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. Mathematical Formulae
1. ALGEBRA

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

x=

—b+b? -4ac
2a

Binomial expansion

(a+b) =a" +(’;)a"‘b +(;)a"'1b’ +...+(”)a"’b’ +..+b"
r

n! _n(n=1).(n—r+l)
(n- r)'r' rt

where n is a positive integer and ( J

2. TRIGONOMETRY
Identities
sin® 4 + cos’ 4 = 1
sec’A =1+ tan’ 4
cosec’ 4 = 1 + cot’ 4
sin(A + B) =sin Acos B+ cos Asin B
cos(A4+ B) =cos Acos B Fsin Asin B
tanA4Attan B
1FtanAtan B
sin2A4 = 2sin Acos 4
c0s2A4 =cos’ A—sin’ A=2cos’ 4-1=1-2sin’ 4
2tan A
1—tan? A

tan(A+ B) =

tan24 =

Formulae for AABC

sind sinB sinC

a®=b"+c'-2bccos 4

A= -l—absin G
2
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1  Without the use of a calculator, express cos105 ° in the form %(w/; = \/5) . 8 A curve has the equation y = 34_1:’5
X—

where a and b are integers to be determined. [3] (i)  Find the equation of the tangent to the curve at x = 2.5. [3]

2 Angles G and H are in the same quadrant such that tanG = —%and cosH = % : The point (p,q) ,where p# 0, is a stationary point on the curve. Find
(ii) the value of pand of g, [4]
Find the exact value of (iii) the nature of the stationary point (p,q). (3]
(a) tan2H, [2]
-H). 3 ! A g
®) ‘con(@~d) 31 9  The diagram shows a container made up of a cylinder of radius, » cm, and length,

h cm, with hemispheres of radius » cm attached at each end of the cylinder.
3 The graphs of y* =2x and y=mx’ ,where m is a constant, intersect at the point
A(2,2). ) .
(i) Find the value of m. 1]

N

(i)  Sketch, on the same diagram, the graphs of y* =2x and y=mx’. [4] i i
4 (i) Prove the identity tan?4 — sin’A = tan’Asin?4. (3] i
(i) Hence, solve tan® A-sin’ A= . — for 0°< A<360°. (4]
2cos” A

It is given that the volume of the tank is 50w cm?.

5  Given that the coefficient of x’y' in the expansion of (x+ ky*)"is 21504, find the S (i) Show that h= gl
value of k given that k> 0. [4I . (i) Express the surface area, 4, in terms of 7 and 7. [2]
(ili) Given that r can vary, find the stationary value of 4 and determine whether
6  The roots of the quadratic equation 6x* —4x+9=0 are (a+1) and (B + 1)« it is a maximum or a minimum. (7
@) Show that a?+ 8" = -%. B3]
; : : : a p
(i) Find a quadratic equation with roots Eand =. 31
a
7 Given that 6(3*')-3(5"*)=5", find the value of (%) i (4]

T NPT P WP S MR T SIS T AV B S R IR N s 5 Y
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10 Solutions to this question by accurate drawing will not be accepted.

11
i/
In the diagram, the coordinates of B and C are (3, 7) and (0, 3) respectively. The
line OA has the equation y = x.
Yy
A
B@3,7)
(o)
©,3) 7
y=x
S X
o 1

. A “ i 2 . 3
The diagram shows the line y=4 —gx intersecting the curve y=(3x-7)* at
(a) Given that the perpendicular bisector of BC meets OA at 4, find the

coordinates of . 5] point A. Given that 4 lies on the line y = 2, find the arca of the shaded region. [7]
(b) A point D lies on BC such that the x — coordinate of Dis p, 0 < p<3 .
Find, in terms of p, the area of triangle OBD. [3]
~ End of Paper ~

[+
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Sec 4NA AMaths Prelim 2018 Paper 2 Answer Scheme . K i
: g
1 c0s105°=cos(45+60)° ! _L 1
= c0s45 ° cos60 ° -- sin45 ° sin60 ° L T
_[(2)1) (2|5 o L AT |
2 \2) (2 |2 B AL
Al i _[_.ih‘..;’ HIDE IR
ki el e Lt .N y1=21
4 |a |tan’4 —sin’4 = tan’Asin’4
s 2
LHS = ;’;; ~sin’ x MI
_ sin® x—sin® xcos® x
(a) 2 E) - = 008 x
tan2H = 5 ! i sin® x(1-cos’ x)
1_(2) cos® x
5 _ sin® xsin® x
_-120 Bl cos’ x Mi
19 sinfx )/ .
F = [cos: x](sm’ X)
(b) | cos(G—H)= cosGcos H +sin Gsin H
S 2Y's 1Y -12 : = tan’ xsin’ x Al
=l—= | — |+ e =
[JEJ(B] (7?)( 3 ) BL ()
Bl& b G A et
- 22 g 2cos’ 4
13:)5 1ogas?
tan® A A=
225 Rt s A S cos 4 Bl
65 tan’ Asin® Acos’ A=%
3 |a At (2,2), sinfA)/. , 2 1
2=m(2)’ [cos’A (sm Acos A)=5 Mi
1
=X 1
m= intA=—
i 2 Bl sin 2
B2 sinA:iJI Ml
B2 2
Basic angle = 57.234"
A=5712, 122.8',237.2°,302.8" Al

e

DU ) P S g5, T
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B s L PR

7 Bl 7 2:-1) _q(5x+2) _ 5*
General term 7l.|=(r](x)7"(ky’)' 6(3 ) 3(5 ) 5 "
. 321 i
For xzy'°,r=5 Bl 6( 3 —3(25x5 )_5 Ml
7 N x\_ ex
T =[5](x)"’(ky’)’ A 15{) =8
2(3")=76(5"
= 21x%y"%* ( )‘ (57) Ml
21504 = 21k° M1 2.3
Fod Al 76 3
e »
9) 76 38 Al
i 6x‘—4x+92=0 8 [i dy _ (8x)(3x-5)-(4°)(3) MI
a+ﬂ+2=§ dx (3x-5)°
) :12x’-40x
a+ﬂ=—l§ Bl (3x-5)*
3 ns Ay Ml
=— Atx—2.5, et 5
af+a+pf+1 2 =
1 3 y=10
“l=+l=2
Wiy .
5 Subinto y=mx+c¢
aﬂ=l-g Bl 10=-4(2.5)+¢
a*+pr=(a+p)-2ap c=20
) Bl Equation of tangent: y =-4x+20 Al
(44 |
3 6 _ Q I
o & ) . At stationary point, Q=0
e (shown) dx
. 12x* - 40x Mi
ii a B e T
When roots are Zand = (3x-5)
> a
iy 12x* -40x=0
Sum of roots = P x(12x-40)=0
T x=0(rej) or x=3> N
-0 M ’
l§- 3 Ml Whenx:Jl,
6 ]
Product of roots = 1 M1 4 10
Fastsu1=0 2
Equation: 33 Al y—3 19 -5
33x*+34x+33=0 3
gt
9 9
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Q4

1 8 Al,
Hence p=33-,q=8; Al
i | dy 12x*-40x
dx  (3x-5)
Q o (24x-40)(3x—5)* —(12x* —40x)(2)(3x - 5)(3)
dx’ (3x-5)* M1
At x= 3-‘— 4
3
d’y _ (24x—-40)(3x—5) - (12x* —40x)(2)(3x - 5X3)
dx’ 3x-5)"
=§->0 Ml
5
A
(31,85) is a minimum point. .
379
Ak 50m = %:rr' +arth
M1
ar‘h= 507!—%)"’
507r—£mJ
T
xr’
h=_2, (shown) @
r 3
i | A=4xr*+27rh Iy 4
4 %
A=47rr’+2;rr(£g—ir) N
r 3 M1
2
A=4xrt + 0= 8’;’
A=g-;rr’ L Al

b . 4
I | l Equation BC: )’=-3'X+3 - The BEST website to download F|RE

b
E

rstfreepapers.com

i | dd_8 1007 Ml
dr 3 r
At stationary, iA— =0
dr
8 1007 Ml
=—ar—-—j
,
8 100
D e
3 r’
=375
r=23.34716 Al
4 1007
Stationary value of .4 =—7(3/37.5)* +
Souary yeluoof, A= WY+ s
=140.78
=141 cm?(to 3 sf) Al
44 _8 . 2007 b1
ar* 3 r
d*A_8_ 2007 Ml
When r=3/37.5,;2—=3-7r+ S >0
Hence, 4 = 141 is a minimum. Al
B | GradientBC= 1=3-2
3-0 3
. A ; 3 M1
Gradient of perpendicular bisector = — 73
Midpoint BC= (%,:’—2*2)= (;—,5) Bl
3 3 G
Sub m=-=—and | =,5 | iny = mxtc,
4 2
5= =3 (—3-)+c
4 )\ 2
49
c=—
Al
Equation of perpendicular bisector : y = —%x + %
When y =x,
3 49 MI
X===X+—
4 8
7
x:—-
2
Al
e
22
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Name: Index Number: Class:

HUA Yl SECONDARY SCHOOL
Preliminary Examination 2018 4NA

ADDITIONAL MATHEMATICS 4044/01

Paper 1
1 August 2018

1 h 45 min
Additional materials: Answer Paper

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.

Answer all questions.

Write your answers on 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 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 each question or
part question.

For Examiner's Use

The total number of marks for this paper is 70. 70

This document consists of 5 printed pages including the cover page.
© HYSS 2018
No part of this document may be reproduced in any form or transmitted in any form or by
any means without the prior permission of Hua Yi Secondary School.
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax® + bx +c¢=0,

—b+b* —4ac
2a

Binomial Expansion

(a+b)" =a" +(’:)a""b +('2'Ja"'2b2 + ...+(%Ja""b’ +..4b0",

. sonscvs n)_ n _n(n=1)..(n=r+l)
wheren is a positive integer and (J TR pr

2. TRIGONOMETRY

Identities sin? A +cos’A4=1
sec’A=1+tan’ 4
cosec’A=1+cot’ 4

sin(A4+ B)=sin Acos B t cos Asin B
cos(A4 + B)=cos Acos B F sin Asin B
tan A+ B

mn(A:tB)= IFtan Atan B

sin2A = 2sin Acos 4

cos2A4=2cos’ A-1=1-2sin* A=cos’ 4-sin’ A
tan24 =204
I-tan” A4

Formulae for AABC
a b ¢
sind sinB sinC
a® =b* +¢* - 2bccos 4

= -]—bcsin A
2
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t3-1

(a) Simplify the following, leaving your answer in positive index form.
x'y+ (x"y’)2

(b)  Find the range of values of x for 28-13x-6x*<0.

(a) The polynomial f{x) is given by Ax) =x’ -7x-6.
(i) Show that x+ 2 is a factor of f{x).
(i) Express f{x) as a product of three linear factors.

®)  Given that 3% = 7x—3= Ax(x—2)+B(x—2)+Cfor all values of x, find the
value of each of the constants, 4, B and C.

Given that 3x* + kx-12 = 0, where & = 0, show that there is no value of k for which
the equation has equal roots.

cosecld
cos

Prove that —tané =cot@ .

(i) Given that cos¢ = a + b and sin¢ = b—a, show that p* - g* =-;—sin 24 .

(i) Find cos¢ +sing and cos¢ - sin ¢ . Hence, express 5 in terms of tan ¢ .
a

Given that cos 4 = -.:_ and tan 4 = 1;., evaluate the following and leave your
answer in their simplest form, without the use of the calculators.

@) cos2A4

() sin(90°-4)

6
@ Differentiate (31‘?4 +4) with respect to x.

(i) Hence, evaluate L: x (3’“ * 4)’ dx.

(2]

(3]

(1]

(3]

(4]

(3]

(3]

[2]

(2]

(2]

(2]

(3]

4NA Preliminary Examination 2018 Additional Math ics Paper 1

bestfreepapers.com

o -

10

11

e

Solve 2cos?x +sinx+ 1 = 0 for 0° < x<360°.

Differentiate with respect to x.
0] y= 2(2x’ + l)’

(i) 3P —x+l
y- xz R

The coordinates of three points are P=(7,-3), 0=(4,~1) and R=(1,7). The
perpendicular bisector of PR cuts the x-axis at S.

