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Mathematical Formulae
1. ALGEBRA

Quadratic Equation
For ilie equation ax? +bx +¢= 0, ;
—bx~b* ~4ac

Binomial expansion

(a+bf =a"+ (\);)a";‘b + (;)d’""b’ S (:)“"b+ k",

o : S ) b 1) =D
where xsaposmvc.mtegermd, fim "’:_; - ':;::'”(" ). )
~ \r) - e

P

2. TRIGONOMETRY
Identities
sin P wcos A =1
sgp,’, A= +tan? 4
cosect A =1+ cot? 4
s 4 & B = sin Acos B £ cos Asin B
cos( A & B) =cos Acos BFsin Asin B
wsnAxtan B
sin 2.4 = 2 sin Acos A
cos 24 =cos? d—sin? A=2c0s? A=1=1~2sin A

tan{d x B)=

tanzA;-.._M
l-tan* A

Formulae for AABC
a b _ ¢

simA sinB sinC
a? =b% +eT —2bccos 4

A=Labsin€
2
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1 Solvetheequation § siny cos p—3 cos’y =0 for < p< 360°, 41
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2 The figure shows parl of a straight line graph obtained by plotting In y against %, fogether with
the coordinates of a point (-\@;,5) on the line. Express y as 2 function of x. 1

Iny

N
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3 The diagram shows part of the curve y = 1 {r>0)and y* =2 which intersect at 4. Caleulate
X

the area of the shaded region.
151

v
“
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The diagram shows a package in the shape of a rectangular block whose sides are of length
x cm, 2x cm and y om. The package is secured by two pieces of ribbot, ABCDA and EFGHE.
whose total length is 312 cm The volume of the package is ¥ cm’.

)  Show that ¥'=312%* —8%".

@]
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4 () Giventhatx can vary, find the dimensions of the block that make ¥ a maximum. {3}

FMS(S) Sec 4 Express Preliminary Examination 2018
Additional Mathematics Paper 1



Name: _ ‘ " { ) Class:

5
G H
The diagram shows a circle with centre O, passing through poinis 4; B, Cand D, GAH is o
tangent to the circle st point 4. Jt is'given that B4 = BC and FC = FD. It is also given that Eis
a point on AC such thar BE is perpendicular to AC and BE passes through O.
) Show that AB bisects ZCaH. (31
FMS(S) Sec 4 Express Preliminary Examination 2019 8
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5 @ii) Showthat FEis parallelto DA, [31
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6 The diagram shows part of the curve. y= |ax’\f+j b+ cl,, where a > 0. The curve touches the x-nxis

atA(r,0)and 8{1,0) and hes a maximumt point at {-2,27).

i)  Showthatr=-5 iy}

@i).  Determine the value ofa, b and e, {4]

(i)  State the value of ¢ for which the line y = g intersects the curve at exactly 3 points. {1}

FMS(5) Sec 4 Express Preliminary Examination 2019 10
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()  Without using a caleulator, show that sosee 105° = /2 (\ﬁ - l) .

(31
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7 (b) Provethat tanx+ cotx =2 cosec 2x.
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L
8  Thecurve y=e? +k¢ 2x,;wher‘e kis a constant has a stationary point at x=In 3,

(iy  Show that the value of k =3. 31

FMS(S) Sec 4 Express Preliminary Exarhinaﬁdn 2019 13
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8

(i) Hence, find the s~coordinate of the stationary point in the form av/b where aand b are

integers, and détermine the nature of the stationary point. 4]
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9 (@) The coefficient of %2 in the expansion of (1-»-3—) , where n is a positive integer, is 819,
X

(41

Find the value of 2.

FMS(S) Sec 4 Express Preliminary Examination 2019
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9 (b) Writedown, and simplify, the first 4 terms in the expansion of (1+ pY inascending

powers of p. Hence, find the coefficient of x° in the expansion of (1 -sx-"Zx’)g .

[
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10 Theequation'of thecurve Cis 2y = x*+4, The equation of the line L is y =3x~k, where & is

an integer,
@) Find the largest value of the integer & for which £ intersects C. 4]
FMIS(S) Sec 4 Exprass Preliminary Examination 2016 7
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10 (i) Inthecase whete k= —2, show that the line joining the points of intersection of Land £

is bisected by theling y=2x+5. 141
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i dy 3k . ,
11 (a) A curve is such that _d; = o) . The equation of the normal to the curve st the
N

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 () Showthar “o(cos’x~3cosx)=3sin’x.
&

‘ - *
Hence, evaluate L}(Bsuﬁx-Zsm X)dx,

Class:
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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,

{iy  Show that the radius of the circle is 10 units, [4)

