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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax? + bx + ¢ =0,
—b+~b* —dac

2a

x:

Binomial Theorem

(a+tby=a"+ (’:)a"' Iy + (g) a""262+...+(")a"“fb’+...+b",
4

. e n ) aln—1Des n—r+l
where # is a positive integer and = - nn=1) ¢ )
r (n—riir! r!

2. TRIGONOMETRY
Identities
sif A+cos?A=1
sec?A=1+tan’ 4
cosect 4 =1+cot? 4
sin (4 = B) =sin 4 cos B+ cos A4 sin B

cos (4 + B)=cos 4 cos BFsindsinB
tan A+ tan B
1Ftan Atan B

sin 24 =2 sin A cos 4
cos24=cos? 4 ~sinf4=2cos?4—-1=1-2sin’4
_2tmd
1—tan® 4

tan (4 £ B) =

tan 24 =

Formulae for AABC
a b c

sind sinB sinC

a?=b+c*—2bccos A

A= Lpesina
2
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. 2 3 )
1 (a) Given that L cx’ dx= 7 where ¢ is a constant.

Find the value of [| cx’ dx. 3]
(b) (i) Given that (37*)(5"*)=15", find the value of 15%. [3]
(if) Hence, solve the equation (3"“2 )(5"2) =15%, [2]
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2 P, 0, Rand S are the points (0, 9), (=3, =3), (1, —2) and (3, 7) respectively.

(i) Find the equation of the line, /, that is perpendicular to PS and passes
through the point R. [3]

(i) If PQ is extended to meet the line / at 7, find the ratio of PQ : OT . 4]

4047/1/Sec4Prelim2019
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Two circles intersect at M and N. K is a point on MN produced such that KL and KJ

are tangents to the circles at L and J respectively and KL = KJ,

Given that LNJ is a straight line, show that
(i) Line KM bisects LLMJ . [2]

(i) If MK is perpendicular to L/, explain why a circle with MK as
diameter passes through L and J. {3]

4047/1/Sec4Prelim2019 [Tum over



4  Explain why there are always two intersection points between the line y =a ~——z—

and the curve y =—2x* — ax for all real values of x. [5]

4047/1/Sec4Prelim2019 -—
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A moving particle P starts with a velocity of 7 m/s from a point O and moves ina

a straight line so that its acceleration after # seconds is given by a=(20-6r) m/s%.

Find

(i) the value of r when the speed is at maximum,

(ii) the total distance travelled by the particle during the fourth second.

(2]

[4]

4047/1/SecAPrelim2019
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6  The roots of the quadratic equation 4x* —~8x—3=0 are & and S.

(i) Find the value of o* + S°. [3]

(i) Find a quadratic equation whose roots are a® and 5°. [3]

4047/1/Sec4Prelim2019
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The equation of a curve is y =(x+ 3)(ax2 + b) . The curve passes through the point (0, 9)

2
and when x=-1, £ =9Y 0 Fing
dr dx

(i) the value of g and of b, (3]

(ii) the stationary point of the curve and determine with working, the

nature of the stationary point. [3]

4047/1/SecAPrelim2019 [Turn over
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8  The graph y=2[2—3x|~1 is shown below.

(i) Find the coordinates of 4, B and C. [4]

4047/1/8ec4Prelim2019
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(ii) Determine the number of point(s) of intersection of the line y=6x+¢

with y= 2]2 - Bx! -1, given that ¢ > 3. Justify your answer. [2]

(iii) Solve the equation 2|2 -3x]-1=2+6x. 121

4047/1/Sec4Prelim2019 [Turn over
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9  The diagram shows the straight line obtained by plotting yx” against x°.
Variables x and y are related by an equation y = —% +gx , where p and g
x

are constants.

yx2 A
(1.0, 2.5)
(3.0, 1.53)
5 > x>
(i) Find
(a) the value of p and of g, 4]

4047/1/Sec4Prelim2019
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(b) the coordinates of the point on the line at which y = 525 . 2]
X

(ii) If the graph of 2 s plotted against ~1-3~ instead, state the values of the gradient
x x

and the Z - intercept for this graph. [2]
X

4047/1/SecdPrelim2019 [Turn over
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10 (a) Solve the equation 2cot’ y =cosec y+1 for 0°< y <360°. [4]

(b) Find the range of values of x between 0° and 180° which satisfies

the inequality

() sin2x <0, [1]
” 1

(ii) cos-z-x >0.5. 2]

(iif) Hence, state the range of values of x between 0° and 180° which

satisfies both inequalities. [1]

40471/SecAPrelim2019
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11  Aninverted conical vessel initially contains water to a height of 7 cm. A small

tap is opened at the vertex and the water leaks such that after # minutes, the rate

of decrease of the height, 4 cm, of the water in the vessel is given by §£ cm/min.