() Find the equation of the perpendicular bisector of PR.

(i)  Find the distance of PS.

(ilf)  Find the area of the quadrilateral PQRS.

The diagram shows an open-topped cylinder of radius » cm. When the volume of the
water in this cylinder is 80 cm’, the height of the cylinder is 4 cm and the surface of

the water is %cm below the top of the cylinder.

S

r

(0] Show that the curve surface area, 4 cm?, of the open-topped cylinder is
: 160 2xr?
venby 4=—"—4+""_.
gl Y A = +

(ii) Given that r varies, find the value of r for which 4 is stationary and the
corresponding value of A.

(5]

(2]
(3]

(4]
(4]
(2]

31

(4]

4NA Preliminary Examination 2018 Additional Mathematics Paper |
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12 he equation of a circle is 2 +2)7 —16x-12y=22.
) Express in the circle in the form (x—a)z +(y-b)' =r. (2]
(ii) Hence, find the centre and radius of the circle. [2]
(iit) The chord y = x-2 intersects the circle at two points P and Q, whose x- [5]
coordinates are _a_+2_\/_l_7. and a-_zs/!; respectively.
Find the value of a and of b.
Justify which point, P or Q is nearer to the origin.
END OF PAPER
A
v B
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P s

HUA Y1 SECONDARY SCHOOL 1 (0] Simplify the following, leaving your answer in positive index form
i 2
x‘y+(x 1y1) [2]
Preliminary Examination 2018 4NA
2 MI
ADDITIONAL MATHEMATICS 4044/01 xy!
o xly-l
Paper 1 5
1 August 2018 =X Al
yl
1 h 45 min
Additional materials: Answer Paper (ii) | Find the range of values of x for 28 -13x-6x* <0. (3]
6x* +13x-2820
(2x+7)(3x-4)20 Ml
x< —3 o B :‘- A2
2 3
2 () | The polynomial f{x) is given by flx) =x’ - 7x—-6.
3
f-2)= (-2)"-7(-2)-6 Bl
=0
S ‘ I I I i M I i (b) | Express f{x) as a product of three linear factors. [3]
Any method : by inspection/long division/comparing coeff. M/
2)(Ax* + Bx+C
(x+ )( e ) A2 (two other correct factors)
=(x+2)(x-3)(x+1)
(i) | Given that 3x* - 7x-3 = Ax(x-2)+ B(x~-2)+C for all values of x, find the (4]
value of each of the constants, 4, Band C.
Choose x=2, C=-5 M1 (Choosin g appropriate values of x)
Choose x=0, B=-1 M1
. bestfreepapers.cCom iR preliminary Examination 2018 Additional Mathematics Paper |
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Choose x=1, A4=3 Ml
A=3, B=-1, C=-5 Al
Given that 3x* + kx—12 =0, where k # 0, show that there is no value of k for which
the equation has equal roots.
b —4ac=k*+144 Ml
Since k20, k*+144>0 Ml
Since b* — 4ac > 0, equation will never have real and equal roots. Hence, no value
of k. Al 3]
Prove that <229 _ 300 = cot0.
cosé
1 siné
_ Ml
sin@cosd cosf
_ 1-sin’@
sin @ cosé
2
= ..°°s_9 M1
sin@cos@
o [ Al
sin@ P
=cotf < H'Lh
N
Given that cos¢ =a+b and sing=b-a,
® show that b -4’ = %sin 24,
b*-a?
=(a+b)(b-a) M1
= cosg@sing
= %(2cos¢ain 4) Al
1
= - i 2
2sm ]
[2]

W”—-—o-‘m e

|

2 (3x +2) dx
0

bestfreepapers.co
- The BEST website to download FREE exam papers, n

4
@ Find cos¢ +sing and cosg —sing . Hence, express L in terms of tang.
a
cosg+sing =2b M1
cos¢—sing = 2a Ml
sing "
2 = ﬂ.— M1 (Divide each term by cos @)
a sin g
e 4
cos¢
_tang+l Al
1-tang [4]
6 Given that cosA = --:- and tand = %, evaluate the following and leave your
answer in their simplest form, without the use of the calculators
(i) cos24
2cos’ A-1
2
- z(—i] 1 M1
5
7
=-— 1
25 # [2]
(i) sin (90° - A)
5in90cos A —cos90sin 4 Ml
=cosA
3
=-Z Al
5 2]
6
L @ Differentiate (3x‘ + 4) with respect to x. 2]
6(3x* +4)’ (12x") M1
=722 (35" +4) Al
(i) [ PR
Hence, evaluate on’ (3x +4) dx. i3]

6

otbs ank othel st o e i

-




5
1 3 4 5
( ! { J, ¥ (3x*+2) dx
U
=-’—[(3x‘+4)°] Mi
72 o
1 (6 46
=—(7-4 M1
77" 4)
_ 113553 Al
72
8 Solve 2cos® x+sinx+1=0 for 0° < x <360°. (5]
2(1-sin x)+sinx+1=0 M1
2-2sin’ x+sinx+1=0 M1
(2sinx-3)(sinx+1)=0 M1
sinx=-:2-;- (NA) Al
sinx=-1, x=270° Al
9 Differentiate with respect to x.

O [y=2(ze 1)

Ls
Fle

4(2x* +1)(4x) M1

6x((2x* +1) Al

@i 3x' —x+1
y=——

x!

(3]

4NA Preliminary Examination 2018 Additional Mathematics Paper |

bestfreepapers.com

6
2 (6x-1)=(3x* —=x+1)(2
ﬂ=x(x )(J':z x+)(x) -
% (#)
3 3 2
=6x —x’—Gx‘ +2x" -2x Ml
X
X =2x
-
x-2
o e Al
X

10

The coordinates of three points are P=(7,-3), @ =(4,-1) and R=(1,7). The
perpendicular bisector of PR cuts the x-axis at S.

0]

Find the equation of the perpendicular bisector of PR.

Midpt = P=(4,2) M1

Gradient of PR= -%

Gradient of perpendicular bisector = M1

wilw

y—2=%(x—4) Ml

y:—x—— Al

[4]

@D

Find the distance of PS.

AtS, y=0, x=-§- M1

s=(§,o) M1
. ,’(—3-0)’+(7-§)1 M1

V442 .
3

=7.01 units Al

(4]

4NA Prelimi
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oA

7
(iii) | Find the area of the quadrilateral PQRS. [2]
2
% 71 ; 4 7 M1
-3 70 -1-3
=Zunis? Al
11 The diagram shows an open-topped cylinder of radius » cm. When the volume of
the water in this cylinder is 80 cm?, the height of the cylinder is & cm and the surface
of the water is %cm below the top of the cylinder.
D
» « 5
h
(0] Show that the curve surface area, 4 cm?, of the open-topped cylinder is (3]
2
given by A=@+ 2er 8
r 5
ar*h=80
) n
ar
A= 2rrr(h +§) M1
=2xr [—8% + LJ
ar® 5
2
= @+ i Al
r 5
1 T ST Tt~ b
9
best
B Th i REE ek
- The BEST website to download FREE e
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(ii) Given that r varies, find the value of » for which 4 is stationary and the
corresponding value of A.

94 _ _160r + 322 M1
dr 5
For stationary A, o 0

dr
-2 4nr
-160r +—5—=0 M1
—800+4rrr’_
5r?
=800
4r

\ i/_“o M1
4r

e w0 Al
800

3 e
An

0

(4]

The equation of a circle is 2x* +2y* ~16x-12y=22.

(@ Express in the circle in the form (x—a)’ +(y-b)" =2

27 +2y" —16x-12y=22
(+2) x*+y'-8x—6y=11
(x-4)" +(y=3)"-16-9=11

(x-4)" +(»-3)" =36 Al (a and b), A\ (r)

(2]

(ii) Hence, find the centre and radius of the circle.

(4,3) Bl
6 Bl

(2]

(ili) | Thechord y = x—2 intersects the circle at two points P and Q, whose x-

a+vb . a-b
—z—-an

coordinates are d — respectively.

Find the values of a and b.

Justify which points, P or Q is nearer to the origin.

(5]

estfreepapers.com
am papers, notes and other materials from Singapore!




(x-4)"+(»-3)"=36 . (2)
Solve egns M1
X -8x+16+x*-10x+25=36
2x’-18x+5=0

_18:4284 9471

4 2
=9,b=71 A2

[m— 5+J_]
)

J[”f J
(=

Since OP> 0Q, hence Q is nearer to the origin. Al

&I

[s 2 ] M1 (show workings for the lengths)

OP=
0Q

END OF PAPER Q ~

oo bestfreepapers.com
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Name: Index Number: Class:
Mathematical Formulae
HUA YI SECONDARY SCHOOL 1. ALGEBRA

% Quadratic Equation

4NA Preliminary Examination 2018 4NA For the equation ax® + bx +¢c=0,
_—-bt Vb? —4ac
ADDITIONAL MATHEMATICS 2a
4044/02 Binomial Expansion
Paper 2
7 August 2018 (@+b)" =a" +(’;}Jn—lb+('2']an—2b2 . +(ﬂ)an—rbr et b
r
1 h 45 min i _ _
Additional materials: Answer Paper il Wgiutive tibsgae wiid (n] - n! - n(n l)...r('n r+l)
r) rn-r) !

i/

READ THESE INSTRUCTIONS FIRST
2. TRIGONOMETRY

Identities sin?A+cos?A=1
sec’A=1+tan’ 4

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. cosec’™M =1+cot’ 4
Answer all questions. _ sin(A+ B) =sin Acos B * cos Asin B
Write your answers on separate Answer Paper provided. ' cos(4+ B) = cos Acos B ¥ sin Asin B
Give non-exact numerical answers correct to 3 significant figures, or 1 decimal ; tan A+ B

place in the case of angles in degrees, unless a different level of accuracy is tan(4+ B) = 1Ftan Atan B

specified in the question.
The use of a sclentific calculator is expected, where appropriate.

You are reminded of the need for clear presentation in your answers: sin2A4 =2sin Acos A
- - 3 G (L T, Y- N b I I ]
At the end of the examination, fasten all your work securely together. Sopdibegoos =1 =l ~Juin = pos i, o
The number of marks is given in brackets [ ] at the end of each question or tan2A4= 2tan 4
part question. 1-tan® 4
For Examiner’'s Use
The total number of marks for this paper is 70. 70 Formulae for AABC
ST B
sin4 sinB sinC
This document consists of 5 printed pages including the cover page. . a* =b* +¢* -2bccos A
© HYSS 2018 1 .
No part of this document may be reproduced in any form or transmitted in any form or by A=—bcsinA
any means without the prior permission of Hua Yi Secondary School. 2
[Turn Over
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1 The roots of the quadratic equation 3x* + 7x~ 3 = 0 are @ and f3.
: = 6 Find, in ascending powers of x, the first three terms in the expansion of

()  Show that o’ + = %7_ [3) O@ (1+22)°
(2]
(i)  Find the value of o’ + §°.. [2] i
®) (2-%)
| i [2]
ili)  Find the equation whose roots are —— and _' .
) Findsheoquhon widee soom e a+l B+l @)  Hence, find the coefficient of x* in the expansion (2 + 3x - Zx’)‘. &)
2 (@ Solve x-2Jx=3. 3
) Solve 26(5') o 5(25.)_ [3] 7 ()] Write down the period and amplitude of y = 2sin2x-3. [2]
(32 . B3] (i Sketch the graph of y = 2sin2x-3 for 0° < x<360°. [3]
. X 1 A 0
Al ]| == h
() Giventhat 4 ( 9 ) = foral pomive VAMAU G0 dasd Wio velig of el (iii)  Hence, find the number of solutions to 2sin2x =1 for 0° < x £360°. n
of the constants r and A4.
8 Integrate with respect to x
3 The equation of a curveis y = x? - 3x + 2. Find
®  (2x-3) (2]
® & 2 (3]
’ l
; '’ o ()
(ii) the range of x for which the curve is an increasing function, _ { » ) [2] 2x+3
(ili)  the equation of the normal to the curve at x=3. [4]
9 (a) The length, W mm, of an elastic spring at time ¢ seconds is given by 3]
W =1’ - 41* +16 . Find the value of f when the length is increasing at a rate of
4  The gradient of a tangent of a curve C at the point (3, 4) is given by % =(3x-5)(x-1). s A tmne:
Find the equation of the curve C. (3] (b) The volume of a cube of sides x cm decreases at a rate of 0.5 cm?/s. Find the rate
of change of the side when the side is 4 cm. [31
5 Express 6cos6—5sin&in the form Rcos(6+a), where R>0 and 0<a < Z. 9 10 Prove that 2sin(x - y) = cotx—coty-
2 (2] cos(x— y)—cos(x+ y) ¥ (3]
(0] Hence, or otherwise find all the angles in the range of 0 < x < 27 of the equation [4]
6cosf-5sinf=1.6.
(] Find the minimum and maximum value of (6cosé-5sin 8)2. (2 '
4NA Preliminary Examination 2018 Additional Math ics Paper 2 bestfreepapers_com 4NA Preliminary Examination 2018 Additional Math ics Paper 2
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11 The diagram below shows part of the curve y = 6x — x? intersecting the line y = 8 at 4

and B.
_ A B
\ >
(0] Find the coordinates of 4 and B. 3]
(i) Find the area of the shaded region. [4]
END OF PAPER
h)
5
‘x
R
2
Name: Index Number: Class:
l bestfreepapers.com| 1 The roots of the quadratic equation 3x*+7x—3=0 are a and .
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L 3 |

2

Index Number: Class:

1 The roots of the quadratic equation 3x* + 7x-3 =0 are a and f3.

® | State that a’+ p? :69—7.

