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1. ALGEBRA
Quadratic Equation
For the equation ax? + bx + ¢ =0,
_ —b++b* —dac
. 2a

Binomial Theorem
n

(a+b) =a" + [T}r”“’b E [Z}a”'zb! + +{ )a""b’ +..4b",
»

#

where # is a positive integer and
#

n] I )
_( :
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2. TRIGONOMETRY
ldentities
sin® 4 +cos* 4 =1
sec’d =1 +tan’4
cosec’ A =1+ cot’ 4
sin(A + B)=sin 4 cos B+ cos A4 sin B
cos(A+ RYy=cosdcos B T sinAd sin B

+
tan(4 + B) L tandttan B
IFtan Atan B
sin24 =2 sin 4 cos 4
cos2A=cos’ A~sin® A=2cos’ 4~1=1-2sin’ 4

2tan A

tan24 = ——+—-—
1—-tan” 4
Formulae for AABC
a b ¢

sinAd sinB sinC

a*=b*+ * - 2bc cos A

A= —besin 4

B | =



) Sketch the hrof y =;-—|3x~ 5] , indicating the intercepts clearly.
b 4

iy

Mot

-
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(i) Explaiﬁ? why the cquatidn — = |3x— 5[ has no real roots using a graphical approach.

2]

(1]



2 It is known that log, b=y and log, y=3.
() Find an expression for log 7 b—log, 2b in terms of y.

(i) By considéering a pair of simultaneous equations, show that Igh = b lg2.



b

() On the same diagram, sketch the graphs of 92% =x and y=-3x". 3]

t b

(ii)  Find the coordinates of the points of intersection of the two curves. [3]



)

(5

Factorise 8x" +27.

83 +27

RS T a1

6

- in partial fractions.

—_—



(i) Given thai w=2" solve fthe equation 8" =7(2" )+ 7
I |

(i) Hence, s';{:)lve the cquatim}l 647 =T{4 ")+ :{8—\ :

1]
i

(4]
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A regular hexagon ABCDEF with sides (2 ++3 ) cm is shown below.

A 2-!-\/:_"_ cm g

C D

@  Show thatAC =(2/3 +3] cm.

(i) If the line segment AC has length («fﬁ -3 )r cm, find the value of r, expressing

answer in the form @+ b3 , where ¢ and b are rational numbers.
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7 The roots of x* - 7x+4=0 are ¢® and B°. Given that ¢ and £ are opposite in sign, )
(i)  Find two possible values of a+f. [4]

(i)  Find two non-equivalent quadratic equations whose roots are o and /. [2]

-



®

(i)

10

Show that % (2xsin’® x) = 2sin’ x+4xsin xcos x .

Hence find '{x sin2x dx .
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()  Using tan3xswin(2x + ), show that tan 3x may be expressed as
3tan x—tan ’x

3
1-3tan’x B

(ii) Find all::E the values of x Between 0 and & for which tan3x=-5tanx. [5]
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10 (i) Show that the curve y = ixl — hx+4 meets the line y = 2x—(2h—1) for any real val

— , i 1
(i)  State the value of & if the line y = 2x—(2h—1) is a tangent to the curve y = ng ~hx

(i)  Using your answer from part (if), find the values of p and ¢ if the line y=2x-
intersects the line y = px + ¢ at an infinite number of points. :



o,
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11 A semi-circle has ragius » m, atea A m” and perimeter P m. At the instant when its radius is ¢ m, its
area is increasing at a rate of 27 m?/s. '

(i) Find an expression in terms of @, for the rate of increase of the radius at this instant. . [3]

(i)  Find an expression in terms of @ and 7, for the rate of increase of the perimeter at the same
instant. (2]
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The diagram shows a room (crime scene) surrounded by solid walls. Two bodies are found at
extreme comners of the room. To facilitate forensic work, a tape of total length p m is used to
off these two extreme comers. The dotted lines represent the length of tape used. One come
room is an equilateral triangle of side x m and the other comer is a square.

el SLWRT)

- - | | 3 |
0 s that the area of the triangle is -\g—\

(i) Show that the total area. 4 m’, of the two cordoned-off cotners is given by
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(iii)  Given that x can vary depending on how taut the tape is, find an expression for x in terms of p
for which the area A is stationary, [2]

(iv)  Write down, but do not simplify, an expression for the stattonary value of 4 in terms of p and
determine the nature of this stationary value (3}

(V) In theifcasc where p = I\.ri +1, sketch a graph of 4 against x, indicating the wrning point and
the y»-;i:ntercept clearly. (3]

End of Paper 1
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()  Find the remainder when the polynomial f(x) = 4x" —x+3 is d.__.d by 2x-1. [

(i)  Given that f(x)~5=(2x~DA(x)+b, where A(x) is a polynomial, state the value of b
the degree of A(x). [

(i) A constant ¢ is added to f(x) to make it divisible by 2x—1. State the value of c.