(i) Find an expression for 4 in terms of ¢ and hence, calculate the time taken for

the vessel to be empty.

The volume of water in the vessel after # minutes is 1—2113 cm’.

(i) Calculate the rate of change of the volume of water in the vessel when
t=2,

(3]

(4]

4047/1/SecdPrelim2018
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12 The respiration rate R (in litres/min) of a boy can be modelled by the equation

27 . e . I
R=6-3 cos-;j—-t , where ¢ is the time (in minutes) at which the respiration rate

is measured.

(i) Explain why this model suggests that the respiration rate, R (in litres/min)
oftheboyis 3<R<9.

[2]
(ii) Respiration rate is considered as healthy if it is more than 7 litres/min.
Find the length of time for which the boy’s respiration rate is healthy,
for every 5 minutes. [4]

End of Paper
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2019 Pretim Exam

Add Maths P1 Marking Schemo

Qn Key Steps
1) [er e 3
t 4
all 3
4] 4
15,03
]
[+ ::l
5
fla
* S
{51
20" |,
IR "
=53 5@
B
4
O | (37)(s)=15>
3rvl 5!~2
E
Frxsira)
LI
Fryy !
-g-x-—l—- =1
25 ¥us
1.3
159
s 2
15235
(i) 9
gIs=lg—
Felo=less
x=-0377 (3s)
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3() LKIN = 2ZKLN  (given)
LKIN = LIMN  (1an-chord thm)
ZKIN = ZLMN  {tan-chord thm)
= ZLIMN = ZIMN
» Line LON bisects £LAM/ . (shown)
[{) Given that ZMNL = LMNJ =90° and
et ZIMN & Z/MN = £KIN = KL = x,
S ZNIM =90°~x (ZLssumin ANML)
LMLK =90 ~x+x
=90
N ANIM =90P~x  {ZLssumin ANMS)
LMIK =P -x+x
=90°
Since LMLK and 2ZMIX are 90°, they
obey £ in semicircle property.
=5 MX is » dinmeter of s circle which
passes through £ and J. (shown)
4 y=-2x-ax el )]

y=a-§ — )
n=(2)

: 5
-2 - -2
-y s e
N 5
2 —ar—g+2=0
ax-a+s
Discriminant =(—a)} —4(-2)[—-a 4.%]

=a'~§a+20

ol 3

=(a-4)=+4
(e-4) 20
(a-9) +424
D>0

Since 2> 0, therefore there are always two
points of intersection between the line

y=a -3 and the curve y=-21° —ax for

all real values of x. {shown)

2019 Prelim Exam Add Maths P1 Marking Scheme
103 97
it
=-2
3
iy =3
2

Equation of line 2
(=3 (s-1)

yedel
2 2

]

9-(-3)
0-(-3)
=4

m,e.—:

Equation of line PQ:
y=4x49 —e——-a {1}
=2 I JESSEY |
M=

4x+9=2-x—z-
2 2

xz==5
y=-11

By counting,

PO:QTr=3:2
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5t

For maximum velotity,
20-6¢r=0

Izsl
3

d

o quper

dr

Ats= 3% , velocity is & maximum.

]

