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Setter: Ms Lee Siew Lin
Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax’ +bx+e=0

.- —b++b* —4dac
2a

Binomial expansion

[ﬂ' 4 .Ir;|_:.'lJ :ﬂ'” | [T]a”_lh b [;] ﬂ,-'r—.zh.z o [n]ﬂ_fl—.’br '
¥

n]_ n! o onn-1) .. (n—r+1)

rlortin—r)! r!

where n is a positive integer and [

2. TRIGONOMETRY
Identities
sin” A+cos” A=1
sec” A=1+tan” 4
cosec’ 4 =1+cot” 4
sin( A+ B) =sin Acos B+ cos Asin B

cos{ A+ B)=cos Acos B Fsin Asin B

tan A+ tan B

tan(A+B)=————
1 +tan Atan B

8in2.4 =2sin Acos A
cos2A = cos® A—sin® A=2cos> A—1=1-2sin" 4

2 tan A

tan24d=——"—
l—tan- 4

Formulae for AABC

a 2] c

sind sinB sinC
a’=b* +e* —=2bccos 4
1 .
A=—aghsin(
2
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1 if »=0+2)¢" find the value of the constant k for which dx”
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2 A hot stone with a temperature of 220°C was dropped into a reservoir of water. As the
stone cools, its temperature, £ C | t minutes after it enters the water is given by

I'=P+190e™ \where P and k are constants.

(1)  Show that P = 30. [2]

(i) It took 4 seconds for the temperature of the stone to reach 120°C.
Find the value of k. [3]

(i)  Sketch the graph of T against t. [2]
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3 (i)  Show that dx

3sec’ x—3sec’ x_ [3]

j‘ sec’ x—2sec” x dx

! . [5]

(i) Hence evaluate
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f 3
4 A curve has the equation ¥ = N V1+2x"
Q) Show that the curve has only one stationary point and determine the nature of
this stationary point. [6]
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8

(i) A particle moves along the curve in such a way that the y-coordinate of the
particle is decreasing at a constant rate of 0.1 units per second. Find the rate of

change of the x-coordinate at the instant when * — 2. [3]
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5 The diagram below shows a quadrilateral ABCD with AB =3 cm, BC =BD =4 cm and
ZABC =90 The acute angle DBC is x.

A

8

(i)  Show that the area, A cm?, of the quadrilateral is given by 4 = 6cosx+8sinx

[3]

Boos(x

(i)  Express A in the form —@®) \where R >0and ¢ is acute. [4]
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(iii)  Hence state the maximum area of the quadrilateral. [1]

(iv)  Find x for which the area of ABCD is 7 cm?, [3]
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sin“x—2sinx 1 n
=—(1-2cosecx)

6 () Showthat Il-cos2x 2 . 3]

" % "
sin” x—2sinx
y=

(i)  Hence find the equation of the tangent to the curve - I-cos2x  atthe
x==
point where 4. [5]
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7 The equation of a curve is 2Y = 3% —P¥=2¢—1 \yhere p and q are constants. The line

¥=P=4=2X j5 3 tangent to the curve at the point A.

(1)  Show that the possible values of p are ~2 and -14. [4]

(i) Itis given that the curve passes through the point (0.-5.5}

For the case where P = —2 , find the coordinates of A. [4]
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8 (@)  Solve the equation 108+ % —3log 4=1 [6]
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() (i)  Solve the equation 210&:(I—x)—log, x—log, 2x=3=0 [5]

(i)  Hence solve 2102:(=»)—log; (y+1)—log,(2y+2)-3=0 [2]
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9 (@)  The figure shows the graph of » = tan 2X for ~a = x=a where ais in radians.
A y
X
-a a
(1) State the value of a in terms of . [1]
(ii) State the amplitude and the period of + = —4cos3x. [2]

(iii)  Sketch, on the same axes above, the graph of » = ~4€083x ¢,

—asxza [4]
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x* 4 mx—2m 4 I—
(b)  Eric claims that 4 > 2 for all real values of x if =3 <m <0,

Justify whether Eric’s claim is true. [5]
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10 The diagram shows a triangle with vertices A (-6, —2), B (0, p) and C.
3

BC has a gradient of 2. AB is perpendicular to BC and 3AB = 2BC.

B (0, p)

v
>

A (-6, -2)

()  Showthat #=2. [3]
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(i) Explain why AC is not parallel to the x-axis. [3]

(iii)  Find the area of the triangle ABC. [2]

End of Paper
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ANDERSON SECONDARY SCHOOL
Sec 4 Express Additional Mathematics
PRELIM EXAM 2021 PAPER 2

Answer Key

Qn | Answer

1 k-9

2 (i) k=112

, | 2
(i) 3

4 17

(i) 120 units/s

5 oy A=10cos(x—-53.17)
(if)
(iii) 10 cm?

