1f v = = [(2::-—1)‘ ]o
dy 2(2x+| 2x—1+3x 2 , 1 . .
- = U ] E@l [ x@x-1) ax = o [(2(2)-—|)‘ - (200 -1) ] [M1]
dy =2(2x+l)’[x_—l] = . ¢ = (1)
= == = o -]
dy _2(2x+1)(x-1) = L2 -1
dx x*(x 16 ’
2 | E
%’ (2x-2)(2x+1 (Shown) = T [2400]
X
. 2 ) 3 2 -
dy (px+q)(2x+1) (p=2,q=-2) ,-.Lx(Zx'—l) dx = 150
dx
9 [Turn over 10
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GMS(S)/AMath/P1/PRELIM2016/4N(A)Answer Schetmg

The function f(x)=ax’-3x* +b, where x is a real number and that f(2)=3,

has a stationary value at x=1.

(i)  Find the value of the constants @ and b. 4]

(i)  Explain, with justification, why the stationary pointat x=1 isa minimum. [3]

GMS(S)/AMath/P1/PRELIM2016/4N(A)fAnswer Schemel

10

() Equation (1): f (x)=ax’-3x*+b ; £ (2)=3

fR)=a@)-3(2)}+o [Mi]
3=8a-12+b

3+12=8a+b

8a+b=15

- (1)

Equation (2):  f(x)=ax’-3x*+b hasa stationary valueat x=1 = f'(1)=0

£'(x) = 3ax* - 6x 1]

(1) = 3a(1)’ - 6(1)
0=3a-6
6=3a

La=2

Substitute a = 2 into (1):
():  8a+b=15
8(2)+b=15

16+b=15 K

b=15-16

Lb=-1 [A1]
(i) a=2,b=-1 = f(x)=2x-3x*-1
£'(x) = 6x* - 6x

1]

£(x)=12x-6 m
At x=1 = f()=120)-6

f"(1)=12-6

f'(l)=6 (0)
Since  f"(1)=6 (>0),

= Second Derivative is positiveat x=1,
=  Hence stationary pointat x=1 is a minimum.

(a) The diagram shows part of the graph y = a sin (bx)+ c .

y=asin(bx)+c

0 x 4 Ir 2
2 3
State
(i)  the period and amplitude of y , 12]
(i) thevalueof a, b and c. 13]
(b) On a separate diagram, sketch the graph of y=Il-cos2x for 0°<x<180°. 12)

10

1 [Turn over

(a) (i) Period = 7 radians

Amplitude = 3 units rcisering

(i)

3 [A1)
2 [A1]
4 [A1)
3

sin2x+4

~l

(b) y=1-cos2x for 0°< x<180°.

y
34
1 y=l-cos2x
2 e Shape
14 _ ¢ Period/Range

* Max/Min point

90 *~ \,n's\

~

—> o
180 X (degrees) ® X, y-—intercepts
147 < S @ ~Jy e Label graph/axes

y=cosx

—[A1] (For each missing point)

" . ™ g

estfreepapers.com
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=  Hence stationary pointat x=1 is a minimum. ‘ | - 2* - |A1] (For each missing point)
- - ——— P

11 The function f(x) isdefined as f(x)= x’ —kx* +3x+6, for all real values of x. 12 (i) Sketch the parabola y* =2x. 12}
‘ (i). Find the range of values of & for which f(x) is an increasing function. [3] The line y=x intersects the parabola at the points 4 and B.
(i) For the case k=2, find the equation of the normal to the curve (i)) Find the midpoint of AB. 14]
y=f(x) where x=1. (4] (iii) Show that the midpoint of 4B lies on the line 2x—y=1. [1]
11 @) f()=x"-k’+3x+6
£'(x)=3x* - 2kx+3 112 @M
£(x) is increasing: 4\{
= f'(x)>0 s -
.
=  3x1-2kx+3>0 (a=3;b=-2k;c=3] M) a"°.° paraoia
[a>0 ; 3x*=2kx+3>0) (\ \ e X, y—intercepts
- a>0, minimumcurve \ e Label graph/axes
- 3x% —2kx+3> 0, always positive (above x — axis)
& b? —4ac < 0, does not cut x —axis (no real roots) J - — [A1] (For each missing point)
= b*-4ac <0 2 #B0 .
2 £ Scale is not necessary
(260 -4(3)(3)<0  [a=3;b=-2k;c=3] [M1] ke
4k*~36<0  [+(4) on both sides] = - 10y
k*-9<0
k*-3*<0 (ii) Points of intersection — Solve equations simultancously:
(k+3)(k-3)<0 y=2x ()
:'1 [ Leading to critical points: k=-3,k=3] y=x -(2)
Substitute (2) into (1):
£k+3)(k—13)<0 (1): y*=2x
rom graph: A
-3<k<3 . (") =2x @]
x* =2x=0
(i) y=f(x)=x -k’ +3x+6 x(x-2)=0
Given: k=2, x=1 = x=0 = x=2=0
y=£(1)=0) - )1)* +30)+6 = =
y=1-2+3+6 Substitute x=0, x=2nto (2):
y=8 (L9 M1 i B wmx (imd) @): y=x (x=2)
Gradient of tangentat x=1:  m,, =£'(1)=3(1) -2(2)1)+3=3-4+3 0 (0,0 3 G.3)
2 y= N = 5
[£'(x) = 3x* - 2kx+3] my,=6-4=2  [Mi] y
Gradient of normal at x=1:  (m,, ) (") =~1 @ = 40,0 [my = 5.2 [mi]
-1 -1 1 X +Xy Y +Ya 0+2 0+2) (2 2)
e ——— s —— MP =—-—-,—————=—'-——=—‘—=1']
A T “’[2 2)(22 22()
Equation of normal to the curve at (1,8): Y=Y =My, (x—x.,)
(e.0)=0.8) mm,.=-l y—8=—l(x—l) Gi) (1,1) = x=1,y=1 = Substitutein 2x—y=1
2 i 2 1 LHS =2x-y=2(1)-(1)=1
pE=grts s RHS =1 :
i y=—%x+l—27- Since LHS = RHS , (l,l) satisfies 2x—y=1 [(1,1) lies on 2x—y=l](Shown)[@
13 14
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GMS(S)/AMath/P1/PRELIM2016/4N(A)fAnswar. Scharg) GMS(S)/AMath/P1/PRELIM2016/4N(A)fAnswer Schemg)
13 (i)  Show that the equation
24tan A-2tan® 4 =3sec® 4-8 e e e s
may be written in the form GMS(S') ZOIGPRELIM 4NA) A.Maths ‘Paper_ 1 Answers
Stan® A-24tan 4A-5=0, [2) I p<-12 or p212
(ii)  Hence, find, in degrees, the two principal values ?f A for which (x=1, y= 1)
24tan A-2tan* A=13sec’ 4-8. (4]
(iii) By using a suitable identity, explain why the values of A4 found in (ii)
. . - 5 (ii) y=(x—2) (x:+2x+4
satisfy the equation tan24 = T 2] 4 @ (x— 2)(.\:: + 4) = me)
ma=2  —dae<h
13 () 24tanA-2tan* A=3sec’ A-8§ [From: ‘sec’> A=1+tan? 4]
A 2 4
TAA= D A=3(1+tan’ 4)-3 6 ()  1+8ax+28a’x +56a°% +... @ a=—Lor¥ ;
24tan A-2tan® A=3+3tan’ 4-8 7. 7
0=3+3tan’ 4-§+2tn’ 4~24tan 4 . & _(@r-2)@xel) !
0=5tan'A-24tanA—5 ; = x-’ (p:z‘q=—2) |
Stan*® A-24tan A-5=0 (Shown) [A1] i
. ; (i)  Use Chain Rule (i) 150 g
(ii) [‘.'?r;al: /(40-]:2 tan” A=3sec" A-8  (Principal values) (i) f’(l): 6 (> 0) 2
Stan® A-24tanA-5=0 M1]|(Principal value of tangent: —90° < tan™ A < -90°) ’ @ a=2yibesd 5‘?“?"8")' pointat x=1 isa i
(tan 4-5)(Stan A+1)=0 [M1] miimem: !
= tanA-5=0 - tan A ~5) —25tan 4 (a)(i) Period = 7 radians i ¥ _ _ 1
tanA=5 >< Amplitude = 3 units W0} am3 § bmdisieed
A= tan"(S) Stan 4 +1 +tan 4
s A=78.69007° ~ 78.7° Stan’4 - S D 4
= StanA+1=0 —
Stan A =-1
tan A= =t
5
- - l
A=tan"'| - g g B X
= — Oag o :, ~ . \ :, i
4==11.30995" 0 =113 45\ 90 ~_35. 180 x (degrees)
=-11.3° , 78.7 N 3
~14- Sure e S
y=cos2x y=cosx
(ili) tan24= s [From: tan24 = —ﬂ]
12 1—tan* A
2tand S
I-tan’d -12
(2tan 4)(-12)= () (1~ tan® 4)
(~241tan 4)=5-5tan* 4
Stan® A-24tan A-5=0
24tan A-2tan’ A=3sec’ A-8  [From (i)]

tan24 = —-% is equivalent to

smnz A-241tan A-5=0 4 24 tan /‘—2'.3“J A:]secz A-8 (Sllown)
eI Lrn 2V er; =
GMS(S)AMatVP 1 /PRELIM2016/4AN(A)
GMS(S)/AMath/P 1/PRELIM2016/4N(A) ATEWBEOCHOME, o oty eepapers.com
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Stan? A-24tan A-5=0 ; 24tanA-2tan’ A=3sec’ -8  (Shown)

T S T T T P Ty
- BLANK PAGE -

(i) Substitute (1, 1)in 2x—y=1

(i) MP,(1,1) Show: LHS = RHS

(i) Use: _SC(:z A = l + tan,‘ A (il) =-11.3°, 78.7°

and substitute into equation

(i) Use: .fanZA_:'ﬂLf_
el = tan® 4

and substitute into equation

7 18
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GMS(S)/AMath/P2/PRELIM2016/4N(A)

Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax* +bx+c=0,

X_—bi\/b:—ftac

2a

Binomial expansion
(a+b) =a" +(';)a""b+(g]a""b’ +.. +(”Ja""b’ +o. b,
r

1 - >
where n'is a positive integer and Nt o n(n=1) ... (n—r+ ),
r) rin-r) r!

2. TRIGONOMETRY

Identities
sin® A+cos® A=1
sec’ A=1+tan* 4
cosec’ 4 =1+cot* 4
sin (4+ B) =sin Acos B+ cos Asin B
cos(A+ B)= cos Acos B Fsin Asin B
tan A +tan B

tan(A:tB)= —_
IFtanAtan B
sin2A4 =2sin Acos A
cos2A=cos’ A-sin® A=2cos* A-1=1-2sin> 4
i A2 n A
I-tan~ 4
Formulae for A ABC
a b c

sind sinB sinC
a*=b*+c* - 2bccos A

A= -l—absinC
2

GMS(S)/AMath/P2/PRELIM2016/4N(A)
D

Answer all the aucstions.
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. o - . L ———— A SR

‘Answer al/l the questions. 6 In triangle ABC, the length, in cm, of AB is 1+4J2 ,of BC is 2J2-2
andof AC is 35 . Without using a calculator,
1 Find the remainder when x* —2x’ +6x* —4x+9 is divided by x*-3x+1. 13
(i) explain why triangle ABC is right-angled and state which angle is 90°, 14]
(ii) show that tan BCA= Ezi\/—i— ,where a and b areintegers to be found. 4]
2 (i)  Find the set of values of ¢ for which the quadratic expression” - X +4x+c
is always negative. 13]

(i) Explain why the quadratic expression —x”+4x~8 is always negative. (1 7 The diagram shows a closed cuboid box. A contractor wants to use metal sheet of negligible
thickness to make a cuboid box that holds exactly 500 cm® of sand. The cost is minimum if
thebox has the smallest possible surface area. The dimensions of the box is such that the sides

3 (i) Express J3cos@+sin@ inthe form R cos (G—a). ' . 4 of its base are of length 4x cm, width x cm and'heighl Jt em. The total surface area is 4 cm?.
where R>0 and O<a < 12'. radians. 131

h
(ii) Hence, or otherwise, state in radians, the principal value of JV3cosd + sing=0. (2]

4x

e < . . . 1250
4  Theroots of a quadratic equation are a and f,where a+ f= —% and af=1. Q ()  Express i intermsof x and show that A=38x"+ = 131

(i)  Find this quadratic equation in the form 2x +bx+c=0, (i) Given that x can vary, find the value of the surface area

where b and c areintegers. e 12] for which the cost is lcast. ‘ 14]

X X = . . i" el
The roots of the quadratic equation x* + px+q =0 are a gl E \ (iii) Calculate the minimum cost, to the nearest cent,
B a of producing | box if a metal sheet costs 25 cents per 1000 cm?, 1]

(ii)  Find the value of each of the constants p and g. . = (4]

S _ 8 Acircle C, hascentre (3,-4) and radius 5.

cosx  l-sinx (i)’ * State thie’equation of C,. (2]
— i —————— : - - < .

