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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax” +bx+¢ =0

L obEb —dac

2a

Binomial expansion

(a+b8)" =d" +{T)a”“b +(;] a”p* +...+[nJa”"b* +...+b",
r

n!  n(n=1)..(n-r+1)

where # is a positive integer and =
r) !(n - r) ! r!

1. TRIGONOMETRY
Identities
sin® 4+cos” 4=1
sec’ A=1+tan* 4
cosec’d =1+cot’ 4
sin(A4+B)=sin Acos B+cos Asin B
cos( 4+ B)=cos Acos B Fsin Asin B

tan A +tan B
lxtan Atan B
sin24 =2sin Acos 4

tan{4+ B)=

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

tan24=—————
1—tan® 4

Formula for AABC

a b ¢
sind sinB sinC

at =b*+c®—2bccos 4

A:labsinC
2
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Find the set of values of x for which (2+3x)(x—5)>2+3x. [3]

2

A curve is such that %x%i =9x+1. The gradient of the curve at the point (2,16) is 18. Find

the equation of the curve. [6]
_2 :

(i) On the same axes sketch the curves of y=2x ® and 3’ =x for x>0. 2]

(i) Find the coordinates of the point of intersection of the two curves. [3]

The variables x and y are such that when the values of X are plotted against x a straight line
y

graph is obtained. It is given that the line passes through the point (3\/5 ! 4) and forms an

angle of 60° with the x-axis. Express y in terms of x. (4]
Q) By using long division, divide 2x’ - 6x* + x—3 by x—3. [1]
3x° +21x+5

(ii) Express

in partial fractions. 5
2> — 65 +-%—5 P 5]

: . 1
The equation of a curve is y :Eeh —Te" +6x.

2

(i) Write down expressions for % and J; . [2]
(i)  Find the exact x-coordinates of the stationary points on the curve. [4]
(ili)  Determine the nature of each of these stationary points. [3]
Find

@  [3x*-5cos6xdr, ' [2]
(iD) _fsin x+sec’ (5 + 27rx) dx. [2]
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8 As part of a garden design, there are plans to put aside a rectangular space which has sides of
lengths » m and / m. This rectangular space is to include a quadrant-shaped water feature and

a lawn. The area of the lawn is to be 360 m2.

LAWN
/m
WATER
FEATURE
rm
. . . 720
() Show that the perimeter, P m, of the lawn is given by P=——+7r. [4]

) &
A hedge is to be planted along the perimeter of the lawn.

(ii) Given that » can vary, find the dimensions of the rectangular space which can allow

the shortest length of hedge to be planted along the perimeter of the lawn. [6]
tan® x—1
9 (i) Show that ———=1-2 cos’ x. [3]
tan” x+1
” " . tan*x-1 1
(ii) Hence find, for 0 < x <5, the values of x in radians for which ———=—. [3]

tan x+1 2

: ; 1 I .
10 The roots of the quadratic equation 4x” —6x+3=0 are — and — . Find a quadratic
o

equation with roots ® and /3°. [6]
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11

12

13

A rectangular piece of cardboard has the dimensions 18 cm by 5 —/3 cm.

(D) Find the exact value of the square of its diagonal. [2]

A small square piece with sides 1++/3 em is cut out from the rectangular piece of cardboard.

a+b\/§

(ii)  Express in the form , the area of the small square as a fraction of the area of

c
the rectangular piece of cardboard. (3]
@ Given that y = x+/5x* =6, find %. [2]
5x* -3

4
(ii) Hence, evaluate L

— dx.
\5xP -6

The equation of the tangent to a circle at the point 4(8,9) is given by 4y +3x =60. The line

y =4x -7 passes through the centre, P, of the circle.

0 Find the coordinates of P. [4]

(ii)  Find the equation of the circle. [3]

The tangent to the circle at 4 meets the y-axis at point 5.

(iii))  Find the equation of another circle with BP as diameter. [4]
END OF PAPER
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Muathematical Formulae

1. ALGEBRA

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

_ —b*+b? —4ac

=
2a

Binomial expansion )
n n Lo n-1 % n-272 B n-riyr n
(@+b) =a"+ i a”"b+ 5 Q8" a7 B b,
r

7l n(n—l)...(n—r+1) '

r!(n—r)! 7!

n
where # is a positive integer and [ J =
T

2. TRIGONOMETRY

Identities
sin® A+cos* 4=1
sec® A=1+tan* 4
cosec’ 4 =1+cot” 4
sin(4 + B)=sin Acos B+ cos Asin B
cos(4 + B)= cos Acos B Fsin Asin B
tand+tan B

1Fxtan Atan B
sin2A4=2sin Acos A

cos2A4 =cos® A—sin’ A=2cos* A—1=1-2sin" 4

tan(4 + B)=

l—tan” 4
Formulae for AABC
a b c

sin 4 = sin B N sinC
a* =b*+c¢* —2bccosA

A= lbcsinf_l
2
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n

The curve y=f(x) is such that f‘(x) =3—sinx.