HUA YI SECONDARY SCHOOL
7
a+pf= —3 Ml

Preliminary Examination 2018 4NA aff =-1 M1

ADDITIONAL MATHEMATICS 4044/02 a (_ l]’ ~2(-1) M1
3

Paper 2 67
7 August 2018 X (shown)

1 h 45 min (i) | Find the value of &’ + £°.

(a+B)(a®-ap+p)

=(a+p)[(a+5) -20p-ap] M1
7\ 67 y

=(—5)[?- —l)] Sfrom(i)

=532 Al
27

Additional materials: Answer Paper

(fii) 1 1

Find the equation whose roots are —— and .
a+l p+1

R— Y T
a+l f+1

a+f+2
af+a+ f+1
7

MARKING 3
SCHEME o

Ml

Ml

bestfreepapers‘com 4NA Preliminary Examination 2018 Additional Mathematics Paper 2
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Solve x-2y/x=3.

x-3=2Jx

x' —6x+9=4x
X =10x+9=0
(x=9)(x-1)=0

x=9 or x=1(reject)

M1

A2

2x-3 Bl
(i) the range of x for which the curve is an increasing function,
2x-3>0 M1
2x>3
x>1.5 Al

(b)

Solve 26(57)-5=5(25")-
Let y=5*

26y-5=5(»")

Sy’ -26y+5=0
(5y-1)(»-5)=0
Sy-1=0
y=5=0

1
y 5 x

y=5 x=1 Al

[{D)

the equation of the normal to the curveat x=3.

Gradient of normal = --2(3% M1
i M1
3
x=3,y=2
y-2=-1s-2) m
y:—-;-x+3 Al

(©)

v

r 6-r
.Given that (3:) (_l_-] =~ for all positive values of x, find the value of the

9x? X
constants r and A.

M(l)"' () =

4 \9

Hlw

3 6-r N
Q(é) (x""”") = % M| (group all x)

Compare power of x,-12+3r=-3
r=3

Sub r to (37’)(%)‘”

27
2916

Al

Al

The gradient of a tangent of a curve C at the point (3, 4) is given by .:_}i =(3x-5)(x-1).
X
Find the equation of the curve C.

y=f(3x—5)(x—l)dx

=!3;’-—81+5dx Ml
=x -4x' +5x+c M1
Sub (3, 4) int o the above

4=3-4,) +5.(3)+¢c M1
c=-2 Ml
y=x -4x' +5x-2 Al

3 The equation of a curve is y = x* -3x+2. Find

Express 6cos @ —Ssin @ in the form Rcos(@+a), where R>0 and 0<a<%-

7S]

= 61 cos(6 +0.69474)

= /61 cos (6 +0.695) A2

0]

&
dx

Hence, or otherwise find all the angles in the range of 0 < x < 27 of the equation

6cosf—-5sin@=1.6.

(0)

V61 cos(6+0.69474) = 1.6

1.6
cos(6+0.69474)=—= _ The BESTMlebsite to download FRE

6

bestfreepapers.com
E exam papers, noteg and

(i)
ther

'Lsm:h the graph of y =2sin2x—3 for 0° < x < 360°.

ptprials fom|Singapord! | | | | | | | ||| [mi-stepe ]




Pt e e AR ey e 4t N P e R e T4 T

5
V61 cos(6+0.69474) = 1.6
1.6
s(0+0.69474) = — M1
6+0.69474 = 1.36448, 2 —1.36448 Mi
6 =0.670,4.22 A2
(i) Find the minimum and maximum value of (6cos6 - 5sin8)’.
Min=0 BI
Max =61 Bl
6 Find, in ascending powers of x, the first three tems in the expansion of
® @ | (1+2)°
1+6(2x) +60x
=1+12x+60x* B2(=1mark for any wrong term)
6
®) | (2-%)
(-2
2°+(6)(2)° (-x) +15(2*)(~x)"
e; = 64-192x+240x B2(-1mark for any wrong term) b
(i) | Hence, find the coefficient of x”in the expansion (2+3x— 2x* )6 :
12(-192) + 240+ 60(64) M1
=1776 Al
7 (0] Write down the period and amplitude of y = 2sin2x-3.
Period = 180° Bl
Amplitude =2 Bl
4NA Preliminary Examination 2018 Additional Mathematics Paper 2

bestfreepapers.com

3
() [ Sketch the graph of y=2sin2x—3 for 0° < x < 360° .
| i : || ; ; | } M1 - shape
7. ;Wm T T"L = MI- L1 ‘°' M1 - max/ min
St -1 /,.\ ..... SO T N T .
) \ D Y O 5 & \ T IFFEE _F_ M1 - correct
S T I [ 1Y ] - \N ) cycles
EEREAREYAERL CERYE
| ! \\. : /{ ’
,S" oo e i Vi}. N ' !
| | ] I | R | I
(lif) | Hence, find the number of solutions to2sin2x = 1 for 0° < x < 360°.

4 solutions Bl

Integrate with respect to x,

@

(2x-3)"

[(2x-3)’
b (2x- 3)9
T 9.2

= %(2;:-3)’ +e Al

M1

(i)

(2x4+ 3 )1
I (2x4+ 3 ),

=[16(2x+3)" +c M1
_16(2x+3)”

———1(2) M1
. Al

BTN

-
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9 (0] The length, W mm, of an elastic spring at time ¢ seconds is given by .
—P_4ar : .. .
;y m—n:/s 44716, Pind the valhas of whien the Joagit is-increesing st @ cio oF 11 | The diagram below shows part of the curve y=6x—x* intersecting the line y =8 at 4
' and B.
aw Iy
— =378 M1
dt
3=37 -8 1 A B
3 -8-3=0 M1
(3e+1)(¢-3)=0
t=3 t=-3(reject) Al
X .
(ii) The volume of a cube of sides x cm decreases at a rate of 0.5 cm*/s. Find the rate
of change of the side when the side is 4 cm. (i) Find the coordinates of A and B.
Vv=x y=6x-x
ﬂ=3x’ Ml suby=8 M1
dx 8=6x-x
£Z=_0'5 (x-2)(x-4)=0
dt x=2,x=4
dx _dx dv A=(2,8) Al
o B=(4,8) Al
. 2 X —05 Ml
3(4) (ii) Find the area of the shaded region.
N 1
) =-E Al (-1 markifno-—ve sign) Shadedregion
. = [16x-x'dx-(8x2) M1
Q f .
T e =32 -=| -16 M1
1o Prove that Zoa(x—J) =coty~—cotx. [ 3 ]z
cos(x—y)—cos(x+y)
80 28
S il =[—-=1|-16 M1
cos(x - y) —cos(x+ y) 4 A
A R = — units Al
= 2sin xcos y — 2co8 xsin y M1 3
€OS XCOS y + 8in xsin y — coS XCO8 y + 8in xsin y
5 28mxcos‘y—2'cosxsmy M1 END OF PAPER
2sin xsin y
- sx‘n xc?sy ) cos.xsmy M1
sinxsiny sinxsiny
=cot y—-cotx :

ARIA Dl e el SR IO R ARSI NIRRT TR R
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Calculator Model: J 4NA

Candidate Name : ( ) Class

READ THESE INSTRUCTIONS FIRST

An answer booklet will be provided with this question paper. You should follow the
instructions on the front cover of the answer booklet. If you need additional answer paper
ask the invigilator for a continuation booklet.

Answer all questions.

Write your answers on the separate answer booklet 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 guestion.
The use of an approved scientific calculator is expected, where appropriate.

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

The number of marks is given in brackets [ ] at the end of each question or part questicn.
The total number of marks for this paper is 70.

Setby : Ms Cynthia Wong

This question paper consists of 5 printed pages, including the cover page.
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

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

_—biw/b’-4ac
2a

Binomial expansion

oty = o[ (v (v e,
r

| = -
where n is a positive integer and MNa r . ool T L)
r ri(n=r)! r!

2. TRIGONOMETRY
Identities

sin? A+cos’ A=1
sec’ A=1+1an’ 4
cosec? A=1+cot* 4
sin(A + B) =sin Acos B £ cos Asin B
cos(A+ B)=cos Acos BFsin Asin B

tan(A + B) = tan A £tan B
IFtan Atan B
sin2A4 = 2sin Acos 4
c0s2A =cos® A-sin® A=2cos* A-1=1-2sin’ 4
tan 24 =_—2tnn2A
I—-tan” 4
Formulae for AABC
a b c

sind sinB sinC
a® =b*+c* —2bccos A

A= -l—absinC
2
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Answer all the questions.

When 10x* - 7x® +ax* is divided by x +1, the remainder is —3.
Determine the value of a. [2)

L}
Find the first four terms in the expansion of (l - g—) -

Hence, find the value of (0.98)" , giving your answer correct to 4 decimal places. [4]

Given that y = x+c is a tangent to the curve y” = kx, where c and k are positive constants,
prove that k is a multiple of c. [4]

The parabola y* = kx, where k is a constant, passes through the point 4(-2,2).
() Find the value of k. [m
The points B(-8,4) and C(~8.-4) also lie on the parabola.

(i)  Sketch the graph, marking the points 4, B and C on your graph. 2]

(iif)  Calculate the area of triangle ABC. {1]

It is given that Ilza.x dx =6, where a is a constant.
()  Find the value of I:‘”‘ dx. [3)

(i)  Express I: (ax+b)dx in terms of the constant b. [2]

bestfreepapers.com

10

Given that ya—bv2 =% where a and b are integers, find, without using a
+

calculator, the value of a and of b. 5]

The roots of the equation 2x* ~4x+8=0 are & and 5.
(i) Calculate the value of a* +3*. 3]

(i)  Hence, or otherwise, find the equation whose roots are a” and f’. 3]

A circle has centre C(~1,2) and radius 5.

(0] Given that the equation of the circle is x* +y* +2gx+2 fy+¢ =0, find the value of
each of the constants g, fand c. (3]

(i)  Show that the equation of the tangent to the circle at the point P(3. 5) is
4x+3y=27. 3]

A solid rectangular block has a square base of side x cm and a height of y cm. The total
surface area of the rectangular block is 90 cm? and the total length of the 12 edges is 48 cm.

()  Show that x* —8x+15=0. 3]

()  Find the possible values of x and of y. [3]

(@)  Find the set of values of x for which 4x* =9 > 0 and represent the solution set on the

number line. (3]
(b) Find the range of values of m for which x* + mx +3m is always greater than 8 for all
values of m. 3]

4
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12

13

[0) Prove that (sec x - tan x)(1+cosecx) = cot x. 3]
()  Hence solve (secx—tanx)(1+cosecx) =2 for 0° < x < 360°. 3]

(i)  State the number of solutions of the equation (secx - tan x)(1+cosecx) =2 in the
range of —360° < x < 720°. [1

A curve has the equation y=% for x>0.
x

(0] Obtain an expression for :—f- and hence explain why the curve has no turning points.
[3]

(i)  Find the equation of the normal to the curve at the point where the curve crosses the
x-axis. [4]

The diagram shows the plan of a rectangular table, in a comer of an office.

