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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax’ +bx+c=0,

_ —b+b* —4dac

2a

A
(a+b)" =a” +(’;] a”’lb-i{;} a”bh’ +---+[HJ a”’bh +--+b",
r

X

Binomial expansion

! - -
where n is a positive integer and P nn=1)...0=r+1)
rj (n—-r)rl 7!

2. TRIGONOMETRY

Identities
sin’ A+cos’ A=1

sec’ 4=1+tan> 4
cosec’A=1+cot” 4
sin( A+ B) =sin Acos B+ cos Asin B
cos(A4+ B) =cos Acos B¥sin Asin B

tan A+ tan B

tan(AtB)y=————
l1Ftandtan B

sin2A4 =2sm Acos A

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

n24= 204
I—-tan” 4

Formulae for AABC
a b c

sndA smB snC
a® =b*>+c® —2bccos A

A=labsinC
2
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1. A square pyramid has a base area of (Zx/g + 7)cm2 and a volume of (34\/—5: + 32)cm3 :

[3]
Find the height of the pyramid in the form p+g+/5, where p and g are integers.

2. The gradient function of a curve is 3cos 4x —sec’ 3x . Given that the curve passes through

the point ({-;— , if— - %J , find the equation of the curve.

[4]
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A cannon ball fired from a cannon that is mounted on a platform follows a parabolic
trajectory that can be modelled by the function y =-0.01x" +3.5x+1.3.

x m is the horizontal distance travelled by the cannon ball and y m is the height of the
cannon ball above the ground.

(a)  State the height of the platform. (1]
(®) ® Express the function in the form a (x - 11)2 +k , where a, h and k are [3]
constants.

(i)  Hence, determine the highest height that a target can be located above the

ground that is able to be hit by the cannon. (1]
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In(x+3
4. Giventhat y= %ig——)—— for x> -3, find the set of values of x for which y is an
x+

increasing function of x. Give your answer in terms of e. [4]
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3 4.2 _
Sx —4x +15x-21 in partial fractions.

(x—1)(x* +4) [6]

Express

Page 6
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The polynomial f(x) is such that the coefficient of x*is 2. The roots of the equation
f(x)=0 are -32— and ~1. f(x) has a remainder of -8 when divided by x—1 and a

remainder of 28 when divided by x+2.

(a) Find an expression for f(x).

(b)  Show with clear working the number of real roots for f(x) = 0.
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7.  The diagram shows a wind turbine with blade 25 m in length. The centre of the wind
turbine is 35 m from the ground. The height, # m, of the tip of a particular blade above
the ground ¢ seconds after leaving X can be modelled by ~=acosbt+c, where & is a
constant.
The blades of the wind turbine rotate at a speed of 1 revolution for every 3 seconds.

(a)  Find the values of a, b and c. (3]
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(b)  Hence sketch the graph of A=acosbt+c for 0<t<6rx. [2]

(¢)  Find how long it would take for the blade to first be 42 m above the ground after  [3]
leaving X.

Page 9
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Engineers need to lay pipes to connect two cities 4 and B that are separated by a river of
width 550 metres as shown in the following diagram. They plan to lay the pipes under the
river from 4 to Q and then under the ground from Q to B. The cost of laying the pipes
under the river is eight times the cost of laying the pipes under the ground.

Angle APQ=90", PQ =x and PB = 1200 m.

< 1200 m
P 0 Ground B

v

]

River 550m

A

(a8)  Given that the cost, in dollars per metre, of laying the pipes under the ground is £,
show that the total cost C, in dollars, of laying the pipes from A4 to B is given by 2]

C = 8k+/302500 + x* + (1200 — x)k .

dcC
(b) () Find Z=.
dx 2]
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(i)  Hence find the value of x for which the total cost is a minimum, justifying  [4]
that this value is a minimum,

(c¢)  Find the minimum total cost in terms of %. (1]

Page 11
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sin2A+cosd 3]

(a)  Prove the identity —— =cot 4
1—cos2A+sin 4

Page 12
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(b)  Hence, solve, for —z < x < 7, the equation

1-cos4x+sin2x

- =5-2sec’ 2x , giving your answers correct to two decimal
sindx+cos2x [5]

places.
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10. Inthe diagram, 4, B, C and D lie on a circle. Q7 is a tangent to the circle at C. AT 1s a
straight line that intersects the circle at B. Chords AC and BD intersect at P and 4B = BC.

Show that 0
(a)  theline BC bisects angle ACT. [2]

Page 14
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(b) triangle ATC is similar to triangle CTB. [3]
(©)  angle BCT + angle BTC = 180" —2x angle PDC. [2]
Page 15
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11. (a)  Find the solution of the equation
In3%*" =m9*** +log, 16", 3]
Expressing your answer in terms of In3.

1
(b)  Solve log, (x—3)+log,(2x+1)2 =1. 3]
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12. A bicycle cylindrical inner tube has a fixed length of 200 cm and radius » cm. The radius
r increases as the inner tube is pumped up. Air is being pumped into the inner tube so that

the volume of air in the tube increases at a constant rate of 30 cm’s™.

(a)  Find the radius of the inner tube after one minute. 2]
(b)  Find the rate at which the radius of the inner tube is increasing when » = 2 cm. [3]
Page 17
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13. " In the diagram, 4B is parallel to DC and the coordinates of 4, C and D are (—4,1),(3,-1)

and (-1,-4) respectively. The gradient of line OB is %

Y A

4(-4,1)

C(3,-1)

D(-1,-4)
Find

(a)  the coordinates of B, [3]

Page 18
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(b) the area of the quadrilateral ABCD, [2]

(c)  the coordinates of the point P on the line x = 2.5 which is equidistant from Cand  [2]
D,

(d)  the coordinates C’ which is a point on DC extended such that ABC'D is a [2]
parallelogram.