(1)
(i)

The equation of a curve is y =

@

(i)

(i)

®

(i1)

()

(iD)

Explain why the curve y =f(x) has no turning points.
Given that the curve passes through the origin, find an expression for

f(x).

2x+1
-4

State, with explanation, whether y is an increasing or decreasing
function.

A particle moves along the curve y= e +41
x_

coordinate of the particle is increasing at a constant rate of 0.5 units per
second.

Find the rate at which the x-coordinate of the particle is changing at the
instant when x=2.

in such a way that the y-

Using sin3x =sin(2x+x), show that sin3x =3sinx—4sin’ x.

Find all the values of x between 0 and 27 for which sin3x =sin” x .

Express +/3sin@ +cos# in the form R Sin(9+ a') ., where R and ¢ are
constants to be found.

Using your values of R ande, evaluate I:\/g sinx+cosxdx, leaving

your answer in exact form.

By considering the general term in the binomial expansion of
i
(kx = —J , Where kis a constant, explain why there are no even powers
X

of x in this expansion.

Given that the coefficient of the third term is thrice the coefficient of the
second term, find the value of £.

www.KiasuExamPaper.com
10

[2]

[3]

(4]

[3]

[3]

[4]

[3]

[4]

[5]

[3]



(i) Find the coordinates of all the points at which the graph of
y= |2x - 3| —4 meets the coordinates axes.

(i)  Sketch the graph of y=|2x—3|-4.

(i11)  Solve the equation x+4 = le - 3[ ;

It is given that f(x)=2x" +6x +6x+5.
(i)  Find the remainder when f(x) is divided by (x+1).

(i)  Hence, show that f (x) can be expressed in the form
f(x) = a'(x+1)3 +b.

determine

(iii)  Find the coordinates of the stationary point(s) and state the nature of the
stationary point(s).

(iv)  Using your answer in part (iii), explain why the graph of y=1f (x) +k
will always cut the x-axis only once for all real values of 4.

Answer the whole of this question on a piece of graph paper.

A cuboid box of volume ¥ ¢cm? has a height of x cm and a rectangular base of
area (ax2 +b) cm?®. Corresponding values of x and ¥ are shown in the table

below.

x 2 4 6 8
V 24 72 168 336

(i) Using suitable variables, draw, on graph paper, a straight line graph and
hence estimate the value of each of the constants @ and b.

(ii) When a ball is placed in the box, the ball touches every inner side of the
box. By drawing a suitable line, find the diameter of the ball.

(iii)  Using your values of ¢ and b, calculate the value of x for which the
condition in (ii) can be satisfied.
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10

11

(a)  Solve the equation log, (2x+1)—log, (x+1)=1.

(b)  Given that (log, ¢)(log, a)(Ina) =16, express a in terms of b.

(c) On the same axes, sketch the graphs of y =e* and e’ =l .
x

Hence, determine the number of solutions for e*+Inx=0.

(a) Without using a calculator, find the rational numbers, a and b, for which

J5+43
JI0 =6

(b) (1) Express 57 =577 +1 as a quadratic equation in 5* and hence
find, correct to 2 decimal places, the value of x which satisfies

can be expressed as a2 + 530

the equation 5% =577 +1.

(11) Find the range of values of % such that the equation
—5"" 4+ k=0 has no solution.

52x+3

A(6,8)

C

The diagram shows a trapezium ABCD with VerteXA(6,8) . The sides AB and
DC are parallel. AB cuts through the origin O and its length is given to be 15

P

units. C and D lies on the y-axis and x-axis respectively.

) Find the coordinates of vertex B.

(11) Show that equation of BC'is 4y +3x+25=0.

(111)  Find the coordinates of vertices C and D.

END OF PAPER
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2019 4E5N MYE Additional Mathematics Paper 1 Solutions

Qn Solution

(2+3x)(x—5)>2+3x
(2+3x)(x-5)-(2+3x)>0
(2+3x)(x—6)>0

+
_E\://ﬁ
3

Lx<——orx>06
3

2 2
i{—%%—l
= [(95+1)
=—x"+x+c

When x=2, 22=18
x

%(2)1+2+c-_—13

c=—2

i=%x2 +x—

3()

L)
h 4
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3(i)

¥li=2% ?