v={20-6dt
va20r-30 ¢
Att=0,v=T
se=7
v=200-30+7

s=[200-37 +7 8
=108 =L+ Twe
At 10, £=0
se=0

s=107 -2+

Atr=3,
s=10(3) (3} +7(3)
s=84m

Ati=4,

s=10{4)' ~(4)' +7(4)
s=124 m

Toial distence travelled = 124 ~84
=40 m
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&) | 4x*-8x-3=0 s {0, 9},
arh=2 9=(3)(6)
mes b=3
af 4
ya(xr3){axt+3)
at+ (et p) -2a
7= 2/7) ) 4 y=or 430’ +3x49
=@ ‘2(”5) Y o 3ax+6ar+3
dr
i}
2
Sub x=-l, %no
@ | o+ p =(a*p){o~ap+g') 0=3a-6a+3
11 3 a=]
o35 —t
L2 @ £=3x’+6x+3
2
, Sub x=-1,
o’ = (ap} y{=te3){(-1F'+3)
&
4 ». Stationacy point = (~1, 8}
=4
5 ; ETT I I X)
Equation: & 0 0 9
q 2 - > - >
NETIE |
A
o | S |—]|
» Point {1, 8) is & point of inflexion.
80 y=2R-34-1
0=2{2-34]-1
1
2-dxme
dx :1:2
=1 =L
2—3:~2 or 2-3x= Y
5
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x=l )
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2 2.5 = p+(-0485)(1.0)
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3
1
=f 3
4 [2'0] ® -'-)’X’='2‘
c={2,0 23
vy Sub yx =5. q=-0485 and p=2.985,
3
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graph (y=2{2-3x{-1)= 6. =306 (B
Gradient of the line { y =6 +¢) =6,
. 3
sihe line y=6x+¢ is parallel 1o the righ am Coordinates =[3‘06' 5)
of the graph y=2|2~3x]~1 and sincs e >3, n
there is only t point of intcrscction. {it)
@) | 2p2-3x]-1=2+6x
[2»3x}=%+3x & p=pradient
=2
2—-3x=%+3: or 2—3::—(-::“:) =% intezcep!
xhj—lz- MNAY & Gradient = 2,985
%-imercepw ~0.485
10{z; Py=
Y 0(z) | 2¢0t y’ cosec y+1
yEare 2(cosoc y~l)=eusccy+l
w=ptras 2¢0500} y~cosee y-3 =0
2casee y~3){coscc y+1)=0
153-25 { 'VJ )(cosecy +1)
a= 3.0-1.0 tosecy == ot cosecy =1
g =-0.485 2
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5“‘}':3 siny=-i

Basic angloof y = 41.818°
y=418°,1382°

y=41.8%,1382°, 270°

y=270°

®}1)

Fiom the graph y =sin2r,

& 90°<x<l80°

(i)

Let cos—;-x=0.5
Basioc englo of —;x:—. §0°
x=120°

& 00 exe]20°

(i)

90° < x <120°

1G)

}t=!-—-32—l-dl

3¢

e e

Whent=0,5=7
e=7
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Henee, 3SR 59

W)

Let R=7,
6-3»53?;:7

2 ]
S -
oS 3

s

Basic angto of zgx-l =1,23096

2?". =1.91063, 4.37255
£=1.5204, 3.4956

Durstion =3.4956—1.5204
=1.96 min (350
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3
.-,h:..l’..,.'/
4

Sub h=0,
13,06 mins

(i)

y=Lp
2

Subzm2, =4

%%_(4},{_322))

=377 em’s

30

12(3)

Maximom ooszﬁl =1
lswsz—“llﬂ
5
2 Minimom R=6-3
=3

& Maximem R=6+3
=9
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Answer all questions.

[

1 () Onthe same axes sketch the curves y* =8x and y.= x [2]
(i) Pind the value of % for which the x-coordinate of the point of intersection of

the two graphs satisfies the equation x* =%. [2]

(iti) Calculate the coordinates of the point of intersection of the graphs. 2]

4047/2/5ecabrelimi9 [Turn over
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1
2 (i) Write down the general term in the binomial expansion of (x3 +£) ,
X
where p is a constant. {1]
(i) Given that n =1 and the ratio of the coefficients of —12- and _15' in the expansion
x X
n
of x" (xa +£) is 5:1, find the value of p. [4]
x

4047/2/5ec4Prelim19
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11
(iii) Explain why there are no odd powers of x in the expansion of x” (x3 + —)

if n is an odd integer. ' [3]

4047/2/SecaPrelim19 [Turn over



4% +2x* -5

(i) Express Y in partial fractions., [5]
(i) Hence, find M dx
find | == s B

4047/2/Secdprelim19
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4  Itis given that f(x) = ax® —6x* +15x—1, where a is a constant.

() Ifa=1, show that f(x) is an increasing function for all real values of x. [4]

(i) Find the range of values of a for which f(x) is an increasing function. [51

4047/2/SecaPrelim19 [Turn over
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. d e” e (6x~17)
S (i Showthat —( ]-—. } 4
dx\ Vx-1 2\/(x_1)3 4]

4047/2/SecaPrelim19
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3 3x
(i) Hence or otherwise, find J x4 [4]

2 y(x=1)

4047/2/SecaPrelim19 [Turn over
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The diagram represents an enclosed space, ABCDEFG, which is made up of the
rectangle AEFG, two isosceles triangles, ABE and CDE. Angle AEB is 6°,
angle AED =90°, AE=BE=4 cm, CE=DE=2cmand EF=1 cm.

The total area of the enclosed space is S cm?.