Page 19
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14. ¥a
—+1
1
The diagram shows part of the curve y = —3—————; +1. P is the point on the curve where
(i)
4
x = 6. The tangent to the curve at the point P meets the x-axis at 0.
(a)  Find the coordinates of 0. [5]

Page 20
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(b)  Find the exact area of the shaded region bounded by the curve, the tangent PQ and

the x-coordinate axis. [5]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax® +bx +c=0,

_=bvb —dac

2a

X

Binowial expansion

{ R
(a+b)y' =a" ﬂ{/ﬂ a'h+ U) aht s -+(q a4
1 2 r

) /

. e n 7l o= -y + 1)
where # is a positive integer and =

SRS #

2. TRIGONOMETRY
Identities
sin A+cos’ A =1

sec? A=1+tan’ 4
cosec A =1+cot? A4
sin{ A+ B} =sin Acos B cos Asin B

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

tan Attan B
Lxptan dtan B

sin2A4 =2sindcos4

tan(4+ B) =

cos2A=cos’ A—sin* A=2cos* A-1=1-2sin" 4

tanZA:im_x};‘é._
{—tan” A

Formulae for AABC
a b c

sind sinB sinC

a*=b'+c*-2bccos 4

A=LgbsinC
2

PRELIM 2022 4EXPSNA AMZ LB
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1. Show that the eyuation 9°% ' — 5(3"* ") — 10 has only one solution and find its value correct
to two decimal places. {61

PRELIM 2022 4EXP5NA_AM2 LB Page 3
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2 Solve the equation 2x° — 7x + 2 = 0, leaving non-rational roots in the form a + b\/2—, where
a and b are rational numbers. (5]

PRELIM_2022 4EXPSNA_AM2 LB Page 4
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3 A particle moves from rest at 4 and comes to rest at B. Its speed, in m/s, when travelling

from A to B is given by the equation v = 10/ ~ é %, where ¢ is the time in seconds starting

from A.
Show that the particle has a speed of 5 m/s or more for 6410 .

PRELIM_2022_4EXPSNA_AM2_LB
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4 Ya x=é
ey =lnx

sy ]

NS

N Ty e

Iy : L
r[ Lo
o @+ o) X

The curve y = In x cuts the x-axis at . The area, 4 units?, is enclosed by the curve, the
x-axis and the line x = ¢°.

Explain why & -1< j: ydx<2(e’ ~1) .

Page 6

PRELIM_2022_4EXPSNA_AM2 LB

PartnerinLearning
112



BP-~113

g In AMABC, AC =12 cm, £4BC 1s aright angle, L4CE = fg radians and Af is the

mid-point of BC. Without the use of a calculator, find the value of the integer £, such

. N A [5]
that ZCAM =sin™| — | .
14 )
A e

\\:’*-».\\

™~ e,

N
\,\ “‘“~\~m22 cm
%\"\ - T,
H TR
)—‘i \"\l & ( I
& M C
PRELIM_2022 4EXPSNA_AM2_LB Page 7
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2

g
6 (2) (i) Inthe binomial expansion of (x + ——}-—J where a is a positive integer, the
ax

coefficient of % and L are equal. Find the value of a. [4]
X

(ii) With the value of a found in part (i), show that there is no term independent of x

8
in the expansion of (xm——ll-)(x-r-——l——] . [3]

x ax’

PRELIM_2022_4EXP5NA_AM2_LB Page 8
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ig
6 (b) Calculate the term independent of x in the binomial expansion of (x - —éé;} ) [3]
N X

PRELIM_2022 4EXPSNA_AMZ LB Page 9
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7 (i) Find the values of p for which the line y = x + 1 is a tangent to the curve
y=x+Qp+3x+p+4 4]

(1) With the values of p found in part (i), find the coordinates of the points where the [4]
line meets the curve.

PRELIM_2022_4EXPSNA_AMZ_LB Page 10
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8 D
T
frad ~.20cm
—
|
8cm
-
A B

The figure shows a piece of cardboard in the shape of a trapezium in which £ BAD and
£ ABC are right angles. CD =20 cm, BC =8 cm and £ 4DC = & radians.

(i) Show that the perimeter, P cm, is given by P=20cosf+20sind+36. {2]
(ii) Express P in the form Rcos(¢ —a) + k , where o is acute and £ is a constant. (3]
PRELIM_2022 4EXPSNA_AM2_LB Page 11
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(1) If &, can vary, find the maximum value of P and the corresponding value of 4. 2]
(iv) Find the value of € when the perimeter of the cardboard is 60 cm. [2]
PRELIM_2022 4EXPSNA_AM2 1B Page 12
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. I 4 i
9 () Show that i——ix(fix -2)3 ‘} =(7x-2)(3x~2) {31
!
(ii) Hence evaluate fx(?;x 2P dx. [4]
PRELIM_ 2022 4EXP5NA_AM2 LB Page 13
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2 ]
(iil) Find the value of _{ 3 x(3x—2)*dx and explain what the result implies about the
F)

curve y=x(3x—2) . 3]

PRELIM_2022 4EXP5SNA_AM2 LB Page 14
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10 A sports car driven along a straight road passes a traffic junction 4 at p m/s. A little
later, it passes a second traffic junction B with a speed of 40 m/s. Between 4 and B, the
speed of the car, v m/s. is given by v= 5% + 10 where ¢ is the time in seconds after

passing 4.

(i)  State the value of p. [1]

(ii} Show that the time taken to travel from 4 to B is 201n 6 seconds. {31

(iii} Calculate the distance 4B5. {3]
PRELIM_2022_4EXPSNA_AM2 LB Page 15
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(iv) Find the acceleration of the car when 1 =30 s. 2]

PRELIM_2022_4EXPSNA_AM2_LB Page 16
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11 Points A(8, 1) and B(1, 2) lie on a circle whose centre is C. The line 4y =3x - 20 is
tangent to the circle at 4.

(i} Find the equation of the normal to the circle at 4. [2
(ii) Find the equation of the circle. [6]
PRELIM 2022 4EXPSNA_AM2 LB Page 17
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(iti) Explain why the coordinate axes are tangents to the circle.