5 (i) Prove that -
l-sinx cosx

=2secx. ’ ; 13] .
T'he' equation of circle C, is X4yi- lbx =0.

(ii) Hence, state the exact value of tan (90°—x) such that x is an acute angle .
(ii)  Find the coordinates of the centre of C, and the radius of C,. 14)
which satisfies 3 3 : i
. (iii) " Justify with suitable calculations, if the centre of the tircle C,

cosx 1-sinx : : :
l-sinx cosx

_9 3
== 13] lies within the circle C,. T ; : 12]

3 [Turn over ‘ 4
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GMS(S)/AMath/P2/PRELIM2016/4N(A)

GMS(S)AMath/P2/PRELIM2016/4N(A)

9  Apolynomial f(x) issuchthat £*(x)=12x+10, f'(1)=12 and f(-1)=4. - BLANK PAGE -
(i) Using integration, show that f (x) =2x* +5x* -4x-3, (5]
(i) Show that x—1 isa factor of f(x),and solve the equation f(x)=0. (5]
10  The diagram shows part of the curve y=—x*+12x-20.
The curve crosses the x — axis at the points 4 and B.
The tangent to the curve at the point C is parallel to the x — axis.
The straight line BD passes through the curve at points B and £.
The tangent to the curve at the point C and the straight line BD meets at point D.
y
A
o
N
c
E} &::
Y A/ ! N b
' y==x"+12x-20
(i) Find the coordinatesof 4, 8, C, D and E. 7]
(i) Find the area of the shaded region CDE. [5]
s 6
s - End Of Paper -
GMS(S)IAMalh/PZIPRELIMzmGIdN(b}eStfreepaperS-Com
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(ii) Find the area of the shaded region CDE .

~x*+4x-8 (c=-8—>c<-4)
—x* +4x-8 isalways negative

) (\/3 cos @ +sin 0) = 2c0s (9 - %) (ii) Principal value: 27"

() 25 +x42=0 = b=1,c=2 (i) =% —

(i) _J?=7 OR %Jﬁ

= (4B) +(BC)*=(4C)

=> Obeys Pythagoras' Theorem

= AABC is a right — angled triangle with AC — hypotenuse

. ZABC is right - angled,90° (angle opposite the hypotenuse side)

9+542
2

(i) [a=9 , b=5]

@) h= 22 Amget 4220 (i) 439 cm?* (3sf) (i) 11 cents
X X
: 2 .
[6)) (x1 3) * (y+4) =25 @) C6,0) . 5units
OR x*+y —6x+8y=0
(i) Show f(1)=0 = (x—1) isa factorof f(x)=2x"+5x"—4x-3

(iii) Centre of Circle C,
lies within Circle C,

f(x)=0—)x=—3.—-;-,l

@ A4(2,0), B@0,0), c(6,16) , D(0,16) , E(3.6,10.24)
(i)  14.976 square units

7
- End Of Paper - bestfreepapers.com
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax® +bx+c¢=0,

ADDITIONAL MATHEMATICS
Paper 2

-b+Jb* —dac

2a

X=

Binomial expansion

(a+b) =a" +(7Ja""b+(;Ja""b’ +.. +(")a""b’ +.+b",
"

! = -
where 11 is a positive integer and (”) = - np=1)... (1=r+ )
y

Setter: Ms Nainee

onday, 15 August 2016

2. TRIGONOMETRY
Identities
sin® A+cos’ A=1
sec’ A=1+tan* 4
cosec’ A =1+cot* A
sin (4+ B)=sin Acos B + cos Asin B
cos(Ai B)= cos Acos B Fsin Asin B

tanA+tan B
|Ftan Atan B
sin2A4=2sin Acos A

Give non-exact numerical answers correct 03
angles in degrees, unless a different Ivel

The use of a scientific calculator i

tan(4+ B)=
You are reminded of the

c0s2A4=cos* A-sin® A=2cos> A—1=1-2sin A
tanzAzﬂ.’A;
l-tan- 4
Formulae for A ABC
a b c

sind sinB sinC
a’ =0 +¢* - 2bccos A

! ;
A=—absinC
2
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Mwwm / 2 (i) Find the set of values of ¢ for which the quadratic expression - X* 4+ 4x+c
is always negative. 13)
. o : 453 2 _ 4. e divi 2 _ : )
1 Find the remaindor when x'~2x'+6x"~4x+9 isdividedby. " =3x+1. B3I (i) Explain why the quadratic expression —x~ +4x~-8 isalways negative. 1]
1 a
X'+ x +8 W .
x*=3x+ I)X‘ -2 +6x"—4x +9 [v1] 2 (i) Given: Quadratic expression —x* +4x+c isalways negative
—-(r‘—3x‘+ x’) 1l = —x'+dx+c<0 [a=-1;b=4;c%c] [EM_JTI
P+Sr-4x 4 [a<0; —x"+4x+c<0]
~ (f =32+ x) { —  a<0, maximum curve
8’:: =5 x+9 — = x> +4x+c <0, alwaysnegative(below x — axis)
~(8x* -24x+8) ; : i)
19x+1 [[M1|] s b*—4ac <0, does not cut x— axis (no real roots)
=5 b*-4ac<0
(4 -4(=1)(c)<0 [a=-1;b=4;c=c]
4~ 3 2 _
Since > 2x1+6x 4x+9=x’+x+8 + —M 16+4c<0
xt=3x+1 x*=3x+1
(o] 4e<—16 [+ (4) on both sides]
(3}
Remainder = 19x+1 ooc<—4
e )
p (ii) For: Quadratic expression —x*+4x+c tobealways negative= ¢ <-4 [From (i)]
R
Quadratic expression —x* +4x-8 (c=-8—c<-4)
Hence, — x* +4x—8 is always negative.
[Accept working that states: a <0 (a=-1) and b*-4ac<0 (a=-l,b=4,c=-8)]
3 [Turn over 4
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(i) Express V3cos@+sin@ inthe form R cos (0-a),

where R>0 and O<a <§ radians. 3]

(i)  Hence, or otherwise, state in radians, the principal value of /3 cos@+sin6=0. (2]

GMS(S)IAMam/PZIPRELIMzm6/4N(A)

() The R-Formula:
(acos@+bsin6)= Reos (0-a), R=va®+b* and tana=2
a

(Jicos€+sin0) =a=3b=1

R=a?+5* = ({3 +1* = V371= V4 =2

tana-é— l :a:mn"(LJ = a=Z radians
a 7; Ng) 6

(\/ic059+sin 0)= 2cos (0— %)

Bl E &

(ii) V3 cos@ +sinf =0

2cos (e-%) =0 (From (i)]

cos (0— %) =0 (Principal value of cosine: 0<cos™ x< )

e m &

g=Esk
6 2
0=£+£
2 6
0:3_’r.+£
6 6
= Principal value: 6 = 46—” = 23—”

The roots of a quadratic equation are & and f,where a+ = —21 and af=1.

(i)  Find this quadratic equation in the form 2x+bx+c=0,
where b and ¢ areintegers. (2]

The roots of the quadratic equation x*+ px+¢=0 are % and E
a

(ii)  Find the value of each of the constants p and ¢. 4]

S [Turn over

(i)  Given: Sum of Roots (SOR): a+fi= -21

Product of Roots (POR): aff =1
Quadratic Equation:  x* -(SOR) x+(POR)=0
x*=(a+p)x+(@B)=0

x’-(—%))w(l):o [(m1])
&% +% x+1=0  [x(2) throughout]

2x +x+2=0
2 +bx+c=0 = b=1,c=2

(i)  Given: Roots of x*+ px+¢=0 are % and &
a

Sum of Roots (SOR) Product of Roots (POR)
=9_+£ = ﬁ +(£)
f «a g a
=2 _ + b =1 I@]
aff  aff
_at+p
aff
) Quadratic Equation:
LY - 20 x* = (SOR)x+(POR) = 0
a
% xz—(—ZJ,\w(l):O
(-0 «
= O X +% x+1=0
. X+ px+q=0
4 .
18
"4 4 Constants: p =

J
4
]

=] ]