(IV) y=7.0"
‘2 & \
6 O ) Y o
(ii) [\2 4 [ 4 )

8 x=8 or .1':l

(@)

X
)@ 3

V=

0y Gy = S
9 @@ a="

z
(a) (ii) Amplitude = 4, Period = 3

9 (b) Eric’s claim is true.
10 (iii) 39 units?
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ANDERSON SECONDARY SCHOOL

Sec 4 Express Additional Mathematics
PRELIM EXAM 2021 PAPER 2
MARKING SCHEME

d’y dy
Yy _-q _'ﬁ‘;
1 1f V=U0+X)e" find the value of the constant k for which dx*  dx
[Marking Scheme]
&_ I(e™ )+ (1+x)(3)e”
dx [M1]
=e " (3x+4) [M1]
9V 3 Gur4)+ 3¢
dx”
=3(—’L'{3.'L +5) [M1]
Y 6 3 (3x+5) - 6™ (3x + 4)
dv” dx [M1]
=" (9x+15-18x-24)
=8¢ (x+1)
=9y [MA1]
dl -6 & +9yv =10
Thus, dx dx
Therefore, £ —9. [A1]
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2 A hot stone with a temperature of 220°C was dropped into a reservoir of water. As the

stone cools, its temperature, £ C | t minutes after it enters the water is given by

I'=P+190e™ \where P and k are constants.

(i)  Show that P = 30. [2]
[Marking Scheme]

Whent=0,T=220:

220=P 4190  [M1]

P =1220-190(1)

F-=30 [A1]

(i) It took 4 seconds for the temperature of the stone to reach 120°C.
Find the value of k.

[3]
[Marking Scheme]
1

Whent= 13, T=120"

k

120 =30+190e ‘*

[M1]
K 90 ]
——=Inl—
15 L 190 [M1]
k=11.2 (3sf) [A1]

(iii) ~ Sketch the graph of T against t. [2]
[Marking Scheme]

)
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[C1] Shape of graph
[C1] Passes through (0, 220) , with asymptote T = 30.
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— 'tan'1 _1:} =

3 ()  Show that dx 3sec’ x—3sec’ x_ 3]

[Marking Scheme]

i{t:-:m . 1} = 3tan” x(sec’ x)
dx [M1]

= 3(sec” x—1)(sec” x) [M1]
=3sec' x—3sec’ x [A1]

4 2
‘gpe’ x—2sec x dy

(i) Hence evaluate '[ ! . [5]

[Marking Scheme]

. Isec’ x—3sec’ vdvr=tan x+c
From (i), -[ 7 © o IM1]

x ) 1+, i .
I‘ sec’ x—2sec” x dx —J* {3 sec’ x—3sec’ .r] —3sec’ x dx
il 3 1]

[M1]

! T
—[tan ! .r:l 4 —J“* sec’ ¥ dy
3 ] L]

I . i T
—Ltan‘_rJ 4 —Ltanx J“’
3 i} ]

[M1]

[M1]

1
B E{1-1:‘1]-{1-(1}

= 3 [A1]
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I
oy =Ina14 2y
A curve has the equation ' =N VI+2x

Q) Show that the curve has only one stationary point and determine the nature of
this stationary point. [6]

[Marking Scheme]

)
v=Invl+ 2yt

: ( A
y_4d lln{|+ 2x7) |
dx dx | 2 K [M1]
& _1f 6
de 21 142x°
E _ 3x’
de 1+ 2x° [M1]
At stationary point,
vy
dx
3x° __p
1+ 2x° [M1]
30
x—=10
Thus curve has only one stationary point (0, 0). (Shown) [A1]
X 0- 0 0*
& >0 0 >0
dx
Slope / B / [M1] (first deriv test)

The stationary point is a point of inflexion. [A1]
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(i) A particle moves along the curve in such a way that the y-coordinate of the
particle is decreasing at a constant rate of 0.1 units per second. Find the rate of

change of the x-coordinate at the instant when * — 2. [3]
[Marking Scheme]

dy _ 3x°

de 1+ 2x°

dy_dydv

de  dx dr

b 3 dv

dr 1+ 2x dr [M1]

When ¥~ 2

13 d

1+2[2}1 dr [M1]

e _17( 1)

de 121 mJ

e 17

dr 120

7

Rate of change of the x-coordinate when *—2 js 120 ynits/s.