It is given that the table is 2.4 m by 0.7 m, £ AED =£ CFD = 90° and that £LEAD = 6°.

(i) Show that EF =0.7sin@ +2.4cosf cm. 2]

(i)  Express EF in the form R sin (8 + a) where 0° < a < 90° and R is a positive constant.
[3]

(iify  Find the value of @ when EF =2 m. 3]

- End of Paper -

5
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4NA AM Prelims Paper 1 (Marking Scheme)

1 | Let f(x)=10x"-7x" +ax'.

£(-1)=10(=1)* -7(-1)" +a(-1)' =-3
10-(-7)+a=-3
a=-20

Since f(x) leaves a remainder of -3 when divided by x+1,

T
()-GO -

=|—§x+-2-§-x'——six’

5 25 125
1-1.6x+1.12x* —=0.448x" +...

(l -%)' =(0.98)"

1-§=o.9s, thus sub. x=0.1,

+...0r

(0.98)" =1-1.6(0.1)+1.12(0.1)" - 0.448(0.1) +...
=0.8508 (4 dp)

aL

3 |y=xtc-() i Y=k ()
Sub. eq (1) into eq (2):
(x+c)’=la
X +2xc+ct —kx=0
x+(2c-k)x+c* =0
Since the line is a tangent to the curve,
b*-4ac=0

(2c-k)' -4(1)(c*)=0
(2c-k)' =4
(2c-k)=12¢
2c—k =2c (NA) or
k =4c (thus k is a multiple of ¢)

O 12 =k(-2)
k=-2
(1)
B1: Parabolic curve ; B1: 4, B and C correctly labelled on the curve
I ;
—(8)(6)=24 '
(i) 2( )(6) = 24 units
o Mﬂh.&d.kl
Laxdx=6
=1
2 /]
a@’ _a) ¢
2 2
-3-a=6
2
a=4
[faxdc=[20T =54
Method 2
[ axdr=6x3" =54
(i)

I:(ax+b)dx=faxdx+j:bdx
=6+[bx]
=6+b

bestfreepapers.com
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(-]

a—bﬁ= 16

l+2;72+2
__16_ 3-22
3+2V2 3-242

=48-3242

a=438 ; b=32

(i)

5-2 3

Gradient of CP = 3 -(-l) =z

Gradient of tangent to circle = —%
Equation of tangent to circle:
y-5= —;-(x— 3)

3y-15=-4x+12
4x+3y=27

() | 2x*-4x+8=0
a+p=2

af=4

Sum of roots
Product of roots,

a’+ ' =(a+p) -2ap
=(2)'-2(4)

=—4

(U]

2x* +4xy=90 --(1)
Bx+4y=48 -(2)

Sub y=12-2x into eq (1),
2x" +4x(12-2x)=90
—6x* +48x-90=0
x'-8x+15=0

(if) | New sum of roots:

a+p = (a+ﬂ)(a’ -ap+p)
~@)(4-1)
=-16

New product of roots: oap =4 =64

Thus new equation: X’ +16x+64=0

(i)

x-8x+15=0
(x—5)(x-3)=0
x=3;y=6
x=5;y=2

10

() | Equation of circle:
[x-(-—l)]’+(y—2)’ =25
(x+1)"+(»-2)"=25
X +2x+1+y' —4y+4-25=0
X4y +2x-4y-20=0
g=1,f=-2,c=-20

4x’-9>0
(2x-3)(2x+3)>0

3 3
X<=— or x>=—
2 2

«~——0 00—

=15 1.5

(b)

x* +mx+3m>8
x* +mx+(3m-8)>0
No real roots, i.e. b* —4dac <0
(m)" =4(1)(3m-8) <0
m' -12m+32<0
(m-8)(m-4)<0
4<m<8

bestfreepapers.com
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)

(secx- tanx)(l +cosecx)
s )

sin x cosx

a2, c?—s: =cotx = RHS(proven)

(1)

(secx—tan x)(1+cosecx) =2
cotx=2
tanx =1

2

basic £, @ =26.5651°
x=26.6°, 206.6° (l dp)

(i)

1 cycle within 360° - 2 solutions
—360°$8<720° - 3 cycles = 6 solutions

12

(U]

2x—-4

x+3

2(x+3)-1(2x-4) __1o
(x+3)’ (x+3)

y
L
dx

Since 10> 0 and (x+3)* >0, d_y=|_0’_
dx  (x+3)

()

2x-4

At x-axis, y=0: =0
x+3

x=2
__10 __2
dr (24 3)' 5
Gradient of normal = —%
Equation of normal:

y-0=-—%(x-2)

5
+=x=5
d 2

13

(U]

ED=0.7sin8 ; DF =2.4cosé
EF =0.7sin0 +2.4cos@

(1)

0.7sin8 +2.4cos@ = Rsin (0 +a)

R=407"+247 =25
s A
0.7

a=73.7398°
0.7sin6+2.4cos = 2.5sin (6 +73.7°)

(iif)

EF =2.5sin(6+73.740°) =2
sin(0+73.740°) = =
25

basic angle, & =53.130°
6+73.740° = 53.130°,180°-53.130°
6 =-20.6°(rejected), 53.1°
#=53.1°

bestfreepapers.com
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READ THESE INSTRUCTIONS FIRST

An answer booklet will be provided with this question paper. You should follow the
instructions on the front cover of the answer booklet. If you need additional answer paper ask
the invigilator for a continuation booklet.

Answer all questions.

Write your answers on the separate answer booklet 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 sclentific calculator is expected, where appropriate.

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

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.

Set by : Ms Cynthia Wong

This question paper consists of 6 printed pages, including the cover page.
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Mathematical Formulae
1. ALGEBRA
Quadratic Equation
For the equation ax® +bx+c =0,
- —b++/b* —4dac
2a

Binomial expansion

(@a+b)" =a" +(")a""b+("}z"’b’ +...+[n]a"’b’ +..+b",
| 2 r

1 = =
where n is a positive integer and Nal —u M=) rel)
r) ri(n=n) rl

2. TRIGONOMETRY
Identities

sin’ A+cos’A=1
sec’ A=1+tan’ 4
cosec? A=1+cot’ 4
sin(A4 + B) =sin Acos B+ cos Asin B
cos(A £ B) =cos Acos BFsin Asin B
tan A+ tan B

1FtanAtan B
sin2A4 =2sin Acos 4

cos24 =cos® A—sin? A=2cos* A—1=1-2sin’ 4
24
1-tan’ 4

tan(A+ B) =

tan24 =

Formulae for AABC

2

a’ =b +¢* -2bccos A

A =labsinC
2

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



L

Answer all the questions.

Given that x* +x* =3 = Ax(x-1)(x+2)+ Bx+C for all values of x, find the values of

Giving your answer in radians as a multiple of 7, state the principal value of A, Band C.
B Hence, state the remainder when x* +x* -3 is divided by x* —x. [4]
3
) cos”—|,
® [ 2 ] & Given that f(x) =2’ —13x* +28x~-20, showing all your workings, solve f(x)=0.
[4]
@ tan”(-1). m
The variable x and y are related by the equation y=|3—i,whem x# 0. Given that x | y=x
X
increases at a rate of 0.25 unites per second, find the rate of increase of y wheny =5.  [4]
y=+v4x-3
()  Prove that (x-3)(x" +3x+9)=x"-27. m
3 -
(i)  Hence ﬁndj Xx_§7dx,where x#3. 3] p AL
(a)  Given that 2**"' =5, find the exact value of 20". 2]
S- - -1
(b)  Find the value of a and of b if 25" =ax5", [3]
x
The equation of a curve is given by y = x* (x+2)’ 7
— X
()  Find the gradient of the curve at x =1, e
()  Given that the tangent to the curve at x =~1 crosses the y-axis and passes through
the point (k. -3), find the value of k. 3] The diagram shows part of the curve y =+/4x~3 intersecting the line y=x.
The point P lies on the curve and the tangent at P is parallel to the line y=x.
()  The acute angles A and B are such that sin(4 - B)-% and cos Asin B =~:—. Find the coordinates of point P. “
Find the exact value of
Find the area of the shaded region. [6]
() sinAcosB, [2]
() sin(A+B). [2]
(b)  Without using a calculator, show thatlan15° =2 - V3. [4]
3 4
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9.

Solutions to this question by accurate drawing will not be accepted. 10. (a) The function that describes the position of a roller coaster K is given by

h= Ssin(-’;—ox)+20, for 0<x<100, where 4 is the height above the ground in metres

’ and x is the horizontal ground distance from the start point in metre.
Lol ()] Find the maximum height that the roller coaster K can reach and its
A(6,4) corresponding ground distance from the start point. [3]
(i)  Find the values of x when roller coaster K is 20 metres above the ground. 5
M (b) __ A new rollercoaster J is to be designed for the park.
The following graph shows the motion of rollercoaster J.
0 B x Heig}F( (m)
In the diagram, CM is the perpendicular bisector of AB.
The point 4 is (6, 4) and the point C is (l, S) 30
AB is parallel to the line y —x =3 and cuts the x-axis at point B. -
(a)  Find the coordinates of B. [2]
(b)  Find the equation of CM. 3] =
(c) It is given that a circle passes through the points 4, C and M. 15
() Explain why AC is the diameter of the circle. [ 10
(i)  Find the coordinates of the centre of the circle and find the exact radius of the 5
circle. (31
(i)  State the equation of the circle. 2] O 10 20 30 4 30 60 70 8 90

- The BEST website to

Ground distance (m)

(0] From the graph that shows the motion of roller coaster J, state its period and
amplitude. 2]

(i)  Form a trigonometric function of the form 4 =asin (bx) +c, wherea, band ¢
are real numbers, that describes the motion of roller coaster J. m

(¢)  Which rollercoaster do you think provides a more thrilling ride experience?
Justify your answer. [2]

Y

- End of Paper -
6

bestfreepapers.com
download FREE exam papers, notes and other materials from Singapore!



9L

4NA AM Prelims Paper 2 (Marking Scheme)

1

dy 4

dx X

. &
dr dx dr

=—2 025

(0.5)°
=4 units per second

(U] (x—3)(x’ +3x+9)
=x" +3x" +9x-3x* -9x-27
=x’-27

@) |, (x-3)(x*+3x+9
ey e

=I_’I(x’+3x+9)dx

3
=x—+2x’+9x+c
3 2

@ |2~ =5~
&2
2%
20" =50

(b) afy 1
5" _5-1 I--

2x5"  2x5"x5"

=—x5"

a=— ; b=-1
5

y=(x+2)’x’
i:{--:3(1'-0-2)’.!’+(x+2)’(5.\")
At x=-1,

%’:3(—1 +2)' (-1)' +(-1+2)'[5(-1)']
=2

Gradient of curve at x=-1 is 2.