12 The table shows experimental values of x and y.

X

2

3

4

5

6

Y

11.8

16.2

23.5

35.5

55.2

It is known that x and y are related by the equation y = 4 + 5, where 4 and k are

constants.

(1) Explain how a straight line graph may be drawn to estimate the values of 4 and of k. [2]

PRELIM”2O22_4EXPSNAMAM2_LB
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(ii) Draw a straight line graph to obtain estimated values of 4 and %. [51
(iii) Use your graph to find the value of x when y = 30. {1}
(iv) By drawing a suitable straight line on the same axes, solve the equation [3]
Ae®=302"%
PRELIM_2022 4EXPSNA_AM2_LB Page 19
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END OF PAPER

PRELIM_2022_4EXPSNA_AM2_LB Page 20
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Marking Scheme
2022 Sec 4 Express PRELIM AM Paper |

Marker’s Comments

. Note: To
Volume = —;—x Base Area x height award up 6%
1 . to 2 fo
344/5+32 =:x(z\/5 + 7)><height method YL,
> marks for with W
3(34\I[§+32) 25 -7 correct
height = 2J5 7 x 2.5 -7 ——— Ml methods BN
N2 A k shown,
3(68(5) - 238y/5 +644/5 - 224) *
= M
4(5)~49
3(116—174J§) 338 - ¥Ry
29 -29
=—12+18/5——— Al
Byl Y 1
{ 3 marks
4 33 4 4 3
WE =1
4 %2/ 3 T T4 T,
VN
C 5 e o e e o e
4 3 8 3
]
8
Equation of curve is
y::%sin 4x»~—1—tan3xw\—/2——~—A]
3 8 4 marks
Page 25

PartnerinLeaming
128



https://freetestpaper.com

BP~129

GAN ENG SENG SCHOOL
PRELIM 2022 S4EXP AM] OLP

3@ | 13m---Bl Sabed. W 1 mark

b | y=-0.01x* +3.5x+1.3
.—_—oum[xz m350x]+1.3—~—Ml

- _—0.01{(3{-«- 350 ] —[i”fl ) }-&-&.3_“}%1
2, 2

=001 (x~175Y ~306.25 | +13

=~0.01(x~175) +307.55~~~Al

3 marks

Gi) |307.55m-—-~BI

1 mark

3§ y EETT S é:sxf\si;; 4 §“§ * & - ' S
‘ _3In(x+3) Thse vt :}\::;w R s D 4 R I
© 3x+49 p cLaveis ax

_ In{x+3) £
- x+3

[wtx+3>"] s

d d
ay (F) G (5+3) -4 2(x+3)
& (x+3)2

1
_ (.x + 3) X ;:‘:}_*3* - hl(x + 3)(1)
(x + 3)2

&

. E bl gg o tvy i a4 %'}
Ml i\d atl hewesl Lo b } ’ K -

K3 R -
A FLxRRNY
G Bia Oor &2
{;V £ .
R . 3 « e W
VRS = b a3}
%‘1 - j

%@\x} §~{}“ é.';‘ﬁ}w . .
- s F

(o g3y >
For gY—>0, I-In{x+3)>0-~~Ml
dx
~In{x+3)>-1
ln(x+3)<1
(x+3)<e
x<e-3

Sk x<e~3———Al

. 4 marks
/g éﬁ\g& “Q‘%”Q *’%”i\gx? X» ?"“3 &5 ‘%2\!“’?«*‘?\ N €§ sfg‘

o Cvalude b oba £ fuag 1
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3 ext e hx-4
s i ;1’2—§,xt~i
(,x?+%)(x-§)
ax-+b
x +4
(ax—i—b)(x—l)+c(x2+4)=x2—5x——1———M1
Subx=1
5c=1-5-1
c=-1 p»
Subx=0
~b+de=-1
~b+4(==-1
b 4= 1
-b=3
bz—Bﬁ
Compare coefficient of x* :
a+c—1
a-1=1

a=2 //

5x° —4x% +15x-21
x* - xt +4x—4

=5 _2_?::_3—_-‘—1;_‘_“ - Al
x+4 x-1

Note:
To assign
O mark if
long
division is
not done.
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—

=26 0 v -M

fF(1)=-8
21 —%)(1 F( +b(1) +¢) = -8

~2(1+b+c)=-8
(+b+c)=4
btc=3———(1)~~~Al
£(~2) =28
2(-2 -%}(wz +D(-2) +5(=2) +c) =28
T(4-2b+c) =28

4-2b+c=4
~2b+c=0-——(2)-~--Al

-3
(b+c)—(-2b+c)=3
3b=3
b=1

c=2

f(x)= 2(x—%)(x+1)(x2 +x+2)~—-Al

4 marks

(b)

Y
e

gl = 2 marks

g T
3 (?g E g’(i} N 4
1/ o )
€130 Ypre) =
e

b =3 4 *‘@

RATRY g Cnbea f&f ;

S Ay w (oD E 00 Tk }"/}

e
£ ) = 28 2 g =X A
A,;{;w"{; - Y
C~Pr(~1) (- 2 = 28 Page 28 :
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BP-132

. : . &
5 £ g s o EEY g .. LN
g Lt 15 BX ey g

he-D5cos 23S 0 MR

2
-25 cos%—z +35

- w3
27
— =137
b o Yoke W3 Sty e “ ::}\ &
b= -8l o

a=-25-—-~Bl

#e 4
LATFLE ﬁi’“ {

3 marks

[

¢=35——-Bl
(b) <

60+

ks
-
=
d

* ™
S e ? 3

Sk

b

Points labelled clearly on the A axis — 10 and 60 and ¢ axis -
37 and 61. (B1)

2 marks

/7

A8

F ot o R TURIES

W- i‘j} %} {(:; b, %"\{
B Gl urate

Conh €088

©

‘25cos§t+35 =42

~ZScoszz=7
3

7
COS—f = ~—
3 25

AT
5

basic angle 2 t=cos™'| -
3 25)

= 1.287 rad

3
t;:—2---(7r—1287) one A

t =2.78 seconds ——— Al % Far B Be o

Note:

To award
0 mark if
the
equation
is
incorrect

3 marks
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8(a)

Length of QA = x* +550°

= /%% +302500 ———B1

Cost of laying under river = 8%+ x° + 302500
Cost Qf laying under ground = £ x (1200 — x) - — - B1

-, C = +302500 + k(1200 )

2 marks

S i
%’ = 8k x%( ' +302500) % (2x)~ k

2 marks

Let ﬁQ == ()
dx

B
Jx® +302500
8kx .