(i) Showthat S=2cos@+8sind+4 . [3]

(i) ExpressSinthe form p+ Rcos(@-a), where p is a constant, R > 0 and
« is acute, 31

4047/2/SecaPrelimi9
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(iii) Find the maximum value of S and the corresponding value of g. - [3]

(iv) Find the value of € when S=11. [2]

4047/2/Sec4Prelim19 [Turn over
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7 (@)  Show that cosec 2x +cot2x =cotx. [3]

1
(i) Hence solve the equation E(cosec 2x-+cot2x)=cosx for 0Sx<7. [4]

4047/2/SecaPrelim1s
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(iii)  Given that 3cosec 28 +3cot 26 = 2cosec &, without using a calculator,

(a) deduce that cosf = gi , [2]

(b) find the value of sin28, for 0< @ <%. 3]

4047/2/SecaPrelim19 [Turn over
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/]

The diagram (not drawn to scale) shows part of the curve y =+/2x-9 -1
intersecting the line y =x~—7 at the point P. Another point Q lies on the curve
such that the tangent to the curve at Q is parallel to the line y=x-7.

(i) Find the x~-coordinate of Q.

(ii) Find the equation of the tangent to the curve at Q.

[4]

2]

4047/2/Sec4Prelimi9
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(iii) Show that the coordinates of the point P is (9,2) . [3]

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

4047/2/Sec4Prelim19 [Turn over
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16

The equation of a circle is x* +y* —4x+2y-20=0.

(i) Find the coordinates of the centre, C and the radius of the circle.

Two points 4 and B lie on the circle such that AC, the radius of the circle is parallel
to the x-axis and the line AB passes through the origin.

(ii) Given that the x-coordinate of 4 is negative,
(a) write down the coordinates of 4,

[3]

4047/2/Sec4Prelim19
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(b) find the equation of 4B, 2]

(¢) find the coordinates of B, 3]

(d) find angle ACB. 2]
4047/2/SecaPrelim1s [Turn over
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10 (a) Giventhatx=In2andy=1In5,

(i) express In (S—?] in terms of x and y, [4]
e

y - X
(ii) find the exact value of k¥ such that Ink = i

[3]

4047/2/Secaprelim19
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() A manufacturer purchases a machine at a cost of $80 000. The value of

the machine decreases with time so that its value, $V, after # month is given

by ¥ =80 000(1 0)™, where k is a positive constant. The value of the machine

is expected to be $65 000 after 2—;- years.

() Show that £~ 0.003006. 2]

(i) Calculate the value, to the nearest $100, of the machine after 20 months. [2]

It is only economical to replace the machine after its value reaches half of its

original value.
(iii) Determine, with working, whether it is economical to replace the machine
after 9 years. 2]
End of Paper
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16)

ylagx

o4

(i)

o
S 3
n
*
wi-
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1]
gl- win

X
"

(i)

-12|-

_} 1
:_;,y- Bx4 =2

Coordinates G\E )

2(i)

General temmf(x 4._.,) "C( )n.,(f)r

uc Sl

(i)

For coefficient of ;’—,-. 34-dr=-2
r=9
For coefficient of ;!T ,34-4rn -6
r=10
e, p’ 2
llqop)c ‘

(i}

General term = V¢, pT0-

Ar is always sven = 33.4r will be odd.
Hence, if n is odd =533-4r 4n, which is the sum of
two odd integers, will be an even integer. Therefore,

thers are no odd powers of x.,
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Key Steps

4(0)

fix}= X" =6x* +15x~1

£'(x) = 3x* =12x 415

=3(x*~4x+5)

=3 (x-2)' +1]

=3(x~2) +3

Since (x—-z)’ >0=1"(x) > 0 and a>0,
. f{x) is an increasing function.

Alternatively,
Discrimant = (= 12)} ~4(3X1$)
=-36<0

Since discriminant <0 = £'{x) > 0 and a>0,
. f{x) is an increasing function.
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Key Steps

n
3G)

4t-s A B
x’(2x-1) x ¥
4x% w5 5 Ax (25~ 1)+ B(2x - 1)+ C5°

2
2£—x’jax‘+2x’+ox-.s

4027
4xt

sub x=0 of comparing consiant, § =§
1
subx= >

comparing coefficient of x terms,

-5 , 10 5 16

—
-1

-$

c

%C=~4=>(:_-.-16

2B~ A=0=

25 - 2?

x X 2x-1

(i)
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i)

£z = 3ax? = 12x+15

For increasing function, £'(x) >0
3ax® —122+15>0

= Discrimant <0

(~12) - 4(3a)(15) <O

144 1804 <0

a>r—-

3

jz+9+-5—+ 16

=2x+10In

2x-1
x—%-—a)n(h-l)u
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£ ] L.
af e 3= -—(x-1y T&
3[ ) X~
L )
(- 55m)
- _e___(G{x— D)-l)
2051
L E(6x-T)
z:f(x-x)’
5(i)

