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Mathematical Formulae
1. ALGEBRA

Quadratic Equation
For the equation ex® +bx+c=10,

—bxb? —4ac

2a

X=

Binomial expansion

(a+b) =a"+ [T)a""b + [;]a""b‘ Hall (n]a”"b’ ot B,
r

arie ! ~D.fn—r+l
where 1 is a positive integer and oy - = Ui i D
r) rin—r)t rl

2. TRIGONOMETRY
Tdentities
sin*A+cos? A=1
secl A=t+tan* A
cosecid=1+cot’ A4
sin{ 4 £ #) = sin A cos B £cos Asin B
cos{ A £ B) = cos Acos B T sin Asin B
tan Ax1an B
TF tan Atan B

sin 24 = 2sin Acos A
cos 2A=cos? A—sin* A=2cos'A=1=1-2smn* 4
2tan 4
1-tan® A

an(A+ B) =

tan2.4 =

Formulae for AABC
a b ¢

sinA:sinB=sInC

al =62 +c¢?-2bccos A

A= -l—absin C
2

EMS(S) Sec 4 BExpress Preliminary Examination 2019
Additional Mathematics Paper 1



Name: { ) Class:

1 Solvethe equation § siny cos y—3 cos’y =0 for (° <y <360°. {41
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2 The figure shows parl of a straight line graph obtained by plotting In ¥ against X%, iogether with
the coordinates of a point («5 ,5) on the line. Express y as a function of x. [4]

Iny

N

120°
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3 The diagram shows part of the curve y = 1 (x> 0) and y* = x which intersect at 4. Calculate
X

the area of the shaded region.
[5]

v
*
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The diagram shows a package in the shape of a rectangutar block whose sides are of length
x em, 2x cm and y cm. The package is secured by two pieces of dbbon, ABCDA and EFGHE.

wheose total tength is 312 cm. The volume of the package is ¥ emy’,

() Shaw that = 312x* —8x". i2]
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4 (i) Giventhatx can vary, find the dimensions of the block that make ¥ a maximum. {3}
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The diagram shows a circle with centre O, passing through poims 4, B, C and D. GAH is a
tangent to the circle at point A. Tt is given that B4 = BC and FC = FD. It is also given that £is
a point on AC such that BE is perpendicular to AC and BE passes through O.

(i) Show that A8 bisecls LCAH, 31

FMS(S) Sec 4 Exress Preliminary Bxamination 2019 8
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5 (i) Showthat FE is parallel to DA. [31
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6 The dizgram shows part of the curve y =‘ax’ +br +cl , where a > 0. The curve touches the x-oxis

at 4{r,0) and 8({1,0) and has a maximum point at {-2.27).

¥
4 y= Iax’ +bx + cl
(2 27)
r 7 | ¥
@ Show that r =—5. 11
(ii). Determine the value of a, fand c. i4]

(i)  Stalcthe value of g for which the line y = g intersects the curve at exactly 3 points. 1]

FMS(S) Sec 4 Express Preliminary Examination 2018 10

Additional Mathematics Paper 1



Namae: { )

7

Class:

(a) Without using a calculator, show that cosec 105° = J2 (\E'; - l) v

13
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7 (b) Provethat tanx + cotx =2 cosec 2x.

Class:

[4]
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1 ok
8 Thecurve y=e* +ke f,whm'ckisaconstamhasastationarypointatx=ln 3¢

(i) Show thal the value of k=3.

El
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3 (i) Hence, find the p~coordinate of the stationary point in the form avb where aand b are

integers, and determine the nature of the stationary point. 4]
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9 (1) Thecoefficientof x™ inthe expansion of (1—3] , where n is a positive integer, is 819,
x

Find the value of n. [4}
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9 (b) Write down, and simplify, the first 4 terms in the expansion of (1+ p)g in ascending

powers of p. Hence, find the coefficient of x” in the expansion of {l —x—ZxZ)g .

[41
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10 The equation of the curve C is 2y = x* +4. The equation of the line L is y=3x—k, where k is

an integer.
(i) Find the largest value of the integer & for which L intersects C. [4]
FMS(S) Sec 4 Express Preliminary Examination 2019 17
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10 (i) Inthe case where k= —2, show that the line joining the points of intersection of L and ¢

is bisected by the line p=2x+5. iy

FMS(S) Sec 4 Express Preliminary Examination 2019
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i1 (a) A curve is such that Q = 3k . The equation of the norrual 1o the curve at the

dx (x-4)

point where the curve crosses the x-axis is givenby y=2x+4.

Find the value of & and hence find the equation of the curve. [5]
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11 () Show that —‘i(cos’xﬁSwusx)-——ﬁsin’x.
dx

1 - -
Hence, evaluate L}(Ssm’x-%mx)dx.

)
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12 The linex =17 is atangent to a circle and the points A(1, 9) and B(1, — 7) lie on the circle.

{i}  Show that the radius of the circle is 10 units.