Jx +302500

¥ +302500 = 8x
x* +302500 = 645" ~—~M1 ( cevrrdy .gc.v'}
63x% =302500
NS TS Sk

~k=0

2

- pe
63
=69.2935
x=693~~—Al
Method 1 ¢ \;\33::9\&2% Thesd 0}3@4{0 i\‘i’%&é& ey b

aC___ 8
dx  Jx*+302500

s (N +302500 x Sk} Skx[—;-)(xz + 302500)'% (2x)
Y
&’ (Vo + 302500)2

»2 ) 7y e ,“,2
_ (x” +302500) x 8% x8/»!& M1

(= + 302500)3
2420000k

~k

- 3
z

(x* +302500)
At x = 69.3}.

d’c N 2420000k
dx’

el
2

(69.3* +302500)
=0.0142k > 0~~~ Al

Aye 70 L U tesr O YO Wi it o o f

Page 30
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BP-~134

GAN ENG SENG SCHOOL
PRELIM 2022 S4EXP AM| OLP

Bethod 2 1 ine dev(voriv
Note:
X 68 693 g W To award
dC BE(68) 10 8% (70) ; 0 mark if
dx /ol A ‘ PR gradient
[ © /687 £302500 J70% +302500 values are
=1 0.0153k -k ~ 1.0lk-k found but
~0.9847% < U 0.01k>0 only a
sketeh of
Shape the shape
1ape '\"\/,\ /\;/ ”
AN e produced
M1 for attempt to find gradient on either side of x =69.2 and 4 marks
A1 for 2 correct values of %C-
X
(©) | ¢ =8ky69.2934% +302500 +(1200—69.2934)k
= 4434783k +1130.7066%
=5565.4869k
9(a) LHS = sin2A+ CO% A
1-cos2A4+sin4d
_ ZsmAc?szA-i—cos,A o MIMI
1~—(1—25m A)+smA
_cos A(2sin A+1)
2sin® A+sin 4
mcosA(?.sinAH) Al
sin A(1+ 2sin A4)
= cot A 3 marks

Page 31
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BP~135

;| 1—cosdx+sin2x
(Y : =5-2sec’ 2x
' sin4x+cos2x

tan 2x =5—2sec’ 2x

e

tan2x=5-2 (.] +tan” 2 x) Sin s
2tan” 2x +tan2x—3 = 0~———M] I
=121y ~4(2)(-3)
tan 2x o \f( ) ( )( J
{;3, e
Wl %
&
x
x=1.08,2.65,-0.49,-2.06 S
Py ndive Y0 d%*«,

3
‘ { RN
3 jo eSS
b1

s
2x=-{r—,7r+£,~—[n———

4 4 4 -
x=0.39,1.96,-2.36,~0.785 ¥

et -

Al for correct posxtlve angles, Al for 2 correct

Wiy | fan2x=1,

-(3-3),- OF

£

2, ~21.%5
negative angles eaq

A
PN

)

i

[
H
Hod
=,

B

|
{
&
H
s
{

= (e 09470 q)

o 3 VY

T,

gy

i

5 marks

i

i, H
T ;
{

£

By

£CAB = ZBC4 (Base angles of isosceles triangle)
S £LBCT = ZBCA (BC bisects LACT)

oz

~x~«

REIS

ib_ g&v\«@w{a‘p L Q‘ffi §

%D i‘.we Lot

?.

(b)

3 marks

MG e

LR e s g T

. Py des

YNGR Ly

P 3. kS
LRA LA £y EEASETY }

F
e Pge

<
VAR A Lo A

bromn

'”““';? VA \_;&%w

\\%
o

7
“> O "%&sﬁ
¥

i &*%‘%’«%‘ w3

\w*g

LA W0

ek ;%

Page 32
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BP-~136

(c)

%ll(a)

LBCT + LBTC+ LCBT =180

LBCT + £LBTC =180~ LCBT ~~~Bl

From (b) £CBT = LACT

=2x LBCA

=2x LBAC

/BAC = /PDC (Angles in the same segment) ——~ Bl
LBCT + £BTC =180 ~2x LPDC

iﬁ 35.%1 — k} 9.r+5 + 10g2 }61-2x

(SR Py

(5x+1)In3=1n 329 4 log, (2‘1 )

(5x+1)In3=2(x+5)In3+4( - 2x) -~ MI
5xIn3+In3=2xIn3+10n3+4-8x———MI (wva‘\gxsﬁ‘.
3xin3+8x=9In3+4

x(3In3+8)=9%n3+4
JOIn3+4 4
3In3+8 3 marks
(®) iog4(x—3)+—]2—10g2 (2x+1)=1
M+—I—l()g2 (2x+1) =1-— < Change base - M1>
log, 4 2
log,(x-3) 1
*—-—————2 +Ek>g2 (2x+})=i
log, (x—3)+log, (2x+1)=2 Note:
g ( )+log, ( ) Reject to
log, (x-3)(2x+1)=2---~MI be shown
(x=3)(2x+1) =21 to he
, given |
2x* +x—6x—3-4=0 answer
2x% ~5x—7=0 mark
QCx—T{x+1)=0
7
=— —1{reject) ——— Al
* 2 (reject) o 3 marks
— ol ?’% Yo {{} 2:% W, | ] ~_§
% O :\i ye 3 s { 303%& ~3) by o L2x +1) -
o, (e-20 4 f; ji ¢ Bt ) e .
gf;j i gf} e 47 .
S SR
jgwf)t"‘"??) i, {“}.fj{fti,} 3«%;@1“& 3T ey, Coxd ) =
by A 2] T |
: = |

ia} LY BES D)