-1 -
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: b cosx l—sinx_2 e’ I3l . 6 In triangle ABC , the length, incm, of AB is l+4ﬁ of BC |s 2\5 2
R AR VO LR I-sinx & cosx i andof AC is 35 . Wlthout usmga calculator,
(i) Hence, state the exact value of tan (90° —x) such that x is an acute angle ’ ) . (i) . explain why lnangle ABC is nght-angled and state whnch angleis 90°, - 4]
Whicvsstanis cokx  l-sifiz 9 (ii) show that tan BCA= a+b\/— ,where a and b are integers to be found. 4]
+ =2, 3]
l-sinx cosx 4 R : "
. 16 @ (B =(+a2) By =2 -2
50 Tﬁs.i+l—§§"—*=2secx = () +2() (v2)+ (a42) = V2] -242)@)+ (-2
-sinx X , 3
LHS =-_S08% +l—sinx =l+8»/5+(4)‘(~[2—) =(2)( ) -8J2+4
" l-sinx cosx - ‘ =l+8ﬁ+(l§)(2) =(4)(2)—8\/E+4
__cosx (cosx) & l—sinx(l—sinx) : . C o148V3 432 28-82+4" " -
I-sinx\cosx cosx E-sinx - (4B) =33+8V2 (Bc) =12-842 - -
cos’ x !l—sinx% 1-sin x) . . .
= (cos x) (1 —sin x) + (cos x) (1 —sin x) o (4ac) = 6\/5)‘ w3 (AB)Z = 33+§\[2- . f/B_j') (= IZ-}\;E
_ cos” x+(1- sm,\)(l sm) IEW__]_]I =(3):(\/§)- (4B) +(BC) .,_-(33*-8 2)+12-8v2
(cos x) (1-sin x) ' : =(9)(s5) . = 33 + 12 +8\/5-— 8v2
_cos’ u-(l —sinx— s.mx+sin’{) (4cy =4s (M) (4B)’ +(BC) =45
2 (c.oszx) ( -snn'x) 38 From above, (4C)'=45 and (4B) +(BC) =45
_ cos” x+sin x+!-2smx (From: sin® A+cos® 4=1] - (4B)* +(BC) =(4C)
(cos x) (1—sin x) e e i,
3 1+1-2sin x 2-2sinx 2 (1-sinx) =S ya kyinagoras i ioorea )
= © x) (l- o x) = (cos x)(l—sin x) = (cosx) (l—sin %) m => AABCis a right — angled triangle with AC — hypotenuse
<2>s * o ©. ZABC is right — angled, 90° (angle opposite the hypotenuse side)
= Cosx \ ! ) AB
cOS X g i Béa = 4B
=2secx @ (ii) tan %C )
= RHS (Shown) K _ l+4\/§ @
1-si 9 2v2-2
(i) lﬂ)i.‘—r—+ -sm«\'-_-.z , X is an acute angle — Quadrant 1 1+442 5 202 +2 (Rationalize)
-sinx  cosx =
9 . A 22 ~3 20243 W[ |(1eas2)
23ecx=z [From (i)] i sahbs
2 9 =2Ji—2i=272+2; M1
et 9
cosx 4 s _ 000v2)+ ) @)+ (8v2)v2)+ (4v2) () Cla-) B
8=9cosx - < £ > B (Zﬁ)! (2f
8 > 8 'x -
TS iM1] _ 2V2+2+(8)(2)+8VZ _ 2+16+10v2 _ 18+1042
. ) | By Pytl{agollas' Thezorem, (2):( ﬁ)’ i (4)(2)-4 8—4
i s 8 9 =8 +om C18+10v2 _ 2(0+542)
tan (90° - x)= — 9?8 =opp = s o)
Jﬁ % i
7 g e 9+52
OR tan (90°-x)‘ —_— l opp* =17 s tanBCA = "
7 op =17 (5] A
3 2
lan(90°—x)=ﬁ\/ﬁ tan BCA = ‘”;’ [a=9][A1] , [(6=5] [A1]
7 [Turn over 8
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7  Thediagram shows a closed cuboid box. A contractor wants to use metal sheet of negllglble 8  Acircle C, hascentre (3,-4) and radius 5.
thickness to make a cuboid box that holds exactly 500 cm?® of sand. The cost is minimum if ()  State the equation of C,. 2]
the box has the smallest possible surface area. The dimensions of the box is such that the sides
of its base are of length 4x cm, width x cm and height /i cm. The total surface area is 4 cm?. The equation of circle C, is x*+y* —10x=0.
/ (i) Find the coordinates of the centre of C, and the radius of C,. [4]
: (iii) Justify with suitable calculations, if the centre of the circle C,
K2 lies within the circle C,. 12]
/4 8 (@) CentreC: C(3,-4)
4x Radius C;: 5 -
(i) Express /i intermsof x and show that A=8x®+ 129 13] Stan uation of a circle:
Fisd thvalkie o the st Eace ave (-l s 0] =o*
(i) Giventhat x can vary, find the value of the surface area e
for which the cost is least. [4] (x- 3)’ +0- (_:")) =5 @
(iii) Calculate the minimum cost, to the nearest cent, éx'3) +(y+'4) =f25 : la:
of producing 1 box if a metal sheet costs 25 cents per 1000 cm?. 1)) eneral Equation of a circle:
(r<3) +(y+4) =25
7 (@) Given: ¥ =500cm’ 1250 XL6x+9+ y  +8y+16-25=0
¥ w L B H = S00 6t (i) A=8x* +——8.\ +1250x7" OR X' +y' —6x+8y=0
V = (4x)x (x)x (h) = 500 cm® A N @iy Method 1: Method 2:
= 4x*h =500 FTa 1621250 ] Using the “General Form” equation ~ Using the “Standard Form” equation
500 dA4 x4y —10x=0 [By using “Completing the Square”]
h=— —_— = i = 2 2 -
& ot ™ 0  [Stationary Value] S8 10x+0y+0=0 x4y —10x=0
- =12 50 [y = 16x-1250x7 =0 (4 +2gx+25+¢=0) (X‘-lox)+(y')=°
x* , 16x=1250x ;= 0 -10Y’
Total Surface Area (A4) o 1250 =-10=>g=-5 =10x+ +(y-0) = > @
= (Top+Bottom) + e f 2f 0=/=0 () ( i 1) i i
(Front +Back) + 16x° =1250 " Centre of Circle C, elrels), +({-o) =¢9)
(Left+ Right) o = 1250 K Clg.-f)=C60) [Al (x=5)+(y-0)=5° [m1]
= 2(4x)(x) + 6‘22 Radius of Circle C, : (x-a) +(y-0) =r*
2(4x)(n) + P©=2 3 73 ' =  Centreof CircleC, :
Vg +[i-c 2
2 (x) (1) § = = C(a,b)- G,(5,0)
A = 8x +8xh+2xh @ e 625 =(-5) +(0)-(0) = Radius of Circle C, :
= 8x*+10xh 8 =25 =5 units
[Substitute (1)] x=4.274939867 ... cmM1] =5 units [A1]
_g,2, 1250 (iii) Centre of Circle C,: C,(3,-4 = Distance is less than Radius of C,
_ 125 A=8x*+ G 2
= 8" +10x| = - Centre of Circle C,: C,(5,0) Radius of CircleC,: r=5 units
, 1250 A=8(4.275...) + Distance from (3,-4) to (5,0): .
vl . Gxiee—= (4275..) — o — Centre of Circle C,
(St : . A=1438.60266...~ 439 cm?(3sf) X=X 1=V ; ik wiilisi Cifcle C;
=JB-5F +(-4-0)
(iii) 1000 cm? —  25cents _ ‘/T
1 cm? - 0.025 cents =VC2) +(-4)
438.6026607... cm®>  —  0.025 cents x438.60266 07 =V4+16
=10.96506652 cents =420
~11 cents (nearest cent) =4.472135955 (< Sunits) [M1]
9 [Turn over 10
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=11 cents (nearest cent) [A1]

GMS(S)YAMa

9 Apolynomial f(x) issuch that £(x)=12x+10, f'(1)=12 and f(-1)=4.

4472135955 (< Sunits) [M1]

GMS(SYAS

2/PRELIM2016/AN(A:

(i)  Using integration, show that f(x) =2x"+5x*-4x-3. |5]
(i) Show that x—1 isa factorof f(x),and solve the equation f(x)=0. (5]
9 (@) Given: f'(x)=12x+10, £(1)=12  Since: f'(x)=6x+10x-4, f(-1)=4

68

(i)

f'(x)= I f£(x) dx
£(x)=[(2x+10) dx

E 12[%}+|0[;‘Tl]+c
f'(x)= 12[%2] + IO[XTI] +c

f(x)=6x* +10x+c
f()=12,

£(0)=6(1)* +10(1)+ ¢

12 =6+10+c¢

c =12-6-10

c =-4

= f'(x)=6x* +10x—-4 @

Show: (x—1) isa factor of f(x)=2x’

f(x) =[f(x) & ,
f(x) =[(6x* +10x-4) dx 1]

241 141 0+1 o
=6 Z— [+10] 2= |-4| Z— |+¢
2+1 1+1 0+1
3 2 1
= 6["—] + 10[*-]-4["—]+c
3 2 1

f(x) =2x"+5x* —dx+c @
f(-1)=4,
f-1)=2(-1) +5(-1) -4(-1)+c
4 =-2+5+4+c
=4+2-5-4
c=-3

5 f(x)=2x" +5x* =4x~3  (Shown)

+5x* —4x-3.

Try:£0) =20 +50)* -4()-3 _
=2+5-4-3 ,
=0 o )

f) =0 =(x-1)isafactorof f(x)=2x"+5x*-4x-3 N\

f(x) =22°+5¢-4x=3=0 [ 2x__, +1 | +x i) [X+3

= 2x" +5x* —4x-3=0 x><+3 +6x x—lij'+5x —4x-3

= (x-1) ax:+bx+c)=o 2x? +3 | +7x _(le_z,c:) !
(x-l)2x’+7x+3)=0 7 -4x
(x- )2x+ e +3)=0 el
= (x-1)=0 x=1 Sl
= (2X+l)=0 ,'.x:—l —(3X—3)
2 T ———

=  (x+3)=0 .~.x=-3

1
= T R |
f(x)=0-x 2

OR By Synthetic Division: I@

A R R
2 5 | -4 ] -3
[ 1 2 7 3
2 7 3 0
SxiigRiieal

11

[Turn over
Bestfreepapers.com

10

The diagram shows part of the curve y = -x*+12x-20.

The curve crosses the x — axis at the points 4 and B.

The tangent to the curve at the point C is parallel to the x— axis.

The straight line BD passes through the curve at points B and £.

The tangent to the curve at the point C and the straight line BD meets at point D.

St
=

= ie A

}

y=-x"+12x-20

(i) Find the coordinatesof 4, B, C, D and E.

(ii)) Find the area of the shaded region CDE.

171

(5]

12
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10

0]
Coordinates of A and B:
—intercepts of y=-x?+12x-20
—intercept: y=0
0=-x"+12x-20

xP=12x+20=0
-2x
><—I0 -10x
X +20 | —-l12x
(x=2)(x-10)=0
:(x-2)=0
—»x=2 ,y=0
A(2,0)
=(x-10)=0
—-x=10 ,y=0
8(10,0)
Coordinates of C;

Maximum pointof y=-x?+12x—-20
y==x"+12x-20

dy
-&x-=-2x+]2 [m1]

Stationary value (Maximum point):

—-2x+12=0
-2x=-12
- x=06
Substitute into y = —x? +12x—-20

- y=—(6) +12(6)-20

=-36+72-20
—»>y=16
c(s,16)

Alternative method:

. Fmd the average of x= 2 10

. And subslnute ahswer in
y=—x 412x-20

Coordinates of D:
Equation of CD — y=16

(CD is parallel to x — axis)
D isa y—interceptof CD: x=0

D(0,16)

Coordinates of £:

E is the point of intersection of
(1): Line BD

(2): curve y=-x'+12x-20

(1):  BD passes through points
8(10,0), D(0,16)
Pi=y _16-0_ 16 _
Mo % 0-10 o1
Equation of Line BD: m=-1.6,c=16
y=mx+c
y=-1.6x+16
= y=-16x+16 =)
S y=-x"+12x-20 (2)
Substitute (1) into (2):

(2): (~1.6x+16)=-x*+12x=20 [Mi]
¥ =12x-1.6x+16+20=0

x'—13.6x+36=0 KQ

X -36| -3.6x
x>< -10 —10x

¥ 436 | -13.6x
(x-3.6)(x-10)=0
=(x-36)=0 =(x=10)=0
—>x=3.6 —->x=10
- 8(10,0)

Substitute x=3.6 in y=—x*+12x—-20

- y=—(3.6) +12(3.6)-20
=-12.96+43.2-20

- y=10.24

~. E(3.6,10.24)

13
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10 (ii)
Area of Shaded Region = Shaded ADEF+ Shaded Area CEF
© Reglon] Reglon 2
A
A
i ; Region 1: [Shaded ADEF]
' l
D F: nc-u...u..c DF =3.6-0=3.6 units
y=16 "T.F.Tm i EF =16-10.24 =5.76 units
AT | [ty 1
N iy ]
; ”""“,’! Arca of ADEF
) E ! = l>< DF x EF
P ) A S [ ekt ?
: ' =—-x3.6x5.76
: : CH = 16 units 2
| |
! ' =-21-x3.6x5.76
! : ‘ =10.368 square units  [M1]
) | A(2.0) G H: v B(10.0)
GRS ,4/ x=36  x%6 BN “x
v { i

y=—x+12x- 20

Region 2: [Shaded Area CEF]

CH =16-0=16 units
FC=6-3.6=2.4units
Shaded Area CEF

= Area of Rectangle FCHG - [[ (y)dx = (CH x FC)~ || (- x?+12x-20)dx

=(16x2.4)—[“[;—:‘1')“2[::11)_20(ng1 ]Jj, o
_ (l%:] )_{_ (531 ) ;. ]2( Ea ] " 20[1')]6 = (38.4)—[— J¥ 4627 ZOx];

= (38.4)—[(—-—(6) +6(6)" —20(6 ) (—— (3.6) +6(3.6)" - 20(3.6))]

= (38.4)-[(24)- (-9.792)] = (38.4)- [24+9.792] = 38.4-33.792

= 4.608 square units ’
". Area of Shaded Region = Shaded ADEF + Shadec?‘ A‘\reza CEF
cglon
= 10.368+ 4.608
Region 1 Region 2
.. Area of Shaded Region =14.976 square units

14
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1 , | .. Area of Shaded Region =14.976 square units J

GMS(S)/AM«(NPZIPRELIM:O‘!B/‘N(A » mn\wPﬂPREL.\MZBHBIAN.:Am
H :
- BLANK PAGE -
1
4 T3 oE 2 2 =23

2 @) c<—4 (ii) x‘+4x 8 '(c 8—-)c<—.4)

—x"+4x-8 isalways negative
3 () (\/5 cosd +sin 6) =2cos (6 = %] (ii) Principal value: %’5
4 () 2x* +x+2=0 = b=1,c=2 (ii) =% i g=1