X

y=

=1.26 (3s.f.)

Coordinates of the point of intersection are (2,1.26)
4 %

2 empres s (1)

¥y

m=1an60° =3

Subm=+3, (3J§, 4) into (1):

4= \/5(3-\/5)+c

c=-5

i=\/§x~5

Yy

G

3x =35

50 28 %]

x—3) 2% —6x* +x—-3

— (2;:3 -6x* )
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5(ii) 3x* +21x+5 i___ 3xX+21x+5

22 =6 +x-3 (x-3)(2x* +1)

32 +20x+5 _ A JBxiC
(wa)(2x1-!i-l) x—3 2x*+1

327 +210+5 = A(227 +1)+ (Bx+C) (x-3)
Subx=3: 95=194

fet

A=3
Subx=0: 5=5-3C
€=
Subx=1: 29=15-2B
B=+1
3x% +21x+ | 5 Tx

For stationary poinfs{ —=0

2x —6x* +x—3i= -3 2541
6(i {
w = —l-e”‘ —~7e* +6x

2 .

dy 2x l

— =g - Te" +06

dx | //

LY 2 74} %’*

drz | <\ \ "
o

6ii)) | g2y
i—{* %\%Se ¢ _7e™ =300

dx .v;.nﬁ i

The curve has aminimum point at x=In 6.

d'y

dxz

The curve has ajmaximum point at x=0.

=23°—’5’e° =—5<0

|

x=0

70 j(3x4~50056x3dx=%x5—%sin6x+c

7(i)

j(sinx+sec’ (5 +27rx)) dx = —cosx+2—1-tan (5+27x)+c
_ 1
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8(1) Area of lawn:

2 ,
L
4

2

SN
fos, 4

Perimeter of lawn;

P= I+r+(l—r)+%(2?rr)

Pl -’525 ---------- @)
Sub (1) into (2):
P= 2[@_}.@) E
r 4 2
720

P =——+zr (shown)
r

8(i) | dP _ 720

@ e é
L tor stationary ya ’ %’\
: 6 g
720 O
e
e Q

360 +fr(15.138)

©15.138 4
=357 (3s.f)

The shortest hedge can be planted when the
rectangular space is 15.1cm by 35.7cm.
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9(i)

tan? x—1
tan® x+1
sin® x 1
- cog’x
sin® x
—o +1
cos® x
_ sin® x—cos’ x
" sin® x+costx

=sin® x—cos” x
=1-cos? x—cos’ x
=1-2cos? x (shown)

o)

1~20032x=~1—
2
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10

4x* —6x+3=0
1 3

i*?i S
4
From (1) “;’3 =% 3
From (2): aff = 5 ()

Sub (3) into (4): o+ =2 wnem

—~(5)

o'+ =(a+p) (e’ ~ap+p°)

=(a+B)((o+ BY ~308

ofor )

)
=0
3,003 (4)

@ (0 =(3) A

_%4 g

“o7 Qrb)\
The equatiN‘ @\ ) U | %%@60

11(1) éi; ¢ r@ @\B O(\\\§

aﬁ? \%@QQ

-25-10/ 9

11(ii)

1@{357\@(:@}8&- V3)

&

18(5-4A)

_ 44283 [s+://“§]
5443

_20+1043+443+6

18(25-3)
_26+1443
396
_13+73
198
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PN BN o
1

12(i0)

P1)

13(ii) (JC—IZ.)2+(}:—152:J"2
Sub (8,9): »* =!100

Equation of cirdle is (x—2)° +(»~1)° =100.
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20




13(iif) | Whenx =0, 4y+3(0) =60
=13
B(0,15)

Centre of circle = [%ﬁq,ﬂ]

2
~(1,8)
BP=4[(2-0) +(1-15)"

=102
Radius = 542

(x=1)"+(p-8)" =(5v2)

Equation of circle is (x—1)" +(y~8)" =50.
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CWSS 4E AM 2019 MYE P2 SOLUTION

1()

=l<sinx<1
~l=-sinx=1
—1+3<—sinx+3<1+3
2<f'(x)<4

Since f'(x)is always more than 0, there are no stationary points on the curve.

1(ii)

f(.r) =_[3—sin xdx
f(x)=3x+cosx+c

Since curve passes through origin,
0=3(0)+cos(0)+c

c=-1

f{x)=3x+cosx—1

2(1)

_2x+1

%
A

; QO

%%@6

“Z
ME&Q{@ @((g\!greﬂ values of x.