(i)

At x=-1, y=(-1+2)’(-1)’ =-1

Equation of tangent:
y=(-1)=2[x-(-1)]

y=2x+l
At y=-3,
—3=2k+1
k=-2
(a) | sin(A—-B)=sinAcos B—cos Asin B
® 3. I
E=smAcosB——4—
sinAcosB=%
(8) | sin(4+B)
() =sin Acos B+cos Asin B
y 5 1
1
!
i 1
(b) | tan15°=tan(60°-45°)
_ tan60°—tan 45°
" 1+tan 60° tan 45°
_V3-1 1-43
T8 1=
_\/5-3—l+~/5
T 1-3
=2—J§(shown)
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@) | X +x*-3=Ax(x-1)(x+2)+Bx+C

Sub. x=0: C=-3
Sub. x=1: 1+1-3=A4(0)+B-3

B=2
Sub. x=-1:
(=1) +(=1) =3=4(-1)(-2)(1) -2-3
-3=24-5
A=1

When divided by x* - x,
Remainder=B8x+C =2x-3

() | f(x)=2x"-13x" +28x+7=27
g(x)=2x"-13x" +28x-20=0

When g(x) is divided by (x-2): g(2)=0
= (x-2) isa factor of g(x).
2x? -9x+10
x-2)2x* -13x? +28x-20
2x* —4ax?
—-9x? +28x
-9x? +18x
10x-20
10x-20
0

g(x)=(x-2)(2x*-9x+10)
=(x-2)(x-2)(2x-5)

g(x)=0 > x=20r x=25

bestfreepapers.com

@

1
y=(4x-3)2
dy 1 L 2
—=—(4x-3)2(4)=
3 g X =32 (€)=
Since tangent at P is parallel to line y =x,
Y,
dx
2 =1
J4x—3
2=+/4x-3
4=4x-3

7 7
Al x=—, y= [4| —|-3=2
el “4)

Coordinate of point P = (— N 2)

Sl

(i)

Solving y=+4x~3 and y=x
x=4x-3
x’=4x-3

x'-4x+3=0

(x-3)(x-1)=0

x=1or x=3

Area of shaded region
3 1
=jl Jax=3 dx--2-(l+3)(2)

)1

=-;-[(4x—3)%], -4
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(a)

Gradient. of AB = Gradient of line y-x=3 =1
Let the point B be (x,, 0):

Gradient of AB = 64 .

-Xg

4=6-x,
Xy =2
Bis(2,0)

(b)

Gradient of CM = —1
Equation of CM: y-5=-1(x-1)
y+x=6

(c)
(U]

AC is the diameter (right angle in a semicircle)

(i)

Centre = midpoint of AC

1+6 5+4
(2, 2) (3.5,4.5)

Radius of circle = ——‘/( 6)* +(5-4)’ =-;—ﬁ

(i)

Equation of circle:
(x-35)" +(y-4.5)" =65

(x=35)" +(y-45)" =G~J’EJ2

0/® g 4= Ssm( )+2o
30
max h = h=5(+1)+20=25m occurs when
sm( )-l
30
x_x
30 2
x=15m
h= 20=20
(i) Ssln(w)+
. (nx
22 1=0
sm(so)
5—“:0,:.2”
x=0,30m,60m
(b) | (i) Period =40 m ; Amplitude =20 m
() 40m -1cycle
1
Im —--sacyclc
2r
2 ——cyclc-) b=—
27 x
= —[+2
h=10si m )+ 0
(¢) | K:Drop=125-15=10m VsJ: 30-10=20m

J is more thrilling as the drop is greater.
Or
K: 1 cycle 60 m Vs J: 40m

J is more thrilling as it undergoes more cycles per ride.
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NORTH VISTA SECONDARY SCHOOL
PRELIMINARY EXAMINATION 2018

70

NAME: ( ) CLASS:

SUBJECT: ADDITIONAL MATHEMATICS DATE: 7 AUGUST 2018
LEVEL/STREAM: SECONDARY 4 NORMAL (ACADEMIC) TIME: 1 HOUR 45 MINUTES
CODE : 4044/01

INSTRUCTIONS TO CANDIDATES

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

You may use a HB 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 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 t™e 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 question paper consists of 5 printed pages.
[Turn over
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Quadratic Equation

Mathematical Formulae

1. ALGEBRA

For the equation ax? +bx +¢=0,

Binomial expansion

—-b+VJb? —dac
XS —
2a

(a+b) =a" +[’l')a"'b+(;)a"’b’ . +(:)a"’b’ +oHb",

(n=r)lr!

where n is a positive integers and ("] st ')"(I" =r+1)
r r

Identities

Formulae forAABC

2. TRIGONOMETRY

sin'A+cos’4=1
sec’ A=1+tan’ 4.
cosec’A=1+cot’4
sin (A% B) =sinA cos B + cos A sin B
cos (Ax B) =cos A cos B F sinA sin B
tanA + tanB
1 ¥ tandtanB
sin 24 = 2sinAcosA
c0824 = cos’A -sin*A = 2cos?A -1 = 1-2sin’4

2tanA

1-tan’4

tan (At B)=

tan 24 =

a b c

sinA sinB m

a* =b* +¢* - 2bc cos A

A=%ab.ﬂ‘nC
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3
2
Express 3 ssﬁ +(4+‘f2-) in the form a+bﬁ, stating the value of a and of b. 4]
For the graph of y =2sin3x+4, where x is in radians, state
()] the amplitude, [
(i)  the period. m
Solve sin2x+cosx=0 for 0°<S x<360°. 3]
Find the set of values of x for which x(5x—2)>2(x* —6x+4). B3]
Using the substitution u =3%, solve 3(3")-28=-9(37). 5

The equation of a curve is y = 4x° -9x% +6x-9.

()] Find the x-coordinate of the point(s) at which the tangent to the curve is a horizontal

line. (3]
(i)  Using differentiation, determine the nature of the stationary point(s) on the
curve. (3]
The variables y and ¢ are such that
2
d_y. = .I.(.!. - 3) 3
d 8\2
Giventhaty:-S% when =0, findy when (=2, (s7%
O Gl bexs0, fo 2 wiogiawiyyi
y I+x ) . P y y 1s an
increasing function. [4]
(i)  Giventhat y= (3x+2)(4x—3)’ , find % and the set of values for which yis
decreasing. 4]
[Turn Over

10

11

12

()  Differentiate Y4x® +2 with respect to x. [2]
(ih Hence find the value of
IJ JXz dx [4]
2 J4x’ +2

The function f(x) is defined by f(x)=2x> +ax® +bx+6 for all real x. It is given that x—2
is a factor of f{x) and that when f(x) is divided by x+2, the remainder is 20.

() Find the value of each of the constants a and b. [4]

(f) ~Express f(x) as the product of linear factors. (3]

Water leaks from a container at a rate of k cm?/s. The volume, ¥ ¢cm?, of the water in the

container, when the height of the water is & cm, is given by

3
V=ﬂ+4rr.
7

Find an expression for the rate of change of the height of water in the container, in terms
of hand k. 4)

The line 3x—y =5 is a tangent to a circle at the point A(l,-2).
()] Find the equation of the normal to the circle at 4. 3]
The equation of another normal to the circle is y =2x-18.

(i)  Find the equation of the circle. 5]

bestfreepapers.com

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



v

13

(a)  Find, in radians, the two principal values of A for which
5tan? A+9tan A=2. 3

b o Express 4sin@-3cos@ in the form Rsin(6—-a) where R >0 and
O<a <§ radians. [3]

(i)  The height, h centimetres, of a wave of water in a tank being used for a
Physics experiment is given by
h=4sint-3cost
where ¢ is the time in seconds after the start of the experiment. After how

many seconds does the wave first reach a height of 1.5 cm? 3]

END OF PAPER

[Turn Over
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4NA AM Prelim P1 2018

1 2
ﬁ+(4+ﬁ)
M (rationalise)
2 [3+ﬁ)+(ls+sﬁ+z) M1
3-42 3+32 (expansion)
=%\/—E+(I6+8Ji+2)
=20148202 AlAl
i i |
a=20),5=83
7 7
2 (2 Bl
27 Bl
il _—
(i) 3
3 |sin2x+cosx=0
2sinxcosx+cosx=0 Ml
cosx(2sinx+1)=0 Ml
x=90,210,270,330 Al
4 Sx%-2x>2x* —12x+8
3x* +10x-8>0 Ml
(3x-2)(x+4)>0 Ml
x<-4,x>—z1 Al
3
— Ml
3 3u—28=—9
u
3u*-28u+9=0
QBu—-1)(u-9)=0 Ml
Ml
u=l oru=9
3
x=-lorx=2 A2
6 |dy Mi
—==12x"-18x+6
dx » 4 X
12x* ~18x+6=0
(2x—l)(x—l)=0 Mi
| Al
x=— orx=|
2

X<——
16

i a2y M1
22 -24x-18
de®
Wh =—, —==-6<0(max
en x 2 2 0(max)
2 Al
When x =1, %=6>0(min)
7 2
11
=[=|=t-3]| at
7= a( )
3 M2
L %;-3
Y i +c
3 o
(2)
3
=i[l;—3) +c
1202
1 M1
c=-1=
2
3 Ml
y:l(lf—}} _'[l
12\ 2 2
Al
When t=2, y:-z_l.
6
S| dy _(@3+x)4x)-x* M2
dx (3+x)?
124 434 Ml
3+x)?
Since x>0.12x’ +3x‘>0,(3+x)z>0,%>0
Therefore in ing function Al
i M2
i %=(3x+2)[3(4x-3)2(4)]+(4x-3)’x3)
= (4x—-3)%(48x+15) = 3(16x+ 5)(4x-3)* Ml
For decreasing function, %<0
Since (4.!—3)z >0 therefore
48x+15<0 Al
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9i 1 M1
ay _ (a3, 5\ 30902
d—x—2(4x +2) 2(12:%)
6x2 Al
\_/4x3+3
ii 1¢3 6x2 Ml
= dx
2L\74:’+2
Ifas g I
=W 2 - a2 +2) =
=2.33 Al
10i | f(2)=16+4a+2b+6=0 M1
4a+2b=-22
f(=2)=16+4a-2b+6=20 MI
4a-2b=30
a=1Lb=-13 A2
ii__| Long Division M1
S(x)=(x-2)(2x* +5x-3) M1
=(x=-2)(2x=1)(x+3) Al
Nl av _6xn’ M1
an 7
av _dv dh M1
dt _dh dt
6rh* dh Ml
—, = ———
7 dt
L= cemls Al
dt__6xh*
12i 1 MI
J—
L~ 3
——lx+c
»a
—2=-l+c
3
c=-.|_2.
3 Ml
=-%x—l§or3y+x=—5 A
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il T Mi
3 3
x=7 MI
Centre (7,-4) Ml
. 2 2 Ml
Radius =J(7-1)? + (4 —(-2))% =40
(x=7)*+(v+4)* =40 Al
13a| (5tan A-1)(tan A+2) =0 Ml
!a.nA=% ortanA=-2
[ A==1.11,0.197 A2
bi_ . Rsina=3 M1
Rcosx=4
3 Mi
tana =—
4
a=0.6435
R=5
5sin(6—0.644) Al
. sin(9—0.ﬁ435)=% Ml
a =0.3046 Ml
6-0.6435 = 0.3046
0-0948 Al




Mathematical Formulae
NORTH VISTA SECONDARY SCHOOL
1. ALGEBRA
PRELIMINARY EXAMINATION 2018 70 . Quadratic Equation
For the equation ax? +bx+¢ =0,
x'—b:h/b’ —4dac
2a
NAME: ( ) CLASS:
Binomial expansion
" n\ ny . L P "
SUBJECT: ADDITIONAL MATHEMATICS DATE: 13 AUGUST 2018 (a+b) =a +(,)° "’*[2)" *? *~--+(,}‘ b7 +... 40",
LEVEL/STREAM: SECONDARY 4 NORMAL (ACADEMIC) TIME: 1 HOUR 45 MINUTES n ! a(n=1).(n=r+1)
where 11is a positive integers and [ ): LN -
CODE: 4044/02 S o
2. TRIGONOMETRY
INSTRUCTIONS TO CANDIDATES
Identities

Write your name, register number and class on all the work you hand In. - R
Write in dark blue or black pen on both sides of the paper. sin“Ad+cos“Ad=1
You may use a HB pencil for any diagrams or graphs. 5 2
Do not use staples, paper clips, highlighters, glue or correction fluid. sec’ A =1+tan" 4.

2
Answer all the questions. cosec‘A=1+cot‘4

Write your answers on the separale answer paper provided. sin(AL£ B)=sinAcos B * cosAsin B
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. cos (4 B)=cos Acos B F sinA sin B

The use of an approved scientific calculator is expected, where appropriate. A+ tanA + tanB
You are reminded of the need for clear presentation In your answers. e (A£8)= 17 tandtanB
At the end of the examination, fasten all your work securely together. sin 24 = 2sindcosA
The number of marks Is given in brackets [ ] at the end of each question or part question. = cos?A - sin?A = 2cos?A -1 = 1-2sin*A
The total number of marks for this paper Is 70. cos 24 = cos sin’A s
2tanAd
tan 24 = ———
1-tan*A4
Formulae fordABC
a b ¢

sinA sinB  sinC

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

A=labsinC
2

This question paper consists of 5 printed pages.
[Turn over
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(0] Sketch, on the same axes, the graphs of y? =—4x and y= -;-x. 2]
(i) Find the coordinates of the points of intersection of these graphs. 3]

Without using a diagram, determine whether the curve y = 4x® ~9x+2 and the line
y=2x-5 have 0, 1 or 2 points of intersection. [4]

The roots of the quadratic equation 2x?-7x-4=0 are aand .