8 8
i) —= OR —V17
(i = (4B) +(BC)=(4C)’
=> Obeys Pythagoras' Theorem
6 => AABC is a right — angled triangle with AC — hypotenuse
. ZABC is right —angled, 90° (angle opposite the hypotenuse side)
(i) 3*—:£ [a=9 , b=5]
7 | @h= @ L A=8x+ @ (i) 439 cm? (3sf) @iii) 11 cents
X
© M (x-3f+(+a)=25 | . (ii) Centre of Circle C,
i 3 ; Er
- 9 OR x*+y* =6x+8y=0 an ‘e(h0)  Sunin lies within Circle C,
(i) Show f(1)=0 = (x-1) isa factorof f(x)=2x"+5x" —4x-3
9
b f(x)=0—)x=—3.—li,l
i @ 4@,0), 8(0,0), c(6,16) , D(0,16) , £(3.6,10.24)
(i) 14.976 square units
16

15
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! 4
t i '
1 1
1 1
I 1
D Fi Fom 2w,
Y= 16 [NCDFa38 i -t !
: al '
s.7smu',
1
f i
y=lo2a| """ ) T S i
1 1
' 1
! ! | CH= 16 wits
| U
1
| '
| 1
] 1
1 1
! 1
I '
| U
. A0/ G Hi B(100)
RN ] A x=36 x=6 B =
/ : : N )
] 1
v ] 1
=—x?+12x-20
7
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[Name: Index Number: Class:

HUA Y| SECONDARY SCHOOL Mathematical Formulae

4NA Preliminary Examination 2016 4NA Quadratic Equation I. ALGEBRA

For the equation ax’ +bx+c¢=0,

ADDITIONAL MATHEMATICS
4044/01 bt b dac
Paper 1 y 2a
15 August 2016 Binomial Expansion
1 h 45 min x
Additional materials: Answer Paper (a+b)" =a" + (';Jan_lb * (;)an-zbz +ot (g]a"—rb' +..4b",

n! n(n—l),..(n—r+l)
ri(n- r)' r!

n
where n is a positive integer and [ }
@

READ THESE INSTRUCTIONS FIRST

Write your Name, Class and Index Number on all the work you hand in.
Write in dark blue or black pen.

You may use a soft pencil for any diagrams or graphs. 2. TRIGONOMETRY
Do not use staples, paper clips, highlighters, glue or correction fluid.

Identities sin? A+cos’ A=1
Answer all questions. sec2 A=1+tan2 A
{1 2 2
Write your answers on separate Answer Paper provided. /) ) cosec’A=1+cot" 4
Give non-exact numerical answers correct to 3 significant figures, or 1 decnmﬁl ' sin(4+ B)=sin Acos B £ cos Asin B
place in the case of angles in degrees, unless a different level of accuracy is. - cos(4 £ B) = cos Acos B Fsin Asin B
specified in the question. )= tan A+ B
The use of a scientific calculator is expected, where appropriate. tan(4 + )" 1FtanAtan B
You are reminded of the need for clear presentation in your answers. sin24 = 2sin Acos A
. - PN T e 3 M |
At the end of the examination, fasten all your work securely together. c0s24'=2c08" A~1=1 225:" j' cos™A —sin"A
The number of marks is given in brackets [ ] at the end of each question or tan2A = 3"2
part question. I-tan“ 4
For Examiner’s Use
The total number of marks for this paper is 70. 70
Formulae for AABC
a b c

smA smB sinC
a* =b*+c* -2bccos A
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3 4

8  Itisgiven that f{x)=3cos2x+1 and 0 < x<27.

1 In the expansion of (3+ax)*, where a> 0 , the sum of the coefficients of x and 22 is 270. ® State the amplitude and period of f. (2]
@ Fiud thevalue.of 4: (4] (ii) Sketch the graph of y = f(x). (3]
(i) Using the value of a found in part (i), find the coefficient of x* in the
expansion of (1-5x)(3+ax)’. [2] . (iii)  State the number of solutions for 3cos2x=2. [2]
2 Given that f{x)=2x" ~11x* +10x +8, ' 9 Solve the inequality 4x(4-x)>15. (3]
(i) show that (x-2)is a factor of f(x), [2)
(i) solve the equation f(x)=0. 3]

10 The parabola y* = %Io:, where k is a constant, passes through the point P(6, 3).

——in the form a+bs/5,

I
[+43 1=

3 Without using a calculator, express

3 (i) Find the value of k. [2]
3

V3 [3] (ii) Sketch the graph of this parabola. (1
where a and b and integers.

Adline x = 6 passes through the curve at the points P and Q.

4 The volume, V ¢cm?, of a spherical ice is given by ¥ = %;r r?, where r cm is the radius @iii)  Find the coordinates of the point Q. m
of the ice. (iv) Hence, find the area of triangle OPQ. [1]
When the ice is placed in a glass, the volume of the ice decreases at a constant rate of
2.94 cm¥/s. Find the value of » when the radius is decreasing atL cm/s. [4)
67 11 By using a suitable substitution or otherwise, solve 22 — 33(2%)+4=0. (5]

g

5 The function f is defined by f(x)=ax’ + 5x? +bx+4, where a and b are constants.
Itis given that f(2) =48 and that when f(x) is divided by x+1, the remainder is 15, &g)

: 12 The equation of the curve is y = 2x* —kx—1, where  is a constant.
Find the value of @ and of b.

Given that the tangent at x=2 passes through the point (4, 3),

6 (i) Find the range of values of p for which the equation x> - px+2p =3 fias real 0] show that the value of & is 5, [4]
(3]

foots: (ii) find the equation of the normal at the point where the curve crosses the y-axis. (3]

(ii) Find the range of values of k for which the curvey = x* - 2x+3k-2 is
always positive. (3]
7 Given thatsin(4+ B) = 2sin(4— B), show that tan A=3tan 3. (4]
ANA Preliminary Examination 2016 Additional Mathematics Paper | 4NA Preliminary Examination 2016 Additional Mathematics Paper |
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13 The diagram shows part of the curve y =8+ 2x — x* which crosses the y-axis at B.
The tangent to the curve at A(3, 5) meets the y-axis at C.

>y -
(i) Find the coordinates of the points B. ’ n
(ii) Find the coordinates of the points C. ' [3]
(iii) Find the area of the shaded region. _ ‘ @ [5]
14 Write down the principal value, in radians as a multiple of ‘;_r ,of ‘_ . . 74

(i) sin" \_/—2. ; ! - ,§

2 A 4 B
. 1 % s .
(ii) cos™ [—] . _ .,

7z o\ -_

END OF PAPER
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HUA YI SECONDARY SCHOOL
MATHEMATICS DEPARTMENT

2016 Sec ANA Additional Mathematics Paper 1 Prelim Marking Scheme

Question Solution Mark Allocation
1 i —-M1
® ’ 3'(a )+ 5 1(@%) =270 v, M1
1 2 il
5(8a +10(27)a* =270 =0.coocevrvorerrs e M1
Divided by 135,
3a+2a*-2=0
2a*+3a-2=0
(2a=1)(a+2)=0 --- Ml
Sincea >0, a=l - Al
2
@) (1-5x)(3 + % x)’ = (1-5x)(243+202.5x+67.5x +.... )
coefficient of x* = 67.5-5(202.5) - Ml
=-945 - Al
2@ S(2)=2(2)" -11(2)* +10(2)+8 --Ml
=0 [shown] - Al
2 (i) flx)=(x-2) (2x* -7x-4) --- Ml(long
division)
ooy f(x)= (x=2)(2x+1)(x-4) — Ml
= 1
& x=2-=4 il
2
3 13
1+43 1-43
=1-J3-3(1+\/5 Ml
I+ V3)1-V3) 1@
L 1=3-3-343 M
1-3
_-2-43
-2
=1+243 —4l
‘ V==sxr
dv ;
—=4m? s
ar Ml
=204 =4p? x=L --- M2(1 mark
6 for —ve sign)
2r?
2.94="_
3
2r? =8.82

2016 Scc dNA AM_MYE Paper 1_Marking Scheme |

HUA YI SECONDARY SCHOOL

MATHEMATICS DEPARTMENT
Question Solution Mark Allocation
r*=44|
r=+441
r=2.1 — Al
f(2) = a(2)’ +5(2) +b(2) +4 = 48 --- Ml
8a+20+2b+4=48
4a+b=12....ccuur.  Equation (1)
3 2 --- M1
f(-D=a(-1)"+5(=1)° +b(-1)+4 =15
—-a+5-b+4=15
Qb = =6 Luiisiisisiiiia Equation (2)
(1) = (2)
Ja=18
a=6 =A%
6+b=-6
b=-12
(0} X' - px+2p=13
x:-—px+2p-3=0
b*-d4ac>0
3 -~ MI
(=p)" —-4()(2p-3)20
pl-8p+1220
(P-2)p-6)20 =Ml
p<2orp=6 == A
@ii) y=x"=-2x+3k-2
b*-4ac <0
(-2)* -4(1)3k -2) < 0 - Ml
4-12k+8<0
12k> 12 =Ml
k>1 S2A0
sin(4+ B) = 2sin(4 - B)
sin Acos B+ cos Asin B = 2sin Acos B - 2cos Asin B =M
sin Acos B =3cos Asin B Ml
cosA cosA - Ml
- Al

tan A = 3tan B (shown)
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HUA Y1 SECONDARY SCHOOL

MATHEMATICS DEPARTMENT MATHEMATICS DEPARTMENT
Question Solution Mark Allocation Question Solution Mark Allocation
8 (i) Amplitude =3 - Bl 10 (iii) Coordinates of Q is (6, =3). --- Bl
Period= 7 --- Bl
10 (iv) 1 ---BI
8 (ii)(iii) y Area of AOPQ = > x6x6
: i) 2 2
2 f(x) =3cas2x+1 5 Bl- correct no. of =
' ) cycles e x
7 ' : B1- max, min 2°(2*)-33(2")+4=0 — Ml
j : : \ i) betymd?
: ' 5 Bl- draw y=3 8y?-33y+4=0
: ' * ;i i ' By=I)y-4)=0 --- Ml
. | 1 --- Ml
-2 ' ' =— 0 =4
1 ' 8 r y
2"=27 or 27=2?
; 4 solutions --- Bl x==3 or x=2 - A2
ax(4-x)>15 127() ;=2x‘—kx—-l
16x-4x*>15 =Ml i:fh’—k - Ml
~4x* +16x-15>0 B :
x’ X Ml dy ~8—k <M
4x* -16x+15<0 . dx|,.,
(2x-5)2x-3)<0 ; _ x=2, y=7-2k
1.5<x<25 — Al U N L - M1
s 2-4
10 (i) 2| . ~16+2k=4-2k
G & © 4k=20
--- Al
Sub P(6,3) k=5
3= %k(6) & 12 (ii) Crosses y-axis, x=0, y=-1] - Ml
7 dy 1
k = 3 -l Al S = —5 ’ =— -
) dxl, =3
- Ml
10 @ .3 y=(-D=gx )
y = Ex y l .
" y=;x—-.l : &
P(6,3) Sy=x-5 _ - Al
130 Sub x=0, B=(08) =
13 (i) dy b s
> X o AU Tk
0 --- B1 —.2 2x =Ml
At x=3, —=-4
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Question Solution Mark Allocation
5=-4(3)+c --- Ml
c=17
C=(0,17) - Al
13 (iii) area of the shaded region
= area of trapezium - area under curve
= %(l7+5)(3)—f8+2x—x’ dx =2
3P --- Ml
2 X
= 33— |8x+x"-—
31
--- Ml
= 33-[24+9-9]
= 9 square units --- Al
14 () n --- Bl
3
14 (i) T --- Bl
4
-
o
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Mathematical Formulae

HUA Yl SECONDARY SCHOOL

4NA Preliminary Examination 2616 4NA Quadratic Equation I. ALGEBRA

For the equation ax® +bx+c=0,

ADDITIONAL MATHEMATICS i 3 4044162 : .
. ' : b SRLAY — A
Paper 2 2a
18 August 2016 Binomial Expansion .
1 h 45 min n__n, (" n-1 h 1;-2 2 Ny n-rp.r n
Additional materials: Answer Paper (a+b)" =a +(l)a b+ 2 a" bt + ..+ 2 a"""b" +..+b",
n\’ U n(n=1)(n—-r+1
where n is a positive integer and [ ]: m b 5 = n(h—1) (I" r+l)
r rin-=r) . r
READ THESE INSTRUCTIONS FIRST
Write your Name, Class and Index Number on all the work you hand in.
Write in dark blue or black pen.
You may use a soft pencil for any diagrams or graphs. )
Do not use staples, paper clips, highlighters, glue or correction fluid. 2. TRIGONOMETRY .
Answer all questions. Identities sin’ A+ cos’ A =1
P sec? A—l+(an A
Write your answers on separate Answer Paper provided. 45 cos ec A =14 cot 2 4
Give non-exact numerical answers correct to 3 significant figures, or 1 daun‘ng sin(A;t B) i A B e A B

place in the case of angles in degrees, unless a different level of accuracy is
specified in the question. cos(A4+ B) = cos Acos BF sin Asin B