Cx -3 Cox k) = Fpooe 33

J
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BP~137

12(a) | Att=60
Volume = 30x 60
=1800 cm’
7xr? x 200 =1800 — — — M1

g 2 marks
=1.69 cm——~Al
(b) V=nr'h
= 7y (20(}}
= 20071
de» = 4007y — - —M]1
dr
v dr _dv
dr dt dt
400775 ¥ =30 -~ M1
dt
ar_ 30
dt  4007zr
Atr=2cm, £~-—§~q~—w ol
dt 400z (2)
=0.0119 cm/s —~ —- Al

3 marks

B@ |
%w(a) Since gradient of OB =z-

B(x,zx)»~— M1
4
Gradient of AB = Gradient of DC

7 A;«-»‘A',‘k}
thix‘l‘(““) Al
x+4  3-(-1)

7
—x-1 3

. ~ Ml

x+4 4

Tx—4=3x+12
4x=16

x=4

CLD A3 & D~y 1)
g |

:. 8(4’7)____A1 3 mal‘ks
s»\,i\«&:‘gt*\; NEEEXN =pr H Bt 2 o “? e g”iﬂg“ ' -
3 - al . e

K " - & . % o §
ﬁ'rmiii.i%wi"" &.f{' oB = ’;’; % { 3
5@ i ﬁ"‘” ol e L) W 9}{ A, \;} D, TN (SRS

| Page 34
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o) | Areaof quadrﬂateral ABCD
1~4 -1 3 4
-4 -1 7 1}

2;1
=—i~((‘16+1+21+4)—(—-1—_12-~4~28))
:%(42+45)

=43.5 units’ ——— Al

2 marks

2 marks

C"(4+3,7~5)¥—~M1
C'(7,2)--—Al or B1,B1

Fashessr mid

Ble) [ 2] pe,w) & €82
: = s A .

(0, %)
Crodient of L bhecer oF DC & -
oLy "
Y+5 = ~£(x-1) \

- -*
J £x 1

Cupst + x= Y,

~
J=F00-3

Page 35
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Ed
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I.é{\a‘_)f

=12———Al

3 -2
Atx=6, y=(z(6)-5) +1

-(-2)
2
=5-—-Bl
Equation of PQ:
y=12x+c
Sub (6,5)
5=12(6)+c——~Ml
c=-67

y=12x-67

At&Q, y=0

87 -

12

67
O, 0)~~~ Al
A0

5 marks

Page 36

PartnerinLeaming
139




GAN ENG SENG SCHOOL
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Shaded area

7 -y
; +1 dx—%Lé o7 (5)-——M1,MI

3
25

Y —<Correct integration ~ M1>

5 marks

[T S e

Page 37
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GAN ENG SENG SCHOOL

Preliminary Examination 2022

CANDIDATE .
NAME Mﬂr’kinﬁ’ Scheme

INDEX
CLASS NUMBER

ADDITIONAL MATHEMATICS

Paper 2 4049/02

Sec 4 Express
29 August 2022

Candidates answer on the Question Paper. 2 hours 15 min

No Additional Materials are required.

READ THESE INSTRUCTIONS FIRST

Write your class, index number and name on all the work you hand in.

Write in dark blue or black pen.
You may use a soft HB pencil for any diagrams or graphs.
Do not use staples, paper clips, highlighters, glue or correction fluid.

Answer all the questions.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the
case of angles in degrees, unless a different jevel of accuracy is specified in the question.

The use of a scientific calculator is expected, where appropriate.
You are reminded of the need for clear presentation in your answers.

The number of marks is given in brackets [ ] at the end of each question or part question.
The total marks for this paper is 80.

For Examiner's
Use

Total

This paper consists of 20 printed pages including the cover page.
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Muathematical Formulae

i. ALGEBRA
Quadratic Equation

Por the equation ax® +bx+¢=0,
g

_ =btAb" ~4ac

2a

X

Binomial expansion

] n n s~ }2\ 232 n a-ryr
{a+b) =a"+| 1ad"b+ 5 &b ] adTE +
, ‘ -

1

N

=/

n

nt_n(n-..(n-r+1)

-
where 1 is a positive integer and L J
r

h (n—ritp v

2. TRIGONOMETRY
Hdentities

sin®* A+cos?A=1
sec’ A=1+tan* A

cosec 24 =1+cot2 4

sin{ 4 £ B) = sin Acos B £ cos 4sin B

cos(A+ B) = cos Acos BT sin Asin B

tmdrianB
l¥tan dtan B

sin2A=2sin 4cosA4

tan{A+ B) =

cos2A=cos’ A-sin? 4=2cos’ 4-1=1-2sin* 4

tan24=- 2204

. 1—tan® 4
Formulae for AABC

a b __c

sind sinB sinC

at=b+c* - 2bccos 4

=Labsinc
2

PRELIM_2022_4EXPSNA_AM2 LB

PartnerinLeaming
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1. Show that the equation ' — 5(3*7 f = 10 has only one sclution and find its value correct

to two decimal places.

Solution

ox+l L 5(3¥ 1y =10

9" x9~-5(3"x3) =10

59 -15(3°)-10=0 M\

Letu=73"
Oy — 150~ 10=0
/
b
AN
M
el
Ay
ﬁ
w gkl ) . o U R
Edi ~5{3° J=1®
AT S ST -
R& . } - 503 /¢ e
A
L 0 S 3
wr - 5w T =

= b3

PRELIM_2022_4EXP5NA_AM2_LB
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BP-~145

2 Solve the equation 2x* — 7x + 2 = 0, leaving non-rational roots in the form a i—b\/Z_, where  [5]
a and b are rational numbers.