2

4

Solutions to this qu¢_ 1 by accurate drawing will not be accepted.

gt

¥ A

C (18,%)

N

D
7 2ty =3

The diagram shows a trapezium ABCD in which 4B is parallel to DC. The coordinates of the points
B and C are (10, 8) and (18, k) respectively. The line with equation 2x+ y =3 intersects the x-axis
and y-axis at N and A respectively. The line CN interseots the y-axis at D. '

@ Detennixie whether LANF =90, [4]
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(iiy  Write down the equation of the line CD.

(iii)  Find the value of k and hence, find the area of the trapezium ABCD.



The curve y ..—3‘ (x) is such that f"(x) = x ——-}i ;

) Find thé range of values of x for which f'(x) is a decreasing function. [3]

The point P(3; 10) lies on the curve. The gradient of the curve at P is % .

i)  Find the equation of the curve. [5]
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. . .. 1 \ A
i Given that the coefficient of the — term in the binomial exMon of
x° :
[-w; - !a‘“) is 4032, show that k=-2.
X

(ii) Find the constant term in the expansion of {x"* + ,\'T}



A curve C has equation y =In(l-2x), x <-};‘ The point P on C has coordinates

tangent and normal to C at £ meets the v-axis at Q and R respectively.

(1) Find thc equations of the tangent and normal to the curve C at P.

i !
@ Find the coordinates of Q and of R
! |

(ii) Find thc area of triangié OPR,

3

- In~—

[)ATh{:
A

[4]

[2]

2]
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In the diagram, ABDE is a cyclic quadrilateral in which B4 is parallel to DE. The tang
circle at D meets AP produced at C. The chord 4D bisects angle BAE. i

@ Prove that angle BCD = -;_ angle BAE.

(ii)  If AD is the diameter of the circle,
(a) prove that AABD is similar to ADEA,

(b) state the name of the geometric shape given to ﬂﬂc quadrilateral ABDE ;
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A boy runs along, ¢ coastline of a beach and passes a fixed point 4. The velocity, v m/s, that he runs
in ¢ seconds after he passes 4 is given by

v=20e¢"" -3,
) Find the distance that the boy ran 60 seconds afier he passes A. [5]
- (i)  Find the boy’s acceleration when he is instantaneously at rest. [4]



1

(iii)  Explain what the sign of the acceleration indicates, [

(ivy  Explain whether the boy will be running at his maximum velocity at any point of time of his
rum. (2]
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The function f(x) —21 +hx7 ~14x 720 has a factor of a(x+5)(x+1), where ¢ and b are positive
constants. i

()  Find the value of b. (2]

i !
(i) I (x—2)is also a factor of f{x). state the value of a. 1]

|
(iii)  Hence. deduce another iunmop P Whisse ,‘”E‘Ffmt?“‘ £ X715 3 and values of the roots of
g{x)=0 arc twue the values af the roots of f(x)=0. [11
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9 The function f(x) = acosbx+ 2 has a period of 67 and a range of -2 <f(x)<6
(i) State the value of @ and of b. |

(i) Sketch the graph of v =f(x) for 0<x<9z7.

(iii)  On the same diagram, sketch g(x) where g(x) = —f(x) for O<x<9r.

(iv)  State the equation of the line of symmetry between f(x) and g(x).
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A

100 m

200 m . /

-
300 m

The diagram shows the running path (4 > B> C =2 D > F > G 2 H > 4) of Ali. AMBH and
ADEG are isosceles triangles. €A is parallel to DE and CD is parallel to HF. A8 =100m .
BC =200 m and CD =300 m. It is also given that angie GFD =90 and angle ABH =&°, where

07< @ <90°.

Given that Ali runs at a uniform speed of 10 n/s throughout, show that the time taken 7 s for

®
the run can be expressed as 100+ 20sin - 40cos 8. {51
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(if) Express 7 in the form of 100+ Rsin(@-a), where R > 0and ais aﬁ acute angle. [3]

(i} Using your snewer from part (i), justify with working whether Ah can complete his run in
the shortest possible time, assuming that Ali completes nis 155 5 [2]
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A circle, C, has eqﬁation x4yt ~4.r +6y=12.

() Find the radius and coordinates of the centre of the circle C). (3]

(i) Determine \nf’:hether (3,1) liesiinside, outside or on the circle. 2}

Another circle, Cs. has centre (2,-8) and the same radius as C.

(iif)  State the equétion of Ca. : [1]

The line which is paraliel to the x-axis and passes through (2,-8) intersecis (2 at A and B.

(iv)  State the equations of the umgents to Cr at A and B. [2]
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(a)

Show that i
drr

2x

2-3x

7

-3x

:

1*3.7()%

17



(b)

18

- o

x= -l

. . . 2-3xy . _
The diagram shows the line v =1 and part of the curve 3 = ——————=_ The curve miersects

(1 —3.&‘_}:3:

the y-axis at point A. The line / through A intersccts the x-axis at (-2,0) .