65

()] Show that a? + g% = n 3]
() Hence or otherwise, find the equation whose roots are a® +1 and ﬂz +1. [4)
The equation of a curve is y = 3

Jox+s
0] Find the value of % at the point on the curve where x=2. [4]
(i) Find the equation of the tangent to the curve at x=2. [3]

The diagram shows a window which is formed by a rectangle with sides 2x metres and 2y
metres and two semicircles. The perimeter of the window is 15 metres.

6 The line 2x—5y =10 meets the x-axis at the point 4 and the y-axis at the point 5.

() Write down the coordinates of A and of B.
The perpendicular bisector of 4B meets the line y =3x at the point C. Find
(i)  the coordinates of C,

(ili)  the area of the quadrilateral OBAC, where O is the origin,

7 (a) -~ Calculate the coefficient of x* in the expansion of (4 +3.r)7.
(if) Hence, calculate the coefficient of x'® in the expansion of
2
(2+347) (a+30)".

3
® O Epnatay(1-3].

Ja.

8 (i) Prove that sin24—cos2Atan A =tan A.

=

wlw

(i) Hence find j(n-

(i) Solve for values of x between 0 and 7 radians,

cos(2x+0.5)=0.3.

(0] Find an expression for y in terms of x. [2]
()  Show that the area, 4 square metres, of the window is given by
A=15x—nx?, (2]
Given that x and y vary, find
(lii)  the value of x for which A4 is a maximum, [4] )
(iv)  the maximum value of 4. m
[Turn Over
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(51
61

(21

3]

(]

[3]

31

(4]



The diagram shows part of the curve y = x%=9x+25 and two lines /, and /. The lines

I, and I, are tangents to the curve at the points 4 and C and have gradient -3 and 3
respectively.

()  Find the coordinates of each of the points 4 and C. [4]

The lines /, and /; intersect at the point B, which has a y-coordinate of % .
(i)  Find the area of the shaded region ABC. [6]

END OF PAPER
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4NA AM Prelim P2 2018

1G) e
Bl
@[y y2
[—x) =—4x
3
! M1
—x+4|=0
‘(9’ )
x=0,x=-36
(0,0) and (-36,-12) A2
2 | 4x2-9x42=2x-5 M
4x* —11x+7=0
b? —4ac = (-11)? - 4(4)(7) =9 MIM1
Since b2 —4ac >0 therefore there are 2 points of Al
ini i
3 7 Mi
+ [ =—
a+f 2
af=-2 M1
7\? Al
a’+ﬂ‘=(5) -2(-2)=1625
» a2+l+ﬂz+l=6_s.+2=|sl MI
4 4
(a’+l)(ﬂ2+l)=a’ﬂ2+a’+p2+l
=(-2)2+16.25+1=21.25 M2
x*-18.25x+21.25=0 Al
# 1 L) M2
dy ‘/2"+5(4)-(4x—3)[5(2x+5) 2(2)]
dx @x+5)
_ 4x+23 M
T3
(2x+5)?

Whenx=2.£=li Al
dx 27
i -1 4 +
y= 27x c
Whenx=2.y=l§ Mi
2 .4
I==1—(2)+
3= 1 (Ate
s M1
27
4 17 Al
p=]l—x—— or 27y =31x-
) 27x o7 * 2y=3lx 17
51 4 2p+2y+2nx=15 M1
y=!5—2ﬂx Al
4
i o
Arca = 4.1:[%)-&1“2 Ml
=15x—2mx? + wx’ Mi
=15x—7x’
iii dAd
E:]S—an Ml
15-22x=0 Ml
15 Al
x=—
27
2 Al
d—z=—2;r<0
Therefore A is a maximum
V| 4=17.9cm* Bl
6i | A(5,0) B(0,-2) B2
it
’"43=§'
oS M1
g
M,p=(25-1) M1
: . . 5 1 Ml
Equation of perpendicular bisector: y=—§x+52
JrwS ksl M
2 4
21 R
x==
22
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21 19 Al
CE2—
TRy
i 21 Mi
10 05 22 0
Ara=2lo 2 0 ,19 0
22
MI,Al
l(|4-7—+10)=|zlum':.c2
23722 44
7ai MI,Al
(;’)(4)‘(3)’ =241920
| (44120 +9x) (@432 L
Coeffof x'° =241920(12) = 2903040 MILAl
bi 3 o § 3.2 3 34 M2
14+3(-= s -
+3( x,)+[2]( x,) ;¢ R)
31-1 2_2 Al
XJ Xs X9
i 9 27 27 M2
=T 2
I xl x6 x9
9x2 27x 27x7°
=X + - +c
-2 -5 -8
s 2T 2T Al
2* 50 8
S _, o M1
dx
2x-9=3 2x-9=-3 M1
x=6 x=3
C(6.7)  AG.7) A2
il 3 2 Ml
Area under curve = [x? - %+ 25x)33
L L M1
4 2 4
Area of trapezium= -;—(7+2.S)(L5) =7% MM
Shaded region = 2(3.25—7%) =2.25units* MEa
9 | 25in Acos A~ (2cos? A~1)tan A B2
= 2sin Acos A—2cos® Atan A+tan A

=2sin Acos A—2cos? A(

sin A

)+tanA

Bl

cos(2x+0.5)=0.3

a =1.266 M1
2x+0.5=1.266,27—1.266 M1
x=0.383,2.26 A2
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Name Index Number Class Mathematical Formulae
1. ALGEBRA
Quadratic Equation
ST. ANTHONY'S CANOSSIAN SECONDARY SCHOOL For the adustion el s bk g
Preliminary Examination 2018 SOTEIS CQUIOR. G ranre R
Secondary 4 Normal Academic s b+ —dac
Additional Mathematics o 4044/01 =
Paper 1 13 August 2018 Binomial Expansion
o - n
Setter: Ms Joyce Frances Liu 1 hour 45 minmss (a+b)' =" +(’l']a""b+(;}a"’b’ +...+( )a"b' ot b,
r
. Ge n n! n(n-1)..(n-r+1)
, s where n is a positive integer and = =
Additional Materials:  Answer Paper y 38 3 po g ( r] (n=r)irt Y
ST ANTHONY'S C. SEC RY SCHOOL ST 'S CANOSSIAN SECO SCHOOL ST "S CANOSSIAN SECONDARY SCHOOL
ST ANTHONY'S CANOSSIAN SECONDARY SCHOOL ST ANTHONY'S CANOSSIAN SECONDARY SCHOOL ST ANTHONY'S CANOSSIAN SECONDARY SC%L
ST ANTHONY'S CANOSSIAN SECONDARY SCHOOL ST ANTHONY'S CANOSSIAN. INDARY SCHOOL ST ANTHONY'S CANOSSIAN SECONDARY. 2. TRlGONOMETRY
Identities
READ THESE INSTRUCTIONS FIRST
sin® A+cos’ A=1
Write your name, index number and class on all the work you hand in. sec? A=1+1an? A
Write in dark blue or black pen on both sides of the paper.
You may use HB pencil for any diagrams or graphs. cosec’ A=1+cot’ 4
Do not use staples, paper clips, glue or correction fluid. sl dx BysithdeceBtoos Avia B
Answer all questions. /i _ .
Write your answers on the separate Answer Paper provided. cos(A tB ) = cos Acos BF sin Asin B
Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the case of tan A+ tan B
angles in degrees, unless a different level of accuracy is specified in the question. tan( A+ B) Py crekamto e dei]
The use of an approved scientific calculator Is expected, where appropriate. 1Ftan Atan B
You are reminded of the need for clear presentation in your answers and working. sin24 = 2sin Acos 4
At the end of the examination, fasten all your work securely together. c082A4 =cos’ A-sin’ A=2cos’ A-1=1-2sin’ 4
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. n24=_2004
1-tan’ A

Formulae for AABC
70 a b _c

Parent's Signature:

a’=b"+c'-2bccos 4.
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2
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Solve 2cos® x+Ssinx=—1 for 540° < x < 720°. [3]

The volume of a cuboid is (4\/5 -3 ) m? and it has a square base with side (\/5 - Jf)m.

Find the height of the cuboid, expressing your answer in the form (a 2+b3 ) m, where a

and b are integers. (4]
Using the substitution y =27, solve 2**! -15V2* =8. 41
Find the set of values of k for which (k+3)x* +4x+k isalways negative. (5]

A straight line with gradient % p cuts the y-axis at (0, —1). Find the set of values of p for

which the line intersects the curve y = 2x” +5x+1 at two distinct points, [5]

(i) Find the coordinates of the point on the curve y = x’ - 6x* +12x—4 where the tangent
to the curve is parallel to the x-axis. [3]

(ii) Determine the nature of the stationary point on the curve. (2]

: " dy 4 A
The gradient of a curve is given by —= . The curve cs through the points (3, 8
By 2t i pass gh the points (3, 8)
and (11, m), find the value of m. [6]
(i) Differentiate : zl 7 with respect to x. [2]
3 10x
(i) Hence evaluate J’ x-———|dr. (4]
" (s2-9)
SACSS Prelim 2018 4044/01/Add Maths/4NA [Turn over
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The function f is defined by f(x)=2x+ax’ —5x+b, wherea and b are constants. It is
giventhat 2x—1 is a factor of f(x) and when f(x) is divided by x-1, the remainder is -3.

(i) Find the value of a and of b. [4]
(i) Solve the equation f(x)=0, giving each root correct to two decimal places where

appropriate. 3]

When the depth of water in a container is x cm, the volume of water is ¥ cm®, where

V= %ur‘ Water is flowing into the container at a constant rate of 16 cm¥/s.

(i) Find,in terms of 7, the volume of water in the container when the depth of water in the
container is 2 cm. (1]

(il). Calculate the rate of increase of the depth of water in the container when x=8. 4]
(iif) Find the depth of water when the rate of increase of water in the container is 0.2 cm/s. [2]
The points A(-3, 7) and B(4, 8) lie on a circle C) and the line 3x+4y =19 passes through
the centre of the circle.

(1) Find the equation of C\. 7

(ii) The circle C) is reflected about x-axis to give the circle C2. Find the equation of C2.  [2]

(a) Sketch the graph of y =2cos3x~1 for 0°<x<180°. (3]

(b) The displacement, x cm, of a load attached to a spring in a physics experiment is given by
x=sint -2 cost , where ¢ is the time in seconds after the load is released.