Solution
Let fx) =2x* - 7x+2
Try {~2) =2(=2)* - 7(=2) + 2
=16+ 14+ 2
=0
Therefore x + 2 is a factor. ™My Ml

By inspection 2x° — 7x + 2 = (x + 2)(2x% + ax + 1), where 4 is a constant.
« ?

Compare terms mx: ~7x = 2ax + x ot 2 .my\% TN

~7 =2a-+1
2a = -8 Ax ¥ 4§
a= —4 My M1

Therefore 2 - Tx+2 =0

(x+2(2x*—4x+1) =0
Eitherx = —2o0r2x* —4x+1=0
If2x* —4x+1=0

+\J(~4) -
xm4 (—4) —4x2x1 Ml

.4
418
X
4
x=1% 3- \/—2_
2
Ans: x=-2orx=1t—v2 Al 1
\/‘\;-—%-—-J
A% y
PRELIM_2022_4EXPSNA_AM2 LB Page 4
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BP-~146

m’% A particle moves from rest at 4 and comes to rest at B. Its speed, in m/s, when travelling

" from A4 to B is given by the equation v =107 - }z-z? , where 1 is the time in seconds starting

from A.

Show that the particle has a speed of 5 m/s or more for 6410 s. 4]
Solution 5

)

o, : 4
10t——1" 25
2

20( -1 ~1020

£ -200+10<0 B T R St
If#-20t+10=0

fr_ 2 - ‘f}g\
t:ZOiJ( 20) - Ax1x(-10) 1y ? - i
2 =0 oY i b
NNty s}& i’»}{W&}
_ 20£+/360 N
=S S
- - ’ S ’
tZ2OiéJf(5 = -lox g
2 -1
t=10£34/10
1, :"—10-3\/’1_6 and ¢, =10+3-\/17.— s NN . &5 m Mt
Interval of time is 10+3vI0 - (10-3v10) s -
=610 s My Al
= ~o 3310 _ W
“% o T -

Vo wi,&f 1ot

ym = o300 = o+ 340

3

o

/

4

Page 5
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}ll

E ’:\§ 204

o 7

The curve y = In x cuts the x-axis at P. The area, 4 units, is enclosed by the curve, the

x-axis and the line x = ¢%.

Explain why &° —1< fx ‘ ydx <2(e’ ~1) .

Solution
If y=1Inxmeetsy=0,
nx=0,
x=1
Therefore P is (1, 0). my

Draw QR parallel to the y-axis through (€%, 0) to meet the curve at R.
Then draw rectangle PQRS. ’

Ifx=¢ y=1Ine’ =2
Therefore Q = (&°, 0) and R is at (&2, 2) my

Area of APQR < J.:P ydx < Area of PORS

-;—(ez—l)x2<_[: yax<2(=1) ™

2
e‘z—kjI ydx <2(e ~1) By
¥ DE no¥
;( fnox de = % T

W TN Lo teghe ] !

PRELIM_2022_4EXPSNA_AM2_LB
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In AdRC , AC =12 cm, L4BC

BP-~148

) . 7 . L
is a right angle, £ACB =— radians and Misthe
&

mid-point of BC. Without the use of a calculator, find the value of the zmeg,er k, such

”\/ﬁf e
that LZCAM =sin™ ~ } )
|14
A «i‘\\:\\m
T
L 12cm
B M C
Solutiop o -
6 12
AB:xzsin(f—):s cm ™ M
)"y
(n‘] BC
COS} | 5=
6 12
BC=12 cos(ﬁ)
8
BC: 12X£:6J§ cm ﬁ 5;{'
QR t) MC=BM =3y3 eom ™ g = PO MR 15 TR {“&M%
TN p—aprmr 7 i
~62‘(3\/—3.)2 }l&{g;{;go %} wgi(:%}”‘)(é(akaga%{M{E iﬁ:’
=36+27=63 P
AM=3\E cm 4 S M
pd
z (T
x A (L
By the Sine Rule, sin ZCAM _ Sm( 6) ‘%ﬁi“ﬁi - .&:«:ﬁw
’ MC ~ AM - T (b
| 3. SLOE
sin ZCAM 1
: e M M1
> #
Im‘x}f
sin LCAM =% :
37
sin LCAM = \[— r
27
ZCAM =sin” F)
14
&g Al

Therefore k=21 Ans
¥

PRELIM_2022 4EXPSNA_AM2 LB

Page 7
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~

8
6 @ (i) In the binomial expansion of [x + -%7) where 4 is a positive integer, the

ax
& coefficient of x? and 1 are equal. Find the value of a. [4]
Solution
Y 8y ey ey 1 V78 Y
(}:+-;§ =3t )| -E»‘Jw (x5! L} +{ 2(;&}[ L
ax’ ; 1) Laxt ) 2 \ax' ) = \3) ax”
M1
= x4 —8»255 +28x° x-.,} —+56x° x~»—§—-6v+ ...............
a a’x’ a'x
. 8 28 , 356/(1
Ay +~-—;xZ +—~3—(-)+ ............ M1
a a a\x
28_s6 W M1
a” a
284° = 564° % do ndt concel o M
a’-2a*=0
aa-2)=0

Since = 0,a=2 Ans M)\ Al

(ii) With the value of @ found in part (1), show that there is no term independent of x
1
in the expansion of (x — —}%)(x + ——L{) . {31
x ax

| Solution

1 1Y 1Y . 1Y
Xl x4 | = | xommme S—
) R e e
s 2
(x~-l—¢}(x+—1;)=(x~—£;}(xs+§i+ 285 +§g(}~]+] M1
b 2x X" 2 2 27\ x

- | x--»—é—)(xs 4P TR )
U7 x
Term independent of x is (zx Z»}C?x 7x2> A Mi
=7-7
=0
Therefore, there is no term independent of x. Al