(i) Determine the area of the shaded region bounded by the curve, the line v = -1 and the
tine /. (4]
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(i) The arca bounded by the x-axis, the curve, the line x=-1 and the line x=q is four
times the area of the shaded region in part (i), wherea > 0. Find the value of a.  [3]
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The population, P, _in millions of a c!buntry on 1% January has been increasing cvery year from 1960
10 2000. The increase is exponential and so can be modelled by an equation of the form

7 g )Jﬁ
P=Dnhe"

where Poand & arc {:onstants and ¢ is the time in years since 1% January 1960. The table below gives
values of P and ¢ for some of the ycaTs 1960 to 2000.

Year 1960 1970 | 1980 1990 2000
t years 0! 10| ' 20 30 40
P 5.75 9.97 117.3 30.0 519

(i) Plot a suimﬁie straight line gr:i;lph to show that the model is valid for years 1960 to 2000. [3]

(i)  Estimate thé}value of k. [2]

(i)  Assuming that the model is still apgropriate, use your graph fo estimate the population in 1%
January 2005. 21

End of Paper 2
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2019 4ESN PRELIM AM P1 ANSWER KEY

Q Solution
Ti
2 0 2 4
24
At
/:- ' A
1ii Since the line v = 2 does not intersect the graph, there are
no real roots for the equation -2 = l3x - 5| .
Zi y-1
3i / N
\
10,0 and (%,4.45)
di 8x% +27 = (2x+3)(4x* —6x+9)
4ii
8x* +27 .9 s . 7
@' +30)(x-1)° x x-1 (x-1°
5i 3
J) = -
Sii 3
4
6 AC=23+3 o
oii r=1+ ;—\[3
7i a+f=v3 o a+f=-3
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x2=3x22=0 or K +Bx-2=0

7ii
8i 2sin” x + 4x(sin x)(cos x)
8ii . . oox 1.
x(sin2x)dx =xsin” x——+—sin2x+C
i 2 4 '
9i 3tanx—tan’ x
1-3tanf x
9ii x=0.615, 2.53 .
16i Since (h+1)* 20 for all values of &, there will always
intersections between the line and curve, hence
¥ =%x2 —hx+4 and y= 2jx—(2k—'l) meet.
106 | h=—1 |
10iii p=2
g=3
11i dr 2
dt a
11ii 4427
a
121 ﬁ ,
4
12ii 2 .
P_p, B,
4 2 4
170
i e P
J3+1
12iv oy 3
&4 _3+1 0
dx? 2
oo A is minimum
12V | When p=+3+1, o

x=1 ;
A=1.18

g
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Answer Key

ti

-

J

SRS S——. |

i

b=-2
Degree =2

1iii

¢ =3

| 2

1
Mgy XMy = =2 XE = |, therefore ZANC =90

2ii

Equation of line CD

I3
Ve—X—
T2 4

{2l

52.5 units’

b < x< L (Accept: -0.707 <x < 0.707)

N2 A

4

f(x)= R -~l.\-3 ~S$x+20.5
12 4

4 F=5 .
k=2 R é
(i | 2688
'S N !
LR P
6 18 3 - |
5ii )
" RO, ln%-'-;%} [Accept: R (0. -1.15)
i - 14
St [ 0.192 units’ (35.0
6iib | Rectangle U S
7i | Distance=158m

-2.70 m/s*

Ei_'ﬂ 18"

ds
A ge e co- W
de dr

Hence, the boy will be NOT running at his maximun velocity at
any point of time of his run.

For (20, 18 <0 and ¢S 0,

F(x)= 2 4 5 ~ 145 =20 = alx + )+ Dx~2)

s

b=8 i

8iii

;g‘(x) =3 x+10)(x+2)(x—4)

a =4, b=—l-
3
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ol [ TN
% \I .\\- 'JI -/l \I .'\ |
] \‘\. ."Ir \\. |
. / ‘
| I\\ ! \\ =
- N ! ) 1
! B % 7 B S FN i
! \ 7 N\ i
i
9iii o P N T
N ‘ N |
|
i N |
i - TR ";"“" TTTTTET ""x" N R N o }Q\MM :
| , Y '
Oiv y=0 : - :
L 10i 100+ 20sin & ~40cos B
106 | =100+ V2000sin(6 - 63.4) |
101 | Since no @ within the range of 0° <8 <9%0° can be found, Ali !
cannot complete his run in the shortest possible time.
11 Radluw “\/(-,.} +(3¥ -(=12) =5 -‘i
B
i | pigtance of (3.1) to centre = .J(S 2P +(1+ ‘)) J17 « |
Since distance of (2,1) 10 centre is smaller than the I'a{hus Uf{hc }
circle, {3,1) les mnside the circle. 4
T | (v-2) +(y+8)" =25 ;
1liv =3 x] - o
12 2-3x

12bi

1 .
7; square units

12bii

=(.25 or -1 (n._;r.cted amw a>{0)

| 13ii

k= 0.055 (Allow o 05< & 0.06)

| 13iii

Population is 67.4 millions
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