() Express sint-— J2cost in the form Rsin(t ~a), where R is positive and & is an

acute angle measured in radians. G [3]

(i) Find the time, in seconds, at which the displacement first reach 1.2 cm. [3]

End of Paper '
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Qn Worked Solution aas | Total Remarks
1. 2cos? x+5sinx = -1, 540° < x < 720° . .
2(1—sin1 x)+58inx=-l Mi Using cos?x + sin’x = 1.
2sin® x-Ssinx-3=0
(sinx-3)(2sinx+1)=0
§ 1 ) . Basic trigonometric
sinx= 5 or sin x = 3 (rejected) | M1 3 equation.
Basic angle =sin™ %
=30°
Since sin x < 0, x lies in the 3™ or 4" quadrant.
x = 540°+30°, 720°-30°
= 570°, 690° Al
2 Area of square base =(J§—ﬁ)’
=3-26+2
=(5-2V6) m* M1
Height of cuboid
No M1 if use volume to
= M WMl1 divide by length.
5-2J6
Rationalising
= M M WMl 4 denominator. M1 even if
5-2J6 (5+2V6 denominator is length.
_20V2 +8V12-15/3 - 6Vi8
25-4(6)
=202 +8J4x3 153 - 6/9x2 (&
=202 +16J3-15V3 -18V2 \
=(2v2+3)m Al

Let y=21, 2)*-15y-8=0 M1
(2y+1)(y-8)=0
1
y=8 or y-—E Ml
22=8 or 2 =—%(ncj)
2§ P Ml
X3
2
o x=6 Al
When y = (k+3)x* +4x+k,
Coefficient of x* =k +3
For curve to be a maximum curve, k+3<0
=k<-3 |Al
When (k+3)x* +4x+k=0,
Discriminant = 4° - 4(k +3)(k) Ml
=4k -12k+16
For equation to have no real roots,
_‘”‘l ~12k+16<0 VM] Their discriminant < 0.
K +3k-4>0
(k—l)(k+4)>0
=k<4ork>1 Al
k<4 Al
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s | y=2p-1——) 7. |y=[m—= Ml i e g
==px—1 - A = tegration o :
2 V2x+3 >
y=2x’+5x+l —-—(2) 2
3 =[4(2x+3)7 &x
Subst. (1) into (2): pr-l=2x’+5x+l Ml
1
2x+3)2
2x’+(5—2p)x+2=0 =4 —( 7 ) +c Ml
’ z)
AT 3. ¥ Vi 2 6
Discriminant =(S—Ep) -4(2)(2) M1 s N o I
D i in Since (3, 8) lies on the curve, 8=4,2(3)+3 +c | VM1 e e
4
. . . e . c=-4 C.
l;or line to intersect curve at 2 distinct points, R e = Bq, ofcurve is y =4 2x+3-4. Al
Zp’—lsp+9>o M1 Since (11, m) lies on the curve, ) _
3p'-20p+12>0 Lm=42(11)+3-4 W1 fq“::.é,: :)'f’::'\)lr'vn:: the
(p-6)(3p-2)>0 VM1 =16 - Al
. d 1 » -
.'.p<~§-or p>6 Al 8(1) 3(5{-4)_3(52_4)
— (55 —4)>
66) | L=32-12x+12 Ml =-(5%-4)" (10%) .
- d Their dy/dx = 0 S
r = (). = -
When a’:o,sx’-lznlho WMl (5x1-4)’ M
X -4x+4=0 3 10x 1
- - dx =
9 (x-2)'=0 s ) (55 -4)’ [Sx’ =4 Wi
x=2 1 1
When x=2, y=(2)-6(2)' +12(2)-4 ° = -
~.(2,4) Al : =30
1% derivative test using 41 6
1.9 2 2.1 their dy/dx and their .
Sig: of point foundin (). "~ 3 10x a5
d 3(19)* -12(1.9) +12 0 3(2.1)" - 12(2.0)+12 Iu S 552 —4)
e o5 e (5% -4)
6(ii) :;: e M1 I, " I, 10 Separating into two
etcl =| xdx+| ———— WMl terms using addition rule.
of — / ' ' (5):Z -4)
tangent / 2P 40 Correct integration of x.
.. (2, 4) is a stationary point of inflexion. Al = [x?] + (—Tl-) Ml
)
2. 2 41
. Al
41
3 .

U
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9(i)

Since f (lJ =0,
2

CRORON

—a+b-==0
4 4

a=9-4b ——(1)
Since f{1)=-3, 2(1)’ +a(1)" =5(1)+b=-3
a+b=0 —(2)
Subst. (1)into (2):  (9-4b)+b=0
-3b=-9
b=3
Subst. b=3 into (1): a=9-4(3)
=-3
na=-3,b=3

Ml

Ml

Al

Al

9(ii)

f(x)=2%-3x"-5x+3
x’-x=3
2x-1/2x =3x* =5x+3
(2 -#)
-2x* =5x+3
—(—2x’+x)
T —6x+3
—(-6x+3)
0
f(x)=(2x—1)(x’ —x—3i
Since f(x)=0,
(2x-l)(x’ —x—3)=0

2x-1=0 or x*-x-3=0
x=0.5 or

e )
2(1)
=230 or -1.30(to2d.p.)
~x=0.5 or x=2.30 or x=-1.30

VM1

Al

Long division using their
value of a and b.

10() |When x=2, V= 13—6;:(2)’
3
==
2
. Volume of water = %;r cm’® Al
- dv 3 2
10Gi) | 4= E1:(3): )
2 Ml
16
ﬂ =16
dt
v _dv &
d  dx dt g
M1 for substituting x =
When x=8, l6=-9-u(8)’ o VM1, YM1 into their d¥/dx.
16 de M1 for chain rule with
dx_16 dV/de = 16 substituted in.
dt  36m
=(0.14147...
. Rate of increase = 0.141 cm/s (to 3 s.f)) Al
M1 for substituting d ¥/d
10(iii) | When & o3, 16= 2 xd %02 M1 = 16, dx/dt = 0.2 and
dt 16 their d¥/dx into the chain
16= iux’ rule.
80
= 16+—9-u
80
=45.270739...
x=6.72835...
.. Depth of water = 6.73 cm (to 3 s.f.) Al
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7-8 131 — LOMmeCt shupe
11(i) | Gradientof AB = —— 12(a) | (pesiod)
-3-4 B1 — Correct intervals at
1 x-axis + Label.
= 7 B1 — Correct intervals at
. : ; y-axis.
Gradient of perpendicular bisector of AB
1 -1 divide by their
cfips W1 gradient of AB.
=-7
Midpoint of AB = (‘3 o %)
120)0) | R= 1 +(+2) Mi
- (l 71) M1
2" =3
L 1 42
prhea(e-d) e (2] o
:_Eg7§iplelrp:12<;t;lar bisector of AB is Al =0.955316...rad
2 ' ~sint—2cost = 3sin(1-0.955)(to 3s.£) | Al
Ix+4y=19 -——(2) e [Wh 3
; : i - Attempt to solve 1 o X =12y 4 g
Subst. (1) into (2): 3x+4( Tx+1 l) 19 VM1 St equations Jisin(:—o.9553|6...) -12 M1 Equating their x to 1.2,
3x-28x+44=19 of their equation of { Basic trigo cquation.
—25x=-25 perpendicular biscctor of sin(z—0.955316...) = 0.69282... VM1
x=1 AP wa e Basic angle = 0.76539... rad
Subst. x=1into (1): y=-7(1)+11 Since sin(¢-0.955316...) >0, 1-0.955316...
=4 lies in the 1* or 2™ quadrant.
= Centre of circle is (1, 4). Al Since t 20, t—0.955316...2-0.955316...
; 3 2 t—0.955316...= 0.76539...
= — -4
Radin = g0y =1) < (8-9) £=1.720706...
=5 units Al Required time = 1.72 seconds (to 3 s.f.) Al
(x- I)2 +(y--4)2 =5
s(x=1)' +(y-4)" =25 Al
11(ii) | Centre of C2=(1,-4) M1 Based on their centre of
) 2 o C. g
(x-1) +(y—(-4)) =5 R
a(x=1) +(y+4) =25 Al
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax* +bx+c=0,
L=t b —4ac
2a

Binomial Expansion
(a+b)"=a" +(?Ja"“b+(§)a"‘ ’b"+...+("]a"“b’ +o4b,
'

n! _ n(n=1)..(n-r+l)
(n—r)'r' r!

where n is a positive integer and ( )

2. TRIGONOMETRY

Identities

sin? A+cos’ A=1

sec’ A=1+tan’ 4

cosec’A=1+cot’ 4

sin(A+ B) =sin Acos Bt cos Asin B
cos(A+ B) = cos Acos B ¥ sin Asin B
tan A+ tan B
IFtan Atan B
sin2A4 = 2sin Acos 4

c082A4 =cos’ A-sin’ A=2cos’ A-1=1-2sin’ 4

tan(A+B)=

Formulae for AABC

sind sinB sinC
a’=b'+c'-2bccos 4.

-

A=lbesina
2
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3
() Sketch, on the same axes, the graphs of y=2x’ and y* =-4x. [2]
(if) Find the coordinates of the points of intersection of these graphs. (3]

The rate, in milligram per second, at which a chemical substance reacts with another
substance is given as ¢* —mt +2m, where ¢ is the time in seconds after the start of the
experiment and m is a constant greater than 4. Show that it is possible for the chemical

reaction to take place at a rate of 5 milligrams per second for all real values of m. [5]
3x+2
The equation of a curveis y= 8
A Jx+1
(i) Find the value of % at the point on the curve where x=3. [4]
(ii) Find the equation of the normal to the curveat x=3. 3]

The seventh term in the expansion of [x’ - #) is independent of x.

(i) Show that n=15. [4]

]

(Ii) Hence, find the coefficient of x* in the expansion of (x’ - ZLJ : [3]
x

The roots of the quadratic equation x* -6x-8=0 are 2+1 and 28+1.
(i) Find the valucof a+ /4 and af. (4]

(if) Hence, or otherwise, find the quadratic equation, with integer coefficients, whose roots
are o and . 4]

4044/02/Add Maths/4NA [Turn over
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Solutions to this question by accurate drawing will not be accepted.

ABCD is a rhombus in which the coordinates of the points 4, 8 and C are (0, -3), (-1, 2) and
(4, 1) respectively.

(i) Find the coordinates of the point D. [3]
(i) Calculate the area of the rhombus ABCD. [2]
The line AB meets the x-axis at M.

(1ii) Calculate the area of triangle O4AM, where O is the origin. (4]

The diagram shows a solid which is formed by a circular cylinder of height x cm and radius
r om fixed to a cone of height 2r cm and radius r cm. The volume of the solid is 60 cm”.

(i) Express x in terms of 7 and r. 2]
(ii) Show that the total surface area, 4 cm?, of the solid is given by

A=]—20-+(J§—l)1tr’. 3]
r 3

(iil) Given that x and r can vary, find the value of » which gives the minimum value of 4. [4]

4044/02/Add Maths/4ANA
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8 4
N
y
B(2,2)
0 A\ C x
y=3x-x
The diagram shows part of the curve y =3x—x* which crosses the x-axis at the origin O and
a point A.
(1) Find the coordinates of A. [2]
The tangent to the curve at B(2, 2) cuts the x-axis at C.
(i) Find the equation of the tangent to the curve at B. [3]
(iif) Find the area of the shaded region 4BC. [5]
9 (a) Provethat tan A(Zcosi-seci)=23inﬁ. [5]
2 2 2
(b) P and Q are angles in the same quadrant such that sin P = —-:— and tanQ = 1—52— . Without
using calculator,
(i) find the value of tan(P+Q), [2]
(ii) show that cos% can be written in the form a}/::_s , where a is an integer. 31
End of Paper
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Marking Scheme for 4NA Additional Mathematics Paper 2 (Preliminary Examination 2018) . 3x+2
O
i Marks ) 1
Qn Worked Solution Allocation Total Remarks [3](e+1) - (3x+ 2)[_l_ (x+1)7 (l)]
PR Bl fory? = —4x. %u 22 Ml
_ o Bl fory = 2,5, (‘“‘”)
yro A 2 11 2]
3(x+1)2 -E(3x+ 2)(x+1)72
1G > |B2 -
N * 1 g § * Factorise out (x + 1)%%,
=E(x+1) 1[6(x+1)-(3x+2)] M
x+1
_6x+6-3x-2
16 | y=22 —0) 2(x+1)t
yl =—4x —-—(2) = 3x+4
Subst. (1) into 2):  (2¢°) =—4x M1 5 D2 f(x+1) Al
4x° =—4x 3(3)+4
4x* +4x=0 When x=3, %:————() -
4x(x’+l)=0 2{((3)+1)
4x=0 or X+1=0 --% Al
= s __
x=0 or x =-1 = ; 13 Finding gradient of
x=0 or x=-1 3(i#) | Gradient of normal = 1+ M1 normal from their dy/dx.
Subst. x=0 into (1): y=2(0)’ 16
o =0 3 ) _E
Subst. x=~1into (1): y=2(-1) 3(3)+2
=2 When x=3, y= M1
:.(0,0) and (-1,-2) Al, Al (3)+1
2 When rate = 5 milligram per second, - 51
f-mt+2m=5 Ml 2
2 -mt+2m-5=0 . of ; :(3 Sl)
S L 2 Finding discriminant '
Discriminant = (-m)’ —4(1)(2m - 5) VM1 rmm“:ﬁir‘m‘m | 2 6
=m’-8m+20 y—5—=——(x—3)
=(m-4)" +20-(-4)’ 1 y 5
=(m-4) +4 M1 5 R Yog I
Since m > 4, (m—4)’ >0
(m-4) +4>4 Mi
(m- 4)z +4>0
.. Since discriminant > 0, it is possible for the
chemical reaction to take place at a rate of 5 Al
milligrams per second for all real values of m.
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. L n 2\"*" l ¥
4(i) 7;,|_(rJ(x) (°§) M1
n el 1Y 4 sye
-(eer (5] e
Power of x=2(n-r)+(-3r) M1
=2n-5r
At T3, r=6 and Power of x=0,
2n-5(6)=0 M1
2n=30
..n=15 (Shown) Al
i 15 200 Y\p cine
4(ii) 7l.-=(,)("1) ("5) (=7)
Power of x=2(15-r)+(-3r)
=30-5r
For term in x¥, Power of x=25, 25=30-5r | VM1
5r=5
r=1
y x (15 1Y)
.. Coefficient of x* = -2 VM1
! Al

==7—
2

Power of x from their
general term.