(41
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Name:
12 (i) State the coordinates of the centre of the circle. 1]
{iii)) Write down the equation of the circle in the form x% + p% + px+gy+r=0. [2]

(iv) The circle is refected along the line y = ~1 . Determine whether the point (3, 10) lies on

or inside or outside the reflected circle. [3]

~ End of Paper ~
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Muathematical Formulae
1. ALGEBRA

Quadratic Equation

» 1
For the equation ax” +bx+c¢ = 0,

_—~bxAb’ —dac

x=
2a

Binomial expansion

(a+b) =a" +(’;]a""b+(;)a"‘2bl +..-+[n]a"“'b’ +..4b"
r

E

[n} _ o nn=1..(n—r+1
where n is a positive integerand \"/ 7 W —r)! !

2. TRIGONOMETRY
Identities

sin® A+cos® A =1

sec® A=1+tan® A
cosec?A=1+cot? 4

sin{A + B) = gin Acos B X cos Asin B

cos(A % B) = cos Acos B [1sin 4sin B

tan At tan B

mn(d )= —"——
1{]tan Atan B

sin2A=2sin Acos A

cos2Ad=cos? A—sin? A=2cos? A-1=1~2sin" 4
Ztan A

fan2A4d = ——5—
1—tan” A

Formulae for AABC

a b Fo.

sin A ﬁsinB-__sinC
al=b>+c?-2bccos A

A= 1—c:urab:;ir: ’
2
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-1
1 A cuboid has a square base of side ( ) cm and a volume of (

(a+b\/§)

height of the cuboid in the form cm, where @ and b are

integers.

[4]

(lass:

14—-@)

cm®. Find the
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2 A flock of 20 Yellow-crested Cockatoos was introduced to an island where it is not a native

4

species. The population of Cockatoos is predicted to increase so that after a period of ¢
_ k
years, the population, P, is givenby ~ 1+4€™“  where k is 2 constant.
@) Show that k= 100,
{1l

(ii) Find the number of Cockatoos present after 10 years. Give your answer correct to the

nearest infeger.

[2]

(iii) Find the value of P as £ becomes very large. Expiain the significance of this

value. [2]
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....i,_,. e

E
g ._..-3-\-,-»--_--  —— — Ly S i = et B B AR i
The diagram below shows the graph of ¥ = @ €08 bx+¢ wherea, b and ¢ are
integers.
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(i) From the graph above, find the values of a, band .
[3]

(ii) Sketch on the same diagram, the graph of » = 1-2SINX for the interval 0S xS 7

State the number of solutions in the interval 0 <X =7 of the equation

acosbx+e=1-2sinx

(3]

FMS(S) Sec 4 Exprass Prefiminary Examination 2019
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( 6+2x
y=m(EE]
4 A curve has the equation 5x=3/,
Y _x
(i) Express dx in the form (3+xX55—3)  \here k is a constant.

[4]

4 (i) Show that y is a decreasing function for
3

X >—

. 12
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5 Theroots of the equation X° —2x+7 =0 gre & and
(i) Show that
&+ pP=-34

4]
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—]—-+2

5 (ii) Given that the roots of X +ax+b=0 grc &’

and » where g and b are constants.

(4]

)

Class:

L+2

and A’

, find the values of a
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6  Solution to this guestion by accurate drawing will not be accepted.

X
D A
A(l, 5)
> > X
c %’
57, )

The figure above shows a sketch of a quadrilateral ABCD. The coordinates of 4 and B are
(1, 5) and (7, —3) respectively.
(i) Find the gradient of the line perpendicular to 4B,

12]

(ity If the perpendicular bisector of AB cuts the y-axis at C, find the coordinates of C.

3)

FMS{8) Sec 4 Express Preliminary Examination 2019 1
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6 (it} Find the coordinates of D if ABCD is a parallelogram,
(1]

(iv) Calculate the area of the parallelogram ABCD.
(2]
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7

aJ-‘i—l be .

Ry 7 =
(2) Given that A , find the value of x and of y.

4

Class:
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CHEC s S
7 (D) Solve the equation FFE-6(37)+5=0

{4]

Class:
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7

log, a = p, log,;b=¢ and 2-3¢
(¢} Given that b

[4]

) Class:

, express ¢ in terms of p and g.
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8  The cubic polynomial J@)=6x" +hx® +hx =18 i exactly divisible by 3¥—2 and leaves
a remainder of 11 when it is divided by *— 1,

(i} Show that h=-4 and k=27, 14]

FMS(S) Sec 4 Express Preliminary Examination 2019 16
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8 (if) Hence, factorise fix)
completely. [2]

-8x2—T7x+28

§ (i) Using the results in (i), cxpress /(9

fractions. [4]

)

in partial

Class:
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\\-q-—u - -

15em

A trough has the shape of a triangular prism as shown in the diagram. The cross-section is a
right-angled triangle with a height of 15 cm. The open top BCDE is horizontal and
rectangular in shape with BC =25 ¢m and BE = 42 cm.