12 (x-

£ (6x-7

(x-1y

j’ "(6:—7)
Ty ©

]f
) 2[ % "‘}

=10652.6336
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Qn
6()

S=-;—x2’sin(90°-—0)+12x4 tiin 0+ 4xl

=%x4m0+%xl6sino+4 {or draw CX/AB
=2c0s80+83inl +4 = LXCE=0)

()

Let 2cos @+ Bsind+ 4 = Roos(d -}
RaN2 48
=68 ~8.25 (3 sip.fig)
8
wna =2

o =75.9637° = 76.0°(1 d.p.}
S =4+8.25cos5(8~76.0°)

(it}

Max 8 = /68 +4 = 12.2em
cos(0—~15.9637) =1
0-159637°=0

6276.0° (1 d.p)

[60]

VB oos(9 75,9637y + 4 =11
7
6-75.9637) =
oot =78
8-75.9637° ==31,9103%,31.9105° (NA)
0= 44,0532° 44,101 d.p)

6

L3 mgoses 264 ¢01 220
1 £0S2X
sin2x  sin2x
- 1+c0s2x
sin2x
142008 a1
2sinxcosx
2¢08° x
2sinxcosx
gosx
sinx

=

= ¢otx = RHS {shown)
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fxeg~l=x-7

xaSy=a(
Equation of tangentis y = x -

V2r-9=x-6
2xm9 = {x=6)
25-9= x> ~12x+36
£ -14x445=0
(x~9¥x~5)=0
x=9 orx =5 (NA)
£ =(52)

)

x-intercept of curve =5
x-intercept of line = 7

Arca undes curve

=f(\/2x-9-i)dx

1 ;7
3{-(2::-9):-;:]

3 A
i) _[1_ ]=M
{3[9 9) 9] 3 5 3
Areacﬁriangtﬁ-;-(%'l)(?):Z

Shaded uea=l—:-— 2 =2-§ units?

E0)

Py ~dx+2y-20=0
(x-2) ~d+{y+1)~1=20
(x-2f +{p+1) =25
Centre, C=(2,-1)
Radius =5

(Hi)(=)

A(2-5.-1)" (=31

®

Gradient of AB = %

Equation of ABis y= %x
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Key Steps

&)

%(coscc 2x+cotx) =cosx

cotx = 2¢05x

cosx=2c0sXsinx
cosa(l~2sinx) =0
cosx=0
X

2
orl-2sinx=0

N i
sinx=—

ii)a)

Jcosec2d + Jcot 28 = 2cosecd
cosec2d +cot 20 = %coscc 4

2 cosf 2
18 = =c05ecd = T s
0 > sing 3siné

cosf=

(iif)b)

sing=—

u&‘ulwu

sin 26 = 25in Gcos &

-8

45

80)

9
y=y2x-9-1
%s%(z\‘—ﬂ'%a)

1

=32x—-9

tangent at @ paratlel to fins,
4
=mAIQ, ==l
Q dr
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)

x’+(—l-x)’—dx+2[l )-20:0
3 J
—I-?ox‘~!—0-x~20=0

9 3

£ =3x~18=0

{x-6)(x+3}=0

x=6 or x=-1 (rgjected)
r=2

B=(6,2)

O]

CX is extended of AC

2-(=1) 3 . 3
[Pl P B==
tan ZBCX T3 3 or sinZAC! 3 c0s£AC
ZBCX =36.869° or 0,64350

£ACB =180~36,869 or (7 -0.64330) mdians

=143,1°0) d.p} or 2,50 radians (3 sip.fig.)

10{a)
®

o(%)
=In50-Ine
=In{5?x2)-3Mne
=ln{s*x2}-3
=2In5+in2-3
=2phx -3

(i)

el =gt
Ink = v—
nEETT

L

L

Ink=

L N

lnk=5~

Niw
»

Ink=

k=el
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b{i) ¥ = 8000010y
65000=80000(10)*"

o™ =13
16

13
=30k = 1g—
3!6

1, 13
k =~-3—°-Ig«i—§ % 0,003006 {(shown}

~000X04

(i} ¥ 80000{10)

#=20 months, ¥ =80000{10)™ 2
=69657.83737
=569700 (nearest $100)

fiy 80000(10) ™ = 40000

[0 0308 1
2

~0,003006¢ = Ig-;‘

1=100.143 % 8.34 years < 9 years

Alternatively,
¥ = 80000{10)H 00
=$37882,79266 < $40000

Yes