The use of a scientific calculator is expected, where appropriate. t ( o B) _ tan4+B
You are reminded of the need for clear presentation in your answers. " T 1FtanAtan B

sin24 =2sin Acos A
At the end of the examination, fasten all your work securely together. cos2A=2¢0s* A—1=1-2sin? A= cos® A—sin? A
The number of marks is given in brackets [ ] at the end of each question or Atadi A
part question. tan24 = ———
For Examiner's Use I-tan 4
The total number of marks for this paper is 70. 70
Formulae for AABC
S P C
This document consists of .’é p}:l\r;gg g(a;?gs Including the cover page. sind sinB sinC
VT Y
No part of this document may be reproduced in any form or transmitted in any form or by 'a =b"+c" ~2bccos4
any means without the prior permission of Hua Yi Secondary School. A 1 besii A
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3 4
Find the range of values of & for which 2x* + kx+2 > 0 for all real values of x. (3]
8 Solve the equation 8cotx =3sinx for 0° < x < 360° (5]
Integrate (3x + 4)* with respect to x. [2]
9 The diagram shows a window pane which is formed by a rectangle with sides 2x metres
The equation x* —2x+a=0 has roots & and /. Another equation x*+bx+9=0 has [5] and y metres and a semicircle of radius x metres. The perimeter of the window is 12
roots &’ and f°. Calculate the possible values of a and of b. ihieties,
(i) Given that y= x find i d 2
) (2]
(ii) Hence, find r % X . (3]
1+ 27
A circle passes through the points P(~2,0) and Q(4,0) and has its centre lying on the
line y=x+4. 2x
(i) Show that the equation of the perpendicular bisector of PQ is x=1. [3] |
(i) Show that y = —(12-2x-m). [2]
(ii) Find the coordinate of the centre of the circle. [2] 2
-
=) (iii) Find the equation of the circle. [3] (ii) Hence, show that the area, A square metres, of the window pane is given by
N m
(iv) Find the coordinates of a point R such that PR is the diameter of the circle. 3] A=12x-2x% - ”:‘_2 . (2]
» — p— R se ) 115 Tios '
¢ Given that x and y can vary, find
(M) Express 3cosx—S5sinx in the form Rcos(x—a), where R> 0 and 0 < o <‘K? (iii)  the value of x for which 4 is a maximum, 3]
radians. 3
(i) The height, /i centimetres, of a wave of water in a tank being used for a 10 Given that tan 4 = 3 and sin 4 is negative, without using a calculator, find the value of
physics experiment is given by 4
h=3cost-Ssint, ) sin24, (4]
ii % |
where ¢ is the time in seconds after the start of the experiment. A fter how @ tan{-4), (
many scconds does the wave first reach a height of 3.5 centimetres? (4] (iii) secA. [1]
A curve has the equation y=x’ — x> —5x+4.
(i) Find the coordinates of the stationary points of the curve. (4]
(ii) Determine the nature of these stationary points. [4]
(iii) Find the set of values of x for which y is increasing. [2]
ANA Preliminary E ination 2016 Additional Math ics Paper 2 4ANA Preliminary E. ination 2016 Additional Math ics Paper 2
e hncffrnnpapprc com.
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11 Answers to this question by accurate drawing will not be accepted. .

A(=2,3)

4
4

B(-4,-3)

In the figure above, the coordinates of 4 and B are (-2, 3) and (-4, - 3) respectively.

Find
(i) the equation of the perpendicular biscctor of 4B, [4]
(ii) the area of triangle ABC if the perpendicular bisector of A8 meels the y-axisat  [3] ,
o8 L
(iii) the coordinates of D if ABCD is a parallelogram. Q: fﬁ]‘"
~END OF PAPER ~
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HUA YI SECONDARY SCHOOL HUA Y1 SECONDARY SCHOOL
MATHEMATICS DEPARTMENT MATHEMATICS DEPARTMENT
2016 Sec 4NA Additional Mathematics Paper 2 Prelims Marking Scheme Question Solution Mark Allocation
4 (i) ? Sx
Question Solution Mark Allocation ,L Wx
1 2% +hx+25> 0 5“ :
; 7 2x
b*-4ac <0 =5L(l_+',—)zd“
x
k*-4(2)(2)<0
s —Ml 5[ i :'7 M1
k*=16<0 3 i e
(k+4)(k-4)<0 - Ml 2 {i+2)),
-— Al 5 72 3:
-4<k<4 = = --Ml
2[il+7=i (+3° )]
2 (3x+4)° 5l
3x+4)0 dr=—— " 4¢ ond ey --- Al
[Gx+a) o M1 5
(3x+4)° — Al 5 i =
G ® MidpointPQ:( 2+4,o)=(1.0) ek
3 x'=2x+a=0 ; e
a+p=2 Gradient PQ—O - M1
af=a - Bl Equation of L bisector of PQ:
s 4bx+9=0 = I[shown] Al
& +ff=b 5 (i) |Subx=linto y=x+4: Ml
= o f =9 - BI y=5
H (@B)* =9 Centre of circle: (1, 5) —BI
af =43 ---Al
a=13 5  “(iii) | Radius
(5-0) +(1-4)* - Ml
2 s, ~
(a+p) ~203=-b L : Q. 34 units — Ml
2t -2(43)=—b
) AN Equation of circle:
4+6=-b (x=1)* +(y-5)* =34
b=-10, b=2 --Al - Al
4 (@) : 5 (iv) |LetR=(xy)
X= B 24x 0+
14 x° ‘ ( > zy) (15) —- Ml
e x-()l(i_x)z_)—,x ) —Ml x=4,y=10
x X7
] 2 e R=(4,10) - ALAI
n Mt ) 6 @ |3cosO-5sinf=Rcos(@+a)
;l+x) RYI=32 452 --- Ml
X
S =34
(1+x%)* - Al
R=434
5 --- M1
tana ==
3
a =1.030
2016 Sec 4NA AM_Prelims Paper 2_Marking Scheme | 2016 Sec 4NA AM_Prelims Paper 2_Marking Scheme 2
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The coordinates of the stationary points are

[i»%) and (~1,7)

HUA Y1 SECONDARY SCHOOL
MATHEMATICS DEPARTMENT
Question Solution Mark Allocation
2 3cos9—55in9=~/37cos(9+l.03) - Al
(i) 2. 3cos@-5sinf = mcos(l +1.03)
When h=3.5
--- Ml
3.5 = /34 cos(t +1.03)
3.5 --- Ml
cos({ +1.03) = —
L= T
t+1.03=0.9269,27 - 0.9626,... —Ml
t=-0.1031,5.356,..
s time =5.37s(3S.f) - Al
() dy 2
d—x=3x -2x-5 M1
dy
hen = =0,
when g
(Bx-5)(x+1)=0
= 5 - l
x-~3— or x=-— —MI
67
=—— =1 ---M1
=g ¥

B

3
ii 2
® d—f =6x~2
dx
when x=§. d%=6(§)—2=8>0
3 dx 3 o | gl ¢
(5 67]
: is a minimum point. i Al : B
327
d2
when x = -1, =6(-1)-2=-8<0 p—
. (~1,7) is a maximum point. -~ Al
(i) For y to be increasing, s-}: >0,
x
(Bx-5)(x+1)>0 Ml
5
x<-1 orx>§ A

2016 Sec 4NA AM_Prelims Paper 2_Marking Scheme
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Question Solution Mark Allocation
8 8cotx =3sinx
m=3sinx
sin x
3sin® x-8cosx=0 —Ml
3(1 - cos® x)-8cosx =0
3-3cos’ x-8cosx =0 Ml
3cos® x+8cosx—3=0
(3cosx—l)(cosx+3)=0 =Ml
3cosx-1=0 or cos x = -3 (nosolution) —Ml
cos:::l
3
x=70.5° (1d.p.),289.5° (1d.p.) - Al
- @ 2x+2y +;r(2x) 12 M1
2x+?.y+mc-l2
h 12-2x—-mx sesiA]
2
9 = 2
(i) A:Zay+’—lx—
2
2
o) 12-2x-m +_7_l; - M1
2 2
=l2x-2xt -t + 25
=12x-2x° —”XT.(shown) —~- Al
9 (i) | dd .
E=12-4x—m =M1
a0
dx
12-4x-mx=0
12
x= ~1.68
4+ — Ml
Check :
u-—4 <0
dx?
Fix= 2 ~1.68, when A is a max. Z50AN
Vs
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10 i
® tan A = 2 and sin A is negative = 180° < @ < 270°
4
tan@ = - = M_’_
4 adj
hyp = V3* +4°
=% --- M1
sin26 = 2sin@cos @ -
S 5 --- M1
_24
=2 - Al
10 (ii) 3
“E -— Bl
10 @) | 5 --- Bl
4
11 (i) = = ---Ml
— Mid-poin[ of AB = —M'M
al 2 2
=(-3,0)
Gradient of 4B = lﬂ {
-2+4
_6 KQ.
2 S
-3 --- M1
Gradient of L bisector of 4B = -% - Ml
Equation of perpendicular bisector of A8,
1
-0=—=(x+3
y 3 (x+3)
y= _lx_ 1 --- Al
3
11 (ii) AtC, x=0,y=-1
5 C0,-1) --- M1

HUA YI SECONDARY SCHOOL

MATHEMATICS DEPARTMENT
Question Solution Mark Allocation
-2 -4 0 -2
Area ofAABC=-l- ---MlI
23 -3 -1 3
1
=— 4 —(-12
2|(6+ +0)—(~12+0+2)| ek
=10sq units
11  (iii) | Letthe coordinates of D be (a, b).
Mid - point AC = Mid - point BD
-2+0 ﬂ _[—=4+a -3+b
2 "2 2 "2
=4 &
(—1.1)=(J, 3”’) —MI
2 2
-4
e i
2
a=2
Or
3+bh
2
b=5
--- Al
Therefore coordinates of Dis (2, 5)

2016 Sec ANA AM_Prelims Paper 2_Marking Scheme 5
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Answer all questions.

Write your answers on the separate Answer Paper provided.

Give non-exact numerical answers correcl 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. = Y
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax®+ bx+c =0,

- —b++Jb* —4ac

2a

Binomial Expansion

(a+b) =a" +(’;)a“"b+('21ja"’b’ +...+("Ja"’b’ +o.tb",
r

. SO n
wheren is a positive integer and = =
r) rn-r) rt

2. TRIGONOMETRY

Identities
sin’ A+cos? A=1
sec’ A=1+tan A
-
- cosec?4 =1+ cot? 4
@ sin(A+ B) =sin Acos B + cos Asin B
cos(A+ B) = cos Acos B F sin Asin B
tan(A+ B) = tan A+ tan B
| F¥tan Atan B
sin2A4 = 2sin Acos A
cos2A=cos’ A-sin’ A=2cos® A-1=1-2sin’ A
24 2tmA
I-tan® 4
Formulae forAABC

a_ __c

B
sin sinB sinC

a* =b*+c*-2bccos A

A= %absinC

JWSS Preliminary Examinations 2016 Additional Mathematics 4044/01
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n! _n(n—l)..(n—r+l).
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(i)  Factorise a® + b3.

(i) ' Hence, express 2% + 27 as a product of two integers.

Find [ 2(4x — 3)~7dx.

Given that cosec 4 = g- , where A is acute, without the use of calculator, find the values
of the following.