The trough is being filled with waier. At time ¢ seconds afier filling starts, the surfacc of
water is x cm from the open top (i.e. BP = x cm), with PQ indicating the level reached.
Given that the water is flowing into the trough at a rate of 45 cm’s,

(i) find PQ in terms of x,
[2]

2
9  (ii) show that thc volume, ¥, of water in the trough at time ¢ is 35(5-x)"
(2}
FMS(S) Sec 4 Express Preliminary Examination 2018 18
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(iii}  find the rate at which x is changing when x = 8.

(3]
4x b
a+
10 (i) Express 2¥—1 intheform  2X~1, where g and b are integers.
(21

(i) Differentiate 2¥1M2%~1) with respect to x.

3]

FMS(S) Sec 4 Express Preliminary Examination 20192
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10 (i) Using the results in part () and part (i), determine | 3% =D &
[4]
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11  Inthe diagram below, ABCD is a rectangle. A line through 4 makes an angle of 6 with AB

and interseets DC and BC produced at F and G respectively. AF =9 ¢cm, FG =3 cm and 0

is acute.

9 cm

m
G C

(i) Show that the perimeter, P cm, of the rectangle ABCD is given by

P=24cos0+18sind
3]

(i) Express P in the form P = Rcos(0 ~a} where R is positive and ¢ is acute.

[4]

FMS(S) Sec 4 Express Preliminary Examination 2019 21
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11 (iii) Given that # varigs, state the maximum value of 2 and the corresponding value of 6.

12]

(iv) Find the values of @ for which P =28 cm.
{4]

FM3(S) Sec 4 Express Preliminary Examination 2019 22
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12 A particle starts from point O and moves in a straight line with a velocity, v ms™, given by
y=35e"" - ~]~ : '

5 where ¢ is the time in seconds afier leaving O. Calculate the
(i) initial velocity of the particle,

(1]

(ii) value of 1 when the particle is instantancously at rest,

(31

FMS(S) Sec 4 Express Preliminary Examination 2019 23
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12 (iii) acceleration of the particlc when it is instantaneously at rest,
(3]
(iv) distance travelled fromr=010¢= 5.
[3]

Class:
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Answer Key
- = = =
1D Jc:-lz—; i) Forvaluwofk>-‘£,3x‘-—5x+k>0
, (x—2)* 2 0for all real values of x.
_ 2
Therefore _-gi—-:-z-l—z 0
3x* -sx+k
: x=16 * L o g 05
200 200
4 i 4(i1) y=-2x+1
- 8
f npx"ﬂ—j
\ 3 ' A(ii) 0 solutions
: "\\ ! :
X
y‘-lx:ﬂ
3 20 6(ii) x =-23.6°,—156,4°,203.6°,336.4°
(D 12 cm (i) % il
(i) The rate will decrease. 80 g — 2 . 1
since =2 @sr1, 4 1) Jexd Al
di _r T
= 5
&) x’-—-3x-—%1n|3x+2l+-l2»lnl2x—-l]+c y:%x3—3x2+%x+4
10¢i)(a) | p =2.0 (Accept 1.9-2.1) 10¢i5)(b) | x =4.39 (Accept 4.36 — 4.49)
q=3.0 (Accept 2.5 -3.1)
11{1) p=x-3 11(ii) o9, 0)
5(3,6)
L) | F(=15,24) T1Gv) | 96 units’
11{v) 18.8 units 12(iii) - 2
3
Maximum ¥ =9.93 cm?
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~ End of Paper ~
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Answer Key
L h=2+3 7 *=3,0=4
x=] or 2.46
3. (i) SO 7(b) o (to3s.f)
(iii) As /becomes very large, ¢! approaches 7(c) b=
Zero.
Therefore, P approaches 100, Gy (x) = (3x—2)(2x" +9)
This means that the population of Cockatoos will ) Ax+5
not exceed 109. g(iii)  3%—2 22+ 0
3 (I) as3,b=3,c=1 5
(i) . S s S i o) 3
. 9
T YAl o —0.0918 (to 3 5.} or —-— cm/fs
N foi AN L
X \ AR ‘!I \ ;! N 9(iii) o8
JUURINN SN V0 SR WSS HUNON SO S NSRS gt
X ;‘1;\\;!:./\.(}! 2
ST (e TE
S S S AN SO = +2In(2x-1)
10(i) 2x~1
L -*——L-—— xln(2x—-l)—x—lln(2x-—l)+c
aqy & Gr06x-3) 10ii) 2
1y £ =30c0s(8 ~36.9) (to 1dp.)

X >=
4Gy For  3,5x~3>0,
Since (3+x)>0and (5x-3)>90 tbrx)%,

= (3+x)(5x-3)>0

, 18

T3+ xX5x-3)
dy

=0
dx

<0 forx:»?-,
5

x>~
Thus, yis a decreasing function for S (Shown)

_'.a =—-3§.,0-9—} b:32—6—
343 343

5(i)

3
6() 4
sqiiy ¢l ~2)
6(iii) P66
6(iv) 50 units®

11(iii) Max. P =30 when & =36.9°
11(iv) f =15.8%57.9°

4 im/s
12(i) 5
12(ii) In250r3.22 (to 3 s.f)
12Gii) —0-2 m/s’®
12(iv) 4.35m(to 3 5.1}
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