PRELIM_2022_4EXPSNA_AM2_ B Page 8
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BP~150

ff “”‘e + 18
?f (b) | Calculate the term independent of x in the binomial expansion of ( s 1 .
%‘&» /\_‘,,"/ k ZXE Af‘ {3}
o Solution
18 ) 1Y
General term = X (wm)
( r )( ) sz [ e
18 ‘ 1y _ 5" (i “} » ; ‘*N«\M
. 2(x") i T
For term independent of x, x'* = x*" SN ALY “"’*
18 —r=>5r ’
},23 EUE S A & MI
. . 18) (-1y
Term independent of x = 5 % 53
= -102 Ans Al
Qf’:;
( x - 1]

o

€z )(“.z. 5’“) + (,§§>E% ) x;si}a-@»«

i

3
e ><x~‘*>£* o)

» H o ,_,,,}ﬁw...w
Teern indeponceent- & x = §§ »(x g)( 29¢% )
= 816 (-%)

= ey L

PRELIM_2022 4EXPSNA_AM2_LB Page 9
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7

Find the values of p for which the line y = x + 1 is a tanpent to the curve
y=x*+(2p+3x+p+4.

Solution - @ - @

;x2-+(2j?+3);x+p+4mx»1,-1;,_.0
L+ (2p+Ax+p+3=0 . .

(1)

For equal roots, discriminant = 0

Cp+2P -4D(p+3)=0 i M1
4P +4p-8=0 » yh g v :
PPHp-2=0

P+Dp-1)=0

p=-2orp=1 Ans Al, Al

With the values of p found in part (i), find the coordinates of the points where the

line meets the curve,

Solution
Ifp=1, x*+@x1+2)x+1+3=0

X +4x+4=0

(x+2%=0

x=-2 mi Mi

fx=-2, y=-2+1=-1
Therefore, one pointis (—2,-1). / Al
If p==2, @ +2(-2)+2)x+(-2)+3=0

3 -2x+1=0

(x-12*=0

x=1 LAY M1l

fx=1y=1+1=2.

Therefore, the other point is (1, 2) B Al
g T

PRELIM 2022 4EXPSNA_AM2 1B
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D
e,
S8 e @ Grad T wg&*g%«w
% 8cm
|
3
A4 B

The figure shows a piece of cardboard in the shape of a trapezium in which £ BAD and
£ ABC are right angles. CD =20 cm, BC =8 cm and L ADC = @ radians. -

)

(i)

R ————

Show that the perimeter, P cm, is given by P=20cos 6 +20sind+36. (2]

Solution
Draw CE perpendicular to AD

In A CDE, cos@zgg—
20

DE= 20.(}08(9 cmé,
CE

20

CE=20sin6 ¢

siné =

Therefore P= AB+BC+ CD+A4D

s SR

= 20sin@+8+20+20cosf+8
P = 20cosf+20sinG+36 Shown Al

Express P in the form Rcos(d —a)+k , where a is acute. (3]

Solution
R? = 20% 4207
= 800
R =+/800 \
—20yz
20
fano = ——
20

a=2  m)
4 ¢

Ml

M1

Therefore P= 20\/5 cos(@ —-7?:—) +36  Answer Al

? ST \g:':*: ot (%« m{}«%g.{> + gé

PRELIM_2022_4EXP5NA_AM2_LB

Page 11
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f@ﬁ% If &, can vary, find the maximum value of P and the corresponding value of 6. [2]
S

Maximum value of P is when cos(& - Z} =1

%  Therefore P =20v2x1+36 :
£t I P=20J2+36 Ans Diwepbegh S XL\ ME B

As @ 1is acute, Qw-g‘-:()

6 =2 e Bi
4 0. %K 5 rog
(9 :
Solution
IfP=60cm p (&< 3;7./
b4
. 202 cos| 8- 7 |+36 =60
zoﬁms(e 4}+ -L<e-% .13
” s ¥ ¥ oy
20«/§aos(9~z)= 2 Ao o terie-T,

, 5
m[m)z,ﬁ_ ™) SN o
4) 202
Basic angle = 0.5576 00 v (6 5.8
6 —-;5=0.557500 or & “% - —o-55Hbo0
w
= 2405576 8 = T _ o5¥H
4 -0
0 = 1.34 radian (3 s.£f) Answer T ok g Al

<0 B T3 e, g.32b red QW

PRELIM, 2022 4EXPSNA_AM2_LB Page 12
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BP~154

f;i{«\ Gk ::*”:? e s ! f‘?}f“?,?%
"

o s/ £ L
9 {J /Showthat —§-—i *(3x-2p |=(Tx~2Bx-2) 133
Solution
ﬁl{x(f&x z)§ } = (3x~2 ;E LA xf‘i@x - 2}3
dx dx dx
4 4 1
= (3x-2)3><1+x><~3—(3x——2)3x3 M1
= (3x-2)? [3x—2+4x] M1
|
= (B3x~2y*(7x—2) Proven Al
N !
{\{\i} Hence evaluate jx(3x~2)3 dx. [43
Solution
Ll b
j (3x—2)7 (Tx—2)dx = x(3x~2)? +¢, where c1 is a constant M1
1 1] 4
I?x(3x—2)3dx~j2(3x—~2)3dx= x(3x—2) +¢ Ml
1 1 4 .
[7x(3x-2)*dx = [203x-2yde+x(32-2) +¢,
4
i 3(3x—2)3 2
I7x(3x—~2)3dx = E%t«————gz—-i- c, +x(3x—2)* +¢, where cz isaconstant Ml
i i 4
1 _2)3 4
J-7x(3x-2)3dx ==—(—?j—x—-?j-%)m«f—c2 +x(3x-2)* +¢
1 1 L | 4 ‘
[rGr-2pdim(x-2P 4232 a4 ke
_ 1 1 4
Jx(3x—2)3dx=a (3x—2)*(1+2x)+c where c is a constant. Ans Al
Page 13
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PRELIM_2022_4EXPSNA_AM2_LB

{zu} Find the value of j

2 !
% x(3x—2)3dx and explain what the result implies about the (3]

Nt

3

curve y=x(3x-2)" .