(i) tan A

(ii) ~ sin24

() Show that 27**1 x 33% may be written as 35¥*+3,

7x+l X 331

v 2
(i) Hence find the value of GHx I

The volume, ¥ cm?, of liquid in a container is given by V = 4x>, where x cm is the
depth of the liquid. Liquid is poured into the container at a constant rate of 24 cin’s.
Determine the rate of increase of x when x = 3.

0] The curve y? = —4x and the line y = 3x + 1 intersect at points 4 and B. Find
the coordinates of 4 and B.

(i)  Sketch, on the same diagram, the graphs of y? = —4x and ¥y = 3x + 1, marking
the points 4 and B on your diagram.

The points A4, B and C have coordinates (2, 10), (15,8) and (13,1) respectively. D is the
point on the x-axis such that CD is parallel to AB.

(i) Find the equation of CD.
(ii) Find the coordinates of D.

(iii)  Hence, find the area of quadrilateral ABCD.

Sec 4 Normal Academic
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y ‘r
(180,5) :
®3)
(0,2)
(540,-1)
(i) Write down the values of the integers a, b and c. [3]

(i)  Whenx = 60, y = 3.5. Use the sketch to write down two further values of x [2]
between 0 and 900 for which y = 3.5.

(iii)  Find an equation connecting p and g. . & [

3 . x=5
9 The equation of a curve is y = 53
; ; dy
(i) By using the quotient rule, find ax 2]
(i)  Find the equation of the normal to the curve at the point (1, —1). [3]
(iii)  Given thaty = f(x) for x 2 0, show that f is an increasing function. (1]
JWSS Preliminary Examinations 2016 Additional Mathematics 4044/01 Sec 4 Normal Academic
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10

11

12

6
(i)  Differentiate (3x% — 5x)* with respect to x.
(ii)  Hence evaluate fji(6x —5)(3x% —5x)* dx.
2A -
(8  Show that —= — = cosec’4 — 2.
1-cos? A
i cos 2A
(b)  Hence, solve the equations Tocoszs = O for0sx<sm.
The sketch below shows part of the graplr of y=ax*+ bx + . For each of the
following expressions state, with a rgqsoh, whether it is positive, zero or negative.
y
y=ax*+bx+c
o
® ¢
(i) b%-4ac
. P —
(iii) a5 at y intercep
. d?y
(iv) Fpry
JWSS Preliminary Examinations 2016 Additional Mathematics 4044/01 Sec 4 Normal Academic
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(2]

4]

3]

(3]

(2]
(2]

2] -

(2]
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. -V3 .
13 (0] Without using a calculator, express zTJg in the form a + by/3, where a and b are
integers. (3]
(ii)  Hence or otherwise, find the values of the integers p and ¢ for which
5-v3 5
m=(ﬁ—\/§)(2q—\/§). (5]
End of Paper
-
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o
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Answer all questions.

Write your answers on the separate Answer Paper provided. .
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 of the marks for this paper is 70.
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax? + bx+c =0,

b6 —4ac

- 2a
Binomial Expansion

(a+b)" =a" +(';)a""b+ (;)a""H +... +[:)a""b’ o+ b"

n! _n(n—l)..(n—r+l).

A FEE T n
wheren is a positive integer and = =
r) rin-r)t r

2. TRIGONOMETRY
ldentities
sin A+cos’ A=1
sec’ A=1+tan* 4
cosec’A=1+cot? A
sin(4A+ B) = sin Acos B £ cos Asin B
cos( A4+ B) = cos Acos B¥F sin Asin B

tan A+ tan B
I1¥tan Atan B
sin24 =2sin Acos 4
cos2A4 =cos® A-sin* A=2cos’ A-1=1-2sin’ 4
¢ 2tan A *
1-tan* 4

tan(A+ B) =

tan24 =

Formulae forAABC

a* =b* +c* -2bccos A

A= lal>sinC
2
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1 @) Factorise a® + b3. [1] 5 The volume, ¥ cm?, of liquid in a container is given by V = 4x3, where x cm is the (4]
q
S s : depth of the liquid. Liquid is poured into the container at a constant rate of 24 cin’/s,
a® +b* = (a+b)(a® — ab + b?) [B1] l Determine the rate of increase of x when x = 3,
(ii) Express 23 + 27 as a product of two integers. (2]
- — < = 12x% [MI for differentiation]
22 427=2%+3 av
= (2 +3)(22 - 2(3) + 32) [M1] . a =24
= (5)(7) (Al] ;—": = ;—‘j X ‘;—:' [M1 for chain rule]
= T:n X 24 [MI for substitution)
3 = -7
; Find f 2(4x - 3)7dx. 6] =Zem/s (A1)
)7 = 24x=3)"¢ : 6 () Find the coordinates of the intersection points A and B for y2 = —4x and 3]
J2(4x-3)""dx =7 [MI for denominator, M1 for numerator]

1 -6 y=3x+1.
===(@x-3)"+c[Al]

(3x + 1)% = —4x [MI for substitution]
9x% +6x + 1= —4x
3 Given that cosec A = g » where 4 is acute, find the value of the following. 9x*+10x+1=0
Ox+1)(x+1)=0

1

(i) tan A (2] x=-5 orx=-1
sinA =% [M1 for reciprocal] y= ; y==2
3
tanA == [Al 12 2
; (A1) A (-;,;),3(—1,-2) or B (—3,;),/1(—1,—2) (Al Al]
(i) sin 24 (2] ~ 77 (i) Sketeh;on thie same diagram, the graphs of y* = —4x and y = 3x + 1, marking  [3]
sin24 =2sinAcos A - the points 4 and B on your diagram.
3 : ") = ]
= 224(3) (;) (M1 for cos 4] Biie ™' ! ]
=5 (Al ' '
4 (i)  Show that 27**! x 3%% may be written as 36**3, (2] .
27%*1 % 33x = 33x+3.33x [Ml for 33x+3]
= 35*3 (shown) [A1] - :
. 7%+ 33.\- [2]
(iiy  Hence or otherwise, find the value of Y X"
27%+1 33! _ 36X+3 6 3
S x36% — 5xaeews (M1 for 5 x 36¥+3]
1 e
= g [Al] /—/ H
Correct negative parabola [B1]

Correct line [B1]
Correct intersections [B1]

JWSS Mid-Year Examinations 2016 Additional Mathemalics 4044/01 Sec 4 Normal Academic JWSS Mid-Year Examinations 2016 Additional Mathemalics 4044/01 Sec 4 Normal Academic
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The points 4, B and C have coordinates (2, 10), (15,8) and (13,1) respecuvely 3]

D is the point on the x-axis such that CD is parallel to AB
(i) Find the equauon of CD.

10-8 :
= —-1—3 [MI1 for gradient AB]

1= (— 1—23-) (13) + ¢ [M1 for attempting to find c]
c=3

2
y=—Zx+3[Al]

(i)  Find the coordinates of D.

p(193,0) (B1]

(iii))  Hence, find the area of quadrilateral ABCD.

aigas 22 13 995/ 15 2
zl10 1 0 8 10

= 5(303 —165.5)
=22 =71.25 units? [Al)

[M1 for attempting to use area formula]

The sketch below shows part of the graph of y = a sin % + ¢, where x is in degrees.

7

(180,5) (900,5)

®3) @3)
0.2)

(1]

(2]

(540,-1)

Additional Mathematics 4044/01
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6

(i) Write down the values of the integers a, b and c.

|a=3b=2,c=2(B1,B1,BI |

(i)  Whenx = 60, y = 3.5. Use the sketch to write down two further values of x

between 0 and 900 for which y = 3.5.

| 300° and 780° [B1, B1] |

(iii)  Find an equation connecting p and g.

q=p+720°(B1] |

3 3 -5
The equation of a curve isy = :’ﬁ

d
(i) By using the quotient rule, find a%

dy _ (x+3)-(x-5)
dx ~ (x+3)2

8
= Gy (A

(ii)  Find the equation of the normal to the curve at the point (1, —1).

[M1 for attempting to use quotient rule]

== (—1?)2 == [Ml for gradient of tangent]

m normal = —2

=1 =-=2(1) + c [M1 attempt to find c]
c=1

y=-2x+1[Al]

(iii) Given that y = f(x) for x = 0, show that f is an increasing function.

Since (x +3)2 >0
f is increasing

,(+3),>o f'(x) > 0 [B1]

Additional Mathemalics 4044/01
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10 (i)
(i)
11 @)
(b)
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Differentiate (3x? — 5x)* with respect to x.

d(3x%-5x)*

= = 4(3x* - 5x)*(6x - 5) [B1, BI)

Hence evaluate fj-z-(ﬁx —5)(3x% - 5x)3 dx

/75 4(6x — 5)(3x? - 5x)? dx
[M1 for making the expression 4(6x — 5)(3x% — 5x)3]

=11Gx* - 50%) (A1)
= 4l{[3(3)z -53))*- [3(\/5)z - s(ﬁ)” [MI for substituting the values)]

= 5183.7 = 5180 units? [Al]

S2A

Show that ————— = cosec’4 — 2.
cos? A
COS2A _ 1-2sin®A M1 for d ; M f
T—cos?A — ama_ [MI for denominator, or numerator]
= cosec?A — 2 (shown) [A1]

Hence, solve the equation — =0,for0<x<m.

cosec?A — 2 = 0 [MI for using part (a)]
cosec?A =2
sin2 4 = -2~ [M1 for converting reciprocal]

sinA=:t%

ﬂ4 3n
A=, = [Al]

Additional Mathematics 4044/01

(2]
12
(4]
(]
(3]
13

Sec 4 Normal Academic

bestfreepapers.com .

The sketch below shows part of the graph of y = ax? + bx 4 c. For cach of the
following expressions state, with a reason, whether it is positive, zero or negative.

(i) c
(i) b%-—4ac

dy .
(iii) a—; al y intercept

. d?y
v T

. A . 5-
(i) Without using a calculator, express T

integers.

Positive, [B1)
y-intercept is positive [B1]

Negative, [B1]
No real roots [B1]

Negative [B1]
Decreasing [B1]

Positive [B1]
Only have minimum point [B1]

\/_

4-3

2+‘/_ = J_[Ml for rationalizing]
_ 10-2V3-5V3+3

13- 7V3[Al)

[M1 for expansion]

JWSS Mid-Year Examinalions 2016

Additional Mathemalics 4044/01
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3 :
j_; in the form a + b3, where a and b are

Y PO PR

(2]

(2]

(2]

(2]

(3]
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(i) Hence or otherwise, find the values of the mtegcrs p and q for which - (5]

= (- V3)(2q - V3).

2+\/_

(p-Vv3)(29-v3)=2pq-pV3-2qV3+3 - - . " .
=(2pq+3)— (p+2qV3 ‘ -
=13-7V3 =

2pq + 3 = 13 [MI for attempting to compare coefﬁclent]

pq = 5

p=-..(1)

P+ Zq 7...(2) [MI for attempting to compare coefficient of V3]
Sub (l) into (2),

2q +; = 7 [MI for substitution]

2q*=7q+5=0

(@-1(2q-5)=0

5
g=1 q=3 [Al] : ¢ Bl s . :
p=5 p=2 [Al] s ; ol 2 ¥
End of Paper
JWSS Mid-Year Examinations 2016 Additional Mathematics 4044/01 Sec 4 Normal Academic
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax® + bx+c=0,

J ~b++b* -4ac

2a

Binomial Expansion

(a+b) =a" +[:Ja""b+(;)a""b’ +¢..+('7Ja""b' R

’

wheren is a positive integer and | " | = —-"" = nln=1).(
r!(n - r)! r!

r

2. TRIGONOMETRY
Identities

sin* A+cos® A=1
sec’ A=1+tan’ 4
cosec’A =1+cot?A

sin(A4 + B) =sin Acos B+ cos Asin B
cos(A + B) = cos Acos B Fsin Asin B
tan At tan B

| Ftan Atan B

sin24 = 2sin Acos A

cos24 =cos’ A-sin* A=2cos’ A~1=1-2
2tan 4

1-tan® A

tan(A + B) =

tan2A4 =

Formulae forAABC

a b c

= —_—=

sindA  sinB sinC

a* =b*+c? -2bccos 4

Awdapsie
2
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()  Write down the principal value, in radians as a multiple of 77, of cos™1 (1) m 8 (@ () Show that the equation
2 4sec’x —9tanx = 2tan®x +9

may be written in the form

i : 5 s i
(ii)) Given that the principal value of sin™*a = x, find the principal value of 0] 2 tan?x = 9tanx =5 = 0. [

sin™*(—a) in terms of x.