I\

30)

sin3x=sin 2xcos x+ cos 2xsin x
sin3x=251nxmsxcﬂsx+(1—25in’ x)sinx

sin 3x =sin x(2m51 xr+1-2sin® x)
sin3x =sin :r:[z (1-sin: x) +1-2sin* .x:]

sm3r=3sinx—4sin’ x
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3(i)

sin3x=sm"x
3sinx—4sin’x=sin"x
sinx(4sinx-3){sinx+1)=0
sinx=0, sinx =-§-, sinr=-1

x=m, x=0848(03s1), :=3?ﬁ

4(1)

a =tan 1 L
J3
=

& =—
(4]

J?_asinﬂ +cosd = Zsin[ﬂ +£)

4(iD)

G
J':\Esinxﬂosxdx |
sz
a ‘3))\
: z ©

5

(
[

kxuzij&:[:){k)'" (1) & (x2) .

h:——]l,-J? =C)(k}"' (1) 5 4

X

[ _;1?)’ =[:] (k) (1) 2+

Since the powerof xis 7—4r =2[3—-2r)+1wﬂl always be odd, there are no even
powers of x for this expansion.
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5({u)

()=o)

21(k)° = -3(7) (k)°
=-1

6@

When x=0, _}r=|ﬂ-3|_4
y==1
When y=0,0=|2x-3]-4
[2x-3|=4
2x-3=4 or 2x-3=—4
7 1
r=— X=——
2 2
Points are (0,-1), [-%ﬂ] and [ :

&)

6 )\/z 3] @@3\>

! x+4

\:@; Z2x 2::-3 \\\Q\\\(\
A\

//\
O
T
i.s‘
oY
(O
N
A

A
70) 1) =20 +6(-1)7 +6(-1) +5
g0
7(ii) f[x)‘={x+1}[2x" +4.r+2)+3 o

f(x)=2(x+1) +3
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70 | fY(x) =607 +12x+6 or £'(x)=6(x+1)
6x> +12x+6=0 or (x+1)° =0
©+2x+1=0
(x+1)°=0
x=-1
y=2(-1+1)" +3
y=3
By first denivative test,
x T =1 -1t
% positive 0 positive
Shﬂpﬂ / e
(-1,3) is a point of inflexion.
7(iv) As the graph is an increasing function with no tuaffhg

the x-axis only once.

fz)/\
(M &
C:D N ﬁ Q(\\\X %%
@ @Q @\%@QQ
\1\\‘(\
@36\“6(\\\
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35-25
50-30

—dn

From the graph

o
a




8(i1)

V=x
Add theline ~- = X onto graph
x

From the graph, x* =20
Diameter of the ball =~/20=2+/5cm

St s I(—l—- X+ IUJ
Z
rl-x}-lﬂx =10
2
x=0or x*=20
Since x =0, the diameter of the ball =420 =2/5cm
9(a) log, (2x+1) ~log, (x+1) =1
log, (x+1
log, (2x+1) —-ng:-——l =log, 2
log, (2x+1)—— la::vg1 (x+D)=log,2
log. { +]"‘lﬂ 52
Ix+l= ZJJ:-;- \) f})’\
4% +4x+]= 4x+4 C X/ %@6(36
4x* =3 ')
NS @@ o
5(b)

Tl e () 16\5 \\N\ \cy
(In

e g

Ina r&%@\@@&

a=>5' or\(fé‘%\
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9(c)

y=¢
& =—

ylne=Inx"
y=-Inx

g +lnx=0
g"==lnx
From the graph, there is cnly one point of i mte

10(a)

W

V5+43 [J‘J.J' r*ﬂx
106
5+J— JHM@C\}*

1D(b)ﬁ)

625 y\% wS 0
=0.090246 and y=-0.088545
5’ =0,090246 and 5 =-0.088646(reject)

. 1n0.090246
Ins
x=—149(2 dp)

www.KiasuExamPaper.com
28




10(b)(1) | Let y=5*
125f~——'§+k=ﬂ
625y —y+5k=0
(~1)° ~4(625)(5k) <0
1-12500k <0

T r—

12500

11(1) Length of 4A0=+J6" +8 =10
Length of OB=15-10=3

[Py =smal-t
x5
By substitution or by Pythagoras triplets,
x=-3 and y=-4
B(-3,-4)

11(i1) Gradient ufBC=—_-4£

4:-%(-3}+; &%
Equation of BC is y:%«%\ °

11(iii)
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