L7
OR x-coordinate decreases at a rate of 120tunits/s when ¥ —2. [A1]
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5 The diagram below shows a quadrilateral ABCD with AB =3 cm, BC =BD =4 cm and
ZABC =90 The acute angle DBC is x.

A

8

(i)  Show that the area, A cm?, of the quadrilateral is given by 4 = 6cosx +8sinx

[3]
[Marking Scheme]
l{.’i}H}sin{‘}ﬂ“ x)+ l(4]{4}|ﬂil]x
Area = 2 2 [M2]
= bcosx+8sinx [A1]
(i)  Express A in the form £€08(¥—=0) \where R >0 and « is acute. [4]

[Marking Scheme]

Let Gcosx+8sinx - Reos(x—a)

Rcosxcosa + Rsinxsino

Hence
Reosa =6 (1)
Rsing =8 'lrE:I [M1]
{2} 4
— tano =—
(L 3
.[4]
o =tan | —
3)=53.13° [M1]

12+ @2 R=V8+0 =10 [m1]
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TherefOI’e, 4 :][]'L{JMI['-.'—EE]':']I [A1]

(iii)  Hence state the maximum area of the quadrilateral.

[1]
[Marking Scheme]
Max Area =10 cm? [B1]
(iv)  Find x for which the area of ABCD is 7 cm?. [3]

[Marking Scheme]
[0cos(x—53.13)=7

cos(x—53.137)=0.7 [M1]

x—=53.13"=-4557, 45.57° [M1]

[ (=] - - -
¥ =70 or x=98.7° (rejected since x is acute)

Thus *=7-0" [A1]
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sin“x—2sinx 1

—————————=—(1-2cosecx
(i)  Showthat [—cos2x 2{ )

[Marking Scheme]

sin® x—2sinx _ sin” x - 2sin x

| —cos2x I —(1-2sin’ x)

[M1] (double angle formula)
_sin’ x—2sinx
2sin’ x [M1] (simplify denominator)

siny -2

2sinx

= — — COSEC X
2

[A1]
1
=—(1=2cosecx
1 )

. sin” x - 2sinx
(i)  Hence find the equation of the tangent to the curve - 1-cosZx

¥=—
point where 4.

[Marking Scheme]

sin’ x—2sinx
1.‘ T ———————————————

l1—cos2x
_}-=l[| 2cosecx)
From (i), 2
E=l[:lf]'+21.:mnal::3J:l:mur]
dx [M2]
_ COs X
sin “x
T
X=—
When 4
S O B
sin -
. [M1]
J 1
ﬁzlu __2
sitrﬂ(ﬁx [ 1 ];
4J V) - [M1]
Equation of tangent line:
[iﬁ]ﬁ[_]

Prelim 4E Add Math 2021 4049/2

[3]

at the

[5]



32

— i |
u-'z.r+1—ﬁ|—+1}
2 '\.4 A

5 ."ll a ¥
or or _'|. — LX = 2.(}2_

7 The equation of a curve is 2¥ = 3% —P¥=2¢—1 \yhere p and q are constants. The line

¥=P=4=2X js 3 tangent to the curve at the point A.

(1)  Show that the possible values of p are ~Zand -14, [4]

[Marking Scheme]
At point of intersection between the line and the curve,

Ap—-g-2x)=3x —px—2g-1
3 +1(4 —plx— :P—l =0 ____(1) [M1]

Since line is tangent to the curve, equation (1) has real and equal roots.
Discriminant =0

(4—p) —4(3)-2p-1)=0 [M1]
p=8p+16+24p+12=0

p +lep+28=0
(p+2)(p+14)=0 [M1]
p=-2 or p=-14 [A1]

(i) Itis given that the curve passes through the point (0.-5.5},
For the case where 7 = —2 , find the coordinates of A. [4]
[Marking Scheme]
Sub #= _3, and (0-=3-3}into eqgn of the curve:
2(-5.5)=-2g -1
§=> [M1]
At point of intersection between the line and the curve,
3 +6x+4-1=0 __ From (1) [M1]
4 2x+1=0
II.T +1 }: =1
x——l [M1]
Sub into equation of line:

y=p—qg-—2x
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_ —2-5-2(-1)

= -5

Coordinates of A = =15 [A1]
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Solve the equation

[Marking Scheme]

log, x* —3log, 4=1
log, 4"

log, x

2log, x -

2(log, x)* =3 =log, x

2(log, x)" ~log, x=3=0

Let logs x be u.
20 —u-3=0
(2u—3Nu+1)=0

u=— or -1

3
]ng_,.*.:i

x=43 or

r=48 or x==

(b)

[Marking Scheme]

log, x°

or log, x=-1

x=4"