(ii) Hence solve the equation

4sec’x —9tanx = 2tan?x + 9, for 0° < x < 180°. (3]
(i) Given thaty = 3x? — 14x + 15, determine the range of values of x for which
y > 20. B () () Express 3sin0 +v3cos@ in the form of Rsin(@ + a), where R >0 and
. 4
(ii) Represent this set of values on a number line. (m 0 < @& <3 radians. 4]

(ii) Inan experiment the height, i m, of a wave of a water tank is given by

(i) Expand (2 — x)? in ascending powers of x, up to and including the term in x3.  [3] h=3sint +V3cost, where ¢ is the time in seconds after the start of the
experiment.
(i) Hence find the coefficient of x2 in the expansion (3 — 4x)(2 — x)®. [3] Find the time when the height of the wave first takes the maximum value. (3]
A polynomial f(x) is such that f”(x) = 24x — 4, f'(1) = 23 and f(—~1) = —10. 9 The equation of a circle is x? + y* — 4x + 6y — 12 = 0.
Find f(x). [5]
(i)  Find the coordinates of the centre of the circle and determine the length of the
radius. 3]
d . . .
Given that y = x3(5x — 2)7, find -&%, giving your answer in the form The point A(=1,1) lies on the circle.
—2)6x2 i 5 . . . . ) 5
(px + q)(5x — 2)°x?, where p and g are integers. B3] (i)  Find the coordinates of the point B such that 4B is a diameter of the circle. [2]
: (iii) Given that the coordinates of D is (1,5), find the equation of AD. 2]
The roots of a quadratic equation x* — 5x = 3 are @ and f5. : & (iv) Hence show that the line AD cuts the circle at two distinct points. 3]
(i) Evaluate a? + g2 (4]
; ; ; 1
(ii)  Find a quadratic equation with roots ;12 and 7 [4]
(i) Find the coordinates of the stationary points on the graph of [5]
y=x3+x2-21x+7.
(ii) Determine the nature of each of these stationary points. [2]
JWSS Preliminary Examinalions 2016 Addilional Mathemalics 4044/02 Sec 4 Normal Academic JWSS Preliminary Examinations 2016 Addilional Mathemalics 4044/02 Sec 4 Normal Academic
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5

The diagram shows part of the graph of y = f(x), where f(x) = x3 + 13x2 + kx + 63.
The curve crosses the x- and y- axes at the points 4 and C respectively and meet the x-axis

at point B.

V4

X
]

Given that x + 7 is a factor of f(x),

(i) showthatk =51,

(ii) solve f(x) = 0 and hence state the x-coordinate of the point B.

Given that the equation of line 4C is y = 9x + 63,
(iii) show that the coordinates of P is (—6,9),

(iv) find the area of shaded region 4PB.

End of Paper
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Name: MARI{.ED SCHEME Class Index no. 2

Mathematical Formulae

: 1.
Jurong West Secondary School ALGEBRA
Quadratic Equation
.. ) ’ 70 For the equation ax?+bx+¢=0,
Preliminary Examinations 2016 | o b b —dac
' 2a ’
ADDITIONAL MATHEMATICS 4044/02 - ) Binomial Expansion .
Secondary Four Normal Academic ' 25 August 2016 > AT ,, 5 ), '
Paper 2 0800 — 0945 (a+b) =a +(Ja b+(2]a b +...+(r)a O kb,
1 hour 45 minutes
3 i g ny_ ol nln=1)..(n-r+1)

Additional Materials: Answer Paper wheren is a positive integer and (r] “AO=A 5 .
READ THESE INSTRUCTIONS FIRST 2. TRIGONOMETRY

Identities
Write your name, class and index number on all the work you hand in.
Write in dark blue or black pen on both sides of the paper. sin? A+cos* A=1
You may use an HB pencil for any diagrams or graph.s. e e AT
Do not use staples, paper clips, glue or correction fluid.

cosec?A = 1+cot? A

Answer all questions. . sin(A % B) =sin Acos B+ cos Asin B
Write your answers on lhe separate Answer Paper provided. cos(A £ B) = cos Acos BF sin Asin B
Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the case
. K g . tan A+ tan B
of angles in degrees, unless a different level of accuracy is specified in the question. 3 ; tan(A+ B) = T ]
The use of an approved scientific calculator is expected, where appropriate. ' in24=2si ‘:" 4 l:" B
You are reminded of the need for clear presentation in your answers. < sm ; ,’ sin c?s v
cos2A=cos” A-sin A=2cos” A—1=1-2sin’ 4
Al the end of the examination, faslen all your work securely together. tan2A4 = 2“—":‘
The number of marks is given in brackets [ ] at the end of each question or part queslion. —tan” 4
The total of the marks for this paper is 70.
Formulae forAABC
After checking of answer script For Examiner’s Use . a _ b _ ¢
Checked Signature Date ’ - © sind sinB sinC
Student a’ =b*+c* -2bccos A
A= 1 absin C
2
i men i Y
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1 (i)

(i)  Given that the principal value of sin™! a = x, find the principal value of sin™ (- a) in

3 ()

(i)

JWSS Preliminary Examinalions 2016

3

Write down the principal value, in radians as a multiple of , of cos™ G)

3 [B1)

terms of x.
—x[Bl)

Given thaty = 3x% — 14x + 15, determine the range of values of x for which y > 20.

3x% — 14x + 15 > 20 [M1]
3x2—14x—-5>0

(3x + 1)(x = 5) > 0 [MI for factorization]
x<-Zorx>5[Al]

Y

B ——O ) O

1

~3 5 [B1]

Expand (2 — x)* in ascending powers of x, up to and including the term in x°.

)8 =28 4 (8Y 7, 8 560_y)2 1 (8) 5¢_ .13
@-2°=2°+ (1) 27C-0) + (3) 2802+ () 25¢-»)
[M1 for binomial expansion]
=256 —1024x + 1792x% — 1792x3 + - [Al for 2 to 3

correct simplification, A2 for all correct]

Hence find the coefficient of x? in the expansion (3 — 4x)(2 — )%

Coefficient of x? = 3(1792) + (—4)(—1024) [M1, M1 for correct coefficient]
= 9472 [Al]

Additional Mathemalics 4044/02

m

(1]

(3]

[3]

Sec 4 Normal Academic
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- The roots of a quadratic equation x2 = 5x = 3 are a and .
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4

A polynomial f(x) is such that f"(x) = 24x — 4, f'(1) = 23 and f(—1) = —10.

Find f(x).

f'(x) = ](24}: —4)dx

24x? ; :
e T 4x + ¢ [M1 for integration]
f'(1) = 12(1%) - 4(1) + ¢ = 23 [MI for attempt to find c]
c=15
f'(x) = 12x* — 4x + 15

f(x) = f(lez —4x + 15)dx

3 42
=125 8 15k 4 e M)

f(-1) = 4(=1)% = 2(-1)% + 15(~1) + ¢ = —10 [M] for attempt to find c]

c=11

f(x) = 4x® — 2x% + 15x + 11 [Al]

d
Given thaty = x3(5x — 2)7, find i, giving your answer in the form
(px + q)(5x - 2)x%, where p and ¢ are integers.

dy

dx

=3x%(5x—2)" + 35x3(5x — 2)8 [Al, Al]

= x*(5x — 2)°[(15x — 6 + 35x)] [MI for factorisation]
= (50x — 6)(5x — 2)5x2 [Al]

3 = (52 = 2)"(3)x% + 7(5)(5x — 2)®x® [MI for attempt to use product rule]

[0) Evaluate a? + 2.

@+ =5[Bl]
af = -3 [Bl] )
a’+ﬁz=(a+ﬂ)2—2aﬁ}v
=52-2(-3) [M1 for identity)
=31[Al]

Additional Mathemalics 4044/02

(5]

(5]

(4]
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5
1
Find a quadratic equation with roots ;17 and 7
o
New sum = — + I
2,02
=2 [M1 for common denominator]
(ap)?
_ 31
{=3)
=3 A1
R & | c 3% U ST - SO 1
New Product = (;;) (F) T e Ak [BI] :

New equation: X% — %l-x + ;;- =0 (BI1]

y=x +x*-21x+7.

d

d—i =3x%+2x—-21 [M1 for differentiation]
dy . s

i 0 at stationary points

3¢+ 20 =21 = 0 [Ml for 2 = 0]
(3x —7)(x + 3) = 0 [MI for factorisation]

7 1
= orx—§_6424; 23
y=152 }"'—'-7:—23"2"7'

(-3.52),(25.-232) (A1, A1)

Determine the nature of each of these stationary points.

d?y

s 6x+ 2

When x = =3,

Q< 0 => Maximum [B1]
ax? ximi

When x =%,

d’_y > 0 => Mini Bl

ax? inimum [B1]

Additional Mathematics 4044/02

Find the coordinates of the stationary points on the graph of

(3]

[5]

Sec 4 Normal Academic
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8 (a)

(b)

JWSS Preliminary Examinalions 2016

@®

(i)

0

(i)

Show that the equation
4sec’x —9tanx = 2tan®x + 9
may be written in the form
2tan’x —9tanx - 5= 0.

4+4tan*x—9tanx = 2tan?x + 9

4(1+tan’x) —9tanx = 2tan®x + 9 }-
2tan?x — 9tanx — 5 = 0 (shown) [B1]

Hence solve the equation )
4sec?x—9tanx = 2tan?x + 9, for 0° < x < 180°.

2tan’x —9tanx—5=0
(2tanx + 1)(tanx — 5) = 0 [M1 for factorization]

1
tanx = -3 tanx =S

a=265651° a=78.6901°
x=1534° x=78.7°[Al,Al]

m !
a< T radians,

3sinf +v3cos = Rsinf cosa + R cos O sina

Rcosa=3

Rsina =3 [[Ml for comparing coefficient)
=2 or0.524 rad [Al]

R =23 or3.46 [BI]

V3sin 6 + 3cos 8 = 2v3sin(0 + 3 [Al]

m

(3]

Express 3 sin @ + V3 cos 8 in the form of R sin(6 + a), where R > 0 and 0 < [4]

In an experiment, the height, # m of a wave of a water tank is given by 3]

h =3sint++3cost,

where ¢ is the time in seconds after the start of the experiment.

Find the time when the height of the wave first takes the maximum value.

sin(t+2) =1 (M)
t+z=7[MI]
t—"

~3

=1.05s [Al]

Additional Mathematics 4044/02
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The cquation of a circle is x2 + y? — 4x + 6y —12 =0,

@

7

radius.

29 =—4

2f=6

g=-2

f=3 [MlI forany method]
Centre (2,-3) [Al]

Radius \/(-2)% + 37 = (=12) = 5 units[A1]

The point A(—1, 1) lies on the circle.

@i

(iii)

@iv)

JWSS Preliminary Examinalions 2016

8

10 The diagram shows part of the graph of y = f(x), where f(x) = x® + 13x2 + kx + 63. The

curve crosses the x- and y- axes at the points 4 and C respectively and meet the x-axis at
Find the coordinates of the centre of the circle and determine the length of the [3] point B.