FMS(5) Sec 4 Express Preliminary Examination 2019 21
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[1]

12 Gi) State the coordinates of the centre of the circle.

{iiiy Write down the equation of the circle in the form 2 eyt prygytr =0, 2]

(%) Thecircles reflected along theline y = ~1 . Determine whether the point (3, 10) ties on

or inside or outside the reflected circle, [3

~ End of Paper ~

1
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Mathematical Formulae
1, ALGEBRA

Quadratic Equation

For the equation 4% +hx+e= ﬁ’,’}

_~hEAb “dac

2a

2" b ++[ ‘]a B AR 23

2

Binomial expansion
ot ni=(n—r+l)

. 2 ﬁ

(a+b) =a"+| ja™'b+| _

(a+5) =a (J“ \. (2
U E o

where n is a positive integer and \

2. TRIGONOMETRY

Identities

sin® A+cos* 4=1

sec? A=1+tan> 4
cosec?A=1+cot? 4

sin{A4+ B) = sin Acos B Zcos Asin B
‘cos(A4 % B) = cos Acos B []sin 4sin B
tanAddtan B

tan{4x B)= i
n( ) 1{]tan AtanB

5in2A4=2sin 4cos A

cos2A=cos’ 4 _sin? A=2cos? A—1=1~2sin’ 4
2tan A

13112/4’;":—-—,-7-‘“2‘—
f—tan® A

Formulae for AABC
a b _ ¢
sinA4 ®inB sinC

a?l=bt+c? = 2becos A

A=LabsinC

N
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I A cuboid has a square base of side ( ) cm and a volume of ( J_) cm®. Find the
+643

height of the cuboid in the form (a f) cm, where ¢ and b are

integers.

[4]
FMS(S) Sec 4 Express Preliminary Examination 2018 4
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2 A flock of 20 Yellow-crested Cockatoos was introduced to an island where it is not a native
species. The population of Cockatoos is predicted to increase so that after a periodof 1
ok
years, the population, P, is given by 144 \yhere kis a constant.

® Show that & = 100.
f1]

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

2]

{iii) Find the value of P as ¢ becomes very large. Explain the significance of this
value. [2]

FMSIS) Sec 4 Express Preliminary Examination 2019 5
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y=acosbx+c
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The diagram below shows the graph of 7 = 908 bx+¢ wherea, band ¢ are

integers.

EMS(S) Sec 4 Express Preliminary Examination 2019
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(i) From the graph above, find the values of o, band c.
(3]

(i) Sketch on the same diagram, the graph of * = 1-28I0% forthe interval 0 X7,

State the number of solutions in the interval 0<x<m of the equation

acosbx+e=1-~2sinx

B3]
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6+2x
on” [ sJ
4 A curve has the equation sx=3/,
dy k
(i) Express dx inthe form (3+x¥55 =3}  where k is a constant.

(4]

4 (i) Show thaty is a decreasing function for

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

4
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| L

o —— 2 —+2 ‘
5 (i) Given thatthe roots of ¥~ +ax+b=0 grg o’ and B ,.find the values.of a

and b where @ and b are constants.

[4]

EMS(S) Sec 4 Express Preliminary Examination 2019 10 r )
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6  Solution to this guestion by accurate drawing will not be accepted.

D

’B(?‘, )

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 AB.

{2}

(i) Tf the perpendicular bisector of AB cuts the y-axis at C, find the coordinates of C.

3)

FMS(SY) Sec 4 Express Preliminary Examination 2019 11
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6 (it} Find the coordinates of D ifABCD is a parallelogram.
(1

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

Class:
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7

a)?-lvl b?.y _

. . &

(3) Given that , find the value of x and of y.

14

Class:
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7 (b) Solve the equation 363 ) +5=0

4)

)
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=10‘gf3 a=p, l‘qu,kb =g and -g =3¢

7 () Giventhat . express cin s oEp AIdE.

[4]
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8  The cubic polynomial S (¥)= 6 4 hx* +kx 18 s exacily divisible by 35—2 and leaves
a remainder of 11 when it is divided by *—1,
(i) Show that #=~4 and =27, 14]
LAY Qan 4 Penrace Praliminary Fyamination 2019 16
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(
8 (i) Hence, factorise f{x)
completely. [2)
~8x? —Tx+28
8  (iii) Using the results in (ii), express f()

fractions. [4]

in partial
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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 ¢cm and BE =42 cm.

The trough is being filled with water. At time ¢ seconds afier filling starts, the surface 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,
') find PQ in terms of x,

[2].

Y4
9 (i) show thatthe volume, ¥, of water in the trough at time 1 is 35(15~x) R

(23
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(iif)  find the rate at which x is changing when x = 8.