Subst. 7 = 6 and equating
their power of x to 0.

Equating their power of x
to 25.

Subst. their r to find the
coefficient.

5(1) (2a+1)+(2ﬁ+l)=—-(:1-6-l Ml
20+20+2=6
2(a+p)=4
La+f=2 Al
(2a+1)(28+1)=7" M1
4af+2a+2p+1=-8
4(af)+2(a+p)=-9
4(ap)+2(2)=-9
4(ap)=-13
cap=-31
Laf= 34 Al
5(ii) | Sumof new roots = @’ + f* 8
=(a+p) -2a8
2 1 Using their a + p and af.
=(2) -2(-3;) VM1
_2
T2
Product of new roots = (a’)(ﬂ’)
=(ap)’
1 2 Using their af.
=(-3;] M1
=l_69.
16 ' )
2 2 +’T562= M1 s Lt daighend
~16x* —168x+169 =0 Al
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7(ii)

Slant height of cone = ,}r’ +(2r)

=+/5rcm
A=1tr(\/5_r)+21tr(x)+nr’
=(\/5_+l)1trz +27rx —e(2)
Subst. (1) into (2):
60 2
A=(\/'5-+l)1v’+21:r(?-—§-r)
=(J§+l)m’+£—im’
r 3

=(~/§+l—i)nr’+@
3 r

- @+(J§ ” 1) * (Shown)
r 3

M1

Ml

Al

6G) Midpoimouc=(°;—4,13-2ﬂ) Ml
=(2,-1)
Let the coordinates of D be (xi, y1).
s Equating their midpoint
xl+( l)’yl+2 =(2,_|) VM1 of AC to the midpoint of
2 2 BD.
=§_Ll=z
2
x5 =35
»+2 -1
2
»n=—4
- D(5,4) Al
6Gi) | Area of ABCD
1j0 5 4 -1 0
23 41 2 -3
| Using their coordinates
=5[[0+5+8+3]-[(—15)+(-16)+(-I)+0]} VM1 of D
= 24 units? Al
2-(-3
6(iii) GradiemofAB=l—(02 M1
=_5
y—(-3)=-5(x-0)
=Eq.of ABis y=-5x-3. Al
At x-axis, y=0, 0=-5x-3
S5x=-3
3
x=——-
5
3
M|-=,0
= m(-3.0) Al
1 3
.. Area of AOAM =5x;x3
=%units2 Al
70) %nr’(Zr)Hcr’(x):ﬁO Ml
%nr’+1rr’(x)=60
nr’(x)=60-%1rr’
x=£01——§r sl ) Al

(iii)

A=120r" +(J§ --;—)'xr’
%:120(4")4-(\/5—%)1(%)
120 1
='—r—1+2(J§-5Jﬂr
d4d 120 1
W'h ———=0,——- - — =
o, 3 +2(J§ 3)xr 0
1 120
2| 5= |ar="2
(J_ 3)’” r

P= 1zo+[z(~/§—§)n]

=10.03744...
r=2.15712...

d*4 3 1
F=-|2o(—2r )+2(J§--3—)u
240 1
=r—’+2(\/3—3)ﬂ

When r=2.15712...,

d*4 240 ( 1)
P A S | B . P
d*  (2.15712.) 3

=35.8657...>0
=> A is a minimum when r=2.15712...
.. Required value of r =2.16 (to 3 s.f)

Ml

VM1

Ml

Al

Equating their d4/dr to 0.
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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax’ +bx+c =0,

= —bt+b* -4ac

2a
Binomial Expansion
" N L N\ w22 R perpr ”
(a+b)"=a"+| |a""b+| [a"7b° +..+ b" +..+b",
1 2 r
where n is a positive integer and nl__nt _n-D.(n-r+l)
r) ri(n-r)! r!

2. TRIGONOMETRY
Identities
sinA+cos’4=1
sec’A=1+tan’4
cosec’ A=1+cot’4
sin(4+ B)=sin Acos B + cos Asin B
cos (4 £ B)= cos Acos B ¥ sin Asin B
tan At tan B
17 tan Atan B
sin24 =2sin Acos A
cos2A=cos® A-sin® A=2cos’ A~1=1-2sin’ 4
2tan A
1-tan® 4

tan(4+ B)=

tan24 =

Formulae for A ABC

e _ b __¢
sind sinB sinC
a®=b* +c* —2bccos 4

A=lbcsinA
2
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3 4

Pt g leid 8 A Norman window shown in Figure 1, has the shape of a rectangle with height &4 cm,
Given that ————=2"3", where a and b are integers, find the value of a and express ;4 : ; g :
2 surmounted by a semicircle, with radius » cm, as shown in Figure 2. The perimeter of the

. (3]
b in terms of n. window is 150 cm.

Find the range of values of ¢ for which the graph of y=cx?+3x+c lies entirely below

the x-axis. (4]
Integrate the following with respect to x.
) (3x*-4)(2+5x) 3] h
(i) M [3]
X
2r
The gradient of the tangent to the curve y=ax’ +bx” +3 at the point (1,~3) is ~10. Figure 2
Calculate the values of the constant a and b. (3] .
(i) Show that the area of the window, 4 cm?, can be represented by the expression,
2
A=I50r—2r2—m7. 3]
Given that "‘°m“ the expansion of (2 X+ _l_) is independent of x, find the (if) Determine the area of the window, so that the maximum amount of light can be
~ admitted. (4]
value of
@ n, 3
if) the ninth term.
S (2] 9  Thecurve y=ax’+bx+11 hasa minimum point at (2, -5).
(i) Showthat a=1and b=-12. [4)
ii) Find the other stationa int of y and determine its nature.
Solve the equation 2x’ -9x* +11x~2 =0, giving answers correct to two decimal places ® v ¥ (4
where appropriate. (6]
(a) By using an appropriate substitution, or otherwise, solve 5(2"') =2%416. (3]
(b) Solve +tan® x=3 for 0°< x<360°. (4] '

s? x
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10

11

Given that tand = -% and that @ is an obtuse angle, find the exact values of the

following without finding the value of 8.

(i) sin26 2]

(i) cot(180°-0) [2]

(iii) cos(6+30°) (2]

6
i —
(iv) cos 2 3]
Y -
y=x-—
B
C -
o / A
The diagram above shows part of the curve of y = x—l, which intersects the x‘axisat
x

point 4. The tangent to the curve at point 3(2, l%) intersects the x-axis at point C. Find

(i) the equation of the tangent, [4]
/(_J\I) the coordinates of points 4 and C, [2]

(iii) the shaded area ABC. (4]

END OF PAPER
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Woodgrove Secondary School 4 |V
— =3ax* +2b. Ml
Mathematics Department dx e
2018 4NA Additional Mathematics Prelim Paper 02 ~10=3a+2b...(1) Ml
Setter: Ms Nicole N -3=a+b+3 Ml
S e I8 a=—-6=b(2)
No. Solution Marks Remarks Stb(2) into (1);
P M1 -10=3(-6-b)+2b
1 |[— -10=-18-b
2 [l AlLAl
_31“1(9“1) =-0,a=
- 5 _(n ndr _\8
293 Ml W |7, -[8)(2..3) (x ) Mi
a=-3,b=2n+2 Al L M1
2 19-4c’<0 and <0 MIMI 2n=24 Al
4c’-9>0 n=12
s 12 4
(2c+§)(2c 3) >3o s 17, = [ : )(2) ki
c<—— OR ¢c>= M1
2 2 = 495(16)
.‘.c<—% Al = 7920 Al
6 ILetf(x)=2x"-9x*+11x-2
33) J' (35 -4)(2+5x) dx (x-2),f(2)=0 Ml
2x* = 5x+ |
=j‘15xj+6x2-20x—8 dx Ml x) xz+
. . = 2;2" =9x +11x-2 M1  |Accept alternative method of]
=% 20102 -8x4c A2  |Al if there is | mistake: -)2x’ —4x* comparing coefficients
33 |1+ -Vx ” ' -5x +11x
o —-)-5x*+10x
3 .
=J‘x”+xz-x’ dx Ml )x 22
Siyas
3
_x_'2+£-x_1+c Ml 0
273 _3 o () =(x-2) (227 - 5x+1) Mi
2 ]
1 & 2 fn=0 . Al [Forx=2
=——t—+ +c Al x=2 OR 2x*-5x+1=0
2x 3 3¢
e 5+.J(=5)* - 4(2)(1) Ml
2(2)
_5+17
4
=228,022 Al  |For both values




7(a) |Lety=2". 9(i) [Subs (2,-5),
5(2y)=y*+16 M1 -5=8a+2b+11 .
¥ —10y+16=0 4a+b+8=0......cccourunue. (1)
(y-2)y-8)=0 Mi D _3ar+b M1
=2 OR y=8 fo
Y " oR ”3 %] 0=12a+b
2= . 2’" IS | 7, AN ) MI
7(b) |2sec’ x+tan’ x=3 Subs (2) into (1):
2(tan’ x+1)+tan? x=3 M1 a=1,b=-12 Al
y S,
3tan’x=1 93i) |2 =35 _12
ol Ml dx
tanx=1+ . 3 =12=0 Ml
a=30° M x=12
x=30°,150°,210°,330° Al Subs x = -2,y =27
8G) |P=2h+2r+nar ~. stationary point is (-2, 27). Al
- < - 2
2h=150-2r—-nxr - g__.:_’zﬁx
h=175-r-22 . & Ml
2 Subs.x=-2,22 <0
Iﬁ‘2 dxl
A=2rh+7 M1 /. (~2,27) is a maximum point. Al |Accept first derivative test
2 10(i) |sin26 =2sinfcosd
An (i =r=25 2. (i) .
2" 2 Al 3( 4 3
2 =2x§x —; Ml
=150r-2r =2 (shown) ;
2 24
=—c Al
8(ii) %=|50—-4r—7tr M1 2]
s 10G) [cot (180°~0) = ———
=0 Ml tan(180°-6)
n 150 =1
. m— M1
4+ 4
=21.004~21.0cm M1 m Al
A=150(21.004) - 2(21.004)* -1(3"%% 10(1ii) [cos (6 + 30°) = cos @ c0s 30° —sin Hsin 30°
=1575 1580 cm? Al __4B _2(1) M1
sl 2 ) s\2
_3-3 L 4343 Al
10 10
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10(iv) cos0=2¢:os’§—l Mi
_i=2wsz.€._
5 2
2 10
cosg= . OR - ! (rejected)
2 Yo o Al
dy 2
ne (=14 M1
AlpointB,m:% Mi
Fubs 3(2, ]2 '—7—= ’5_(2)+C Ml
4)4 4
3
c=-=
4
Equation of tangent:
5. 3
==x-= R 4y="5x- Al
y 4I % 0. y=5x-3
- 1A 1 41,0 .c(i,o)
3 (1,0) 5 B2
11 Lo B P i
( )ABC=5 2'; 2 "I x=-x" dx M2 M for finding each area
1
1(.2Y(,3) [# x' : ;
==[1=2] 1= |- === M1  [For correct integration
30508 H-2
1 L x_’ 1 3 M1  [For subtracting arﬁ'u@u‘ ‘
40 |2  «x ph from triangle
i
40
=isquni[s Al
A I N e e PR > et e P po— . 0 — e TA I e s
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