Find the coordinates of the point B such that AB is a diameter of the circle. [3]
%"l) = 2 [MI for realizing that the centre is the midpoint of 4B]
‘V'T“ = —3 [MI for attempting to apply midpoint concept]

B(S5,~7) [Al]

Given that the coordinates of D is (1,5), find the equation of AD, [2]

Gradient AD = 2= = 2

1=2(-D+c [Mlfor attempt to find ¢]
c=3

Equation AD:y = 2x + 3 [A1]

Hence show that the line AD cuts the circle at two distinct points. (31

T T Giventhatx + 7 is a factor of f(x),

x2+ (2x + 3)2—4x+ 6(2x +3) - 12 = 0 [MI for substitution]
X 4+4x2 +12x+9—4x+12x + 18— 12 = 0

5x2+20x+15=0

x*4+4x+3=0

42 —4(1)(3) > 0 [M1 for any method]
2 intersection points [A1]

Addilional Mathemalics 4044/02

&' (i) show that k = 51.
f(=7) = (=7)% + 13(-7)% + k(=7)+63 =0
k = 51 (shown) [BI1]
Sec 4 Normal Academic JWSS Preliminary Examinalions 2016 Additional Mathematics 4044/02
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(ii) solve f(x) = 0 and hence state the x-coordinates of the point B. [4]

x2+6x+9
x+7) x®+13x% + 51x + 63
3:3 } ZIZ

6x? +51x
2

9x + 63
9x +63 [MI for long division]
f(x) = (x + 7)(x? + 6x + 9) [Al for quotient]
= (x+ 7)(x +3)?[MI]]
x=-=3[Al]

Given that the equation of line ACisy = 9x + 63,

(iii)  find the coordinates of P. [3]

9x + 63 = x* + 13x2 + 51x + 63 [M1 for attempting to solve
simultaneous Equation]

3 +13x2+42x=0

x(x*+13x+42) =0

x(x + 7)(x + 6) = 0 [M1 for factorization]

Whenx = -6,y =9

P(—6,9) [Al]

(iv)  find the area of shaded region APB. [4]

Area of APB = %(1)(9) + J’::(x:‘ + 13x% + 51x + 63)dx [M1 for area of
triangle; M1 for correct definite integral] - 75
4 3 2 i ‘
= % + XT + 1—3%— + -5—12"— + 631] _: [M1 for integration] N
—~3)4 -3)3 -1)2 —6)* -6} 7 L
|l I T [t 4 230", S

: 3 3 2
63(—6)]}

2 63

2

4
81
4

i
= 20.25 units? [A1]

End of Paper

JWSS Preliminary Examinalions 2016 Additional Mathemalics 4044/02 Sec 4 Normal Academic
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Quadratic Equation

Mathematical Formulae

1. ALGEBRA

For the equation ax® + bx+¢ =0,

Binomial Expansion

; T n
where n is a positive integer and ( J =

Identities

Formulae for AABC

_—btb* -dac

x
2a
(a+b) =a” +(”)a""b+[nJa"‘lb’ +...+["Ja""b" ot b,
1 2 r
nt  n(n=1..(n-r+1)
r) An-r) r!

2. TRIGONOMETRY

sin® A+cos’A=1
sec’ A=l+1tan’ 4
cosec’ A=1+cot® A
sin(A+ B) = sin Acos B+ cos Asin B
cos(A+ B) =cos Acos B Fsin Asin B
tan A+ tan B
|Ftan Atan B
sin24 = 2sin Acos A

tan(A+ B) =

. cos2A=cos® A-sin® A=2cos* A—-1=1-2sin’ A

2tan 4

tan24 = ————
I -tan* 4

a b ¢
sind sinB sinC
a® =b*+c*-2bccos A

A=labsin C
2

Answer allTveBESF. website to download FREE exam papers, notes and other materials from Singapore!
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Answer all the questions.

Write down the exact principal value, in radians, of

@

(i)

@
(i)

Vi

Al =] 1

sin [ 2 [1]
V2

-1 ’ 3 1
cos (——2 (1
Expand (1-3x)in ascending powers of x, up to the term inx>.  * (2]
Hence find the coefficient of x? in the expansion of (x +2+ )(l -3x)* [2]

The volume of a sphere ¥ cm? is increasing at a constant rate of 30 cm®/s

Calculate the rate of increase of its radius » cm when r = 0.4. (3]
(i) Show that (x — a) is a factor of x* — a*. 8}
(i) Hence factorise completely 3x* - 24. 2]
(n) Solve the following pair of simultaneous equations

(b)

%:3&27’-’ and 5*x25% =1. [5]

By means of a suitable substitution, solve the equation 16" +4=5(47). Eé]:

Find the range of values of x for the following inequalities.

(a)
(b)

(a)

(b)

(a)
(b)

2(x+1)* <8, (2]
x(1-x)<x-1. [2]

-1
Without the use of a calculator, express g ) in the simplest form a+bV3
+

where a and b are integers. (3]
Solve the equation x* V3-5x+12= 0, expressing your answers in the form

c : :
of where ¢ is an integer. 2
7 g (2]
Solve cos28-cosf =0 for 0°< 8 <180°. 4]
Find x in terms of = when ﬁcos[x— %) =cosx for0sx<r. [4)
3

bestfreepapers.com

10

11

12

- 13

14

2

L e s T VR

The curve y =a+bsincx where a, b and c¢ are real numbers has a maximum

value of 3, minimum value of =5 and a period of 60°.
(i) Find the value of a, of b and of c.
(i) Hence sketch the graph for 0° < .x < 120°,

The equation of a curve is y = x*(x+1).
(i) Find the x-coordinates of the stationary points of the curve.
(i) Dectermine the nature of each of these stationary points.

@)  Sketch the graph of the curve y* =4—x..

(ii)  State the equation of the tangent to the curve yYi=d-xatx=4,

(iii) ‘The line y=—x+2 cuts the curve y* =4-x at points P and Q.
Find the equation of the perpendicular bisector of P and Q.

Find (a) js(l+2x)‘dx,

. N2
(®) [Gﬂ-) ds.

Givén that 15-6x= A(x +2)+(Bx+ C)(Zx l) for all values oh. find
the value of 4, of B.and of C

(a) Given that (4 + B) is acute and sin(A + B) = % and sin Acos B = 71
without using a calculator, find the exact value of
(i) cosAsinB,
tan A
i —
@ tan B
(iii)) cos(A4+ B).

(b) Given that cot 6 —2 where @is acute, find the exact value of cosec 6.

" Efforts Today, Rewards Tonrwrraw
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Answer Key 2016.4N.AM.Prelim P1
Qn | Answers3

Lo -3 @ %
2 (i) 1 -24x+25222 - 1512 +...  (ii) —4056
3 14.9 c/s
4 [() fla)=0 (i) 3(x—2) (x* +2x +4)
5 (a) x=4,y=-1 (b) x=1,0
6 (a) 3<x<1 (b) x<-lorx21
3 2
7 @ -5+343 (b) BT
g | (@0 120° (b) %

(Ja=-1,b=4,c=6
Cl‘i\ A a. Vfa’fﬁ? C‘J
0 ’; J_'& 3,mm—C Y

—0 & 4
- =8 - M fwe C\]
-L M=\
-3
-%
=

10 (1) .zr=0,—-—;1 (ii) min pt when x =0, max pt when x:—-;:

(@ e

R
B — < e

(i)  x=4 (i) y=x-1

7 3
—3(I+2x) (b) —l+2x+x—+c
x 3

12 (a)

14
1 1 2
13 A=53,B=-43,C=-2%
a2 PR e 2410 13
4 < A
| (@) (i) 7 (ii) 3 (iii) 5 (b) 5
5 bestfreepapers.com
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Quadratic Equation

Mathematical Formulae

1. ALGEBRA

For the equation ax’ +bx+c=0,

Binomial Expansion

2 A n
where n is a positive integer and ( ] =
P

Identities

Formulae for AABC

_ —b++b* -4ac

2a

(a+b)" =a"+ (’;)a""b + (;)a""b’ ok ["Ja"’b’ Fusk b,
)

n!  n(n=1)..(n-r+l)
ri(n=r)l rl

2. TRIGONOMETRY

sin® A+cos’A=1
sec’ A=1+tan’ 4
cosec’A=1+cot’ 4
sin(A + B) = sin Acos B+ cos Asin B
cos( A4+ B) = cos Acos B Fsin Asin B
an(A+ B) = tan A+tan B
| Ftan Alan B
sin2A4 = 2sinAcos A
cos2A4=cos® A-sin’ A=2cos’ A-1=1-2sin? 4

lan2A=2la—nzA
I-tan* 4 -
a b c

sinA sinB8 sinC

a’ =b*+c’=2bccos A

=%absinC
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Answer all the questions.

(a) Find the range of values of k for which kx? +4x—k+5is always positive. [3]
(b)  Find the values of m for which the line y = 2+ mx isa tangent to the curve

y=xt—4x+3. [4]
The roots of a quadratic equation are a and f, where a + g =—§- and gff =-3.

(i)  Find this quadratic equation in the form of ax? + bx+ ¢ = 0 where a, b and c are

integers. 2]
(ii)  The roots of another quadratic equation x* + px+g=0 are ~f and f-a.

Find the value of each of the constants p and g. [4]
Express 5cos@ —12sin@ in the form of Rcos (6 + a)where R >0 and 0° < a < 90°. 31
Hence
(i)  find the maximum value of 5cos@-12sin@ and the corresponding value of @

at which this occurs, 2]
(i)  solve for the values of & when 5cos@ —12sin@= 1, for 0° <@ <360°. [3]

S cos A sin A
i)  Prove the identit A=———+ s 3
® @ Frowdelatty sedeirt (3]
(ii) Hence find, in terms of z, all the angles between 0 and 27 which satisfy the
: cos A sin A PR

uation ————+ —— = B> [

“ l+cos24 sin24 ) eI !

(b)  Solve the equation 3sec? x—tan® x+ Stan x =6 for 0° < x<180°. N M
(8)  Find the equation of the line that is parallel to x + 4y = 1 and which bisects the

line 4B where the coordinates of 4 and B are (~1, 11) and (7, -3) respectively. [3]
(b) A curve has the equation y = x* - 6x + k, where & is a constant.

(i)  Find the gradient of the tangent to the curve at x = 1. [2]

(i) Show that the tangent to the curve at x= [ is perpendicular to the line

4y-2x=>5, 2]
(i)  Given that the tangent to the curve at x = 1 cuts the y-axis aty=-2,
show that k= 1. [2]
(iv) Hence, find the equation of the normal to the curve at x= 1. [2]
. I-x dy A - IRT % .
Giventhat y=—= , xw -1, find == and determine if y is an increasing or
x+1 dx
decreasing function. 4]
3 bestfreepapers.com

7 The equation of a circle is x* + y* —4x+8y=5.

(i)  Find the centre and the radius of the circle.

(i)  Show that the origin is inside the circle.

(iii) Show that P(2, 1) lies on the circle.

(iv) State the equation of the tangent to the circle at P2, 1).

8  Theexpression f(x)=x’+2x* ~x+7 can be written as (x* -)Q(x)+a.

(a) Find
B o),
(ii) the value of a.
(b)  Find the remainder when f(x) is divided by x — .

9 The diagram shows a part of a curve y=2/x+1 which intersects the y-axis at 4.

A straight line passing though A meets the curve again at P(8, 6). Find
(i)  the coordinates of A,

(ii)  the equation of line AP, ¥

(iii) the area of the shaded region. )7

[4]

10 The diagram shows an open trough for water of rectangular base x metres by Sx
metres and height s/ metres. The internal surface area of the water trough is 36 m?.

The thickness of the base and sides can be ignored.

2
(i) Show that the height, 4 m, of the water trough is 4 = 361'; Ll
X
Y
(ii)  Show that the volume, ¥ m?, of the water troughis ¥V = %;i

(iii) Given that x and / can vary, find the value of x for which ¥ is a maximum.

----- END OF PAPER -----
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Answer Key 2016.4N.AM.Prelim P2

Qn | Answers

I |(a) 1<k<4 (b) m=-2o0r-6

2 [() 3x?-2x-9=0 (ii) p=0,q=-—l2~;—

Scos@—12sind =13cos(d +67.4°)

3
(i) Max = 13 when 6 =292.6° (i)  ©=182° or207.0°
4 |Gi) 4= 20’77” (b) 0=26.6° , 108.4°

(a) dy=-x+19 b(i)-2 (ii) since% X (-2) = -1
5| (iii) Use gradient of (1, -5+ &) and (0, -2) = -
(iv) 2y=x 9

-2
6 ® ) dx (x+ l)
(i) Centre(2,-4) radius=5
7 (ii) distance of centre to origin = J20<5.
(iii) Show that whenx=2,y= 1.
(ivy=1
8 (@) Qx)=x+2 (ii) a=9

(b) 9
2

9 (i) A(0,2) (ii) 2y=x+4 (iii) 2;

< 0;therefore y is an increasing function.

0 |® S+ 12xh =36 (i) V=52h (iii) x=1.55, Need to show V is
max.

\&Q,

5
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