Solve the equation

34

[M1] (power law) + [M1] (change of base)

[M1] (forming quad egn)

[M1]
[A2]
2log.(1-x)—log, x—log, 2x-3=10 [5]

2log,(l1-x)—-log, x—log, 2x -3 =0

2log,(1

(1-x) _
“ 8(x)(2x)

log

(I-x) _

- 1
16x-

¥ =2x+1=16x"

155" +2x-1=0

(Sx—=13x+1)=0

Prelim 4E Add Math 2021 4049/2
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log, 1

[(M1]

[M1]

[M1] (product and quotient law)

[M1]
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1 1 :
x=—= or —— (rejectas 0<x<l1)
5 3 ’

[A1]

(i) Hence solve 2108:(=¥)—log,(y+1)—log,(2y+2)-3=0 [2]

[Marking Scheme]
By observation, equation in (ii) can be obtained from (i) by

replacing x by ¥ *1. [M1]

| —

Hence, from (i), solution is

I
Lh| A

[A1]
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9 (@)  The figure shows the graph of ¥ = 102X for ~a < x<a  where a is in radians.
y y
| X
| I e
-a a
(i) State the value of a in terms of . [1]
[Marking Scheme]
a=m [B1]
(ii) State the amplitude and the period of » = —#cos3x [2]
[Marking Scheme]
Amplitude = 4 [B1]
2
Period= 3 [B1]

(iii)  Sketch, on the same axes above, the graph of » = ~#€083x g5

—a=x=a [4]
[Marking Scheme]

Shape of graph [C1]

3 cycles shown [C1]

Correct amplitude shown and passes through (0, — 4) [C1]
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T
OIS
Intersects ¥ = 1N 2% 5 L2 J g\ 2 [C1]
"- 3 }-
8 +
a
4
-511/4 -7 —31'1"“4 2 -4 TT4 i 3T:1/4 i1l &
X
8
el ] ?
X" 4my—=2m+—

(b)  Eric claims that 4 > 2 for all real values of x if =3 <m <0
Justify whether Eric’s claim is true. [5]
[Marking Scheme]

el I ?
X 4my-2m+—
If 4 > 2 forall real x,

XA my—2m+—

4 >0 forall real x. [M1]

X mx—2m+=—
Then 4 has no real roots.

Discriminant < 0

m? —4{1][—2;;1 +§]< 0

[(mM1]
m’ +8m-9<0
(m=1)m+9)<0 [M1]
Gam=<l [M1]

Prelim 4E Add Math 2021 4049/2



38

. 17
X 4Emy-2m4+—
Therefore, if ~3<m <0 4 > 2 for all real x.

Thus Eric’s claim is true. [A1]
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10 The diagram shows a triangle with vertices A (-6, —2), B (0, p) and C.
3

BC has a gradient of 2. AB is perpendicular to BC and 3AB = 2BC.

B (0, p)

v

A (-6, -2)

()  Showthat =2 3]

[Marking Scheme]
Since BC is perpendicular to AB,

Gradientof AB= = :

2
=3 [M1]
p—(-2) 2
— -_——
O—-(-6) 3 [M1]
p+2 _2
6 3
p+2=4
Thus, #=2 (shown) [A1]
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Explain why AC is not parallel to the x-axis.

[Marking Scheme]
Equation of BC:

2

s

L.r , 2 —é.r]
Let the coords of C be 2,
Since 3AB = 2BC,

3(&4’+6’J—2

pos=3(00)
9\ 4

- =36

=6 (since x > 0)

-
3

2-=(6)
They—coordofC= 2~

-7 [M1]

Since the y—coord of C+ y—coord of A, AC is not parallel to the x-axis.

[ALTERNATIVE SOLUTION]

HC:EAB
Since 3AB = 2BC, 2

By similar triangles,

B (0, 2)
\
4
6
A (-6, -2)
2-2(6)
They-coordofC= 2~
== [M1]

Since the y—coord of C-* y—coord of A, AC is not parallel to the x-axis.
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(iii)  Find the area of the triangle ABC. [2]

[Marking Scheme]

Since AB is perpendicular to BC and 3AB =2BC
! .
~(4B)(BC)

Avrea of triangle ABC

_lx,."I:I‘ +6° )[%urd +6° ]

[ | =

= [M1]
3,5
_i#ee)
= 39 units? [A1]
[ALTERNATIVE SOLUTION]
1 -6 6 0
Area of triangle ABC = 22 -2 72 [M1]
1.
_ EHEIIE} (-12-12)
= 39 units? [A1]

Prelim 4E Add Math 2021 4049/2