Solution

Ly IR
.

2 I

L 1
E x(3x—-2) dx = %{(3)5 ~2)*(2x+ 1)}

2

4

4 .
5 \ S (
= [3&—-2)3 [2x~2-+1)- 3(-3:.}—2 ol L MI
14 3 3 2 L

- Al

O opred

The area enclosed by the curve.,and the x-axis from x = ——;— tox = 0 is equal to the

area enclosed by the curve and the x-axis fromx=01to x = -i_ B1

g balew

PartnerinL.eaming
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BP-156

10 A sports car driven along a straight road passes a traffic junction 4 at pm/s. A little
later, it passes a second traffic junction B with a speed of 40 m/s. Between 4 and B, the
speed of the car, v m/s. is given by v = 5¢%9% 4+ 10 where ¢ is the time in seconds after

passing A.

(i) State the value of p. 1]

Answer
When 1 =0, p=5¢°+ 10
p=5+10
=15 Ans B1

(i) Show that the time taken to travel from A to B is 201n 6 seconds. 3]

Solution
56095+ 10 =40

5 e().OS( =30

60.051 = M Mi

ne®™™ =6
0.05t=1n6 ™

y)% *:%;:}%; = in b M1

t=20In6 = 20wk
Time taken to travel from A to B= 20In6 seconds Al

(iii) Calculate the distance 4B. 3]

Solution \

206
Displacement, s = jo vdt

= j:“"‘(’ (5629 +10)dr ™ M

.05 20iné
=2 106 ™ M1
0.05

0

= [100¢"* +1oz]z°‘“6

= 10082 4 10x 201n 6—100¢"
~ 600 +358.35-100

= 835.35m
=858 m (3 s.£) By Al
M“gvﬁ b &0 ‘Eo
§= 400 e o yiet 4o
LIM, ) Page 1
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(iv}) Find the acceleration of the car when 1= 30's 2]
Solution
Acceleration, g = &
d . e \ N
a=-—(5"" +1 )] M1
dr P

= 5x0.05"% =z o s @

05X 3E

When the time is 30 5, ¢ = 5x0.05¢"

=1.12 m/s? ' Al
PRELIM_2022_4EXPSNA_AM2 LB Page 16
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11 Points 4(8, 1) and B(1, 2) lic on a circle whose centre is C. Thelinedy=3x-201s
tangent to the circle at 4.

(i)  Find the equation of the normal to the circle at 4. 2]

Solution

Equation of tangentis y = —i—x -5.

Gradient of normal at 4 15 — g oo™ M1
Equation of normal y 1=~ f(r -8)
3
3y~3=-4x+32 o .
+dx= Loy 22 ‘ s
3y+4x=335 J R Al e
(ii) Find the equation of the circle. . [6]
Solution
Gradient of 4B = =2 _ 1
g8-1 7
Gradient of perpendicular bisector of AB =7. M) M1
Mid_poisit of AB (8+1 2+1
id-point o = | —y—
P 22
_(? E)
22
Equation of perpendicular bisector of AB is
3 9
ik ( 2)
.._3..:7x_.é.3_. vﬁg . R {‘_»,dmf@\f« .
772 2 1 pisecter - ¢ o AR B Fopuph LEEVE
y=Tx-30 @y ’ Ml
If y=7x-30 meets 3y +4x=35
3(7x—30)+4x=35
21x 90 +4x =35
25x =125
x=35 My M1
Ifx=5, y=7x5-30=35
Therefore centre of circle C(5, 5). ™\ M1
#? = (8—5)* +(1-5)
2 =3 447
r =25 oy » M1
Bquation of circle is (x— 5)* + (¢~ 5> =25. A Al

2 . -
oK 4 3>,,‘0j +2X =0
PRELIM_2022, ATIXPSNA_AM2_LD Page 17
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(i) Explain why the coordinate axes are tangents to the circle. n

Answer

Since the centre is at (5, 5), the centre is 5 units from each axis and
the radius of the circle is 5 units. Therefore, the coordinate axes are

tangents to the circle.

Bl

12 The table shows experimental values of x and y.

X

2

3

4 5 6

y

11.8

16.2

235 | 355 1552

It is known that x and y are related by the equation y = Ae* + 5, where 4 and k are

constants.

(i}  Explain how a straight line graph may be drawn to estimate the values of 4 and of k. [2]

Solution

y=Ae"F+5
y~5 =A”

In(y - 5) = In(4e")
In{y-5)=In4+7x

Plot In{y — 5) against x.

PRELIM, 2022_4EXPSNA_AM2_LB
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(ii) Draw a straight line graph to obtain estimated values of 4 and k. [51
Solution
b 2 3 4 3 6
In(y-5)| 1.92 | 242 2.92 3.42 3.92 Ml
Answers
From the graph, In A= 0.95
A=~2.59 B1
I~ 3-15 e
4.1-1.1
k=05 B1
(iii) Use your graph to find the value of x when y = 30. [1]
When y = 30, In(30 - 5) = 3.22
x~4.6 Ans Accept4.6—4.7) w1
N
;;b
(iv) By drawing a suitable straight line on the same axes, solve the equation [3]
Ae®—=30(27%) Gieer v = A (= e
Solution Y R
Ae® +5=30(2"9+5
y=302")+5
y=5=30(2"%)
In(y—-5)=1n30+In(37)
In(y—5) =In30-xIn2
Draw In(y — 5) =In30-xmh2 ™)} M1
x 0 5 o 5 : ﬁ %
In(y - 5) 34 —006 | *-H | 132
From the graph, x~2.05  Accept (2.0t02.1) Al
R}ﬁ
Pagc 19
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