3]
4x b
: a+ ;
10 () Express 2x—1intheform  2X-1, where 2 and b are integers.
(2]

(i) Differentiate 2¥IM2%~1) with respect tox.

(3]

FMS(8) Sec 4 Express Preliminary Examination 2019
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10- (iii) Using the results in part (i) and part (ii), determine
(4]

)

Class:

jtn(Zx-—l) dx

FMS(S) Sec 4 Exprass Preliminary Examination 2019
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{1 Inthe diagram below, ABCD is a rectangle. A line through A makes an angle of 6 with AB

and intersects DC and BC produced at 7 and G respectively. AF=9 cm, FG=3cmand 6

18 acute.

9cm

o 3cm

(i) Show that the perimeter, P cm, of the rectangle ABCD is given by
P=24cos0+18sinb

(ii) Express P in the form P = Reos(B ~ @) yhere R is positive and & is acute.

[4]

EMAIS) Ser 4 Fyoress Preliminarv Examination 2019 21
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11 (ili) Given that 8 varies, state the maximum value of P and the corresponding value of 6.

12]

(iv) Find the values of & for which P =28 cm.
{41

EMS(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=5g"f -2 § , ‘ ‘
3 where ¢ is the time in seconds afier leaving O. Calculate the

(i) initial velocity of the particle,
1

(it value of r when the particle is instantanecusly at rest,
{31
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12 (i) acceleration of the particle when it is instantaneously at rest,

[3]

{iv) distance travelled from =010 1= 5,

[3]

FMS(S) Sec 4 Express Preliminary Examination 2018 24 ﬂ
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; Answer Key
" » - - ')
1 k>-$—§ 16D For values of £ >-;—§, Ix?—Sx+k>0
. (x—2)* 2 0for all real values of x.
4
Therefore —C- =20 2__>p
3x* —-Sx+k
% —
. =16 3 _82l 32l oo aa0s.
200 200
40 4(i1) y=~2x+1
A(iii) 0 solutions
3 20 6(i1) x =-23.6°,—156,4°,203.6° 336.4°
(D 12 em 731 _‘1;_ om¥s
73 The rate will decrease. 3() iy 3 m 2 . 1
Since£=é (asr1 &y 32 2x-l
\ di_r Tt T
&) N i ) N
x’-3x-——i-h1]3x+2[+»2~1n[2x~}]+c y=gx =37 4oxrd
T0(i)(a | p = 2.0 (Accept 1.9~ 2.1) 10GI(D) | x=4.39 (Accept 4.36 —4.49)
q=3.0 (Accept 2.5 ~3.1)
1 y=x-3 11(ii) 09,0
Gy [ r=15,24) T1Gv) | 96 units®
11(V) 18.8 units: 121D = 2
3
Maximum ¥ = 9.93 cm®

FMS(5) Sec 4 Express Preliminary Examination 2012 ) 23
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~ End of Paper ~
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Answer Key
L k=243 ) *=3,7=4
x=] or 2.46
5. (i) 50 7(b) ) (to3s.f.)
c=p—
(iiiy As/becomes very large, ™" approaches () b=
Zero.
Therefore, P approaches 100, gy ()= (3x—2)(2x" +9)
This means that the population of Cockatoos will 2 4x+5
not exceed 100. gy 32 2 249
3 (i) az3,b=3,c=1 5
¥ i i PO=>-(15—%)
(11) ‘tﬁ..:........ [V ST IRRUE, P %__... 5 (i) 3
R ol R R I S 9
Sl AN : —0.0918 (o 3 s.f.) or —- cm/s
. ‘;.,..w..,f\wm_. if\ - [.. . g(lil) oR
f 2+ 2
- 10() 2x-1
4 aTn(2x-1)
10G) 2x-1
dy 18 1
e e xln(2x~)—x——In(2x-1}+¢
sy A G063 10(iii) 7D
3 NGy = 30cos(d—36.9) (to 1dp.)
4Gi) For  5,5x-3>0,

Since (3+x)> 0 and (5x-3)>0 forx>-§—,
= (3+x)(5x-3)>0

: —“———]—S—m— <0 forx:»i
T3+ xX5x-3) 5’

=5 é‘—’ <0
&
3
x>
Thus, y is a decreasing function for 5 (Shown)
309, 5278

La=—3——
343 343

5(ii)
3

&G 4

saiy ¢l ~2)
6(iii) PC6.6)
6@iv)y 50 units®

11(iii) Max. P=30when 8 =36.9°
L1y 0=158°579°

4ﬁmfs
126) 3
12(if) In25o0r3.22 (to3s.f)
126i)) —0.2 mv/s®
12(iv) 4.35m(to 3 5.}

25



